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Research on Multiview Video and Depth Coding
Yanwei Liu (Computer Applications)
Directed by Qingming Huang

With the rapid developments of imaging and display technologies, more and more
multiview video systems are deployed in the industry and consumer electronics field.
Multiview video simultaneously records the same scene by a set of cameras from different
viewpoint and it is a basic component of new media application such as 3DTV and free
viewpoint video. The huge amount of multiple videos is a great challenge for storage or
transmission. Multiview video coding is the essential work to reduce the data amount for
realizing the multiview video system. Recently, it is becoming a hot subject of research. To
provide the key technologies and feasible reference solution for multiview video system, this
thesis focuses on resolving the key techniques for multiview video and depth coding.
According to the specific application of 3D video and free viewpoint video, we understand
multiview video and depth compression from the systematic viewpoint. According to the
requirement of other components to the compression in the system, our work aims at seeking
the compression’s flexibility and adaptivity to the system besides improving the compression
efficiency. This thesis starts from improving compression efficiency and then analysises the
relation between compression and random access. After that the relation between compression
and virtual view synthesis is discussed. Specifically, under the constraint of channel rate, how
to jointly allocate the video rate and depth rate to guarantee the optimal view synthesis quality
is described. At last, the joint video/depth rate control is proposed to adapt to the channel
requirements. The main contributions of the thesis are summarized as follows.

Firstly, in multiview video coding, the view sequence coding at positions of the key
frames contribute a great proportion in the whole coding performance of hierarchical-B
pictures based multiview video coding. Based on this characteristic, a multiview image
alignment method is proposed to improve the inter-view prediction efficiency. According to the
multiview geometry, the parameters of warping alignment model are first estimated by global
motion estimation, and then the reference images of adjacent views are warped to the coding
image in the current view. Multiview image inpaintings are used to fill the blank holes in the
warped images. The inpainted images are fed into the coding buffer as prediction reference
images. To further improve the prediction efficiency of the warping aligned images,
multi-hypothesis disparity predictions are used to build the jointly optimized weighting
prediction signals. The experimental results illustrate that the proposed method can promote the
view sequence coding performance efficiently.

Secondly, rapidly random access to some data section in the compressed stream can
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guarantee the interactive feature in the video application. In current multiview video coding,
more dependencies between frames occurred after introducing the inter-view prediction, and
the random access to the compressed stream is correspondingly becoming very difficult. To
solve the trade-off between the coding efficiency and random access, the corresponding
methods are proposed to improve the performances of different kinds of random access. For
temporal random access, a flexible view-temporal prediction structure regulating algorithm is
proposed to improve the temporal random access ability. According to the random access
constraint, the proposed algorithm can find the optimal view-temporal prediction structure to
guarantee the optimal trade-off between the coding efficiency and temporal random access
ability. For the view random access, the method of regulating inter-view prediction structure
and the method of secondary representation coding are proposed to improve view random
access ability. For view dimension coding, this thesis proposes three coding methods:
interleaved view coding, view dimension coding using SP/SI frames, and secondary
representation coding. These coding methods can improve the view random access ability
while keeping higher coding performance. For the spatial random access, a novel multi-view
video coding method is proposed to support spatial random access functionality. In this
method, an independent space-time cube coding is used to limit the scope of inter-frame
prediction, therefore random access of specific regions in the compressed data of a picture can
be accelerated.

Thirdly, in multiview video system, the virtual view is generally synthesized by the
compressed video and depth. The compression has a great effect on the virtual view synthesis.
The effect of compression of texture and depth on the view synthesis quality is quantitative
analyzed in this thesis. The depth error introduced by depth compression can cause the pixel
position warping errors, and the compression-induced video intensity errors will transferred to
the virtual view. Taking regard the virtual view synthesis as a linear view interpolation problem
in mathematics, an upper bound of compression-induced view synthesis distortion is derived.
The derived distortion upper bound depends on the depth-loss-induced pixel warping error and
video-compression-induced intensity loss. Experimental results show that the proposed view
synthesis distortion bound can approximately reflect the virtual view quality.

Fourthly, in multiview video and depth coding, the rate allocation between video and
depth has a great effect on the virtual view quality. In this thesis, a view synthesis distortion
model is proposed for joint video/depth rate allocation after investigating the effect of
compression on view synthesis. The proposed distortion model is an additive model which
accounts for the video-coding-induced distortion and the depth-quantization-induced distortion,
as well as the inherent geometry distortion. Depth-quantization-induced distortion not only

considers the warping error distortion, which is described by a piecewise linear model with the
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video power spectral property, but also takes into account the warping error correlation
distortion between two sources reference views. Geometry distortion is approximated from that
of the adjacent view synthesis. According to the proposed distortion model, the synthesized
view can be efficiently evaluated without access to the captured original view. Based on the
proposed distortion model, a joint rate allocation method is proposed to seek the optimal
trade-off between video bit-rate and depth bit-rate for maximizing the view synthesis quality.
Experimental results show that the proposed distortion model is capable of approximately
estimating the actual distortion for the synthesized view, and that the proposed rate allocation
method can almost achieve the identical rate allocation performance as the full-search method
at less computational cost. Moreover, the proposed rate allocation method consumes less
computational cost than the hierarchical-search method at high bit-rates while providing almost
the equivalent rate allocation performance.

Fifthly, how to provide a reasonable source coding rate to adapt to the channel bandwidth
is a rate control problem which must be conquered in 3D video application. The existing rate
control algorithms mainly focus on the 2D video coding. To provide a constant bit-rate control
algorithm for 3D video services, this thesis first utilizes an image-stitching method to
simultaneously encode video and depth, and then proposes a joint rate control algorithm for
MVD. The proposed algorithm consists of three levels to achieve the accurate rate control. In
the view level, different proportions of rates are allocated for different types of views. In the
video/depth level, the target rates for video and depth are discriminatorily assigned to guarantee
the high quality of video for the backward-compatible display. In the frame level, hierarchical
rate allocation is used to regulate the target bits for each frame. In addition to the above
mentioned rate control strategies, according to the special characteristics of multiview
hypothetical reference decoder (HRD), the buffer-related rate control is also considered to
prevent the decoder buffer from overflow or underflow even outputting multiple views.
Experimental results show that the proposed rate control technique can accurately control the
bit-rate to satisfy the requirement of 3D video systems.

Keywords: Multiview video, multiview depth, video coding, random access, joint video/depth
rate allocation, joint video/depth rate control



