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Abstract
This contribution reports the results of EE1-3.2.2. In EE1-3.2.2, VTM-11-NNVC with Filter-Set-1 [4] activated, Filter-Set-0 [2, 3] deactivated, and the low-complexity version of the neural network-based intra prediction mode activated [1], all the neural networks being in 16-bit signed integer, must be run. This run aims at showing that the BD-rate gains of the low-complexity version of the neural network-based intra prediction mode inside VTM-11-NNVC are almost equivalent when this neural network-based intra prediction mode is combined with either Filter-Set-0 or Filter-Set-1.
It is reported that, on top of VTM-11-NNVC with Filter-Set-1 activated and Filter-Set-0 deactivated, the low-complexity version of the neural network-based intra prediction mode yields -3.21%, -3.52%, -3.38% and -1.54%, -1.01%, -1.25% of average BD-rate gains in AI and RA respectively.
On top of VTM-11-NNVC with Filter-Set-1 deactivated and Filter-Set-0 activated, the low-complexity version of the neural network-based intra prediction mode yields -3.35%, -3.60%, -3.65% and -1.57%, -1.08%, -1.20% of average DB-rate gains in AI and RA respectively.

Introduction 
EE1-3.2 arises from the contribution JVET-AB0149 [1] during the 28th JVET meeting. In JVET-AB0149, it is proposed that, for the current block  to be predicted by the neural network-based intra prediction mode, the neural network takes a context of decoded pixels around  and returns three outputs. The first output is the prediction  of . The second output gathers two indices  and ,  denoting the index characterizing the LFNST kernel index and whether the primary transform coefficients resulting from the application of the DCT-2 horizontally and the DCT-2 vertically to the residue of the neural network prediction are transposed when , . The third output corresponds to the index  of the VVC intra prediction mode (PLANAR or DC or directional intra prediction mode) whose prediction of  from the decoded reference samples surrounding  best represents .
When creating the MPM list of a given luma CB, if the “left” luma CB is predicted via the neural network-based mode, the neural network-based mode index can be replaced by the  returned during the prediction of the “left” luma CB and become a candidate index to be put into the MPM list. Similarly, if “above” luma CB is predicted via the neural network-based mode, the neural network-based mode index can be replaced by the  returned during the prediction of the “above” luma CB and become a candidate index to be inserted into the MPM list.

AHG11 template
	Network information in training stage

	Mandatory
	GPU type
	GPU: Tesla-P100-16GB

	
	Framework
	Tensorflow 2.6

	
	Number of GPUs per task
	1

	
	Epoch
	15

	
	Batch size
	128

	
	Training time
	8 to 36 hours, depending on the training cycle

	
	Training data information
	The set of images used to create the training sets combines frames extracted from the BVI-DVC dataset, the TVD dataset, the UVG dataset, and the RGB images in the ILSVCR2012 dataset set and DIV2-K, converted into YCbCr.

	
	Training configurations for generating compressed training data
	VTM-11-NNVC; QP {22, 27, 32, 37}

	
	Patch size
	The neural network predicting  blocks is trained on pairs of a  block and its context.

	
	Learning rate
	1e-4

	
	Optimizer
	ADAM

	
	Loss function
	Mean-squared error. A l1-norm weight decay term is added to the loss function for training the neural network.

	
	Preprocessing
	See [1].


	Network information (inference)

	Parameter number
	block size
	Low-complexity (sparse weights)
	High-complexity

	
	






	






	







	Parameter precision
	16-bit signed integer.

	MAC/pixel
	block size
	Low-complexity (sparse weights)
	High-complexity

	
	






	






	







	Total conv. layers
	

	Total FC layers
	4 cascaded fully-connected layers for the neural network predicting  blocks
3 cascaded fully-connected layers for the others.

	[bookmark: _Hlk60151242]Mem (MB)
	5.3 MB for the whole low-complexity neural network-based mode.
31261 MB for the whole high-complexity neural network-based mode.

	GPU Type
	No GPU

	CPU Type
	Xeon 2.4GHz

	Framework
	SADL (C++ with a single thread)



Experimental results
The test results are presented in Table 1, Table 2, Table 3, and Table 4.

