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1 [bookmark: _Toc504713888]Introduction

One objective for the Study Item on “Artificial Intelligence (AI) and Machine Learning (ML) for Media” is to address current MPEG work on Deep Neural Network (DNN) for Video Coding. This work investigates two potential approaches: hybrid block-based coding with DNN (or hybrid coding) and End to End learning based coding (or End to End coding).

A recent contribution to the JVET group [1] describes the current technologies under investigation for neural-network-based video compression. In technologies using NN hybrid coding, existing video coding tools such as In-loop filtering, intra-prediction, or Inter-prediction are replaced or enhanced with NN based tools. Another approach introduces post-processing operations such as post-filtering, super resolution or HDR enhancement. These operations are placed outside the coding loop of the codec. Finally, a last approach consists in fully end-to-end solutions that do not rely on the codec itself. 

A recent contribution S4aV220898 from Fraunhofer HHI introduced Neural Network Coding format which is used in hybrid coding. Today, no related use-case has been proposed on the current permanent document or following intermediate ad-hoc meetings since the last SA4-119e meeting. 

We propose to introduce a neural network based post-processing for video use-case in clause 3 of the permanent document.
2 Proposal
--------------------------------------------- Change 1----------------------------------------------------------------------------
3.X	Neural Network based post-processing for video

A neural network (NN) applies post-processing to a decoded video sequence to enhance the video quality. The post-processing is outside the coding loop and does not impact the decoding of the video itself. Possible post-processing algorithms include:
· Post-filtering: a NN is applied on the output of the video decoder to improve the quality. Such improvements include video coding artifacts removal, subjective quality enhancement etc.
· Super resolution: a NN is applied on the output video sequence when the resolution of the display is greater than the resolution of the decoded video. NN based approaches allow for subjectively increased quality during the resampling process.
· NN based HDR enhancement: a NN is applied for example to enhance a SDR video into an HDR-looking video.
Several cases are possible and described below.

· Offline model
For this case, one or more pre-trained NN models already known at the decoder side are used. The encoder transmits metadata to indicate which model and how to use the model at the decoder. The metadata is carried in the coded video bitstream in Supplementary Enhancement Information (SEI) messages as shown in Figure 1. 
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[bookmark: _Ref108085707]Figure 1 post-processing NN with offline NN and metadata 
· Online model
Figure 2 depicts an additional NN model delivery module. A NN model is selected at the encoder side (e.g., from a repository or content adapted), compressed with NNR and transmitted to the decoder in SEI messages. An NNR encoder and an NNR decoder encodes and decodes the NN model respectively on each side. The same metadata as in offline model is used to carry information on the NN usage.
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[bookmark: _Ref108177578]Figure 2 Post-processing NN using online NN Model delivery 
· Updated model
Figure 3 shows a content aware NN training module using the input video and the decoded video to produce fine-tuned NN parameters (e.g., update of weights or bias) to fit a pre-trained model to the content. These parameters can also be compressed with NNR and transmitted to the decoder in SEI messages. The base model can be either an offline model or a transmitted model.
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[bookmark: _Ref108085753]Figure 3 Post-processing NN with metadata and NN update

--------------------------------------------- End of change 1----------------------------------------------------------------------------
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