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ABSTRACT

A low complexity spatial-domain error concealment
method is proposed to reconstruct still images and intra-
coded (I) frames in video when they are transmitted
through unreliable channels in this work. The pro-
posed concealment algorithm works with the following
steps. First, missing edges in a lost macroblock (MB)
are detected and recovered using gradient data. Then,
the lost MB is implicitly divided into several segments
along the recovered edges. Finally, each pixel in a seg-
ment is directionally interpolated from boundary pix-
els adjacent to the segment. Experimental results show
that the proposed algorithm can recover high as well as
low frequency information in lost MBs and provide bet-
ter visual quality in comparison with the conventional
spatial domain interpolation.

1. INTRODUCTION

Data loss is a severe problem in transmitting image and
video signals through the wired and/or wireless Inter-
net for applications with a high quality of service (QoS)
requirement. Error concealment techniques attempt to
conceal erroneous macroblocks (MBs) without modi-
fying source and channel coding schemes. They are
employed at the decoder to conceal residual transmis-
sion errors that cannot be corrected by other resilience
tools. The underlying idea of error concealment is to
fill in missing MBs using temporal or spatial correlation
existing in video data. The temporal error concealment
is basically achieved by motion vector estimation and
temporal replacement. However, in still images or in-
tra frames in video, no temporal information is avail-
able and missing MBs should be reconstructed with the
spatial-domain error concealment technique.

In this work, we propose a low complexity spatial-
domain error concealment method that can restore edge
components as well as low frequency information. The
proposed algorithm first detects edge components in
neighboring boundary pixels, and connects broken edges
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in a lost MB via linear approximation. Then, the lost
MB is partitioned into segments based on the recovered
edge information. Finally, each pixel in a segment is di-
rectionally interpolated from boundary pixels adjacent
to the segment. Simulation results demonstrate that
the proposed algorithm is a simple yet efficient method
for the spatial concealment of images.

The rest of this paper is organized as follows. Previ-
ous related work is reviewed in Section 2. The proposed
error concealment algorithm, which includes edge re-
covery and selective directional interpolation, is pre-
sented in Section 3. Section 4 provides the experimen-
tal results and discussion. Finally, some concluding
remarks are given in Section 5.

2. REVIEW OF PREVIOUS WORK

Various algorithms have been proposed for spatial-domain

error concealment. A typical method is to interpolate
each pixel p in a lost MB from four intact pixels in
adjacent MBs [1]. Let p; (i = 1,2,3,4) denote the clos-
est pixel to p in the upper, lower, left, and right MBs,
respectively. Then, the reconstruction value p of p is
given by

S (W —d;)
S (W —dy)

where W is the horizontal or the vertical size of a MB,
and d; is the distance between p; and p. This spatial
interpolation is one of the simplest methods and yet
effective for smooth images. Note that the weighting
coefficient W — d; is selected so that the pixel with
smaller distance d; has more influence on the pixel to
be interpolated. A more advanced technique was pro-
posed in [2] to assign weighting coefficients adaptively
to achieve the maximum smoothness.

Generally speaking, these methods attempt to re-
construct a lost MB as a smooth interpolated surface
from its neighbors. However, they may result in a

: (1)

p=

ICASSP 2003




blurred image if the lost MB contains high frequency
components such as object edges. More sophisticated
methods were proposed to recover high as well as low
frequency components. For example, the fuzzy logic
reasoning approach [3] uses vague relationships and
similarities between a lost MB and its neighbors to re-
cover high frequency information. It first recovers the
low frequency information with surface fitting. Then, it
uses fuzzy logic reasoning to coarsely interpret high fre-
quency information such as complicated textures and
edges. Finally, a sliding window iteration is performed
to integrate results in the previous two steps to get the
optimal output in terms of surface continuity and a set
of inference rules. This method is however computa-
tionally expensive for real-time applications.

For the multi-directional filtering scheme proposed
in [4, 5], a block classifier is used to determine the di-
rections of edges based on the gradient data. Then,
instead of imposing the smoothness constraint, an it-
erative procedure called projections onto convex sets
(POCS) is adopted to restore lost MBs with an ad-
ditional directional constraint. On one hand, this ap-
proach provides satisfactory results when a missing MB
is characterized by a single dominant edge direction.
On the other hand, POCS-based optimization also de-
mands a heavy computational load. Computationally
simple schemes such as the work in [4, 6] attempt to
retrieve the edge information from neighboring intact
MBs so that the concealed MB is smoothly connected
to its neighborhood with consistent edges.

