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Fig. 2 Principle of nonuniform sampling pentaprism array. (a) Three-dimensional diagram of principle of nonuniform sampling

pentaprism array; (b) principle of slope measurement in X direction; (c) principle of slope measurement in Y direction

Aa =b, (5) AT RRAS L B 0 B O s A N Zernike 2 51— By
A .a K Zernike 2 R E b N R AEIRAT (19 % P S 50 B L I

VZ,(2)—VZ, (1) VZ;(2)—VZ;(1) - VZ(2)—VZ, (D
VZ,(3)—VZ,(1) VZ;(3)—VZ (1) =+ VZ, (3 —VZ, (D

= . (6)
VZ,(m) —VZ, (1) VZ.(m)—VZ. (1) =+ VZ (m)—VZ, (1)
Rbom JREESAE AR %
Al /N R 315 20 (5) 1 Zernike £ 10 a=(A"A)"'A"b, 7

2404001-3



R

£ 49% 524 H1/2022 £ 12 A/ EEE

500 o 38 BT 7T B Zernike £ T2 R HOF FH
O EARR], B PR — M QT2 B AR 2%
KR Zernike 22300 IR B4R 22 0UED 4~ 11 TiCED
], BT 4518 Y Zernike Z TN xy , 157 K A
AT B A — B O RS R R S — B R U E 22 2
Ja 8T 0, R i ke 85 W 90 vk AE 2 AR I i IS
PORMEH ASBHUR /N, ZEBIROBRUEE RS T,
G — M2 T K A2 1Y 2 0 A S 0 O VR Al O
TR, 2RI OGS A5 HLAY Z . DA b A )
B MR TBUE AT LA W L 3R G0 0 0] R4 R

3 PiE T

SEBRA I R GE R BT LU 22 . A T
S0 E A 4 50 SRR 1) T b B e ) 1 R D T = 4 )

A
@ 0.5
200
0
< 400
3 -0.5
&
> 600
-1.0
800
— -15
1099 200 400 600 800 1000
x /pixel A

B A7 5 e, i i Zernike 2T A MY 4~11
TG B — A W07 o L U0 T O e IR 2 1 AR AT
WEE AT 4% b X 5 Y FisbE, %8
SR I 2o R R R B A5 R R R L AR SCHE T B
PRI T 18- (PV)OE 0. 1 568 0. 10) B BE
Blik2s, b A = 632. 8 nm, {FEFH T 1000 X
1000 F4 7E BLOR AT B, 7E = 4528 B 0T X 5 ) BE B 25
A BAAF— A HE B P AT R ARE . 4% 6) A=l
THEME ELIAT Y Zernike 2239 2 28 50, I 52 v LD AT
() =450 A . A5 BRI E B AT WA 3 ) i , Hedp
BEALIR 22 4N & 3(b) Irzs . R FH b B [ 91 v A2 D 445 3
(1% Y LI T AN P 3 Co) JIT 7N A2 I 11 o L JB T 5 00 ) 1
FLIEATIRBE 22 A9 iR 2 W 3(dD iR, R Zernike
LI A T RS 5 B R BN 3Ce) IR .

i
(b)
0.06
10.04
=
& 0.02
2
)
0
~0.02
10007900 400 600 800 1000
2 /pixel ]
0.04
0.03
0.02
e
2 0.01
B
0
~0.01

1000
200 400 600 800 1000 200 400 600 800 1000
x /pixel x /pixel
(&) 0.6
M simulated coefficients
0.4 |- M reconstructed coefficients
|| errors of reconstructed coefficients
2 0.2
g 0F —_— gm— I— = = = -
E 1
o -0.2F
% o4
N
-0.6
-0.8

Z4 ZB Zﬁ Z7 ZS ZB Zlﬂ ‘Z11
Zernike polynomials
B3 Fibe B b5 & AR AT . Cad 07 E0 A9 ¥ I AT 5 (b) (7 B0 0% o B U AT rh A B ATL 3R 25 5 (o) B D 1 ol B U8 T 5 (D WM L I i
FIRRZE; (O PF B Zernike 2T RS & A Zernike Z I R4
Fig. 3 Reconstruction of wavefront with pentaprism array. (a) Simulated collimated wavefront; (b) random error in simulated
collimated wavefront; (c¢) reconstructed collimated wavefront; (d) errors of reconstructed collimated wavefront;
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Pentaprism Array Based on Nonuniform Sampling

Liu Weijian', Gao Zhishan', Ma Yicen', Che Xiaoyu', Lei Lihua’®, Fu Yunxia’, Yuan Qun"
' School of Electronic and Optical Engineering, Nanjing University of Science and Technology , Nanjing 210094, Jiangsw, China;
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Abstract

Objective
interferometer, and camera lens.

