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Abstract- Block-based error concealment techniques using

directional interpolation is proposed to repair damaged blocks.

In the proposed method, the edge directions are determined
by finding the maximum correlation coefficients across the
boundary pixels of the lost block. Once the edge orientation
is found, the lost block is interpolated linearly along the
determined edge direction. When applied to compressed
images, the proposed method shows superior subjective and
objective quality to conventional methods.
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1. Introduction

Transmission of compressed image over Internet may
introduce cell losses into the transmitted data and it degrades
severely the quality of the received image [1-2]. For decades,
various error concealment techniques have been proposed
[3-8]. Sun et al. [3] proposed the projection onto convex sets
(POCS) for error concealment. They used spatially correlated
edge information obtained from a large number of
surrounding pixels to recover the lost blocks. Wang et al. [4]
proposed a best neighborhood matching (BNM) algorithm to
recover lost blocks. Li and Orchard [5] introduced an
orientation adaptive interpolation algorithm with sequential
recovery. Zhao et al. [6] introduced an error concealment
technique based on optimized directional decision and
extrapolation in the spatial domain.

This paper proposes the method which conceals
errors effectively that occurs due to bit errors during the
transmission of still image or I-picture of video using the
block-based compression technique. The proposed method
considers the edge direction in the spatial domain. First, the
edge direction is estimated by measuring the largest
correlation between boundary pixels of the neighbor blocks
of error, and then error block is reconstructed by interpolating
linearly toward that direction.

2. Proposed Algorithm

Since edge information plays an important role in the spatial
error concealment method, the edge orientation of the lost block
is estimated by calculating correlation coefficients of the image
blocks (top, bottom, left and right) around the lost block as
shown in Fig. 1(b). For the determined direction, the proposed
directional interpolation is carried out along the direction to
repair the pixels of the lost block as shown in Fig. 1(d).

— COV(Pk va) (1)
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In Eq. (1), cov() is the covariance, ¢ is the standard deviation,
and p is the correlation coefficient. Two sets {Px } and {Q«}
used in calculating correlation coefficient, have the various
elements according to edge direction k. That is, when k is 0 or
4, only 8 boundary pixels of the adjacent block (top, bottom,
left and right) are needed to calculate and decide the exact
horizontal or vertical edge direction of the lost block.
However it is necessary to increase the number of boundary
pixels relatively when k is neither 0 nor 4 as shown in Fig.
1(b), since the 8 boundary pixels are not sufficient to
determine the exact edge direction of the lost block. Fig. 1(b)
represents the boundary pixels taken for the edge direction
k=1 (225 degree), and the points of the boundary
pixels where each line intersects the vertical line with x=0
and the horizontal line with y=N+1, are {P1}. Also the points
of the boundary pixels where each line intersects the
horizontal line with y=0 and the vertical line with x=N+1, are
{Q.}. If there is no original boundary pixel on the points
where each line meets x-axis and y-axis on, the linear
interpolation using neighboring boundary pixels is carried
out. The proposed directional interpolation method is
performed in 8 steps, and the overall algorithm is shown as
follows (See Fig. 1).
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Fig. 1. Graphical representation of the proposed algorithm.
(a) Set of the boundary pixels (b) Set of the boundary pixels
taken for the edge direction k=1 (22.5 degree) (c) Edge
orientations (d) Directional interpolation scheme
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e Step 1:
orientation k:

Derive the linear equation for the edge

ax+by=c, xy=12.,N (2)

e Step 2: Calculate a, for coefficient of x and by for
coefficient of y.

o Step 3: Calculate the intercept ¢, of line in Fig. 1(d).
Intercept ¢, depending on k is derived from Eq. (2).

» Step 4: Calculate the coordinates tc; and tc, of
boundary pixels required during the directional
interpolation. It depends on k and range of intercept c.
The t; and ty ; are intersects with line x-axis and y-axis
respectively. This helps step 5 to decide which boundary
pixels need to be used in order to carry out the
directional interpolation.

e Step 5: From the Fig. 1, there is no boundary
pixel where the x-axis and the y-axis meet.
Therefore, the boundary pixel value of any straight
line that meets x-axis and the y-axis is needed, and this
can be obtained by linear interpolation of the
neighboring boundary pixels. The interpolated boundary
pixels are ry; and ry,, which can be obtained from k
and cy.

 Step 6: Obtain the slope my; and my, from Eq. (3). The
derived slope is used for calculating the length required
during directional interpolation in step 7.

m, = bk /ak ®)

* Step 7: For the given k and c, the distances Ii; and Iy, can
be obtained as shown in Table 3. These distances are used as
weights in Eq. (4) to consider the higher correlation of closer
boundary pixel value.

mk,lzak/bk'

o Step 8: Interpolate with Eqg. (4) to conceal the
lost block. For the given edge direction Kk,
the interpolated boundary pixels rg:, rc, and the

distances ly 1, Ik, from step 6 and 7, are used to conceal
the lost block.

