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ABSTRACT

Streaming video to diverse users over heterogeneous networks is a challenging prob-

lem, and it is critical that video applications work well over wired and multi-hop

ad-hoc wireless networks. However, neither the network nor the application can

provide these assurances working independently of each other. In this thesis, we

look at the joint optimization of the video source coder, channel coder, and network

protocols for the robust transmission of video to heterogeneous users simultane-

ously. We view this problem as a Joint Source-Network Coding (JSNC) problem

and systematically investigate a set of schemes to carefully structure this interde-

pendence to maximize gains without limiting future flexibility and evolution. We

first investigate a fine grain adaptive forward error correction (FGA-FEC) scheme

for encoding and adapting a scalable video bitstream. Our FGA-FEC can encode

scalable video in such a way that both the embedded bitstream and the error con-

trol codes can be easily and precisely adapted in a multidimensional way to satisfy

diverse users without complex transcoding at intermediate nodes. We further gener-

alize this method to work in a multihop wireless network, where product codes and

bitstream adaptation are jointly optimized for both packet loss and bit error. To

improve the effective throughout of a wireless network, we proposed two link-layer

error protection schemes (header CRC and header FEC). A cross-layer two-stage

FEC scheme in cooperation with an enhanced MAC protocol (header CRC/FEC) is

then proposed to improve performance for multimedia data delivery. The proposed

scheme enables the joint optimization of protection strategies across the protocol

stack. To efficiently utilize one path of an overlay network, we propose an overlay

multi-hop FEC (OM-FEC) scheme that provides FEC encoding/decoding capabili-

ties at intermediate nodes. Based on the network conditions, the end-to-end overlay

path is partitioned into segments, and appropriate FEC codes are applied over those

segments. Finally, we investigate a distributed FGA-FEC algorithm to work on a

congested multihop network, where we do FGA-FEC adaptation whenever permit-

ted and do FGA-FEC decode/recode at edge nodes of congested links.
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