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Abstract
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. [bookmark: _GoBack]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.

Introduction
In the current VSEI specification, neural-network post-filter (NNPF) is carried in a neural-network post-filter characteristic (NNPFC) SEI message and is activated by neural-network post-filter activation (NNPFA) SEI message. When activated, an NNPF applies to the whole picture associated with the NNPFA SEI message. No region based application of the filter is currently supported although such application may be beneficial in some scenarios. For example, for region of interest cases, the filters may be desirable to be applied to certain region in the decoded picture(s).
JVET contribution JVET-AB0134 has proposed method for signalling activation of NNPF for certain region, in addition to the feature for activation for the whole picture. The proposed solution is as follows: new syntax elements that specify the number of active regions is signalled, and for each region the size of the region (i.e., width and height) and the position (i.e., position of the top left corner of the region) are signalled. If the number of active regions is equal to 0, the NNPF is applied to the whole picture.
From studying the issue, we assert that the feature to support region-based neural-network post-filter SEI message is desirable and proposed signalling described by JVET-AB0134 is a good direction. However, on top of such signalling, some modifications may be made to improve the signalling as follows:
1. It may be desirable to have signalling in NNPFC 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.
2. One of use-case scenario where region based NNPF may be beneficial is in the object tracking region of interest. In such scenario, NNPF may be used to enhance region of object / region of interest in which the region size (i.e., width and height) stays relatively the same but the location moves in temporal direction. For such scenario, an NNPFA SEI message may be present for each picture that the NNPF applies and the location of the region may need to be signalled as it may change every picture. However, since the region size is constant, there is no need to signal it in NNPFA SEI message but can be signalled once in NNPFC SEI message.
Proposal
To address the desirable improvement described above, we propose the following modifications to the design of NNPFC and NNPFA SEI messages:
1. Specify a flag (i.e., nnpfc_region_based_flag) in NNPFC SEI message whether or not the neural-network post-filter (NNPF) can 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.
Text implementation
Text implementation for the proposed modifications above is shown below. Additional text to the current VSEI specification is shown in highlighted text in which green highlighted text are text based on contribution JVET-AB0134 and yellow highlighted text are text implementing the above proposed modifications.
Neural-network post-filter characteristics SEI
Syntax
	nn_post_filter_characteristics( payloadSize ) {
	Descriptor

		nnpfc_id
	ue(v)

		nnpfc_mode_idc
	ue(v)

		…
	

		nnpfc_region_based_flag
	u(1)

		if( nnpfc_region_based_flag ) {
	

			nnpfc_num_region_size
	ue(v)

			for( i = 0; i < nnpfc_num_region_size; i++ ) {
	

				nnpfc_region_width_minus1[ i ]
	u(v)

				nnpfc_region_height_minus1[ i ]
	u(v)

			}
	

		}
	

		nnpfc_formatting_and_purpose_flag
	u(1)

		if( nnpfc_formatting_and_purpose_flag ) {
	

			…
	

		}
	

		…
	

	}
	



Semantics
…
nnpfc_uri contains a URI with syntax and semantics as specified in IETF Internet Standard 66 identifying the neural network used as a base post-processing filter or an update relative to the base post-processing filter with the same nnpfc_id value.
nnpfc_region_based_flag equal to 0 specifies that the neural-network post-filter is applicable only to the whole picture where it is activated. nnpfc_region_based_flag equal to 1 specifies that the neural-network post-filter may be applied / activated for region(s) within picture(s) where it is activated.
nnpfc_num_region_size specifies the number of candidate region sizes where the NN post-processing filter may be applied in the picture(s). The value of nnpfc_num_region_size shall be in the range of 0 to (CroppedWidth * CroppedHeight) – 1, inclusive. When not present, the value of nnpfc_num_region_size is inferred to be equal to 0.
nnpfc_region_width_minus1[ i ] plus 1 specifies the width of the i-th region in terms of luma samples. The length of the nnpfc_region_width_minus1[ i ] syntax element is Ceil( Log2( CroppedWidth ) ).
nnpfc_region_height_minus1[ i ] plus 1 specifies the height of the i-th region in terms of luma samples. The length of the nnpfc_region_height_minus1[ i ] syntax element is Ceil( Log2( CroppedHeight ) ).
nnpfc_formatting_and_purpose_flag equal to 1 specifies that syntax elements related to the filter purpose, input formatting, output formatting, and complexity are present. nnpfc_formatting_and_purpose_flag equal to 0 specifies that no syntax elements related to the filter purpose, input formatting, output formatting, and complexity are present.
…
Neural-network post-filter activation SEI
Syntax
	nn_post_filter_activation( payloadSize ) {
	Descriptor

		nnpfa_target_id
	ue(v)

		nnpfa_cancel_flag
	u(1)

		if( !nnpfa_cancel_flag ) {
	

			nnpfa_persistence_flag
	u(1)

			nnpfa_region_based_idc
	u(2)

			if( nnpfa_region_based_idc > 0 ) {
	

				nnpfa_num_active_regions
	ue(v)

				for (i = 0; i < nnpfa_num_active_regions; i++ ) {
	

					if(nnpfa_region_based_idc  = =  1 )
	

						nnpfa_region_size_idx[ i ]
	ue(v)

					else {
	

						nnpfa_region_width_minus1[ i ]
	u(v)

						nnpfa_region_height_minus1[ i ]
	u(v)

