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Abstract
This contribution proposes simplification method of shrink transform included in core experiment CE6.1.9 as JVET-J1026. Regarding an up-sampling filter after inverse transform, while JVET-J0016 used 8-tap filter for luma and 4-tap filter for chroma, this contribution replaced it with 1-tap filter (i.e., pixel copy) for luma and chroma. This replacement reduce the burden of both hardware and software implementing. Simulation results show that almost same BD-rates and running times for both VTM and BMS between simplified shirnk transform and (complex) shrink transform.
Problem statement
When the transform block size is equal or larger than 64, inverse transform is realized by two steps; inverse transform with half size and up-sampling. The up-sampling ratio is twice with DCT based coefficient, which is the same as in SHVC. Otherwise (the transform block size is less than 64), inverse transform is the same as in the test model. In the remaining part, this method is called complex shrink transform. It is noted that maximum transform blocks size are 64x64 for luma 32x32 for chroma in VTM and BMS.
Proposed method
The complex shrink transform utilizes 8-tap for luma and 4-tap for chroma as up-sampling filter as follows;
{-1, 4, -11, 40, 40, -11, 4, -1} for luma, and
{-4, 36, 36, -4} for chroma.
Simplified shrink transform replaces the above filter with 1-tap filter (i.e., pixel copy) as follows;
{0, 0, 0, 64, 0, 0, 0, 0} for luma, and
{0, 64, 0, 0} for chroma.
It is noted that phase mismatch can be ignored in the both objective and subjective viewpoints.
Experimental results
Coding conditions
The proposed method was implemented on top of the BMS-1.1 software In order to verify the performance of our proposed method, we have run simulations according to the test conditions of JVET-J1010 [3]. Each of the results are presented in bellow. In the results, “VTM-1.1” means simulation results by using BMS-1.1 software with VTM configuration files.
Computing platforms
The software was compiled by the same compiler which is GCC 4.8.5 on 64-bit CentOS Linux on the different cluster PCs. Since the same coding condition utilizes the same cluster PCs, running time can be comparable within the same condition. It is noted that we disabled the function of Hyperthreading and TurboBoost for getting accurate running times. 
Objective evaluation
VTM aspects
Table 1 indicates the objective results of proposed method and CE6.1.9 based on VTM-1.1 compared to VTM-1.1 anchor. The results show that BD-rate gains of proposed method are averagely -0.04%/-0.06%/-0.07% for AI/RA/LDB condition without increasing simulation runtime compared to VTM-1.1 anchor. Moreover, these are the almost same BD-rates as the CE6.1.9 results.
Table 1 Objective results for AI condition compared with proposed method based on VTM-1.1 
	
	All Intra Main10 

	
	Proposed Method over VTM-1.1
	CE6.1.9 over VTM-1.1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.07%
	-0.32%
	-0.31%
	100%
	100%
	-0.17%
	-0.51%
	-0.53%
	99%
	99%

	Class A2
	-0.02%
	-0.12%
	-0.05%
	100%
	100%
	-0.02%
	-0.13%
	-0.07%
	101%
	100%

	Class B
	0.00%
	-0.05%
	-0.03%
	101%
	100%
	-0.01%
	-0.07%
	-0.04%
	100%
	100%

	Class C
	0.00%
	0.00%
	0.00%
	101%
	100%
	0.00%
	-0.01%
	0.00%
	100%
	100%

	Class E
	-0.12%
	-0.43%
	-0.21%
	100%
	99%
	-0.11%
	-0.35%
	-0.22%
	100%
	99%

	Overall 
	-0.04%
	-0.16%
	-0.10%
	100%
	100%
	-0.05%
	-0.19%
	-0.15%
	100%
	100%

	Class D
	0.00%
	0.00%
	0.00%
	101%
	101%
	0.00%
	-0.01%
	0.00%
	100%
	99%

	
	Random Access Main10

	
	Proposed Method over VTM-1.1
	CE6.1.9 over VTM-1.1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.25%
	-0.26%
	-0.49%
	98%
	100%
	-0.34%
	-0.32%
	-0.40%
	97%
	100%

	Class A2
	-0.06%
	-0.11%
	-0.10%
	100%
	100%
	-0.06%
	-0.27%
	-0.05%
	100%
	100%

	Class B
	0.01%
	-0.15%
	-0.03%
	100%
	100%
	-0.01%
	-0.17%
	-0.11%
	100%
	100%

	Class C
	-0.01%
	-0.03%
	-0.04%
	100%
	100%
	-0.02%
	-0.02%
	-0.04%
	100%
	101%

	Class E
	　
	
	　
	　
	
	　
	
	　
	　
	

	Overall 
	-0.06%
	-0.13%
	-0.14%
	99%
	100%
	-0.09%
	-0.18%
	-0.14%
	99%
	100%

	Class D
	-0.01%
	-0.02%
	0.02%
	99%
	100%
	-0.01%
	-0.02%
	0.03%
	100%
	101%

	
	Low delay B Main10

	
	Proposed Method over VTM-1.1
	CE6.1.9 over VTM-1.1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	
	　
	
	　
	　
	

