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Introduction
In this contribution, we propose a new hash SEI message for the V3C/V-PCC atlas frame. It is used to signal the hash values that are computed, in a tile and patch scanning order, for all the syntax elements associated with each patch. It is also asserted that the proposed hash SEI message can be used for the V3C/V-PCC tile level and optionally for atlas level conformance testing.

Proposal
Decoded Atlas Information Hash SEI Message
[bookmark: _Toc31189655]In m53963 ‎[1], the need for a hash SEI message was noted. Moreover, in m53348 [2], a “decoded atlas data hash” SEI message was proposed for MIV and V-PCC, whereas a hash value is calculated per atlas for the 2-dimensional array variable “BlockToPatchMap[ ][ ]”. In [1], it was however pointed out that a decoder capable to determine the “BlockToPatchMap[ ][ ]” information correctly, may not be able to decode properly other information essential for the point cloud reconstruction, as suggested in [3]. We are accordingly proposing atlas information hash SEI message with the option to include the tile-based “BlockToPatchMap[ ][ ]” hash value information as described in [2]. This combination, we believe, ensures proper decoding of block to volume information and the reconstruction of volumetric boxes that correspond to 2D to 3D patch transforms. 

Decoded atlas information hash SEI message syntax 

Table 1 provides the syntax structure of the decoded atlas information hash SEI message. It is a suffix SEI message and shall be carried in a NAL unit of type NAL_SUFFIX_SEI and its payloadType value is set to 21. The main application of decoded atlas information hash SEI message is for debugging purposes and for the conformance testing of an atlas decoder.  We provide options for both atlas and tile-based hash value calculations. This is done by going through all elements associated with each patch within the tile as well as all the tiles within the atlas. As an example, for non EOM and RAW patches, the variables Patch2dPosX[ p ], Patch2dPosY[ p ], Patch2dSizeX[ p ], Patch2dSizeY[ p ], Patch3dPosX[ p ], Patch3dPosY[ p ], Patch3dPosMinZ[ p ], PatchOrientationIndex[ p ], PatchLoDScaleX[ p ], and PatchLoDScaleY[ p ], in a prespecified order, should be processed in tile followed by patch coding order. A similar approach can also be taken for EOM/RAW patches depending also on whether these are related to the regular or the auxiliary streams. 
	decoded_atlas_info_hash( payloadSize ) {
	Descriptor

		daih_hash_type
	u(8)

		daih_decoded_atlas_hash_present_flag
	u(1)

		daih_decoded_atlas_b2p_hash_present_flag
	u(1)

		daih_decoded_atlas_tiles_ hash_present_flag
	u(1)

		daih_decoded_atlas_tiles_b2p_hash_present_flag
	u(1)

		daih_reserved_4bits
	u(4)

		if( decoded_atlas_hash_present_flag )
	

			if( daih_hash_type  = =  0 )
	

				for( i = 0; i < 16; i++ )
	

					daih_atlas_md5[ i ]
	b(8)

			else if( daih_hash_type == 1)
	

				daih_atlas_crc
	u(16)

			else if( hash_type  = =  2 )
	

				daih_atlas_checksum
	u(32)

		if( decoded_atlas_b2p_hash_present_flag )
	

			if( daih_hash_type  = =  0 )
	

				for( i = 0; i < 16; i++ )
	

					daih_atlas_b2p_md5[ i ]
	b(8)

			else if( daih_hash_type == 1)
	

				daih_atlas_b2p_crc
	u(16)

			else if( daih_hash_type == 2)
	

				daih_atlas_b2p_checksum
	u(32)

		if( decoded_atlas_tiles_hash_present_flag || decoded_atlas_tiles_b2p_hash_present_flag ) {
	

	[bookmark: _Hlk35610811]		daih_num_tiles_minus1
	ue(v)

			daih_tile_id_len_minus1
	ue(v)

			for( t = 0; t <= daih_num_tiles_minus1; t++ ) 
	

