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Abstract

This contribution provides a summary of the cross-checks performed by HiSilicon for TI and Sony Joint proposal based on Geneva CE4 proposal (JCTVC-G083[1]/G094[2]/G434[3]) on quantization matrix compression. The cross-check performance results match with those provided by the proponents and with those provided by other CE4 subtest2 crosschecker. The software provided by proponents has been investigated.
The proposal includes three combined tools,
Without case4(random matrices), the proposed tools obtain 

-For option1 lossless case, the average compression ratio against anchor is 1.42; 
-For option1 lossy case, it obtains 14.45x compression ratio against anchor with average reconstructed error 15.52; 
-For the option2b lossy case, it obtains 5.83x compression ratio against anchor with average reconstructed error 3.22.

With case4(random matrices), the proposed tools obtain 

-For option1 lossless case, the average compression ratio against anchor is 1.42; 
-For option1 lossy case, it obtains 15.41x compression ratio against anchor with average reconstructed error 14.96; 
-For the option2b lossy case, it obtains 6.16x compression ratio against anchor with average reconstructed error 4.33.

1 Introduction 

The following combinations of the tools proposed in JCTVC-G083, JCTVC-G094 and JCTVC-G434 are tested.

Option 1: Lossless coding

Matrix copy + matrix prediction of same size + DPCM + 135 degree processing + signed/unsigned exp-golomb coding
The option1 lossless coding is configured as:

ScalingList             : 2      # ScalingList 0 : off, 1 : default, 2 : file read

ScalingListFile          :  scaling_list_asymmetry.txt   # Scaling List file name.

ScalingListQScale       : 1                            

LargeBlockSizeQM      : 1   # Use Large Block 0 : Option1, 1 : Option2b

DownSamplingId16x16   : 0     # down_sampling_id 16x16

DownSamplingId32x32   : 0     # down_sampling_id 32x32
Option 1: Lossy coding

Matrix up-smapling + matrix copy + matrix prediction of arbitrary size + DPCM + 135 degree processing + signed/unsigned exp-golomb coding + up-sampled quantization for 16x16 and 32x32 block size 
The option1 lossy coding is configured as:
ScalingList                  : 2     # ScalingList 0 : off, 1 : default, 2 : file read

ScalingListFile               : scaling_list_asymmetry4.txt       # Scaling List file name.

ScalingListQScale            : 1                            

LargeBlockSizeQM           : 0       # Use Large Block 0 : Option1
Option 2b: Lossy coding
Matrix dowm-smapling + matrix copy + matrix prediction of arbitrary size + DPCM + 135 degree processing + signed/unsigned exp-golomb coding
The option2b lossy coding is configured as:
ScalingList                   : 2         # ScalingList 0 : off, 1 : default, 2 : file read

ScalingListFile                : scaling_list_asymmetry5.txt       # Scaling List file name.

ScalingListQScale             : 1                            

LargeBlockSizeQM            : 1         # Use Large Block 0 : Option1, 1 : Option2b

DownSamplingId16x16         : 1         # down_sampling_id 16x16

DownSamplingId32x32         : 2         # down_sampling_id 32x32

2 Simulation Results
The implementation is on HM 5.0-qmatrix branch software. Tests were conducted on CE4 subtest2 test1 condition[4]. Only first frame is loaded with one set of matrices for each runs. In simulation, totally 6 set of symmetric matrices and 6 set of asymmetric matrices are used, which are provided by Sony and Qualcomm. In those sets of matrices, case4 are random matrices, which included one set of random symmetric matrices and one set of asymmetric matrices. Whether or not to put case4 (random matrices) in tool evaluation was deeply discussed in CE4 reflector, three voices to remove the case4, and one voice to keep it in QMs test set. Since it is not got unified agreement, in the following CE simulation, case4 ( random matrices)is kept in test set, which is for the purpose of test the robustness of the methods. 
The crosscheck report will include the summary results with/without case4 random matrices individually.
2.1 TEST1 results

