Fa41%E F 12 AN S N Vol.41 No.12
20194 12 A Infrared Technology Dec. 2019

BT BEM B AN AC IR S FE LR

EY
(KBEBAHEAZEE ERHEARSF, Hk KEF 130033)

WE: Y TREBEENAF (AO) ERHWHRE, AR T —METHNEMEENLLE S (TV)
M AO BBRARTiE. &%, AT Zernike Z A SATH A EMN, B ¥ B EHK (PSF) #ATHEH
. RfE, RETEFEENLE TN AO BRERWERKME, BATIRREEFEREA. &,
i I R AR SR e AR X H i IR R I £ R KW 5 RL-IBD #i&f1 FS-MLID H#i:A th,
A X EE ) NMSE 1H 05 BT 18.6%. 10.7%, H £t PSNR H3 5135 T 4.47%. 0.987%, &
iRz H e A B PR T 1.99%. 13.66%.

KB BENLF; HWEM, Y WMEL BENE T

FESES: TP751 XEkFRIREE: A XEHE: 1001-8891(2019)12-1106-05

Research on Adaptive Optics Image Restoration Algorithm Based on
Adaptive Total Variational Method

WANG Shuang
(College of Information Technology, Changchun Polytechnic, Changchun 130033, China)

Abstract: In order to improve the image quality of adaptive optics (AO), an AO image restoration
algorithm based on wavefront reconstruction and adaptive total variation (TV) is proposed in this work.
First, wavefront reconstruction using the Zernike polynomial is employed for an initial estimate of the
point spread function (PSF). Then, we developed our proposed iterative solutions based on the adaptive
total variation for AO image restoration by addressing the joint deconvolution issue. Image restoration
experiments were performed to verify the image restoration effect of our proposed algorithm. Compared
with the RL-IBD and FS-MLJD algorithms, the experimental results show the normalized mean square
error(NMSE) for a real AO image from our algorithm decreased by 18.6% and 10.7%, respectively, the
peak signal-to-noise ratio(PSNR) increased by 4.47% and 0.987%, respectively, and the computation time

decreased by 1.99% and 13.66%, respectively.
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Fig. 1 Schematic diagram of the AO system for imaging
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Fig.2 Multi-frames observed HST degraded images
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Table 1 Comparison results on NMSE, PSNR, and computation time of the three different restoring algorithms

HST image NMSE PSNR  Computation time/s
RL-IBD 0.0247  34.5615 6.203
FS-MLIJD 0.0225  35.7542 7.041
Our algorithm ~ 0.0201  36.1074 6.079
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(a) RL-IBD %3% (a) RL-IBD algorithm
3 HST BEE EHE %R

L RL-IBD f1 FS-MLID HiEM L, A SCHEILT)
NMSE 1H 5K T 18.6%, 10.7%, HiEK PSNR
AR E T 4.47%, 0.987%, HkLHIEE N7 5)
FEAR T 1.99%, 13.66%. REAE, ASCHEIERJEIE
BB L MMTEE, NEMIPM AR TR, A
R B B NMSE 18, s 1) PSNR {E A8
T A

3 g

ARSCHR T — MR B & NG E B B R A
%, HAEHES T A0 RGHMRIL G K PSF HIH A1
B, SR 1T AT B A PSF R DL SE AERA AL 11
AO BURH) A9 Bk BB, 1€ PSF IWIME, )5
WHIC T B IE N SR ER A0 B B F AL B, |
ENLEAR AR, T RO R EHR S JR d FE R
WSICE B, DG ARFFRLT . SRIR4E KW, 5 RL-IBD
A FS-MLID HIEMLL, ASCHIZEN NMSE {8735
k1 18.6%, 10.7%, HiEMHI PSNR fH7 Al 1
4.47%, 0.987%, HILNEZELRE 735 FFAK T 1.99%,
13.66%. ASCHEBATRGS MR JFRCR, X5l B &
B BUER E E BH — € IS AME
SE B -
[11 ZEIOR. HERDEEFEHAIT]. B, 2006, 28(1): 7-13.
JIANG W H. Adaptive optical technology[J]. Chinese Journal of Nature,
2006, 28(1): 7-13.
[2] LID,MU Q, HuU L, etal. A high-resolution liquid crystal adaptive optics
system[J]. Acta Photonica Sinica, 2008, 37(3): 506-508.
[3] RAO C, SHEN F, JIANG W. Analysis of closed-loop wavefront residual
error of adaptive optical system using the method of power spectrum[J].
Acta Optica Sinica, 2000, 20(1): 68-73.
[4] Fusco T, Conan J M, Mugnier L M, et al. Characterization of adaptive
optics point spread function for an isoplanatic imaging: application to
stellar field deconvolution[J]. Astronomy and Astrophysics Supplement

Series, 2000, 142(1): 149-156.

1110

(b) FS-MLJD(b) FS-MLJD algorithm

(c) ARILEHE (c) Our algorithm
Fig.3 Restoration methods comparison for HST image

[5] Fusco T, Conan J M, Michau V, et al. Efficient phase estimation for large
field of view adaptive optics[J]. Optics Letters, 1999, 24(21): 1472-1474.

[6] Thierry F, Jean-Marc C. On- and off-axis statistical behavior of
adaptive-optics -corrected short-exposure Strehl ratio [J]. Journal of the
Optical Society of America A Optics Image Science & Vision, 2004, 21(7):
1277-89.

[77 White R L. Image restoration using the damped Richardson-Lucy
method[C]//The Restoration of HST Images and Spectra II, 1994:
1342-1348.

[8] Tsumuraya F. Deconvolution based on the Wiener-Lucy chain algorithm:
an approach to recover local information losses in the deconvolution
procedure[J]. Journal of the Optical Society of America A, 1996, 13(7):
1532-1536.

[91 GKEER, #itie, I3, S5 BT oot i M A oA B IS R 2
BEZWEREBRINED]. KIHR, 2014, 35(11): 1765-1773.

ZHANG L, YANG J, SU W, et al. Multi-frame iteration blind
deconvolution algorithm based on improved expectation maximization
for adaptive optics image restoration[J]. Acta Armamentarii, 2014, 35(11):
1765-1773.

[10] SKEAMH, 278, tpitee, 5. ST WUk BLAME T Y B 18 B

T ER 2 WS ZHEREIED]. EMAFEZR: BN, 2017,
55(5): 1199-1206.
ZHANG L, LI D, YANG J, et al. Multi-frame joint deconvolution
algorithm for adaptive optics images based on frame-selection and
maximum likelihood estimation[J]. Journal of Jilin University: Science
Edition, 2017, 55(5): 1199-1206.

[11] LI Dongming, SUN Changming, YANG Jinhua, et al. Robust
multi-frame adaptive optics image restoration algorithm using maximum
likelihood estimation with poisson statistics[J]. Sensors, 2017, 17(4):
785-804.

[12] Noll R J. Zernike polynomials and atmospheric turbulence [J]. J. Opt.
Soc. Am., 1976, 66(3): 207-211.

[13] Molina R, Nunez J, Cortijo F J, et al. Image restoration in astronomy: a
Bayesian perspective[J]. IEEE Signal Processing Magazine, 2001, 18(2):
11-29.

[14] Nazareth J L. Conjugate gradient method [J]. Wiley Interdisciplinary
Reviews Computational Statistics, 2010, 1(3): 348-353.



	1106-1110_‰=-ú”ê�ﬂ;Ø�Õ—AOþÏ
�ŠÕ�v

