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Abstract—In this paper, we propose a two-stage error-conceal-
ment method for block-based compressed video which was trans-
mitted in an error-prone environment. In the first stage, we obtain
initial estimates of the missing blocks. If the motion vectors associ-
ated with the missing blocks are available, motion compensation
is used to provide good estimates. Otherwise, a novel algorithm
which preserves image continuity is used to estimate the blocks. In
the second stage, a maximuma posteriori(MAP) estimator, which
employs an adaptive Markov random field (MRF) as the imagea
priori model, is used to improve the video reconstruction quality.
The adaptive model enables the estimation to incorporate infor-
mation embedded not only in the immediate neighborhood pixels
but also in a wider neighborhood into the reconstruction proce-
dure without increasing the order of the MRF model. The pro-
posed concealment method achieves very good computation–per-
formance tradeoffs, as demonstrated via experimental results.

Index Terms—Error concealment, image reconstruction,
Markov random fields.

I. INTRODUCTION

D IGITAL image and video signals require very high bit
rates, thus, compression of such signals before their trans-

mission is necessary. Communication channels are not error
free and, consequently, the encoded bit streams are vulnerable
to transmission errors—usually causing loss of blocks of data
and/or loss of synchronization. Despite the various methods that
have been proposed to combat or localize the effects of channel
errors, the quality of a decoded video sequence may degrade
significantly because of the residual errors. Error concealment
intends to conceal the effects of such errors by exploiting redun-
dancies in the video signal and limitations of the human visual
system, without requiring additional information.

Temporal concealment methods are usually used for error
concealment in inter-coded frames. Data of an inter-coded block
are composed of the motion vector and the DCT coefficients of
the prediction error. If the motion vectors are received without
errors, the missing blocks are set to their corresponding mo-
tion compensated blocks. Since in many of the video compres-
sion algorithms (e.g., H.263) the coded motion vectors and the
DCT coefficients are interleaved, the loss of data of a block
usually results in the loss of both the motion vectors and the
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DCT coefficients.1 Therefore, most of the proposed temporal
concealment methods first estimate the motion vector associ-
ated with a missing block using the motion vectors of adjacent
blocks [1], [2]. The estimated motion vector is then used to find
a block in the previous frame which yields the restoration of
the missing block. One problem associated with these methods
is that if the adjacent blocks are coded in a nonpredictive way
(e.g., intra-coded), there would not be any data available to esti-
mate the missing motion vectors. Thus, ad hoc assumptions for
estimating the missing motion vector should be made, and the
results may be unreliable. Moreover, if the missing block lies
on the boundary of two objects moving in opposite directions,
such methods will perform quite poorly.

Spatial error-concealment methods restore the missing
blocks using the information in the current frame. In [3],
to restore the missing data, a measure of variations (e.g.,
gradient or Laplacian) between adjacent pixels is minimized.
The underlying smoothness assumption of this method limits
its ability in restoring image details. In [4], each pixel in a
damaged block is interpolated from the corresponding pixels in
its four neighboring blocks such that the total squared border
error is minimized. In [5] and [6], the missing information
is interpolated utilizing spatially correlated edge information
from a large local neighborhood. Note that although these
edge-based methods are generally more accurate than other
approaches, they are computationally more intensive. In [7],
a computationally simple, spatial directional interpolation
scheme has been proposed. The two nearest surrounding
layers of pixels of a missing block are converted into a binary
pattern to reveal the local geometrical structure. Then, the
missing pixels are interpolated in a way to preserve the local
geometrical structures. In the statistical error concealment
methods, for example the one proposed in [8], it is assumed
that the pixel values in an image or video signal are realizations
of an underlying statistical model (e.g., MRF model). The sta-
tistical approaches of spatial error concealment are expected to
outperform the deterministic ones, as they provide a systematic
way for incorporating thea priori information about the video
signal in the restoration procedure.

Previous spatial error-concealment methods employing the
MRF model usually yield blurry images with a significant loss
of detail in the high frequency or edge portions of the image.
This is due to 1) the type of the MRF selected as the image
model, and 2) the fact that the amount of information that is

1Recognizing the need to improve the concealment capabilities, in the new
generation of video compression standards (e.g., MPEG 4, H.263++), the mo-
tion information is separated from other information through partitioning of the
coded data.
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