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The advances in video coding technology and standardization along with the
improvements of network infrastructures and the increasing growth of computing
power are bringing digital video into our daily lives. Application areas today range
from multimedia messaging, video telephony, and video conferencing over mobile
TV, wireless and Internet video streaming to standard- and high-definition TV
broadcasting. An attractive solution to these challenging modern video applications is
scalable video coding (SVC) with temporal, spatial, and quality scalability. SNR
scalability is particularly desirable for video transmission over Internet and wireless
networks with unpredictable bandwidth variations and relatively high packet loss rate.
Nowadays, there are more and more requirements for real time video communications
applications that demand low delay to ensure good interactions among the participants
and viewers with satisfying video quality. Besides, the interlaced scanning technology
has persisted in many camera and display designs, and the interlaced video contents
are still widely used in digital TV broadcast and storage applications. Therefore, in
this thesis, we study how to enhance SNR scalability with high coding performance
and strong error resilience for low-delay applications and interlaced video coding. The
main contributions of this thesis are as follows:

Based on the in-depth study for the current FGS coding techniques in MPEG-4 and
SVC, an enhanced SNR scalable coding scheme (CFGS, Cycle-based FGS) is
developed. For low-dealy applications, as in AR-FGS, an adaptive reference is used in
CFGS to perform motion compensation in the SNR enhancement layer. However, the
inherent error drifting problem of AR-FGS inhibits its further improvement of coding
performance. Theoretical analysis and experimental results show that the contribution
of high-frequency data to coding efficiency is limited, and the data with high cycle
index is more inclined to get truncated and result in error drifting and low coding
performance. Considering the priorities among those cycles of the SNR enhancement
layer and their contributions to the quality of the generated prediction picture, high
(low) leaky parameters (not larger than 1) are set for relatively low (high) cycles to
selectively form the adaptive reference with base layer data. In this way, CFGS can
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flexibly balances between the compression efficiency and error robustness. With
better coding performance and stronger error resilience, CFGS is more suitable for
Internet and wireless video streaming applications with low-delay demand.

Based on a detailed analysis on the features of interlaced video sequences and the
prediction/decomposition scheme in SVC, an improved FGS coding scheme for
interlaced SVC is realized. Although the decomposition architecture of MCTF or the
prediction structure of hierarchical B in SVC can efficiently reduce the temporal
redundancy among the non-key fields as done for progressive sequences; the temporal
correlations between the key fields in each GOP, especially those between the top and
bottom fields in the same frame, can not be exploited efficiently. To solve this, an
improved interlaced FGS coding scheme is proposed, which perform open-loop
prediction with higher-quality references when coding the base layer of the key fields,
instead of close-loop prediction with lower-quality references. In this way, the coding
efficiency can be significantly improved; but in order to keep the error resilience, only
half key fields predict in open loop, while the other half in close loop to prevent the
possible error drifting. Moreover, besides achieving higher coding efficiency without
adding any encoding/decoding complexity, this proposed scheme can also provide
additional temporal scalability.

To sum up, in this paper, based on the new developed Scalable Video Coding scheme,
two high efficient FGS coding techniques are proposed to suit appropriate important
application scenarios. The enhanced FGS coding methods can more flexibly adapt to
the changing network, and provide better coding quality and stronger error robustness.

Keywords: FGS, SVC, SNR scalability, error robustness, low delay, partial/complete
reconstruction, interlaced coding