					}
	

					nnpfa_region_top[ i ]
	u(v)

					nnpfa_region_left[ i ]
	u(v)

				}
	

			}
	

		}
	

	}
	



Semantics
…
nnpfa_region_based_idc equal to 0 specifies that the neural-network post-filter is applicable to the whole picture where it is activated. nnpfa_region_based_idc equal to 1 specifies that the neural-network post-filter applies to fixed-sized region(s) within picture(s) where it is activated. nnpfa_region_based_idc equal to 2 specifies that the neural-network post-filter applies to region(s) within picture(s) where it is activated. Value 3 is reserved. 
It is constrained that when the value of nnpfc_region_based_flag in the NNPFC SEI message with nnpfc_id equals to nnpfa_target_id is equal to 0, the value of nnpfa_region_based_idc shall be equal to 0.
It is constrained that when the value of nnpfc_num_region_size in the NNPFC SEI message with nnpfc_id equals to nnpfa_target_id is equal to 0, the value of nnpfa_region_based_idc shall not be equal to 1.
nnpfa_num_active_regions equal to 0 specifies that the NN post-processing filter applies to the whole picture. nnpfa_num_active_regions greater than 0 specifies that the NN post-processing filter applies to region(s) in the picture(s) where the filter is activated. The number of regions where the filter applies is equal to nnpfa_num_active_regions. The value of nnpfa_num_active_regions shall be in the range of 0 to (CroppedWidth * CroppedHeight) – 1, inclusive.
nnpfa_region_size_idx[ i ] specifies the index that is used to derive the size of the i-th region when nnpfa_region_based_idc is equal to 1. The value of nnpfa_region_size_idx[ i ] shall be less than or equal to nnpfc_num_region_size in the NNPFC SEI message with nnpfc_id equals to nnpfa_target_id minus 1.
nnpfa_region_width_minus1[ i ] plus 1 specifies the width of the i-th region in terms of luma samples when nnpfa_region_based_idc is equal to 2. The length of the nnpfa_region_width_minus1[ i ] syntax element is Ceil( Log2( CroppedWidth ) ).
The value of nnpfaRegionWidth[ i ] is derived as follows:
· If nnpfa_region_based_idc is equal to 1, it is equal to the value of nnpfc_region_width_minus1[ nnpfa_region_size_idx[ i ] ] + 1 in the NNPFC SEI message with nnpfc_id equals to nnpfa_target_id.
· Otherwise, it is equal to nnpfa_region_width_minus1[ i ] + 1.
nnpfa_region_height_minus1[ i ] plus 1 specifies the height of the i-th region in terms of luma samples when nnpfa_region_based_idc is equal to 2. The length of the nnpfa_region_height_minus1[ i ] syntax element is Ceil( Log2( CroppedHeight ) ).
The value of nnpfaRegionHeight[ i ] is derived as follows:
· If nnpfa_region_based_idc is equal to 1, it is equal to the value of nnpfc_region_height_minus1[ nnpfa_region_size_idx[ i ] ] + 1 in the NNPFC SEI message with nnpfc_id equals to nnpfa_target_id.
· Otherwise, it is equal to nnpfa_region_height_minus1[ i ] + 1.
nnpfa_region_top[ i ] specifies the vertical top position of the i-th region in terms of luma samples. The value of nnpfa_region_top[ i ] shall be in the range of 0 to CroppedHeight – 1. The length of the nnpfa_region_top[ i ] syntax element is Ceil( Log2( CroppedHeight ) ).
nnpfa_region_left[ i ] specifies the horizontal left position of the i-th region in terms of luma samples. The value of nnpfa_region_left[ i ] shall be in the range of 0 to CroppedWidth – 1. The length of the nnpfa_region_left[ i ] syntax element is Ceil( Log2( CroppedWidth) ).
A sample in the current picture at position y, x belongs to a region i when both of the following apply:
· nnpfa_region_top[ i ]  <=  y < nnpfa_region_top[ i ] + nnpfaRegionHeight[ i ]
· nnpfa_region_left[ i ]  <=  x < nnpfa_region_left[ i ] + nnpfaRegionWidth[ i ]
No sample shall belong to more than one region. 
…
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