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Abstract
It is asserted that for some application of NNPF, it may be beneficial to allow the NNPF to use input pictures that are not consecutive. This contribution proposes modification to support such feature. The proposed modifications are as follows:
· When the NNPF takes more than one input picture (i.e., the value of nnpfc_num_input_pics_minus1 is greater than 0), signal a new flag (i.e., nnpfc_consecutive_input_pics_flag) to specify whether the input pictures are consecutive or not.
· If nnpfc_consecutive_input_pics_flag is equal to 0, a loop of nnpfc_input_pic_use_flag[ i ] is signalled to specify whether the i-th input picture is used or not for filtering process.

Introduction
In the current design of neural-network post-filter characteristics (NNPFC) SEI message, the described neural-network post-filter (NNPF) may take one or more input pictures for the filtering process. When the NNPF takes more than one input picture, the pictures shall be consecutive in output order as described below:
Input picture with index 0 corresponds to the picture for which the NNPFdefined by this NNPFC SEI message is activated by an NNPFA SEI message. Input picture with index i in the range of 1 to numInputPics − 1, inclusive, precedes the input picture with index i − 1 in output order.
For some application of NNPF, it may be beneficial if it is possible to use input pictures that are not consecutive. Consider the following scenario as illustrated by the figure below in which an NNPF is used for up-sampling picture rate by generating pictures with TemporalId 3. With the current design, the NNPF is restricted to take two input pictures and generated one picture in between them. For example, for generating picture 1, the filter can only use picture 0 and picture 2. However, if it is possible, a more advanced NNPF may want to use picture 0 and picture 4 for generating picture 1, assuming that picture 4 is coded with better Qp than picture 2.

[image: ]
Figure 1 – Example of picture rate up-sampling by generating pictures at TemporalId 3.
In authors’ opinion, allowing an NNPF to take input pictures that are not consecutive provides improvement to the design of NNPFC SEI message. It is asserted that to accommodate such feature, the needed modification to the signalling of input pictures in the current NNPFC SEI message is relatively small.
Proposals
We propose some modification to the signalling of NNPFC SEI message to allow the described NNPF to take input pictures that are not consecutive. The proposed modifications are as follows:
· When the NNPF takes more than one input picture (i.e., the value of nnpfc_num_input_pics_minus1 is greater than 0), signal a new flag (i.e., nnpfc_consecutive_input_pics_flag) to specify whether the input pictures are consecutive or not.
· If nnpfc_consecutive_input_pics_flag is equal to 0, a loop of nnpfc_input_pic_use_flag[ i ] is signalled to specify whether the i-th input picture is used or not for filtering process.
Text implementation
The text implementation of the proposed solution above is as shown below.
8.28.1 Neural-network post-filter characteristics SEI message syntax

	nn_post_filter_characteristics( payloadSize ) {
	Descriptor

		…
	

		nnpfc_property_present_flag
	u(1)

		if( nnpfc_property_present_flag ) {
	

			…
	

			/* input and output formatting */
	

			nnpfc_num_input_pics_minus1
	ue(v)

			if( nnpfc_num_input_pics_minus1 > 0 ) {
	

				nnpfc_consecutive_input_pics_flag
	u(1)

				if( !nnpfc_consecutive_input_pics_flag ) {
	

					for( i = 0; i  <=  nnpfc_num_input_pics_minus1; i++ )
	

						nnpfc_input_pic_use_flag[ i ]
	u(1)

				}
	

			}
	

			…
	

			if( ( nnpfc_purpose & 0x08 )  !=  0 ) {
	

				for( i = 0; i < nnpfc_num_input_pics_minus1; i++ )
	

					nnpfc_interpolated_pics[ i ]
	ue(v)

				for( i = 0; i  <=  nnpfc_num_input_pics_minus1; i++ )
	

					nnpfc_input_pic_output_flag[ i ]
	u(1)

