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Abstract
In the April meeting, JVET decided to start developing a framework for including NN-coded reference frames into VVC / NNVC. A first version was provided by InterDigital. This version required an additional YUV sequence containing the reconstructed NN-coded frames, which needs to be passed to both encoder and decoder. This strategy makes the system very versatile with respect to the used NN-coder, however it has the drawback that is not easy to verify that the reported results are correct, since it relies on external bit-stream counting. This contribution presents modifications made to the code to alleviate this problem. In particular this includes
· Providing hooks in form of external scripts which call the NN-based coder
· Including the bitstream of the NN-coder into the main bitstream
· Decoding the NN-coder bitstream during encoding time
The code is available under https://vcgit.hhi.fraunhofer.de/jvet-ahg-nnvc/VVCSoftware_VTM/-/tree/hybrid_codec_e2e_dev
General Concept
The framework is generally built on the multi-layer coding functionalities within VTM [1]. The base layer (layer 0) contains the NN-coded frames and the enhancement layer (layer 1) contains the actual coded sequence. In the original version of the framework, the base layer mainly reads the NN-coded frames from the YUV file. Optionally it reads the required bits from a csv file. Both of them have to be provided by the user. The decoding of the base layer also mainly consists of reading the external YUV file. 
The newly proposed features keep this functionality intact, but extend it by functionalities, such that passing additional external files it not necessary anymore. The method uses calls to external scripts.
Base Layer Encoding
The encoding of the base-layer now consists of the following steps:
· Write the current frame into a temporary YUV file
· Call an external script which calls the NN-based encoder, producing a bitstream file and a reconstructed YUV file
· Read the reconstructed YUV file and set it as the reconstructed signal of the base-layer
· Read the bitstream file and write it into the main bitstream using a new NAL unit (28)
The encoding of the enhancement layer is not changed 
Base-Layer Decoding
The decoding of the base layer consists of the following steps
· When the NAL unit 28 is detected, write the bitstream in an external temporary file
· Call an external script which calls the NN-based decoder, producing a reconstructed YUV file
· Read the reconstructed YUV file and set it as the reconstructed signal of the base-layer

Newly introduced parameters
Encoder
IncludeExternalBitstream
	Default: False
If true, external bitstream is included into the main bitstream. If EncodeAIReference (see below) is false, a separate bitstream file is needed, the path of which is read from the csv file. 
EncodeAIReference
	Default: False
	If true, external encoder is called during encoding. If false, external YUV is read
ExternalEncoderScript
	Default: "run_NN_encoder.sh"
	Path to external script which runs the NN encoder
NNReferenceTmpFolder
	Default: "."
	Path to folder where tmp files should be saved (without final / or \\)
InferBaselayerSubsamplingFromIntraPeriod
	Default: false, 
Infer subsampling of baselayer from intra period of enhancement layer (Simplifies call, such that no sequence dependent parameters have to be added)
Decoder
ExternalDecoderScript
	Default: "run_NN_decoder.sh"
	Path to external script which runs the NN decoder
NNReferenceTmpFolder
	Default: "."
	Path to folder where tmp files should be saved (without final / or \\)

How to integrate an external NN-coder
The software package contains two example scripts to call the NN encoder and decoder, respectively. To integrate an external NN-coder, these scripts need to be modified. The parameters of the script and their order are fixed in the VTM software. The last line of the file needs to be modified to include the call to the external coder.

alias PYTHON="python"
CPU=1

INPUTFILE=$1
BITSTREAMFILE=$2
OUTPUTFILE=$3
WIDTH=$4
HEIGHT=$5
BITDEPTH_LUMA=$6
BITDEPTH_CHROMA=$7
QP=$8

PYTHON path/to/AI/encoder.py --InputFile $INPUTFILE --OutputFile $OUTPUTFILE    --BitstreamFile $BITSTREAMFILE --CPU $CPU --bitdepthLuma $BITDEPTH_LUMA         --bitdepthLuma $BITDEPTH_CHROMA --width $WIDTH --height $HEIGHT --QP $QP 

run_NN_encoder_example.py

Results
We present some first results obtained with the new software. Due to a bug in the current version of the hybrid E2E branch of NNVC, which produces an error when running longer AI sequences, we preliminarily test the feature only on the first frame of each sequence. Furthermore, this branch of NNVC does not yet support LMCS in its full functionality, which is why it is turned off for all experiments. As in previous contributions [2], we use DCVC-FM as AI-based intra coder here and use the hybrid coder only for QPs larger or equal to 27. The results are for QP 22 – 42 according to the NNVC CTC [3]. For QP 22, we use standard VTM. All NNs were run on CPU (single thread).

	
	All Intra Main10 
	
	

	
	BD-rate Over VTM 23.9
	 
	 

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU
	DecT GPU
	PSNR Overlap

	Class A1
	2.88%
	13.99%
	0.72%
	-1.53%
	5.22%
	-5.08%
	168%
	#DIV/0!
	#DIV/0!
	100%

	Class A2
	-8.90%
	-6.08%
	4.37%
	-9.38%
	-11.01%
	-1.08%
	86%
	#DIV/0!
	#DIV/0!
	100%

	Class B
	-2.74%
	-13.25%
	-10.37%
	-4.70%
	-21.68%
	-16.58%
	89%
	#DIV/0!
	#DIV/0!
	100%

	Class C
	-4.31%
	-14.25%
	-11.01%
	-12.37%
	-26.07%
	-24.86%
	37%
	#DIV/0!
	#DIV/0!
	100%

	Class E
	-7.56%
	-18.83%
	-23.62%
	-11.53%
	-25.89%
	-31.14%
	85%
	#DIV/0!
	#DIV/0!
	100%

	Overall 
	-3.98%
	-8.66%
	-8.42%
	-7.79%
	-17.10%
	-16.35%
	80%
	#DIV/0!
	#DIV/0!
	100%

	Class D
	-6.19%
	-17.01%
	-16.23%
	-13.05%
	-28.86%
	-29.52%
	41%
	#DIV/0!
	#DIV/0!
	100%



Aside from an outlier in Class A1, these results are similar to the results reported in [2].
During the test a decoder mismatch in two Class A sequences (Campfire QP 27,32,37 and DaylightRoad QP 27, 42) were observed. All other sequences were decodable. The same behavior was observed with the original framework (JVET-AL0243).
[bookmark: _GoBack]The decoding issue was solved by correcting an incorrect padding at the decoder side. It will be fixed in merge request 327 to the NNVC repository. The fix was provided by InterDigital and confirmed by Huawei. The results remain unchanged.
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