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1 Introduction

This contribution addresses the use case on content retargeting that is described in the technical report on mobile stereoscopic 3D video [1]. 
2 Background
As described in the TR [1] section 6.5, content retargeting is essential for addressing mobile devices with 3D content. The issues arise from down-sampling the content to the suitable resolution of the target device, which distorts the perceived depth. The perceived depth is dependent on several parameters such as the screen size, the pixel pitch, and the viewing distance. The formula for the perceived depth is as follows:
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 is the pixel pitch, b is the inter-pupillary distance, and d is the measured disparity in pixels. 

With the change of the target display, the parameters  , V, and d also change, thus modifying the perceived depth. In addition, other limitations may apply, for instance the comfort zone implied by the accommodation-vergence problem, where the eyes are focusing on the center of the display, while converging on objects at a different depth. This problem gives a range of perceived depth that is comfortable and acceptable to the viewer. Objects of perceived depth outside the comfort zone may result in discomfort and shadow images due to the impossibility of fusing the left and right views.
3 Possible Solutions
In order to ensure acceptable quality of the down-sampled stereo content and by consequence a reasonable user experience, it is necessary to adjust the depth information of the stereo content according to the target device. This operation is denoted as content re-targeting. 

Content re-targeting can be achieved in multiple ways. We describe in the following a selected set of content re-targeting steps that may be combined into a content re-targeting operation.
Down-sampling

The content down-sampling is essential in the operation of re-targeting. The main options available for the down-sampling are whether to down-sample both stereo views first and then perform the depth adjustment, or whether to first extract the depth map and then down-sample one view and the depth map. 
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a)  Down-sampling and then depth adjustment b) Down-sampling of view and depth map
Extraction of Depth Map

The depth map is an essential component of the content re-targeting operation. The depth map is typically not available as part of the original stereo content. It is thus necessary to extract the depth information, typically by estimating the disparity map. For the estimation of the depth map, a dense stereo matching operation is performed. The operation is relatively computing intensive, however it is simplified given the fact that the left and right cameras are calibrated and that the views are rectified. 
Finally, the disparity map may either be processed directly or it may be converted into a depth map. The conversion to depth map is performed using equation (1) and by setting the parameters according to the target viewing setup of the original content. For instance, if the content is intended for home viewing (e.g. in form of a 3D BluRay disc), then the viewing distance is set as a typical viewing distance in a living room, the pixel pitch is set to a typical pixel pitch value in commercial TVs, and the IPD is set to an average IPD value.  

Occlusion Handling

The disparity map estimation will usually leave some areas that cannot be mapped in both views due to occlusions and dis-occlusions. Those areas will remain as areas of uncertainty and it will not be possible to assign a depth value to those pixels.  

Occlusion handling tries to fill the dis-occluded areas and remove the occluded areas reliably in the right view. Occluded areas should be assigned a depth value that is inferior to the main objects depth value, thus causing them to be hidden in the right view. The dis-occluded areas in the right view may be filled through inpainting taking the original right view as a source of information. 

Depth Adjustment

As discussed earlier, the depth adjustment should take into account several aspects such as the display characteristics, the new viewing distance, and the comfort zone. The depth map is first normalized, taking values in the range [0-1] and extracting the Znear and Zfar values. The depth range may then be adjusted by adjusting the Znear and Zfar values, thus allowing shifting and streteching/shrinking of the depth range. 
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Note also that it may be possible to perform the adjustment operation directly on the disparity map, avoiding the depth-to-disparity and disparity-to-depth conversion steps. However, due to the non-linear relationship between depth and disparity, this might result in significant distortions for the viewer.
Creation of the Second View
After adjusting the depth map and before filling the dis-occluded areas, the second view (typically the right view) needs to be generated. This operation is performed pixel by pixel, taking the disparity value for each pixel (when available) and locating the new pixels position in the target view. The operation is performed with sub-pixel accuracy and takes into account the depth value of each pixel to resolve overlapping conflicts and to fill occluded areas. The dis-occluded areas are marked appropriately to be filled later as described in 3.3. 
4 Proposal
We propose to include the above analysis as part of the TR and, if a mobile stereoscopic video is supported, also as an informative annex of the PSS and DASH specifications.
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