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Automatic Spot Location and Extraction Algorithm for Grating

Wavefront Curvature Sensor

Xu Qifeng, Chen Bo~
College of Electrical Engineering, North China University of Science and Technology, Tangshan, Hebei 063210, China

Abstract An automatic spot location and extraction algorithm based on the combination of the Otsu method and the

centroid method is proposed herein for the grating wavefront curvature sensor and verified through experiments.
The original intensity distribution image is first binarized by using Otsu method. Then, the binary image is then
segmented into two binary images according to the centroid coordinates such that each binary image contains one
spot. Finally, the centroid coordinates of the two images are calculated as two spot centers in the original intensity
image, while the two spots in the original image are extracted from the original intensity image. An experimental
setup of the grating wavefront curvature sensor is built based on an off-axis Fresnel zone plate to verify the
effectiveness of the proposed algorithm. In the experiment, the spots are extracted automatically by using the above
algorithm; then, the wavefront is restored by using Laplacian eigenfunctions. The results are compared with those
of the Hartmann wavefront sensor. The experimental results demonstrate that the proposed algorithm can extract
spots automatically with an error less than 4 pixel.
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Fig. 1 Principle of curvature sensor based on

off-axis FZP photodetector

lens

Fresnel zone plate
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Fig. 2 Flow chart of automatic spot location and
extraction algorithm
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Fig. 3 Experimental setup
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Fig. 4 Experimental results of automatic spot location and extraction. (a) Original image; (b)binary image;

(c¢) spot image 1; (d) spot image 2 (e) target spot 1; (f) target spot 2
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Fig. 5 Wavefront restored by two sensors. (a) Wavefront 1 restored by CS; (b) wavefront 2 restored by CS;
(¢) wavefront 3 restored by CS; (d) wavefront 4 restored by CS; (e) wavefront 1 restored by HS; (f) wavefront 2
restored by HS; (g) wavefront 3 restored by HS; (h) wavefront 4 restored by HS
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Table 1 Comparison of measurement results (W, and d,,) obtained by CS and HS

W oins/d
Sensor
Wavefront 1 Wavefront 2 Wavefront 3 Wavefront 4
CS 0.0216/0.1478 0.0965/0.4497 0.0985/0.5613 0.1347/0.6231
HS 0.0131/0.0974 0.1137/0.4959 0.1233/0.6412 0.1846/1.0757
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Fig. 6 Absolute deviation histogram of spot location. (a) D/ro=2; (b) D/r,=5; (¢) D/ro=10; (d) D/r,=20
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