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Abstract
This document aims to provide a summary of proposals related to neural-network post-filter SEI messages, i.e., the NNPFC SEI message and the NNPFA SEI message. It is suggested that this summary is used for the reviewing of these proposals, such that the discussions can be in a more structured and efficient manner. Contents of v3 version of this document is same as v2 version, with all change marks accepted. In v4 summary item and corresponding JVET proposal is updated based on the v2 of that JVET proposal. In v5 one new document summary is added and some other summaries are modified based on updated inputs. In v6 a new contribution is listed and summary of related item is updated.
Summary and List of Questions
This section aims to list a summary of each proposal and a list of design questions related to those proposals.

[bookmark: _Hlk124075940]1. NNPFC: Should the value range of StrengthControlVal be transferred from between 0 and 1 to the range of the input tensor. If yes, add the following? (JVET-AC0047 proposal 2)
When nnpfc_inp_format_idc is equal to 1, the variable StrengthControlVal is modified as follows:
StrengthControlVal = Floor ( StrengthControlVal * ( ( 1  <<  inpTensorBitDepth ) – 1 ) )

2. NNPFA: Add a new flag to handle output order which may be different than decoding order persistence of post-filtering process. Thus signal a new decoding_order_flag if nnpfa_persistence_flag is equal to 1? (JVET-AC0047 proposal 3)

3. NNPFC: Move the syntax element nnpfc_purpose to earlier position in NNPFC and signal it unconditionally? (JVET-AC0061 proposal 1)

4. NNPFC: Fix the bug in StoreOutputTensors equation 83’s for loop by changing numInputPics to numOutputPics (JVET-AC0061 proposal 2A, JVET-AC0127, JVET-AC0154 item 8)

5. NNPFC: Fix the bug by deriving numOuputPics to be equal to 1 when nnpfc_purpose is value other than value 5 (JVET-AC0061 proposal 2B, JVET-AC0127, JVET-AC0154 item 8)

6. NNPFC: Handle the undefined bitdepth for chroma sample values in the input integer tensor? If yes choose from one of the otpions below (JVET-AC0061 proposal 3)
Option A: Define a syntax element for bit depth of chroma sample values in the input integer tensor
Option B: Modify semantics of existing syntax element for luma bitdepth to also apply to chroma bitdepth

7. NNPFC: Specify just the range of the input tensor instead of specifying the detailed input process, thus removing the detailed input process? (JVET-AC00154 item 6)

8. NNPFC: Modify a constraint when nnpfc_constant_patch_size_flag is equal to 1? (JVET-AC0062 proposal A)
[bookmark: _Hlk124374332]	Modification: The value of inpPatchWidth + 2*overlapSize shall be a positive integer multiple of nnpfc_patch_width_minus1 + 1 and inpPatchWidth shall be less than or equal to CroppedWidth. The value of inpPatchHeight  + 2*overlapSize shall be a positive integer multiple of nnpfc_patch_height_minus1 + 1 and inpPatchHeight  shall be less than or equal to CroppedHeight.
Follow-up proposal is included in JVET-AC0344.
· Signal syntax elements nnpfc_patch_width_minus1 and nnpfc_patch_height_minus1 only when nnpfc_constant_patch_size is equal to 1 and to signal two different syntax elements (nnpfc_extended_patch_width_cd_delta_minus1 and nnpfc_extended_patch_height_cd_delta_minus1) when nnpfc_constant_patch_size is equal to 0?
· Also move nnpfc_overlap syntax element up before nnpfc_constant_patch_size_flag?

[Note: Items 9 to 20 are on picture rate upsampling.]

[bookmark: _Hlk124336950]9. NNPFC: Add two proposed constraints related to picture rate upsampling? (JVET-AC0085 proposal 1)
1) 16× numInputPics >= numOutputPics
Constraint 1 aims to constrain the upper bound for picture rate upsampling in terms of the ratio between numOutputPics and numInputPics to avoid unlimited output number of the pictures (considering computational capability, the implementation cost, and assertedly inferior performance of picture rate upsampling if the output picture number is too much larger than the input picture number, especially for the high temporal complexity scenarios).
2) numInputPics <=16× numOutputPics
Constraint 2 aims to constrain the lower bound for picture rate upsampling. (Assertion: If the temporal complexity of the video sequence is high, more input pictures are required for better picture rate upsampling performance, as in proposed Constraint 1. On the contrary, if the temporal complexity is low, too many input picture for temporal rate upsampling is not necessary, which is proposed by Constraint 2.)
[bookmark: _Hlk124363680][bookmark: _Hlk124363883]10. NNPFC: Replace the current syntax elements nnpfc_num_input_pics_minus2 and nnpfc_interpolated_pics[ i ] with two new syntax elements for picture rate upsampling? the first specifying the number of interpolated pictures between the current picture and the previous picture in output order minus 1, and the second specifying half of the number of input pictures minus 1, where the input pictures, including the current picture itself, are consecutive in output order and listed in increasing output order, and half of them precede the current picture in output order, and half minus 1 of them succeed the current picture in output order? (JVET-AC0085 proposal 2)

11. NNPFC: Define a valid value range for the two ue(v) coded syntax elements nnpfc_num_input_pics_minus2 and nnpfc_interpolated_pics[ i ]? (JVET-AC0062 proposal B, JVET-AC0154 items 1-2)

