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Stress sensing system based on laser speckle

He Fengtao, Cao Jinfeng, Wang Xiaolin, Zhu Yuhan, Zuo Bo, Wang Jing
(College of Electronic Engineering, Xi’an University of Post and Telecommunications, Xi’an 710061, China)

Abstract: The sensing technology based on laser speckle has become one of research hotspots in the field
of optical sensing to measure the stress, vibration, distance, speed and flow rate, owing to its significant
advantages in simplicity and high precision. A set of stress sensing system based on laser speckle was
designed in this paper. The wavelength of 405 nm laser was used as the light source in the system. The
voice coil motor was used to vibrate multimode fiber, and CCD image sensor acquisition system was
applied to image for polishing glass surface. MATLAB software was used to analyze the collected
speckle images, calculating the contrast, fitting the curve of the speckle contrast. The results show that
speckle contrast changes reflect the stress variation in the multimode fiber. Through the multimode fiber
stress changes can be judged whether there is an intruder, anti—theft function is realized.
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Fig.1 Schematic diagram of sensing system
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Fig.2 Speckle images of steady—state and non—steady—state
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Fig.3 Speckle contrast curve of steady—state and non—steady—state
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Fig.4 Speckle images of polishing glass surface when vibration

frequency is 5 Hz

Tab.1 Speckle contrast of 100 image when

vibration frequency is 5 Hz

No. Speckle contrast No. Speckle contrast No. Speckle contrast

1 26.65% 35 27.06% 69 26.50%
2 27.08% 36 26.52% 70 26.65%
3 26.56% 37 26.65% 71 27.06%
4 26.65% 38 27.08% 72 26.52%
5 27.06% 39 26.59% 73 26.65%
6 26.52% 40 26.68% 74 27.08%
7 27.00% 41 27.06% 75 26.57%
8 27.34 % 42 26.52% 76 26.65%
9 26.98% 43 27.00% 77 27.06%
10 26.70% 44 27.34% 78 26.52%
11 27.34% 45 26.98% 79 27.00%
12 27.01% 46 26.70% 80 27.34%
13 26.96% 47 27.34% 81 26.98%
14 27.30% 48 27.01% 82 26.70%
15 27.15% 49 26.96% 83 27.34%
16 26.77% 50 27.35% 84 27.01%
17 27.20% 51 27.15% 85 26.96%
18 26.58% 52 26.77% 86 27.35%
19 26.67% 53 27.20% 87 27.15%
20 27.18% 54 26.58% 88 26.77 %
21 26.65% 55 26.67% 89 27.20%
22 27.00% 56 27.18% 90 26.58%
23 27.25% 57 26.65% 91 26.67%
24 26.98% 58 27.00% 92 27.18%
25 26.72% 59 27.25% 93 26.65%
26 27.34% 60 26.98% 94 27.00%
27 26.98% 61 26.83% 95 27.25%
28 26.75% 62 27.45% 96 26.98 %
29 27.11% 63 26.98% 97 26.72%
30 26.93% 64 26.75% 98 27.34%
31 26.56% 65 27.11% 99 26.98%
32 27.08% 66 27.02% 100 26.75%
33 26.58% 67 26.66%

34 26.64% 68 27.08%
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Fig.5 Speckle contrast curve when vibration frequency is 5 Hz
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Fig.6 Speckle images of simulation walking
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Fig.7 Speckle contrast curve of simulation walking

N T BE IR RGNS A WA TR A
FOAREAS R T SR B 14 TBOBRE 181450 L B8 R AT 23 A, 4
K8 R,

0.16

0.14

1 2 3 —_ 4 ‘5
&1 8 A5 401 20 1) 8 BT L B it
Fig.8 Speckle contrast curve of simulation walking
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Fig.9 Speckle contrast curve of the fiber with or without vibrating
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