			}
	

			…
	

			}
	

			…
	

		}
	

		…
	

	}
	



8.28.2 Neural-network post-filter characteristics SEI message semantics
[bookmark: _Hlk112769850]The neural-network post-filter characteristics (NNPFC) SEI message specifies a neural network that may be used as a post-processing filter. The use of specified neural-network post-processing filters (NNPFs) for specific pictures is indicated with neural-network post-filter activation (NNPFA) SEI messages.
Use of this SEI message requires the definition of the following variables:
–	Input picture width and height in units of luma samples, denoted herein by CroppedWidth and CroppedHeight, respectively.
–	Luma sample array CroppedYPic[ idx ] and chroma sample arrays CroppedCbPic[ idx ] and CroppedCrPic[ idx ], when present, of the input pictures that are used for filtering process with index idx in the range of 0 to numUseInputPics − 1, inclusive, that are used as input for the NNPF.
–	Bit depth BitDepthY for the luma sample array of the input pictures.
–	Bit depth BitDepthC for the chroma sample arrays, if any, of the input pictures.
–	A chroma format indicator, denoted herein by ChromaFormatIdc, as described in subclause ‎7.3.
–	When nnpfc_auxiliary_inp_idc is equal to 1, a filtering strength control value StrengthControlVal that shall be a real number in the range of 0 to 1, inclusive.
Input picture with index 0 corresponds to the picture for which the NNPFdefined by this NNPFC SEI message is activated by an NNPFA SEI message. Input picture with index i in the range of 1 to numInputPics − 1, inclusive, precedes the input picture with index i − 1 in output order.
…
nnpfc_num_input_pics_minus1 plus 1 specifies the number of decoded output pictures that are consecutive in output order that may be used as input for the NNPF. The value of nnpfc_num_input_pics_minus1 shall be in the range of 0 to 63, inclusive. When nnpfc_purpose & 0x08 is not equal to 0, the value of nnpfc_num_input_pics_minus1 shall be greater than 0.
nnpfc_consecutive_input_pics_flag equal 1 specifies that all input pictures are used by the NNPF. nnpfc_consecutive_input_pics_flag equal 0 specifies that one or more input picture for the NNPF is not used by the NNPF.
…
nnpfc_input_pic_use_flag[ i ] equal 1 specifies that the i-th input picture is used for filtering process. nnpf_input_pic_use_flag[ i ] equal  0 specifies that the i-th input picture is not used for filtering process. When not present, the value of nnpf_input_pic_use_flag[ i ] for i in the range of 0 to nnpfc_num_input_pics_minus1, inclusive, is inferred to be equal to 1.
…
The variables numInputPics, specifying the number of pictures used as input for the NNPF, numUseInputPics, specifying the number of input pictures that is used in the filtering process, and numOutputPics, specifying the total number of pictures resulting from the NNPF, are derived as follows:
numInputPics = nnpfc_num_input_pics_minus1 + 1
numUseInputPics = 0
for( i = 0; i < numInputPics; i++ )
	if( nnpfc_input_pic_use_flag[ i ] ) {
		CroppedYPic[ numUseInputPics ] is luma sample array of i-th input picture
		CroppedCbPic[ numUseInputPics ] is chroma Cb sample array of i-th input picture
		CroppedCrPic[ numUseInputPics ] is chroma Cr sample array of i-th input picture
		numUseInputPics++
	}
if( ( nnpfc_purpose & 0x08 )  !=  0 ) {
	for( i = 0, numOutputPics = 0; i < numInputPics; i++ )
		if( nnpfc_input_pic_output_flag[ i ] )
			numOutputPics++
	for( i = 0; i  <=  numInputPics − 2; i++ )		(76)
		numOutputPics  +=  nnpfc_interpolated_pics[ i ]
} else
	numOutputPics = 1
…
The process DeriveInputTensors( ), for deriving the input tensor inputTensor for a given vertical sample coordinate cTop and a horizontal sample coordinate cLeft specifying the top-left sample location for the patch of samples included in the input tensor, is specified as follows:
for( i = 0; i < numUseInputPics; i++ ) {
…
}
…
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