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Summary of thesis contents

Video is becoming more and more popular. Traditional video streaming only allows users
passively receive and playback the video, without any freedom to select the viewing angles. But
users tend to change the viewing angles during the video playback especially when watching the
sports events, etc. How to provide users the freedom to select favorite viewing angles becomes
an important issue.

Interactive multi-view video streaming (IMVS), which offers viewers the freedom to switch
to a desired neighboring captured view periodically, and free viewpoint video streaming (FVV),
which offers viewers the freedom to choose any viewing angle between the left-most and
right-most camera are two types of multi-view video streaming, which could satisfy users’ view
switch requests. By providing users this freedom, multi-view video is fast becoming the core
technology for a number of emerging applications such as free viewpoint TV and is expected to
be the next generation of visual communication. One fundamental research problem to achieve
these applications is how to deliver the video contents over the networks. The challenges exist in
the network channels’ unavoidable packet losses, video’s playback deadline, the impracticality of
retransmission on a per packet, per client basis besides how to satisfy users’ view switch requests
in an efficient manner.

This dissertation focuses on the application-level streaming optimization and discusses
how to deliver the multi-view video over lossy networks considering video encoding methods,
frame error concealments which are the works in the signal processing community at the
application layer and streaming protocols, cooperative strategies which are the works in the
communication community at the network transport layer.

Specifically, to alleviate the wireless packet loss problem, cooperative peer recovery
(CPR) for multi-view video multicast was proposed. CPR calls for multi-homed devices listening
to the same video multicast to locally exchange received WWAN packets via a secondary
network like ad hoc wireless local area network (WLAN) to alleviate individual WWAN packet
losses without asking the server to do retransmission. The decision process for individual peers
during CPR for recovery of multi-view video content was optimized using Markov decision
process (MDP) as a mathematical formalism, so that a loss-stricken peer can then either recover
using received CPR packets of the same view, or using packets of two adjacent views and
subsequent view interpolation via image-based rendering. In particular, for each available
transmission opportunity, a peer decides—using MDP as a mathematical formalism—whether to
transmit, and if so, how the CPR packet should be encoded using structured network coding
(SNC).

In addition to the loss-resilient aspect during network streaming, we also address how to
design efficient coding tools and optimize frame structure for transmission to facilitate view
switching and contain error propagation in differentially coded video due to packet losses by
using a new unified distributed source coding (uDSC) frame. After inserting uDSC-frames into
the coding structure, we schedule packets for network transmission in a rate-distortion optimal
manner for both wireless multicast and wired unicast streaming scenarios. For wireless multicast
over a Gilbert-Elliott loss model, frames in a group of pictures are packetized and reordered, so
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that uDSC frames are correctly decoded with high probability, mitigating error propagation. For
wired unicast, we use a Markov decision process to optimize packet transmission to minimize
expected distortion given a bandwidth constraint.

During FVV wireless network transmission, burst packet losses can corrupt the
transmitted texture and depth videos and degrade the synthesized view quality at the client. Since
two network paths suffer burst packet losses at the same time is very unluckily, we proposed to
encode the texture and depth signals of two camera captured viewpoints into two independently
decodeable descriptions for transmission over two disjoint wireless network paths. We designed a
novel missing frames recovery scheme using frames in the received description by exploiting the
temporal and inter-view correlation of the transmitted viewpoints. Near-optimal source and
channel coding rates for each description are selected using a branch-and bound method, for the
given transmission bandwidth on each path.

Extensive experiments for these three proposed solutions were conducted. The simulation
results showed the proposed schemes’ outperformance over the competing schemes in typical
network scenario, which indicates that the proposed error-resilient multi-view video streaming
schemes will not only enable users enjoy better multi-view video services in term of the better
received video quality.
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