	
	All Intra Main10 
	

	
	BD-rate Over VTM-11-NNVC-3 Filter-Set-1 (int16)
	 

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU
	bit DIFF

	Class A1
	-3.87%
	-4.29%
	-3.98%
	-4.14%
	-4.56%
	-3.72%
	141%
	99%
	4%

	Class A2
	-2.59%
	-2.44%
	-2.19%
	-2.67%
	-2.32%
	-1.86%
	161%
	100%
	3%

	Class B
	-2.87%
	-3.19%
	-3.15%
	-2.86%
	-2.90%
	-2.63%
	164%
	99%
	3%

	Class C
	-2.85%
	-3.29%
	-3.33%
	-2.92%
	-3.11%
	-3.01%
	169%
	107%
	3%

	Class E
	-4.22%
	-4.65%
	-4.42%
	-4.14%
	-4.16%
	-4.11%
	161%
	102%
	4%

	Overall 
	-3.21%
	-3.52%
	-3.38%
	-3.27%
	-3.34%
	-3.01%
	160%
	101%
	3%

	Class D
	-2.67%
	-2.95%
	-3.22%
	-2.67%
	-2.41%
	-3.63%
	171%
	111%
	3%

	Class F
	-2.09%
	-1.93%
	-2.20%
	-2.18%
	-1.18%
	-1.90%
	132%
	99%
	2%

	Class H
	
	
	
	
	
	
	
	
	


[bookmark: _Ref123738400]Table 1: BD-rate gains of the low-complexity version of the neural network-based intra prediction on top of VTM-11-NNVC with Filter-Set-1 activated, Filter-Set-0 deactivated, all the neural networks being in 16-bit signed integer.

	
	Random access Main10 
	 

	
	BD-rate Over VTM-11-NNVC-3 Filter-Set-1 (int16)
	 

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU
	bit DIFF

	Class A1
	-1.94%
	-1.28%
	-1.72%
	-1.76%
	-1.18%
	-1.20%
	101%
	103%
	2%

	Class A2
	-1.23%
	-0.67%
	-0.86%
	-1.18%
	-0.22%
	-0.51%
	96%
	86%
	1%

	Class B
	-1.58%
	-0.92%
	-1.05%
	-1.55%
	-0.71%
	-0.52%
	102%
	105%
	2%

	Class C
	-1.43%
	-1.19%
	-1.42%
	-1.43%
	-0.70%
	-0.78%
	106%
	110%
	1%

	Class E
	 
	
	 
	 
	
	 
	 
	
	 

	Overall
	-1.54%
	-1.01%
	-1.25%
	-1.49%
	-0.70%
	-0.72%
	102%
	101%
	2%

	Class D
	-1.25%
	-1.14%
	-1.14%
	-1.19%
	-0.78%
	-0.45%
	104%
	109%
	1%

	Class F
	-0.98%
	-0.83%
	-0.95%
	-0.88%
	-0.54%
	-0.49%
	97%
	108%
	1%

	Class H
	
	
	
	
	
	
	
	
	


[bookmark: _Ref123738405]Table 2: BD-rate gains of the low-complexity version of the neural network-based intra prediction on top of VTM-11-NNVC with Filter-Set-1 activated, Filter-Set-0 deactivated, all the neural networks being in 16-bit signed integer.

	
	All Intra Main10 
	

	
	BD-rate Over VTM-11-NNVC-3 Filter-Set-0 (int16)
	 