12. NNPFC: When nnpfc_purpose is equal to 5, signal a new flag (nnpfc_same_interpolated_pic_num_flag ) to indicate whether the number of interpolated pictures between every pair of consecutive input pictures is the same, and to not repeatedly send the same information in that case, which is asserted to be a common case. (JVET-AC0154 item 3)

13. NNPFC: Add the following constraint : At least one of nnpfc_interpolated_pics[ i ] for i in the range of 0 to nnpfc_num_input_pics_minus2, inclusive, shall be greater than 0? (JVET-AC0154 item 4)

14. NNPFC: Add asserted missing VVC specification text for inputting multiple input pictures for picture rate upsampling post-filter? (JVET-AC0074 item 1)

15. NNPFC: Does the selection of the input pictures for a picture rate upsampling post-filter depend on TemporalId values? Proposed answer no (and no action necessary). (JVET-AC0074 item 2).

16. NNPFC: Add a constraint that: When the frame packing arrangement SEI message indicates, fp_arrangement_type is equal to 5, that first and second constituent frames (usually, the left- and right-view pictures of the same time) are temporally interleaved and when a frame rate upsampling post-filter is applied with temporal frame packing arrangement, all the input pictures should be either first constituent frames or second constituent frames, since otherwise the output of the post-filter might be unpredictable? (JVET-AC0074 item 3)

17. NNPFC: For the use of a picture rate upsampling post-filter when picture widths and/or heights of input pictures for the post-filter vary. Select one of the following options? (JVET-AC0074 item 4)
3) Allow inputting picture-wise CroppedWidth and CroppedHeight. (It is argued that it would require substantial changes in the semantics of the NNPFC SEI message semantics for constructing the input tensors of the post-filter.)
4) Add a constraint that frame rate upsampling can only be used when all input pictures have the same dimensions.
5) Add a constraint that frame rate upsampling can only be used when all input pictures have the same dimensions after applying super resolution post-filter applicable to the input picture, if any.

18. NNPFC, NNPFA: Indicate a validity range of TemporalId values for a frame rate upsampling post-filter? (If the highest temporal sublayer to be decoded is within the indicated validity range of TemporalId values, the frame rate upsampling post-filter is applicable) (JVET-AC0075). If yes, then indicate the validity range
1) in NNPFA SEI (option 1) or
2) in NNPFC SEI (option 2).

19. NNPFC: Add a nnpfc_target_usage ue(v) syntax element to indicate the target usage of a post-processing filter in the NNPFC SEI message? If yes, define values to indicate whether the filtered video is suitable for any usage, is intended for user viewing, or is expected to be provided as input to machine analysis? If yes, add NOTEs to describe the use of the proposed signalling as follows? (JVET-AC0076)
1) When a decoding device displays the video for user viewing rather than performs machine analysis, any post-processing filter that has only machine analysis as the target usage is suggested to be omitted.
2) When a decoding device performs machine analysis rather than displays the video, any post-processing filter that has only user viewing as the target usage is suggested to be omitted.

20. NNPFC: Allow picture rate upsampling nnpfc_purpose to be applied in combination with other purposes (chroma_upsampling, resolution upsampling)? (JVET-AC0127) For this:
-Modify if conditions in syntax, define combinations with new nnpfc_purpose values, and modify if conditions in variable derivation

21. NNPFC: Move the signalling related to complexity information to be outside of the if( nnpfc_formatting_and_purpose_flag ) condition? (JVET-AC0128). If yes, do one of the following two options?
1). Update the semantics for the complexity signalling such that, when complexity information is not present in an NNPFC SEI message that contains an update, it is inferred to be the same as the complexity information signalled in the NNPFC SEI message with the same ID that contains the base filter.
2) Change nnpfc_complexity_info_present_flag to be nnpfc_complexity_info_present_idc (2 bits), with the following semantics:
a. nnpfc_complexity_info_present_idc equal to 0 specifies that no syntax elements that indicates the complexity of the post-processing filter associated with the nnpfc_id are present and complexity of the filter associated with the SEI message is unknown.
b. nnpfc_complexity_info_present_idc equal to 1 specifies that no syntax elements that indicates the complexity of the post-processing filter associated with the nnpfc_id are present and their values are inferred to be equal to the corresponding syntax element in the first NNPFC SEI message with the same nnpfc_id.
c. nnpfc_complexity_info_present_idc equal to 2 specifies that syntax elements that indicate the complexity of the post-processing filter associated with the nnpfc_id are present.
d. Value 3 of nnpfc_complexity_info_present_idc is reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this edition of this document.
e. It is a requirement of bitstream conformance that the value of nnpfc_complexity_info_present_idc shall not be equal to 1 when the SEI message contains the base post_processing filter associated with the nnpfc_id.

22. NNPFA: Clarify which neural-network post-filter (NNPF) applies to a picture when an NNPFC SEI message containing an update filter is present, prior to the picture, in the bitstream after an NNPFC SEI message containing the base filter has been activated? (JVET-AC0129) If yes, choose from one of the following options?
1) Specifying that the NNPF that applies to a picture is the one that is in the NNPFC that immediately precedes the picture in output order.
2) Specifying that the NNPF that applies to a picture is the one that is in the NNPFC that immediately precedes the NNPFA in output order.
3) Specifying that when an NNPFC SEI message is present, it cancels the persistence of previous NNPFA SEI message with the same ID, if present.

