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Experimental Study onWavefront Distortion Detection Using
CAPIS Technology

Ke Xizheng, Yang Ke”, Zhang Ying

Abstract The technology of computationally adaptive plenoptic imaging system (CAPIS) can simultaneously record
the position and direction of a signal, obtain the distorted wavefront slope from the light field information, and thus
perform the wavefront reconstruction. This study investigates the optical wavefront distortion detected by the
CAPIS technology, and provides a numerical calculation model for simulation analysis. The results denote that the
CAPIS technology can accurately detect a low-order aberration wavefront. Furthermore, the root mean square value
of the wavefront residual is less than 0.1A. The experimental light path is established, and the detection of the low-
order aberration wavefront is realized and the root mean square value of the wavefront residual is less than 0.5A.
The simulation and experimental results denote that the CAPIS technology can effectively detect a low-order
aberration wavefront, which is considerably significant for exploring one large-field wavefront detection method.
Key words adaptive optics; wavefront aberration; computationally adaptive plenoptic imaging system; Zernike
aberration; wavefront detection; light field information
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(a) Hartmann wavefront sensor; (b) structure of CAPIS
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Fig. 6 Reconstructed results of astigmatic aberration. (a) Light spot array on detector; (b) astigmatic aberration

distribution to be measured; (c) reconstructed aberration distribution; (d) residual distribution
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Fig. 11 RMS values of detection results Zernike aberrations. (a) Single-order Zernike aberration; (b) combination aberration

11§ T CAPIS i R XF AT 15 B S B %
2 I TR D 2 SR ) D i B 22 RMIS L AT LA
CAPIS # A B # B [ 15 By 58 B 13 22 I 0 5k 22
RMS {H 8 /N, HAAE A m. B 11 (b 4 il 1
CAPIS H AR X} Zernike 18 251 4 Tl A 5 Wi, — H F]
HI 15 WAL A 4 22 I B 4800 45 2 9 I AT 5% 22 RMS
{H . 7T LAE Bl G i AR 25 00 18 K, T ok 22 1
RMS {HZ 8 48 K BB /NT 0.50 . MIE 11 AT LA
LB 22 P TR 25 0 RMS (L4 &% 2%/, &
PR T A AR 25 3% 2 O TR IR 25 10K L i 3
JGBE Y B K, B2 5 32 31 CCD M S %
B 5 ), 5 SO R BE R AR

BT CAPIS AR ™ % 225K W% 55 BF 91 7 T A
M 375 5 174 5 T AL TR N L T 0 B B ) 1 T
N (F7E SR A UG R B30 0 i ) ol R vy L i B B
BRI I 25407 B 5 25 LA B o 6 1) 20 R % 25 OB A%
TR AR E RGN CCD e s #™ 5 b 52 0 1 45
DA BE AT LI 25 Ry A R A T R I, T
— 25 AR 4R kS 25 1 SO0 0 T B S 0 T
ARl SR AU AT

5 4 7

IS FAAHT T CAPLS $5 AR 450 5% 2 ik 17
A () S A S A BRC(E O LRSS0 I IR R T
CAPIS H AR XK B 15 22 I A7 A9 00 20028, 25 31 %
B 1) D5 E MR CAPIS A 500 45 2 49 3% i 7%
22 BN T 0.1452) FE &4 T, CAPIS #i AR
PRI A5 3 1 P w 5% 2 Or BAR(E /N T 0,54, BRI
Zernike 8 25 (A B0 SR AR FARBY 41 & Zernike 14
2233) FRINR 22 8K, 3 36 BE [ 51 19 ™ BT Lk
R, Bk 25 5 2 B 2 WO W R A R E S, 2R
R BRI . CAPIS 4 A #8000 I i s A8 (g IF 5% S &
Ze IR BT AP 7 0k AR A R 22 )2 AR A Y O
R G0h Z200AA DERE B I RIS T Sk

il 3 A7 CAPIS AR H5 I ik iy 1 728 1) 52 6 4%
B UE BT AR B 15 25 DR A TT AT L (R 0 RS
FEAR R JC i 2 S B R ok, R — 2 T AR A
5 2 Xt Ik i R 4 R A TR Ak L B R FH o % 1Y)
PR T T B 5 0 R AR, 4 v I S AL RS L DS
IR HE A R A 37 0 00 4500k LA R 2 2 SR 3 YOG

120101-7



Wt 5ot T o R

AV ER R G0 I S BR H

[1]

(2]

(4]

(6]

(7]

(8]

(9]

2 % X #

Li X Y, Zhang P, Tong S F. Bit error rate
performance for modulating retro-reflector free space
optical communication system based on adaptive
threshold under atmospheric turbulence[J]. Chinese
Journal of Lasers, 2018, 45(6): 0606001.

