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Restoration of Remote Sensing Images Based on MTF Theory

CHEN Qiang DAI Qi-yan XIA De-shen
The School of Computer Science and Technology Nanjing University of Science & Technology Nanjing 210094

Abstract Due to the effect of a sensor atmosphere etc remote sensing images are degenerated. To improve the quality of
remote sensing images this paper proposes an image restoration approach based on the modulation transfer function MTF
according to the analysis of the image degeneration theory. Our method mainly includes two parts denoising and MTF
compensation. An effective denoising method on the frequency space is presented according to the characteristics of remote
sensing images. An exponent adjusting method of MTF curve is presented to adjust the MTEF compensation degree. The
experimental results with CBERS images proved that our method is effective to improve the image factors such as image
contrast entropy etc so as to compensate degenerated images.

Keywords image restoration modulation transfer function MTF  denoising CBERS images

CCD

MTF modulation transfer function
MTF !
MTF

45 6

2005-07-21 2005-09-19
1979 ~ 2002
E-mail chen2qiang@ 163. com



1300

11

gxy =fxy xhxy 1 e
h x vy R
MTF
1
Nyquist MTF
Guv =Fuv - Huvw 2 MTF 8 MTF 0.39 0.39
H uw 0.35 0.29 0.21 0.14 0.07 0.04 1
H=1HI ¢* 3 8§ MITF
|H | @ 2 MTF MTF
1 MTF
modulation transfer function MTF MTF = MTF' 0 <t <2 10
MTF =1 HI| /k 4 t MTF !
k H 2 ~ 4 MTF 3 t MTF
G = F- MTF- k- & 5 ! MTF
MTF F MTF
MTF 5 MTF
G =F- MTF- k 6
MTF
noay 1 040
gxy =fxy *haxy +naxy 7 035
7 030
Guv =Fuv-Huv +Nuv 8 0.25
6 E 0.20
G=F MTF- k+N 9 0.15
0.10 ¢
MTF 0.05
T NI
2 [ (Hz)
MTF 1 8 MTF
point spread function PSF Fig.1 MTF measured at 8 frequencies in the lab
18 o
PSF 09}
Wiener 0.8¢
MTF 07
06}
MTF il
04r
03|
02f R
M 0 15 2 3 % 40
2 (W] ¥ (Hz)
2 MTF
1 MTF Fig.2 MTF after interpolation and normalization




9 MTF 1301

1.0
09}
08
07}
06}
E 0.5
04}
03}
02| @ R
01} ©) R R
% s 10 15 2 2 30 3 40 ry
22 RIHH(Hz)
3 MTF Tij =Rxy —-Rx-2+4+1y-2+j
Fig.3 MTF for different i j=123 11
1 if Tij  >0.3-R
Sijo={ "t oEREEY
MTF 0 otherwise
MTF MTF 0.5- Rxy if sum S >6
R xy = 13
R x vy else
MTF 6 R
MTF 4 4 a
2 MTF 4 b
4 ¢
4d 4d
MTF
10 9 F
F = G-N/ MTF- k 14

(a) JUrb L2 1028 iR e 8 R 4% (b)) Dot pl 91 i e 49

(e) JLBRINSE m8 S5 0 4513 (d) Z:Mgsstm
4
Fig.4 Denoising based on frequency theory
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Fig.7 Effect comparison between the images of before and after restoration
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Tab.1 Parameter comparison of two images
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Fig.8 Comparison of restorations on different MTF
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Fig.9 Comparison of restorations with some different denoising methods

¢ Wiener

10 MTF PSF  Wiener

Fig. 10 Comparison of restorations between using MTF theory and using Wiener filter based on PSF



9 MTF

1305

PSF Wiener
30%

2 10

Tab.2 Comparison of parameters of the images in Fig. 10

10 a 119.76 33.15 198.08 12.01 154.47

10 b 120.13 59.35 1038.02 13.51 594.25

10 ¢ 119.87 37.88 719.76 13.05 416.49
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