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ABSTRACT

With the fast development of video industry, the video content is growing rapidly and the
video resolution is getting higher and higher. Video compression is always an important
research topic due to the limited storage capacity and bandwidth. Since the eighties, many
international video coding standard (including the widely used MPEG-2 and H.264/AVC)
have been published, constantly refreshing the upper bound of coding performance. In year
2013, High Efficiency Video Coding (HEVC) standard was published as the new generation
of video coding standard. It nearly double upgraded the coding performance compared to
H.264/AVC, because of the new coding techniques, e.g. large block partition and more coding
modes. However, in the mobile Internet era, real-time video coding is another main factor
which affects the user experience except compression performance. For HEVC, the high
coding performance is achieved with the expense of coding complexity increment. Therefore,
there is still a long way to meet the market demand of real-time HEVC coding.

In recent years, with the improvement of general purpose GPU computing power, GPU
gradually transformed into a coprocessor, assisting CPU to complete high-performance
parallel computing. With low-cost, low-power and lightweight processor array, GPU is
superior to CPU in parallel computing capability. Therefore, CPU-GPU based parallel
computing framework is widely used in data-intensive applications such as machine learning,
numerical analysis, video encoding and so on.

Based on the current bottlenecks of HEVC development, and GPU development
background, this paper researches HEVC video encoding optimization from two aspects:
coding complexity optimization and parallel encoder acceleration. In coding optimization, this
paper analyses the space for HEVC encoding complexity optimization, and proposes an
efficient HEVC performance optimization algorithm. In parallel encoder acceleration, based
on the CPU-GPU heterogeneous platforms, an efficient inter and intra parallel HEVC coding

framework is proposed.
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At first, considering coding complexity optimization, we start from HEVC motion vector
coding. Based on the correlation of HEVC motion vector complexity and rate-distortion
performance, we proposed a progressive motion vector resolution algorithm. Firstly, 1/8 pixel
motion vector accuracy is introduced in the algorithm. Then 1/4 pixel and 1/8 pixel pixel
motion vector accuracy are limited in a square area around the MVP, respectively. Moreover,
based on limited motion vector area, a piecewise MVD derivation method is applied to code
the MVD efficiently. Without losing the amount of information, this method reduces the MVD
amplitude, thus saving the MVD coding bit rate. Experimental results show that the proposed
algorithm can reduce the encoding complexity, while achieving significant coding
performance compared to the HEVC reference software.

Secondly, a CPU-GPU parallel based fast inter prediction algorithm for HEVC is
proposed. The motion estimation and interpolation module of HEVC is accelerated using GPU,
and the returned results are used for fast mode decision on CPU side. Specifically, the inter-
parallel algorithms include the following aspects: 1) flexible CTU window based CPU-GPU
pipeline. The advantage of this approach is to make the GPU parallel computing capacity
configurable and easy to transplant. 2) temporal correlation based CTU-level MVP derivation;
3) low complexity GPU-side thread allocation and fast SAD generation for variable blocks. 4)
GPU returned information assisted mode decision. Experimental results show that the
algorithm can reduce HEVC coding complexity significantly with acceptable coding
performance loss.

Finally, a CPU-GPU parallel based fast intra prediction algorithm for HEVC is proposed.
The algorithm includes the following two aspects: 1) parallel GPU intra prediction; 2) fast CU
partition decision based on parallel gradient calculation. For 1), intra prediction is processed
on the original frame to get rid of block dependency. To avoid branch when fetching intra
reference sample, a reference-sample offset table is constructed to support fast reference
acquisition. In addition, for different block sizes, customized low latency thread allocation
strategy are designed to minimize GPU computing delay. For 2), before encoding a frame, a
parallel GPU texture complexity assess procedure is launched for the entire frame. Base on
the GPU-returned texture gradients, we propose a fast CU partition decision method.
Experimental results show that the proposed intra CPU-GPU parallel algorithms can
significantly reduce HEVC intra coding complexity.
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