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Abstract
This contribution reports the results by the convolutional neural network-based loop filtering which was proposed in JVET-M0872. Experimental results are followed by the test conditions of Core Experiment 13 (CE13) description. Simulation results reportedly show the BD-rates for luma by -1.70%, 2.26%, -0.80% and -1.68% in CE13-2.6a (CE13-2.7a), CE13-2.6b, CE13-2.6c and CE13-2.7b, respectively. The difference is caused by the CNN based filter location and CTU-level switching.
[bookmark: _Ref3358237]Introduction
A convolutional neural network-based loop filtering was proposed in JVET-M0872 [1]. This contribution reports the experimental results followed by the test conditions of Core Experiment 13 (CE13) description [2]. One of the CE13 purpose is to study the location of the CNN-based filter in the existing loop filter chain. Another purpose is to study the CTU level switching of the CNN-based filter. It is noted that experiments are performed only the first intra period (without second intra picture) for reduce the experimental burden.
Overview of the proposed CNN loop filter
The filter structure is shown in Figure 1. This filter has four layers with 3x3 taps. The input of “sum” block is residual signal from the left signal and reconstructed signal just after deblocking filter. The output of “sum” block is filtered pixels. Actual output is weighted sum of after-filtered and before-filtered pixels based on the distance of edge.
[image: ]
Figure1. The structure of proposed CNNF 
Filter coefficients are pre-defined in both the encoder and the decoder so that additional side information is not required. A representation of filter coefficients is fixed point value (integer value). The filter is applied for both intra and inter pictures.
Experimental Results
Coding condition
The proposed methods have been implemented on top of VTM-4.0 [3]. The common test conditions are used for evaluation [4] but the simulation results are conducted in only Random Access 10 condition by the short frame which is defined as first intra period in JVET-M1033 [2].
Test conditions
The test conditions consist total of 6 items as described in Table 1. CE13-2.6 is the evaluation for loop filter chain includes deblocking filter (DBF), SAO, ALF. CE13-2.7 is the evaluation for signaling of CNN. It is noted that CNN filter is adaptively switching on/off in CTU level in CE13-2.6a/b/c. It is also noted that loop filter chain of CE13-2.7a/b is same as CE13-2.6a. That means the results of CE13-2.6a and CE13-2.7a are same.
[bookmark: _Ref3615246]Table 1 Test conditions according to CE13 description
	CE13-2.6a
	Loop filter chain
	DBF + NN filter + SAO + ALF, NN filter follows the description in M0872

	CE13-2.6b
	
	NN filter only, NN filter follows the description in M0872

	CE13-2.6c
	
	NN filter + ALF, NN filter follows the description in M0872

	CE13-2.7a
	CTU switch on/off 
	NN filter adaptive on/off in CTU level

	CE13-2.7b
	
	always use NN filter for each CTU


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.
Simulation results
CE13-2.6a
Table 2 shows the simulation results of CE13-2.6a.
Table 2 The simulation results of CE13-2.6a
	
	Random access Main10 

	
	Over VTM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-1.00%
	-2.02%
	-2.46%
	149%
	81109%

	Class A2
	-1.96%
	-2.50%
	-3.39%
	144%
	80490%

	Class B
	-1.53%
	-2.17%
	-2.58%
	144%
	61736%

	Class C
	-2.24%
	-4.56%
	-7.71%
	122%
	44929%

	Class E
	　
	
	　
	　
	　

	Overall
	-1.70%
	-2.84%
	-4.09%
	139%
	63166%

	Class D
	-3.07%
	-3.83%
	-8.28%
	124%
	33494%

	Class F
	-0.59%
	-3.76%
	-3.90%
	169%
	40262%


0. CE13-2.6b
Table 3 shows the simulation results of CE13-2.6b.
[bookmark: _Ref3616587]Table 3 The simulation results of CE13-2.6b
	
	Random access Main10 

	
	Over VTM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	4.66%
	0.69%
	0.62%
	149%
	81336%

	Class A2
	2.97%
	3.06%
	1.60%
	143%
	81310%

	Class B
	1.91%
	9.73%
	7.59%
	144%
	69092%

	Class C
	0.38%
	-0.51%
	-3.30%
	122%
	46360%

	Class E
	　
	
	　
	　
	　

	Overall
	2.26%
	3.86%
	2.09%
	138%
	66303%

	Class D
	0.46%
	-0.41%
	-4.45%
	123%
	29869%

	Class F
	1.20%
	-3.05%
	-3.73%
	168%
	48510%


0. CE13-2.6c
Table 4 shows the simulation results of CE13-2.6c.
[bookmark: _Ref3616736]Table 4 The simulation results of CE13-2.6c
	
	Random access Main10 

	
	Over VTM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.87%
	0.12%
	0.22%
	149%
	81711%

	Class A2
	-1.12%
	-0.52%
	-2.11%
	142%
	81263%

	Class B
	-0.83%
	-0.47%
	-1.20%
	143%
	69595%

	Class C
	-1.76%
	-3.64%
	-6.80%
	122%
	46645%

	Class E
	　
	
	　
	　
	　

	Overall
	-0.80%
	-1.21%
	-2.59%
	138%
	66626%

	Class D
	-2.95%
	-3.27%
	-7.35%
	123%
	32155%

	Class F
	0.41%
	-3.93%
	-5.14%
	168%
	48866%


0. CE13-2.7a
The simulation results are same as in CE13-2.6a.
0. CE13-2.7b
Table 5 shows the simulation results of CE13-2.7b.
[bookmark: _Ref3617336]Table 5 The simulation results of CE13-2.7b
	
	Random access Main10 

	
	Over VTM-4.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-1.01%
	-2.02%
	-2.46%
	149%
	81043%

	Class A2
	-1.97%
	-2.49%
	-3.45%
	143%
	80977%

	Class B
	-1.45%
	-2.06%
	-2.50%
	143%
	79659%

	Class C
	-2.24%
	-4.51%
	-7.64%
	122%
	47698%

	Class E
	　
	
	　
	　
	　

	Overall
	-1.68%
	-2.79%
	-4.05%
	138%
	69946%

	Class D
	-3.13%
	-3.72%
	-8.36%
	123%
	41331%

	Class F
	-0.07%
	-4.02%
	-4.45%
	168%
	91862%


Conclusion
This contribution reported the experimental results followed by the test conditions of Core Experiment 13 (CE13) description [2]. Simulation results reportedly show the BD-rates for luma by -1.70%, 2.26%, -0.80% and -1.68% in CE13-2.6a (CE13-2.7a), CE13-2.6b, CE13-2.6c and CE13-2.7b, respectively. The difference is caused by the CNN based filter location and CTU-level switching.
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