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Distortion Correction Method of Interference Projection Based on
Convolutional Neural Network

Yan Meng'’, Huang Qitai"*, Ren Jianfeng"”
'School of Optoelectronic Science and Engineering & Collaborative Innovation Center of Suzhou Nano Science
and Technology, Soochow University, Suzhou 215006, Jiangsu, China;
*Key Laboratory of Advanced Optical Manufacturing Technologies of Jiangsu Province & Key Laboratory of
Modern Optical Technologies of Education Ministry of China, Soochow University, Suzhou 215006,
Jiangsu, China

Abstract In the aspherical surface zero position interference detection, there is a projection distortion between the
measurement error distribution and the actual error distribution of the surface to be measured. Aiming at the problems of
complex calculation and poor generality of current projection distortion correction methods, a correction method based on a
convolutional neural network (CNN) is proposed. In this method, an intersecting parallels flexible occlude is added to the
surface, and the interference image is synthesized according to the range of projected distortion coefficient as the data set of
CNN. Then the appropriate network structure to train the network based on the data set is selected. Finally, the actual
interference image is input into the network to predict the distortion coefficient, and to realize the calibration and correction
of the projection distortion. Experimental results show that the theoretical correction error of this method is less than
1 pixel, and the actual error correction accuracy is better than that of the traditional marker method, which proves that the
method 1s efficient and feasible.

Key words interferometry; distortion correction; deep learning; convolutional neural network; system calibration
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Fig. 1 Manifestation of projection distortion. (al)(a2) Radial distortion; (b1)(b2) decentering distortion; (c1)(c2) thin prism distortion;

(d1)(d2) distortion superposition diagram
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Table 1  Aspheric surface parameters to be tested

Effective Radius of L. | | ] '
Conic 4" order term 6" order term 8" order term 10" order term
aperture /mm  curvature /mm
102.5 276.41 4. 88 3.151x10 ¢ 1.343x10 "* 5.962x10 " 5.514x10
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Table 2 Distortion coefficient

No. ky k,
A —0.0481 0.0499
A, —0.0269 0.0448
A, —0.0417 0.0470

-
-~

—

F510.01,0.02,0.03,+,0.091 , 4K J5 AR 4 W55 25 22 %5 %)
T8 [ A D 4 B 4 I A A AR R R A T A I AR R R
s 25 11 A8 B 4

— N 22 0 24 1 BOHE B T o o IR AR L IE 4R R
TR A o AR I T 25 43 5 W A8 AR Rk A AR 21000 7K HR
AR A%, Horp s 18000 5K E S Il 25 4 FH ok UI 25 I 4%
2000 5K 1 S 55 UE £ X ) 26 2 B AT 100 5 1000 5K AE K
T B O DA I G e B R 4% 50308 4 v 35 43 W 72 1]
G 3 FTR AT 0L A 85 R T P A B
i ) T AR

NS , '~

NVt

\\\\\/,l"
O\ | ' F

3 Bl 4 v i R 23 R

Fig. 3 Partial images of the data set
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Table 3 Experimental results

Item /% RMSE Elapsed time
Net-MP 6.910 0. 0085 226 min 1 s
Net-Without2AP 26. 580 0.0313 825 min 18 s
Net-5X5 3.390 0. 0059 464 min 27 s
AlexNet 5. 105 0.0127 239 min 48 s
VGG11Net 4.735 0.0262 289 min 44 s
DCE Net 0.430 0.0047 206 min 30 s
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Fig. 5 Projection distortion correction based on CNN
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Fig. 8 Results of aspheric surface error detection. (a) Before correction; (b) after correction
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Table 4 Distortion of feature points before and after distortion

correction unit: pixel

Feature point Before correction After correction

(92, 63) 6. 4546 1. 0555
(112, 78) 7.9949 0.8279
(156, 108) 9.1243 1.2871
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Comparison of correction results of different methods

Position error RMSE /pixel

Table 5

Method of correction
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