                          Table 1  Subtest2.1, lossless
	(Subtest2.1, lossless)
	symmetry1
	symmetry2
	symmetry3
	symmetry4
	symmetry5
	symmetry6

	Header Bit
	4
	4
	4
	4
	4
	4

	Matrix [0][0] Bit
	67
	55
	81
	75
	67
	81

	Matrix [0][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][3] Bit
	67
	39
	73
	73
	67
	73

	Matrix [0][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][0] Bit
	209
	165
	267
	257
	165
	209

	Matrix [1][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][3] Bit
	185
	93
	245
	243
	93
	185

	Matrix [1][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][0] Bit
	638
	358
	730
	824
	730
	358

	Matrix [2][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][3] Bit
	470
	226
	484
	870
	484
	226

	Matrix [2][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [3][0] Bit
	1826
	1174
	2598
	3028
	1826
	2598

	Matrix [3][1] Bit
	1334
	634
	2144
	3180
	1334
	2144

	Total Bit 
	4824
	2772
	6650
	8578
	4794
	5902

	MaxError 
	0
	0
	0
	0
	0
	0

	AvgError 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 


Table 2  Subtest2.1, option1
	(Subtest2.1, option1)
	symmetry1
	symmetry2
	symmetry3
	symmetry4
	symmetry5
	symmetry6

	Header Bit
	4
	4
	4
	4
	4
	4

	Matrix [0][0] Bit
	67
	55
	81
	75
	67
	81

	Matrix [0][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][3] Bit
	67
	39
	73
	73
	67
	73

	Matrix [0][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][0] Bit
	209
	165
	267
	257
	165
	209

	Matrix [1][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][3] Bit
	185
	93
	245
	243
	93
	185

	Matrix [1][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][0] Bit
	0
	0
	0
	0
	0
	0

	Matrix [2][1] Bit
	0
	0
	0
	0
	0
	0

	Matrix [2][2] Bit
	0
	0
	0
	0
	0
	0

	Matrix [2][3] Bit
	0
	0
	0
	0
	0
	0

	Matrix [2][4] Bit
	0
	0
	0
	0
	0
	0

	Matrix [2][5] Bit
	0
	0
	0
	0
	0
	0

	Matrix [3][0] Bit
	0
	0
	0
	0
	0
	0

	Matrix [3][1] Bit
	0
	0
	0
	0
	0
	0

	Total Bit 
	548
	372
	686
	668
	412
	568

	MaxError 
	30
	30
	85
	47
	62
	96

	AvgError 
	4.11 
	5.23 
	18.23 
	6.32 
	17.35 
	34.11 


Table 3  Subtest2.1, option2b
	(Subtest2.1, option2b)
	symmetry1
	symmetry2
	symmetry3
	symmetry4
	symmetry5
	symmetry6

	Header Bit
	4
	4
	4
	4
	4
	4

	Matrix [0][0] Bit
	67
	55
	81
	75
	67
	81

	Matrix [0][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][3] Bit
	67
	39
	73
	73
	67
	73

	Matrix [0][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][0] Bit
	209
	165
	267
	257
	165
	209

	Matrix [1][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][3] Bit
	185
	93
	245
	243
	93
	185

	Matrix [1][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][0] Bit
	228
	144
	262
	238
	262
	144

	Matrix [2][1] Bit
	11
	11
	11
	11
	11
	11

	Matrix [2][2] Bit
	11
	11
	11
	11
	11
	11

	Matrix [2][3] Bit
	154
	82
	168
	242
	168
	82

	Matrix [2][4] Bit
	11
	11
	11
	11
	11
	11

	Matrix [2][5] Bit
	11
	11
	11
	11
	11
	11

	Matrix [3][0] Bit
	164
	136
	292
	268
	228
	292

	Matrix [3][1] Bit
	174
	72
	260
	244
	174
	260

	Total Bit 
	1312
	850
	1712
	1704
	1288
	1390

	MaxError 
	39
	16
	94
	40
	39
	94

	AvgError 
	2.39 
	0.67 
	5.30 
	4.94 
	2.62 
	4.48 


Table 4  Subtest2.1, lossless
	(Subtest2.1, lossless)
	asymmetry1
	asymmetry2
	asymmetry3
	asymmetry4
	asymmetry5
	asymmetry6

