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Abstract
[bookmark: OLE_LINK56][bookmark: _Hlk197601661][bookmark: OLE_LINK15]Following is proposed related to nnpfc_uri and nnpfc_tag_uri:
· [bookmark: OLE_LINK12][bookmark: _Hlk209447839][bookmark: _Hlk200114961][bookmark: _Hlk218443131][bookmark: _Hlk218350535][bookmark: _Hlk227260446]Proposal 1: For supporting in-band transmission of neural network data in formats other than ISO/IEC 15938-17, a data URL scheme (IETF RFC 2397) is specified to be used for use in nnpfc_uri. In v2 an alternative option is proposed.
· Proposal 2: It is proposed to define additional nnpfc_tag_uri values for widely used/ deployed standards for specifying neural network information.

[bookmark: _Hlk207290247]It is proposed to add the proposed approaches to the TuC.
[bookmark: _Hlk200117059]Introduction
[bookmark: _Hlk200549000][bookmark: OLE_LINK59][bookmark: _Hlk200549304]Technologies under consideration for VSEI [1], includes modifications to Neural-network post-filter characteristics (NNPFC) and Neural-network post-filter activation (NNPFA) SEIs. Further modifications are proposed to NNPF in VSEI TuC.
[bookmark: _Hlk207290269][bookmark: _Hlk207103843][bookmark: _Hlk200115335]Proposal 
[bookmark: _Hlk207290274]Proposal 1
Currently, the NNPFC SEI message supports two mechanisms for signaling neural network data:
· In-band signaling: Neural network data encoded in ISO/IEC 15938-17 format is transmitted directly in NNPFC via nnpfc_payload_byte[ i ] when nnpfc_mode_idc equals 0.
· External signaling: For other neural network formats, in NNPFC, only a URI reference can be provided via nnpfc_uri when nnpfc_mode_idc equals 1, requiring external retrieval of the neueral network data.
[bookmark: _Hlk227237343]It is asserted that this asymmetry creates a limitation: popular neural network formats such as ONNX, which benefit from wide hardware acceleration support (NVIDIA TensorRT, Intel OpenVINO, Qualcomm QNN, etc.), cannot be transmitted in-band. This forces implementations to rely on external infrastructure for model delivery, which may not be available in all deployment scenarios (e.g., broadcast, offline playback, etc.).
It is asserted that the data URL scheme as defined in IETF RFC 2397 provides a mechanism to embed data directly within a URI using Base64 encoding. It is proposed to clarify the semantics of nnpfc_uri to specify data URLs, enabling in-band transmission of neural network data in any format. It should be noted that URLs are subset of URIs. Therefore, a data URL is valid content for the nnpfc_uri syntax element.
The data URL scheme has the following syntax:
data:[<mediatype>][;base64],<data>
When nnpfc_uri begins with the scheme prefix "data:", decoders shall interpret the URI as containing embedded payload data rather than an external reference. The neural network format is identified by the nnpfc_tag_uri field.
It is asserted that this method is conforming to the defined semantics of nnpfc_uri, because the data URL is a generic URI conforming to the syntax defined by Internet Standard 66.
Any previous version decoders which do not recognize the data URL scheme will treat it as an unresolvable external URI and gracefully fail to use this in-band neural network data. The syntax is fully conforming to currently defined VSEI version and so can be parsed by the previous version decoders.
The proposed modifications are shown below compared to JVET-AN1019 [2]:
nnpfc_tag_uri contains a tag URI with syntax and semantics as specified in IETF RFC 4151 identifying the format and associated information about the neural network used as a base NNPF or an update relative to the base NNPF with the same nnpfc_id value specified by nnpfc_uri.
NOTE 3 – nnpfc_tag_uri enables uniquely identifying the format of neural network data specified by nnpfc_uri without needing a central registration authority.
nnpfc_tag_uri equal to "tag:iso.org,2023:15938-17" indicates that the neural network data identified by nnpfc_uri conforms to ISO/IEC 15938-17.
[bookmark: _Hlk218352141]nnpfc_uri contains a URI with syntax and semantics as specified in IETF Internet Standard 66 identifying the neural network used as a base NNPF or an update relative to the base NNPF with the same nnpfc_id value.
When nnpfc_uri uses the data URL scheme as defined in IETF RFC 2397, the URI contains the neural network payload data. The syntax for nnpfc_uri when using the data URL scheme shall be as follows:
nnpfc_uri = "data:" [ mediatype ] ";base64," base64-data
where:
mediatype = "application/octet-stream"
base64-data = Base64-encoded neural network payload
The data portion of the data URL shall be encoded using Base64 encoding as specified in IETF RFC 4648. The media type component of the data URL shall be "application/octet-stream". The format of the decoded payload data is indicated by nnpfc_tag_uri.

