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Abstract Surface shape measure of large aperture mirror components existing problems of high cost and strict
environmental requirements. In this paper, based on the sub aperture stitching detection technology of S—-H wave—
front sensor, the stitching algorithm is improved, and the mixed stitching algorithm is proposed, which can
effectively reduce the error caused by the sub-aperture stitching. With auto-collimation wave—-front detection
system and high precision two—dimensional scanning system, the reflective surface shape of large aperture reflector
is detected by surface stitching. The experimental results show that the measurement error of the device is
approximately 0.072 A, which meets the requirements of the process of the large aperture mirror assembly from
the high power solid laser.
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Fig.1 Schematic diagram of S—H wave—fronl sensor
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Fig.2 Schematic diagram of optical system
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Fig.3 Schematic diagram of system component
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Fig.4 Schematic diagram of sub—aperture stitching
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Fig.5 Sketch map of the mixed stitching
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Table 1 Simulation result of error of stitching

Mixed stitching mode Serial stitching mode

Wave—front estimation PV/A Wave—front residual PV/A  Wave—front estimation PV/A Wave—front residual PV/A

First 0.464 0.0603 0.388 0.161
Second 0.469 0.0818 0.429 0.159
Third 0.433 0.0908 0.481 0.117
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Fig.6 Hardware configuration of the device
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Table 2 Measurement results of sub—aperture

Serial number 1 2 3 4 5 6 7 8 9 10
PV/A 0.11 0.17 0.09 0.13 0.11 0.13 0.07 0.12 0.14 0.11
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Fig.7 Straightness of 2D scanning system. (a) Straightness of X axis; (b) straightness of Z axis
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Fig.8 Constastchart of distribution of surface shape measurement. (a) Distribution of measurement of interferometer;
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(b) distribution of measurement of the device
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Table 3 Measurement results of the surface stitching measuring device

Serial number 1 2 3 4 5 6 7 8 9 10
PV/A 0.52 0.46 0.40 0.53 0.38 0.53 0.33 0.55 0.52 0.33

G TR 2, T Df 4 I 2 DR R PV (D 0.445 A LR 220 0.072 A, BLAF7E— & MY BB 1%
280 JLBEHLIR 25 ORI T MM 3 AR FREHL N R TR B T AR B RS . T 8 A R A SRR
A BRI T A DA B AL R 25 ME DU BR , 2 ik — 20 S EURDE I R 22 o R o 0 R e DX R R
JEE Uol /I B BIL 1R 22 B9 ) S 36 2 ]9 AR 8 T o 4 R Ol o AR BT NG BE L ok B R O 0 A ) ) BRI A T
B, AT RUAT 2508 ] T D00 ek R 22 36 2 DR 0 A S S B 2 A TR 4 o 0 T AES 00 ) 750K

5 45 it

=H

AR SCEE RS R H A2 SO B A 25 T 2R IR 42 ) oKk 4R 1 1 — AP pF R X e i o7 ik o i S v
BB RE E AR I B R AR AR , T DAAR G b A o R D B R 2 o 0F U A T TR D 4 0 £ 2
HIRZEN 0.072 AT A R AR S B 20 1 28 5 X T JE 4 o ) 25K o (R Pl FERBE I B SR AR B A i
T 85 RAFTE — 58 WY ER 22, B 3 5 T A0 — € 19 22 5%, vl 1 5 16 P ol i B A B /DN RS B2 1 91
B 22 1 AR s 41 R SRR T 0 v 2 N RO B T R L T A A Y

& % X wk

1 Zhang Jun. Digital knife—edge testing technology on spherical mirror of large aptrture[M]. Chengdu: Sichuan University, 2005: 5-20.
ik Xy R AR RO T E AR R BBIE S M. AR DY R, 2005: 5-20.

2 Zheng Ligong, Yan Lisong, Wang Xiaokun, et al.. Research on sub—aperture stitching testing technology based on iterative gradient
algorithm[J]. Laser & Optoelectronics Progress, 2014, 51(1): 011202.
FBIL T, E SN, B2, & ST AU B SR I AL PR I H AR BFIE ()], ot 5ot 722k, 2014, 51(1): 011202.

3 Liang Libin, Su Xianyu, Liu Yuankun. Phase-measuring deflectometry based on binocular vision[J]. Journal of Sichuan University (Natural
Science Edition), 2009, 42(2): 387-391.
ALK, 0 i, XTGBT WA O A O AT AR M. PO R 22 4 (F AR B2 ), 2009, 42(2): 387-391.