23. NNPFC: Modify the semantics of NNPFC SEI message as follows? (JVET-AC0131):
1) [bookmark: _Ref119676452]Specify that the signalling of formatting, purpose, and complexity information is present only in NNPFC SEI message that contains base filter. This means that when NNPFC SEI message contains base neural-network post-processing filter, the value of nnpfc_formatting_and_purpose_flag is equal to 1 and likewise, when the value of nnpfc_formatting_and_purpose_flag is equal to 1, the NNPFC SEI message contains base neural-network post-processing filter.
2) [bookmark: _Ref119676460]Specify that for NNPFC SEI message that contains the update filter, the formatting and purpose information is inferred to be the same as the information signalled in associated NNPFC SEI message (i.e., NNPFC SEI message that has same value of nnpfc_id) that contains the base neural-network post-processing filter.
3) NNPFC SEI message that contains base neural-network post-processing filter may be repeated. When repeated, the repeated SEI message contains the same information as the first NNPFC SEI message (i.e., the first one with the particular value of nnpfc_id).

24. NNPFC, NNPFA: Allow defining region based neural network post filtering? (JVET-AC0132) If yes, do the following?
1) Changes to the NNPFC SEI message, to control whether the filter carried in the NNPFC can be applied to region(s) in a picture or simply only for the whole picture:
a. Specify a flag (i.e., nnpfc_region_based_flag) in NNPFC SEI message about whether or not the neural-network post-filter (NNPF) can be used for region(s) within picture(s).
b. When nnpfc_region_based_flag is equal to 1, signal a list of candidate region size in the NNPFC SEI message. Allow referring this list of region size from NNPFA SEI message by index.
2) Changes to the NNPFA SEI message:
a. Specify a two-bit indication (i.e., nnpfa_region_based_idc) in NNPFA SEI message with the following semantics:
a) nnpfa_region_based_idc equals to 0 indicates that the activated NNPF applies to the whole picture.
b) nnpfa_region_based_idc equals to 1 indicates that the activated NNPF applies to region(s) of the picture. The size of the region is derived from the list of candidate region size signalled in NNPFC SEI message and the location of the region is signalled in NNPFA SEI message.
c) nnpfa_region_based_idc equals to 2 indicates that the activated NNPF applies to region(s) of the picture. For this mode, the location of the region and its size are signalled in NNPFA SEI message.
d) nnpfa_region_based_idc equals to 3 is reserved.
b. Define following constraints:
a) When the value of nnpfc_region_based_flag is equal to 0, the value of nnpfa_region_based_idc shall be equal to 0.
b) When there is no candidate region size signalled in NNPFC SEI message, the value of nnpfa_region_based_idc shall not be equal to 1.

25. NNPFA: In NNPFA message signal a nnpfa_quality_info_present_flag and when this flag is 1, signal information about quality metric based on one of the following options (JVET-AC0134):
1) Signal the value difference of one metric.
2) Signal the value differences of multiple metrics.
3) Signal the values of one metric with and without applying NNPF.

26. NNPFA: In NNPFA message provide the capability of controlling which of the Y, Cb, Cr components  present in NNPF output tensor are used? (JVET-AC0135). If yes, use one of the following options?
1) Signal a single ue(v) coded syntax element indicator to indicate which of the components present in the output tensor are used.
2) Signal four flags to indicate which of the components present in the output tensor are used.
27. NNPFC: Signal additional machine vision related nnpfc_purpose values? (JVET-AC0136) If yes, choose from one of the following options?
1) [bookmark: _Hlk124338282]Add style transfer (6) and object removal task (7) as additional NNPF purposes.
2) [bookmark: _Hlk123996040]Add machine vision tasks (6) as an additional NNPF purpose and signal an additional syntax element (nnpfc_machine_vision_task_type) to further indicate the type of the machine vision task, when the nnpfc_purpose is equal to 6. The types are:
a) Enhancement task, targets enhancing pictures to provide better input for other processing techniques. Edge enhancement may be defined as such an enhancement task.
b) Analysis task, targets changing the representation of an image into something that is more meaningful and easier to analyze. Face recognition, object recognition, object tracking, object segmentation, etc. may be examples of such tasks.
3) Modify nnpfc_purpose value of 1 from visual quality improvement to visual information processing and signal additional syntax element (nnpfc_visual_information_processing_type) to further indicate the visual information processing type, when the nnpfc_purpose is equal to 1. Te types are:
a) General visual quality improvement, targeting at increasing either the fidelity or the subjective visual quality of the reconstructed picture after applying the neural-network post-processing filter. The improvement may be measured by any objective or subjective metric.
b) Objective-oriented/fidelity-oriented visual quality improvement, targeting at increasing the fidelity of the reconstructed picture after applying the neural-network post-processing filter. The fidelity may be measured by PSNR, Ms-SSIM etc.
c) Subjective-oriented visual quality improvement, targeting at increasing the subjective visual quality of the reconstructed picture after applying the neural-network post-processing filter. The subjective visual quality may be measured by LPIPS or MOS. The dehazing and deraining tasks could be treated as subjective-oriented visual quality improvement.
d) Film grain-oriented visual quality improvement, with synthesizing filter grain on the reconstructed picture after applying the neural-network post-processing filter.
e) Machine vision-oriented processing and the purpose is to improve the performance of  general machine vision tasks, such as image/video understanding/recognition/detect/segmentation.
f) Change the appearance or visual style of input image/video. The image/video style transfer task and object removal task are included in this type.