Table 1. Coordinates ty ; and t, , (N=8)

k ak bk ck tk,l tk,Z
0 01 aN<c <bN Cy C,
1,712 ¢ <a,(N+1) ¢, /b, ¢ /a,

¢, >a (N+1)

(¢, —b (N +1))/a,

(c, —a, (N +1))/b,

4 1110

b,N

<c, <N Cy

Cy

—

able 2. Interpolated boundary pixels ry ; and r » (N=8)

k C,

rk 1

rk,Z

0 aN<c <bN

X L(tk,l)

XR(tk‘Z)

c <a,(N+1)

[(B =D X () + X, (b, +DI/by

[(a, D) X; (t )+ X (t,, +D]/ a,

a (N+D<c <b(N+1)

[(b, —DX, (t )+ X, (t, +D]/b

[(B =D X (to) + X (b, +1)1/by

¢, >b (N+1)

[(@, =D X () + X (b, + D1/ 3

[(b =) X (t2) + Xt , +D1/by

2,6

c <a,(N+1)

[(B —1) X (t2) + X (b, + 1)/ by

[(@ =D)Xq (t2) + Xq (b, + D]/ 2

¢, >b (N+1)

[(a —D)Xg(t )+ Xt +D1/ 3,

[(b D) Xg (t )+ Xg (t . + DI/

[ =X (t,) + X, (ke + 117D,

[(@ —D)X; (o) + X; (b, + D1/

3,5/ ¢ <b/(N+1)

b(N+D<c <a (N+1 | (@D Xg )+ Xg e +D]1/a | [ ~D X (b)) + X: (K, + D)/ A

C >a (N+1) | [(a -DXalt,)+ X, +D1/a, | [B ~DXa(t )+ Xa b, +11/b,

4 bN<c <aN Xy () Xg(t2)

Table 3. Distances of Iy; and I » (N=8)

K . L, (Y, %) 2 (Y, %)
0 |aN<c <bN X N+1-x
1; 7 Ck < ak (N +:I') .\')(2 + (mk‘lx)2 \' yZ + (mk,zy)z

a (N +1) <c <b (N +D) X2 + (M, X)° (N +1-x)% + (M, (N +1-x))*

¢, >b (N +1) \/(N +1-y)? + (M, (N +1-y))? | J(N+1=27 +(m (N+1-x))°

2,6| ¢ <a(N+J) X2 + X2 y2 +y?
C>BN+D | INF1-y)? + (N +1-y)? [J(N+1-X)+ (N +1-x
3,5| ¢ <b(N+D P+ m 07 Y+ (my)?

b (N+1)<c, <a(N \/(N +l—y)2+(mm(N +1-y))? \/y2+(mk2y)z

G >3 (N+1) | [J(N+1-y)?+(m, (N -+1-y))? | JN+L-X+(m(N+1-)°

a(N+l)<c <b(N+1)| ¢ /b |(c.—a(N+1)/b,

¢ >b (N+1) (@ -b,(N+D)/a, |(c, —a (N +1)/b,
2,611 ¢ <a (N+1) c /b, ¢ /a,
¢ >b (N+1) (@ -b,(N+D)/a, |(c, —a (N +1)/b,
3,5 211 c, <b (N +1) c, /b, ¢ /a,
b (N +1) <c, <a,(N+1) | (¢, ~b(N+D)/a, WEN

4 | pN<c <aN y N+1-y

X Ik,z(yr X)+ fi2 X Ik,l(yl X)
o (Y, %)+, (. %)

Z5 (y-Lx-1)= xy=12..N &

4. Experimental Results

The performance of the proposed algorithm is evaluated on
the 512x512 “Lena” image. Fig. 2(a) shows the original
image. The corrupted image is shown in Fig. 2(b). It shows
that there are 225 blocks losses with 16x16 block size.
Fig. 2(c) shows the restored image with Aign’s algorithm [7].
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Fig. 2(d) shows the result of the proposed algorithm. The
simulation results show that the image edge can be indeed
recovered. As compared with other spatial interpolation
methods, the proposed algorithm can provide better
performance not only in high PSNR values but also in good
subjective image quality.

Fig. 2. Concealment results when 225 blocks (22%) are lost.
(a) Original image (b) Lost blocks (12.20dB) (c) Aign’s
algorithm (29.57dB) (d) Proposed algorithm (34.14dB)

5. Conclusions

In this paper, an effective block-based error concealment
method was proposed. The edge directions are determined by
finding the maximum correlation coefficients across the
boundary pixels of the lost blocks. Once the edge orientation
is found, the lost blocks are interpolated linearly along the
determined edge direction. Experimental results show the
proposed method achieves an excellent concealment
performance for lost blocks.
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