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Simultaneous Measurement of Curvature and Temperature Based on
Optical Fiber Sensor

WANG Dong-yuan, SUN Ming-ming, JIN Yong-xing, WANG Jian-feng, DONG Xin-yong
(Institute o f Optoelectronic Technology , China Jiliang University , Hangzhou 310018, China)

Abstract: An optical fiber sensor based on a fiber Bragg grating and Mach-Zehnder interferometer was
proposed and experimentally demonstrated for the measurement of curvature and temperature
simultaneously. The sensor head is formed by combining a fiber Bragg grating with an all-fiber Mach-
Zehnder interferometer which consists of two cascaded peanut-shape structures. Experimental results
show that the interference peaks of the Mach-Zehnder interferometer transmission spectrum and the
resonance peaks of the fiber Bragg grating transmission spectrum have a different sensitivity to curvature
and temperature change, so that a matrix can be used to realize the simultaneous measurement of the
curvature and temperature. Curvature sensitivity of the Mach-Zehnder interferometer is —27. 58 nm/m™"
while fiber Bragg grating is not sensitive to the curvature change. Temperature sensitivity of the Mach-
Zehnder interferometer and fiber Bragg grating in the experiment is 0.038 69 nm/C and
0.012 17 nm/C, respectively. This proposed sensor employs all-fiber structure and the fiber Bragg
grating is inserted between two cascaded peanut-shape structures, so it is compact and easy to make.
Key words: Fiber optical sensor; Curvature sensor; Mach-Zehnder interferometer; Fiber Bragg grating;
Simultaneous measurement
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Fig. 1 Proposed sensor based on MZI and FBG
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Fig. 2 Transmission spectrum of optical fiber sensor
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Fig. 3 Schematic diagram of the experimental setup

7 M A 52 5 v, A% R 1 U B E E O &= iR 25°C
ity 58 A 1 375 S 3 A0 P 4 ith AR R 1S B MZLE
HHT Dip-A ] B 07 [ B B, 2 il A AR A v B Dy
0.2993m '~0.733 1 m ', HiFEK¥Esh#EB T 15 nm,
A i FBG JE Y Dip-B $ K ILF PR F5 A 7.

=)
/m
=
= - v
2 et
§ -68 F — (C=0.2993m!
2 ---- C=0.5184m™
E 22 A N S A C=0.5985m™!
i e C=0.6692m!
6l Vo e €=0.7918m!

1500 1510 1520 1530 1540 1550
Wavelength/nm

B4 TR ETHEE
Fig. 4 Experimental transmission spectra with

different curvature
Dip- AR it 5 M F ¢ R KIS, REE Sy, =
—27.58 nm/m ', &MEAGE R =0.981 0. 0 (6) FH
R4 v (1) S5 o o 4 T 9 AU X Tl R c R ke =

Sun_.=—27.58 nm/m ', ke =0.
0r
Dip-B
E 3
§ 6k Dip-A
G
=
%D 9} » My c
T>> Ay 7—=27.583C+7.197 =
é“ 12+ R*=0.9809
_15 1 I}

0.2 0.3 0.4 0.5 0.6 0.7 0.8
Curvature C/m

HS HWRTHRKESESHEXR
Fig. 5 Curvature response of the proposed sensor at

constant temperature 25C
T i B S0 A% B Ak T EOIR A wiCE e e
AR AR 5 8 W U IR RE L B S OGN BT 6 L R

1106004~ 3



kT ow i

T+ S BOE OGS 181 K 7 RS 24 AR L
4 20.0C~45. 0CH},Dip-A B3 K30 T 0.4 nm.