[Note: Items 27 and 28 are overlapping, in the sense that if item 27 is agreed, then item 28 becomes irrelevant.]

28. NNPFC: Define a bit-masking based representation of nnpfc_purpose, where each bit or effective bit of nnpfc_purpose denotes a primitive format change, which can be chroma format change, resolution change, frame rate change and other primitive format changes? (JVET-AC0152). If yes, use one of the following methods?
Method 1: nnpfc_purpose is signalled as u(10) and each bit indicates a primitive format change, and change Table 20 (Definition of nnpfc_purpose) to be as follows and update the syntax accordingly:

	Value
	Interpretation

	nnpfc_purpose & 0x01  = =  0
	No chroma upsampling

	nnpfc_purpose & 0x01  !=  0
	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)

	nnpfc_purpose & 0x02  = =  0
	No resolution upsampling

	nnpfc_purpose & 0x02  !=  0
	Resolution upsampling (increasing the width or height of the cropped decoded output picture)

	nnpfc_purpose & 0x04  = =  0
	No picture rate upsampling

	nnpfc_purpose & 0x04  !=  0
	Picture rate upsampling

	nnpfc_purpose  = =  1023
	May be used as determined by the application



Method 2: nnpfc_purpose is still signalled as ue(v) and each effective bit (when the value is represented as a binary number) indicates a primitive format change, and other aspects are the same as in option 1.

29. NNPFC: Modify else if conditions in the syntax table of NNPFC SEI to if condition to handle nnpfc_purpose equal to 4. (JVET-AC0047 proposal 1, JVET-AC0154 item 7)

			if( nnpfc_purpose  = =  2  | |  nnpfc_purpose  = =  4 )
	

				nnpfc_out_sub_c_flag
	u(1)

			else if( nnpfc_purpose  = =  3  | |  nnpfc_purpose  = =  4 ) {
	

				nnpfc_pic_width_in_luma_samples
	ue(v)

				nnpfc_pic_height_in_luma_samples
	ue(v)

			}
	



Additionally modify one more else if condition to if condition to handle nnpfc_purpose equal to 5 (JVET-AC0154 item 7)

			else if( nnpfc_purpose  = =  5 ) {
	



30. NNPFC: Add a new nnpfc_purpose value (6) to indicate bitdepth increase and add following constraint? (JVET-AC0153):
When nnpf_purpose is equal to 6, the value of and both nnpfc_inp_tensor_bitdepth_minus8 and nnpfc_out_tensor_bitdepth_minus8 are presented, nnpfc_out_tensor_bitdepth_minus8 shall be greater than nnpfc_inp_tensor_bitdepth_minus8.

31. NNPFC: Allow nnpfc_purpose 2 to also indicate chroma upsampling from the 4:0:0 chroma format to the 4:2:0, 4:2:2 or 4:4:4 format and change a constraint. (JVET-AC0154 item 5)

32. NNPFC: Allow to input multiple pictures for nnpfc_purposes of visual quality improvement, chroma upsampling, resolution upsampling, or both chroma upsampling and resolution upsampling? If so, signal the nnpfc_num_input_pics_minus1 outside the if condition of if( nnpfc_purpose  = =  5 ) and make corresponding variable derivation changes (JVET-AC0174)?

33. NNPFC, NNPFA: Editorial: Fix a few typos in the semantics of nnpfc_purpose, the semantics of nnpfc_separate_colour_description_present_flag, and the syntax of the NNPFA SEI message. (JVET-AC0154 item 9).

[bookmark: OLE_LINK30][bookmark: _Hlk124338107]34. NNPFC: Adjust the value range of nnpfc_num_kmac_operations_idc and nnpfc_total_kilobyte_size from 0 to 232 – 1, inclusive, to 0 to 232 – 2, inclusive, to align with the highest upper limit in value ranges for ue(v)-coded syntax elements in AVC, HEVC and VVC. (JVET-AC0154 item 10 from v2 of the document).

35.  NNPFC: Allow indicating in NNPFC SEI preferred processing order, as determined by the encoder (i.e., the content producer), for different neural-network post-filters when multiple neural-network post-filters are present? (JVET-AC0299) If so:
1) Add a nnpfc_processing_order_present_flag in NNPFC SEI which controls presence of a nnpfc_processing_order u(16) syntax element?

List of Documents
This section lists the documents (and abstracts) for which summary in section 1 is prepared. 

JVET-AC0047 AHG9: On bugfix for NNPFC and NNPFA SEI messages, T. Chujoh, Y. Yasugi, T. Ikai (Sharp)

In this contribution, several problems of NNPFC (neural-network post-filter characteristics) SEI and NNPFA (neural-network post-filter activation) SEI messages are reported, and their solutions are proposed. The first problem is the syntax of NNPFC SEI is not correct when the value of nnpfc_purpose is equal to 4, which is solved by a syntax change. The second problem is even if nnpfc_inp_format_idc is equal to 1, a filtering strength control value, StrengthControlVal, is a real number in the range of 0 to 1, which is solved by adding an equation for the transform to an unsigned integer. The third problem is if the output order is different from the decoding order, the encoder may not be able to decide the persistence of post-filter processing, which is solved by adding a flag indicating the order when nnpfa_persistence_flag of NNPFA SEI is equal to 1.

