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A Unified Approach to Restoration, Deinterlacing and Resolution Enhancement
in Decoding MPEG-2 Video

Bo Martins and Søren Forchhammer

Abstract—The quality and spatial resolution of video can be
improved by combining multiple pictures to form a single super-
resolution picture. We address the special problems associated
with pictures of variable but somehow parameterized quality
such as MPEG-decoded video. Our algorithm provides a unified
approach to restoration, chrominance upsampling, deinterlacing,
and resolution enhancement. A decoded MPEG-2 sequence for
interlaced standard definition television (SDTV) in 4 : 2 : 0 is
converted to: 1) improved quality interlaced SDTV in 4: 2 : 0; 2)
interlaced SDTV in 4 : 4 : 4; 3) progressive SDTV in 4 : 4 : 4; 4)
interlaced high-definition TV (HDTV) in 4 : 2 : 0; and 5) progres-
sive HDTV in 4 : 2 : 0. These conversions also provide features as
freeze frame and zoom. The algorithm is mainly targeted at bit
rates of 4–8 Mb/s. The algorithm is based on motion-compen-
sated spatial upsampling from multiple images and decimation
to the desired format. The processing involves an estimated
quality of individual pixels based on MPEG image type and local
quantization value. The mean-squared error (MSE) is reduced,
compared to the directly decoded sequence, and annoying ringing
artifacts including mosquito noise are effectively suppressed. The
superresolution pictures obtained by the algorithm are of much
higher visual quality and have lower MSE than superresolution
pictures obtained by simple spatial interpolation.

Index Terms—Deinterlacing, enhanced decoding, motion-com-
pensated processing, MPEG-2, SDTV to HDTV conversion, video
decoding.

I. INTRODUCTION

M PEG-2 [1] is currently the most popular method for com-
pressing digital video. It is used for storing video on

digital versatile disks (DVDs) and it is used in the contribu-
tion and distribution of video for TV. We base this paper on the
MPEG reference software encoder [2] for which a bit rate of
5–7 Mb/s yields a quality which is equivalent to (analog) distri-
bution phase alternating line (PAL) TV quality. Lower bit rates
are also used in TV distribution to save bandwidth and because
professional encoders may provide better quality than the refer-
ence software.
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At these bit rates, a sequence decoded from an MPEG-2 bit-
stream is of lower quality than the original digital sequence in
terms of sharpness and color resolution but still acceptable (ex-
cept for very demanding material). This overall reduction of
quality is less annoying to a human observer than the artifacts
typically found in compressed video. The most annoying ar-
tifacts areringing artifacts1 and in particularmosquito noise,
which occurs when the appearance of the ringing changes from
picture to picture.

The primary goal of this paper is to improve MPEG-2 de-
coding, or rather to postprocess the decoded sequence re-using
information in the MPEG-2 bitstream to obtain a sequence of
higher fidelity, especially with regard to the artifacts. The re-
sulting output is a sequence in the same format as the directly
decoded one, which in our case is interlaced standard TV in
4 : 2 : 0. Inaddition, we demonstrate how the approach can be
used to obtain progressive (deinterlaced) or high-definition TV
(HDTV) from the same bitstream. This also facilitates features
such as frame freeze and zoom.

Previous work on postprocessing includes projections onto
convex sets (POCS) [3] and regularization [4]. For low-bit-rate
(high compression) JPEG-compressed still images and
MPEG-1-coded moving pictures, the main artifact isblocking,
i.e., visible discontinuities at coding block boundaries. This
artifact can be dealt with efficiently using the POCS frame-
work [5], as well as by other methods [6]. By regularization,
POCS constraints can be combined with “soft” assumptions
about the sequence. Thus, Choiet al. [4] restored very-low
bit-rate video encoded by H.261 and H.263 according to the
following desired (soft) properties: 1) smoothness across block
boundaries; 2) small distance between the directly decoded
sequence and the reconstructed sequence; and 3) smoothness
along motion trajectories. Elad and Feuer [7] presented a
unified methodology for superresolution restoration requiring
explicit knowledge of parameters as warping and blurring. As
this knowledge is not available in our case, we do not take the
risk of processing based on estimating such parameters. Pattiet
al. [8] also addressed the superresolution problem in a general
setting modeling the system components. They applied POCS
performing projections for each pixel of each reference image
in each iteration. Recently [9] this approach was modified to
obtain superresolution from images of an MPEG-1 sequence
captured by a specific video camera. Projections were carried

1Ringing artifacts are caused by the quantization error of high-frequency con-
tent, e.g., at edges. They appear as ringing adjacent to the edge.
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