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Polymer packaged longitudinal microstructured fiber based

distributed pressure sensing system
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Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: A longitudinal microstructured fiber based sensing scheme was proposed, the sensing capacity
of which was greatly expanded by using frequency and wavelength encode simultaneously. Quasi-
distributed pressure measurement along a single fiber was achieved, showing potential of high capacity
multiplexing, high spatial resolution and high accurate detection. The silicone rubber package of sensing
fiber made the pressure sensitivity increased to 1.032x107* relative wavelength shift/MPa, which is 500
times higher than bare FBG. Experimental results of the prototype system including 6 fiber
microstructures exhibited good linearity and relatively high measurement accuracy. High Resolution
Manometry(HRM) in long distance based on this scheme is promising, which can be widely used in civil
structural health monitoring, pipeline leakage detecting and distributed pressure sensing for in-vivo.
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Fig.1 Schematic of fiber microstructure

M DR, A S S /N T 9% 1 55 S Ol A
RREAR T GaS i BN R, DA AR AR 408 19 47 A B3
M, BEME R 2 BT LGB 7 30 A e OB AT I
TEH TAE . BSOS 3 00,

Rom SN/ Vi-a® L)

- (1)

cosh?( 'V =02 L)- Zj
hﬁf%w&m (2)
&:2wnﬁ(l——£:—+gflamﬁ (3)

A s n AT EE A v R 2G0T WLBE S L 550

0802003-2



bk A2

% 8 2

www.irla.cn

% 45 %

WA DX B X T 55 R SO, FPORE N AR S Tk
TTROEHR T, LA HA ) RS AR

Rs=2R,[1+cosdmngL /)] (4)
K. Re I H FBG 1 I 8 s nee A RT3
Lo MERLFP B E K B 2 2 Le=3.4 mm WTE5
B, A 2% 5 A 55O G S S B RS AR AL, T
INER 45580 K FP T s 4L |

=
:

e
%

=
=N
T

(S
IS
T

Normalized reflectivity

e
o
:

0 2
1547 1548 1549 1550 1551 1552 1553
Wavelength/nm

2 B R i

Fig.2 Reflection spectrum of microstructure
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Fig.3 Reflection spectrum of microstructure before and after
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Fig.4 Packaged longitudinal microstructured fiber
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Fig.5 Diagram of distributed pressure sensing system

MREE S AT R B KRR B . I
) it 8 L e A A R S B T 6 () S M1 ik
ZEROCET IR AR OEIE , FTLUE 3 Ao KR TH
(0 S S R 4 . B2 R A P I A TR B At
SERI T, A% L 2 e m] LA A3 T BE AT

0.025
0.020}
Z o015
5
£ 0.010
-7
0.005} ,‘
0 - A ,
1546 1550 1554 1558 1562
Wavelength/nm
(a) FE R A S

(a) Initial reflection spectrum of the sensor system

0.00015

0.00010

Amplitude

0.00005

0 4x10° 8x10° 12x10° 16x10°
Frequency/Hz

(b) PR3t i FL - 46 (FFT) 4313 ]

(b) Fast Fourier Transformation(FFT) spectrum

1.0

S e
% o
T

F 2,=1550.005nm

Normalized reflectivity
coooooo0 o0
w AN N
—

o = W Rt
—

1546 1548 1550 1552 1554
Wavelength/nm

(c) PAZEH a LI 1%
(c) Reflection spectrum of microstructure "a"
6 ik

Fig.6 Demodulation process

figp A o FCHOCRE— rP LI B AT ) SR T G 4%, I 3 i
BOGil AT FRT, ol LAAHEIGE [, 18] 6(b) 2 0

0802003-5



bk A2

% 8 2

www.irla.cn

% 45 %

S 1550 nm BT S5 1S A 4 BLI AR X6 A
TR S R P AL FRAS B B — I (5 5, IR
Fr e i b I AR e (IFFT), 33 A8 s 45 51 i i i
AR AERDETREAE B 2 B, B 6(c) s 0 I 5%
K 1550nm, KN 3.4 mm (ISR a 193 —10
S5, AL T WAL H SRR 5 HIR ik 4
FEAABAF , VAR A XF R (R I B b i, o] BB HAR
IS 1 J B AR R K A TR

1R B8 5 3% A AT AR A 20 mm?, UL TTH5E
Jiti fI0 B S B R T R/ o R SE SR B A T AL G AR
P RE AT AR B ITC R R, 0%
TR 1, A3l 7SR B A A e D E 5
KIEBE R, E 7 iR, MEmmry
JE S REUE K 1.032x107%/MPa, 3% — 5 5 E 24
FBG R H{E 2.02x107/MPa 4 500 1, T & %)
S, OISR [ R K B [A] BEAR /N 1 A% IR 45 1), 8
BAATREFLNERE, B TE F J) RAEE# RS
I

K1 MEHa~TNENRGEESMUSLREE
Tab.1 Pressure sensitivity and linearity of the

microstructures a—f

Microstructure a b c d e f

Absolute
wavelength 1.665 1.608 1.614 1.541 1.464 1.739
shift/nm - MPa™'