—-64
£ —66 R\
)
2
§ 68
£
3 —70
E
=
-72
774 L 1 1 1 1 1 1 1 L 1
1522 1526 1530 1534 1538
Wavelength/nm

W6 fRERETHE %
Fig. 6 Experimental transmission spectra with

different temperature

Dip-A F1 Dip-B iy K 35 8 = 5 iR B A48 1k ith 48 a0
PR 7. Hrb s B O S I E B O LA
2. Dip-A Fifi i B 45 fb 19 I 88 i 8 Adwa o> DipB 1
FBG i 4 Fifi 3 5 A8 AL IR 5 Adene—. Dip-A B R
B Syzno+=0.038 69 nm/C,&MRIEF R =0.991 0.
Dip-B i) REE R Sppe—+=0.012 17 nm/ C , &M &
JE R*=0.997 6. W& Ze Pk LA B2 AR Ak & &, 1 MZI Xt
TR AR A 0 R B B T FBG. 20 (6) 4 [ i MZI
A X T BE THY R B kry = Sy + = 0.038 69 nm/ C,
FBG AR T il B TR REUE by = Sip + =0. 012 17 nm/ C.

121

£ 1.0 s Arr

< 08 Mgy 7=0.038697-0.5455

% ' R*=0.9910

Z 06

=

T 04 F

B

2 02Ff

>

g . A)'l"lj(i T
Ul M 7=0.012177-0.1897

-0.2 ‘ , R=0.9976 .
10 15 20 25 30 35 40 45

Temperature/'C

H7 EFEHRKEBELFREX R
Fig. 7 Temperature response of the proposed sensor at

constant curvature

P56 v A 10 % R AU R BRA ) L T A

C 0.01217 —0.03869
T =—2.980 .

—27.58
Adwin
ol
TG A & MZI R Dip-A 1 9% K %
A I FBG X i Dip-B B9 3 £ M 2 Adw » 11 E
I 1) A8 bt S PT LA E aod  E S H AS H DOTi
S BN ) RN IR B 1) [ s )

(8

TR

fe 7 —Fp AR JE S5 4 R FBG 20 B Y 't 21 14 I

i o ) LA [R] B 00 i by 5% R B A% R AL AR PR )

-G 15 T P AR FBG, 5 -85 78 T 95 4% i B2 A i

HR) AR A R G 2 L FBG X i 28 45 4k O f50sk L 1 5 98

JEAR R G R AL AR AN AL S B Tt R R

- i U= TN SN W NN 2 = < R R

B2 0.299 3 m ' ~0.733 1 m ", xf 1 2 A 7 80

iK—27.58 nm/m™ ", ¥ JF By 2 Ak {5 B Sy 20. 0°C ~

45. 0 CHif s MZIA X T it & 19 R S0U% 470. 038 69 nm/ C

FBG A X T i 09 R % 0. 012 17 nm/ C. & il R

R0 v e 3 AR ) R BORE L T A R 2K A R

PRSI Y R X N — 2

S 3% 3k

[1] MENG Qing-giang, DONG Xin-yong, CHEN Zhe-min, et al.
Temperature-independent curvature sensor using FBG cladding
modes based on a core misaligned splice[ J]. IEEE Photonics
Technology Letters, 2011, 23(12): 804-806.

[2] PANG Fu-fei, LIU Huan-huan, GUO Hai-run, et al. In-fiber
Mach-Zehnder interferometer based on double cladding fibers
for refractive index sensor[ J]. IEEE Sensors Journal, 2011,
11(10): 2395-2400.

[3] ZHENG Yang-zi, DONG Xin-yong, YANG Yun-guang, et al.
Magnetic field sensor with optical fiber bitaper-based
interferometer coated by magnetic fluid[J]. IEEE Sensors
Jouwrnal , 2014, 14(9); 3148-3151.

[4] ZHANG Yebin, GAO Shao-rui. ZHANG A P, et al.
Optically heated long-period grating as temperature-insensitive
fiber-optic refractive-index sensor [ J ]. IEEE Photonics
Journal , 2012, 4(6): 2340-2345.

[5] GUO Tuan, SHANG Li-bin, LIU Fu, et al. Polarization-
maintaining fiber-optic-grating vector vibroscope [J]. Optics
Letters, 2013, 38(4) . 531-533.