	Header Bit
	4
	4
	4
	4
	4
	4

	Matrix [0][0] Bit
	73
	69
	91
	121
	73
	91

	Matrix [0][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][3] Bit
	93
	59
	97
	139
	93
	97

	Matrix [0][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][0] Bit
	381
	283
	459
	623
	285
	383

	Matrix [1][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][3] Bit
	331
	181
	429
	567
	181
	331

	Matrix [1][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][0] Bit
	1150
	642
	1302
	2276
	1082
	642

	Matrix [2][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][3] Bit
	1020
	468
	1082
	2296
	996
	468

	Matrix [2][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [3][0] Bit
	3382
	2110
	4488
	9316
	3382
	4506

	Matrix [3][1] Bit
	2932
	1250
	4556
	9480
	2932
	4556

	Total Bit 
	9390
	5090
	12532
	24846
	9052
	11102

	MaxError 
	0
	0
	0
	0
	0
	0

	AvgError 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 


Table 5  Subtest2.1, option1
	(Subtest2.1, option1)
	asymmetry1
	asymmetry2
	asymmetry3
	asymmetry4
	asymmetry5
	asymmetry6

	Header Bit
	4
	4
	4
	4
	4
	4

	Matrix [0][0] Bit
	73
	69
	91
	121
	73
	91

	Matrix [0][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][3] Bit
	93
	59
	97
	139
	93
	97

	Matrix [0][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][0] Bit
	381
	283
	459
	623
	285
	383

	Matrix [1][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][3] Bit
	331
	181
	429
	567
	181
	331

	Matrix [1][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][0] Bit
	0
	0
	0
	0
	0
	0

	Matrix [2][1] Bit
	0
	0
	0
	0
	0
	0

	Matrix [2][2] Bit
	0
	0
	0
	0
	0
	0

	Matrix [2][3] Bit
	0
	0
	0
	0
	0
	0

	Matrix [2][4] Bit
	0
	0
	0
	0
	0
	0

	Matrix [2][5] Bit
	0
	0
	0
	0
	0
	0

	Matrix [3][0] Bit
	0
	0
	0
	0
	0
	0

	Matrix [3][1] Bit
	0
	0
	0
	0
	0
	0

	Total Bit 
	898
	612
	1096
	1470
	652
	922

	MaxError 
	28
	21
	103
	129
	55
	143

	AvgError 
	4.09 
	3.28 
	21.81 
	18.01 
	15.52 
	31.48 


Table 6  Subtest2.1, option2b
	(Subtest2.1, option2b)
	asymmetry1
	asymmetry2
	asymmetry3
	asymmetry4
	asymmetry5
	asymmetry6

	Header Bit
	4
	4
	4
	4
	4
	4

	Matrix [0][0] Bit
	73
	69
	91
	121
	73
	91

	Matrix [0][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][3] Bit
	93
	59
	97
	139
	93
	97

	Matrix [0][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [0][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][0] Bit
	381
	283
	459
	623
	285
	383

	Matrix [1][1] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][2] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][3] Bit
	331
	181
	429
	567
	181
	331

