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A Study on the Combination of Vision-Based Displacement
and Double Integration of Acceleration in Displacement
Measurement of Bridge under Moving Load

O|dZI

Hyeong-Jin Lee”

(Abstract)

Recently, vision-based displacement(VBD) has been attracting attention as a
convenient and economical method. VBD has the advantage of being easy to install
and operate, but it also has the disadvantage of being difficult to obtain results that
reflect high-frequency characteristics well. On the other hand, indirect displacement
measurement through double integration of acceleration may in some cases result in
distortion in the low-frequency region, making integration itself impossible. Therefore,
neither can be a suitable method alone for measuring the dynamic displacement of
bridges under moving loads. In this context, this paper studies how to obtain more
accurate dynamic displacement responses of bridges over the entire frequency range
by combining two methods, VBD and acceleration integration. The practical
applicability was examined through simulation and model experiments. The simulation
results show that both basic methods have fundamental limitations in each frequency
range, while the combined method can be an good alternative to overcome these
limitations. The applicability of the combination method through model experiments
also showed relatively good results, but the results were inferior to those in the
theoretical case. The reason is that errors in each basic measurement methods are
transferred to the combined method. In other words, it is important that the basic
measurement method also secures sufficient accuracy at least in each advantageous
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frequency band. In conclusion, combining the strengths of different methods to create

a better alternative is always a good approach, and the method in this paper is

meaningful in that it demonstrates one such alternative.
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Fig. 1 FRFs(Frequency Response Functions) of double
integration, differentiation and normal Filter
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Table 1. Material and section properties

Elastic modulus (E) 33.030 GPa
Poisson ratio (v) 0.2
Unit mass (p) 3,852 kg/m?
Section area (A) 3.810 m?
2nd moment of Sec. (I) 6.590m*
Damping ratio (§) 5.0 %

Table 2. Calculated natural freqeuncies (Hz)

Mode 1 2 3 4 5 6

fi 3.8 | 15.1 | 34.0 | 60.5 | 94.5 | 136.1
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(b) Accelerations according to velocities

Fig. 5 Simulated displacements and accelerations
(at midspan)
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Fig. 6 Frequency functions of simulated time histories
according to velocities (at midspan)
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Fig. 7 Simulated histories and frequency functions according to rms noise level (100 km/h)
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Exact, Integ. displ. from acc. w/ random noise
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Fig. 8 Displacements according to basic integration
methods (100 km/h, acceleration with rms
20% noiseHinear noise)
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Fig. 9 Comparison of displacements from proposed
and normal integration method (100 km/h)

Fig. A0)oM= Fig. S8b)olxet o], dut A&



Ksac

T StE0l et WY HY ASOM SE HALYL JMEE OlF HEY 2ol H3t AL 1077

W A= Ao Bk Alof| vldf, AlkE W s olErt "R Frh &, 94 HSlelA AZ

o] Avh= LRt Higie Ao Aot §leE & 4 & = e Fues Ao 30Hz ofsleks %ol

e}, ofuff xSl gl A ARG R LVDTS} 7H5&A dlelE= 100Hz, 200Hz 2

AZe] o] H10] 0.1 % (5.56H & A3, THA] 790 MERoR olfojFour A W

Butterworth ZEIE o8] HE|F= It Sz olE dHlolEet T3 A4S Bl vt
ngb} J,]‘g_'_gi ;(ﬂo]-g] H%o] /R]— @- 7}‘:8].1:& 12-1-5-].011;}

I

=

Fule YA AErh 4 HeE TRkl Al%E LVDT Wigieh 9/ el 22jal 7i4
Slol, o] ol wEHolal AGAQl WWke  AIEgE Fig. 120] BT

& & Slck AR Ashd=el 9 Meke LVDT A%

of wial] o] waL, 2} 2719 eARe 3]

3.2 R34S St oA HB8E HE Aps] ket Tl A1S B S QIrkFig. 12()).

Heol w 7;it -zroi%_ T A A% A

Ug]/kl‘(‘)‘]q]/qg] ol24 BA Azte} to] A ST GAdollAl =3 Aol 71RIgt Ao, dh

A AzHe] 484 U BAY B g ) Ak A A A Catione] 5ol

o] 29} St 2ol Al Y WET =Rt A 24

Aol A e of2ER AkE H ©He
T Eigo] SEEY W wEolth wEe| Al
*}‘j* 3 AE AS7171e Fg. 10~119F k.
A HEE HUd S5=E=
Yol 1572 7RGt 23R HILVDT,
VNS AT WA CR o] FolFth
#Je  60fps(frames per second),
1280x720 e s ojFolflch ol 60fps= Al
=9 TR 60Hzol efgslal, o4 & +
uir tl2 30Hzolth d¥bdew AHAl fi F

| 240 cm | - e

I |
77;;;77 Sensor Position

Weight : 5 kgf
Size : 40x 60 (cm)
Wheel Distance : 22X 40(cm)

(b) Used vehicle (c) View of installed measurement devices

Fig. 10 Model bridge for experiment Fig. 11 Experimental setup



KSAU(C

1078 st=itdsdetel =23 A273 5=

0%

et A7k A7) e ggo] e e 9
W) AZelA FF sl EAd A o

2, o] EoF A& HY0fps)Tt Aol wE  EsIGIckFig. 13). ofd, #¢je
A7} G71719] Sl AR A=l ofd o]-g-5}5irt.

e At 2 Al e4s yehA g A %Zulr I 7 AAFIEREE G4 WY
ot} ufgbA] o] Ay Av= YxHog Eobdel o fm Fu60/2 HpQl 1/4¢] 7.5HzS ARE-
AZolet & 4= vk ey, o] EE AA AS stk ZHEol: Fulr 9o Y ey 1

molggolAel o, o] 4l

E 1=
= il -
1 A2 Al =3e 283to] vlal 4
7 4

|o
10
B

il
o

p

O
~|
ﬁa

el WAL 5 Y TAIR w=Eel A o] 4aEi). ]2 welud] uls) 44 A
ot AdEle] I Ads IR ARSI %S o83t o] AYolx=, BEFH 4] 7R
AAFILE 253 A AR = 5k
. ‘ Meas‘ured Displacen:\ems ‘ Flg 13/] 7:]J/]_E E1 1:]—__,_ 7]—5\_E Z—h:lcl]q_ Oé
o W W || A} WISIVBD) o] Aue] HJ3 AIQHE bl
£, e e ANk e b T Seld
5 M - 1—1‘ [oX<) - s
o S 1 = Qo I8y AvlE ARl 7]013t ujgst
o 5 0 15 20 25 %@’% ')l\‘ 9&1\ Flg 1201]/\1 9»11%\‘0] LVDT
time(sec) T} =
(a) Displacement (100Hz) o Aot ARk W] Adhs A Aels
. ‘ Meas‘ured Displacen:\ents ‘ L:]_?l]q- 017/1.‘% Og/g‘ H 74]—*—«,] ——AO] X{—%—
ol e | g 7k, wpolut Ao A)Fig. 12()7F Ak
z ::{" ¥ mwm‘qw%mw Vision-based B
E | AR AN Aas 936 130, AV g
I T 0@ Rtk E3 A JSEoNE HRE 3
o 5 10 15 20 25 Fub §919] U] "ol AHeE WS &
time(sec) olor} o|AL JlEL Ao pRullon Atk
(b) Displacement (200Hz) /v\/v\q ]/\1_ ]’—1 74]—1/] _]_—,—.4——]—01] o0
s Measured Acceleration —5‘:_ 7&'—‘%—0] %—XH‘(‘)‘]‘:I_’_ 9}\7] Uﬂ% ]a‘ Z_}'ﬂ‘q—
olsiE, AgkE WhEel Auks Zzte] 9y
R | ”M 1] Aol A Axe] Hetee] 27 9%
) & W A Bkld 4 gl web WA
05 5 10 15 20 25 W AFupollA], 7iks oA A
- | & ARS8 4 RS D] A5 A9 A
ml Qo] ofRod 4 RS FHBIE AL XUWS
A — “*“”WWWWWM MMWM e SPINE BRER BARE S 4 ik wekEd
02 1 ANE FAR H|sl] fiste] Table 301]*1
04y 5 10 15 20 25 J*JEH ﬂﬂ‘% H]EO}ME}. 0:17]/4 Xé;gl(StaUC) ke
time(sec) . . ]
(¢) Measured accelerations = O]Euﬂq{Movmg average):% olgote] WL

Fig. 12 Measured LVDT, vision based displacements A(Smoothing) W= AXS ofnjeith.
and accelerations A Z71= AR GAF W] 7|18 uelrt



KSAU(C

T otE0l 2ot WY HY ASOM SE HALY 7GR 0|F HEol 20| e A+ 1079
VBD and Extracted Low of VBD (100Hz) LVDT Displ vs. Normal num. Intg. and Proposed Method (100Hz)
2.5 T T T T T T T 2.5 T T T T T T T T T
VBD LVDT
Low freq.part of VBD Normal num. intg M |
2t li B 2t Proposed ﬁ‘ ’ " ! R
J‘I'U W ( M |
(M \wq W ip
1.5 IH I B 1.5 I i
i
€ B
£ 1 J‘M i £ 1 ﬁ | g
o il E il
& W 1\ 8 ‘wﬂy
0.5F " — 0.5F il
\/ | .ﬁfﬂ S
y ! In—
0 LMJW' W e O [ty i —— I
-0.5 Il I Il Il I Il Il L L -0.5 L L L L L L L V\'\'—— L L
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
time(sec) time(sec)
(a) Low freq. part extracted from VBD (100Hz) (b) Comparison of displacements (100Hz)
VBD and Extracted Low of VBD (200Hz) LVDT Displ vs. Normal num. Intg. and Proposed Method (200Hz)
2.5 T T T T 2.5 T T T T
VBD LVDT
Low freq.part of VBD Normal num. intg F’“M‘ Wm
2 B 2 Proposed ,/J L{}"
It “} WM
!wmillr\ \h"k JJ !WM I ‘!‘[
1.5 i i R 1.5 u[' I R
_ lrw _ W Mﬂ
£ Iy b £ W
= ! A k\ ] sz | mﬂ' 'ﬂ\ \l\, )
oy I I 2 W VH
8 f \ 5 J ,
05 il / L ¢ bl i
51 J I, B 0.5 . h,
u b Wy
i T d P
0 by yeall W] o ‘ ! e
05 . . . . 0.5 . . . .
0 5 10 15 20 25 0 5 10 15 20 25
time(sec) time(sec)

(¢) Low frea. part extracted from VBD (200Hz)

(d) Comparison of displacements (200Hz)

Fig. 13 Comparisons of LVDT and integrated displacements

Table 3. Comparison of maximum displacements

. 100 Hz 200 Hz
unit : mm - -
Static All Static All
LVDT 2.1175 | 2.2899 | 2.1795 | 2.3568
Vision-based | 1.8719 | 2.2481 | 1.8169 | 1.9915
Proposed 1.8736 | 2.0498 | 1.8149 | 1.9610
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