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Improved Identification of Vehicular Axles in BWIM

System Based on Wavelet Transform
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Abstract;: In this study, wavelet transform was firstly applied to deal with a numerically simulated sig-
nal that was unable to obviously identify axle information. The analysis result showed that the wavelet
transform was able to magnify the slope discontinuities so as to accurately identify the silhouette of passing
vehicles. Subsequently, based on the field-tested FAD signals through which the vehicle configuration was
difficult to be directly identified, the most appropriate transform scales and the best suitable wavelet func-
tion performing wavelet transform were selected from the minimum Shannon entropy and maximum corre-
lation. The results demonstrated that the wavelet transform in pattern recognition effectively identified the
vehicle configuration (including vehicle velocity, axle numbers, and axle spacing), especially for the uni-
dentified FAD signals. Therefore, wavelet domain analysis can effectively improve the efficiency and accu-
racy for the vehicular axle identification in BWIM system, and it is beneficial for the successful application

of BWIM system in controlling and monitoring overweight vehicles.
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Fig.1 Wavelet functions
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Fig. 2 Vehicle and bridge model
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Tab.1 Parameters of vehicle and bridge model
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Fig. 3 Signals of dynamic strain response at mid-span
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Fig. 5 The outcomes after wavelet transform

for simulation signal
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Fig. 7 Cross-sectional layout of test-span and sensors
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Fig. 8 Plane layout of sensors
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Tab.2 Information of calibration vehicles
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outcomes and FAD signal
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Tab.3 The calculated axle spacing based on CWT
[ Fescy i TR /m W/ %
L3-FADI 4.70 0
L3-FAD2 4.51 —4.0

T L3-FADL R i 2 L6 38 3 1) FADL % 5% 88 31 5543 20 A il B L K

R 4.
3.2.2 ZH&mER MM FADAZ T 69k Tk

N1 2L B R /N O T BWIM &R ¢
rh A e A Bl U RCR B A RO T TR )N i AR
PRI 25 0 05 2 [ B A 5 A O 7 A R B AR AR
IR FAD (7 5.

PR 4 A FLB 43 Bl [F) I 35 408 4 FI%E0E 3 4T
B HE . XN T X 2 A E B FAD (& 13-
FADI1, L3-FAD2, L4-FAD1 #1 L4-FAD2 R 4 1)
HASNEF S WA 13 Frs. i Tl Fr gt [,
fRRAs L3-FAD2 TAEARRE, 774 T HBE S T4
S (A 17 ) iR,

20[ - L3-FAD1
—— L3-FAD2

A% /ue

t/s
()8 =218 FAD f5 5
0
_10_
&
g -20
ey L4-FAD1
_gol —L4-FAD2
0 2 4 6
t/s

(b4 FAD (55
B 17 2AMFi#Ee) FAD R 5
Fig. 17 Original FAD signals of two lanes
wmE 17 fros, Bl L3-FAD1, L3-FAD2, L4-
FADI fil L4-FAD2 # {5 5 #F 2 BoR th — > g E {5
5 T S /NP U 3 R 3K 6 {5k LA L 4 RN o PR
WA R U E(E S L3-FADL fl L4-FAD2,

T 4% 1 Fel /N R BT R 2 AN ZETE ) FAD 5
HEAT VS /NE AR e AR B 25 R AN ] 18 PR, R
59 L3-FAD2 B A 5B K H M55 78 coifl
BRIECRUEE 14 B/ 728 4 R AT e v RO 1 S 4 b A
B. B4 L3-FAD1., L4-FAD1 fil L4-FAD2 {= &4
AAE rbio2. 2 RE K 6, gaus2 RN 4 F1 rbio2. 2
RUER 7 RS BRAE S5 R Cn &l 18 i),

15 40

-------- L3-FAD1 |
L L3-FAD2 |

—
=

120

AR
(=) o

—5L
0 2 1 g 20
t/s
(a) 85 =% 18 FAD {55 CWT %4
8 T

------- L4-FAD1

BB

t/s
(b) B %EiE FAD 55 CWT &5
B 18 WA-%iE FAD/E5¢9 CWT £ R
() B P Ay A4t E T L3-FADL,
&AW AEAR A BT L3-FAD2)
Fig. 18 CWT outcomes of FAD signals along two lanes

X FAD {55 76 28 1 34 2 /N il A8 i 0 4 3
2 B AR XTI 3 a4 aE 4, A 18
Hh Rl B A B A A% 7 b 8 o B A A S Y I
[l AR AR X R A — X FAD A28 4%+ il 24 20 (6)

MO A 45 AR B A RhEE 255315 T3 4.

F4 2HERMITHE BES/NETHRITE A EE
Tab.4 The calculated axle spacings for two vehicles
in multiple presence from CWT
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