[6] CHEN Luan-xiong, HUANG Xu-guang, LI Jiao-yang, et al.
Simultaneous measurement of refractive index and temperature
by integrating an external Fabry-Perot cavity with a fiber
Bragg grating[J]. Reviewof Scienti fic Instruments, 2012, 83
(5): 053113-053113-4,

[7] GUO Tuan, LIU Fu, GUAN Bai-ou, et al. Polarimetric
multi-mode tilted fiber grating sensors[ J]. Optics Express.
2014, 22(6): 7330-7336.

[8] PENG Zu, CHAN C C, LEW W S, et al. Temperature-
insensitive magnetic field sensor based on nanoparticle
magnetic fluid and photonic crystal fiber[]J]. IEEE Photonics
Journal , 2012, 4(2): 491-498.

[9] LI Tao, DONG Xin-yong, CHAN C C, etal. Humidity sensor
with a pva-coated photonic crystal fiber interferometer[ ] ].
IEEE Sensors Journal, 2013, 13(6): 2214-2216.

[10] ZHAO Yu, JIN Yong-xing, LIANG Hou-hui, er al.
Curvature sensor based on fiber loop mirror with polarization
maintaining fiber [ J]. Microwave Optical and Technology
Letters, 2011, 53(9): 2066-2068.

[11] LI Jieliang, ZHANG Wei-gang, Gao She-cheng, et al.
Long-period fiber grating cascaded to an S fiber taper for
simultaneous measurement of temperature and refractive
index[ ] ]. IEEE Photonics Technology Letters, 2013, 25
(9). 888-891.

1106004 - 4



AR 2« [a] 00 e 3 A i R A e 1R A

[12]

[13]

[14]

[15]

[16]

SULAIMAN A, HARUN S W, AROF H, et al. Compact
and tunable erbium-doped fiber laser with microfiber Mach-
Zehnder interferometer [ J ]. IEEE Journal of Quantum
Electronics, 2012, 48(9) . 1165-1168.

WU Di, ZHU Tao, Chiang K S, et al. All single-mode fiber
Mach-Zehnder interferometer based on two peanut-shape
structures[ J]. Lightwave Technology, 2012, 30(5): 805-
810.

SHAO Min, QIAO Xue-guang, FU Hai-wei, et al. An in-
fiber Mach-Zehnder
tapers for high sensitivity humidity [ J].
Journal . 2013, 13(5): 2026-2031.

LI Le-cheng, XIA Li, XIE Zhen-hai, et al. All-fiber Mach-
Zehnder interferometers for sensing applications[ J]. Optics
Express, 2012, 20(10); 11109-11120.

GONG Hua-ping, YANG Xiao, Ni Kai, er al.

fiber curvature sensor based on two peanut-shape structures

based on arc-induced

IEEE Sensors

interferometer

An optical

[17]

(18]

[19]

modal interferometer [ J ]. IEEE Photonics
Letters, 2014, 26(1) . 22-24.
MA Lin, QI Yan-hui, KANG Ze-xin, et al. All-fiber strain

IEEE

Technology

and curvature sensor based on no-core fiber []].
Sensors Journal , 2014, 14(5); 1514-1517.

GONG Hua-ping, SONG Hai-feng, ZHANG Su-lei, et al.
Curvature sensor based on hollow-core photonic crystal fiber
Sagnac interferometer[ J]. IEEE Sensors Journal, 2014, 14
(3): 777-780.

FU Xing-hu, XIE Hai-yang, ZHU Hong-bin,

Experimental research of curvature sensor based on tapered

et al.

photonic crystal fiber Mach-Zehnder interferometer[ J]. Acta
Optica Sinica, 2015, 35(5): 0506002.

FE6E, P, R, BT B 6 T S AOL LT B k-1 18
IR R AL IR S el ). Jesesa i, 2015, 35(5) .
0506002.

Foundation item: The National Basic Research Program of China (No. 2010CB327804), the Public Welfare Project of Zhejiang Province
(No. 2014C33065) and the Technological Plan of Safety Production of Zhejiang Province(No. 2014A1004)

1106004-5



