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Laser-Acoustic Concrete Defect Detection Based on Wavelet
Feature Extraction and GBDT
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(School of Electrical Engineering, North China University of Water Resources and Electric Power, Zhengzhou 450045, China)
Abstract: The quality of concrete directly impacts the safety and durability of modern infrastructure. Traditional
manual assessment relies on empirical judgment, which is highly subjective and lacks consistency. A concrete
defect detection method is proposed based on gradient boosting decision tree (GBDT) and laser-induced acoustic
techniques. The wavelet packet decomposition (WPD) method is employed to decompose the vibration signals
generated by laser-induced acoustics into multiple sub-bands, and a set of statistical features is extracted from
each frequency band. The GBDT is then utilized to classify and identify these features. The proposed method
is validated on a self-built dataset of concrete test blocks with defects. Experimental results demonstrate that
the GBDT achieves an accuracy of 90% and a recall rate of 94%. This study confirms the effectiveness of

wavelet feature extraction combined with GBDT in laser-induced acoustic detection of concrete defects.
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Fig.1 Schematic diagram of concrete test block
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Tab.1 Concrete mix proportion

REEL/ R/ EINEg Sy HLE R K/
(kgm™?)  (kg'm ?)  (kgm *)  (kgom ?)  (kgm *)
321 144 740 1060 153
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Fig.2 Laser-induced acoustic testing experimental platform
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Fig.3 Data acquisition area division
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Fig. 4 Laser-impacted defective area
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Tab.2 Hyperparameter optimization results

HSE R 75 ] Hefess
n_estimators [100,300] 223
max_depth [2,6] 4
learning _rate [0.01,0.2] 0.07
min_samples_split [30,60] 55
min_samples_leal [15,30] 22
subsample [0.4,0.7] 0.483
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Fig.7 Confusion matrix results
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Fig. 8 Defect probability heatmap
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