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Abstract: To realize the high-precision position measurement of freeform surfaces, this paper proposes an
optic-mechanical reference positioning method that employs a position measurement model. First, an opti-
cal-mechanical reference positioning method based on a coordinate measuring machine and computer-gener-
ated holography is proposed. Then, using a spherical mounted retroreflector (SMR) target ball, cat eye,
and reference ball as the benchmarks, three benchmark position measurement models are established on
the basis of wave aberration theory and parallax effect. The functional relationship between the position er-

ror and the wavefront aberration in the reference area is obtained, and the three position measurement mod-
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els are compared and analyzed. Finally, the three benchmark position measurement methods are simulated
and validated via experiments. The residual difference between the measurement results and the model is
below 0. 051, and the relative error is below 2.43% , confirming the accuracy of the model. The experi-
mental results indicate that the axial positioning error of the cat-eye method is 24 pm when the measure-
ment distance is 1 000 mm. The axial positioning error of the reference-ball method is 50 pm. The SMR
target ball positioning error is 16 um in the axial direction, 1 pm in the X and Y directions, and 3. 26" in
clocking. The SMR target ball method has the minimum positioning error, maximum measurement dy-
namic range, and maximum degree of freedom in detecting optical elements; therefore, it is more suitable
for high-precision pose measurement of freeform surfaces.

Key words: optical testing; optical surface posture measurement; computer generated holography; optic-

mechanical reference positioning method; positioning error

1 3 F

i1 % 4 B (Computer Generated Hologram,
CGH) A I BLA e 5 B | A 42 fioh 00 8 45 000 0
I | == QTN S Wl TR e T T R S - (A
W AE CGH AME A M ok 2 v, R D' 2 T
FIR G VR E a7 2 DR TIE D' 5 T i R A ) 17y i 2
Wi . B8Ry CGH AMEAS I 5E 7 77 % J2 18 2o ik
Y DX BT o A 5 T AR R i 2 L T E
MWL B CCD il B 10 Wi ok 8 - A6 I ok 72 vp iy
R B o7 R AR SR B AT CCD $l B T4
B, 5 7% J& CCD L& M B 5 1 655 1Y AH X o
G AR SE ), O HL3E A A WL 58 ) W R A 5 Ao
B UREAE oL E A B v, JC v S B R RS R
TEA o

BE G R GEIE W 1) Ay T 5 18] Rk
& Ot AE TR B X LT 58— 19 80 Rk Ok il
WX A 2 M AR e X RR v AR AR R
T CGH G 3k 2 v 4 I A7 69 5 2 e BE o 15 SE 1Y
PG L A D7 1 JCYE S TE A A el T Y
23 (6] o7 5, S SO D T A R HET L EL 2
ARG Ene . Bk, WFd — A A il Y
e R L 2 T ¥ 6 T | il A
I R e A A R T

AR 2 T 0 e A ARG B A AR A T
FHF 62 T84 (1 Bl 1o % o 2o AR 95 A SR
T8 2% Burge 451 22 Uk SR FH B v Bk i Al B 4% A
U5 AR I O B, R B R E T O ] T
G0 LSS AR T SMIR SE BRI ST

KA B 2 . A p P E . SR, iR 3
T i vk 22 48 [0 2w 8 1y i i 7 H A
Bl = 52 35 1 07 200 H A A, R BE 52 B 2R T i
L35 1 e A R T o

A FEHIE T CGH AMEAG I [ fy il i iy
o R A I A R L B T 2 LA B
SEANL I o BT AR 25 BAE 5 0 22 500, 43 A 5T
T SMR S ER A R A0 3 E R 3 Ah ol #5713
TP R A g 57 23 ) AR R | A R A BT I R Y A
R 25 DA R OT R 5 2 o DX R 25 1
KRR VST i A A 2 i A kG R
DR S BT 5 S50 B TR X E A A 3 ik
W, Ry 27 TU A R A MR TR

