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ABSTRACT

In throughout the vigorous development of digital television, new generation wireless
communication, broadband network, home consumer electronics, the generic
technology of these high-tech industries focus on the processing of multimedia
information with audio/video as the main content. With the demand of digitizing those
large scale of multimedia information, especially the video data, the video compression
technology and the video application have gone through a rapid development recently.
The emerging digital video coding standards, such as H.264/AVC and AVS/AVS+, can
achieve 2~3 times coding efficiency compared with all the previous coding standards.
But the improvement is achieved at the expense of high computational complexity.
At the moment, general purpose processor can not meet the real-time requirement of
new standards and very large integrated circuit (VLSI) has become the first choice for
the implementation of high performance video encoder. Hence, hardware-oriented
coding algorithms and VLSI architectures have become more and more important.
This paper targets on the research of video coding technology, including high
performance motion estimation and video coding SoC architecture. In order to obtain a
good balance among hardware resource consumption (including memory bandwidth,
silicon area etc.), coding efficiency and system throughput requirements, this paper
proposed a series of hardware-oriented algorithms and corresponding VLSI
architectures based on the characteristic of motion estimation and video coding
algorithm.

This paper includes the following work:

1) Computation-Constrained Dynamic Search Range (CDSR) algorithm. In order to
achieve computational complexity reduction and computing resource allocation for
motion estimation, this paper proposed a computation-constrained dynamic search
range (CDSR) algorithm which includes PMV error evaluation algorithm, SR and
MVD distribution model, motion estimation computation model and linear model
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2)

3)

4)

for computational complexity prediction. The CDSR algorithm can allocate the
computing resources according to the motion complexity in the current frame and
maximize the rate-distortion performance on a hardware platform with limited
computing resources. It can achieved about 0.1~ 0.3dB average PSNR improvement
when the computation consumption is restricted to a specific level as compared with
its equivalent Fixed SR algorithm and can achieve about 50%~90% computation
savings when compared to the benchmarks.

Binary Adaptive Luminance Mapping (BALM) algorithm. This paper proposed a
Binary Adaptive Luminance Mapping algorithm by using a dynamic mapping for
each block which is based on the local pixel correlation of an image and give an
architecture for its VLSI implementation. Experimental results show that our
proposed BALM achieves higher rate-distortion (RD) performance compared with
Bit Truncation (BT) algorithm and PSNR degradation is relatively small when NTB
<5 using our scheme. And, the NTB4 BALM can achieve 37.41% silicon area
saving and power consumption reduction with just PSNR loss of 0.1 dB in our
proposed IME architecture.

High Performance Multi-Resolution Motion Estimation Algorithm (MMEA) and
its VLSI architecture. In order to reduce the complexity for motion estimation, a
hardware-oriented high performance Multi-Resolution Motion Estimation
Algorithm and its VLSI architecture were proposed in this paper. The proposed
MMEA searches for the best integer MVs based on the idea of making an initial
estimate at the coarse level (resolution) and refining the estimate at the fine level.
The VLSI architecture adopt Level C+ data reuse strategy, Horizontal N Snake
Scanning (HnSS), re-configurable processing element (PE) array and
achieve a good balance among system throughput, external memory bandwidth and
silicon area. As a result, the proposed MMEA VLSI architecture can support real
time processing of 1080P@60fps with 2 reference frames at 200Mhz.

High definition video coding SoC architecture and high performance hybrid frame
and macroblock level video coding pipeline for AVS/AVS+ video coding standard.
This paper proposed an high definition video coding SoC architecture including
optimized software-hardware partition, hybrid video coding pipeline for
AVS/AVS+ under the constraints of algorithm performance, hardware resource,
system throughput. The proposed SoC architecture can support real time coding of
4 channel PAL/NTSC SD or 1 channel 1080i@60 HD AVS/AVS+ video stream
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with at working frequency of 170Mhz.
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