	[bookmark: _Hlk35610824]			daih_tile_id[ t ]
	u(v)

			for( t = 0; t <= daih_num_tiles_minus1; t++ ) {
	

				j = TileIdToIndex[ daih_tile_id[ t ] ]
	

				if( decoded_atlas_tiles_hash_present_flag )
	

					if( daih_hash_type  = =  0 )
	

						for( i = 0; i < 16; i++ )
	

							daih_atlas_tiles_md5[ j ][ i ]
	b(8)

					else if( daih_hash_type == 1)
	

						daih_atlas_tiles_crc[ j ]
	u(16)

					else if( hash_type  = =  2 )
	

						daih_atlas_tiles_checksum[ j ]
	u(32)

				if( decoded_atlas_tiles_b2p_hash_present_flag )
	

					if( daih_hash_type  = =  0 )
	

						for( i = 0; i < 16; i++ )
	

							daih_atlas_tiles_b2p_md5[ j ][ i ]
	b(8)

					else if( daih_hash_type == 1)
	

						daih_atlas_tiles_b2p_crc[ j ]
	u(16)

					else if( hash_type  = =  2 )
	

						daih_atlas_tiles_b2p_checksum[ j ]
	u(32)

			}
	

		}
	

	}
	



Table 1: Decoded atlas info hash SEI syntax
[bookmark: _Toc31189656]Decoded atlas  information SEI message semantics
The semantics of the fields of the decoded atlas information hash SEI message are as follows:
First, it is assumed that all the patch syntax elements, e.g. Patch2dPosX[ tileId ][ patchIdx ], are stored as unsigned 16-bit Numbers. The derivation of an atlas level hash value is shown below. 

aLen = 0
[bookmark: _Hlk44265299]for( tileIdx = 0; tileIdx < afti_num_tiles_in_atlas_frame_minus1 + 1; tileIdx++ ) { 
t = TileIndexToId[ tileIdx ]
	for( p = 0; p < AtduTotalNumberOfPatches[ t ]; p++ ) {
		if( ( atdu_patch_mode[ p ] == P_RAW) || ( atdu_patch_mode[ p ] == I_RAW) ) {
			if ( rpdu_patch_in_auxiliary_video_flag[ t ][ p ] == 1 ) {
				atlasData[ aLen++ ] = AuxPatch2dPosX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (AuxPatch2dPosX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = AuxPatch2dPosY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (AuxPatch2dPosY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = AuxPatch2dSizeX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (AuxPatch2dSizeX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = AuxPatch2dSizeY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (AuxPatch2dSizeY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = AuxPatch3dPosX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (AuxPatch3dPosX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = AuxPatch3dPosY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (AuxPatch3dPosY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = AuxPatch3dPosY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (AuxPatch3dPosY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = AuxPatch3dPosZ[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (AuxPatch3dPosZ[ t ][ p ] >> 8) & 0xFF
			} else {
				atlasData[ aLen++ ] = Patch2dPosX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch2dPosX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch2dPosY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch2dPosY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch2dSizeX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch2dSizeX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch2dSizeY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch2dSizeY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch3dPosX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch3dPosX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch3dPosY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch3dPosY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch3dPosY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch3dPosY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch3dPosZ[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch3dPosZ[ t ][ p ] >> 8) & 0xFF
			}
		} else {
			if( ( atdu_patch_mode[ p ] == P_EOM) || ( atdu_patch_mode[ p ] == I_EOM) ) {
				atlasData[ aLen++ ] = EomPatch2dPosX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (EomPatch2dPosX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = EomPatch2dPosY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (EomPatch2dPosY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = EomPatch2dSizeX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (EomPatch2dSizeX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = EomPatch2dSizeY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (EomPatch2dSizeY[ t ][ p ] >> 8) & 0xFF
			} else {
				atlasData[ aLen++ ] = Patch2dPosX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch2dPosX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch2dPosY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch2dPosY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch2dSizeX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch2dSizeX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch2dSizeY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch2dSizeY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch3dPosX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch3dPosX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch3dPosY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch3dPosY[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = Patch3dPosMinZ[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (Patch3dPosMinZ[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = PatchOrientationIndex[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (PatchOrientationIndex[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = PatchLoDScaleX[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (PatchLoDScaleX[ t ][ p ] >> 8) & 0xFF
				atlasData[ aLen++ ] = PatchLoDScaleY[ t ][ p ] & 0xFF
				atlasData[ aLen++ ] = (PatchLoDScaleY[ t ][ p ] >> 8) & 0xFF
			}
		}	
 	}
}

