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Introduction
In this contribution, we provide further updates to the potential solution on signaling of camera calibration parameters, building on the agreed PD text from the ITT4RT telco on July 8th, in order to address the editor’s note around updating the semantics for the signaling of camera calibration parameters. 
Proposed Updates to ITT4RT PD
6.2	Potential Solutions for Signalling of Camera Calibration Parameters
Alignment of the ITT4RT solution to be defined and what is in the FLUS spec is desirable.
Clause 4.5 of the FLUS specification in TS 26.238 describes the FLUS source system. Accordingly the MTSI instantiation of FLUS supports SDP-based description of the relationships among multiple streams in a FLUS source system identified using the SDP attribute a=3gpp-flus-system:<urn>. A vendor-specific source system may be identified by a unique vendor-specific urn identifier such as urn:[com]:[vendor_x]:[system_y]. Alternatively, a 3GPP-specific source system description may be specified using a 3GPP-specific urn identifier such as urn:org:3gpp:itt4rt:default:2020 which would provide interoperable means to signal source system description, including parameters for camera calibration. Further details can be found in Table 4.5-1 of TS 26.238.
[bookmark: _GoBack]One potential solution can be to adopt the FLUS signaling framework to provide the relationships among the 2D video captures to be used for network-based stitching in ITT4RT and amend the SDP-based signaling in Table 4.5-1 to also include the camera calibration parameters. The existing SDP syntax in Table 4.5-1 may be reused (e.g., a=3gpp-flus-configuration: which provides source system-specific configuration parameters for the source system at the session level or a=3gpp-flus-media-configuration: which provides media stream configuration parameters for the source system at the media level) or a dedicated new SDP attribute (e.g., a= a=3gpp-flus-camera-configuration:) may be defined to explicitly signal the camera calibration parameters. 
The set of camera calibration parameters to be signaled can include lens numbers, layouts, positions, distortions, angles, radius and resolutions.  

As a possible solution, the SDP syntax for a=3gpp-flus-media-configuration may be defined with the following ABNF:
3gpp-flus-media-configuration = "a=3gpp-flus-media-configuration:" [SP "Param 1" SP "Param 2" SP ……. SP "Param K"]

where “Param 1”, …. , “Param K” may be the set of intrinsic, distortions and extrinsic camera parameters.

3GPP-specific source system description conveyed using the urn identifier such as urn:org:3gpp:itt4rt:default:2020 may imply such an SDP syntax to communicate camera calibration parameters. If the set of parameters to be conveyed is found to considerably increase the SDP size, another alternative may be considered where the camera calibration parameters may be described by a JSON document embedded in the SDP.
For each 2D video capture to be used for network-based stitching, the SDP attribute 3gpp-flus-media-configuration may be included under the m= line to signal the camera calibration parameters associated with that particular media stream. Session-level camera configuration parameters may be signalled using 3gpp-flus-configuration.
The set of camera calibration parameters to be signaled can include lens numbers, layouts, positions, angles, radius and resolutions.  More specifically the following parameters may be signaled:
· Number of cameras
· Layout of the cameras
· General intrinsic parameters: resolution, Focal length (focal_x, focal_y) in pixel unit (int), Principal point (center of projection), Lens distortion (deviation from ideal perspective or fisheye) of each camera. These are expressed in Figure 6b below by intrinsic parameters represented by image_height, image_width, center_x, center_y, radius in pixel unit (int) and camera field of view (fov_h, fov_v) in angle or radian degree unit (float)
· Extrinsic camera parameters for each camera represented in the above figure by translation (x, y, z coordinates) and orientation (yaw, pitch, roll) values of each camera to accommodate various rig geometries. These are depicted in Figure 6a below.
· Entrance pupil (EP), with 4 floating-point EP coefficients. EP coefficients provide a more precise model of various lens characteristics and improve the conversion from a sample location of an active area in a lens decoded picture to sphere coordinates relative to the global coordinate axes. Please note that the formulation of the distortion correction and the EP coefficients for any lens can be derived using the calibration provided in [10]. The EP coefficients are formulated using a polynomial, and added seamlessly on whatever lens projection type specified. The use of EP coefficients is especially encouraged for wide lens cameras, e.g., for fisheye omnidirectional video. 
[image: ]
Figure 6a – Extrinsic camera calibration parameters.

Figure 6b – Intrinsic camera calibration parameters.
Below we provide further detail on potential camera calibration parameters based on ISO/IEC 23008-2 [3], considering the multi-view acquisition information SEI message for HEVC. With these specifications, a 3-dimensional world point, wP = [ x y z ] is mapped to a 2-dimensional camera point, cP[ i ] = [ u v 1 ], for the i-th camera according to:

s * cP[ i ] = A[ i ] * R−1[ i ] * ( wP − T[ i ] )	(eqn. 1)
where A[ i ] denotes the intrinsic camera parameter matrix, R−1[ i ] denotes the inverse of the rotation matrix R[ i ], T[ i ] denotes the translation vector, and s (a scalar value) is an arbitrary scale factor chosen to make the third coordinate of cP[ i ] equal to 1. The elements of A[ i ], R[ i ], T[ i ] are determined according to the syntax elements signalled in this SEI message and as specified below.

Earlier equation can be extended to incorporate the entrance pupil variation proposed in [10]. As a result, we propose to correct the incidence ray of  cP[ i ] = [ u v 1 ] to always pass through the camera optical center. Due to this process the distortion is removed. By adapting the proposal in [10], we propose E[i] as a 1x1 vector that is individually incorporated as follows:

       s * cP[ i ] = A[ i ] * R−1[ i ] * ( (wP + E[i]) − T[ i ] )												(eqn. 2)

where wP + E[i]) = [ x y z+E[i] ], E[i] = e1* 𝞡3 + e2* 𝞡5 + e3* 𝞡7 + e4* 𝞡9, 𝞡 is the incidence angle pertaining to each ray formed by the pixel cP[ i ] = [ u v 1 ], and [e1, e2, e3, e4] are entrance pupil coefficients. In addition, the accuracy of these entrance pupil parameters have an influence of the accuracy of estimated extrinsic parameters and thus improve the future imaging tasks. If not available, vector E is considered as 0 and a fallback to eqn. 1 is expected.

More specifically, the following intrinsic camera parameters can be signalled in the SDP for each camera as per ISO/IEC 23008-2 [3]:
prec_focal_length specifies the exponent of the maximum allowable truncation error for focal_length_x[ i ] and focal_length_y[ i ] as given by 2−prec_focal_length. The value of prec_focal_length shall be in the range of 0 to 31, inclusive.

prec_principal_point specifies the exponent of the maximum allowable truncation error for principal_point_x[ i ] and principal_point_y[ i ] as given by 2−prec_principal_point. The value of prec_principal_point shall be in the range of 0 to 31, inclusive.

prec_skew_factor specifies the exponent of the maximum allowable truncation error for skew factor as given by 2−prec_skew_factor. The value of prec_skew_factor shall be in the range of 0 to 31, inclusive.

[
sign_focal_length_x[ i ] equal to 0 indicates that the sign of the focal length of the i-th camera in the horizontal direction is positive. sign_focal_length_x[ i ] equal to 1 indicates that the sign is negative.

exponent_focalL_lengthX_x[ i ] specifies the exponent part of the focal length of the i-th camera in the horizontal direction as a signed floating-point number. The value of exponent_focal_length_x[ i ] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use.

mantissa_focal_length_x[ i ] specifies the mantissa part of the focal length of the i-th camera in the horizontal direction. The length of the mantissa_focal_length_x[ i ] syntax element is variable and determined as follows:
—	If exponent_focal_length_x[ i ] is equal to 0, the length is Max( 0, prec_focal_length − 30 ).
—	Otherwise (exponent_focal_length_x[ i ] is in the range of 0 to 63, exclusive), the length is Max( 0, exponent_focal_length_x[ i ] + prec_focal_length − 31 ).
sign_focal_length_y[ i ] equal to 0 indicates that the sign of the focal length of the i-th camera in the vertical direction is positive. sign_focal_length_y[ i ] equal to 1 indicates that the sign is negative.