JVET-AC0061 AHG9: Comments on Neural-network Post-filter Characteristics SEI Message, S. Deshpande (Sharp)

[bookmark: OLE_LINK193][bookmark: OLE_LINK194][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Some modifications are proposed to the Neural-network post-filter characteristics SEI Message. Following is proposed:
· [bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 1: It is proposed to move nnpfc_purpose syntax element to signal it earlier in the NNPFC SEI message. 
· [bookmark: OLE_LINK10]Proposal 2: Two bug-fixes are proposed related to variables in NNPFC SEI message. 
· Bug-fix A: It is asserted that the outermost for loop in equation 84 which defines the process StoreOutputTensors( ), should use the variable numOutputPics instead of numInputPics.
· Bug-fix B: It is asserted that when nnpfc_purpose has a value other than value 5, the variable numOutputPics is not derived and it should be derived. 
· [bookmark: _Hlk122081126][bookmark: _Hlk123914295][bookmark: _Hlk122000923]Proposal 3: It is proposed to either define a new syntax element for specifying the bit depth of chroma sample values in the input integer tensor or to define the semantics of an existing syntax element to apply to chroma samples in addition to the luma samples. 


JVET-AC0062 AHG9: On NNPFC SEI, S. Deshpande, A. Sidiya (Sharp)

Some modifications are proposed to the Neural-network post-filter characteristics (NNPFC) SEI Message. Following is proposed:
· [bookmark: _Hlk123914528][bookmark: _Hlk123641333][bookmark: OLE_LINK1]Proposal A: It is proposed to modify a constraint when nnpfc_constant_patch_size_flag is equal to 1. It is asserted that without the proposed modification, the actual input size to the post-processing filter may not be a multiple of a specific value as may be required by some typical neural network post filters.
· [bookmark: OLE_LINK32][bookmark: OLE_LINK4]Proposal B: It is proposed to define a valid value range for the two ue(v) coded syntax elements nnpfc_num_input_pics_minus2 and nnpfc_interpolated_pics[ i ]. Currently there is no range specified for these two syntax elements.

JVET-AC0074 AHG9: On the VVC use of the NNPFC SEI message for picture rate upsampling, M. M. Hannuksela (Nokia)

[bookmark: _Hlk123048933]The picture rate upsampling purpose was added to the neural-network post-filter characteristics (NNPFC) SEI message in the JVET-AB meeting. A picture rate upsampling post-filter uses two or more input pictures to generate one or more interpolated pictures. 
The contribution responds to the following asserted issues:
0. Missing VVC specification text for inputting multiple input pictures for a picture rate upsampling post-filter. 
1. The following question that was left for further study in the JVET-AB meeting: Does the selection of the input pictures for a picture rate upsampling post-filter depend on TemporalId values?
2. The use of temporal interleaving frame packing arrangement with a frame rate upsampling post-filter.
3. The use of a picture rate upsampling post-filter when picture widths and/or heights of input pictures for the post-filter vary.
This contribution proposes VVC specification text for inputting multiple input pictures for a picture rate upsampling post-filter and has the following main ingredients:
1. The input sample arrays CroppedYPic[ idx ], CroppedCbPic[ idx ] and CroppedCrPic[ idx ] for increasing order of idx are set in decreasing order of POC regardless of the TemporalId values, where idx equal to 0 corresponds to the current picture where the post-filter is activated.
2. When a frame rate upsampling post-filter is applied with temporal interleaving frame packing arrangement, all the input pictures are selected to be either first constituent frames or second constituent frames.
3. Either of the following is proposed:
a. Add a constraint that frame rate upsampling can only be used when all input pictures have the same dimensions.
b. Add a constraint that frame rate upsampling can only be used when all input pictures have the same dimensions after applying super resolution post-filter applicable to the input picture, if any.

JVET-AC0075 AHG9: On NNPFC and NNPFA SEI messages for picture rate upsampling post-filter, M. M. Hannuksela (Nokia)

[bookmark: OLE_LINK34]This contribution proposes to indicate a validity range of TemporalId values for a frame rate upsampling post-filter. If the highest temporal sublayer to be decoded is within the indicated validity range of TemporalId values, the frame rate upsampling post-filter is applicable. The validity range is proposed to be indicated either in the neural-network post-filter activation (NNPFA) SEI message (option 1) or in the neural-network post-filter characteristics (NNPFC) SEI message (option 2).
The proposal has the following asserted benefits:
1. The encoder can indicate that no frame rate upsampling should be performed for a sub-bitstream having such a low frame rate where frame rate upsampling is unlikely to provide satisfactory results as judged by the encoder.
2. More than one frame rate upsampling post-filter optimized for different input frame rates can be defined and selectively applied based on the highest temporal sublayer to be decoded.

JVET-AC0076 AHG9/AHG15: On the NNPFC SEI message for machine analysis, M. M. Hannuksela, F. Cricri, J. I. Ahonen, H. Zhang (Nokia)

The contribution reviews some earlier works on neural-network post-filtering targeted at improving machine analysis precision and concludes, based on the earlier works, that post-filters targeted at machine analysis can have different purposes (i.e., nnpfc_purpose values) in the neural-network post-filter characteristics (NNPFC) SEI message.
[bookmark: OLE_LINK36]The contribution proposes to add the target usage of a post-processing filter in the NNPFC SEI message to indicate whether the filtered video is suitable for any usage, is intended for user viewing, or is expected to be provided as input to machine analysis.
The proposed target usage is intended to be used for selecting which post-filters are applied as follows: 
· When a decoding device displays the video for user viewing rather than performs machine analysis, any post-processing filter that has only machine analysis as the target usage is suggested to be omitted. 
· When a decoding device performs machine analysis rather than displays the video, any post-processing filter that has only user viewing as the target usage is suggested to be omitted.

