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Esimation of PSF of image sysem using modified SVD method
WAN G Yuan-yuan ,SUN zhi-Min, CAl Zheng
(Department of Electron Engineering, Fudan University, Shanghai 200433, China)

Abstract : To improve the performance of i mage restoration algorithms, a modified Sngular Val ue De-
composition(SVD) method was proposed to estimate the Point read Function (PSF) of an imaging
system. Usng the discrete image degradation model , a block-based SVD filter scheme was applied for
the image denoising with an automatically determined singular value rank. After the spectra of PSF
singular vectors were estimated under an exponential model for the averaged spectra of un-degraded
image sngular vectors, the IFFT was used to get the time-domain estimation of the PSF. The experi-
mental results show that this proposed method can be applied to estimate the PSF of theimaging sys
tem under a wide SNR range and its performanceis better than the original method. It may be used as
an effective method for the image preprocessing in image restoration problems.

Key words: image restoration; Point Soread Function(PSF) ; block-based Sngular Value Decomposi-

tion(SVD) ;image degradation; exponential model of averaged spectra
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Fig.1 Demonstration of the automatic selection of R

3.2

Tab.1 PSF of two different typesfor experiments

PSF PSF

0.1111 0.1111 0.1111 0.0751 0.1238 0.0751
0.1111 0.1111 0.1111 0.1238 0.2042 0.1238
0.1111 0.1111 0.1111 0.0751 0.1238 0.0751

(1) ,
R=40, ;
(2) ,
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(b) PSF
(SNR) (PSNR) (b) Estimated Gaussian PSF by two methods
2 Lena SNR
(dB)
' 0.0649 0.1390 0.0649 0.0711 0.0968 0.0711
30 0.1116 0.2389 0.1116 0.1553 0.2114 0.1553
PSF, 0.0649 0.1390 0.0649 0.0711 0.0968 0.0711
, PSF 0.0777 0.1289 0.0777 0.0759 0.1337 0.0759
, PSF 40 0.1179 0.1957 0.1179 0.1141 0.2008 0.1141
, 0.0777 0.1289 0.0777 0.0759 0.1337 0.0759
PSE ’ 0.0729 0.1274 0.0729 0.0736 0.1252 0.0736
PSE 50 0.1210 0.2116 0.1210 0.1230 0.2094 0.1230
0.0729 0.1274 0.0729 0.0736 0.1252 0.0736
, PSF ,
, 2 30 dB
PSF PSF
, PSF
9 ( 3 )
, 1 PSF,
PSF,
SNR  PSNR 4’ SNR=20.33 dB
30 50 dB , PSNR=27.55 dB
PSF , (a) B PSF
SNR (a) Original method
PSF 1dB
PSNR
2 Lena
Tab.2 Experimental results of the Lenaimage with
different signal-to-noise ratios (SNR)
(a) PSF
(a) Estimated averaging PSF by two methods
{Sr’:ln? SNR=21.69 dB
0.1073 0.1194 0.1073 0.1086 0.1111 0.1086 PSNR=28.91 dB
30 0.1067 0.1188 0.1067 0.1135 0.1162 0.1135 (b) PSF
0.1073 0.1194 0.1073 0.1086 0.1111 0.1086 (b) Modified method
0.0966 0.1187 0.0966 0.0975 0.1197 0.0975 2 SNR=30dB PSF
40 0.1165 0.1431 0.1165 0.1148 0.1409 0.1148
0.0966 0.1187 0.0966 0.0975 0.1197 0.0975 Fig. 2 Deconvolution results using the estimated
0.0952 0.1175 0.0952 0.0972 0.1208 0.0972 Gaussian PSF by the two methods respec-
50 0.1187 0.1465 0.1187 0.1140 0.1417 0.1140 tively under SNR =30 dB
0.0952 0.1175 0.0952 0.0972 0.1208 0.0972
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