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Fig. 1. (a) Schematic of our model; (b) light intensity distributions where the solid line is the probe light, and the dashed and the

dot-dashed lines denote JR and T, respectively; (c) architecture of the convolutional neural network.
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Fig. 3. (a)—(c) Generalization capability of the convolutional neural network, where (al), (bl) and (cl) denote the generalization
VA, and (a2), (b2), (c2) correspond to the typical inferential probability PR(z°|I), respectively; (d) inferential probability of neur-
al network trained by impurities with different geometries, where (d1) denotes the testing VA, and (d2) corresponds to the typical
inferential probability PR(z°|T).
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Fig. 4. (a) Architecture of the fully connected neural network; (b)—(d) comparison of the generalization capability between the CNN
and the FCNN. (bl), (cl) and (d1) display the VA of the NNs trained by the reflection signals, and (b2), (c2) and (d2) show the
V' A of the NNs trained by the transmission signals.
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Abstract

Laser technology plays fundamental roles in the modern optical experiments and applications. The
performance of optical devices will be significantly affected by micro impurities and defects on the optical
surfaces. Therefore, precisely positioning the optical impurities and defects is an important issue in optics. In
this paper, we theoretically propose to adopt the deep learning neural networks in addressing this problem.
Specifically, we generate the training data via simulating the dynamic process in which a probe optical pulse
being scattered by a micro-impurity on an optical surface, and then the position information of the impurity
carried by the reflection and the transmission signal can be efficiently learned by a deep convolutional neural
network. One step further, we show that the deep neural network can make precise predictions on the
generalization datasets generated through varying the size, refractive index, and geometry of the impurity,
respectively. Additionally, we also compared the learning capability of two different networks architectures.

This work provides new perspective for the impurity and defect detections in the field of precision optics.

Keywords: optical impurity detection, machine learning, neural network, deep learning
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