Similarly, for atlas based BlockTpPatch[][] we have the following:

b2paLen = 0
for( tileIdx = 0; tileIdx < afti_num_tiles_in_atlas_frame_minus1 + 1; tileIdx++ ) { 
t = TileIndexToId[ tileIdx ]
	BlockToPatchMapWidth = Ceil(TileGroupWidaih[ t ]/PatchPackingBlockSize)
	BlockToPatchMapHeight = Ceil(TileGroupHeight[ t ]/PatchPackingBlockSize)

	for( y = 0; y < BlockToPatchMapHeight; y++ ) {
		for( x = 0; x < BlockToPatchMapWidth ; x++ ) {
			atlasB2pData[ b2paLen++ ] = BlockToPatchMap[ y ][ x ] & 0xFF
			atlasB2pData[ b2paLen++ ] = (BlockToPatchMap[ y ][ x ] >> 8 ) & 0xFF
		}
	}
}

The derivation of tile-based hash values is shown, below:

for( tileIdx = 0; tileIdx < afti_num_tiles_in_atlas_frame_minus1 + 1; tileIdx++ ) { 
t = TileIndexToId[ tileIdx ]
	tLen = 0
	for( p = 0; p < AtduTotalNumberOfPatches[ t ]; p++ ) {
		if( ( atdu_patch_mode[ p ] == P_RAW) || ( atdu_patch_mode[ p ] == I_RAW) ) {
			if ( rpdu_patch_in_auxiliary_video_flag[ t ][ p ] == 1 ) {
				tileData[ t ][ tLen++ ] = AuxPatch2dPosX[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (AuxPatch2dPosX[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = AuxPatch2dPosY[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (AuxPatch2dPosY[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = AuxPatch2dSizeX[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (AuxPatch2dSizeX[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = AuxPatch2dSizeY[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (AuxPatch2dSizeY[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = AuxPatch3dPosX[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (AuxPatch3dPosX[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = AuxPatch3dPosY[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (AuxPatch3dPosY[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = AuxPatch3dPosY[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (AuxPatch3dPosY[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = AuxPatch3dPosZ[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (AuxPatch3dPosZ[ t ][ p ] >> 8) & 0xFF
			} else {
				tileData[ t ][ tLen++ ] = Patch2dPosX[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch2dPosX[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch2dPosY[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch2dPosY[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch2dSizeX[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch2dSizeX[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch2dSizeY[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch2dSizeY[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch3dPosX[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch3dPosX[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch3dPosY[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch3dPosY[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch3dPosY[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch3dPosY[ t ][ p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch3dPosZ[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch3dPosZ[ t ][ p ] >> 8) & 0xFF
			}
		} else {
			if( ( atdu_patch_mode[ p ] == P_EOM) || ( atdu_patch_mode[ p ] == I_EOM) ) {
				tileData[ t ][ tLen++ ] = EomPatch2dPosX[ t ][ p ] & 0xFF
				tileData[ t ][ tLen++ ] = (EomPatch2dPosX[ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = EomPatch2dPosY[ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (EomPatch2dPosY[ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = EomPatch2dSizeX[ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (EomPatch2dSizeX[ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = EomPatch2dSizeY[ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (EomPatch2dSizeY[ t ][  p ]  >> 8) & 0xFF
			} else {
				tileData[ t ][ tLen++ ] = Patch2dPosX[ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch2dPosX[ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch2dPosY[ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch2dPosY[ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch2dSizeX[ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch2dSizeX[ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch2dSizeY[ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch2dSizeY[ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch3dPosX[ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch3dPosX[ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch3dPosY[ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch3dPosY[ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = Patch3dPosMinZ [ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (Patch3dPosMinZ [ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = PatchOrientationIndex [ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (PatchOrientationIndex [ t ][  p ] >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = PatchLoDScaleX [ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (PatchLoDScaleX [ t ][  p ]  >> 8) & 0xFF
				tileData[ t ][ tLen++ ] = PatchLoDScaleY [ t ][  p ] & 0xFF
				tileData[ t ][ tLen++ ] = (PatchLoDScaleY [ t ][  p ]  >> 8) & 0xFF
			}
		}	
 	}
	dataLen[ t ] = tLen
}

