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With the rapid development of information technology, variety of video information has
become an indispensable part of people’s daily life. Video coding can compress video
information and decrease the amount of video data dramatically. Therefore, the technology of
video coding has become a central technology in multiple media industry. Nowadays, the
study on the next generation video coding standards has just been unfolding, and it is a hot
research topic with challenges and chances. In such a wave, the research on video coding

becomes more and more important both in academic and industry.

The research on efficient prediction algorithms takes a central role in the area of video
coding, because the prediction technology is one of the most important technologies in the
video coding system. Although many researchers have proposed variety of techniques to
improve prediction efficiency, there are still several shortcomings in existing methods. In
intra-prediction, the combination of prediction with other modules such as transform and
entropy coding has not been considered seriously. In addition, the coding method of the
prediction mode is not efficient enough. In inter-prediction, the correlation among residues
after inter-prediction has not been utilized sufficiently. Moreover, novel sub-pixel
interpolation techniques which can obtain high performance also introduce high complexity
as a disadvantage. In inter-layer prediction, spatial scalable video coding presents a significant
loss compared with single-layer video coding in some cases, due to the lack of determination
and treatment on the situation where the inter-layer prediction is inefficient.

Towards the above problems, we make several efforts on the study of intra-coding,
inter-coding and scalable coding around the theme of prediction in this dissertation. The main

contributions of this thesis are composed of:

1 Two innovations on efficient texture-based intra prediction coding

The first is a context-adaptive intra-prediction mode decision method. In state-of-art
video coding standards such as H.264/AVC, quite a number of intra-prediction modes are



utilized to make directional intra-prediction for Intra_4x4 blocks. Despite of the high
prediction efficiency, this brings forward two problems. On the one hand, more modes result
in high encoding complexity due to the RD decision procedure. On the other hand, more
modes require more overhead to convey the mode information, which restricts improvement
of coding efficiency. Towards these problems, we propose a context-adaptive intra-prediction
mode decision method. First, a Markov field model is built for intra-prediction modes. Then a
table structure is constructed based on this model. This model can be utilized in two
applications. On the one hand, it can be used in a fast encoding algorithm, which does not
change the syntax structure of H.264/AVC. On the other hand, it can be used to improve the
mode information coding, which should change the syntax structure. Experimental results
show that the proposed fast algorithm can save about half the encoding time while keeping
the PSNR loss less than 0.1dB in all I-frame coding. Moreover, the proposed high efficient
coding method can improve the PSNR up to 0.3dB.

The second is overlapped-block intra prediction and multiple model KLT. Intra-coding
plays an important role in video coding schemes and it has become a hot research topic of the
next generation video coding standard. In this thesis, we propose two techniques to improve
the efficiency of the prediction and the transform, respectively, for intra-coding. First, we
introduce an overlapped block intra-prediction (OBIP) method, which makes use of the intra
directional prediction modes of neighboring blocks as well as the mode of the current block. A
position dependent weighted sum of several possible predictors will be treated as the final
prediction. Second, we propose a multiple-model Karhunen-Loéve transform (MMKLT)
technique to further improve the mode dependent directional transform (MDDT) method.
More than one KLT will be trained offline for each intra-prediction mode based on residual
variances. Experimental results indicate that the proposed two methods together can achieve
an average bit-rate reduction about 11% compared with H.264 or 5% compared with MDDT

in all-intra coding.

2 Three innovations on efficient motion compensation-based inter prediction coding

The first is directional residue prediction with motion alignment for video coding.
Block-based motion compensation (MC) can reduce the temporal redundancy significantly
and plays a crucial role in predominant video coding standards. Although block-based MC
becomes more precise with the development of video coding technology, there is still some



redundancy between residues. To overcome this problem, some researchers attempted to
combine motion compensation with the intra-prediction adopted by H.264 recently. Although
these ideas inspire us, they have not shown an apparent gain yet. We propose a new technique
named directional residue prediction with motion alignment (DRP-MA), which also
introduces the concept of directional intra-prediction into the residual domain. Different from
existing methods, DRP-MA calculates motion-aligned neighboring residues, which are called
pseudo residues, to predict residues in the current block with directions. Accordingly, both the
optimized motion estimation (ME) strategy and the ad-hoc ME strategy are designed to take
advantage of the potential capability within DRP-MA. Experimental results show that
DRP-MA can achieve up to 20% bit-rate reduction in IPPP coding.

The second is a low complexity 1/8-pixel interpolation method. AVS-P2 utilizes a motion
compensation technique with 1/4 sub-pixel precision, which can be improved furthermore. In
this paper, we present a low complexity 1/8 sub-pixel interpolation method. 1/8 sub-pixels are
classified into two kinds and can be generated by using two types of FIR interpolation filters
respectively. The interpolation for 1/8 sub-pixels depends on integer pixels and 1/2 sub-pixels
only, without depending on 1/4 sub-pixels. Experimental results indicate that the proposed
method can save the bit-rate of AVS-P2 6% in average and up to 11.5%. Meanwhile, the
complexity only increases slightly. The proposed method has been adopted into the draft of

AVS for mobile applications.

The third is a single-pass based localized adaptive interpolation filter algorithm. Recently,
a very powerful coding tool named adaptive interpolation filtering (AIF) has been proposed to
hybrid video coding scheme. By introducing wiener filter into the fractional-pixel
interpolation procedure, AIF can decrease the inter-prediction error to its theoretical minimum,
so as to improve coding efficiency significantly. On the other hand, the training-based wiener
filter mechanism brings AIF an inherent multi-pass encoding structure, which imposes big
burdens on the encoder in terms of huge computational complexity and memory access. In
this thesis, we propose a single-pass based localized adaptive interpolation filter (SPL-AIF)
algorithm for video coding, which can reduce the complexity of AIF dramatically as well as
preserve its outstanding coding performance. As a motivation, we have observed that there is
a high correlation among optimal interpolation filters of consecutive frames, and different
regions in a frame often possess different statistic characteristics. We design the SPL-ALF
algorithm based to these phenomena. At first, a competitive filter set which includes optimal
interpolation filters of several previous frames as well as fixed H.264/AVC interpolation



filters is built up for the currently coding frame. Then a rate-distortion optimization (RDO)
criterion is used to select the most proper one at macro-block (MB) level. Finally, in order to
reduce overhead, a predictive coding method is used to compress the filter type for each MB.
Experimental results show that, by using the proposed algorithm, the encoding complexity
can be reduced largely and an average coding gain can also be obtained compared with the
multi-pass AIF. The proposed method has been adopted into the VCEG/KTA software.

3 One innovation on efficient optimization-based inter-layer prediction coding

We propose selective inter-layer prediction in scalable video coding. In the scalable video
coding (SVC) standard, spatial scalable coding outperforms simulcast coding when programs
with several display resolutions are needed. Nevertheless, it is not suitable for end devices
which only need the high resolution, due to a serious performance loss on the high spatial
layer compared with single layer coding. To tackle this dilemma, a selective inter-layer
prediction (SIP) method is presented in this thesis. SIP attains an optimal trade-off by
disabling inter-layer prediction on a set of selected frames. Theoretically, this selection can be
modeled as a 0-1 knapsack problem which can be solved by dynamic programming.
Experimental results show that the proposed method can achieve significant gains up to 1 dB
on the high spatial layer when the content of the low spatial layer is not needed, and can keep
the loss unapparent even when it is. The SIP method has been adopted into the SVC reference
software JSVM.

Keywords: Video coding, H.264/AVC, AVS, SVC, intra-prediction, inter-prediction,
inter-layer prediction, directional prediction, motion compensation, sub-pixel interpolation
filter