	Class B
	-0.12%
	-0.30%
	-0.39%
	100%
	100%
	-0.11%
	-0.47%
	-0.39%
	100%
	99%

	Class C
	0.00%
	-0.10%
	-0.09%
	100%
	100%
	0.00%
	0.06%
	0.10%
	100%
	100%

	Class E
	-0.10%
	-1.46%
	-0.11%
	100%
	101%
	-0.16%
	-2.08%
	-1.82%
	100%
	100%

	Overall 
	-0.07%
	-0.52%
	-0.22%
	100%
	100%
	-0.08%
	-0.69%
	-0.58%
	100%
	100%

	Class D
	-0.03%
	0.09%
	-0.02%
	100%
	101%
	-0.03%
	-0.27%
	-0.22%
	100%
	101%


BMS aspects
Table 2 indicates the objective results of proposed method and CE6.1.9 based on BMS-1.1 compared to BMS-1.1 anchor. The results show that BD-rate gains of proposed method are averagely -0.04%/-0.05%/-0.16% for AI/RA/LDB condition without increasing simulation runtime compared to BMS-1.1 anchor. Moreover, these are the almost same BD-rates as the CE6.1.9 results.
Table 2 Objective results for AI condition compared with proposed method based on BMS-1.1 
	
	All Intra Main10 

	
	Proposed Method over BMS-1.1
	CE6.1.9 over BMS-1.1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.05%
	-0.37%
	-0.33%
	100%
	101%
	-0.12%
	-0.49%
	-0.35%
	100%
	100%

	Class A2
	0.00%
	-0.10%
	-0.11%
	100%
	101%
	-0.02%
	-0.12%
	-0.08%
	101%
	100%

	Class B
	-0.01%
	-0.02%
	-0.01%
	101%
	102%
	-0.02%
	-0.07%
	-0.03%
	101%
	101%

	Class C
	0.00%
	0.01%
	0.00%
	100%
	102%
	0.00%
	0.03%
	0.02%
	100%
	100%

	Class E
	-0.14%
	-0.30%
	-0.44%
	100%
	101%
	-0.12%
	-0.38%
	-0.40%
	100%
	100%

	Overall 
	-0.04%
	-0.13%
	-0.15%
	100%
	101%
	-0.05%
	-0.18%
	-0.14%
	100%
	101%

	Class D
	0.00%
	0.00%
	0.00%
	100%
	101%
	0.00%
	0.00%
	-0.01%
	100%
	101%

	
	Random Access Main10

	
	Proposed Method over BMS-1.1
	CE6.1.9 over BMS-1.1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.21%
	-0.34%
	-0.55%
	99%
	100%
	-0.29%
	-0.49%
	-0.54%
	98%
	100%

	Class A2
	-0.03%
	0.09%
	-0.04%
	101%
	100%
	-0.06%
	-0.04%
	-0.05%
	101%
	100%

	Class B
	-0.02%
	-0.13%
	-0.10%
	101%
	101%
	-0.02%
	-0.02%
	-0.18%
	101%
	100%

	Class C
	0.02%
	-0.04%
	-0.03%
	101%
	101%
	0.01%
	-0.01%
	0.03%
	100%
	101%

	Class E
	　
	
	　
	　
	　
	　
	
	　
	　
	　

	Overall 
	-0.05%
	-0.11%
	-0.16%
	100%
	101%
	-0.07%
	-0.11%
	-0.17%
	100%
	100%

	Class D
	-0.01%
	-0.09%
	-0.03%
	100%
	101%
	0.00%
	-0.09%
	-0.02%
	100%
	101%

	
	Low delay B Main10

	
	Proposed Method over BMS-1.1
	CE6.1.9 over BMS-1.1

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	　
	　
	
	　
	　
	　

	Class B
	-0.15%
	-0.79%
	-0.76%
	100%
	100%
	-0.16%
	-0.67%
	-0.70%
	100%
	101%

	Class C
	-0.05%
	-0.06%
	-0.13%
	100%
	99%
	-0.07%
	0.10%
	-0.13%
	100%
	100%

	Class E
	-0.32%
	-1.10%
	-2.07%
	100%
	98%
	-0.27%
	-0.93%
	-1.44%
	100%
	100%

	Overall 
	-0.16%
	-0.63%
	-0.88%
	100%
	99%
	-0.16%
	-0.48%
	-0.70%
	100%
	100%

	Class D
	0.09%
	-0.21%
	0.13%
	100%
	99%
	0.03%
	0.12%
	0.39%
	100%
	101%


Conclusion
In this contribution, it was presented simplification method of shrink transform included in core experiment CE6.1.9 as JVET-J1026 [1]. In the complex shrink transform [2], up-sampling filters were 8-tap filter for luma and 4-tap filter for chroma. The proposed simplified shrink transform replaced it with 1-tap filter (i.e., pixel copy) for luma and chroma. It could reduce the burden of both hardware and software implementation. BD-rates for luma were -0.04%, -0.06%, and -0.07% under the CTC AI, RA, and LDB conditions respectively in case of comparing with VTM. In a similar way, BD-rates for luma were -0.04%, -0.05%, and -0.16% under the CTC AI, RA, and LDB conditions, respectively, in case of comparing with BMS.
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