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Abstract This paper proposes an improved shape-from-focus (SFF) algorithm based on wavelet transform to realize rapid 3D
surface reconstruction of laser damage via online microscopic imaging. Here, the depth was retrieved point by point through the
3D focus evaluation function, thereby reconstructing the 3D surface of the laser damage of optical elements. A 3D surface
reconstruction experiment was performed on the damaged area of the silver mirror surface using the online microscopic imaging
device for laser damage, based on the proposed algorithm. The results show that the definition ratio, sensitivity, and flat
fluctuation of the proposed improved algorithm are 2. 608, 0.131, and 0. 356, respectively, and the relative error is 1. 56% for
the identified area with a maximum depth of 169.8 pm. As the proposed algorithm’s results are compared to those of the
traditional method, it is discovered that the definition ratio is increased by approximately one time, the sensitivity is increased by
approximately three times, the relative error of depth measurement is reduced to one-tenth, and the flat fluctuation can be 1.1
times that of the conventional method. The proposed algorithm has already been employed in the development of an online
microscopic damage detection system to achieve on-line rapid reconstruction and measurement for 3D laser damage topography.
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Fig. 1 Experimental setup for micro imaging on-line detection
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Fig. 2 Picture of an image acquisition part
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Fig. 4 Flow chart of the proposed reconstruction algorithm
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Table 1 Performance index of the focus evaluation function

Algorithm Qx Qr Qs
Fo. 2.110 0.340 0. 080
From 1.953 0.338 0. 060
F,. 1.751 0.328 0. 049
Fyaviance 1.419 0.305 0.061
Fro 2.550 0.351 0.117
Fu, 1. 746 0.330 0.044
Fu 1.777 0.332 0.042
Fu 2.563 0. 346 0.116
Fyaesn 2.608 0. 356 0.131
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Table 2 Calculation results of maximum depth

Algorithm Depth /pm Error /%

Firenmer 191.7 14. 56
Frenengraa 192.2 14.95
Fr,, 190. 7 14. 06
Foo 193. 1 15. 49
Frpergy 193.8 15.91
Fypel 186. 8 11.72
Fype 187.6 12. 20
Fyue 162.0 3.11
Fyaen 169. 8 1.56
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F8 =4S ~fLE - (a) Brenner; (b) Tenengrad; (c¢) Eav; (d) Variance; (e) Energy; (1) Wavel; (g) Wave2; (h) Wave3; (i) Wave3D
Fig. 8 Top view of 3D point cloud map. (a) Brenner; (b) Tenengrad; (¢) Eav; (d) Variance; (e) Energy; (f) Wavel; (g) Wave2;
(h) Wave3; (i) Wave3D

B9 EMYLE ST . (a) Brenner; (b) Tenengrad; (¢) Eav; (d) Variance; (e) Energy; (1) Wavel; (g) Wave2; (h) Wave3; (i) Wave3D
Fig. 9 Comparison of reconstruction results. (a) Brenner; (b) Tenengrad; (¢) Eav; (d) Variance; (e) Energy; (I) Wavel; (g) Wave2;
(h) Wave3; (i) Wave3D
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