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Integration and Application of a Fiber-Optic Sensing
System for Monitoring Debris Flows

Ching-Jer Huang™" Chung-Ray Chu'¥ Tsung-Mo Tien'? Hsiao-Yuen Yin®!

ABSTRACT This study presents an innovative fiber-optic sensing system for monitoring debris
flows. The system mainly comprises an interrogator and four fiber Bragg grating accelerometers. The
field tests show that signal-to-noise-ratio (SNR) of the fiber-optic sensor is 10 dB higher than that of a
geophone. Following confirmation of the reliability of the proposed sensing system, the systems are
deployed along the Ai-Yu-Zi and Chu-Shui Creeks in Nautou County, Taiwan, for monitoring debris
flows. The four accelerometers are installed in series. The systems have detected several debris flows
in 2012. The monitored data reveal that the frequency range of the acceleration of ground vibration is
10-150 Hz, which is the same as that of the velocity of ground vibration detected by a sensing system
that includes geophones. Because the fiber-optic sensing system is more sensitive than the geophone
system, the proposed fiber-optic sensing system is highly promising for use in monitoring natural
disasters that generate ground vibrations.

Key Words : Fiber-optic sensing system, fiber Bragg grating, debris flow, ground vibration.
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— 2001 Rk EAGRFTHEE K 2009 A ST ve e T ik
R AR A © 4T 30 RN NTF LB BT %R
BALAENZER (takura et al., 2005) » B &
RITET ARSI EDR B - BRI
TERHE » RIEANRLZEPFREFEL - 000
EWMAHARE T B - ERITHE A4 (advance
warning system) BIZE(FELER 204F (event warning sys-
tem) (Arattano and Marchi, 2008) - EEH{TEZE 247 LLESHI
KICERIE R THERRA  PIAIREET ~ TIREKES
(soil moisture sensor) ZEEEE » & RS E MG &
HIE R o IS RSB N BB & - (52BN
K o MEOEH AR SR I AR ES 0y R B
(REEA 2 ERI% > PIaBE R /K ALET ~ RS -
HEEARAIES (geophone) TEEEES - ILE WM AT EMN 2 4
MR - ETHERESE - EFEARENTA -
BB & H RIATE LY L A REDRS > FIERFER A
TR 2 DR R B 3ee BT
et al., 2006) °

+aERRBEEG W - BUKEFTEEY) - HE ]
ERFEAY R AR ENES (Iverson et al., 1997; Johnson and

WmAREEA D~ FoK s T &im Ry B &
= RS B BT AR B FHRE) (Takahashi,
1991) « M FRIRENETE Ry st - TR IR Fordh el
YRR - PTEIREDR, & i PR AR - a7 AE
BEEN AZRS - DEEAE A2 R i
PRIIE & ey BRI P Eh B 22 g (R LR 2
B4 o RSB EA =B (1) IREEREER
[B 5y 10-150 Hz: (2) A pibimks B £457 10-30 Hz »
& ImFER EAH Ry 60—80 Hz » Bl Rl KB G G & T
FillmRs8 5 (3) M RIS EL 1 A fUm AR - R
1SSt B A —EERF (Huang etal., 2007) - BE=T5HFF %
Ry B E 2 o B RTEIRE EARE LA
IS - KEEON LA mBth 24t A i ngs o &
S R B AR T LR A - NGRS R R SR
1 (Arattano, 2000; Arattano et al., 2012; Berti et al.,

2000; Burtin et al., 2009; Burtin et al., 2010; Huang et al.,
2007; Itakura et al., 1997; Okuda et al., 1980; = 5T et
al., 2007) < ZAif » HEE A R P AR - IR AE S b
PR - T B AR B R AHRE (Toksoz and
Johnston, 1981) - Surifiach et al. (2005) LUthZE{#EHIZ%
AE M B IS LTRSS R - B E  (local earth-

quake) ~ &I HL 2= (regional earthquake) ~ K i &=

OET RS WSS AR L RO R RS Bl

(teleseism) B EHIEEES Al 52.8 km ~ 228.2 km ~ K%
6931.6 km I » ARSI RIRBISEREIE 7 7 Ky 1-50
Hz ~ 1-12 Hz ~ }2 0.1-1 Hz - HESGEAEEHSHI 1

