%42 5% 68 Gk AR 2013 46 A
Vol.42 No.6 Infrared and Laser Engineering Jun.2013

HAUAZERN=ZRALFESEIEREEAR
£ Mk, RFE

(1 PEAFRRELFHENRSHEARN FTEHFRLF RAALERNEHRELLRE,
FH# KA 130033; 2. PEAF XS, LT 100049)

@ E. 547 A T 15 £ F (Phase Diversity, PD)#Y ik A7 4% B3 K69 K KR FL A 2T iZ B K69 B 475

HFAEF S FXBEERSEH S, T34 5 % (Genetic Algorithm, GA) #9 2Lt 445 £ F 3%

Ko EAEL B AR & ié’y;{z&:,l:i@’}mT Tikhonov E 3R , 32 & 7 Sk 048 Al S s P b3 A %

A B PD ARk AT AR ] 69 =k B iE o 4TT475E1/\#)’T-7}%MTXF3]>K AT B R XA R e, K

PSR 09 AT B BARASAE S 2 R T A 3 AR PD H AR5 A B =R AF R %6 P oMLY fe
A GG BAT IR AT AR, SH K R LT 2] 69 Zemike A Ak AT E A L T H AR L RBFFATIL, F

AR EW AL EFHARE FFAER M Z DT 0.013 A(RMS), HAam 45 i & T/ F K,

KB, ML AR KA BHEZRAELF R4

FESES: 0439 XEPRER. A XE4S . 1007-2276(2013)06-1601-06

Wavefront sensing of three-mirror reflecting optical system
phase diversity

Cheng Qiang'?, Xue Donglin, Zhang Xuejun!

(1. Key Laboratory of Optical System Advanced Manufacturing Technology, Changchun Institute of Optics, Fine Mechanics and
Physics, Chinese Academy of Science, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The basic principles of wavefront sensing based on phase diversity (PD) were analyzed. An
improved PD based on genetic algorithm (GA) was proposed for the multiple variables and nonlinear
character of PD's objective function. A Tikhonov regularization function was added to the traditional
objective function, and the stability and convergence efficiency were improved. The noise adaptability of
wavefront testing by PD technology was simulated, and effect of various wavefront defocuses on the
testing precision of PD technology was analyzed. The best wavefront defocus which can make PD reach
the highest testing precision, and it was selected to apply in testing experiment. PD technology was
applied to wavefront testing of central and marginal field of view in off-axis three-mirror reflecting
optical systems. The Zernike coefficients solved and wavefront maps were compared with interferometric
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results respectively. Experimental results showed that the testing precision of PD technology was less than

0.013 A(RMS), and the precision can satisfy the requirement of engineering.
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Tab.1 Variance of Gaussian noise versus testing

precision of PD technology

Vari-

ance of Zernike coefficients Testiﬁg
Gaus- prect-
. sion
sian a4 a5 a6 a7 a8 a9 )
noise
0 0.3 -0.35 0.3 -0.4 0.3 0.35 0.0011

0.0001 0.3014 -0.3517 0.3004 -0.3969 0.29970.3502 0.0015

0.0003 0.3053 -0.3484 0.3041 -0.3937 0.297 8 0.3531 0.004 5

0.0005 0.3102 -0.3476 0.3032 -0.4017 0.30150.3541 0.006 4

0.001 0.3013 -0.3484 0.2984 -0.3857 0.2927 0.353 2 0.006 7

0.005 0.2790 -0.3538 0.286 0 -0.4125 0.31700.3530 0.0157

0.006 0.3294 -0.3550 0.3220 -0.4465 0.297 90.3615 0.0259

B = RO R G U, AR R BT
TS R, RG AR 2220 M14(RMS) , 38 7 BEK %
H A B 2 RIS FE LT 0.02 M(RMS), i3 1 7]
U, PSRRI R M A U 25 (B B Kl 0.005, X
o G (S e 1L 2 23 dB, 286 h CCD T/ERT %
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Tab.2 PV value of wavefront defocus versus testing

precision of PD technology

PV value of Testing PV value of Testing
wavefront precision of wavefront precision of
defocus/A PD/A defocus /A PD/A

0.5 0.028 57 1.1 0.02171

0.6 0.017 88 1.2 0.020 62

0.7 0.025 36 1.3 0.021 22

0.8 0.020 38 1.4 0.023 08

0.9 0.015 58 1.5 0.024 54

1.0 0.010 61 - -
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testing precision of PD technology
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Tab.3 Comparison the Zernike coefficients of central
and marginal field of view tested by two
methods in off-axis three-mirror reflecting

optical system

Zernike coefficients
Field of Testing

view  method 5 6 7 8 9 10 11

PD  0.066 0.001 -0.033 0.028 -0.090 0.036 -0.013

Interfer-

Central gpprey 0-052 0-007 ~0.031 0.015 -0.093 0.012 ~0.007

Devia-

tion 0.014 -0.006 -0.002 0.013 0.003 0.024 -0.006

PD  -0.010 0.063 -0.064 -0.004 -0.093 0.038 0.047

Interfer-

Marginal oere ~0-017 0-052 -0.053 0.004 -0.085 0.026 0.037

D;‘;':’ 0.007 0.011 -0.011 -0.008 -0.008 0.012 0.010
120
-E Hﬂ.
&
4
pl— . : —
20 11 1o 140
xipixel
(a) P
(a) Central field of view
1204
= 1
Bl -
L=
40 “E
P 0drid Wave

20 (1] oo B M5
xipixel

(L0 Wave

(b) %M
(b) Marginal field of view
[ 6 b 7 v A I s it = I o't o AR G ) BT 1 X T
Fig.6 Comparison of wavefront maps of off-axis three-mirror

reflecting optical system gained by two methods

i 75 L3 W PD SR HE AT A I i e
F B Zemike 21X 5-11 TR AR 73, v | w4



% 6

2 OREMEEFHWZRAAFRAAR T ERAIER

1606

WA BT LR 6, B Oy ik B A 14 I A
KIfEd | s R —E Mz, & 3K
Zemike REGTI G 5T WK K45 R AH L, PD
AR B B = 62 2 G0 PO S RNt 03 1 ARG
i 22 353/NT 0.013A(RMS) . X T+ PD He A A Ml [ 4t =
R FRGE, HASEL AT S5 0 Dk 17 25 45 4 3 A D AT
R 0 A i P S A I B A = R OTEERAML, XA
PR

4 % i

-l

SCHTEAE St PD BR H A oR Y FE Al 3 T
Tikhonov 1E W I, A5 2804100 il Mg 7 it v B30 AR A 12
NS SOROR s BT T 962% R G R H PD $ AR F
A D5 AR T %y Mg 7 1y L O XA T 0 i S AR AR A6
XF PD F AR MRS BE 52 ma AT T 1L, R18 T &
6 P9 U T 25 A A S (B 32 45 SR T A T S 5
ST AE L], FFH PD BRI B A = RO R
BERYPEHT, 5T IR R A 25 R AH L, PD B ARSI i
22H/T 0.013A(RMS) , HUAG IS 2 6 i TR 75K

SCHFIH PD RSB T = RO B G A
BRI, T TR i 5k $2m PD HAR 1
iRl

SE

[1] Paxman R G, Thelen B J, Murphy R J. Phase-diverse
adaptive optics for future telescopes [C]//SPIE, 2007, 6711:
671103.

[2] Mats G, Richard L K, Alex H, et al. A phase diversity
experiment to measure piston misalignment on the segmented
primary mirror of the keck Il telescope [C]//SPIE, 1998,
3356: 1190-1201.

[3] L Fdahl M G, Berger T E, Shine R S, et al. Preparation of a
dual wavelength sequence of high-resolution solar photospheric
images using phase diversity [J]. The Astrophysical Journal,
1998, 495: 965-972.

[4] Wang lJianli, Wang Zongyang, Wang Bin, et al. Image

restoration by phase-diverse speckle [J]. Opt Precision Eng,

2011, 19(5): 1165-1170. (in Chinese)

FHNT, TESRTE, W, AF. AL 22 5 BB vk R S R BOR

[3]. D2 A% T2, 2011, 19(5): 1165-1170.

[5] Zhang Ligin, Fei Jindong. Photoelectric correction methods

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

applied Infrared and Laser
Engineering, 2004, 33(6): 580-583. (in Chinese)
RIS, TRHAR. KA R E A [J]. 4

Ah5 06 T /&, 2004, 33(6): 580-583.

to aero-optical effects [J].

Wu Yuanhao, Wang Bin, Zhao Jinyu, et al. Restoration of
broadband white light image using phase diversity technique
[J]. Opt Precision Eng, 2010, 18(8): 1849-1854. (in Chinese)
ROCR, T, BaT, 5. FHHE L2 R EORRE 584 A
JeEMR ], J6¥ K% T#, 2010, 18(8): 1849-1854.

Liang Shitong, Yang Jianfeng, Xue Bin. A new phase
diversity wave-front error sensing method based on genetic
algorithm [J]. Acta Optics Sinica, 2010, 30(4): 1015-1019.
(in Chinese)

ELOW, A0, BEAS. R TS B I R AR O 25 1 AT
IR 2L REARBIFE [I]. Je2#2%4k), 2010, 30(4): 1015-1019.
Wang Xin, Zhao Dazun. Influence of noise to phase diversity
wavefront sensing [J]. Acta Optics Sinica, 2009, 29 (8):
2142-2146. (in Chinese)

FR, BAIRRTE L R T X AR 37 7 I A% Y B e [J].
HezE2E4k, 2009, 29(8): 2142-2146.

Kendrick R L, Acton D S, Duncan A L, Experimental results
from the lockheed phase diversity test facility [C]//SPIE,
1994, 2302: 312-322.

Georges J A, Dorrance P, Gleichman K, et al. High-speed
closed-loop dual deformable-mirror phase-diversity testbed[C]
/ISPIE, 2007, 6711: 671105.

Jonathan A, Scott T, Sergio R, et al. Dynamic aberration
control testbed for the characterization of multiple wavefront
sensors[C]//SPIE, 2005, 6018: 60180R.

Gonsalves R A, Chidlaw R, Tescher A J, et al. Wavefront
sensing by phase retrieval, in application of digital image
processing III[C]//SPIE, 1979, 207: 32-39.

Paxman R G, Fienup J R. Optical misalignment sensing and
image reconstruction using phase diversity [J]. J Opt Soc
Am A, 1988, 5(6): 914-923.

Paxman R G, Schulz T J, Fienup J R, Joint estimation of
object and aberrations by using phase diversity[J]. J Opt Soc
Am A, 1992, 9(7): 1072-7085.

Fienup J R. Phase retrieval for undersampled broadband
images [J]. J Opt Soc Am A, 1999, 16(7): 1831-1837.
Baba N, Mutoh K. Measurement of telescope aberrations
through atmospheric turbulence by use of phase diversity [J].

Appl Opt, 2001, 40(4): 544-552.