Collimated wavefront is an important parameter to estimate the quality of optical systems such as collimator,
Pentaprism scanning method is a conventional method to detect large aperture

collimated wavefront by continuously collecting the coordinates of the focus of sub-aperture beams along the scanning

direction and retrieving the wavefront distribution from the slope of the wavefront. The traditional pentaprism scanning

method can only measure the wavefront distribution on one line of the collimated wavefront, and cannot obtain the full

aperture aberration distribution of the wavefront. In order to obtain the full aperture aberration distribution of the

wavefront, it is necessary to conduct multiple scans to obtain the slopes of multiple lines of the wavefront. This scanning

method is often used for the surface shape detection of large aperture flat optical elements, through rotating the optical

flat and measuring the slope of the surface in polar coordinates. However, the method is not suitable for measuring the

collimated wavefront of the optical system. To measure the full aperture collimated wavefront, two pentaprism scanning

systems in the X and Y directions, respectively, are generally required. The scanning mechanisms are complex, time-
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consuming, and vulnerable to environmental disturbances. In this paper, pentaprism array is proposed to simplify the
scanning mechanism, shorten the scanning detection time of the full aperture collimated wavefront, and realize the rapid
detection of the collimated wavefront.

Methods Based on the traditional one-dimensional pentaprism scanning method, we propose to add multiple pentaprisms
to form a group of parallel pentaprisms and a group of series pentaprisms, and realize a pentaprism array scanning based
on nonuniform sampling to measure the three-dimensional distribution of large aperture collimated wavefront. Three
parallel pentaprisms parallel to the scanning direction are used to measure the slope of the collimated wavefront in the X
direction, and simultaneously three series pentaprisms perpendicular to the scanning direction are used to measure the
slope of the collimated wavefront in the Y direction. All the pentaprisms move along the scanning direction
simultaneously. Thus, this method only needs one scanning measurement process to obtain the slopes of the three lines of
the wavefront simultaneously. It avoids the process of multiple scanning in the X and Y directions when measuring the
full aperture collimated wavefront by the traditional method. The measured slope is fitted with the derivative function of
the 4th-11th terms in the Zernike polynomials, and then the three-dimensional distribution of the collimated wavefront is
represented by the Zernike polynomials. Only low order aberrations of the wavefront can be fitted since the low sampling
rate in the Y direction.

Results and Discussions  The feasibility and accuracy of using the slopes of the three lines of the wavefront to
reconstruct the wavefront are verified by simulations, in which the reconstruction errors of the collimated wavefront with
the pentaprism array are peak-to-valley (PV) value of 0.0581 and root-mean-square (RMS) value of 0.009A (Fig. 3).
The analysis for robustness of the proposed method is also given (Fig. 4). The proposed method is used to detect the
collimated wavefront with the aperture of 1 m (Fig. 5). After correcting the mechanical scanning errors, the PV and
RMS values of the measured wavefront are 2.4952 and 0.4481, respectively. As a comparison, detection of the
wavefront is also carried out with interferometry, with which the PV and RMS values of the measured wavefront are
2.752X and 0.496A, respectively. The retrieved collimated wavefront results obtained by the two methods are basically
consistent, with nearly the same values and distribution form, which proves the feasibility of this method (Fig. 9). The
uncertainty analysis of the pentaprism array scanning method is carried out, including uncertainty of spot centroid
detection, uncertainty of the rail straightness and uncertainty of environmental disturbance. The combined uncertainty of
the proposed method is 0.035A.

Conclusions Based on the traditional pentaprism scanning method, in this paper we propose a pentaprism array scanning
method based on nonuniform sampling to measure the large aperture collimated wavefront. It solves the problem of
complex and time-consuming scanning mechanism for the traditional pentaprism scanning method to detect the full
aperture three-dimensional aberration distribution of large aperture collimated wavefront. This method measures the slope
of the collimated wavefront in the X direction through three pentaprisms in parallel and the slope in the Y direction
through three pentaprisms in series, and fits the low order aberration of the wavefront through the derivative of Zernike
polynomials. The proposed method is simulated and analyzed, and the collimated wavefront with the aperture of 1 m is
detected. The detection results are compared with the collimated wavefront measured by interferometry. The low order
aberration distributions of the collimated wavefront measured by the two methods are basically consistent with the
numerical value, which proves the feasibility and accuracy of the proposed method. The uncertainty analysis of the
pentaprism array scanning method is also carried out, which demonstrates the measurement accuracy of the proposed
method.

Key words measurement; pentaprism scanning method; wavefront detection; nonuniform sampling; wavefront
reconstruction
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