2 A

2.1 “HZ2-UWCEEEME

OG- M A 7RO AR T A A
D55 LA gk e it R ] — R o oo R B O
TRy 8 O A HORR A B AT DUVE o T
R Y HLBRCEE HE , o m] AR Dy o6 4G I ik i 1Y) O A
FEME O ML o ALk Y R N B 1T
AN SR B E TR 5Ot AR oo [ E 5l = Ak
Fr M & #l (Coordinate Measuring Machine,
CMM) 3k S i T 48 5 06 2% oo 40 1Y AR X 7 5 ¢
F S0 B A B HL AL B E AL AR E L AR BB
CMM il & (4 07 & 2 $iit CGH /Y £ X 5 5
T DXl 5 B 5 7R G2 TR A ) B b 8 CGH 2
Y DX I R 2 X IR A 58 O A T A T e



o511 3

I, A TR A B AMERAS I 1 ph T A ORGS0 B 1583

A, S — JuPF R B S PO B . CGH
MG I O % 7 B AN 2 BT o

PTG - A v i o 12 vt A2
Fig.1 Flow chart of optic-mechanical reference position-

ing method
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Fig.2 Schematic diagram of testing optical path of optic-
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Fig. 10 Simulation of lateral position of SMR target ball
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Fig. 18 Test results of cat eye and reference ball methods

BI19 5250
Fig. 19 Residual distribution

FTRE L A3 B, B ol R 1 AN FH T A 85 i 1Y) D o
TCAF B4 Bl 1) 57 15 2 A T 5 A HIR 9 RO T 4 B 3
Y AELASL AT G 0 el 1) 437 R 25 s SMIR #LER 75 ] K
DR ) B SR iR 25 . Hoh  SMIR BEBR 5 1)
Al e A7 U R R 25 A o YN IR 25 O AZ T,
O HR v 0 I R 22 R 1. 5AZ, B BR v Y I R
2K 307,

Ut , SMIR #0Bk B N A AT DLk AT 2 A i
AL R I, 0 A0 22 /N B A R T LKL i B
PERE Ty [ 6 4 ) M AE O S, TS T o i A

O 2% 1 T8 2 T A 1 v A 7 A A

SH Wk

[1] ZHANG X J, HU H X, WANG X K, et al. Chal-
lenges and strategies in high-accuracy manufacturing
of the world’ s largest SiC aspheric mirror [J].

Light: Science & Applications, 2022, 11: 310.

AR SCHE T E B A R R B T O -
BUBR” BE 72 A0k, 45 & I A% 22 38 55 0 25 300
HES7 T SMR $EER AR 56 ok Bk 3 b L ok ) 17
DR 2 M ALY ARAG T T R R 25 5 U
BN REOC R o I 1L 5 SEH X 3 Fh L v Y
A 5 00 S A TR SR AT B0 TIE S £ R AR AR i1 B 2
GERI/NT 0. 052, MIXT 1 22 B/ T 2. 4300, i
Lo 1o A1l = RO RT K S g U SR
1 000 mm B, 5 MR 5 79 B 1) 37 12 25 0 24 pmg
FEYEBR 1 Y b 1] 5 057 1% 22 24 50 pwm ; SMIR $E Bk 2
4l 1) G AL R 25 O 16 pm, X, Y 7 6] B 5 i 15 24
1 pm, REMEEN IR N 3267, W, A
SCHE ST B AR TR A S 5 2 ) e R ST T Ok
0 R B A R 25 T A, Ho v SMIR FE BR 1
AL 0 T 2 B OE R A LI O -
MU " 56 o %2 7 36 5L B0 T 6 2E oo LA B 5Ok
S E G — |, o JE B 2 T AR ST R 0 IR I IR A
IZEE T Fehifi

[2] &%, ZH3¥, Nim, 5. IMELREEER
SRR R ek 22 [T, F Bk, 2022, 15
(1) :90-100.

CAI Z H, WANG X K, HU H X, e al. Calibra-

tion of single optical wedge compensation test sys-



o511 3

AT, A TR A EAMEAS I [y ot T v R R o S )

1591

[3]

[5]

[6]

[8]

tem error by computer generation hologram[J]. Chi-
nese Journal of Optics, 2022, 15(1) : 90-100. (in
Chinese)

BEE,FT,RLM
SR oo R ARG Y
19(4): 709-716.
LIFZ, LUO X, ZHAO J L, et al. Test of off-axis

o & AR R Y A
ARIT]. k% M58, 2011,

aspheric surfaces with CGH[J]. Optics and Precision
Engineering, 2011, 19(4): 709-716. (in Chinese)
AR R, IR, e OB A IR A Ty
RS R LS F R, 2021, 41(1) :
0112001.

