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A Study on the Efficient Tension Estimation of Cables under Ambient
Vibration using Minimized Measurement and Signal Processing System

Hyeong-Jin Lee
Department of Civil Engineering, Changwon National University
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Abstract  Recently, according to the development of measurement techniques, it has become possible to take
complicated and time-consuming field measurements in a simple and convenient manner. In this background, this
study estimated the tension of cables under ambient vibration using minimized measurement and signal processing.
The VBDM using video-only by low-cost equipment was used as a minimized measurement. An estimation of the
natural frequency using the mirror frequency concept was also proposed to solve the shortage of frequency band in
this case. Furthermore, the FDD method was adopted for a natural frequency estimation in the ambient vibration
related to field application. Experimental studies using a cable-stayed bridge model were carried out to examine the
properties of the mirror frequency and the applicability of FDD with the proposed minimized system. The results
showed that FDD for ambient vibration also works properly in an estimation of the natural frequency using the
minimized system. In addition, the mirror frequency concept can allow a high natural frequency estimation even in
a distorted signal by low-speed recording, which can overcome the limit of the minimized system. Overall, the

proposed minimized system can be effective for the tension estimations of a cable under ambient vibration.

Keywords : Ambient Vibration, Cable Tension, Frequency Domain Decomposition, Minimized System, Vibration
Method, Vision-based Displacement
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Converting Video Images

to Numerical Data
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Procedure of tension estimation using vision-based

Fig. 1.
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(a) Exact frequency function and mirror image
(b) Actually estimated frequency function
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Table 1. Specification of cases

e | ot | 200 | Coleted Nt | g to s

(m) (kef) 9. (1) 60 30
1 3 11.74 [®] O
2 1.29 6 16.60 (€] A
3 9 20.33 (€] A
4 3 14.70 O (0]
5 1.03 6 20.79 [©] A
6 9 25.46 [©] A
7 3 18.02 O A
8 0.84 6 25.49 [©] A
9 9 31.22 A X

O : Detectable, A : Detectable by Mirror Frq.,
x 1 Undetectable
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Fig. 7. Measured time history, frequency and PSD
functions (129cm 9kg, 60FPS)
(a) Measured time history (b) Frequency
function in DFA (No window) (c) PSD
function in FDD (Hanning window)
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Fig. 8. Measured time history, frequency and PSD
functions (84cm 3kg, 60FPS)
(a) Measured time history (b) Frequency
function in DFA (No window) (c) PSD
function in FDD (Hanning window)

AZE AZtol, DFA #exe] el Fah43t
% 283 FDD oM 9] PSD sh=o] d¥-= Fig.
7-8 B4t} olul (b)2] Axfol H]3| (c)2] FDD
o ot Azl 4] Peake] F7} F38HAl FolE0]
B 9tk o) ANRIES 9% Al E e
oS HolFE Flolgt A4Er) 8=
A& 99 Peako] HolglE olfrE A A~

A

liasing E3b7h WSl nFETpE W50
5 *

fof %0 o
dr & o o

e

ol5 Fop 9t PSD 5 ol&3te F4HE 1
54~ Fig. 99 ETh Fig. 929 Aijol+= Z
T i F4o] 7Fs g -$(Table 1 X)) o] 245
Fr & ARg-aHT

| gk Axrh 30FPSe] At

A olt). thuk 30FPSe] ARyt oiRE nlE s
NS &gste] Falx Sl Al Asprt 24 &
of AAE mle Fak o] FiEe] & T W

de Btk ddE ey duk# o2 FDD | PSD

r 2

-1



7] wolet AzE i o) #4:8)
INRE AzAe el Fad

Hol= vlgolzt AZE .

[e= Rl M N3
=]

to H1 ad xE o X
o
k1
o of

1.29m
25.00
-
=
7
2
S
=
o
&
14
&
T
2
]
=
= Exact 11.74 16.60 20.33
W DFA(30FPS) 12.80 16.14 20.99
= DFA(60FPS) a.84 18.96 20.04
= FDD(30FPS) 12.22 15.35 17.84
™ FDD(60FPS) 12.20 16.04 19.52
(@
1.03m
s0.00
=
=
=
&=
E
2
]
=
= Exact 14.70 20.79 25.46
W DFA(30FPS) 14.87 20.17 24.35
= DFA(60FPS) 14.50 20.19 24.38
® FDD(30FPS) 14.66 19.76 24.40
= FDD(60FPS) 14.99 19.64 24.06
(b)
0.84m
20.00
=
=
=
=
E
2
]
=
E
k-
i
™ Exact 18.02 25.49 31.22
= DFA(30FPS) 19.44 28.92
= DFA(G0OFPS) 20.95 25.22 35.51
= FDD(30FPS) 16.10 25.51
= FDD(60FPS) 18.06 25.43 30.68

©
Exact and estimated natural frequencies
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Fig. 10. Exact and estimated cable tensions
(a) 1.29 m (b) 1.03 m (c) 0.84 m
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