4 Otsubo Masashi, Okada Katsuyuki, Tsujiuchi Jumpei. Measurement of large plane surface shapes by connecting small-aperture
interferograms[J]. Opt Eng, 1994, 33(2): 608-613.

5 H S Tang. Stitching: high spatial resolution micro surface measurements over large areas[C|. SPIE, 1998, 3479: 43-49.

6.Zhang Lei, Tian Chao, Liu Dong, et al.. Non—null annular sub—aperture stitching interferometry for aspheric test[J]. Acta Optica Sinica,
2014, 34(8): 0812003.
sk FL M OE, X R, S ARRRI AR R LI TALE PR T WA I E R ()], D622 4R, 2014, 34(08): 0812003.

0212002-6



DI S R

7 Wu Jing. Wave—Front Test by Sub—Aperture Stitching Technique Based on Shark—Hartmann Wave-Front Sensor[M]. Changchun:

Changchun Institute of Opteis, Fine Mechanics and Physics, Chinese Academy of Sciences, 2010: 24-25.
. T Shack—Hartmann [ 5~ FLAE PF 42 35 HIAS I AR BT M), R AR R4 B K B 06 27 K5 3 ML -5 1 BREAE 52 T, 2010:
24-25.
8 Zheng Hanqing, Rao Changhui, Rao Xuejun, et al.. Wavefront stitching detection method based on Hartmann Shack wavefront sensor
[J]. Acta Optica Sinica, 2009, 29(12): 3385-3390.
TG, Ge M, PR e, A5 L BE TG R 2 - X v D A SRR 1) I T PRI vk [T, 6 2R i)k, 2009, 29(12): 3385-3390.
9 Wu Jing, Wang Jianli, Lin Xudong. Wave—front test by sub—aperture stitching technique based on Shack—Hartmann wave—{ront sensor
[J]. Opto—Electronic Engineering, 2011, 38(1): 39-43.
S fh, TS, MOBZR . 5EF Shack-Hartmann (1) fL48 PF 82 3 AR 50 52 R [J]. 6 T/, 2011, 38(1): 39-43.
10 Liu Zesheng, Li Dahai. Comparative study of Hartmann wavefront reconstruction algorithm in square zone[J]. Laser Journal, 2008, 29(1):
39-40.
R e, 28 I . 5 98 DX 3L s A 2 90 T B A 0 LU AR IS (0], SO 2% AR, 2008, 29(1): 39-40.
11 Li Mengyang, Li Dahai, Wang Qionghua, et al.. Wavefront reconstruction with orthonoramal polynomials in a square area[J]. Chinese
J Lasers, 2012, 39(11): 1108011.
AR, 2RO, AR, S 5 T XSO B B O 58 22 U EAR B RTT]. T RO, 2012, 39(11): 1108011,
12 Su Yun, Li Bo. Optimizing the object function in subaperture stitching[J]. Spacecraft Recovery & Remote Sensing, 2008, 29(1): 55-58.
7 o=, WL AL PRI Oy 2 0 H AR SR AL AR [T]. 0 R Il 5 1 IRk, 2008, 29(1): 55-58.
13 Wang Lihua, Wu Shibin, Hou Xi, et al.. Measurement of flat wavefront by sub—aperture stitching interferometry[J]. Opto—Electronic
Engineering, 2009, 36(6): 126-130.
TERAE, SEmti, ¢, 45 AL BHE T A IIOR 1 AR DL AT [J]. D HL T 82, 2009, 36(6): 126-130.
14 Chen Haiping, Li Jiabin, Liu Changchun, et al.. Reasearch on angle measure error based on method of angle difference[J]. Acta Optica
Sinica, 2014, 34(10): 1012003.
WIS, 28 (i, XU AR, A . T A 22 T TR DU ke B 0 00 DR 22 BF 52 (1], D62 2441, 2014, 34(10): 1012003.
15 Zhou You, Wang Qing, Liu Shijie. A method to modify systematic errors in the stitching[J]. Laser & Optoelectronics Progress, 2014, 51
(5): 051202.
JA e, B, XA —FHE IE AL PHE T RN TR B0 S AR, 2014, 51(5): 051202.
EBHRE: T8

0212002-7



