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Abstract

To address the limitations of Shack-Hartmann sensors including narrow dynamic range and low
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measurement precision in laser beam quality testing, this paper proposes a centroid detection
method for laser spot arrays based on edge detection and grayscale weighted fusion. First, the
Canny operator is utilized to extract edge information from images. An improved Hough transform
algorithm is proposed to identify contours of valid laser spots, and the grayscale weighting strategy
is combined to boost the localization precision of spot centroids. Numerical simulations are carried
out to analyze ideal wavefront images and noise-disturbed wavefront images captured by Shack-
Hartmann sensors. Quantitative analyses are performed from two perspectives: the detection accu-
racy of spot centroids and the precision of wavefront reconstruction. Experimental results verify
that compared with traditional centroid detection algorithms, the proposed method can accurately
extract centroids of laser wavefront spot arrays under complex background conditions and exhibits
prominent performance advantages in wavefront reconstruction. This research provides solid tech-
nical support for laser wavefront detection and its relevant application fields.
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Figure 1. Principle of Hartmann wavefront sensing
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Figure 2. Flowchart of the Hartmann wavefront sensing and reconstruction method
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Figure 3. Simulation diagram of Hartmann wavefront spot. (a) Laser wavefront distribution; (b) Focal plane spot array of
Hartmann sensor; (c) Reference centroid and calculated centroid results; (d) Centroid position offset diagram
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Figure 4. Performance of different algorithms in detecting the spot centroid for ideal and noisy images
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Figure 5. Wavefront reconstruction results of an ideal image: (a) Input wavefront map; (b) Reconstructed wavefront
map; (c) Residual map
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Figure 6. Wavefront reconstruction results of noisy image: (a) Input wavefront map; (b) Reconstructed wavefront map;
(c) Residual map

B o. MEEGKAIERER: () MAKATE; (b) EMKATE; (o) %REE

ST 53 A ST AT RIS 53 A P 10

%10

1 i Zemike 7 M AL AT
T I

nt L I 7 E

4 5 6 7 8 9 10 " 12 13 14 15
Zernikelfi k4

Figure 7. Comparison of Zernike polynomial reconstruction results
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Table 2. Comparison of wavefront reconstruction Vrus metrics of different algorithms for ideal images and noisy images
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B R A0 48 7V T o R 5% 5 A58 e 3, (L2 9 T A T A 900 2 32 ) T 0 5 7 5 1 55
VPR, T AR SCRIT & 7 Ve I B R i L 0 R S A BT I, A R T R 2R M R IR TR PR TR AR
TEME .

5. B4
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JCBEE 1, AR INIZE B TR 2R P (M50, foeJm i Y 1 A AU it AT Y B A, B v v f 2
Hhae . i 2R AR PR IN i FER ) DG IR 410 JoCoker I 55 U8 I SEAG R S IR 25 SRR, %07V R Ik
TARGEFL T IR IR, FCAS RS ORISR T, £ O P A5 5 M 7 T U M5 T W iy B A R 22 Bl 5
%, BARNRE R PUTIRE 0. RE VRS0, Dok FESO G A A I AT R F S 4 T B B8R
AT

E&UH

B H AR R 400 H (62127804)
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