A ER-INC)

Chinese Optics B

HT HERDGFBOR K22 0 B RS B RE SR T 07 BRI 5T

R XS G 5

Research on the method for improving the performance of differential wavefront sensing based on adaptive optics
technology

SONG Wei, LIU Jing-han, GAO Rui-hong

FIUAASE:

R, X, G ah. BT A I NG BOR Y 22 20 AT A R RE S TH O A I SE() ). R EDESE, kAR, doi:
10.37188/C0.2026-0028

SONG Wei, LIU Jing-han, GAO Rui-hong. Research on the method for improving the performance of differential wavefront
sensing based on adaptive optics technology[J]. Chinese Optics, In press. doi: 10.37188/C0.2026-0028

TELR R View online: https:/doi.org/10.37188/C0.2026-0028

FEAT ARG HoA S EE

Articles you may be interested in

223 1) 753 3 A0 iy 1) 23 FSO'C0 ek 1 400 71
Measurement and suppression of forward stray light for spaceborne gravitational wave detection

rREDEFE (FRZESC) 2023, 16(5): 1081 hitps://doi.org/10.37188/C.0.2022-0251
23 6] 5 | 3 AR rh AR B i A A 2R A 5

Ultralow residual phase noise frequency synthesizer for space gravitational wave detection

e (PP 2025, 18(3): 661  hitps://doi.org/10.37188/C0.2025-0015
EEIEIPAN 73 M N 5 o R EI RO vy 1 el L BV S A VRS s T = i | K DR ES

Iterative estimation and precision suppression of inter—spacecraft tili—to—length coupling noise for the Taiji space gravitational wave

detection mission

rREDE (FRIE3C) L2025, 18(3): 583 hitps:/doi.org/10.37188/C0.2025-0042
TR R 23 (W) 5 | 7 B o2 Rt

Design of optical system for low—sensitivity space gravitational wave telescope

R EDEE (FIESC) 2023, 16(6): 1384 hitps://doi.org/10.37188/C0.2023-0006
23 1815 | BRI TR 45 27 DN M P e R A I Ak

Optimization of optical metrology noise link metrics for space—based gravitational wave detection spacecraft

rREDEE (FRIEC) L2025, 18(3): 568 hitps:/doi.org/10.37188/C0.2024-0185
T 1) ) FR 2 ) G388 15 SRR OE A G LR K R

Improved simulated annealing algorithm for wavefront correction in free—space optical communication

HEDE2E (FPIESC) L2025, 18(4): 784 https://doi.org/10.37188/C0.2025-0028


https://www.chineseoptics.net.cn
https://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2026-0028
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0251
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2025-0015
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2025-0042
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2023-0006
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2024-0185
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2025-0028

FxH FxW EP%%(EP%Y) Vol.x No. x
xxxx 4F x A Chinese OptiCS XXX. XXXX

XEHS  2097-1842(xxxx)x-0001-14

BT HEMEF AR ZE SR BE =R IERE
RITTTEMR

RO, X F R, &L
(1L ERAMMEEH R LB 5 HF A £ 5K, M 310024;
2. P ER B A R BT, L 100190;
3. P ERFR AF, L 100049 )

R 23 [0 5 DR DA R s T ] 3 I S A — R G R PR, S ROGA I 22 T J7 ik S B P AR
B | J3eA S R o BOCARABR AN E A T 52 B TR )G oA oA PR X v, S B = 2 WU O BE B ORI . 25 0BT
1R (DWS) B ATEBOCHRM B BEr L, RSB SIEE A BE 73 BRI 8 . Ol S8 SO G AR BRI 22 e i 7L n] A7
P, T X AR LT R 3 I B B RS . AR AT P A AL 2 BRI DWS SR IR RE ), 5 -
SRR I 5 0 A SCE eid il B 07 LA T B, RGE 0T 7R DWS BYSZIA, B R 5T A GG # 3
ARAMER ST DWS (55 10Tk, ZIG BT HE T 5T DWS {555 B I miril 2 0 350 ] Il s SO BRI S0 56 R 58 . 5IA
TRZEPRBITIRIE, YL /KW, 78 0.1 Hz—1 Hz BB, [FFREPERE T 42 T+2Y 10 4, Fe0l T A G RO R LI
AR R DWS TERERGE T RN RE 1, R SRR OB N 2R 50 KB R PR S T S0 IE B 5E 1 kA

X8R A AT RBR UL FOREE; B2 R R W] A AR

FESES:TP394.1;TH691.9  XEAFREAD: A  doi: 10.37188/C0O.2026-0028  CSTR:32171.14.C0O.2026-0028

Research on the method for improving the performance of differential

wavefront sensing based on adaptive optics technology

SONG Wei'*?*, LIU Jing-han?, GAO Rui-hong*"
(1. School of Fundamental Physics and Mathematical Sciences, Hangzhou Institute for Advanced Study, UCAS,
Hangzhou 310024, China;
2. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

* Corresponding author, E-mail: gaoruihong@imech.ac.cn

Abstract: The Space Gravitational Wave detection program intends to use three satellites in space to estab-
lish an equilateral triangle constellation structure, and realize the detection of gravitational wave signals in

the middle and low frequency bands by laser heterodyne interference. Laser capture and pointing technology
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is used to achieve high-precision alignment of beams between satellites, and the construction of three bidirec-
tional laser links is realized. Differential wavefront sensing (DWS) technology is the core of laser tracking
and pointing stage, and it is the key to achieve nanoradian Angle resolution. In order to fully verify the on-or-
bit feasibility of the laser capture and tracking system, it is necessary to carry out long-distance ground veri-
fication experiments on the principle prototype. However, the transmission of light in the atmosphere will
seriously affect the Angle measurement ability of DWS technology, and it is urgent to find a scheme to sup-
press the interference. Therefore, this paper systematically analyzes the influence of atmosphere on DWS by
means of numerical simulation, and proposes the introduction of adaptive optics technology to compensate
the interference of atmosphere on DWS signal for the first time. Then, a laser tracking and pointing experi-
mental system with dual control loops based on DWS signal and wavefront measurement is designed and
built. The experimental results show that in the 0.1 Hz—1 Hz frequency band, the performance of the same
frequency band can be improved by about 10 times, which fully demonstrates that the adaptive optics system
can effectively improve the measurement ability of DWS in the atmospheric environment, laying a founda-
tion for the subsequent long-distance ground verification of laser capture and pointing system in atmospheric

environment.
Key words: Differential Wavefront Sensing Technology; Laser Capture Tracking; Adaptive Optics; Gravita-

tional wave detection in space
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