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Summary

In this paper, a new method for recovering image blocks is
proposed. The proposed method adopts adaptively the spline
approach which is used for achieving the smooth curve in
computer graphics. For recovering image blocks, the cardinal
spline is applied to each damaged block using one dimensional
approach at four directions. After calculating selectively the row-
wise, column-wise, diagonal -wise, and/or inverse diagonal-wise
point functions according to the edge pattern of image area
adjacent to the damaged block, the recovery process is performed
by determining the weighted sum of selected point functions. By
doing so, it can be possible to retain the feature of edges in the
recovered image. From the simulation results, it is shown that the
proposed method has an excellent performance for all types of
damaged blocks compared with conventional approaches.
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1. Introduction

The block based image coding is widely used for
compressing image and video data. The international
standards such as JPEG, MPEG, and H.26x also adopt the
block based approach in discrete cosine transform(DCT),
motion estimation and compensation(ME/MC), etc. The
major drawback of the block based coding is to have a
block loss in case of occurring errors in channel
transmission or decoding process. There are some studies
for recovering the block loss. One thing in common of
these studies is to utilize the adjacent pixels for estimating
the lost block[1][2][3].

In this paper, we propose a new method of
recovering the block loss. The proposed method uses a
spline approach which is employed for drawing
smooth curves in computer graphics. Among a variety
of spline approaches, the cardinal spline is employed
because it achieves interpolated curve points by using
four control points without modifying the value of
these points. In the process of recovering the block
loss, the edge direction is first found out by using the
pixels adjacent to the damaged block and next the
cardinal spline is applied to the selected direction. For
simple application, the directions of adjacent pixels
are considered to be one of four directions such as
row-wise, column-wise, diagonal-wise, and inverse
diagonal-wise directions. After finding out the
direction of adjacent pixels, one dimensional cardinal
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spline is applied to the selected direction and its
inverse direction. The final recovered block is
determined by calculating the weighted sum of the
results. The weight value is decided by considering the
patterns of blocks adjacent to the damaged block.
From the simulation results, it is shown that the
proposed approach has an excellent performance for
all types of damaged blocks.

The organization of this paper is as follows. In section 2,
the cardinal spline is briefly reviewed. The proposed
method for recovering the damaged block is described in
section 3 and the simulation results using the proposed
method are presented in section 4. Finally conclusions are
drawn in section 5.

2. Review of Cardinal Spline

A spline is a flexible strip used for producing a smooth
curve through a designated set of points(control
points)[4][5]. Among various splines, a cardinal spline is
an interpolating piecewise cubic polynomial and
completely specified with four consecutive control points,
Pi1 Per Py @nd p,. The middle two control points,

p, and p, ., are the section endpoints, and the other two
control points, p, , and p, ,, are used for calculating the
endpoints slopes. The boundary conditions in the cardinal
spline are as follows.

P(O) = py

PO = Pea @)

P'(0) = 120-t)(Pys—Pys)

P = Y20-t)(Prs2—P)
As in Eg. (1), the slopes at control points p, and p, ,
are proportional to the slopes p, \p,., and p,p,.,
respectively. A parametric cubic point function pu) for
the curve section between control points p, and p, , is
represented by

P(u) = pCARy(U)+pCAR,(U)+ (2)
Pr:1CAR, (U) + Py, ,CAR, (U)

where the polynomials CAR, (u) fork=0,1,2,3are
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CAR,(u) = —su®+2su?-su

CAR,(U) = (2-sud+(s—3)u?+1 3
CAR,(u) = (s-2)u®+(3-2s)u®+su

CAR;(u) = su®-su?

and s = (1-t)/2 with a tension parameter t.