ZHU R H, SUN Y, SHEN H. Progress and pros-

pect of optical freeform surface shape detection meth-

ods [J]. Acta Optica Sinica, 2021, 41 (1) :
0112001. (in Chinese)
K&, REeR, A=K /s Sl M= oA

?%@?ﬂﬂﬂﬁﬁ%‘ﬁiﬁﬁ%[]].
227-244.
ZHANG L, WU JL, LIU R H, et al. Research ad-

‘P;"é%_", 2021, 14(2):

vances in adaptive interferometry for optical freeform
surfaces [J]. Chinese Journal of Optics, 2021, 14
(2):227-244. (in Chinese)

ZEHNDER R, BURGE J H, ZHAO C Y. Use of
computer generated holograms for alignment of com-
plex null correctors [C]. SPIE Astronomical Tele-
scopes + Instrumentation. Proc SPIE 6273, Opto-
mechanical Technologies for Astronomy, Orlando,
Florida, USA. 2006, 6273: 880-887.
BEVERAGE J, BURGE J H, BLANCHARD 1,
et al. Interferometric metrology for the TMT prima-
ry mirror segments: design and analysis[C].
2019 (Freeform,
Washington, D. C.:

Opti-
cal Design and Fabrication
OFT). Washington, DC.
OSA, 2019: OM3A. 5
A, BB, LR E SO RE HOL 22 g 3t
'ﬁFfﬁaiﬂéﬁu B[J]. b #HE R, 2021, 29
(10):2287-2295.
LIY H, YANG SH, TANG SH, ez al. Detecting
divided aperture laser differential confocal radius
measurement [J]. Optics and Precision Engineer-
ing, 2021, 29(10):2287-2295. (in Chinese)
ZHANG X, HU H X, XUE D L, ez al. Wavefront

[10]

[12]

[14]

[16]

[17]

optical spacing of freeform surfaces and its measure-
ment using CGH interferometry[J]. Optics and La-
sers in Engineering, 2023, 161: 107350.
ZHAO C Y. Computer-generated hologram for op-
tical testing: a review[ C]. SPIE Optical Engineer-
ing + Applications. Proc SPIE 11813, Tribute to
James C Wyant: the Extraordinaire in Optical Me-
trology and Optics Education, San Diego, Cali-
fornia, USA. 2021, 11813: 142-150.
ZEHNDER R. Use of Computer Generated Holo-
grams for Optical Alignment[M]. The University
of Arizona, 2011.
COYLE L E, BURGE J H, DUBIN M. Locating
computer generated holograms in 3D using preci-
sion aligned SMRs[ C]. Classical Optics 2014. Ko-
hala Coast, Hawaii. OSA,

2014: OTh1B. 2.
STEELE T, AMENT SD V, BEVERAGE J, et

Washington, D. C. :

al. Computer generated hologram (CGH) educa-
tion kit for hands-on learning of optical metrology
for complex optics and systems[ C]. SPIE Optical
Engineering + Applications. Proc SPIE 12213,
Optics Education and Outreach VII, San Diego,
California, USA. 2022, 12213: 149-157.
BURGE J H. Efficient and accurate alignment
methods for interferometric metrology using com-
puter generated holograms [C]. Workshop Ultra
Precision Manufacturing of Aspheres and Free-
forms, 2021.

BN HEN, KB R ETHRKBMHGYT
W BT E MR [T]. Rk #2020, 41
(1): 67-73.

SHAN X Q, HAN ZH G, ZHU R H. Collimated
wavefront reconstruction based on wavelength
phase-shifting shear interferometry [J]. Jowrnal of
Applied Optics, 2020, 41(1): 67-73. (in Chinese)
YOSHIKAWA N, ITOH M, YATAGAI T. Bi-
nary computer-generated holograms for security ap-
plications from a synthetic double-exposure method
by electron-beam lithography [J].
1998, 23(18): 1483.

WA BT A oG ST R Y Al R AR T B R
MWD @ . F BA 5 R % b 5 E A

Optics Letters,



1592

31 %

AR AT ST

XIE N. Application of Aspheric Surface Detection

Technology Based on Computer Holographic Opti-

EE R

BWAES:

FFH (1997 ), &, HFHEKFE A,

TWFIE A, 2020 4F TR A BLL R AR

(G e o VAN SN S o o L ]

MAFFE . E-mail:lwy_978@163. com

B EH(1987—) B LALLM AL
£, BIAESE B2, 2009 4 T [ i BE TR 2%
G2, 2014 4R T Rl B K A
N TE N G  Re SE ANE S A e s
2% i 3 B R J5 T A F 5T . E-mail:

zengxf(@ciomp. ac. cn

cal Elements[D]. Xi'an: Xi'an Institute of Optics

and Precision Mechanics, Chinese Academy of Sci-

ences. (in Chinese)

RN

BERRMR (1979— ), W VL 95 557 A, 1f
B A BT, 32 F LR A
123 8] G2 2R G4 7 Tl SE .

E-mail : xuedl@ciomp. ac. cn

)

/)



