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Abstract
This contribution proposes further extension of NNPF SEI messages to support a new purpose for applying NNPF specifically for missed picture generation. The proposal introduces a new MissedGenerationFlag within the nnpfc_purpose syntax element, allowing to dynamically select missed picture handling method. This addition includes the following aspects:
1. A new bit in nnpfc_purpose is dedicated for missed picture generation.
2. When nnpfc_purpose indicates missed picture generation, nnpfc_missed_generation_mode specifies the method, with mode 0 relying on closest picture replacement and mode 1 choosing between interpolation (picture rate upscaling) or temporal extrapolation. 
3. A new flag nnpfc_absent_generation_flag for picture rate upsampling NNPF, which removes restrictions to allow generating absent input pictures
4. A new signaling for temporal extrapolation NNPF, that clarifies temporal positions of the extrapolated pictures, eliminating uncertainty.
Introduction
The purposes currently enabled for Neural network post-processing filters (NNPF) include picture rate upsampling that can be applied for frame-up conversion by interpolation means, and temporal extrapolation intended for obtaining pictures in advance for very low delay communication scenarios. Conceptually, same NN can generate pictures missed due to packet loss. However, the current NNPF mechanism does not explicitly address the case of generating missed pictures. The NNPFA interface currently allows enabling NNPF either for the current picture or for all subsequent pictures of the current layer in output order. However, for missed frame generation activation is only needed for the pictures indented by encoder to be delivered but occasionally missed during transmission. Therefore, the syntax could be further enhanced. The current proposal addresses these limitations by extending NNPF SEI messages to explicitly support missed-picture generation.
The method has been implemented and evaluated on top of AHG18 simulation software as described in related contribution JVET-AP0222 using IFRVP model [1]  (based on IFRNet) for extrapolation in LDB configuration, and IFRNet model [2]  currently used in NNVC for DRFG for interpolation in RA GOP4 configuration. Simulation results following ULL test conditions (JVET-AN2039) demonstrate substantial quality improvement of reconstructed video. The demo samples are available at the link: https://drive.google.com/drive/folders/1Eg_fdCfhQ5u49COikshW0QPLLsMNbCV7
 

Extrapolation in Low Delay configuration
Ultra-low latency introduces own restriction and challenges related to unpredicted network environment, complexity restriction and error resilience support by the codec design. The missed picture generation process could provide benefits in this condition for low-delay configuration (Figure 1). 
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Figure 1 Frame extrapolation for low-delay configuration
[bookmark: _Hlk227280864]Interpolation in Random Access configuration
The short GOP RA configuration was proposed by the contribution JVET-AM0238 as relevant practical configuration for low latency live streaming applications. The experiments in JVET-AP0200 demonstrate that under hard latency restrictions decoded video may experience same problem with missed frames caused by late packets. The missed frames can be generated by the means of NNPF. Due to structure of the references he temporal layer 0 is delivered in time in most of the cases. Higher temporal layers are more prone to losses. Having L0 delivered allows to apply interpolation method instead of extrapolation providing better generation quality. The PictureRateUpsamnpling purpose can be re-used for that.
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Figure 2 Frame interpolation for generation lost frames inside a GOP in random access configuration
Proposal
Aspect 1: New purpose for missed pictures generation
NNPFC SEI message syntax
Neural-network post-filter characteristics SEI message syntax
	nn_post_filter_characteristics( payloadSize ) {
	Descriptor

	…
	

			if( MissedGenerationFlag ) {
	

			  nnpfc_missed_generation_mode
	u(1)

	      }
	


NNPFC SEI message semantics
The semantics of the nnpfc_purpose syntax element is modified as follows.

	bitMask
	Interpretation

	0x01
	General visual quality improvement

	0x02
	Chroma upsampling (from the 4:2:0 chroma format to the 4:2:2 or 4:4:4 chroma format, or from the 4:2:2 chroma format to the 4:4:4 chroma format)

	0x04
	Resolution resampling (increasing or decreasing the width or height)

	0x08
	Picture rate upsampling

	0x10
	Bit depth upsampling (increasing the luma bit depth or the chroma bit depth)

	0x20
	Colourization

	0x40
	Temporal extrapolation (i.e., generating one or more future pictures)

	0x80
	Spatial extrapolation (i.e., generating content outside of the spatial area of the input pictures), possibly also with removal (i.e. remove partial content from the input pictures)

	0x100
	Tone mapping (i.e., modification of the colour samples values, in terms of contrast, colour, saturation, luminance)

	0x200
	Demosaicing (i.e., reconstruction of a full colour image from the incomplete colour samples output from an image sensor overlaid with a colour filter array).