	Matrix [1][4] Bit
	2
	2
	2
	2
	2
	2

	Matrix [1][5] Bit
	2
	2
	2
	2
	2
	2

	Matrix [2][0] Bit
	184
	212
	340
	604
	372
	234

	Matrix [2][1] Bit
	11
	11
	11
	11
	11
	11

	Matrix [2][2] Bit
	11
	11
	11
	11
	11
	11

	Matrix [2][3] Bit
	178
	128
	336
	578
	302
	170

	Matrix [2][4] Bit
	11
	11
	11
	11
	11
	11

	Matrix [2][5] Bit
	11
	11
	11
	11
	11
	11

	Matrix [3][0] Bit
	158
	154
	318
	612
	278
	412

	Matrix [3][1] Bit
	326
	128
	444
	588
	288
	458

	Total Bit 
	1788
	1278
	2578
	3896
	1936
	2240

	MaxError 
	43
	8
	48
	115
	20
	48

	AvgError 
	2.55 
	0.64 
	5.82 
	14.79 
	2.76 
	4.99 


2.2 Summary results

  The average coding performance of the proposed coding tools is summarized in this part. The results are reported as w/o case4 (random matrices) in obtaining the average performance. The compression ratio is obtained by the ratio of anchor generated bits and the proposal generated bits.
2.2.1 without case4(random matrices)

 Table 7  Subtest2.1, symmetry QMs
	(Subtest2.0, anchor)
	Average(for all QMs)
	Average(QMs)

	
	Total Bit 
	9595.05 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	　
	　

	(Subtest2.1, option1 lossless)
	Average(symmetry QMs)
	　

	
	Total Bit 
	4988.40 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	compression ratio(anc/pro)
	1.83 

	
	　
	　

	
	　
	　

	(Subtest2.1, option1)
	Average(for symmetry QMs)
	　

	
	Total Bit 
	517.20 

	
	MaxError 
	60.60 


	
	AvgError 
	15.81 

	
	compression ratio(anc/pro)
	17.52 

	
	　
	　

	
	　
	　

	(Subtest2.1, option2b)
	Average(symmetry QMs)
	　

	
	Total Bit 
	1310.40 

	
	MaxError 
	56.40 

	
	AvgError 
	3.09 

	
	compression ratio(anc/pro)
	6.86 


Table 8  Subtest2.1, asymmetry QMs
	(Subtest2.0, anchor)
	Average(for all QMs)
	Average(QMs)

	
	Total Bit 
	9536.21 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	　
	　

	(Subtest2.1, option1 lossless)
	Average(asymmetry QMs)
	　

	
	Total Bit 
	9433.20 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	compression ratio(anc/pro)
	1.01 

	
	　
	　

	
	　
	　

	(Subtest2.1, option1)
	Average(asymmetry QMs)
	　

	
	Total Bit 
	836.00 

	
	MaxError 
	70.00 

	
	AvgError 
	15.24 

	
	compression ratio(anc/pro)
	11.39 

	
	　
	　

	
	　
	　

	(Subtest2.1, option2b)
	Average(asymmetry QMs)
	　

	
	Total Bit 
	1964.00 

	
	MaxError 
	33.40 

	
	AvgError 
	3.35 

	
	compression ratio(anc/pro)
	4.80 


Table 9  Subtest2.1, All QMs
	(Subtest2.0, anchor)
	Average(for all QMs)
	Average(QMs)

	
	Total Bit 
	9339.40 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	　
	　

	(Subtest2.1, option1 lossless)
	Average(for all QMs)
	　

	
	Total Bit 
	7210.80 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	compression ratio(anc/pro)
	1.42 

	
	　
	　

	
	　
	　

	(Subtest2.1, option1)
	Average(for all QMs)
	　

	
	Total Bit 
	676.60 

	
	MaxError 
	65.30 

	
	AvgError 
	15.52 

	
	compression ratio(anc/pro)
	14.45 

	
	　
	　

	
	　
	　

	(Subtest2.1, option2b)
	Average(for all QMs)
	　

	
	Total Bit 
	1637.20 

	
	MaxError 
	44.90 

	
	AvgError 
	3.22 

	
	compression ratio(anc/pro)
	5.83 


2.2.2 with case4(random matrices)