JVET-AC0085 AHG9: On neural-network post-filter characteristics (NNPFC) SEI message for temporal upsampling towards machine vision, S. Wang, J. Chen, Y. Ye (Alibaba), S. Wang (CityU)

There are two proposals in the contribution. 
[bookmark: _Hlk124364006]The first one is to impose constraints on the input number (numInputPics) and output number (numOutputPics) of pictures for picture rate upsampling based on the performance and implementation cost consideration. The constraints were included in the proposed design of version 1 of the contribution and was abstracted as a separated proposal in version 2. 
[bookmark: _Hlk124363991]The second one is to simplify the current design of picture rate upsampling in NNPFC SEI message by replacing nnpfc_num_input_pics_minus2 and nnpfc_interpolated_pics[ i ] with two new syntax elements to specify the number of interpolated pictures between the current picture and the previous picture in output order minus 1, and half of the number of input pictures minus 1. The simplified design was the same as the one proposed in version 1 of the contribution and was added as proposal 2 in version 3.


JVET-AC0127 AHG9: Combination of picture rate upsampling with other NNPF purposes, Y.-K. Wang, J. Xu, Y. Li, L. Zhang, K. Zhang, J. Li, C. Lin (Bytedance)

Currently, neural-network post-filter (NNPF) purposes with chroma upsampling only, resolution upsampling only, combination of chroma upsampling and resolution upsampling, and picture rate upsampling only are specified.
However, picture rate upsampling in combination with other types of upsampling can also be used in video applications. This contribution proposes to allow such combination of NNPF purposes.

JVET-AC0128 AHG9: On the signalling of complexity information in NNPFC SEI message, Hendry, S. Kim (LGE)

In the current VSEI specification, the signalling of complexity information in NNPFC SEI message may be present only in the SEI message that contains base filter (i.e., the first NNPFC SEI message with a particular nnpfc_id). It is asserted that an NNPFC SEI message that updates a base NNPFC SEI message may have different complexity, which can be higher or lower. Therefore, the current design of the complexity information signalling in NNPFC SEI message puts limitation such that an NNPFC SEI message that updates a base NNPFC SEI message cannot have different complexity.
This contribution proposes 2 options for modifying the signalling of complexity information in NNPFC SEI message, they are:
Option 1: Move the signalling related to complexity information outside the nnpfc_formatting_and_purpose_flag condition. Furthermore, update the semantics for the complexity signalling such when complexity information is not present in an NNPFC SEI message that contains update is not present, it is inferred to be the same as the complexity information signalled in the NNPFC SEI message with the same Id that contains the base filter.
Option 2: Move the signalling related to complexity information outside the nnpfc_formatting_and_purpose_flag condition and change the nnpfc_complexity_info_present_flag to be nnpfc_complexity_info_present_idc (2 bits). The semantics of this indication is as follows:
· Value 0 means that syntax elements related to complexity information are not present in the SEI message. If the SEI message is an NNPFC SEI message that is not a base NNPFC SEI message, the complexity information signalled in the base SEI message does not apply to the SEI message.
· Value 1 means that syntax elements related to complexity information are not present in the SEI message. If the SEI message is an NNPFC SEI message that is not a base NNPFC SEI message and the base SEI message associated with this SEI message contains complexity information, the complexity information applies to this SEI message as well.
· Value 2 means that syntax elements related to complexity information are present in the SEI message.
· Value 3 is reserved.

JVET-AC0129 AHG9: On the NNPFC SEI message update and activation, Hendry, J. Nam, H. Jang, S. Kim, J. Lim (LGE)
It is asserted that the current VSEI specification is not clear about which neural-network post-filter (NNPF) applies to a picture when an NNPFC SEI message containing an update filter is present, prior to the picture, in the bitstream after an NNPFC SEI message containing the base filter has been activated. The asserted problem in such situation is which filter to be applied to the picture, the base filter (i.e., the filter in the NNPFC SEI message that is present prior to the NNPFA SEI message) or the updated filter (i.e., the filter in the NNPFC SEI message that is present after the NNPFA SEI message).
In this contribution, three possible solutions were presented as follows:
1. Specifying that the NNPF that applies to a picture is the one that is in the NNPFC that immediately precedes the picture in output order.
2. Specifying that the NNPF that applies to a picture is the one that is in the NNPFC that immediately precedes the NNPFA in output order.
3. Specifying that when an NNPFC SEI message is present, it cancels the persistence of previous NNPFA SEI message with the same ID, if present.
The authors proposed that option 2 (first choice) or option 3 (second choice) are used to solve the asserted problem.

