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Impact Localization by Using Fiber Bragg Grating Sensors Based on

Correlation Dimension
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Abstract Aiming at the requirement of low speed impact localization, a fiber Bragg grating (FBG) sensor network
is constructed. Distribution of the correlation dimension as well as the distance between the impact point and the
sensor are studied, taken the correlation dimension with the impact response signal time series as an impact
characteristic. Based on this distribution, the impact load position is regionally identified; the coordinated
localization conducted by tri-circle model is achieved. The wing box structure is divided into several areas, where the
configuration of FBG sensors is optimized according to the algorithm characteristics. As a result, the impact
monitoring system is built and the low speed impact test is carried on. The result shows that the ten testing random
impact points on the 30 cm X 30 ecm wing box plate structure are all identified correctly with an average error of
3.5 cm. The impact load position identification using six FBG sensors is effectively realized in this method,
providing a reference for combination of fractal theory with impact monitoring technology.
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Fig. 1 (a) Time domain characteristic of original impact signal; (b) amplitude frequency characteristic of
original impact signal; (c) time domain characteristic of impact signal after removing DC component;
(d) amplitude frequency characteristic of impact signal after removing DC component
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Table 2 Wavelengths and positions of FBG sensors

Sensor Wavelength /nm Localizated coordinate /mm
FBG1 1557.15 0, 0

FBG2 1527.04 (300, 0)

FBG3 1541.56 (300, 300)

FBG4 1551.48 (0, 300)

FBGS 1547.03 (150, 150)

FBG6 1556.97 (150, 150)
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Table 3 Area localization results

Random impact point B7 C2 C4 C8 D5
Minimum correlation dimension Dy Dy, Dy Dy Dr Dy Dr; Dgs D Dy,
Actual result Area | Area [V Area | Area |l Area |
Localization result Area | Area [V Area [ Area |l Area |
Random impact point E3 E6 F3 F5 Gl
Minimum correlation dimension Dp Dy, DDy Dy Dy, Drp; Dy Dy Dy
Actual result Area IV Area [l Area [V Area Il Area [V
Localization result Area IV Areall Area IV Area Il Area IV
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Table 4 Impact localization results

Random impact point Actual coordinate /cm Localizated coordinate /cm Absolute error /cm

B7 (22.5,3.75) (20.59,5.39) 2.51
C4 (11.25,7.5) (14.14,9.56) 3.51
D5 (15,11.25) (14.75,10.47) 0.81
F5 (7.5,26.25) (12.58,23.43) 5.81
E3 (7.5,15) (4.66,14.33) 2.91
C2 (3.75,7.5) (5.93,9.72) 3.11
Gl (0,22.5) (3.15.,16.87) 6.45
F3 (7.5,18.75) (6.93,12.85) 5.92
C8 (26.25,7.5) (28.42,8.59) 2.42
E6 (18.75,15) (19.47,16.41) 1.58
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