 Table 10  Subtest2.1, symmetry QMs
	(Subtest2.0, anchor)
	Average(anchor)
	Average(QMs)

	
	Total Bit 
	11908.10 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	　
	　

	(Subtest2.1, option1 lossless)
	Average(symmetry QMs)
	　

	
	Total Bit 
	5586.67 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	compression ratio(anc/pro)
	1.83 

	
	　
	　

	
	　
	　

	(Subtest2.1, option1)
	Average(for symmetry QMs)
	　

	
	Total Bit 
	542.33 

	
	MaxError 
	58.33 

	
	AvgError 
	14.22 

	
	compression ratio(anc/pro)
	18.51 

	
	　
	　

	
	　
	　

	(Subtest2.1, option2b)
	Average(symmetry QMs)
	　

	
	Total Bit 
	1376.00 

	
	MaxError 
	53.67 

	
	AvgError 
	3.40 

	
	compression ratio(anc/pro)
	7.25 


Table 11  Subtest2.1, asymmetry QMs
	(Subtest2.0, anchor)
	Average(anchor)
	Average(QMs)

	
	Total Bit 
	11963.76 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	　
	　

	(Subtest2.1, option1 lossless)
	Average(asymmetry QMs)
	　

	
	Total Bit 
	12002.00 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	compression ratio(anc/pro)
	1.01 

	
	　
	　

	
	　
	　

	(Subtest2.1, option1)
	Average(asymmetry QMs)
	　

	
	Total Bit 
	941.67 

	
	MaxError 
	79.83 

	
	AvgError 
	15.70 

	
	compression ratio(anc/pro)
	12.30 

	
	　
	　

	
	　
	　

	(Subtest2.1, option2b)
	Average(asymmetry QMs)
	　

	
	Total Bit 
	2286.00 

	
	MaxError 
	47.00 

	
	AvgError 
	5.26 

	
	compression ratio(anc/pro)
	5.07 


Table 12  Subtest2.1, All QMs
	(Subtest2.0, anchor)
	Average(anchor)
	Average(QMs)

	
	Total Bit 
	11158.00 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	　
	　

	(Subtest2.1, option1 lossless)
	Average(for all QMs)
	　

	
	Total Bit 
	8794.33 

	
	MaxError 
	0.00 

	
	AvgError 
	0.00 

	
	compression ratio(anc/pro)
	1.42 

	
	　
	　

	
	　
	　

	(Subtest2.1, option1)
	Average(for all QMs)
	　

	
	Total Bit 
	742.00 

	
	MaxError 
	69.08 

	
	AvgError 
	14.96 

	
	compression ratio(anc/pro)
	15.41 

	
	　
	　

	
	　
	　

	(Subtest2.1, option2b)
	Average(for all QMs)
	　

	
	Total Bit 
	1831.00 

	
	MaxError 
	50.33 

	
	AvgError 
	4.33 

	
	compression ratio(anc/pro)
	6.16 


More detailed coding results can be found in the Excel attachment.
3 Conclusion

We have cross-checked the proposal tools, studied the algorithm and verified their coding simulation results. The proposal includes three combined tools, 
Without case4(random matrices), the proposed tools obtain 

-For option1 lossless case, the average compression ratio against anchor is 1.42; 
-For option1 lossy case, it obtains 14.45x compression ratio against anchor with average reconstructed error 15.52; 
-For the option2b lossy case, it obtains 5.83x compression ratio against anchor with average reconstructed error 3.22.
With case4(random matrices), the proposed tools obtain 

-For option1 lossless case, the average compression ratio against anchor is 1.42; 
-For option1 lossy case, it obtains 15.41x compression ratio against anchor with average reconstructed error 14.96; 
-For the option2b lossy case, it obtains 6.16x compression ratio against anchor with average reconstructed error 4.33.
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