For tile-based, BlockToPatch[][], we create atlasB2pData[] array as follows :

for( tileIdx = 0; tileIdx < afti_num_tiles_in_atlas_frame_minus1 + 1; tileIdx++ ) { 
t = TileIndexToId[ tileIdx ]
b2ptLen=0
[bookmark: _GoBack]	BlockToPatchMapWidth = Ceil(TileGroupWidaih[ t ]/PatchPackingBlockSize)
	BlockToPatchMapHeight = Ceil(TileGroupHeight[ t ]/PatchPackingBlockSize)
	for( y = 0; y < BlockToPatchMapHeight; y++ ) {
		for( x = 0; x < BlockToPatchMapWidth ; x++ ) {
			atlasB2pData[ b2paLen++ ] = tileB2pData[ b2ptLen++ ] = BlockToPatchMap[ y ][ x ] & 0xFF
			atlasB2pData[ b2paLen++ ] = tileB2pData[ b2ptLen++ ] = (BlockToPatchMap[ y ][ x ] >> 8 ) & 0xFF
		}
	}
	dataB2pLen[ t ] = b2ptLen
}

daih_hash_type indicates the method used to calculate the checksum according to the Table 2, below. Values of daih_hash_type that are not listed in the Table 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 shall ignore decoded picture hash SEI messages that contain reserved values of hash_type.

	hash_type
	Method

	0
	MD5 (RFC 1321)

	1
	CRC

	2
	Checksum



Table 2: Atlas hash type

daih_decoded_atlas_hash_present_flag: equal to 1 specifies that daih_atlas_md5[ i ], daih_atlas_crc or daih_atlas_checksum syntax element is present. daih_decoded_atlas_hash_present_flag equal to 0 specifies that daih_atlas_md5[ i ], daih_atlas_crc or daih_atlas_checksum syntax element will not be present.

daih_decoded_atlas_b2p_hash_present_flag: equal to 1 specifies that daih_atlas_b2p_md5[ i ], daih_atlas_b2p_crc or daih_atlas_b2p_checksum syntax element is present. daih_decoded_atlas_b2p_hash_present_flag equal to 0 specifies that daih_atlas_b2p_md5[ i ], daih_atlas_b2p_crc or daih_atlas_b2p_checksum will not be present.

daih_decoded_atlas_tiles_hash_present_flag: equal to 1 specifies that daih_atlas_tiles_md5[ i ], daih_atlas_tiles_crc or daih_atlas_tiles_checksum syntax element is present. daih_decoded_atlas_tiles_hash_present_flag equal to 0 specifies that daih_atlas_tiles_md5[ i ], daih_atlas_tiles_crc or daih_atlas_tiles_checksum syntax element will not be present.

[bookmark: _Hlk44273411]daih_atlas_tiles_b2p_hash_present_flag: equal to 1 specifies that daih_atlas_tiles_b2p_md5[ i ], daih_atlas_tiles_b2p_crc or daih_atlas_tiles_b2p_checksum syntax element is present. daih_atlas_tiles_b2p_hash_present_flag equal to 0 specifies that daih_atlas_tiles_b2p_md5[ i ] , daih_atlas_tiles_b2p_crc or daih_atlas_tiles_b2p_checksum will not be present.

