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1. Region of Interest

The idea of a Region of Interest (RoI) is a common concept in many image application areas (for example medical imaging and MRI). A RoI simply indicates an area or region in a 2D map that is of interest and further processed without the need of the full 2D map. That is, the RoI is a property of the source video file. For example, in a 360-degree panorama video this can be the region of interest labeled by the director. Further the RoI metadata may be given with the source data and multiple RoI’s may exisit. In order to, deal with 360-degree imaging in various presentation formats in VR and different display technologies of clients, more metadata is required for a generic description. As such, there are several activities, e.g. in MPEG OMAF, to describe such RoI for VR. A good overview of the ongoing efforts in the mpeg community can be found in [4].  
2. Region of Interest Description
In this section, we give an overview of how projection-agnostic description of RoI might look like. This is based on the assumption that ultimately the view of a user can be seen as a sphere. The mapping and display technique might be different then this of a sphere, but in terms of how pixels get projected into the HMD it will first be projected onto a sphere. We can describe RoI in the following two ways [5]: 
RoI description based on a point

The RoI can be described as a central point (yaw_center and pitch_center), with the contents width, height and the RoI shape.

yaw_center and pitch_center give respectively the horizontal and vertical coordinate of the centre of the RoI on the sphere surface associated with the media sample of the referenced track.
reference_width and reference_height give respectively the width and height, in terms of yaw and pitch angles, of the sphere surface in which RoI coordinates may be defined. This can be useful for content not covering the whole sphere.

shape_type defines the shape of the area on the surface sphere.

RoI description based area

Further a RoI can be described as an area, based on the center (yaw, pitch, roll), the area width, height, and interpolation.
yaw_center and pitch_center give respectively the horizontal and vertical coordinate of the centre of the RoI on the sphere surface associated with the media sample of the referenced track.

roll_center gives the orientation of the RoI on the sphere surface associated with the media sample of the reference track

width and height give respectively the width and height of the region on the sphere surface associated with the media sample of the referenced track.

interpolate indicates the continuity in time of the successive samples. When true, the application may linearly interpolate values of the RoI coordinates between the previous sample and the current sample. When false, there shall not be any interpolation of values between the previous and the current samples. 
2.1. Example mapping of RoI 

In order to give a better illustration of the benefits of RoI towards different 360-degree image mappings we show an example mapping in the following [5]:
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Figure 1 - Translation of RoI towards 2D image of 2 different projection formations

Figure 1 shows the example mapping of a Region of Interest (RoI) as projected to the user and its original content in from of an equirectangular image as well as a cube-map. The center of the display is used as a center for the view with the width and heights aligned with the Field of View (FoV) of the user. In this way if we move the center of the image we can easily update the corresponding 2d representation of the two projections. Thus, we can have a universal representation of the RoI across different clients and representations with the same metadata.
3. RoI Use Cases

This section shows RoI use cases introduced in OMAF [6]. Besides the more general use cases from OMAF (3.1-3.3), the last use case (3.4) describes a more practical application use case.

3.1  Content prefetching 

In scenarios where the content is delivered on HTTP infrastructure, e.g. using MPEG DASH, the video segments may be stored on different nodes of a CDN network. Certain of these nodes are edge caches located close to the end-users. This way content can be downloaded faster than if it was hosted on a node further away in the CDN network. However, these edge caches cannot host the entire catalogue of content and must as much as possible prefetch content that is going to be requested by the nearby content. In other words, popular content should be moved close to the end-users while less popular content may remain on few nodes in the CDN network. 

To this end, signalling the most viewed region of a spherical content would help to identify the popular content in the case of spherical content offered in a tiled fashion. 

Requirement 

- Signaling a region on the sphere
3.2   Initial viewpoint for on-demand content 

In on-demand scenarios, the initial view point may be predetermined by being an arbitrary point in the projected content. For instance, the initial viewpoint in case of equirectangular would be the centre of the projected frame. However, the constraints of production may be different from the artistic intent. Let assume that the author wishes to change the initial viewpoint of an already projected video, one may then need to re-project the content with a certain shift to adapt the initial view point to the new location. This unarguably appears cumbersome and causes a waste of processing power and storage. As a result, it seems beneficial to decouple the initial view point of a spherical content from the actual projection used. 

Requirement 

- Signaling a point on the sphere (for HMD device) 

- Signaling a region on the sphere (for non-VR device)
3.3  Random access viewpoint 

While the metadata for the above use case is static (i.e. it does not change, since it describes the initial viewpoint of the entire content), there are cases where the viewer tunes in somewhere in the timeline of the content. This happens when trick-play mode is enabled for on-demand content or when users are tuning in a live content. In both cases, starting with an arbitrary viewpoint may degrade the experience for the user. It would help signalling the application the recommended view point to start with at any point in time of the media timeline.
Requirement 

- Signaling a point on the sphere (for HMD device) 

- Signaling a region on the sphere (for non-VR device) 
3.4  RoI driven content consumption

When a user consumes 360 content on a non-VR devices (e.g. a TV), the application may offer the possibility to switch from one predetermined view to another. In this case, the application may detect the number of RoI’s signaled in the content and use this information to offer the choice of the view to the user. Equally this may apply to a user on an HMD to offer him/her both the possibility of consuming the 360 content in an interactive free-view or as a more traditional and relaxed watching experience. 
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Figure 2 - RoI driven 360 watching experience
Figure 2, shows the use case where the watching experience can either be driven by the RoI, e.g. watching the content on a TV or in a Theatre like mode in VR, or in full immersion. Important to note here is that the transition between a RoI driven consumption and a free 360-degree view should be seamless: 

In the case of watching the content on a TV set, only a limited view of the experience is shown to the user based on the directors chosen RoI. However, if the user puts on his VR HMD he can seamlessly switch to a full 360-degree view of the content.

Similar to the HMD-based legacy content consumption use case (5.12.2 Private TV)[2] the user can watch a limited view of 360-degree content based on the director chosen RoI. Which can offer him a more relaxed setting to view the content. For example, this might be useful when it comes to more social VR scenarios where users also communicate with other people inside or outside the virtual space. Besides this RoI driven view the user can also seamlessly switch to the full 360-degree immersive experience. 

Requirement 

- Signalling a region on the sphere (for non-VR device and Theatre view)
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