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Summary of thesis contents

As the free-viewpoint video system provides the ability for users to interactively select any
viewpoint at the same distance of the placed camera(s), it breaks the restriction of showing an event only
from the viewpoint of the camera, but instead, allows a free angle changing within the 3D video
Interesting applications include the selection of anarbitrary viewpoint for visualizing and analyzing sports
or dynamic art (e.g., dance) actions. In such an application the head movement of the user ¢ an be
captured by sensors and then the system will synthesize the video from the corresponding view point and
present it to the user. For details, considering the case of a live broadcast of a football match, it is often
necessary for the audience to change view angle to see a player’s movements which could be obstructed
by another player. By rendering an appropriate viewpoint of the playing field, the player’s movements can
be well displayed in the virtual view. Free-viewpoint video technologies also simplify video training
activities. For example, the training of dynamic activities such as martial arts or dancing can be simplified
by allowing the trainee to select a viewpoint of the scene. Also, by deploying real-time freeview video
streaming systems, we can realize telepresence, which is particularly useful in scenarios such as
teleconferencing. The above applications can be realized by depth-image-based rendering(DIBR), which
takes the depth and texture image pair from a single point and translate texture pixels of the reference
view to a virtual view, where synthesized pixel locations are derived from the associated depth pixel
values. Browsing 3D scenes via a freeview imaging system creates a feeling of motion parallax, which is
the most important source of 3D perception of human. Comparing to Computer Graphics technologies
that can also provide 3D vide o contents, the advantage of freeview video is realness, which makes
freeview video technology un replaceable. However, the current freeview video system is far from
satisfying.

In this thesis, via the means of solving the image interpolation and denoising
problems with better quality via Graph Signal Processing (GSP), improvements are
made to the freeview video system by enabling more interesting and attractive
functionality, and yet reduce the application’s energy consumption, making it
affordable on modern smart devices. To accomplish the above achievements, we
solved the problems from both the content consumer side and the content producer
side. Especially, on the content consumer side, we improved the current system by
proposing a z-dimensional movement extension. Lacking z-movements is causing
users’ unnatural feeling during watching. We made efforts to develop the
z-dimensional mapping scheme and use GSP to solve the expansion hole problem - a
patch of pixels sampled from an object surface in the reference view will be scattered
to a larger spatial area, during a large z-movement into the scene. Second, on the
content producer side, thanks to the recent technology advances in hardware, depth sensors like
Microsoft Kinect or Intel Realsense can capture both color and depth images simultaneously. While these
sensors now can be installed on portable devices, their energy consumption is huge. Thus we proposed
depth image restoration scheme from sparse sensed samples are proposed to help save the energy of
portable freeview video recording devices. Especially, we proposed quadtree decomposition
and node-wise linear prediction model and the GSP-based residual restoration. The
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proposed image restoration algorithms in both applications outperformed the existing
techniques in their specific area respectively. The z-dimensional image synthesized by
the proposed scheme got up to 4.01 dB gain over a naive modification of VSRS 3.5,
the current standard software of freeview video technology. And the reconstructed
depth images by the proposal outperformed the results from the state-of-art LARK and
BM3D techniques significantly by up to 1.26dB and 1.13dB respectively. Further, for
the application of z-dimensional DIBR using sparse sensed depth image, the proposed
schemes can work jointly and achieved up to 7.25 dB gain over traditional approach.
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Summary of the results of the doctoral thesis screening
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