ARG, SRS, 0. R A R AR T A A N
F) e T L0 396 1) R R R S TRDOG R AR R G iR R
fgsr AT )], B EEOE, 2018, 45(6): 0606001,
Wang Y R, Mei H P, Kang L, et al. Experimental
investigation on retro-reflective laser imaging in
turbulent atmosphere[J]. Chinese Journal of Lasers,
2018, 45(4): 0401008.

EER, W, R, 5. Wi R T TR B R
JERUR R ST g [T, b O, 2018, 45 (4):
0401008.

Li Y, Ning Y, Ma H T, et al. Research on
computationally adaptive plenoptic imaging[J]. Opto-
Electronic Engineering, 2018, 45(3): 180075.

BV, TE, Big, & RS A IS NOL R
HARMFEI]. Jed T/, 2018, 45(3): 180075.
Adelson E H, Wang ] Y A. Single lens stereo with
aplenoptic camera[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 1992, 14(2): 99-
106.

Chew T Y, Clare R M, Lane R G. A comparison of
the Shack-Hartmann and pyramid wavefront sensors
[J]. Optics Communications, 2006, 268 (2): 189-
195.

Rodriguez-Ramos ] M, Femenia Castella B, Pérez
Nava F, et al. Wavefront and distance measurement
using the CAFADIS camera []J].
SPIE, 2008, 7015: 70155Q.

LiY, Zhang X Z, Ma H T, et al. Large viewing

Proceedings of

field wavefront sensing by using a lightfield system
[J]. Proceedings of SPIE, 2013, 8905: 89052T.
Zhang R, Yang ] S, Tian Y, et al. Wavefront phase
recovery from the plenoptic camera [J]. Opto-
Electronic Engineering, 2013, 40(2): 32-39.

KB, B, MR, A% B TE A RR 2 45 B AR I AT A
M EIE]. JeH TR, 2013, 40(2): 32-39.

Xu ] P, Liang Y H, Jiang P Z. Performance analysis

of light field wave-front sensor [J]. Acta Optica

[10]

[11]

[12]

[13]

[14]

[15]

[16]

120101-8

Sinica, 2014, 34(s2): s201001.
VR, Bk, M. 63 AH AL I m A% 25 1 g
], JasEd, 2014, 34(s2): s201001.

Clare R M, Lane R G. Wave-front sensing from
subdivision of the focal plane with alenslet array[]J].
Journal of the Optical Society of America A, 2005,
22(1): 117-125.

Zeng W H, Ning Y, Du S J.

retrieval method based on light field information[]].

Hartmann phase

Laser & Optoelectronics Progress, 2016, 53 (11):
110101.

Bsche, T, AR BETOLGE B A R 2 A AL
Rk ] . #otSth Fardt R, 2016, 53(11):
110101.

Esposito S, Riccardi A. Pyramid wavefront sensor
behavior in partial correction adaptive optic systems
[J]. Astronomy & Astrophysics, 2001, 369(2): L9-
L12.

Yan Z J, Yang P Q. Modal reconstruction for three-
dimensional wavefront of atmosphere turbulence in
star oriented multi-conjugate adaptive optics [ J].
Chinese Journal of Lasers, 2015, 42(11): 1113002.

B4, BT B 2 )2 380 8 55 O A R i i
SRR A RS (0] P EEOE, 2015,
42(11): 1113002.

Guo G Y, Fan Z W, Yu J,

et al. Wavefront

technology based on Shark-Hartmann
theory[J]. Journal of Applied Optics, 2014, 35(5):
823-829.

IO, S e, AxH, %%, 3 F Shark-Hartmann
BRI 0 AT R B BE ST [T] . WA, 2014, 35
(5): 823-829.
Wang ] X.

detection

Research on the technology of
unmodulated quadrilateral pyramid wavefront sensor
[D]. Beijing: Graduate University of the Chinese
Academy of Sciences, 2011: 42-43.

. TC R R A i I8 A% R A Y B R BIF 5 (D]
Jbnt: HEREBEAT S A BE, 2011 42-43.

Meng Q B, Qi Y J, LuZ X, et al. Analysis of effect
of ambient temperature variation on measurement
accuracy of Shack-Hartmann wavefront sensor [J].
Chinese Journal of Lasers, 2016, 43(8): 0810001.
dREE, SEH R, TIEHE, S PRI AR B -
WA A5 OB T A2 J% A U0 R R B2 W 43 A (7. b i
)%, 2016, 43(8): 0810001.