Sensitivity
) 1.074 1.034 1.034 0.994 0.941 1.114
10-*/MPa
Adjust R— .
0.996 0.9973 0.9991 0.9982 0.9969 0.989
square
100 o —Microstructure a
o ---Microstructure b
g 80Fa- Microstructure ¢
£ = —Microstructure d P/
-“_é‘ e -—--Microstructure ¢ #/,*"
@ 60Fa... Microstructure f
o ,
k7
E 40l
©
5
B 20t
0 - ' ' L 1 L
5 15 25 35 45 55 65
Pressure/kPa

P 7 B a~f 19 R ) A IR R 0L 2k
Fig.7 Fitting curves of the pressure sensitivity for the

microstructures a—f

SRMAS [ 2 A R A A AERS ROR R, sk
PR &7 A E 2R . i e E R R G UM
BHOEEAE — e RS, MEURAGE —2 2
Sy T ELAE 0 A R A A 4 4 1 1 R T RE kA
BRENES, GIAM R e Bt
FRATHE VS A T A in TR B T G B AR AL
fifi B AR R R AT e — 2, RIS MR T
AR, B AR AR Bl BRUE IR AR e Pk S BRIl
s SRR A R IT HEA T 22 O SE S A
FAEE AT CRE R LS AT

T BB, B R R A YA RN E L
s R i, 250X H S A AR B B — R B [
AT DAL, X B 3R G W3k 21 AE X R Y i
PEIRAS o (B SCH IR R A AR bR 2 K I 1Y
LA XA R S T 1), AN, ek
WA A6 L 7 5 B B4 28 SRR IR R, A0 I A I T
LINIERE L, XA RN R 56 R B [R] i Dt
it o S N AAR PR SR X 3R A RS T R A T
R U IR A 7 A B TR W] DL 2 5 A
I RS H TR P AT I, T5 B A MR
T M B 5 F A AR R 7 I A 1

R S IR T /4 R [ s 4 A A2 Y T
A1, LA R 1 em 25 0] 43 B G2 4 6) e g i) 1o 1)
MSEE BT YNl i ) AR 1 A A X A8 IOy
FHEHABE R I, RPN 1em B IR R
TAs I E R ATk 320,

5 4 it

e SR NDET €y (B AR U E s (T WK 2R Y S
IS LT | 20 2k B 0 A 2 2 S BB R ) T
TR G FICI A PRI R A5 s ] 7 B
R TERGHRTT W 6 D REEH B i
LTI T AR GE R ) RABEE IK 1.032/MPa, JERR
FBG RIGE 1 500 248, 734 3 i 19 23 [8] 7 B 5 fe
/NALIK T em, HASfl&E 1 SO0 R A2 I BT R4
SEPERIZENE L , BORAR bRak 21 [ N ek F

XA 1) Gl A5 2R 23 A7 U S R IR SR AR 2
AR AT T AR LT, IR RAERBUN . TiE
Tl TP AR AR R AR S PR AR N AT R ETSR
BT T 58 X A5 B AR G ) I B AL R R AT R T T
RIVRT 1P T K B ) A % R A% b R 5 A £

0802003-6



bk A2

A www.irla.cn

% 45 %

IR

S 326 P o M VRS ) T g ) L2 B oA B A

Ik HLZS AR/ NI AR Y T Tl i 2 v

SE

(1]

(2]

(3]

(4]

(5]

(6]

Leung C K Y, Wan K T, Inaudi D, et al. Review: optical
fiber sensors for civil engineering applications [J]. Materials
and Structures, 2015, 48(4): 871-906.

Poeggel S, Tosi D, Duraibabu D B, et al. Optical fibre
pressure sensors in medical applications [J]. Senmsors, 2015,
15(7): 17115-17148.

Jiang Xiaofeng, Lin Chun, Xie Haihe, et al. MEMS FP
interferometry pressure sensor [J]. Infrared and Laser
Engineering, 2014, 43(7): 2257-2262. (in Chinese)
/NG, AR, WHEEES, %, MEMS FP T3 BIJE J) /& & 4%
[J]. 04N 58O TR, 2014, 43(7): 2257-2262.

Lan Yuwen, Liu Bo, Luo Jianhua. Pressure sensor based on
Distributed-Bragg-Reflector fiber laser [J]. Acta Optica
Sinica, 2009, 29(3): 629-631. (in Chinese)

=R, XV, B BT AR S SOL R Ot A
B IR AR (D], e 24, 2009, 29(3): 629-631.

Lyu C, Guo X, Gao J, et al. Design evaluation of DBR
fiber laser sensor for directional lateral force monitoring[J].
Photonics Technology Letters, IEEE, 2015, 27(14): 1515—
1518.

Zhang Zhili, Fu Zhulin, Zhao Bing, et al. FBG sensing
technology application in detection of bastion safety [J].
Infrared and Laser Engineering, 2011, 40(3): 492-496. (in
Chinese)

SRR, AIBUBK, BT, S5 SLALME BEOR AR 2 42
Wb R LLAMSHOE TR, 2011, 40(3): 492-496.
Nieuwland R, Cheng L, Harmsma P, et al. A fiber Bragg
based semi distributed pressure sensor system for in —vivo

vascular applications [C]//Optical Sensors, Optical Society of

America, 2014: SeWI1C. 1.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

0802003-7

Arkwright J W, Underhill I D, Maunder S A, et al. