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Table 1. Zernike polynomial coefficients of the LMT off-

axis aberration.
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Fig. 1. Diagram of off-axis aberration of the LMT: (a) Spot diagram; (b) wavefront map.
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Fig. 2. Diagram of off-axis aberration correction system for the LMT.
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Fig. 3. Diagram of off-axis aberration after the convex mirror correction: (a) Spot diagram; (b) wavefront map.
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Fig. 4. Schematic diagram of MFDM.
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Fig. 5. Structure of the miniature coil.
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Fig. 6. The relationship between fitting accuracy and the
number of miniature coils of MFDM.
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Fig. 12. Prototype of the MFDM.
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Fig. 15. Experimental setup of LMT off-axis aberrations

correction system.
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Fig. 18. The wavefront correction of the four selected channels (Blue: Open-loop control, Red: Closed-loop control): (a) #1; (b) #

(c) #15; (d) #25.
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Fig. 19. The PSD diagrams of the four selected channels (Blue: Open-loop control, Red: Closed-loop control): (a) #1; (b) #2; (c)

#15; (d) #25.

110403-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 75, No. 11 (2026)

110403

0 10 20 30 40

—50 F

—100

0 10 20 30 40
) /s

P20 DA 3 Sl T 1 5 A 4 6 1H

0 10 20 30 40

VS
(d)

100 |
50
o [
_50k
—100

—150 t . . L

0 10 20 30 40

Bl /s

(a) #1; (b) #2; (c) #15; (d) #25

Fig. 20. The adaptive 6 of the four selected channels: (a) #1; (b) #2; (c) #15; (d) #25.

T T FY) 6 {ELZ Hr i s S B .

FEIE 5 B HT U RDEBREE AnR 21 B, 286
WL Bk IE i A B AT 15 22 (ELAH L TR AL IE Z i
BAERRAT, WM, BOEEROCREE e . Fikgs
REFW, ARSCBET Y B R 22 E R SRS AT R0
R B A5 A S Al 15 2.

P21 A IE S5 BT AL BER

Fig. 21. The wavefront map and spot image after the aber-

ration correction.

6 % #

ARSCBETE T — B T o T AR I A
4541 Paul-Baker {3255 1E RS TR A2
T B R 2. E SRR B AR IE AR By
FS R G 22, SRIGE X R AMG =R T T /e
WAL, IFES AW A e R A, it 17—

FIEET Youla ZE04L 1Y A S IR HI RS, DR IEARH
IR TR ARG 2 MBI AS I AR 22, S5 Je R T 1) /N
U e W A B S 5 1) B TR 25 A I R A T 5L 0
USUE, SCREE R BN, s T g TR I A T SE R
100 pm A RATRRASIE, IR I HT RMS 1522 A
53.9 pm AR E 0.18 pm, Z5HFEM, Frikitm
BT U TE 55 2200 0E R Ge LA K [ 36 1oy 4 11 2
XA R A 1Y) B A5 22 BT AR A B RS IE g

AT R M E WA

SCHEAWEFE ISR BRI 4R rTTE R BE AT https://
doi.org/10.57760 /sciencedb.j00213.00203 HiJj R $RHL.

(1] Gibson B K 1991 J. R. Astron. Soc. Can. 85 158

[2] 'Cabanac R A, Borra E F, Beauchemin M 1998 Astrophys. J.
509 309

(3] Hickson P, Pfrommer T, Cabanac R A, Crotts A, Johnson B,
De Lapparent V, Lanzetta K M, Gromoll S, Mulrooney M K.,
Sivanandam S, Truax B 2007 Publ. Astron. Soc. Pac. 119 444

[4] Surdej J, Hickson P, Misra K, Banerjee D, Ailawadhi B,
Akhunov T, Borra E, Dubey M, Dukiya N, Filali S,
Hellemeier J, Kharayat M, Kumar B, Kumar H, Kumar M,
Kumar T S, Kumari P, Negi V, Pospieszalska-Surdej A,
Prabhavu S, Pradhan B, Pranshu K, Rawat H, Reddy B K,

110403-11


https://doi.org/10.57760/sciencedb.j00213.00203
https://doi.org/10.57760/sciencedb.j00213.00203
https://doi.org/10.57760/sciencedb.j00213.00203
https://doi.org/10.1086/306488
https://doi.org/10.1086/306488
https://doi.org/10.1086/306488
https://doi.org/10.1086/306488
https://doi.org/10.1086/306488
https://doi.org/10.1086/306488
https://doi.org/10.1086/517621
https://doi.org/10.1086/517621
https://doi.org/10.1086/517621
https://doi.org/10.1086/517621
https://doi.org/10.1086/517621
https://doi.org/10.1086/517621
https://doi.org/10.1086/517621
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 11 (2026) 110403

