%38 5% 1 4 Y TR Vol.38, No. 1

201141 A Opto-Electronic Engineering Jan, 2011

XEHS: 1003-501X(2011)01-0039-05

E F Shack-Hartmann BYFFL1%
i IR AT W \N

Sodm Ut EgsLt, MER "

(1. PEBREEBKE AR S WEIIT, K&F 130033;
2. FEREE B AERE, dEat 100039 )

FE: BN ARTRERE AL T HRNE BHIRE AR b mAm B P8, R T AT
Shack-Hartmann & AT4R0 35 69 F LRSI AT N 7 k. AB T TR EA NS febtE Ak, ART
Shack-Hartmann F 52 3L 3UL2 Lk aTAE A & 69 7 ik, %3t T ﬁkﬁié%ztéﬁ KR EI G ERB T TFILRERE
e, IR 32 ¥ 049 Shack-Hartmann M ATHRM 4w 40 mm 49-F @ BAH4E, ST w2 &k 1.8 4930
BN, xR IR Z LT R R T R RS %, EHEENERE4 0 2ENLRZ 26 PV 1L
H 0.5 kK. %%‘%%f«ﬂf], AP AS K 0 A2 RABLRAT B A LA F A ARAT 69 R AT

KR LA EAAE RTINS, TIlEsHE

HPESES: TN247 MEFRRRD: A doi: 10.3969/j.issn.1003-501X.2011.01.008

Wave-front Test by Sub-aperture Stitching Technique
Based on Shack-Hartmann Wave-front Sensor
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Abstract: The ground-based telescope is traditionally tested by autocollimation against a flat mirror. As the aperture of
telescope goes larger, the testing can not be performed any more because of the more severe limitation of unstable
environment and impracticably flat mirror. The solution of testing wave-front by sub-aperture stitching technique based
on Shack-Hartmann wave-front sensor is introduced. This paper begins with a simple description of Sub-Aperture Test
(SAT) theory, and explores the methods aiming at more accurate Shack-Hartmann sub-aperture test result. A new trick,
that put a plane with holes in the parallel light path, can make sure the location of sub-aperture hit the target. A 32 units
Shack-Hartmann wave-front sensor and a 40mm flat mirror is used for testing a optical system 1.8 times larger than the
flat mirror and the sub-aperture test results are stitched by two different ways. The experimental results show that error
averaging method is superior in error propagation property to stitching one-by-one method, and Peak-to-Valley of the
difference between the direct measurement and SAT result is 0.5 wavelength. It is concluded that the technique is useful
and has a good application future in practically testing the wave-front error of great telescopes.
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Fig.3 The lattice design and the wavefront measured on each sub-aperture
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Fig.4 Color map of wavefront
(a) Direct measurement of full aperture; (b) Stitching of 7 sub-apertures; (c) SAT of full aperture; (d) Difference between SAT and direct measurement
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Table I Modifying coefficient of each sub-aperture in stitching-1-by-1

No. of S.A 1 2 3 4 5 6
Piston(4) 0.6737 1.1839 0.581 8 0.8374 0.750 2 1.061 5
Tip9(4) 0.0721 0.0793 -0.5520 -0.777 4 0.808 0 1.007 8
Tilt(4) -0.762 4 1.3409 -0.408 6 0.586 0 -0.3633 0.689 1
Defocus(4) 03331 0.584 8 03150 0.4777 0.439 6 0.5520
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Table 2 Modifying coefficient of each sub-aperture in error averaging method

No. of S.A 1 2 3 4 5 6
Piston(1) 0.710 7 1.1259 0.599 2 0.732 8 0.8577 1.114 1
Tip9(4) 0.062 3 0.083 2 -0.579 4 -0.684 6 0.8820 1.0559
Tilt(2) -0.786 2 1.288 5 -0.3945 0.560 3 -0.426 4 0.704 7

Defocus(4) 0.348 8 0.562 9 0.350 1 0.451 6 0.473 3 0.5715
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Fig.5 Color map of wavefront

(a) Direct measurement of full aperture; (b) Stitching of 7 sub-apertures; (c) SAT of full aperture; (d) Difference between SAT and direct measurement
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