	0x400
	Missed picture generation (i.e., generating one or more missed pictures)


The variables ChromaUpsamplingFlag, ResolutionResamplingFlag, PictureRateUpsamplingFlag, BitDepthUpsamplingFlag, ColourizationFlag, TemporalExtrapolationFlag, SpatialExtrapolationFlag,  ToneMappingFlag, and DemosaicingFlag, and MissedGenerationFlag specifying whether nnpfc_purpose indicates the purpose of the NNPF to include chroma upsampling, resolution resampling, picture rate upsampling, bit depth upsampling, colourization, and temporal extrapolation, respectively, are derived as follows:
ChromaUpsamplingFlag = ( ( nnpfc_purpose & 0x02 ) > 0 ) ? 1 : 0
ResolutionResamplingFlag = ( ( nnpfc_purpose & 0x04 ) > 0 ) ? 1 : 0
PictureRateUpsamplingFlag = ( ( nnpfc_purpose & 0x08 ) > 0 ) ? 1 : 0	(75)
BitDepthUpsamplingFlag = ( ( nnpfc_purpose & 0x10 ) > 0 ) ? 1 : 0
ColourizationFlag = ( ( nnpfc_purpose & 0x20 ) > 0 ) ? 1 : 0
TemporalExtrapolationFlag = ( ( nnpfc_purpose & 0x40 ) > 0 ) ? 1 : 0
SpatialExtrapolationFlag = ( ( nnpfc_purpose & 0x80 ) > 0 ) ? 1 : 0
ToneMappingFlag = ( ( nnpfc_purpose & 0x100 ) > 0 ) ? 1 : 0
DemosaicingFlag = ( ( nnpfc_purpose & 0x200 ) > 0 ) ? 1 : 0
MissedGenerationFlag = ( ( nnpfc_purpose & 0x400 ) > 0 ) ? 1 : 0
When MissedGenerationFlag is equal to 1, it indicates that the NNPF can be applied only for missed picture substitution. 
NOTE  –  MissedGenerationFlag indicates that the NNPF is not supposed for picture rate upsampling by temporal interpolation or extrapolation, but it may be used in case when one or more pictures in output order is missed.

nnpfc_missed_generation_mode equal to 0 specifies that the missed picture picA to be substituted  by the picture picB that is the closest to picA in output order. nnpfc_missed_generation_mode equal to 1 specifies that the unavailable picture picA to be substituted  by picture generated either via rate upsampling or temporal extrapolation NN method defined in this NNPFC. When nnpfc_missed_generation_mode equal to 1 either PictureRateUpsamplingFlag or TemporalExtrapolationFlag shall be equal to 1.


Aspect 2: Absent input pictures generation
Picture rate upsampling filters are potentially suitable for missed picture generation in itself. Indeed, since it can generate new picture between consecutive ones for rate upsampling, it could generate a missed picture if that has not been received in time. Moreover, there exists a mechanism that handles unavailable input pictures controlled by nnpfc_absent_input_pic_zero_flag. However, there are several restrictions that can prevent using picture rate upsampling purpose in this way. Description of nnpfc_interpolated_pics[ i ] syntax explicitly requires that such a filter shall generate at least one new picture between input pictures. Therefore, new nnpfc_missed_generation_mode that allows to set NNFP for missed pictures generation is proposed.
NNPFC SEI message syntax
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 ( PictureRateUpsamplingFlag )
	

			   nnpfc_absent_generation_flag
	u(1)

			if( nnpfc_num_input_pics_minus1 > 0 ) {
	

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

					nnpfc_input_pic_filtering_flag[ i ]
	u(1)

				nnpfc_absent_input_pic_zero_flag
	u(1)

	    }
	

	     …
	


NNPFC SEI message semantics
nnpfc_absent_generation_flag equal to 0 indicates that the NNPF shall generate at least one new picture that do not correspond to pictures in CandInPicList. When nnpfc_absent_generation_flag equal to 1,  specifies that the NNPF can be used for generating pictures that the NNPF expects as input picture that is not present in CandInPicList.
nnpfc_absent_input_pic_zero_flag equal to 1 indicates that the NNPF expects an input picture that is not present in CandInPicList to be represented by sample arrays with sample values equal to 0. nnpfc_absent_input_pic_zero_flag equal to 0 indicates that the NNPF expects an input picture inputPicA that is not present in CandInPicList to be represented by the input picture inputPicB that is the closest to inputPicA in output order and is present in CandInPicList.
nnpfc_input_pic_filtering_flag[ i ] equal to 1 indicates that for the i-th input picture the NNPF generates a corresponding output picture. nnpfc_input_pic_filtering_flag[ i ] equal to 0 indicates that for the i-th input picture the NNPF does not generate a corresponding output picture. Each NNPF-generated picture is stored in the output tensor of the NNPF. When nnpfc_num_input_pics_minus1 is equal to 0 and ( nnpfc_purpose & 0x00FF ) is not equal to 0x40, nnpfc_input_pic_filtering_flag[ 0 ] is inferred to be equal to 1. When nnpfc_num_input_pics_minus1 is equal to 0 and ( nnpfc_purpose & 0x00FF ) is equal to 0x40, nnpfc_input_pic_filtering_flag[ 0 ] is inferred to be equal to 0. When PictureRateUpsamplingFlag is equal to 0, TemporalExtrapolationFlag is equal to 0, and nnpfc_num_input_pics_minus1 is greater than 0, nnpfc_input_pic_filtering_flag[ i ] shall be equal to 1 for at least one value of i in the range of 0 to nnpfc_num_input_pics_minus1, inclusive. When nnpfc_absent_generation_flag  is equal to 1 and PictureRateUpsamplingFlag is equal to 1, nnpfc_input_pic_filtering_flag[ i ] shall be equal to 1 for at least one value of i in the range of 0 to nnpfc_num_input_pics_minus1, inclusive.