TR EEASER A 10150 Hz 2[5 (Huang et al.,
2007) - 10 HIREHEEE/ NAHE > R A st
M REEE e DVRAE SR B IS A SR o A (A
FIERBARTH SR - ZERE R ROHI B M U HEE T0R
HJRE > AISERR DI R a0 38 4E - 2480 - WA EfE
P RAVESE - A RE R RCHIES M RO SR8 a0
WAL EL (AT AR I 25 A FH Sl 248 (i S EE
R - BRARAEAGEZRAA - FHE% - HiaiE
HERI L AZ SR A -

BFE bS8 - i Ry 22 A i SE AR
/1> - Huang et al. (2008) &SRR L EE)E 4
e IRl e 22 i el o Hy 22 52 - SEERM AR e aE R
AR SRR HEIE B 10-150 Hz 2 [ » HZEh
NSRRI CE S » PRI St TS R e 22
B N BRECH 407 © Kogelnig et al. (2011) Fl|FHZE 5
JEEE RS L EREES 4-15 Hz (RAEZERKE (in-
frasound) » PR|HL 7 ] (RIS SR FARE) K 28 RAEAK
FEH A0 -

SRR 25 BRI A AR SR RO Y E R 2 8
g > KO RS EECRERS - a0 st R
fEEt ~ RS (Kirkendall and Dandridge, 2004) -
HEAZRRE - BES - RN SEEETES
Frtk - R BT RIEEE - f4G9sRaRa el - Seait
it (Fiber Grating) - Hill et al. (1978) #2810
AP E IR R S TR B B e R M i
R CHBREAZ 38 A 3T SR E MR AL TERHE 5 —
{855 BU5E KA RO © Meltz et al. (1989) REEDEME
B LRI SRE B R E ST RE R - 2
SCEEAR RIS (fiber bragg grating, FBG) » Hill et al.
(1993) FIFHMEALEEEEEMEY 705 - (EAS LA
HIBLVER R R - 4538 20 BREERTRE - 50
TIHFEFIN EEYE ERVEDN - 7Y FBG HHVRE K
JBR A B R AR I A ELA AR I 2 O R 28 B A
HI%SER - (Rl FBG i FREF RS R 2 Y &
A (Morey et al., 1989) - %48 FBG 55> Jig F > B
SEREYIETH (Proshaka et al., 1992) ~ &bt B
(Bullock et al., 1992) K BAJjEHFINIEE SR~ FAZEEH]
(Berkoff and Kersey, 1996) - Hpil FBG FERI A L A EE
MZSCRRS/D > Pei et al. (2011) & DOGERERME (in-
clinometer) FffEAEEIR L FH RS L,
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v SEH SRR R IR
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1978) - [& 1 BotditRBEURE R - ATk
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Fig.1 Principles of fiber Bragg grating sensors
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H E Ry t4E MRS (elastic modulus) » M
(5)-(7) A AFHDOER RS B I B (A4 T
(Baldwin et al., 2005) :
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by geophone, (a2) geophone signals in frequency domain, (bl) time-series data measured by FBG
sensor, and (b2) FBG sensor signals in frequency domain
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Fig.7 Fiber optic sensing system deployed in
Shen-Mu Village for monitoring debris flows
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7 T EIAEEREE TR - DS —EE#
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9 Fii7R o [ 9(a) AR ETHIE R FR IRENIF 5
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9 HYAES AT HIET LRI 4 S IR T AR E
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SRR B I -AHEE - 5525 Huang et al. (2004)
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Table 1 Distances between the sensors and the
data receiving center
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Fig.8 Fiber optic sensing system for monitoring
debris flows
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X(z,0)= " x(t)w(t-7)e " dt (12) deployed along the Ai-Yu-Zi Creek (AYZ-4
sensor, Fig. 7)
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Fig.11 Ground vibration signals of debris flows detected by the fiber-optic sensing system deployed along

the Ai-Yu-Zi Creek; (a), (c), (e) are time domain signals detected by AYZ-2, AYZ-3, and AYZ-4 re-
spectively; (b), (d), (f) are spectrograms of the signals in (a), (c), and (e) respectively. The unit of

spectrogram intensity is dB re 1 m/s?2
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