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Bridge Weigh—in—motion Algorithm Considering Multi—vehicle

Based on Convolutional Neural Network

DENG Lu", LUO Xin, LING Tianyang, HE Wei
(College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: In this study, a new bridge weigh—in—motion (BWIM) algorithm based on the convolutional neural net-
work technology was developed for identifying the axle weights of multi—vehicles crossing the bridge. First of all, the
bridge strains under vehicular loading with variable weight were simulated using the vehicle=bridge coupling simula-
tion system. Then, a convolutional neural network, consisted of nine convolutional layers and two fully connected lay-
ers, was developed based on an open source framework for deep learning, i.e., KERAS. The convolutional neural net-
work was trained by Adam optimizer to map the relationship between the bridge strain and the vehicle weight under
different scenarios, and optimized by minimizing the fitting error. Eventually, the identification accuracy of the pro-
posed BWIM system was analyzed under the conditions of single— and multi-vehicle loadings. The results show that
the mean identifying error of the proposed BWIM was less than 5% for both the single— and multi-vehicle scenarios,
and changed slightly with the varying traveling speeds and lateral loading positions, indicating the good and stable
performance of the proposed BWIM algorithm in axle weight identification. In addition, the proposed BWIM system

doesn’t need a bridge influence line in advance to identify the axle weight, and therefore provides an alternative tech-
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nology for bridges that are not suitable for the influence line method.

Key words: bridge weigh—in—motion ; convolutional neural network ; axle weight identification for multiple ve-

hicles ;finite element analysis
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Fig.1 The architecture of convolutional

neural network model for BWIM
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Fig.2 Cross—section of the bridge (unit: mm)
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Tab.2 The truck axle number of one lane and two lanes
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Tab.3 The identification error of single truck

o iﬂ%llia”eﬁj% _ LQ%IH%%/%

WiE ik R
#2A1 -2.19 6.18 #5A3 -1.30 6.25
#2A2 -0.55 7.68 #3574 -0.13 7.90
#3A1 -2.09 1115 #5A5 0.81 11.55
#3A2 0.52 8.57 #26 1.76 4.84
#3A3 1.93 8.35 #3G 0.48 5.54
#5A1 6.66 10.65 #5G 1.30 5.95
#5A2 3.18 10.79

TE R A1 2" (R 2B AR 2 B4 05 1
“CTRFEE.

3 LA 2 4 B9 Sl B R 22 Y (4
SHETE 3% LA R bRifEZEAE 8% LAF 53 4= i F R
SR 25 {8 24 S L TE 3% LAF il 25 BEALE 12%
PLTR 5 5 %l 4 il 2 000 15 25 S5 {8 246 X (i B AR TE 7% LA
T OAREZEIEARLE 12% LLF AR5 2 B 448 T 3
B4 3R AT S B4, 0 I B0 22 0 3k R
A EARAB AT et SR TR T2 . = Rh 22 M iR
F W (E A RHE AR T 2% , IR 22 bp i 22 AR T 6%, 154
Y 5 R 28 X 248 %o 2 0 B 1) TR 00 e i L)
SRR B e AR AR B T 0 G e Sk [ 7 ]
P25 X 265 1) B 22 BWIM B30 705 B Iy (H iR 25
YHEIIHEE 1% , bR 25 35936308 5% , UL ASHIE ST 4
() S A BT T 00N S T 4 1 R RS
33 SEFEHIRS

R TR BRI 2 W AT AR AN R 2 423 b T
0 Al B R PRGBS S T T A R AR ) in 2 o7
BT ST G o 5 AR ] 42 380 DA [ ) o7 ¥
I T8, I Hadk FHINZRE00s Z A0 2 3l 3 3l A S
Bl 224 5O 1 AL AR A 2 4 7Y
3.3.1 REMEEILE T

FEFRSE R T 4238 L 0% 22 40 O RS 1) Jn 28 o7 e A
A o R Aol 22 [0 285 A TR K 8 £ 5 o i, A (T
ST, A SCHE AT 5 6 4 T8 L 405 (%) R T ] B A9 A8
b, B R — 4208 2 4 Y i o A T
3 — 238 0 AR A N AR [ 57 B 2 ik
B BRI S o FW0 42 T WA 2 9N 1) i X R A
ELE T 0 AR 18 4538 (DA SCH i 4258 2) 4730
A e 2R I A S R BB E AR IE 1 R R
— FLWT A O 2 AR T A8 2 b AT 0 A R
] 57 B 7R [&] 2 o P3-P4 22 [8]4% 0.5 m B[] B £ B 5

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

AR o) 0, G T 4 8 4 R 1) il K
T OLINR 4 B
x4 SEIHEFHBIRER
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Tab.5 The gross weight error of multiple truck at different positions

SHEPUIR2E %

£

o 153 144 38 A
7142 7243 73#5 7442 75#2 76#3 71#2 72#3 73#5 7443 75#5 76#5

s 45 9.7 4.5 14.1 5.5 3.0 7.4 -10.6 -18.6 -5.7 -20.4 -5.3 -3.0
(8.3) (14.5) (15.9) (7.3) (8.8) (14.0) (9.4) (15.4) (14.1) (14.2) (8.8) (12.3)
4.4 1.8 29 1.4 0.7 -0.5 -4.4 -6.3 -39 -3.5 -3.5 -1.0

93 (8.8) (12.6) (9.4) (6.7) (5.4) (12.9) (10.8) (11.1) (8.9) (11.3) (11.7) (11.3)

6.45 1.5 -0.4 0.8 0.7 -1.7 0.4 -0.9 -7.0 -0.3 -12.8 -2.9 1.4
(6.5) (11.9) (10.0) (6.2) (4.8) (10.6) (6.4) (11.3) (10.1) (16.0) (8.5) (9.2)

6.95 2.1 -3.6 -3.2 -0.1 -1.1 -39 -0.1 -0.7 3.1 -34 -2.9 2.2
(6.8) (10.4) (9.2) (7.0) (6.8) (10.5) (7.9) (8.8) (11.9) (13.5) (14.3) (11.9)
1.5 3.7 6.4 4.5 1.0 1.1 -0.7 -11.3 -1.1 -12.2 -5.3 -1.3

743 (10.2) (12.6) (12.0) (6.8) (7.1) (12.9) (8.0) (10.7) (8.0) (11.1) (9.4) (10.4)
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Fig.9 Axle weight mean error of truck with different speeds
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Tab.6 The gross weight error of multiple vehicle at different speeds

A | A A TR 2% A 953 2 4 TR 22 /%
s P/
(m-s™) 71#2 72#3 73#5 74#2 75#2 76#3 (m-s™) 71#2 72#3 73#5 74#3 75#5 76#5
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