daih_atlas_md5[ i ] is the 16-byte MD5 hash of the decoded atlas associated with vuh_atlas_id. The value of daih_atlas_md5[ i ] shall be equal to the value of digestVal obtained as follows, using the MD5 functions defined in IETF RFC 1321:
MD5Init( context )
MD5Update( context, atlasData, aLen )
MD5Final( digestVal, context )
daih_atlas_crc is the cyclic redundancy check (CRC) of the decoded atlas associated with vuh_atlas_id. The value of daih_atlas_crc shall be equal to the value of crcVal obtained as follows, using CRC specification defined in Rec. ITU-T H.271:
crc = 0xFFFF
atlasData[  aLen ] = 0
atlasData[  aLen + 1 ] = 0
for( bitIdx = 0; bitIdx < ( aLen  + 2 ) * 8; bitIdx++ ) {
	dataByte = atlasData[ bitIdx  >>  3 ]
	crcMsb = ( crc  >>  15 ) & 1
	bitVal = ( dataByte  >>  ( 7 − ( bitIdx & 7 ) ) ) & 1
	crc = ( ( ( crc  <<  1 ) + bitVal ) & 0xFFFF ) ^ ( crcMsb * 0x1021 )
}
crcVal  = crc
daih_atlas_checksum is the checksum of the decoded atlas associated with vuh_atlas_id. The value of daih_atlas_checksum shall be equal to the value of checksumVal obtained:
	checksum = 0
	for( i = 0; i < aLen ; i++ ) {
			xorMask = ( i & 0xFF ) ^ ( i >> 8 )
			checksum = ( checksum + ( atlasData[ i ] & 0xFF) ^ xorMask) & 0xFFFFFFFF
			checksum = ( checksum + ( atlasData[ i ] >> 8) ^ xorMask) & 0xFFFFFFFF
		}

daih_atlas_b2p_md5[ i ] is the 16-byte MD5 hash of the BlockToPatch[ ] [ ] of the atlas associated with vuh_atlas_id. The value of daih_atlas_b2p_md5[ i ] shall be equal to the value of digestVal  obtained as follows, using the MD5 functions defined in IETF RFC 1321:
MD5Init( context )
MD5Update( context, atlasB2pData, b2paLen )
MD5Final( digestVal, context )
daih_atlas_b2p_crc is the cyclic redundancy check (CRC) of the decoded atlas associated with vuh_atlas_id. The value of daih_atlas_b2p_crc shall be equal to the value of crcVal obtained as follows, using CRC specification defined in Rec. ITU-T H.271:
crc = 0xFFFF
atlasB2pData[ b2paLen ] = 0
atlasB2pData[ b2paLen  + 1 ] = 0
for( bitIdx = 0; bitIdx < ( b2paLen + 2 ) * 8; bitIdx++ ) {
	dataByte = atlasB2pData[ bitIdx  >>  3 ]
	crcMsb = ( crc  >>  15 ) & 1
	bitVal = ( dataByte  >>  ( 7 − ( bitIdx & 7 ) ) ) & 1
	crc = ( ( ( crc  <<  1 ) + bitVal ) & 0xFFFF ) ^ ( crcMsb * 0x1021 )
}
crcVal = crc
daih_atlas_b2p_checksum is the checksum of the decoded atlas associated with vuh_atlas_id. The value of daih_atlas_b2p_checksum shall be equal to the value of checksumVal obtained: 
//using 1D structure
checksum = 0
for( i = 0; i < b2paLen ; i++ ) {
	xorMask = ( i & 0xFF ) ^ ( i >> 8 )
	checksum = ( checksum + ( atlasB2pData[ i ] & 0xFF) ^ xorMask) & 0xFFFFFFFF
	checksum = ( checksum + ( atlasB2pData[ i ] >> 8) ^ xorMask) & 0xFFFFFFFF
}

//using 2D structure
checksum =0
for( t = 0; t < daih_num_tiles_minus1 + 1; t++ ) {
	BlockToPatchMapWidth = Ceil(TileGroupWidaih[ t ]/PatchPackingBlockSize)
	BlockToPatchMapHeight = Ceil(TileGroupHeight[ t ]/PatchPackingBlockSize)
	for( y = 0; y < BlockToPatchMapHeight; y++ ) {
		for( x = 0; x < BlockToPatchMapWidth ; x++ ) {
			xorMask = ( x & 0xFF ) ^ ( y & 0xFF ) ^ ( x >> 8 ) ^ ( y >> 8 )
			checksum = ( checksum + ( BlockToPatchMap[ y ][ x ] & 0xFF) ^ xorMask) & 0xFFFFFFFF
			checksum = ( checksum + ( BlockToPatchMap[ y ][ x ] >> 8) ^ xorMask) & 0xFFFFFFFF 
		}
	}
}

daih_num_tiles_minus1 + 1 specifies the number of tiles for which hash values will be signalled. The value of daih_num_tiles_minus1 shall be in the range of 0 to afti_num_tiles_in_atlas_frame_minus1, inclusive.

daih_tile_id_len_minus1 plus 1 specifies the number of bits used to represent the syntax element daih_tile_id[ t ]. The value of daih_tile_id_len_minus1 shall be in the range of 0 to Ceil(Log2(afti_num_tiles_in_atlas_frame_minus1 + 1)), inclusive. The value of 1  <<  ( daih_tile_id_len_minus1 + 1 ) shall be greater than or equal to daih_num_tile_minus1 + 1.

daih_tile_id[ t ] specifies the tile ID of the t-th tile. The length of the daih_tile_id[ t ] syntax element is daih_tile_id_len_minus1 + 1 bits. When not present, the value of daih_tile_id[ t ] is inferred to be equal to t.

daih_atlas_tiles_md5[ t ][ i ] is the 16-byte MD5 hash of the t-th tile. The value of daih_atlas_tiles_md5[ t ][ i ] shall be equal to the value of digestVal obtained as follows, using the MD5 functions defined in IETF RFC 1321:
MD5Init( context )
MD5Update( context, tileData[ t ], dataLen[ t ] )
MD5Final( digestVal, context )
daih_atlas_tiles_crc[ t ] is the cyclic redundancy check (CRC) of the decoded atlas tile with tile ID t, associated with vuh_atlas_id. The value of daih_atlas_tiles_crc shall be equal to the value of crcVal obtained as follows, using CRC specification defined in Rec. ITU-T H.271:
crc = 0xFFFF
tileData[ t ][ dataLen[ t ] ] = 0
tileData[ t ][ dataLen[ t ] + 1 ] = 0
for( bitIdx = 0; bitIdx < ( dataLen[ t ] + 2 ) * 8; bitIdx++ ) {
	dataByte = tileData[ bitIdx  >>  3 ]
	crcMsb = ( crc  >>  15 ) & 1
	bitVal = ( dataByte  >>  ( 7 − ( bitIdx & 7 ) ) ) & 1
	crc = ( ( ( crc  <<  1 ) + bitVal ) & 0xFFFF ) ^ ( crcMsb * 0x1021 )
}
crcVal  = crc
daih_atlas_tiles_checksum[ t ] is the checksum of the decoded atlas tile with tile ID t, associated with vuh_atlas_id. The value of daih_atlas_tile_checksum shall be equal to the value of checksumVal obtained:
	checksum = 0
	for( i = 0; i < dataLen[ t ] ; i++ ) {
		xorMask = ( i & 0xFF ) ^ ( i >> 8 )
		checksum = ( checksum + ( tileData[ t ][ i ] & 0xFF) ^ xorMask) & 0xFFFFFFFF
		checksum = ( checksum + ( tileData[ t ][ i ] >> 8) ^ xorMask) & 0xFFFFFFFF
	}
daih_atlas_tiles_b2p_md5[ t ][ i ] is the 16-byte MD5 hash of the t-th tile, BlockToPatchMap[ ][ ]. The value of daih_blk2patch_md5[ t ][ i ] shall be equal to the value of digestVal[ t ] obtained as follows, using the MD5 functions defined in IETF RFC 1321:
MD5Init( context )
MD5Update( context, tileB2pData[ t ], dataB2pLen[ t ] )
MD5Final( digestVal, context )
daih_atlas_tiles_b2p_crc[ t ] is the cyclic redundancy check (CRC) of the decoded atlas tile BlockToPatchMap[ ][ ], with tile ID t, associated with vuh_atlas_id. The value of daih_atlas_tiles_b2p_crc shall be equal to the value of crcVal obtained as follows, using CRC specification defined in Rec. ITU-T H.271:
[bookmark: _Hlk44276919]crc = 0xFFFF
tileB2pData[ t ][ dataB2pLen[ t ] ] = 0
tileB2pData[ t ][ dataB2pLen[ t ] + 1 ] = 0
for( bitIdx = 0; bitIdx < ( dataB2pLen[ t ] + 2 ) * 8; bitIdx++ ) {
	dataByte = tileB2pData[ bitIdx  >>  3 ]
	crcMsb = ( crc  >>  15 ) & 1
	bitVal = ( dataByte  >>  ( 7 − ( bitIdx & 7 ) ) ) & 1
	crc = ( ( ( crc  <<  1 ) + bitVal ) & 0xFFFF ) ^ ( crcMsb * 0x1021 )
}
crcVal  = crc
daih_atlas_tiles_b2p_checksum[ t ] is the checksum of the decoded atlas tile BlockToPatchMap[ ][ ], with tile ID t, associated with vuh_atlas_id. The value of daih_atlas_tile_checksum shall be equal to the value of checksumVal obtained:
//using 1D structure
checksum = 0
for( i = 0; i < dataB2pLen[ t ] ; i++ ) {
	xorMask = ( i & 0xFF ) ^ ( i >> 8 )
	checksum = ( checksum + ( tileB2pData[ t ] & 0xFF) ^ xorMask) & 0xFFFFFFFF
	checksum = ( checksum + ( tileB2pData[ i ] >> 8) ^ xorMask) & 0xFFFFFFFF
}

