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Fig. 1. The schematic configuration of ultrahigh reso-

lution fiber grating strain sensors.
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A F Gtk F AR AL R KOG R S TR AR
IR PERI Ty, BT 2 F T R G b ot iam
5k A AR B PDH fi i HoR 12, 7R iz R
Hh SR 28 TE 52 AR L 4 1) B B ARBTG5 IR I
BEATERIN, BRI s PR IR v 0 PRE R B U R
KR I 2 RO AR AL, NS PRI AR A 3 s R0
TG R4 BT AR I [F AR 5 R T R RAOR, H
LERMFOE O ATZAR T Bl T I IR PO AR I
20 B R A S AR AL AR S 0 i SO O R AR
SRETEAHAL RS, PRIEOCIARAR T 8w T 1 IR
HHC A I Xk B2 A S A i Y RS S R S A, AT
Wizt s S RO SR (5 5 (error signal) [,
FLERAE 1 BRI 0 AT 5 A5 00 108 ) s 1 iR v o0 B
RN 25, VIR PO BT 58 B R S S i &
2 P ELTE T AL PRS2 T, i 2 A
PRI SO AR i R O XS FR, R TR W PR AT
b, R ZEEAE SRR A 0, HAESIRINE (S 518
JE S TRMBOCH LA IS, AT7 %%, 11T PDH
VR B A A 51N T B AR A i YA ) S i, 4T
XoF SRS i E A 5 1) Ak T AT SR R A% 381 v X
A 2 B IO 4 R IR 75 R T R IR T
SR TPL.

ARG R E 0 65 P A 2 ) FEPIL
Horh =N RTTE, 53— MRS FE Tl R
AT VLI, A5 I AR e I A2 A% ST L, T2 2% oot
AT ICE TAE BT i H A5 4 SRR . T
P S HOH R, HAE IR AR B2 B R B &
BB, SCAIAETIR B ARAGI, PIE HE IR R A
¥ 53 AR AEAH R BRI RS, T R E AR, 4L
JRTTA _E ARl ) SLAR S AR AR A, DGR A AR
FARL AL, {H 225 o BT 5 A0 I B4R b s L ik
BN R0, R e PRI IR AR 22 R AR . Bk
KU, S TOIFI TN PTRMER Sl B2 AR A ) B A
MEHITI0, PIICAR I IR B AR X & (Z24E) X
RS 5. BRICZ b, OGS TAERS, H
TAEB A AT RE R AV, HXT RGN
FITINAS IR R 4R A 2 e AR E A%, T4 R
% IO R R

RGBT, WOLHs TARE S Mt =R IF
AWrE . FOLA FESEE B UK T FEPI H
HGIE Y (FSR), PAPRE S R rh R 31 2 /D>
—MMERIE. BRSPS, B FFPT A HIOG
SRS 5% PDH A 2P G T4, W

074208-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) 3 2 ]  Acta Phys. Sin. Vol. 66, No. 7 (2017) 074208
Tg 0.06
3 : e —
E0.047 | FFPI1 (@) 1.10+
T 0027 I - (b)
; ]
= 01 , £ 075
T -0.027 I 3
g 1 | S 0.50-
o —0.047 — . a
Q T T T T T T T o _
0.4 06 08 1.0 1.2 4.6 4.8 5.0 5.2 g 0.25
=

- » - .

0.047 =0 o T Z
= FFPI2 | | 5 —0.25-
< 0.027 ; '
B 0 ; ‘ -
-L; 1 ! . —0.60—; T T T T 1
Z —0.02 ‘ |
g ! —0.05 0 0.05 0.10 0.15 0.20
5:) —0.04 T T 777;771 T T T T Dela}’/pm
A 04 06 08 1.0 1.2 4.6 4.8 5.0 5.2 Cross-correlation production

Wavelength sweep/pm

3 PR RIS R S S R R EAG R T () FIRA F-P T4 PDH MR TR 21

2, (b) PHRZELS S TARK M

Fig. 3. (a) Measured PDH demodulation error signals from the FFPIs; (b) their cross-correlation curve [11].
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Error signal of the FFPI
interrogated by CW laser
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Fig. 9. Error signals from the FFPI and the m-PSFBG in the interrogation (201 (a) The phase-modulated

laser for the interrogation of the reference FFPI; (b) one first-order sideband of intensity modulation of the

laser for the interrogation of the m-PSFBG.
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Fig. 12. The power density spectra of the measured

results [23].
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Fig. 13. Field experiment configuration for measurement of crustal deformation at Aburatsubo Bay, Kanagawa, Japan.
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SPECIAL TOPIC — Optical Fiber Sensor

Ultrahigh resolution fiber optic strain sensing system for
crustal deformation observation®

He Zu-Yuan' Liu Qing-Wen Chen Jia-Geng

(State Key Laboratory of Advanced Optical Communication Systems and Networks, Shanghai Jiao Tong University,
Shanghai 200240, China)

( Received 8 March 2017; revised manuscript received 27 March 2017 )

Abstract

Due to the advantages of high resolution, low cost, small size, easy deployment and capability of multiplexed sensing,
the recent developed optical fiber grating sensors provide powerful tools for crustal deformation monitoring. This paper
reviews the development of several types of fiber-optic sensors with ultrahigh resolution in quasi-static domain. The fiber
Bragg grating based Fabry-Perot interferometers and the m-phase-shifted fiber Bragg gratings which are used as sensing
components in the high resolution sensors are introduced. Some novel techniques such as interrogating the sensing
components with intensity modulation sideband, dual feedback-loop structure for high bandwidth/large measurement
range sensing, and the time-domain multiplexing of the high resolution quasi-static strain sensor are discussed in detail.
Each sensing scheme with both operation process and achieved performances are given. The implementation of fiber
grating sensors for in-situ measurement of crustal deformation and the results are also introduced. Compared with the
traditional methods used in crustal deformation observation, the high-performance fiber optic strain sensors mentioned

in the paper shows great potentials in providing wider measurement approaches in geophysical researches.

Keywords: fiber-optic sensing, crustal deformation measurement, high resolution, fiber Bragg grating
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