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Study on Key Techniques for Video Deinterlacing

Qian Huang (Computer Application Technology)
Supervised by Professor Wen Gao

Video deinterlacing, which converts the widely used interlaced scanning format in television
systems to the progressive scanning format, devotes to improving the subjective experience of the
human visual system or machine visual system. Research on video deinterlacing involves
analyzing and understanding moving pictures, as well as synthesizing methods in digital video
signal processing, pattern recognition, and computer vision. At the same time, the development of
video deinterlacing techniques has also an impulse on corresponding scientific domains. In
addition, the deinterlacing techniques also support the research on video compression and video
surveillance.

In the past decades, great progresses have been made in the research areas of video
deinterlacing, which include the techniques of motion estimation, motion analysis,
spatio-temporal filtering (interpolation), and video quality assessment. However, some issues of
deinterlacing techniques need to be further studied. Firstly, most researchers pay more attentions
on the quality improvement for display applications, while paying less effort to make
deinterlacing techniques for benefiting other applications such as video compression and
transcoding. Secondly, most studies on deinterlacing research focus on general cases, without
making full use of pre-knowledge existing in the video signals. Thirdly, high performance
algorithms are typically computation-intensive, therefore, these algorithms are difficult to be
implemented by the industry for practical applications.

In this dissertation, we address the above problems by focusing on enhancing the display
quality, improving the compression performance, utilizing pre-knowledge, and optimizing

algorithm implementations. The main contributions of this thesis are composed of:

1. Techical Survey on Video Deinterlacing

The latest survey on video deinterlacing was published in 1998, which in fact surveyed only
the spatio-temporal filtering algorithms. After that, many publications also reviewed techniques
of video deinterlacing. However, almost all of them failed to get rid of the same restriction. In this
dissertation, we give a technical survey of video deinterlacing for the first time: in the motion
estimation part, block-matching methods, phase-correlation methods, differential optical flow
methods, and Bayesian methods are reviewed; in the motion analysis part, motion detection
methods and motion type analysis methods are discussed; in the spatio-temporal filtering part,
current algorithms are classified into linear algorithms, non-linear non-motion-compensated

algorithms, and motion-compensated algorithms.
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2. Adaptive Selection among Multiple Motion Vectors

Motion estimation algorithms for interlaced videos are usually conducted among
same-parity fields only. In this way, the error propagation can be effectively prevented. However,
the performance degrades in regions where vertical motions are dominant. In this dissertation,
motion vectors among both same-parity fields and opposite-parity fields have been considered;
and a new method has been proposed for determing the reliability of motion vectors. A theoretical
proof is provided to show that the selected motion vector has the maximum probability.
Moreover, we further introduce a motion vector mapping method that can achieve a good
compromise between fully utilizing previous results and effectively preventing error propagation.
To evaluate the proposed adaptive selection scheme, an edge-based sub-pixel spatio-temporal
median filtering algorithm has also been proposed. Experimental results have shown that an

average PSNR gain of about 1 dB can be achieved over a typical algorithm.

3. Adaptive Motion Analysis for Real-time Applications

Extensive experiments show that there is not any omnipotent deinterlacing algorithm. In
general, motion-compensated (MC) algorithms outperform non-MC ones. However, the MC
algorithms suffer from latent error propagations and heavy computation load. To adapt to the
characteristic of specific interpolation algorithms, this dissertation proposes a directional adaptive
motion analysis (DAMA) algorithm for real-time applications. To realize real-time deinterlacing
at the decoder side, we further propose to separately process I pictures, B pictures, and P pictures
utilizing the MBP information and the characteristic of frame reordering. Objective experiments
show that, DAMA enhances the performance of spatio-temporal filtering for more than 1 dB.
Subjective experiments show that, DAMA can make the best out of multiple spatio-temporal
filtering algorithms so as to greatly improve the subjective quality. The real-time deinterlacing at
decoder side shows that, DAMA helps to improve the robustness when motion vectors are

unreliable.

4. Fine-Grained Hybrid Motion-Compensated Interpolation

Motion-compensated interpolation (MCI) is the last and the most crucial step of video
deinterlacing. One of the most famous kinds of MCI methods is the recursive one, which
generally has the best performance but suffers from latent error propagations. In this dissertation,
we first present a block-size adaptable motion analysis (BAMA) framework, and then propose a
fine-grained hybrid motion-compensated interpolation method based on several
motion-compensated recursive median filters. In this way, we can make full use of previously
deinterlaced results while restraining error propagation. Experimental results show that we can

gain as much as 1.83 dB in terms of PSNR for ordinary median filtering methods, with only
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marginal increase in computational complexity.

5. Performance Validation on Public Research & Development Platforms

Video deinterlacing techniques can greatly increase the spatio-temporal correlations so that
the prediction precision in the encoder can be improved. In this dissertation, we propose a scheme
for video coding performance validation. It should be noted that although deinterlacing doubles
the data to be encoded, at the same time it also greatly increases the spatio-temporal correlations,
which can compensate the encoding performance to a great extent according to extensive
experiments on AVS and H.264/AVC, especially at low bitrates. Sometimes this is also true for
high bitrate cases. Further experimental results indicate that the proposed key techniques for
video deinterlacing are friendlier to video compression and video transcoding than conventional
algorithms. In fact, the development of deinterlacing techniques also provides a new angle of

view for research on video compression and video transcoding.
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