3. PROPOSED ERROR CONCEALMENT
METHOD

3.1. Edge Recovery

Edges, which mean sharp changes or discontinuities in
luminance values, play an important role in human per-
ception of images. Generally, an image with blurred
edges is annoying to human eyes. In this work, edges
in missing MBs are recovered by the scheme illustrated
in Fig. 1.

Consider a missing MB that is surrounded by four
correctly decoded MBs. First, edges are detected by
calculating the gradient field on the boundary pixels
in the neighboring MBs. The gradient at pixel (j, k)
is denoted by G(j, k) = (Gr(4, k), Ge(J, k)), where Gg
and G¢ can be computed by the convolution of image
F(j, k) with row and column impulse arrays as

GR(]7 k) = F(], k) ®HR(j7k)7 (2)

(a) Edge detection (b) Detected
on boundary pixels edge points
|
(c) Obtain (d) Edge
representative matching
edge points and linking

Fig. 1. The edge recovery process.

The following Sobel operator is adopted in this work:
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Hp = | -2 0 2|, (4)
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The amplitude and the angle of the gradient at point
(4, k) are then defined as

A5, k)

VCRG.K) + G2 (. k), (6)

GR(jﬂ k)

If the amplitude A(j, k) is larger than a pre-specified
threshold, pixel (j,k) is said to lie on an edge. The
threshold is set to the variance of pixel values in this
work.

Several consecutive pixels are often detected as edge
points as shown in Fig. 1(b). Among them, only one
pixel with the largest gradient amplitude is selected as
the true edge point as shown in Fig. 1(c).

It is assumed that there are two cases when an edge
enters a lost MB through an edge point. The first case
is that this edge exits the MB via another edge point.
The second case is that the edge meets another edge
within the MB and does not exit the MB as a result.
Thus, in the final step, we should compare edge points
to find the matched pairs. The attribute vector of the
1th edge point is defined as

0(j,k) = arctan

255y/2° 1807 255

( ); (8)
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Fig. 2. Illustration of selective directional interpola-
ﬂ+ﬂ
dy ' da

tion where p = +—F
artag

where A; and 6; denote the amplitude and the angle of
the gradient of the edge point, respectively, and lum;
is the luminance of the edge point. Then, the attribute
distance between every two edge points are calculated.
A pair of edge points is deemed as a match if their at-
tribute distance is the smallest among all. Thus, we la-
bel them as a pair and treat the remaining edge points
as a new group. The same matching process can be
performed iteratively until all points are matched or
the distance of two edge points is over a certain thresh-
old. After the above step, each matched pair is linked
together to recover a broken edge. After edge linking
of all pairs, if there is still an unmatched edge point, it
is extended into the lost MB along its gradient until it
reaches an edge line.

3.2. Selective Directional Interpolation

After edges are recovered in a missing MB, these edge
lines partition the 2D plane into several regions. As
shown in Fig. 2, a pixel p in the missing MB is interpo-
lated using only the boundary pixels in the same region
to smoothly recover the lost information in that region.

Let us assume that there are n edges in a missing
MB. Each edge can be represented by a line equation,
i.e.

Y — yo,i — mi(r — x04) =0, 9)

where m; is the edge slope and (yo.4, zo ;) is the coordi-
nate of a point on the edge. If this edge is recovered by a
matching pair of edge points (z1,;,y1.:) and (224, y2,:),
% Otherwise, m; = Ggl In
other words, it is determined by the gradient of the
unmatched edge point.

For each lost pixel p = (x,y), we find the reference
pixels to be used in the interpolation. Along each edge
direction ¢, the boundary pixels in neighboring MBs are
retrieved as shown in Fig. 2(b). Note that only those
reference points within the same region as p are reli-
able due to the discontinuities caused by edges. Thus,
an elimination algorithm is applied to each retrieved
boundary pixel to determine whether it is within the
same region as p = (z,y). Let (bg,b,) denote a re-
trieved boundary pixel along the ith edge, then its re-
liability is determined by the following algorithm.

we have m; =

for (j = 0;5 < n;j++) {
if(j 1= ) {
signl =y —yo,; — m;(x — xo ;)
sign2 = by —yo,; — m;j(by — zo ;)
if(signl x sign2 < 0) {
Declare the reference point is invalid.
Return.

