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Digital Image Restoration and Enlargement by
Use of Polyharmonic Function

TADASHI KOBAYASHI, ! TAKAFUMI KAWAGUCHI, 2
Y OSHIHIRO OCHIAI™ and NARIHEI KAWASHIMA t4

Digital images are usually presented in a matrix form which shows the data for the density
of each pixel. However, if the data for the density of each pixel is viewed as the data for
the height at the coordinate of each pixel, and all the height data for adjacent pixels are
connected smoothly, it is possible to consider the digital image as a curved plane. An inter-
polation method using the polyharmonic function can interpolate a plane smoothly using the
boundary shape and points at arbitrary positions inside the plane. In this study, we applied
the interpolation method to image processing, and propose a method which can restore and
enlarge images smoothly. The method proposed here can realize the simultaneous restoration
and smooth enlargement of images, which has been difficult to achieve by conventional meth-
ods. This method is applied to the enlargement of images while restoring damaged areas or
to the enlargement of an image of the face of persons who is wearing glasses while removing
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the glasses frame from the image, and its effectiveness is demonstrated.
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Fig.1 Ordering of pixels in original image.
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Fig.2 Arrangement of boundary elements and pixels.

0000000000000 Gauss8O OO DODOOO
ooo

3. 0 0O O

3.1 0000000000
00000000000000000000000
000022000000000000000000
O000000000000000000000 3(a)
000000000000000200 % 2000000
000000000000000D000000000
0000500 10000000 3(b) 000040
x 40000000000 5000000000040
040000000000 1600000000000
0005000000000 190 19600000
00000000000 8400000000000
00D0000D00001,6000000000000
00000000000 00D000 368160000
00000 RGBODOODOOODOOODOODOS
000000000000000D00D0000000
000000000000000196 x 1960000
03(c)0000000000000000000 10
0000000000 0O0ODCTOOODOOn
00000 5000000000000 3(d)d(e)d
() 000000000000 0000000000
000 PSNRODOD 10000000000000



Vol. 46 No. 2

(b) Reduced image
(40X 40 pixels)

(a) Original image
(200 X 200 pixels)

(d) Nearest neighbor
interpolation

(¢) Proposed method

(f) DCT method
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Fig.3 Enlarged image (five times).

(e) Bi-linear interpolation

01 000000
Table 1 Enlargement results (PSNR[dB]).

Proposed method 26.61
Nearest neighbor interpolation | 22.83
Bi-linear interpolation 23.79
DCT method 26.66
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(a) Original image
(48 X 48 pixels)

(c) Image after former
treatment

(b) Image enlarged by
simple method
(five times)
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Fig.4 Former treatment image for enlargement.
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(b) Nearest neighbor
interpolation

(a) Proposed method

(d) DCT method

05 O00000O000O500
Fig.5 Image after restoration and enlargement (five

(¢) Bi-linear interpolation

times).

02 000000
Table 2 Subjective evaluation.

Proposed method 1.30
Nearest neighbor interpolation | 3.84
Bi-linear interpolation 1.88
DCT method 2.98
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(a) Original image
(68 X 53 pixels)

i ‘
(b) Image after former
treatment

(c) Image enlarged by
proposed method
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Fig.6 Image of face without glasses frame (enlarged five

times).
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