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1 Introduction

During SA4#106, the following requirement was agreed to be included in the ITT4RT permanent document:
·   To facilitate network-based stitching, it is possible to signal camera calibration parameters for each 2D video capture (i.e., each camera lens) transported from the conference room to the conferencing server at the beginning of each session. Relevant intrinsic and extrinsic camera parameters can include lens numbers, layouts, positions, angles, radius, distortion, entrance pupil and resolutions.  
In this contribution, we provide a potential solution for SDP-based signaling of camera calibration parameters. Section 2 provides our proposed updates to the related clause 6.2 of the permanent document. 
2 Proposed Updates to Clause 6.2 of Permanent Document on ‘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.

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, 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 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 [xx]. The EP coefficients are formulated using a polynomial, and added seamlessly on whatever lens projection type specified. The use of EP coefficents is especially encouraged for wide lens cameras, e.g., for fisheye omnidirectional video. 
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Figure 6a – Extrinsic camera calibration parameters.
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Figure 6b – Intrinsic camera calibration parameters.
3 Proposal
We propose to include the potential solution in Section 2 in the ITT4RT permanent document.
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