JVET-AC0131 AHG9: On NNPFC SEI message repetition, Hendry, J. Nam, H. Jang, S. Kim, J. Lim (LGE)

In this contribution, it is asserted that the current semantics of NNPFC SEI message has the following problems:
1. It is not clear what it means when the signalling of formatting, purpose, and complexity is not present as there can be two possibilities:
a. For NNPFC SEI message in which formatting, purpose, and complexity information is not present, those information is inferred from the NNFPC SEI message that contains the base neural-network post-processing filter, or,
b. For NNPFC SEI message in which formatting, purpose, and complexity information is not present, those information is not known.
2. NNPFC SEI message that contains base filter cannot be repeated since only the first SEI message with a particular nnpfc_id can have the value of that flag equal to 1. Any SEI message with same nnpfc_id may be perceived as referencing to the first SEI message (i.e., an update).
To address the above asserted problems, the following modifications are proposed:
1. Specify that the signalling of formatting, purpose, and complexity information is present only in NNPFC SEI message that contains base filter.
a. This means that when NNPFC SEI message contains base neural-network post-processing filter, the value of nnpfc_formatting_and_purpose_flag is equal to 1 and likewise, when the value of nnpfc_formatting_and_purpose_flag is equal to 1, the NNPFC SEI message contains base neural-network post-processing filter.
2. Specify that for NNPFC SEI message that contains the update filter, the formatting and purpose information is inferred to be the same as the information signalled in associated NNPFC SEI message (i.e., NNPFC SEI message that has same value of nnpfc_id) that contains the base neural-network post-processing filter.
3. NNPFC SEI message that contains base neural-network post-processing filter may be repeated. When repeated, the repeated SEI message contains the same information as the first NNPFC SEI message (i.e., the first one with the particular value of nnpfc_id).

JVET-AC0132 AHG9: On design for region-based neural-network post-filter SEI message, Hendry, J. Nam, H. Jang, S. Kim, J. Lim (LGE)

This contribution proposes signalling to support region-based application of neural-network post-filters. It is asserted that such capability is desirable for use-cases such as application of the filter for region of interest. The proposed signalling is based on the signalling proposed in JVET-AB0134 with the following modifications:
1. Specify a flag (i.e., nnpfc_region_based_flag) in NNPFC SEI message whether or not the neural-network post-filter (NNPF) may be used for region(s) within picture(s).
2. When nnpfc_region_based_flag is equal to 1, a list of candidate region size may be signalled in the NNPFC SEI message. This list of region size may be referred to from NNPFA SEI message by index.
3. Specify a two-bit indication (i.e., nnpfa_region_based_idc) in NNPFA SEI message with the following semantics:
a. nnpfa_region_based_idc equals to 0 indicates that the activated NNPF applies to the whole picture.
b. nnpfa_region_based_idc equals to 1 indicates that the activated NNPF applies to region(s) of the picture. The size of the region is derived from the list of candidate region size signalled in NNPFC SEI message and the location of the region is signalled in NNPFA SEI message.
c. nnpfa_region_based_idc equals to 2 indicates that the activated NNPF applies to region(s) of the picture. For this mode, the location of the region and its size are signalled in NNPFA SEI message.
d. nnpfa_region_based_idc equals to 3 is reserved.
4. The following constraints may need to be defined:
a. When the value of nnpfc_region_based_flag is equal to 0, the value of nnpfa_region_based_idc shall be equal to 0.
b. When there is no candidate region size signalled in NNPFC SEI message, the value of nnpfa_region_based_idc shall not be equal to 1.

JVET-AC0134 AHG9: Signalling of NNPF quality improvement, C. Lin, Y.-K. Wang, K. Zhang, J. Li, Y. Li, L. Zhang (Bytedance)

In current design of the neural network post-filter characteristics (NNPFC) SEI message, the complexity of neural network post filter (NNPF) may be signalled. Given the complexity of NNPF, the decoder might decide whether to apply these post filters. However, if the quality improvement by applying the NNPF is signalled, the decoder could make more educated choice on whether to apply the NNPF. For example, if the complexity is moderate to high, by that information itself the decoder may choose not to apply the NNPF. However, given the same complexity, and at the same time the indicated quality improvement is significant, the decoder may choose to apply the NNPF anyway.
This contribution proposes to enable signalling of information of quality improvement by applying an NNPF. Since this information depends on the set of pictures to which the NNPF is applied. It is proposed to signal the information in the NNPFA SEI message instead of in the NNPFC SEI message. It is proposed to adopt one of the following three options:
1) Signal the value difference of one metric.
2) Signal the value differences of multiple metrics.
3) Signal the values of one metric with and without applying NNPF.

JVET-AC0135 AHG9: Separate activation of color components for neural-network post-filter, C. Lin, Y. Li, Y.-K. Wang, K. Zhang, J. Li, L. Zhang (Bytedance)

Currently, all colour components are controlled collectively in the neural-network post-filter activation (NNPFA) SEI message. With such a design, all of, or none of, the colour components should be processed by the neural-network post-processing filter (NNPF). However, the NNPF may degrade the performance of one colour component while improving the performance of the others in certain cases. Therefore, it is beneficial to only activate the target NNPF for certain colour components.
This contribution proposes to provide the capability of specifying activation of NNPF separately for different components (luma or chroma) in the NNPFA SEI message. It is proposed to use one of the following two options:
1) Signal an indicator to indicate which of the components present in the output tensor are used.
2) Signal four flags to indicate which of the components present in the output tensor are used.