It is also proposed to add the following normative references:
[RFC2397] Masinter, L., "The 'data' URL scheme", RFC 2397, DOI 10.17487/RFC2397, August 1998. Available at: https://www.rfc-editor.org/info/rfc2397
[RFC4648] S. Josefsson, "The Base16, Base32, and Base64 Data Encodings", RFC 4648, DOI 10.17487/RFC4648, October 2006. Available at: https://www.rfc-editor.org/info/rfc4648

Alternative option:
Alternatively, a new nnpfc_mode_idc is defined to support carrying neural network information in-band for the neural network format specified by nnpfc_tag_uri.
The syntax and semantics modifications for this are shown below.

	nn_post_filter_characteristics( payloadSize ) {
	Descriptor

		nnpfc_purpose
	u(16)

		nnpfc_id
	ue(v)

		nnpfc_base_flag
	u(1)

		nnpfc_mode_idc
	ue(v)

	[bookmark: _Hlk228132221]	if( (nnpfc_mode_idc  = =  1) | | (nnpfc_mode_ idc  = =  2) ) {
	

			while( !byte_aligned( ) )
	

				nnpfc_alignment_zero_bit_a
	f(1)

			nnpfc_tag_uri
	st(v)

		}
	

		if( (nnpfc_mode_idc  = =  1)
	

			nnpfc_uri
	st(v)

		nnpfc_property_present_flag
	u(1)

	[bookmark: _Hlk228134897]	if( nnpfc_property_present_flag ) {
	

			/* input and output formatting */
	

			nnpfc_num_input_pics_minus1
	ue(v)

		…
	u(2)

				if( nnpfc_num_metadata_extension_bits > numSpecifiedMetadataExtensionBits )
	

					nnpfc_reserved_metadata_extension
	u(v)

			}
	

		}
	

		/* ISO/IEC 15938-17 bitstream or other format in-band bitstream*/
	

		if( (nnpfc_mode_idc  = =  0) | | (nnpfc_mode_ idc  = =  2) ) {
	

			while( !byte_aligned( ) )
	

				nnpfc_alignment_zero_bit_b
	f(1)

			for( i = 0; more_data_in_payload( ); i++ )
	

				nnpfc_payload_byte[ i ]
	b(8)

		}
	

	}
	


…
nnpfc_mode_idc, when equal to 0, indicates that the neural network information is contained in the NNPFC SEI message, and the neural network information is in the format of an ISO/IEC 15938-17 bitstream. nnpfc_mode_idc equal to 1 indicates that the neural network information is identified by the URI indicated by nnpfc_uri with the format identified by the tag URI nnpfc_tag_uri. nnpfc_mode_idc equal to 2, indicates that the neural network information is contained in the NNPFC SEI message, and the neural network information is in the format of a bitstream specified by nnpfc_tag_uri.
The value of nnpfc_mode_idc shall be in the range of 0 to 255, inclusive. Values of 23 to 255, inclusive, for nnpfc_mode_idc are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall ignore NNPFC SEI messages with nnpfc_mode_idc in the range of 23 to 255, inclusive.

