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Abstract

With the advance of computer and display technologies of today,
stereo digital video will take the place of HDTV and become the main
stream of next digital video generation and one important content in
multimedia communication in soon future. However, the data needed to
be transmitted and stored of stereo video is multi-fold more than that of
monoscopic video. In order to transmit stereo video signal in limited
bandwidth, taking advantages of co-relationship between the stereo
streams to improve the coding efficiencies becomes the major stereo
video research direction of today .

Much more redundancies are added since another video stream is
added. With this fact and the stereo mask characters of human visual
system, it is possible that many frames in the stereo video sequences are
neither coded nor transmitted at the coder and are reconstructed at the
decoder directly. This will greatly improve the coding speed and
compression rate of stereo video, and decrease the additional bandwidth
needed to transmit the auxiliary stream. In this dissertation, we study the
frame estimation and interpolation algorithms in the aim of increase the
image distortion performance and reconstruction speed, we also study
how to improve coding effecience of stereo video, some improvements
and creativeness are made correspondly.

We firstly analyze various factors that affect the frame estimation
and interpolation performance, experimental results and discussions
given to the conventional algorithm—Fixed Size Block Matching based
algorithm (FSBM) indicate that, the key of improving estimation
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precision is to solve the motion matching and occlusion issues in the
moving areas, the key of improving reconstruction speed is to improve
the motion estimation speed. Accordingly, a computationally efficient
irregular multi-resolution quadtree decomposition based motion
estimation and segmentation scheme is developed (IMRQT), this
technique do segmentation jointly with motion estimation, which avoids
the block disturbing greatly, and the motion details are maintained as well.
Multi-resolution struts are used in the processing to reduce the computation
burden significantly. Based on the results of IMRQT, a novel stereo frame
estimation and interpolation method that treat the reconstructed images as
motion match areas and motion mismatch areas distinguishly is proposed,
different prediction and filling methods are given to these two kinds of areas
accordingly. Compared with FSBM algorithm, about 20 folds of
reconstructing speeds are improved and the PSNR is about 1.27dB~3dB
higher, t what’s more, better estimation precision and finer visual
perceptions are achieved using our novel algorithm.

Scince the above two algirithms need do motion and disparity
~ estimation at the decoder, the improvement of frame reconstruction
speed is limitted. Thus in this dissertation, according to the stereo
perspective projection geometry, the mapping relationship between
disparity vector fields and motion vector fields of neighbor frames in a
stereo video streams is deduced. This relationship is used in the frame
estimation techniques and a nervs algorithm which is called stereo
frame estimation and interpolation based motion/disparity function and
the least cost function (MDR_LCF) is proposed, in which the mapping
location and intensity estimations of those pixels in the un-disparity-
occluded areas can be acquired with the relationship of motion and
disparity vectors; the others are seemed to be in the disparity occluded

VI
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fields, and a cost function is constructed with a (suitable reliable
detection method asLociate with the features and constrain conditions in

the disparity occluded fields, the corresponding motion vectors of pixels
in occluded areas are estimated with those vectors acquired in the
neighbor unocclouded areas, after mapping with selected motion vectors,
intensity estimation of disparity occluded pixels are achieved. This
algorithm can avoid motion and disparity estimation at the decoder and
can acquire good image quality.

In order to improved the robust of frame estimation, and make use
of those coded and transmitted motion and disparity vector fields
associated with reference frames at the decoder, another technique
called combined MDR_LCF (CMDR_LCF) algorithm is proposed.

One precondition of utilizing CMDR_LCF is it is necessary to label
the disparity occluded and unoccluded areas premeditatedly and processes
them distinguishly. So as to those disparity fields achieved with algorithms
based block, we propose a stereo frame estimation algorithm without
occlusion detection — advanced CMDR_LCF algorithm.

Experimental results show that, as to the PSNR results of
reconstructed images, compared with the FSBM algorithm, 2.5dB is
improved using the CMDR_LCF algorithm; 3dB is improved using the
advanced CMDR_LCF algorithm. Moreover, since the computation of
motion and disparity can be avoided taking use of motion and disparity
vectors at the decoder, reconstruction speeds can be improved about 60
folds compared with FSBM algorithm.

Cooperating with the previous works of our research projection, a
high efficiency stereo video coding/decoding system compatible with
the monoscopic coding standard is constructed. In which one video stream
is coded in a higher image quality and is called as main stream; the other

Vil
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video stream is called auxiliary stream and only a few frames of it are coded
and transmitted, the others are “skipped” at the coder, and reconstructed at
the decoder with a stereo frame estimation and interpolation algorithms.
Experimental results show that, the stream data needed to be transmitted in
the stereo digital video is about 1.5~1.3 folds over that of monocular digital
video and have favorable 3D visual perception..

The essential deference between the stereo and monocular images
makes the evaluation of a stereo image pair using only PSNR be
insufficient. Thus a disparity similarity detection evaluation between
reconstructed stereo image pairs and original pairs is proposed in this
dissertation. Performances of different stereo frame estimation and
interpolation algorithms are reflected through the comparison of
similarity degree between different disparity fields associate with
reconstructed and original stereo pairs.

As an expanding of stereo frame estimation and interpolation, the
mid-view image creation and interpolation combined with image
segmentation techniques is studied in this dissertation. A disparity
calibration jointed with area segmentation technique is also proposed,
which can emend disparity fields containing a lot of error matching.
This technique can not only smooth the total disparity fields, but also
detect the disparity vectors with larger errors and do emendation with
them. Jointed with this disparity calibration technique, a fast mid-view
image creation and interpolation algorithm intruduced, this technique
can synthesize mid-view images rapidly, and has low computation
complexion and favorable interpolation visual efficiency.

Key words stereo video coding, frame estimation and interpolation, quatra-

tree segmentation, mid-view interpolation
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