//using 2D structure
checksum =0
BlockToPatchMapWidth = Ceil(TileGroupWidaih[ t ]/PatchPackingBlockSize)
BlockToPatchMapHeight = Ceil(TileGroupHeight[ t ]/PatchPackingBlockSize)
for( y = 0; y < BlockToPatchMapHeight; y++ ) {
	for( x = 0; x < BlockToPatchMapWidth ; x++ ) {
		xorMask = ( x & 0xFF ) ^ ( y & 0xFF ) ^ ( x >> 8 ) ^ ( y >> 8 )
		checksum = ( checksum + ( BlockToPatchMap[ y ][ x ] & 0xFF) ^ xorMask) & 0xFFFFFFFF
		checksum = ( checksum + ( BlockToPatchMap[ y ][ x ] >> 8) ^ xorMask) & 0xFFFFFFFF 
	}
}

Conclusion
In this contribution, we have proposed a decoded atlas information hash SEI message together with its syntax and semantics. To ensure proper decoding of a block to volume information at conformance point A, and the correct reconstruction of volumetric data, we have included the “BlockToPatch” hash value, as well. In addition to md5 method of checksum calculation, two other hash types are listed for potential extensibility, namely: CRC and checksum. We recommend to include in V3C/V-PCC spec. an Annex B like section, to provide examples for nominal derivations of hash checksum values. Finally, we also recommend to include some variables/syntax elements that are used in Annex B and reconstruction section H.9, as a “frame header” for the hash message checksum calculation, as the variables below:
 
asps_frame_width
asps_frame_height
AuxVideoWidth
AuxVideoHeight
oi_occupancy_nominal_2d_bitdepth_minus1
oi_occupancy_MSB_align_flag
oi_lossy_occupancy_map_compression_threshold
vps_multiple_map_streams_present_flag
vps_map_count_minus1
AttributeMapAbsoluteCodingEnabledFlag
MapPredictorIndex
gi_geometry_nominal_2d_bitdepth_minus1
gi_geometry_MSB_align_flag
ai_attribute_count
ai_attribute_dimension_partitions_minus1
ai_attribute_partition_channels_minus1
ai_attribute_nominal_2d_bitdepth_minus1
ai_attribute_MSB_align_flag
 
Below, some additional variables/syntax elements for the reconstruction:
 
asps_geometry_3d_bitdepth_minus1
asps_pixel_deinterleaving_enabled_flag
asps_map_pixel_deinterleaving_flag
asps_point_local_reconstruction_enabled_flag
plri_point_local_reconstruction_map_flag
plri_number_of_modes_minus1
plri_interpolate_flag
plri_filling_flag
plri_minimum_depth
plri_neighbour_minus1
asps_eom_patch_enabled_flag
asps_vpcc_surface_thickness_minus1
aaps_vpcc_camera_parameters_present_flag
OffsetMatrix
RotationMatrix
vui_anchor_point_present_flag
vui_anchor_point 
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