Sasidharan Pillai A, Singh K, Tremblay S, Turakhia S, Vijay FREIFE, Db, ZE06 2018 PFH2A4R 67 034702
S 2025 Astron. Astrophys. 694 A80 [13] Igbal A, Amara F B 2008 Int. J. Optomechatronics 2 126

[5] Surdej J, Ailawadhi B, Akhunov T, Borra E, Dubey M, [14] Wu Z Z, Igbal A, Amara F B 2013 Modeling and control of
Dukiya N, Fu J, Grewal B, Hickson P, Kumar B, Misra K, magnetic fluid deformable mirrors for adaptive optics systems
Negi V, Pospieszalska-Surdej A, Pranshu K, Sun E 2024 Bull. (Berlin: Springer) pp99-125
Soc. R. Sci. Licge 93 1054 [15] Caprari R S 1995 Meas. Sci. Technol. 6 593

[6] Moretto M, Borra E F 1997 Appl. Opt. 36 2114 [16] Zhao B, Kong L X, Cheng Y, He R F, Wang S, Yang K J,

[7] Hickson P, Borra E F, Cabanac R A, Content R, Gibson B
K, Walker G A H 1994 Astrophys. J. 436 1201

[8] Li K, Zheng L, Liu C, Li X, Tang Z 2019 9th International
Symposium on Advanced Optical Manufacturing and Testing

Yang P 2025 Chin. J. Lasers 52 1705001 (in Chinese) [#4##,
LA, B, MIEE, E 0, R, %°F 2025 EHOL 52
1705001]

[17) Galland N, Marquis L, Raynaud H F, Osborn J, De La Rosa
J M, Garcia I M, Tubio O, Garcia-Talavera M R, Kulcsar C
2024 Proc. SPIE 13097, Adaptive Optics Systems IX

Technologies: Large Mirrors and Telescopes Chengdu, China,
January 11, 2019 p108370E
[9] Tyson R K, Frazier B W 2022 Principles of Adaptive Optics

5th Edition (Boca Raton: CRC Press) pp199-206 Yokohama., Japan August 27, 2024 p1309782
[10] Wang M, Moretto G, Borra E F, Lemaitre G 1994 Astron. (18] Song D, Li X, Peng Z 2016 Opt. Eng. 55 094106

Astrophys. 285 344 [19] Escdrate P, Coronel M, Carvajal R, Agiiero J C 2023 Sensors
[11] Yuan X Y, Su D Q, Cui X Q, Liu G R 2005 Chin. J. Astron. 23 9186

Astrophys. 5 546 [20] LiuZ W, Li Z D, Zhou Z Q, Yuan X W 2016 Acta Phys. Sin.
[12] Zhang Z, Wu Z Z, Jiang X X, Wang Y Y, Zhu J L, Li F 2018 65 014206 (in Chinese) [XIFE3C, ZRIEZR, JAAM, 2% 3C 2016

Acta Phys. Sin. 67 034702 (in Chinese) [JKF:, 228, TTH#E, YIBE=AAR 65 014206]

Off-axis aberration correction system for liquid mirror
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Abstract

The liquid mirror telescope (LMT) features low cost, high surface optical quality, and ease of fabrication,
providing an economical and efficient alternative to conventional solid-mirror telescopes. However, owing to its
structural characteristics, the observation direction of an LMT is typically restricted to the zenith. Although
off-axis observations can partially expand the observable sky region, they inevitably introduce significant static
off-axis aberrations. In addition, various disturbances, such as structural vibration and atmospheric turbulence,
may cause mirror surface fluctuations, which lead to dynamic aberrations. To correct these aberrations and
thereby expand the observable sky region of the LMT, this paper proposes an aberration correction system
based on a magnetic fluid deformable mirror (MFDM). Compared with the traditional wavefront correctors,
MFDM can provide both a large stroke and a large inter-actuator stroke. Specifically in this paper, a convex
mirror is first employed to provide preliminary compensation of large low-order static off-axis aberrations.
Subsequently, an MFDM is designed with respect to the residual aberrations, and a Youla-parameterized
adaptive control algorithm is developed to achieve real-time correction of both residual static aberrations and
dynamic time-varying aberrations. Finally, an experimental LMT platform is established to validate the

proposed aberration correction system. The experimental results show that the MFDM can achieve a
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deformation stroke exceeding 100 pm and reduce the wavefront RMS error from 53.9 to 0.18 pm. The results
further demonstrate that the MFDM-combined aberration correction approach exhibits excellent capability in
compensating the exceptionally large off-axis aberrations, and thus offers an effective solution for expanding the

observable sky region of LMTs.
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