}
}
}

Declare the reference point is valid.

Once the reference points are obtained, the missing
pixel p can be interpolated by

Sk
Sid

where py is the kth reference point, and dj. is the dis-
tance between py and p. To give an example, Fig. 2(c)
shows the case when two reference points are available,
and we have

(10)

P P
o td,
1
d1 2
for this case.

If a lost pixel is enclosed by edges, then no reference
point is available. In such a case, p is interpolated from

the nearest edge pixels along the horizontal and vertical
directions.
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Fig. 3. Three MBs are lost in the left image and con-
cealed in the right image with the proposed algorithm.

4. EXPERIMENTAL RESULTS

The performance of the proposed algorithm is tested
on the “Foreman” QCIF (176 x 144) image as an ex-
ample, since it contains many edges in the background.
In Fig. 3, three MBs are lost as shown in the left image
of Fig. 3. The lowest MB contains only one single cut-
ting through edge. The concealed image in the right
shows that the edge is successfully detected and bridged
together. The uppermost MB contains three parallel
edges. The concealed result shows that representative
edge points are accurately determined and matched up.
The middle one contains intersect edges. The concealed
area looks quite natural. No blur and significant dis-
continuities are observed in the concealed image, which
shows that our proposed algorithm does give good es-
timation of the locations of missing edges and the se-
lective directional interpolation scheme works well to
interpolate missing pixels in the MB.

Fig. 4 shows the “Foreman” image with 20 isolated
lost MBs out of total 99 MBs. Each lost MB is sur-
rounded by four correctly decoded MBs. Our concealed
image shows visually consistent with its neighboring
pixels, while spatial interpolation generates blurred re-
construction, espesially when MBs are located on lin-
ear edges. However, the lost MB that covers the ”Fore-
man” eyes is concealed with noticeable distortion. This
is due to the failure of matching edge points. It occurs
for curved edges with fast changing gradient. Neverthe-
less, MBs located on the ”Foreman” mouth and collar
are still concealed well with small distortion.

For the case with the loss of consecutive MBs, a sim-
ilar procedure can be applied. Note that there are more
boundary pixels encircling the missing part in this case,
and the edge recovery and the selective directional in-
terpolation schemes can be slightly modified to handle
this situation.

5. CONCLUSION

A new spatial-domain error concealment method was
proposed in this work. The edge information in the

Fig. 4. Concealed results for a severe data loss case
with 20 MBs lost, where the left image is obtained by
the conventional spatial interpolation and the right im-
age is obtained by the proposed method.

neighborhood is detected and recognized so that bro-
ken edges in a missing MB can be properly estimated
and reconstructed. Furthermore, directional interpola-
tion of preselected boundary pixels are used to estimate
other non-edge pixel values. Experimental results show
our algorithm achieves an excellent concealment perfor-
mance for lost MBs in either a still image or the intra
frame of a video clip.

6. REFERENCES

[1] A. Katsaggelos and N. Galatsanos, Signal recovery tech-
niques for image and video compression and transmis-
sion, Kluwer academic publishers, June 1998.

[2] Q.-F. Zhu, Y. Wang, and L. Shaw, “Coding and cell-
loss recovery in DCT-based packet video,” IEEE Trans.
Circuits Syst. Video Technol., vol. 3, June 1993.

[3] X. Lee, Y.-Q. Zhang, and A. Leon-Garcia, “Information
loss recovery for block-based image coding techniques—a
fuzzy logic approach,” IEEFE Trans. Image Processing,
vol. 4, pp. 259-273, Mar. 1995.

[4] W. Kwok and H. Sun, “Multi-directional interpolation
for spatial error concealment,” IEEE Trans. Consumer
Elec., vol. 39, Aug. 1993.

[5] H. Sun and W. Kwok, “Concealment of damaged block
transform coded image using projections onto convex
sets,” IEEE Trans. Image Processing, vol. 4, 1995.

[6] Wenjun Zeng and Bede Liu, “Geometric-structure-
based error concealment with novel applications in
block-based low-bit-rate coding,” IEEE Trans. Circuits
Syst. Video Technol., vol. 9, 1999.

V -703