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU
	bit DIFF

	Class A1
	-4.00%
	-4.21%
	-4.17%
	-4.27%
	-4.09%
	-4.10%
	134%
	100%
	4%

	Class A2
	-2.69%
	-2.97%
	-2.94%
	-2.71%
	-2.59%
	-2.55%
	156%
	99%
	3%

	Class B
	-3.02%
	-3.11%
	-3.51%
	-2.96%
	-2.70%
	-3.01%
	160%
	101%
	3%

	Class C
	-2.96%
	-3.22%
	-3.33%
	-3.07%
	-2.64%
	-3.05%
	164%
	104%
	3%

	Class E
	-4.44%
	-4.93%
	-4.52%
	-4.65%
	-4.54%
	-3.86%
	158%
	101%
	5%

	Overall 
	-3.35%
	-3.60%
	-3.65%
	-3.44%
	-3.21%
	-3.27%
	155%
	101%
	3%

	Class D
	-2.72%
	-3.25%
	-3.22%
	-2.79%
	-2.64%
	-2.85%
	165%
	105%
	3%

	Class F
	-2.11%
	-1.93%
	-2.04%
	-2.13%
	-1.73%
	-1.79%
	133%
	101%
	2%

	Class H
	
	
	
	
	
	
	
	
	


[bookmark: _Ref123738408]Table 3: BD-rate gains of the low-complexity version of the neural network-based intra prediction on top of VTM-11-NNVC with Filter-Set-1 deactivated, Filter-Set-0 activated, all the neural networks being in 16-bit signed integer.

	
	Random access Main10 
	 

	
	BD-rate Over VTM-11-NNVC-3 Filter-Set-0 (int16)
	 

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU
	bit DIFF

	Class A1
	-1.98%
	-1.53%
	-1.44%
	-1.75%
	-0.65%
	-1.11%
	99%
	99%
	2%

	Class A2
	-1.25%
	-0.65%
	-0.95%
	-1.22%
	-0.40%
	-0.63%
	97%
	94%
	1%

	Class B
	-1.60%
	-0.84%
	-1.01%
	-1.53%
	-0.66%
	-0.50%
	101%
	103%
	2%

	Class C
	-1.49%
	-1.38%
	-1.44%
	-1.55%
	-0.93%
	-0.85%
	106%
	107%
	2%

	Class E
	 
	
	 
	 
	
	 
	 
	
	 

	Overall
	-1.57%
	-1.08%
	-1.20%
	-1.52%
	-0.68%
	-0.74%
	101%
	101%
	2%

	Class D
	-1.29%
	-1.45%
	-1.27%
	-1.55%
	-0.92%
	-1.37%
	103%
	108%
	1%

	Class F
	-0.96%
	-0.61%
	-0.66%
	-1.10%
	-0.61%
	-0.29%
	97%
	107%
	1%

	Class H
	
	
	
	
	
	
	
	
	


[bookmark: _Ref123738412]Table 4: BD-rate gains of the low-complexity version of the neural network-based intra prediction on top of VTM-11-NNVC with Filter-Set-1 deactivated, Filter-Set-0 activated, all the neural networks being in 16-bit signed integer.

Given these test results, in AI and RA, the difference in BD-rate gains between the low-complexity version of the neural network-based intra prediction mode on top of VTM-11-NNVC with Filter-Set-0 and this neural network-based intra prediction mode on top of VTM-11-NNVC with Filter-Set-1 is about (1/30)th of the global BD-rate gains of this neural network-based mode on top of VTM-11-NNVC with one of the two Filter-Set activated. Therefore, the BD-rate gains of the low-complexity version of the neural network-based intra prediction mode inside VTM-11-NNVC can be viewed as stable, regardless of which of the two Filter-Set is activated.

Conclusion
On top of VTM-11-NNVC with Filter-Set-1 activated and Filter-Set-0 deactivated, the low-complexity version of the neural network-based intra prediction mode yields -3.21%, -3.52%, -3.38% and -1.54%, -1.01%, -1.25% of average BD-rate gains in AI and RA respectively. On top of VTM-11-NNVC with Filter-Set-1 deactivated and Filter-Set-0 activated, the low-complexity version of the neural network-based intra prediction mode yields -3.35%, -3.60%, -3.65% and -1.57%, -1.08%, -1.20% of average DB-rate gains in AI and RA respectively.
Consequently, the BD-rate gains of the low-complexity version of the neural network-based intra prediction mode inside VTM-11-NNVC can be viewed as equivalent, regardless of which of the two Filter-Set is activated.
It is proposed to adopt the low-complexity version of the neural network-based intra prediction mode in the VTM-11-NNVC reference software.
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