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Abstract: As a key mode of transportation, bridges bear the high pressure of traffic flow. Many bridges
have defects before reaching their designed service life. Bridge-defect recognition based on visible light
uses grayscale defect images and regional edge gradient information, which have limitations in complex
environments. The radiation and absorption of spectral band signals by objects are detected by
hyperspectral imaging, and the signals are transformed into images and graphics. The physical properties
of the measured object are analyzed based on the position and intensity of the absorption peak. In this
study, a method based on hyperspectral vision is proposed to identify exposed reinforcement bar defects in
bridge concrete. Based on the spectral lines and spatial features of hyperspectral images of exposed
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reinforcement defects in bridge concrete combined with processing Smooth filtering multivariate
First derivative method (FD), and
Competitive adapative reweighted sampling (CARS), the original

scattering calibration (SG-MSC), feature space transformation
feature variable selection algorithm

spectral curve data were transformed into feature space to extract the corresponding feature values and
display the band. The dataset was constructed based on spectral curve feature vectors, and a support vector
machine algorithm was used to establish a prediction model for identifying exposed reinforcement defects.
Considering a cross-river bridge as an example, a hyperspectral visual testing system was used to identify
actual exposed reinforcement bar defects of the bridge. By performing smooth feature space transformation
and feature extraction on the original spectral data, the differences were amplified, reducing the
dimensionality of the 254 band data to 23 band data and achieving a model prediction accuracy of 94.6%.
Hyperspectral vision has higher dimensional information than visible-light vision. Hence, the proposed
model can effectively characterize material properties, is feasible, and has broad application prospects.

Key words: bridge concrete, hyperspectral vision, exposed reinforcing bar defect, spectral line

characteristics, machine learning
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Table 1 Details of each parameter index of hyperspectral camera
Parameter Parameter indicators Parameter Parameter indicators
Illumination Passive lighting(excluding light source) Transmission efficiency >60%
Spectral method Transmission grating Stray <0.5%
Spectral range 900-1700 nm Number of spatial pixels 320
Spectral bands 254 Pixel size 30 um
Spectral resolution 8nm Imaging speed 200Hz
Slit width 25 pm Detector InGaAs
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Table 2 Feature bands were extracted by CARS algorithm

Number Selected wavelengths/nm

932, 935, 945, 956, 1334, 1337, 1356, 1366, 1369,
23 1372, 1392, 1395, 1401, 1414, 1456, 1472, 1475,
1485, 1488, 1491, 1625, 1697, 1704
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Table 3 Identification results of band type selection

All band Characteristic band

Select
Rusted Accuracy Rusted Accuracy
Concrete

band type Concrete
steel /% steel /%

Concrete 917 83 91.7 937 63 93.7

Rusted
74 926 92.6 46 954 95.4
steel

FRRY, QRFESEIUS B BUH E T Sl B
221



Fa6t H2 W
2024 £ 2 H

NP Vol.46  No.2
Infrared Technology

Feb. 2024

W HER R B ST, (R R FE AR T S 1] 1
N

3 MHRRERSTE

I FH 1R R R AG R GO RV =K 8-2043
FEHEAT T SEBRAMULERBER I, SRAF T 25 5096 5 R0 454
PRI 6 1 % AR . K RAE B L R A
FAEE ST 1) 2 AR HE TR BB AT TR 5, R R 5
g5 R 5L G R 5 AT HU A

WK 10(a)~ (c) BTz 73 M b GE IR it 1 5% A s 5
(1) TS AR 2 T T PR - 2 o B R L i
R T FHERBEIE RS RIS, X =485t
it G RE — RIS 2R AR NI 5 58 I S RF ) AL
R AT TR, 15 2RI RIE 2 2845 R 10(c)

Frm o % 2 1] 46 G OR F B G bR id TR TR R

FricAE s e B, SR i 10y, H T

ZAE R RIEER A EICE . W 10(d)~ () AR

TR P - % A ) RT L G A% G R o AN

PRICIEE . PR EE SR A R (TOU) FIECRH

Z (TPR) MMIaFRXT &5 RBAT I, TR A .
TP

Us——— (4)
FN + TP + FP

TPR =—F (5)
TP +FN

e TP AR FTT RS RS N TARCE RAIAL
£ FP R RIS R FN IR GHIEER . KHAR
DRIFEMER UL 4 P,

(a) FaEIIERG

(b) ATFricE i

(c) YCRERHE 4 4k

(a) Original spectral image (b) Manually marking hyperspectral images (c) Spectral feature classification results

Variation of grayscale value

(d) JEaamr g
(d) Original visible image

222

(e) NTFmicnl Wt K&

(H BB HFIZR
(e) Manually marking visible images (f) Threshold segmentation results
K10 HELRARFIE Sy 28 5 BRI 7 FIXS E

Fig.10 Spectral line feature classification and threshold segmentation



Fa6t H2 W
202442 B

JE S T DG AR RO M SR e 3R T R 9 R

Vol.46 No.2
Feb. 2024

R4 ANFAFRITESS

Table 4 Results of different classification methods

Evaluating indicator TPR 10U
Spectral feature

) ) 0.935 0.903
classification structure
Threshold segmentation results 0.747 0.725
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