exponent_focalL_lengthY_y[ i ] specifies the exponent part of the focal length of the i-th camera in the vertical direction as a signed floating-point number. The value of exponent_focal_length_y[ i ] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use.

mantissa_focal_length_y[ i ] specifies the mantissa part of the focal length of the i-th camera in the vertical direction.The length of the mantissa_focal_length_y[ i ] syntax element is variable and determined as follows:
—	If exponent_focal_length_y[ i ] is equal to 0, the length is Max( 0, prec_focal_length − 30 ).
—	Otherwise (exponent_focal_length_y[ i ] is in the range of 0 to 63, exclusive), the length is Max( 0, exponent_focal_length_y[ i ] + prec_focal_length − 31 ).
sign_principal_point_x[ i ] equal to 0 indicates that the sign of the principal point of the i-th camera in the horizontal direction is positive. sign_principal_point_x[ i ] equal to 1 indicates that the sign is negative.

exponent_principalP_pointX_x[ i ] specifies the exponent part of the principal point of the i-th camera in the horizontal direction as a signed floating-point number. The value of exponent_principal_point_x[ i ] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use.

mantissa_principal_point_x[ i ] specifies the mantissa part of the principal point of the i-th camera in the horizontal direction. The length of the mantissa_principal_point_x[ i ] syntax element in units of bits is variable and is determined as follows:
—	If exponent_principal_point_x[ i ] is equal to 0, the length is Max( 0, prec_principal_point − 30 ).
—	Otherwise (exponent_principal_point_x[ i ] is in the range of 0 to 63, exclusive), the length is Max( 0, exponent_principal_point_x[ i ] + prec_principal_point − 31 ).
sign_principal_point_y[ i ] equal to 0 indicates that the sign of the principal point of the i-th camera in the vertical direction is positive. sign_principal_point_y[ i ] equal to 1 indicates that the sign is negative.

exponent_principalP_pointY_y[ i ] specifies the exponent part of the principal point of the i-th camera in the vertical direction as a signed floating-point number. The value of exponent_principal_point_y[ i ] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use.

mantissa_principal_point_y[ i ] specifies the mantissa part of the principal point of the i-th camera in the vertical direction. The length of the mantissa_principal_point_y[ i ] syntax element in units of bits is variable and is determined as follows:
—	If exponent_principal_point_y[ i ] is equal to 0, the length is Max( 0, prec_principal_point − 30 ).
—	Otherwise (exponent_principal_point_y[ i ] is in the range of 0 to 63, exclusive), the length is Max( 0, exponent_principal_point_y[ i ] + prec_principal_point − 31 ).
sign_skew_factor[ i ] equal to 0 indicates that the sign of the skew factor of the i-th camera is positive. sign_skew_factor[ i ] equal to 1 indicates that the sign is negative.

exponent_skewF_factor[ i ] specifies the exponent part of the skew factor of the i-th camera as a signed floating-point number. The value of exponent_skew_factor[ i ] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use.

mantissa_skew_factor[ i ] specifies the mantissa part of the skew factor of the i-th camera. The length of the mantissa_skew_factor[ i ] syntax element is variable and determined as follows:
—	If exponent_skew_factor[ i ] is equal to 0, the length is Max( 0, prec_skew_factor − 30 ).
—	Otherwise (exponent_skew_factor[ i ] is in the range of 0 to 63, exclusive), the length is Max( 0, exponent_skew_factor[ i ] + prec_skew_factor − 31 ).
The intrinsic matrix A[ i ] for i-th camera is represented by:


It is possible that the intrinsic camera parameters are equal for all of the cameras. In that case, only one set of values based on the above parameters would need to be signalled, e.g., via SDP signalling at the session level.
Furthermore, the following extrinsic camera parameters can be signalled in the SDP for each camera as per ISO/IEC 23008-2 [3]:
prec_rotation_param specifies the exponent of the maximum allowable truncation error for r[ i ][ j ][ k ] as given by 2−prec_rotation_param. The value of prec_rotation_param shall be in the range of 0 to 31, inclusive.