3. Recovery of Block Loss Using Cardinal
Spline

The overall procedure of the proposed block recovery
method is presented in Fig. 1. The first step of recovering
the block loss is to detect the edge direction of the pixels
adjacent to the damaged block, and then one dimensional
cardinal spline is applied to the detected direction and its
inverse direction. In the next step, the weighted sum of the
results is determined for achieving final recovered block.

cardinal spline
(detected direction)

loss edge block recovered
block detection analysis block

.

cardinal spline
(its inverse direction)

Fig. 1. The overall procedure of the proposed block recovery method

3.1 Edge Direction Detection Using Adjacent Blocks

For detecting the edge direction, Sobel operator is
applied to the pixels adjacent to the damaged block as
shown in Fig. 2. In Fig. 2, the white boxes with asterisk
mark mean the pixels used for detecting the edge direction.

[] damaged pixels

[] normal pixels

e [*] normal pixels
used for detecting
the edge direction

Fig. 2. Edge detection using adjacent pixels
In the proposed method, only four edge directions are
considered for simple processing, that is, all edge
directions are grouped into four directions 0, 45, -45, and
90 degrees as in Eq. (4) and Fig. 3.

0° if angle >=-225° or angle < 225°

45° if angle >=225° or angle <675° (4)
—-45° if angle >=—-675° or angle < —225°
90° if angle >=675° or angle <1225°

>4y w A

(@ 0° (b) 45° (c) —45° (d) 90°
Fig. 3. The edge directions grouped into four angles

angle=

3.2 Application of Cardinal Spline to 1-D Image Data

After finding out the direction of the blocks neighboring to
the damaged block, one dimensional cardinal spline is applied to
the selected direction and its inverse direction. For example, the
selected direction is row-wise(column-wise), its inverse
direction is column-wise(row-wise), and the selected is
diagonal-wise(inverse diagonal-wise), its inverse is inverse
diagonal-wise(diagonal-wise). In Fig. 4, the application of the
cardinal spline for four directions is described, where 0°, 45°, -
45° and 90° stand for row-wise, diagonal-wise, inverse
diagonal-wise and column-wise direction, respectively.

A PAFAPArArarars
A rArardrarardrs
— ||| === ] - clelele el el |~
b i e e el e et e e e B ol I el 7 7 I P I A P P
— — ||| =] — [ — o e e e e ] |
e e el el e e e e e i i 7 4 7 7 I 7 P A P
— I e e e e el el lvlel ) o | e
e e e e e o T 1 1l 7 P 7 ) I O P P
— —+| ||| —=|— rArdrdradrarararardrar
3 el o el B el el e B B B rArd A rarararardls
e PP rararars
A rardrararars
(@ 0° (b) 45°
s sN] s s ] ARnnnne
S s s s ] ] s s ERER A ENENENE
Sl s s N g S ] ] s ! 1
s|sPsN s s s s s s] } l
sl s s S s ] ] 1! ¥
S s s S s] s] s s s s s NAE !
Sl s ] s s s ] s ] ] LILTE Y !
Sef sl sl s s s S S S N NN NN et
el S S SN S SN ] 1 LLPELE L)L
sl s s s s s ] ] s ! 2 O T B
NMEEEENNREEE VIV LY
N LY
(c) —45° (d) 90°

Fig. 4. Application of cardinal spline at each direction
Finding the point function p(u) for row-wise and column-wise
directions is performed as follows. In the case of damaged
image block of size N x N, the (N + 4) x (N + 4) block is first
selected including the damaged block as in Figure 4. The
additional four pixels in each direction is for control points, p, ,,
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Py + Py.y o and p, ., in the cardinal spline. Applying the

cardinal spline for the (N + 4) x (N + 4) block, one dimensional
approach is used. In the row-wise processing, each two pixels in
the left and right sides are normal pixels without any damage
and middle N pixels are damaged pixels as shown in Figure 5.
In applying the cardinal spline, the leftmost and rightmost pixels
are designated as control pointsas p, , and p, ,, respectively,

and two adjacent pixels are used as control points p, and

p,.,» respectively. For finding the point function, Egs. (2)

and (3) are applied to the one dimension pixel data and the
recovery process is same as finding the value of the point
function at parameter u = 1/(N+1), 2/(N+1), ... , N/(N+1).
For example, the values of the parameter u at each point
are 1/9, 2/9, ..., 8/9 when N = 8. After processing for all
row components, the column-wise processing is
performed to the original data.

normal pixels

v~

normal pixels ~ damaged pixels

(_A_” :

Fig. 5. Pixels in row-wise processing(white: control points used in
cardinal spline, gray: pixels to be recovered using cardinal spline)

For the diagonal-wise and inverse diagonal-wise directions,
the process of finding the control point is similar to that of
row-wise and column-wise directions. But it should be
noted that the number of pixels to be processed is variable.
The value of parameter u at each direction is described as
follows.