…
nnpfc_tag_uri contains a tag URI with syntax and semantics as specified in IETF RFC 4151 identifying the format and associated information about the neural network used as a base NNPF or an update relative to the base NNPF with the same nnpfc_id value specified by nnpfc_uri when nnpfc_mode_idc is equal to 1 or specified by nnpfc_payload_byte[ i ] when nnpfc_mode_idc is equal to 2.
NOTE 1 – nnpfc_tag_uri enables uniquely identifying the format of neural network data specified by nnpfc_uri without needing a central registration authority.
[bookmark: _Hlk228139257]nnpfc_tag_uri equal to "tag:iso.org,2023:15938-17" indicates that the neural network data identified by nnpfc_uri when nnpfc_mode_idc is equal to 1 conforms to ISO/IEC 15938-17.
nnpfc_tag_uri that starts with "tag:iso.org,2026:vsei:" indicates that the neural network data identified by nnpfc_uri when nnpfc_mode_idc is equal to 1 or nnpfc_payload_byte[ i ] when nnpfc_mode_idc is equal to 2, conforms to the format identified by the framework and version as indicated by the remainder of the tag URI that consists of a string, denoted by frameworkName, and a string, denoted by frameworkVersion and separated by a colon character (":") from frameworkName. Table XX specifies the interpretation of values of frameworkName. frameworkVersion indicates the version of the neural network framework represented as a string of decimal digits, which may include dot characters (".") as separators.
[bookmark: _Ref31189773][bookmark: _Toc147245569]Table XX –frameworkName values for nnpfc_tag_uri

	frameworkName
	Interpretation

	onnx
	Open Neural Network Exchange (ONNX®) [x1]

	torch
	PyTorch [x2]



…
[bookmark: _Hlk228138853][bookmark: _Hlk228135114]nnpfc_payload_byte[ i ] contains the i-th byte of a bitstream conforming to ISO/IEC 15938-17, when nnpfc_mode_idc is equal to 0. When nnpfc_mode_idc is equal to 0, Tthe byte sequence nnpfc_payload_byte[ i ] for all present values of i shall be a complete bitstream that conforms to ISO/IEC 15938-17. 
nnpfc_payload_byte[ i ] contains the i-th byte of a bitstream conforming to the format specified by nnpfc_tag_uri, when nnpfc_mode_idc is equal to 2. When nnpfc_mode_idc is equal to 2, the byte sequence nnpfc_payload_byte[ i ] for all present values of i shall be a complete bitstream that conforms to the format specified by the nnpfc_tag_uri.


[bookmark: _Hlk218363230]Proposal 2

Currently VSEI V4 pre-defines one neural network bitstream format and a nnpfc_tag_uri for it as follows:
[bookmark: _Hlk218353496]nnpfc_tag_uri equal to "tag:iso.org,2023:15938-17" indicates that the neural network data identified by nnpfc_uri conforms to ISO/IEC 15938-17.

It is proposed to define additional nnpfc_tag_uri values for widely used/ deployed standards for specifying neural network information.

In particular, it is asserted that the Open Neural Network Exchange (ONNX) format is widely used.
It is proposed to define a tag URI for ONNX.
It is proposed to add the following to the semantics of nnpfc_tag_uri.

[bookmark: _Hlk218359598]nnpfc_tag_uri equal to "tag:onnx.ai,2026:onnx-v1.21" indicates that the neural network data identified by nnpfc_uri conforms to ONNX format version 1.21 [3].

Additional tag URI may be defined for other neural network data formats such as PyTorch as follows:

PyTorch 
nnpfc_tag_uri equal to "tag:pytorch.org,2024:torchscript" indicates that the neural network data identified by nnpfc_uri conforms to PyTorch format [4].


Example
An illustrative example is shown below for describing the proposed approach (proposal 1 and proposal 2) using ONNX format.
SEI message with in-band ONNX data via data URL:
nnpfc_mode_idc = 1
nnpfc_tag_uri = "tag: onnx.ai,2026:onnx-v1.21"
nnpfc_uri = "data:application/octet-stream;base64,CAg......."
                                      └─────────┘
                                     Base64-encoded ONNX model
Decoder processing:
1. Detect "data:" scheme prefix in nnpfc_uri
2. Extract Base64-encoded data after ";base64,"
3. Decode Base64 to obtain raw ONNX model bytes
4. Identify format from nnpfc_tag_uri (ONNX v1.21)
5. Load model using ONNX runtime and apply as NNPF
Patent rights declaration(s)
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