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1. Introduction and Summary
In this contribution, we propose to specify a reference coordinate system used for defining spherical coordinates and rotation angles, which is associated with video, audio, and images. The description of coverage information of VR media is suggested for inclusion in TS26.118.
2. Definition and Reference Systems

2.1. Coordinate System 
Users are expected to be able to look around from a single observation point in three dimensional space, e.g., a sphere, defined by either a content producer or a capturing device(s). When VR media including video, audio, and image is consumed with a head-mounted display or a smartphone, only the area of the spherical video and the part of the associated audio that correspond to the user’s viewport are rendered, as if the user were in the spot where the video and audio were captured. It mostly provides a user with 3 degrees of freedom (3DOF) from a center point in the three dimensional space. 
The coordinate system is specified for defining the sphere coordinates azimuth (() and elevation (() for identifying a location of a point on the unit sphere, as well as the rotation angles yaw ([image: image2.png]


), pitch ([image: image4.png]


), and roll ([image: image6.png]


). The origin of the coordinate system is usually the same as the center point of a device or rig used for audio or video acquisition as well as the position of the user’s head in the three-dimensional space in which the audio or video are rendered. It is assumed that the coordination systems for different media types were made aligned during content production. 
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Figure 1. Principal axes for coordinate system 
Figure 1 specifies principal axes for the coordinate system, which is aligned to those of coordinate system [OMAF]. The X axis is equal to back-to-front axis, Y axis is equal to side-to-side (or lateral) axis, and Z axis is equal to vertical (or up) axis. Even though a spherical coordinates is generally represented by using radius, elevation, and azimuth, a unit sphere is used for capturing and rendering of VR media. Thus, a location of a point on the unit sphere is identified by using the sphere coordinates azimuth (() and elevation ((). The samples of a projected picture are mapped to a set of positions on the unit sphere. 
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Figure 2. Yaw, pitch, roll rotation angles defined in [OMAF]

As described in Figure 2, the coordinate axes are also used for defining the rotation angles yaw ([image: image10.png]


), pitch ([image: image12.png]


), and roll ([image: image14.png]


). The angles increase clockwise when looking from the origin towards the positive end of an axis.
· Yaw rotates around the Z (vertical, up) axis
· Pitch rotates around the Y (lateral, side-to-side) axis
· Roll rotates around the X (back-to-front) axis.
The value ranges of azimuth, yaw, and roll are all −180.0, inclusive, to 180.0, exclusive, degrees. The value range of elevation and pitch are both −90.0 to 90.0, inclusive, degrees.

2.2. Coverage Description 
Depending on the applications or implementations, not all angles may be necessary or available in the video or audio signal. In this case, the 360 video and the 3D audio may have a restricted coverage. When the video or audio signals do not cover the full sphere, the coverage information is described by using following parameters. 

· center azimuth : specifies the azimuth value of the center point of sphere region covered by the signal.
· center elevation : specifies the elevation value of the center of sphere region
· azimuth range : specifies the azimuth range through the center point of the sphere region 
· elevation range : specifies the elevation range through the center point of the sphere region 
· tilt angle : indicates the amount of tilt of a sphere region, measured as the amount of rotation of the sphere region along the axis originating from the origin passing through the center point of the sphere region, where the angle value increases clockwise when looking from the origin towards the positive end of the axis
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