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Image restoration based on real time wave-front information
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Abstract: A thousand-unit scalable wave-front detector based image restoration technology was proposed. The wave-
front detection and image restoration were combined to eliminate the effect of atmospheric disturbance and system
aberration on the image resolution and to meet the requirements of large ground-based telescopes for high-resolution
imaging. First, the wave-front detection was used to obtain the wave-front aberration and then degenerated images
were restored based on obtained aberration amounts. The core component, a wave-front processor, used a wave-
front host Printed Circuit Board(PCB) combined with a wave-front sub PCB to implement wave-front processing for
optical systems with different sizes and it could reach thousand magnitude unit outputs. An image restoration
experiment for a laser source was performed in an experimental laboratory, which shows the laser energy
concentration has increased by 50%. And the binary source of 0.6 arc-second experiments was carried out in a
telescope, and its Full Width at Half Maximum (FWHM) has decreased by 80%. By using a large-scale Field
Programming Gate Array(FPGA) as the core processing device, the system achieves the high resolution image
restoration for a degenerated image from the ground-based telescope.

Keywords: ground-based telescope wave-front measurement real time processing image restoration
Wk H M 2011-11-10 & [F H 1) 2011-11-30 M 44 it & i H i1 2012-06-10

T :

[F1% 863 i AW A v I B 15 H (No.2009AA8080603)
A BT

fEH Wi :

1£ & Email:

2% ik

[1] FORD S D, WELSH B M, ROGGEMANN M C. Constrained least squares estimation in deconvolution from wave-front
sensing [J]. Optics Communications, 1998,151(5):93-100.

[2] GONGLEWSKI J D, VOELZ D G, FENDER J S, et al.. First astronomical application of postdetection turbulence
compensation: images of a Aurigae, v Ursae Majoris, and a Geminorum using self-referenced speckle holography[J].
Applied Optics, 1990, 29(31):4527-4529.

[3] ROGGEMANN M C, HYDE C A, WELSH B M. Comparison of Fourier phase spectrum estimation using deconvolution
from wavefront sensing and bispectrum reconstruction[J]. Optics Communications, 1997,133(1):381-392.

[4] ROGGEMANN M C, WELSH B M, DEVEY J. Biased estimators and object-spectrum estimation in the method of
deconvolution from wave-front sensing[J]. Applied Optics, 1994,33(24):5754-5763.

[5] T, Wi, SR M i 73 A il e M B B AT SR BORBEBOR 2 M [9]. O A% 1.7%,2008,16(5):2-16. WANG J L. CHEN
T. ZHANG J X. General requirements and key technologies for the ground-based high resolution EO imaging telescope
[J]. Opt. Precision Eng., 2008,16(5):2-16.(in Chinese)

[6] GOODSELL S J, FEDRIGO E, DIPPER N A. FPGA developments for the SPARTA project[J]. SPIE,2005,5903:59030G1-
12.

[7] GOODSELL S J, GENG D, FEDRIGO E. FPGA developments for the SPARTA project: Part 2[J]. SPIE,
2006,6272:6272411-12.

[8] GOODSELL S J, GENG D, YOUNGER E J. FPGA developments for the SPARTA project: Part 3[J]. SPIE,
2007,6691:6691031-12.

[9] S, i, 22 30U, 45 KT RKSHBEF 1 [ 38 I 6 2% S i A BB [J]. SR T72,2008,35(5):44-49. ZHEN W J, WANG CH



H, JIANG W H. Design and analysis of real-time adaptive optics wave-front processor based on systolic array[J]. Opto-
Electronic Engineering,2008,35(5):44-49.(in Chinese)

[10] kv WAE S i i A AR VE AT N T . Qi o R 27 g Qi L 5 % 70T, 2006. JIANG ZH L. Study on characteristics
and application of hartmann wave front sensor . Wuhan: Wuhan Institute of Physics and Mathematics Chinese Academy
of Sciences, 2005.

[11] sisdae, L7, R 45,5, FETFPGAR HIERDE: KRG ATAAFNL [3]. J62% K% TRE,2011,19(8):1716-1722. JIAJ L, WANG J
L, ZHAO J Y, et al.. Technology for Adaptive Optical Wave-front Processor Based on FPGA.[J]. Opt. Precision Eng.,2011,19
(8):1716-1722.(in Chinese)

[12] Tk, o9, E T, 55, DRI 2 S g R [3]. Je% K5 1F4,2011,19(6):1384-1390. WANG B, WANG Z Y, WANG J
L, et al.. Phase-diverse speckle imaging with two cameras[J]. Opt. Precision Eng., 2011,19(6):1384-1390.

AT () 2R A S B

1. BT, BR D7, T, VESRVE, kG, TEEL, ROuR, dRiHE AN 2E Sk H AR R BN TGOS [T]. R TR, 2012,20(2): 431-
438

2. Tk, SR, T, BATE, Koo, dkihas, HE, SOV SUEBUARA 22 5 SO S e R[], D65k % T/, 2011,19(6): 1384-1390
3. BT, S, TR, ROuR, BEeT, gt g, R AR ZE RO R R [I]. D TR, 2011,19(5): 1165-1170
4. WA, B, FERRDE, 5.2 B ERSEIN EREE TG RR A L RG] JhiE R % TR, 2011,19(3): 681-689

5. RIGR, £k, BaT, W 4, 15, s, E0R, TR TR ZE SRR Y S OB R[], k% LR, 2010,18(8):
1849-1854

6. £ih, AL BB G ALERTE AL T & ERSE S [0]. Jt24 K% 1.7, 2010,18(10): 2262-2268

7. REMLAMNEG SN BRI RS B[I]. ek TR, 2009,17(10): 2612-2619

8. A, BRiE, IV MU BARBRAME I IFAT IS [I]. ek 3 LA, 2009,17(1): 225-230

9. Al IE T BB AR 3% (1) SCRFFTAE UG AR BT F ()8 F [J]. S48 % T2, 2008,16(12): 2414-2420

10. W@k (FET) ZRIRHE,fE 4. 56 T DM642f & R4 A Trous/MNiSE % & 5k [J]. 624k T, 2008,16(10): 2045-
2050

11. % AEL2:5Kk fEL b B s s RO I S R [0]. SRS R 2007,15(8): 1287-1292

12. % fEL2.90 ML sk B EZ BRI SN R ESIE D). J6ERTE TR, 2007,15(5): 767-772

13. EHL S TR S R B A I R = 4E ST HRTEREZ N T (R [3]. D628k % TR, 2007,15(1): 117-123

14. DT, ZFEIE S DSP G AL B AR GE SEIN PE I — R G RO ], 6%k % 1F, 2003,11(6): 617-620

15. BRAS, G, BORAR, BRSCHE, . midih) i MG ORSE S S S50 B 0 R % S BR[9]. D24 K % 12, 2002,10(5): 454-458

Copyright by S5 % T1%#



