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Abstract  An optical fiber sensor is capable of nondestructive measurement of a structure and it has an
advantage of the immunity to electromagnetic interference because light is not affected by electromagnetic wave.
In addition, if optical fibers are buried in an ohject like a concrete, this sensor can analyze defects and physical
status of the object without disassembling jt. Especially, the fiber Bragg grating sensor is a promising optical
fiber sensor capable of nondestructive test of such an object. A fiber Bragg grating has the characteristics of
reflecting or blocking light of a specific wavelength. If we apply physical quantity like strain to the fiber
Bragg grating, the center wavelength of the reflected light is shifted and then we can find the physical
quantity applied to the fiber Bragg grating by measuring the center wavelength shift of the reflected light.
The fiber Bragg grating sensor capable of static and dynamic strain measurement is being used in health-
monitoring of buildings, structures, etc. Recently increasing is interest in dynamic strain measurement inevitable
to the civil structures such as roads and bridges. In this study we implemented the optical fiber sensor
system which can measure dynamic strain at multiple points using Fabry-Perot wavelength demodulation.
And we measured the static and dynamic strain using this sensor system with a test structure(cantilever).

Measurement results were similar to those obtained with the conventional electrical measurement methods.

Keywords: optical fiber sensor, fiber grating sensor, fiber DBragg grating, Fabry-Perot demodulation,
multiplexing, multi-point measurement

(H= 2001 2. 25) * A&hsra A7) 38 (School of Electrical Engineering, Seoul National University, Seoul 151-742),
= Hojzd 7edTa



148 o] &%,

. 53] ZAF HEH:

(Bragg) A} AXAE A q}z‘sL H) 9] AALE 43

Fgf BT ARE BURE Fole] A4E 2 3

A 54 e FoiY B(SF 03nm g F)S w7
= 4% Adz gen, 2E#U(strain)olv 2%

e U] BAF Bl Aol JhsiAd, whAlEE
e B9 FHPge] REd1). wekA, o] Wl
& SATEA AAHos FdF B AR Tt
A =S ST 5 Yok A - 54 22498 34
& A= B 2z AA AN e AEEeY ER

TEE 59 ¢ Zthhedth monitoring)g A3 AL
I Pew, e EEY Zg 2o ER pzER
9] $& glojA] BRH T3 AEY EAd i
a2 #Alel ¥EHT gk

2 dFolMe sr)-w E(Fabry-Perot) ZEE o] &
stod Augke] HFHA BH 2EHS 43 4
U= AMAI2EE Azstgon, A=ty A Ajxd
A FE RIAHG Ho| FZE 31%0}04 2ol P&
o 7kAE A4, §4 2EHUL 2489, oS

3 Zoj72Ee] dhgd e 2HAFTE T

offt m{ﬂ do -

2. O|E2X mA

AR B AR WAL 2dEeRe] ¥ H(peak)d]
FH Ap: ofst Bz WA ) ARPRE] 7R
ZEHS A7l we) AgAeR Wtk weh
B whal oige] Hiske galx Bh Bala Ao
7R 2EQ1E AZlE & 5 ok

£ 2EQ AN A" Sge] Wsle] gidt gng
Auel-wE geg ARgsle] e § 2 AR 229
Rl gohdr). WRZ-w2 ejo) AukHQ 2 shE
g 29 (free spectral range)® 50nmeoli, HIZL
03nm FEole}, mehr, ghef Aol 7}6117“ 2B

of os) wAlslE wde] Wsle A 3nm AER A7
st shte] dRe-sz deE 16709 B AR A
A B uEE 238 5 A Boh wed e

Az FHE AR EZ(demodulation) WEe Al
N2ee sl multiplexing) 8k Hloll W-¢- A 3gt
Holghx & 4= 9t

Hug-Hz geE AHEEle 2EYRE dohiie 2

kel dele o3y 2 WEg-dE e 3
e D‘JEMI FlR = A71E Aol viEsie] ojF
slnE, AAG A7) AY(amp) Y AEE Fol @
Bl 2] %JJrEHQ"%T% A og WA A i =9
el Axg g AY(scaming)E 7FsEA & F
Art. wheF Al
Bl a7}