prec_translation_param specifies the exponent of the maximum allowable truncation error for t[ i ][ j ] as given by 2−prec_translation_param. The value of prec_translation_param shall be in the range of 0 to 31, inclusive.

sign_r[ i ][ j ][ k ] equal to 0 indicates that the sign of ( j, k ) component of the rotation matrix for the i-th camera is positive. sign_r[ i ][ j ][ k ] equal to 1 indicates that the sign is negative.

exponent_rE[ i ][ j ][ k ] specifies the exponent part of ( j, k ) component of the rotation matrix for the i-th camera as a signed floating-point number. The value of exponent_r[ i ][ j ][ k ] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use.

mantissa_r[ i ][ j ][ k ] specifies the mantissa part of ( j, k ) component of the rotation matrix for the i-th camera. The length of the mantissa_r[ i ][ j ][ k ] syntax element in units of bits is variable and determined as follows:

—	If exponent_r[ i ] is equal to 0, the length is Max( 0, prec_rotation_param − 30 ).
—	Otherwise (exponent_r[ i ] is in the range of 0 to 63, exclusive), the length is Max( 0, exponent_r[ i ] + prec_rotation_param − 31 ).

The rotation matrix R[ i ] for i-th camera is represented as follows:
[image: ]
sign_t[ i ][ j ] equal to 0 indicates that the sign of the j-th component of the translation vector for the i-th camera is positive. sign_t[ i ][ j ] equal to 1 indicates that the sign is negative.

exponent_tE[ i ][ j ] specifies the exponent part of the j-th component of the translation vector for the i-th camera as a signed floating-point number. The value of exponent_t[ i ][ j ] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use.

mantissa_t[ i ][ j ] specifies the mantissa part of the j-th component of the translation vector for the i-th camera. The length v of the mantissa_t[ i ][ j ] syntax element in units of bits is variable and is determined as follows:
—	If exponent_t[ i ] is equal to 0, the length v is set equal to Max( 0, prec_translation_param − 30 ).
—	Otherwise (0 < exponent_t[ i ] < 63), the length v is set equal to Max( 0, exponent_t[ i ] + prec_translation_param − 31 ).
]
The translation vector T[ i ] for the i-th camera is represented by:
[image: ]
E[ i ][ j ] specifies the j-th component of the entrance pupil vector E[i] for the i-th camera as a signed floating-point number, as per eqn (2) above. 

	
The association between the camera parameter variables and corresponding syntax elements is specified by Table X.
Editor’s Note: In the above semantics, the representation of parameters via sign, mantissa and exponent may not be needed for SDP where textual representation is possible and as such any level of precision can be achieved. Thus, the semantics should be updated considering this.


Table X— Association between camera parameter variables and syntax elements.
	X
	S
	e
	N

	focalLengthX[ i ]
	sign_focal_length_x[ i ]
	exponent_focal_length_x[ i ]
	mantissa_focal_length_x[ i ]

	focalLengthY[ i ]
	sign_focal_length_y[ i ]
	exponent_focal_length_y[ i ]
	mantissa_focal_length_y[ i ]

	principalPointX[ i ]
	sign_principal_point_x[ i ]
	exponent_principal_point_x[ i ]
	mantissa_principal_point_x[ i ]

	principalPointY[ i ]
	sign_principal_point_y[ i ]
	exponent_principal_point_y[ i ]
	mantissa_principal_point_y[ i ]

	skewFactor[ i ]
	sign_skew_factor[ i ]
	exponent_skew_factor[ i ]
	mantissa_skew_factor[ i ]

	rE[ i ][ j ][ k ]
	sign_r[ i ][ j ][ k ]
	exponent_r[ i ][ j ][ k ]
	mantissa_r[ i ][ j ][ k ]

	tE[ i ][ j ]
	sign_t[ i ][ j ]
	exponent_t[ i ][ j ]
	mantissa_t[ i ][ j ]



Proposal
It is proposed to adopt the proposed updates to the text in Section 2 in the ITT4RT permanent document.
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