JVET-AC0136 AHG9: On additional NNPF purposes, C. Lin, Y.-K. Wang, K. Zhang, Y. Li, J. Li, L. Zhang (Bytedance)

Currently, some neural network post-filter (NNPF) purposes, such as quality improvements, resolution upsampling, and picture rate upsampling, are defined. However, it is asserted that more purposes could be added, as indicated by the following sentences in the meeting minutes of the previous JVET meeting:
"There are many other potential purposes of post processing, e.g. artistic effects (style generation), de-hazing, view synthesis, object tracking, annotation, … all these would currently fall under the “unspecified” category."
"Further study appears necessary to come up with a list of purposes that is useful for the current version of this SEI message."
For example, machine vision tasks are widely used, and they could be added as additional NNPF purposes. Besides, style transfer and object removal are also considered to be additional NNPF purpose.
This contribution proposes to signal machine vision tasks as an additional purpose for post processing filter in NNPFC SEI message. It is proposed to use one of the following three options:
1) Add style transfer and object removal as additional NNPF purposes.
2) Add machine vision tasks as an additional NNPF purpose and add further indicate the type of the machine vision task.
3) Change the purpose of visual quality improvement to be visual information processing, and further indicate the visual information processing type.

JVET-AC0152 AHG9: Bit-masking based representation of nnpfc_purpose, J. Xu, Y.-K. Wang, L. Zhang, Y. Li (Bytedance)

[bookmark: OLE_LINK7][bookmark: _Hlk123996511]This contribution proposes bit-masking based representation of nnpfc_purpose. Specifically, each bit or effective bit of nnpfc_purpose denotes a primitive format change, which can be chroma format change, resolution change, frame rate change and other primitive format changes.

JVET-AC0153 AHG9: Bitdepth increase indication in the NNPFC SEI message, J. Xu, Y.-K. Wang, L. Zhang (Bytedance)

This contribution proposes to add a purpose of bitdepth increase to the neural-network post-filter characteristics (NNPFC) SEI message, to indicate the use of bitdepth increase that can be used for support related applications, e.g. SDR to HDR.

JVET-AC0154 AHG9: Miscellaneous cleanups of the neural-network post-filter SEI messages, J. Xu, Y.-K. Wang, L. Zhang, C. Lin (Bytedance)

This contribution proposes the following miscellaneous cleanup changes to the neural-network post-filter SEI messages:
1) Specify a value range for nnpfc_num_input_pics_minus2.
2) Specify a value range for nnpfc_interpolated_pics[ i ].
3) [bookmark: OLE_LINK11]Add a flag to indicate whether the number of interpolated pictures between every pair of consecutive input pictures is the same.
4) Add a constraint on nnpfc_interpolated_pics[ i ] to avoid the all zero case.
5) Add the 4:0:0 format into the case of chroma upsampling purpose.
6) Specify just the range of the input tensor instead of specifying the detailed input process.
7) Fix a potential bug in the syntax about nnpfc_purpose.
8) Fix a potential bug in equation (83).
9) Fix a few typos.
10) Adjust the value range of nnpfc_num_kmac_operations_idc and nnpfc_total_kilobyte_size.

JVET-AC0174 AHG9: Multiple input pictures for neural-network post-processing filter, Y. Li, Y.-K. Wang, C. Lin, J. Li, J. Xu, K. Zhang, L. Zhang (Bytedance)

Currently, the neural-network post-filter characteristics (NNPFC) SEI message specifies to use only one input picture when the post filter is for visual quality improvement, chroma upsampling, resolution upsampling, or both chroma upsampling and resolution upsampling. However, it might be beneficial to input multiple pictures for these purposes.
This contribution proposes to provide the capability of feeding multiple pictures into the neural network post-processing filter in case of all purposes.

JVET-AC0299 AHG9: On indicating processing order in the NNPFC SEI message,
Tong Shao, Arjun Arora, Peng Yin, Sean McCarthy, Taoran Lu, Fangjun Pu, Walt Husak (Dolby), Hendry, Seung hwan Kim (LGE)
[bookmark: _Hlk124267307]At the 28th Meeting of JVET, it was agreed that there can be several NNPFA SEI messages present for the same picture, for example, when the post-processing filters are meant for different purposes. It is asserted that it would be beneficial to enable signaling of the preferred processing order, as determined by the encoder (i.e., the content producer), for different neural-network post-filters when multiple neural-network post-filters are present. This contribution proposes to add syntax elements to the NNPFC SEI message to enable signalling of preferred processing order.

JVET-AC0344 [AHG9] On Neural Network Post Filter Patch Size S. Deshpande, A. Sidiya (Sharp), M.M. Hannuksela (Nokia), Y.-K. Wang (Bytedance)
This document is a follow-up to JVET-AC0062 Proposal 1. It is proposed to signal syntax elements nnpfc_patch_width_minus1 and nnpfc_patch_height_minus1 only when nnpfc_constant_patch_size is equal to 1 and to signal two different syntax elements (nnpfc_extended_patch_width_cd_delta_minus1 and nnpfc_extended_patch_height_cd_delta_minus1) when nnpfc_constant_patch_size is equal to 0. Accordingly, the semantics are changed, to clarify that, when nnpfc_constant_patch_size is equal to 0, the requirement is that the width and height of an extended patch (i.e., a patch plus the overlapping area), not that of a patch, shall be a positive integer multiple of a horizontal and vertical common divisor, respectively. Additionally, it is proposed to move the syntax element nnpfc_overlap up.
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