nnpfc_interpolated_pics[ i ] specifies the number of interpolated pictures generated by the NNPF between the i-th and the ( i + 1 )-th input picture for the NNPF. The value of nnpfc_interpolated_pics[ i ] shall be in the range of 0 to 63, inclusive. When the nnpfc_interpolated_pics[ i ] syntax elements are present and nnpfc_absent_generation_flag equal to 0, the value of nnpfc_interpolated_pics[ i ] shall be greater than 0 for at least one value of i in the range of 0 to nnpfc_num_input_pics_minus1 − 1, inclusive.
[bookmark: _Hlk227681547][bookmark: _Hlk227681555]NOTE 4 – When PictureRateUpsamplingFlag is equal to 1 for an NNPF and the NNPFA SEI message that activated this NNPF has nnpfa_persistence_flag equal to 1, and nnpfc_absent_generation_flag equal to 0, only for a single value of i in the range of 0 to numInputPics − 1, inclusive, the value of nnpfc_interpolated_pics[ i ] is greater than 0.

Aspect 3: Temporal positions for Temporal Extrapolation NNPF
Document JVET-AG0089, that proposed temporal extrapolation purpose, has suggested main use cases such as future pictures generation and picture rate increasing in very low delay scenarios. At the same, current syntax specifies only number of extrapolated pictures not considering their temporal positions. However, modern NN video extrapolation models can generate pictures in various temporal positions including fractional. Also, generated pictures can have temporal positions that exactly correspond further pictures by temporal position. Therefore, the current temporal extrapolation syntax can have ambiguity for usage in some cases. Thus, special syntax is proposed to clarify the temporal positions of extrapolated pictures, eliminating uncertainty.
NNPFC SEI message syntax
Neural-network post-filter characteristics SEI message syntax
	nn_post_filter_characteristics( payloadSize ) {
	Descriptor

	…
	

		if( TemporalExtrapolationFlag ) {
	

		  nnpfc_extrapolated_pics_minus1
	ue(v)

		  nnpfc_num_alt_instances_minus1
	ue(v)

		  if( nnpfc_num_alt_instances_minus1 > 0 )
	

				nnpfc_mult_inferences_flag
	u(1)

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

	          nnpfc_temp_pos_num_minus1[ i ]
	ue(v)

	      nnpfc_log2_temp_pos_denom
	ue(v)

	    }
	

	     …
	


NNPFC SEI message semantics
When TemporalExtrapolationFlag is equal to 1, the extrapolated pictures generated by the NNPF follow all input pictures of the NNPF in output order. When TemporalExtrapolationFlag is equal to 1 and there is a picture picA in CandInPicList that follows currPic in output order, the extrapolated pictures generated by the NNPF precede picA in output order. When TemporalExtrapolationFlag is equal to 1, order of the extrapolated pictures is determined based on FractionalTemporalPosition[ i ], where integer values correspond to positions of pictures in CandInPicList relative to currPic in output order. When TemporalExtrapolationFlag is equal to 1 and extrapolated picture picA corresponds to subsequent picture picB by a temporal position, output picture either picA or picB is determined by external means.

nnpfc_temp_pos_num_minus1[ i ] plus 1 specifies the numerator for the fractional temporal position of the i-th extrapolated picture relative to currPic. nnpfc_temp_pos_num_minus1[ i ] shall be in the range of 0 to 65 535, inclusive.
nnpfc_log2_temp_pos_denom specify the log2 of denominator for the fractional temporal position of the extrapolated pictures relative to currPic. nnpfc_log2_temp_pos_denom shall be in the range of 0 to 15, inclusive.
The variable FractionalTemporalPosition[ i ] is set equal to ( nnpfc_temp_pos_num_minus1[ i ] + 1 ) ÷ ( 1 << nnpfc_log2_temp_pos_denom ) and specifies the fractional temporal position of the i-th extrapolated picture relative to currPic, where temporal position of the picture that preceded currPic in output order corresponds to -1. When nnpfc_temp_pos_num_minus1[ i ] and nnpfc_log2_temp_pos_denom are not present, the value of FractionalTemporalPosition[ i ] is inferred to be equal to (i + 1) ÷ ( nnpfc_extrapolated_pics_minus1 + 2).
Conclusion
[bookmark: _Ref140274842]This contribution proposes further extension of NNPF SEI messages to support a new purpose for applying NNPF. It explicitly enables NNPF specifically for missed picture generation, and allows the decoder to selectively generate substitute pictures using either closest-picture replacement or advanced interpolation/extrapolation techniques, ensuring minimal perceptual quality degradation. It is suggested to include these modificationsis new purpose in the VSEI specification.
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