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ABSTRACT: Low-speed impact was localized on a stiffened composite structure, using 4 FBG sensors with 100 kHz-
sampling rate interrogator and devised localization algorithm. The composite specimen consists of a main spar and
several stringers, and the overall size of the specimens surface is about 0.8 x 1.2 m. Pre-stored reference data for 247
grid locations and 36 stiffener locations are gathered and used as comparison target for a random impact signal. The
proposed algorithm uses the normalized cross-correlation method to compare the similarities of the two signals; the
correlation results for each sensor’s signal are multiplied by others, enabling mutual compensation. 20 verification
points were successfully localized with a maximum error of 43.4 mm and an average error of 17.0 mm. For the same
experimental setup, the performance of the proposed method is evaluated by reducing the number of sensors. It is
revealed that the mutual compensation between the sensors is most effective in the case of a two sensor combination.
For the sensor combination of FBG #1 and #2, the maximum localization error was 42.5 mm, with average error of

17.4 mm.
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Fxample of a resultant signal>

4 FBG sensors
on the bottom surfac

- Overall size : $00x1200 mm?

- Test section : 600x 900 mm’

<Stiffened composite panel

Fig. 1. Experimental setup for verification test
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Fig. 2. Top-view of the target structure indicating stiffener posi-
tions, test section, sensor positions, reference point posi-
tions, and 20 random impact locations for verification
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Fig. 3. Conceptual diagram for data processing sequence
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Table 1. Impact localization error (unit: mm)

RO1 | RO2 | RO3 | R0O4 | RO5 | RO6 | RO7 | RO8 | RO9 | R10
26 | 80 [195]20.2| 92 |289|16.7 368 | 87 | 7.0
R11 | R12 | R13 | R14 | R15 | R16 | R17 | R18 | R19 | R20
346 | 65 | 9.8 [ 434 49 (13.7]290| 2.1 | 0.0 | 38.0

Average: 17.0 mm
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Fig. 5. Impact localization results for 20 verification points
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Table 2. Results for reduced number of sensors, with modified
version of algorithm

Sensor Average Error | Maximum Error
Combination (mm) (mm)
1 38.6 223.0
2 39.2 150.0
1 sensor
3 35.8 117.0
4 43.4 195.0
1,2 17.4 42.5
1,3 19.9 47.0
1,4 21.6 93.1
2 sensors
2,3 17.7 46.8
2,4 17.8 48.2
3,4 22.9 92.4
1,2,3 22.5 64.0
1,2,4 19.8 44.0
3 sensors
1,3,4 20.4 48.3
2,3,4 19.4 48.0
4 sensors 1,2,3,4 234 64.0
43.4
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Fig. 9. Average error distribution diagram for results with
reduced number of sensors
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