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ABSTRACT

Study on Rate-Distortion Model and Its Applications on Video
Coding

Hongfei Fan (Computer Application Technology)
Directed by Xiaodong Xie

ABSTRACT

With the approach of the times of multimedia and artificial intelligence, images and
videos become a more and more popular way for communication. Besides traditional
applications like broadcasting, network video, video conference, surveillance videos and so
on, new artificial intelligence applications including detection, retrieval, behavior
recognition and so on also depend on videos and images. At the same time, the number of
video data are increasing dramatically which lead to the requirements of more and more
efficient video coding algorithms. Human beings have entered the era of big data. Under
such backgrounds, video coding standards have gone through the replacement, evolution,
and development of several generations in the past few decades to improve the coding
efficiency and meet the demands of applications. However, there is still a lot of challenge on
the applications of video coding techniques nowadays. How to develop a high efficiency
codec with low computational complexity is the most important research topic. Some
solutions are not robust under different situations mainly because of the lack of theoretical
analysis. Based on the mentioned backgrounds, in this research we focus on how to design
high efficiency algorithm with robust coding performance or fast algorithm to reduce the
coding complexity by theoretical analysis of video coding. We solve this problem by using
rate-distortion modeling and estimation on zero block detection, joint rate allocation, and
perceptual based rate allocation on macro blocks. The main contribution of this paper
includes,

Firstly, this paper analyze the the process of rate distortion optimization of video coding
by information theory and rate-distortion theory. The theoretical basis of rate distortion
optimization is described and the relationship among A, QP, rate and distortion are derived.
We explain the derivation of related rate-distortion modeling and estimating methods
theoretically. In this paper, we derive a rate-distortion model for joint sequences and a rate-
perceptual-distortion model. We also propose a better parameter estimation method for
rate-distortion model. Besides, we propose a rate and distortion estimation method for
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HEVC. Based on the mentioned contribution, we solve the problems of related hybrid zero
blocks detection methods, rate-distortion based joint rate allocation methods, and perceptual
based rate allocation on macro blocks methods.

Secondly, the dilemma of related zero blocks detection methods are analyzed. To
overcome this problem, we propose a hybrid zero blocks detection method in which we
detect zero blocks by three phases: detection after integer motion estimation, detection after
fractional motion estimation, and detection after DCT. The third phase is derived by the
mentioned rate-distortion estimation methods. Meanwhile, the proposed detection method
only takes little computational costs. According to the results, the proposed hybrid zero
blocks detection method can achieve 47.68% time savings of the whole encoder while a
BDrate loss of 0.67%. On the comparison, the related method can achieve 35.45% time
savings of the whole encoder while a BDrate loss of 0.51%. We can draw a conclusion that
the proposed hybrid zero blocks detection method can achieve a much higher time saving
with a similar loss and the dilemma of related zero blocks detection methods can be solved.

Thirdly, we analyze the bottle neck of related joint rate allocation methods to minimize
the variance of distortion among different sequences. In order to break the bottle neck of the
related methods, we derive a joint rate-distortion model and then derive a rate-distortion
based joint rate allocation methods. We also use inverse function model and hyperbolic
function model in our proposed scheme to derive two different allocation methods.
According to the results, our proposed scheme can increase the performance by 75.29% than
the related allocation scheme. The computational cost of the proposed method is also
analyzed. The relationship between computational costs with the number of sequences is
linear which means the computational cost can be negligible.

Fourthly, we analyze the shortcoming of related perceptual based rate allocation on
macro blocks methods. There is no target function of the related methods and it is difficult to
combine rate control scheme with related methods together. To solve this problem, we
propose a low complexity perceptual based video quality assessment at first. Based on this
proposed assessment, we derive a perceptual based rate allocation method by rate-distortion
models. From the experimental results, our algorithm not only has a better quality but also
works well with other rate control schemes. When the LCU rate control is turned on, the
error between allocated bitrate and actual bitrate is 1.27%. Meanwhile, the error is 1.20%
when the proposed allocation scheme is used, and the error is 1.82% and 1.90% when the
allocation scheme given in [52] and [55] are used, respectively. Our allocation scheme can

perfectly match the rate control algorithm and has nearly no effect to rate control. According
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to the analysis, the proposed allocation method has a low computational complexity. The
allocation method can work with different video quality assessments without the concerning
of extra computational cost from the allocation part.

In summary, this paper focuses on how to design high efficiency algorithm with robust
coding performance or fast algorithm to reduce the coding complexity by theoretical analysis
of video coding. To overcome the dilemma of related zero blocks detection methods, we use
rate-distortion estimation to derive a hybrid zero block detection method. We also derive a
rate-distortion based joint rate allocation method by using rate-distortion modeling, and the
efficiency can be significantly improved. At last, we propose a perceptual based rate
allocation on macro blocks method and the proposed method not only has a better quality but

also works well with other rate control schemes.

KEY WORDS: Video coding, Rate-distortion modeling, Zero block detection, Joint rate
allocation, Perceptual based rate allocation



