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Research on motion compensated prediction and spatial scalable video coding
techniques

Debing Liu (Computer Application Technology)
Directed By Prof. Wen Gao

Video is vivid and it contains much information, which makes it to be an ideal media
for information distribution. Since original video data is too large to save or transmit,
video coding techniques become very important and valuable. With the rapid
development of Internet, WLANs and 3G mobile telecommunication systems,
enjoying video online become a big opportunity for media business. It’s also a big
challenge to make people to share the video online as many as possible. The idea of
scalable video coding has gotten much attention for its high coding efficiency and
adaptability to bandwidth change. In this paper, we will firstly discuss a new motion
compensated prediction scheme. It can improve the coding efficiency greatly for the
sequences that have abruptly luminance intensity change inter frames. After that, we
will focus on the spatial scalable video coding. A new coding framework based on
combined motion estimation is proposed and a new method using DCT coefficients
division to realize spatial scalability is introduced. The main contributions of this
paper are listed as follows:

1. It proposes new motion compensated prediction scheme adaptive for inter frame
luminance intensity change.
Motion compensated prediction (MCP) is one of the most important techniques of
video coding. The main international video coding standards such as MPEG and
H.26x have their own MCP component. Most of them are realized based on SAD
block match. When inter frame luminance intensity changes abruptly, the SAD
block match won’t work well. It will influence the Motion estimation and then
result in the coding efficiency dropping. Many researchers have investigated to
solve the problem. But most of them aim at the luminance change of scene
transition, so the methods they proposed are effective for global uniform
luminance change. We propose a new method which is applied on macro block
level. Either uniform or non-uniform luminance change can be well processed. It
can smooth the frame rate and improve the coding efficiency greatly for the
sequences that have abrupt luminance intensity change inter frames.

2. It proposes a new framework for spatial scalable video coding based on
combined motion estimation.



Video stream mainly includes three kinds of data: motion vectors, mode
selections and residual coefficients. While realizing a spatial scalable video
coding scheme, there is much redundancy between the base and enhancement
layer in those three aspects. The goal of spatial scalable video coding is to
decrease the redundancy as much as possible. MPEG-2 spatial scalable video
coding framework is one of the most popular frameworks in video coding field.
It’s simple and effective which makes it to be used widely. Many methods have
derived from it. But it only partly decreases the residual coefficients redundancy,
so its coding efficiency is not high. We propose a new spatial scalable video
coding framework which combines the base and enhancement layer to do motion
estimation. It only generates one set of motion vector and mode selection.
Moreover, the base layer reconstructed picture is used for one of the predictions
of the enhancement layer. Thus it can decrease all the three kinds of redundancies
and then improve the coding efficiency greatly.

It proposes new method to generate one of the predictions of enhancement layer
based on combining base and enhancement layer in frequency field.

In MPEG-2 spatial scalable video coding framework, there are three predictions
for enhancement layer. The first is generated from the intra or inter predication of
the enhancement layer itself; the second comes from the up-sampled base layer
reconstructed picture and the last is the average combine of the former two
predictions in pixel domain. It is the second and the last predictions that make the
redundancy between the base and enhancement layer decreased. It should be
noted that the last prediction is a little reduplicate with the former two, so its
prediction efficiency is not so good. Because the coded picture of base layer is
generated from the enhancement layer with some high frequency information
being erased, we can keep the base layer reconstructed picture as low frequency
part and combine the high frequency part of enhancement layer. Thus we can get
a picture which has all the frequency information. The coding efficiency is
improved when use the new generated picture to replace the last prediction.

It proposes new spatial scalable video coding scheme based on DCT coefficients
division.

There is an important feature for standard DCT (Discrete Cosine Transform).
That is after an NxN DCT on an NxN block of picture, take its up-left MxM
coefficients, multiply a scale factor M/N and apply an MxM reverse DCT on it,
we can get an MxM picture which is the down-sampled picture of the original



NxN picture. This feature is often used to down sample picture and is widely
utilized in video transcoding field. We can use this feature to realize the video
spatial scalability. After a DCT on the residual coefficients, encoding its up-left
MxM coefficients in base layer and the rest in enhancement layer, thus the spatial
scalability is realized. It’s simple and effective. The Key problem is how to select
the reference picture. If the base layer reconstructed picture is up-sampled for
reference, the enhancement layer coding efficiency will drop greatly. While if the
enhancement layer reconstructed picture is used for reference, the terminals
which only get the base layer stream will mismatch in decoder (drifting error).
We set a threshold to control the drifting error. When the drifting error is below
the threshold, it uses the enhancement layer as the reference to improve the
coding efficiency; if the drifting error is above the threshold, it uses the base layer
as the reference to recover.
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