2F1 Aol ZEHJFYL. (5)
where Nqy stands for the pixels number to be processed at
direction d. For example, Ng and Ngy have the value of 8,
and Nys and N5 have the range of 5 ~ 12 if the damaged
block has the size of 8.

3.3 Weighting Outputs of 1-D Processing

After completing processing at one direction and its
inverse direction independently, the recovered block is
determined by calculating weighted sum of two
resulting data. The weight value is decided by
considering the magnitude of the edge at the selected
direction and its inverse direction. Notating the
resulting data at location (x,y) of the selected direction
and its inverse direction as RSTg(X,y) and RSTin(X,Y),
the recovered block data REC(X,y) is

REC(X,y) = & - RST (X, ¥) + (1— @) - RST,, (X, y) (6)
where ¢ > 0.5.

4. Simulation Results

In order to test the performance of the proposed method, we
simulated our approach on test images. The test images are
Lena and Peppers as shown in Figure 6. In the simulation,
the damaged test images are artificially made and the
damaged blocks are of size 8 x 8 as in Figure 7. In addition,
the value of tension parameter t is fixed to 0.5.

(a)
Fig. 6. Test images (a) Lena (b) Peppers

Fig. 7. Test images with damaged blocks (a) Lena (b) Peppers

For evaluating the proposed scheme, the conventional
approaches of [3] and the neighbor block averaging method are
also simulated. Simulation results are represented in Figure 8. In
Figure 8, (a, b), (c, d), and (g, f) are the results of using the
proposed approach, the method of [3], and the neighbor block
averaging method, respectively. As shown in Figure 8, when
using the proposed scheme, damaged blocks in all test images
are perfectly recovered except at some abrupt transition regions.
In Lena, face, hat, and background regions are well recovered,
but some damages in abrupt edge region such as shoulder are a
little remained. All the damaged blocks in Peppers are perfectly
recovered. Using the method of [3], the damaged block
especially at the abrupt transition region is remained, especially
at abrupt transition regions such as edge. Only some damaged
blocks at flat regions are recovered to a certain degree. When
using the method of the neighbor block averaging method,
nearly all the damaged blocks except at the flat region are
remained. For more detailed comparison, the magnified images
at some region are presented in Fig. 9. The magnified regions
are face of Lena and stalk end of Peppers. As shown in Fig. 9,
the damaged blocks are nearly recovered when using the
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proposed method, but there remain unrecovered the damaged
blocks in the conventional methods. From the simulation results,
it can be seen that the proposed method has excellent
performance of recovering the damaged blocks compared to the
conventional methods.

Fig. 8. Simulation results. (a, b): the proposed method, (c, d): the
method of [3], (e, f): the neighbor block averaging method

5. Conclusions

In this paper, a new scheme for recovering the damaged
blocks was proposed. The proposed method uses the spline
approach that is utilized in computer graphics for achieving the
smooth curve. The proposed approach has the major merit of
greatly recovering the damaged blocks for nearly all the types
of damage patterns. The key point of the proposed approach is
to estimate the edge direction of the damaged blocks by using
neighboring normal pixels. In addition, by adopting the
cardinal spline, it can be possible to use normal pixels adjacent
to the damaged block as control points.

From the simulation results, it was shown that the proposed
scheme has excellent performance for all types of damaged

patterns.

(a) Lena: eye

(b) Lena: nose and mouth

(c) Peppers: stalk end of pepper(region 1)

m m

(d) Peppers: stalk end of pepper(region 2)

Fig. 9. Magnified images. left: the proposed method, center: the method
of [3], right: the neighbor block averaging method
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