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Research of key problems on video coding and streaming
Jun Sun  (Computer Application)
Directed By Wen Gao

With the development of network technology, Internet has transformed our lives and the way
we communicate, how we learn, how we work and spend free time, in essence — it has more or
less changed every aspect of human society one can think of. Since video is one of the most
compelling ways to present information, video steaming is expected to dominate the future
network traffic, satisfying people’s immediate requirements of study and entertainment. However,
video streaming on Internet have some new challenges on video compression and network
transmission. First, video compression for streaming should be adaptive on quality of service to
satisfy people’s different requirements on quality, delay and interaction. Second, video streaming
over Internet should provide congestion control, bandwidth adaptation and video smoothing. Third,
video compression should support different decoder capacity and different requirements of play
back. All these factors require the cooperation of video compression and network scheduling to
satisfy different needs of streaming applications. Scalable video coding (such as MPEG-4 FGS
and JVT SVC) and streaming is one of the most promising technologies. In this thesis, we
investigate the key problem of scalable video coding and streaming: rate-distortion analysis and
approximation, with which we also design some simple and effective smooth quality
reconstruction algorithms of video streaming. The main contributions of this thesis are as follows:

Generalized Gaussian distribution (GGD) is a nice model for the DCT
coefficients and wavelet coefficients in theory and practice. With information and
quantization theory, we mathematically prove that the derivative of GGD
distortion-rate function exists and is not related to the variance of the distribution. So
if we gain the relation between the the derivative of GGD distortion-rate function and
the GGD shape parameter, then we can reconstruct the rate-distortion function.

The bitplane-based FGS of MPEG-4 has been accepted as a standard coding tool
for video streaming applications. To support smooth quality reconstruction under
multiple rate constraints of transmission, it’s important to obtain the actual
rate-distortion (R-D) function or distortion-rate function of each enhancement layer
(EL) frame. In this thesis, firstly, we introduce generalized Gaussian distributions to
model the distributions of DCT coefficients of an EL frame. Then, according to
quantization theory, we analyze the distortion-rate function of the generalized
Gaussian model, with which we conclude that for the actual FGS coding, the
derivative of actual distortion-rate function usually decreases continuously as the rate
increases, and then begins to increase slowly at a comparatively high bit rate. Finally,
guided by the above observations, an effective and flexible R-D model is proposed to
approximate the actual rate-distortion function. Extensive experiments show the
effective and accuracy of our proposed R-D model.
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Recently, scalable video coding (SVC) with motion compensated temporal
filtering (MCTF) has been a focus of research and application. In this thesis, we also
utilize generalized Gaussian distributions to model the transform coefficients of the
quality enhancement layer (EL) in SVC coding. Then according to the quantization
scheme of SVC quality EL, we analyze the GGD distortion-rate function, with which
we conclude that for the actual SVC coding, the derivative of actual distortion-rate
function usually decreases continuously as the rate increases, and on less occasion,
that the derivative of actual distortion-rate function increases as the rate increases
when the GGD-estimated shape parameters of the transform coefficients are all large.
Since the above FGS R-D model can simulate all these two properties, we also use it
to model the rate-distortion function of SVC coding. Recent experiments show the
effective and accuracy of the R-D model.

Based on our R-D model, we proposed a simple and fast algorithm for constant
quality reconstruction of scalable video. The algorithm first calculates the average
distortion D with uniform bit rate allocation R, then calculates the initial bit rate

allocation using the rate-distortion function R (D), at last gets the actual transmitting

bit rate though tuning the difference between the target bit rate R and the initial

allocated bit rate +>" R/(D). The algorithm doesn’t need any search operation. The

computation complexity of the proposed algorithm is O(N). Extensive experiments on
MPEG-4 FGS and JVT SVC videos show the efficiency and effective of our

algorithm.

To further simplify the real-time schedule for constant quality streaming, we propose a FGS
two-layer quality smooth algorithm. In base layer (BL), we design an accurate constant quality
coding algorithm to realize the smoothing of BL quality. After that a weight is assigned to each
frame of FGS enhancement layer (EL), then a simple but effective weight-based rate allocation of
the EL is proposed for constant quality streaming. Experiments show the efficiency of our simple
method.

Keywords: Statistical model, Rate-distortion function, scalable video coding, FGS, SVC, Smooth

algorithm
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