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Tiny displacement measurement based on dual laser
vision imaging and BP algorithm
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(1. College of Mechanical Engineering, Yangzhou University , Yangzhou 225127 , China;
2. State Key Laboratory of Advanced Design and Manufacture for Vehicle Body, Hunan University , Changsha 410082 , China)

Abstract ; Aiming at the problem that the image feature information utilized in the existing single-laser visual microdis-
placement measurement methods is not rich, which leads to inaccurate measurement results, a dual-laser microdis-
placement measurement method combining direct and oblique shooting, together with BP ( Back Propagation) neural
network is proposed to achieve high-precision measurement of displacement. In this paper,the principles of lens ima-
ging and small-aperture imaging are adopted to theoretically analyze the dual-laser model,and ZEMAX is used to nu-
merically simulate the ranging model to verify the theoretical feasibility and superiority of the proposed method. Sec-
ondly, according to the numerical simulation results, the experimental platform is designed and constructed for image
acquisition experiments,a series of image features are extracted as the inputs to the BP network, and the displacement
prediction with the displacement parameters are used as the outputs to construct the displacement prediction model.
The experimental results show that the dual-laser displacement model proposed in this paper has higher measurement
accuracy compared with the single-laser model , and the measurement accuracy reaches more than 99 % after the intro-
duction of BP neural network. This paper provides a new method and new ideas for the high-precision measurement of
tiny displacement.
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Fig. 1 Principal diagram of lens imaging
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Fig. 2 Dual laser model optical path diagram
3 BT ZEMAX Ry s iR R { B AL £
3.1 R EEA MR
ASLB T —FP I B R R G, R
AR A B 2 s AL B B =k 2, AR i SOGTRA

(1)




544 WO 5 2151

554 %

Rl ERE S oN S SR S A = NPy PR IR NLIRL SR ¢
JeH ETT 3, WA 3 PR

FAOE
B3 ESE AR R PR R Ot B
Fig. 3 Direct and oblique method of two-point laser placement
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Tab. 1 Setting simulation parameters
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Tab. 2 Design of simulation experiments
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Fig. 4 Relationship between spot size and
displacement by direct injection method
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Fig. 5 Relationship between spot position and

displacement by oblique projection method
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Fig. 6 Light spot energy diagram
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Fig. 7 The dual laser ranging device
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Fig. 8 Flow chart of data analysis
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Tab. 3 Data classification of simulation and

experiment
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Fig. 10 Image presented by the CCD when the target is a mirror
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object is a smooth object surface
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Fig. 12 Image processing steps for characteristics’ extraction
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Tab. 4 Prediction results of BP neural network

dual-laser model

e WIZRHERREE | DHERRE | IEERR S | SR B MERRBE
/% /% /% /%
fii & 99. 999 99. 999 100 99. 999
1 | 99.959 96. 875 99. 791 99. 321
S 2 | 99.681 99. 554 98. 682 99. 564
LH3 | 99.583 99. 361 98. 589 99. 380
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Tab. 5 BP neural network single laser model

prediction results
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JH 1| 92.456 97. 009 94. 636 93.412
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83 | 82.189 92. 081 74.335 82.498
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