0531

K 3e] Bz v} ~dHEZH AREo] #@
P H\A \:ﬂf] 1,]]01] _4019_1:4.11] u]-/\]. A:ﬂEE—]
HEES F HE7A A ez dEel hsdith Al
HHez A8 A5 e dotlrle A 712
oz gy 7heiAlE A Azl gt a2 FAHG
34 gl dF FERAS Aol £ Y, o F v
oz AEHE Wl 29EY AR Amaﬂ 97
Sk A WAL SR ghel g e ) ER ol &
R e PR A

B ) 29EY 4R AZEY 9XE o83

2]
[+] i
BeRE 29EY 48 vl 95 dobd 57 9)

I AR zEJojut
BE FHshs W &

2 Ab sge) A )
% Hev)e 29 BolA & “ﬂ A NA(gp e Ve
W Hug, off @ ARE Ade SN T 4
el Wskes dopd & gt 13]5}04 vz 7% B
2 WAL S ARl Tkl 2B Qe dE
FTRAE olgste], Bala Ax s 2B
A71E Yopd £ Qiot

2, dek AN FlEhead)e] Bl Axlo] dA
Fare] S 2Ele] v b, B b
Ab el WskE 3 oo} FAE FR WA €
o wEM Fr)Hem Wk s WakE S4se
Azl 7Hld 52 2E#HE dohily) e I
BI-A2 A & F7)9 2gntere £rbsst
ol zeizz 959 29 ¥R3Ksampling) ©] &9
TAS, ARl THAE FH 2EGQL g Fi
2 ¥ ool HE FHFE o] Fo|Hof drh

Fig. 12 H2g-AzZ deg ol§d AEHR] 4l
AlEgle) Aol A - S2d 2EddE F4F
VEE 29 Y 2187 A (ramp) FHE FolA]
en, duel-sz deg gAY B i 9

TE o



Wi AALErE A A 21 A A 2 & (20019 49) 149

2)

F AE7)0lA A71HQ) AEz upAE, o] A5 ARk
3

AR Hug vlg Qold AuE} ol vsie] W)
sgel dsteh shiAs A= A2)E dobd
sick

Fig. 2= Fig. 19 44 Al&=gs dsslsly] 3,
e Z1E AR Bl Axiel o Ag] AN =4
FAF Baa ARE olgd) TAY AA Alx"e] )
=

Fig. 204E 2909 29t 250l 22 =72 e ¢
H(dithering) 4137} FAAA dEz-#Hz geg 7%
Sz slow, F ZHEUV|9) £HANEY WHNTE A
#ated AFw "e)P(lowpass filtering) S dto] &8
9oz Hulle AE B 4 ok A5 dyge 42
% 7)(lock-in anplifier) & A3t o] Fo] At} o]2l3h
2704 #hEe drg-HE e Fauds Bn
HEAL spde) Ao A) ol wlAEHA gdoiFol AR
WAL 2 EY S wAE HF3] ALE sy A% A
oty o7)M Wi AIZE 2 AY AEe] FHEL
24, drg-d2 deje 53 gde 33L o} v

AlstAl WAl 4 gled, 33 A5 Fueg g,

Broadband — o

source -
Sensor Head

1 A

| Scanning - ! &—i Tunable Fiber

waveform jF Fabry-Perot Filter

Photodetector
L

i
1 o
I

f

Fig. 1 Schematic diagram of strain sensor system
using Fabry-Perot filter
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Fig. 2 Schematic diagram of multiplexed strain
sensor system using Fabry-Perot filter
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Fig. 3 Fiber Bragg grating strain sensor system
fabricated by using Fabry-Perot filter

Fig. 5 Static strain measurement when 10kg loads
is applied to the caniilever

Fig. 4 Sensor heads attached to the cantilever
used in our experiment

Fig. 6 FFT analysis of dynamic strain signal when
no load is applied to the cantilever
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Fig. 8 FFT analysis of dynamic strain signal when
10kg load is applied to the cantilever
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Table 1 Cantilever resonance frequencies measured
with conventional sensors

Without
Load 5kg Load 10kg Load
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