5 51 545 8 ]
2023 4F 8 J1

] f K “F 2 4 CH R B R0
JOURNAL OF TONGJI UNIVERSITY (NATURAL SCIENCE)

Vol. 51 No. 8
Aug. 2023

NEHS . 0253-374X(2023)08-1157-11

DOI: 10. 11908/j. issn. 0253-374x. 23165

E T o m N iRNME R IR R 77 A

—'—'-1,2,5 4% 1 2
J\HZ:%

ﬂx\lZ

BER, I A

(1. [FIGF I JB 5 30l Iﬁﬁﬁé@ﬁ%ﬁ% , bt 2()1804;2. [RIGF R ML RAT X B A S ia 720 T 5 S0 2, B ifE 201804;
3. W E ST R R SR TRRAERE, BNk 11926054, FRAZHEEEFRI T2k R TR, 7582t 8093)

R I T T oA SRS R Y 4 i 2RO Tk
KA FOCL R IR 2l , ESTOCEH 5 5 5 B TR Sl 7
Fo WSS 5 28 B A A0 A 28 S A T A B o M) R A IR X
P2 A A8 S A AT AR B AT LS LR SR, Il [ AR
PR AR S T iR A A AR B A . SRR
fﬁ%fbﬂﬂ%ﬁ@%ﬂ%éﬁﬁﬁﬁﬂi%kﬁ?ﬁ&%ﬁo 984 , X A
AR BE IR 5 0.34 %0, H R GOk BE 52 424 80 B2 52w /N £F
A FEZO T 200 G 500 RS EERRIE

KHEIR) . TEMTAR; ShASFRE (WIM) s JR BG4t
hESHES. U416.221;U416. 222 XERFRERS: A

Vehicle Axle Load Sensing Based on
Distributed Vibration Fiber Technology

BIAN  Zeying*®, ZHAO Hongduo"*,

ZENG Mengyuan'**, GUO Mu"*
(1. Key Laboratory of Road and Traffic Engineering of the

PENG  Kedi'”,

Ministry of Education, Tongji University, Shanghai 201804,
China; 2. Key Laboratory of Infrastructure Durability and
Operation Safety in Airfield of CAAC, Tongji University,
Shanghai 201804, China; 3. College of Civil and Environmental
Engineering, Singapore
119260, Department of Civil,
Environmental and Geomatic Engineering, ETH Zurich, Zurich
8093, Switzerland )

National University of Singapore,
Republic of Singapore; 4.

Abstract:

vehicle axle loads using distributed vibration fiber sensors

This paper presents a method for sensing

to detect pavement vibrations. A mapping relationship
between fiber optic signals and pavement vibration
displacements is established, and analytical models for
vehicle axle load inversion are proposed. Full-scale
experiments are conducted to validate the accuracy of the
proposed vehicle axle load inversion analytical models,

while natural vehicle weighing tests are performed to
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verify the effectiveness of the vehicle axle load perception
algorithm. The results demonstrate that the vehicle axle
load sensing system, based on the inversion analytical
models, achieves a maximum estimation error of 0.98%
for individual axle loads and a total weight prediction
accuracy of 0.34%. These accuracies meet the national
standards of 2% for single axle loads and 5% for total
Furthermore,

weight. the system accuracy remains

unaffected by variations in vehicle speed.

Key words: road engineering; weigh-in-motion (WIM) ;

vibration sensing; distributed optical fiber
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Fig.1 Schematic principle of distributed optical fiber vibration sensing
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Fig.3 Sensing optical fiber ring design
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Fig.6 Dual axle coupling signal
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Fig.13 Statistics of traffic flow parameters
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Tab.4 Vehicle weighing criteria

T2 i WEFIE/ Y RERREE/ Y
1 0. 20 3.81
2 0.55 3.31
4 0.91 6.23
5 0.89 4.82
7 —0.98 4.45
TR T kg 0.34 3.67
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