§34% 12 e M TR Vol. 34 No. 12
2026 4£ 6 A Optics and Precision Engineering Jun. 2026

TEHE  1004-924X(2026)12-1807-10
HEENNENISHASRELZNERES

X hRE, B4k, AR, BRE, BWE, T Ao
(r#E T AF Ko Fk,LE 100081)

FEE B0 Bl 2 A B DU dE 2R 0 v E T O A A5 2 M LA ) DA TRT S SO o R R R R 0 (R, AR SCHR T — R T RO
22 Bl 1 DB rR R B S S AR 2o T R R R 3 ST A AR 25 R T 1 25 Bl U M R R R AT T AR 2%
PRI BE R o0 A5 K 22 3N M5 5 2 5 0 RO S ), i S BT Dk R 22 500 A R AR =2 ) s LA A 5 A LSRR | R
R AR T R b= 850 5 51 AR AR BRI, A3 80 7 % L SR MR AR 25 e T I AR B . BRI S A AN A5 i 52
R ZEARTT LA RN 2, REAE 2 WG T 1935 5 RO B2 /0 T30 BBE AR L B ar 3 R IR 228 T
0. 042 42, MTF 3 3T 17 5 H% BR 5 A% 22 45 00 o ofie 00 2 o 42 1k 1T 3k 0. 0277, 4 He F HAG T 32 6 1 39 ELCOMAT®3000 H #E B
I VRS T 415, HAS 2 85 0 56 i il B 5 K g 22400 0. 0857 AT 85 RS J3E Bl 25 A J3 ) 2 (3t ] S A B Rl 4%

kX B ORARFRI; A SRR £ R

hE SRS TH741 MERARIRED : A

doi: 10. 37188/0OPE. 20263412. 1807 CSTR:32169. 14. OPE. 20263412. 1807

High-precision optical measurement system for dynamic angle
based on laser differential alignment
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Abstract: To address the degradation of alignment measurement accuracy caused by the difficulty in sup-
pressing optical aberrations in dynamic angle measurement systems, this paper proposed a high-precision
optical measurement technique featuring dynamic aberration suppression based on the principle of laser dif-
ferential alignment. A differential alignment mathematical model incorporating aberration factors was es-
tablished to thoroughly analyze the impact of aberrations on the energy distribution of the detection spot
and the zero-point positioning of the differential signal. This analysis facilitated the derivation of a quantita-
tive relationship between wavefront aberration and angular measurement sensitivity. Subsequently, a long-
focal-length catadioptric optical structure alongside even aspheric surfaces was employed to effectively sup-
press both on-axis and off-axis residual aberrations, thereby enhancing the angular measurement accuracy.
Theoretical analysis and preliminary experiments demonstrate that the proposed technique can effectively
suppress optical aberrations. Across the full field of view (FOV), the root-mean-square (RMS) spot radii
are all smaller than the Airy disk radius, the wavefront RMS error is less than 0. 0424X, and the modula-
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tion transfer function (MTF) approaches the diffraction limit. The alignment measurement repeatability of

the proposed system reaches 0. 027 arcseconds, which is 41% higher than that of the widely adopted EL-

COMAT®3000 autocollimator, and the maximum alignment measurement deviation of this system is only

0. 085 arcseconds. This study provides a reliable technical pathway for high-precision dynamic angle mea-

surement.
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Fig.1 Schematic diagram of laser differential angle mea-

surement system
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Fig.2 Schematic diagram of angle measurement errors
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tial alignment curves with and without aberrations
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Tab.1 Initial system parameters

Name Parameters
Imaging band () 635 nm
Exit pupil(D) 50. 8 mm
L. of focal length(f) 1 000 mm
Field of view (FOV) 0.458°

Dimensions <300 mm X 200 mm
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Fig.4 Simulation diagram of the optical system
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Tab.2 Aspheric coefficients of the optical system

Name a,/mm a;/mm

Front surface of L., —3.626 X 10 ° —9.805 X 10’
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Tab. 3 Differential alignment optical system parameters

Name Radius/mm Thickness/mm  Material
oo 10
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o 250
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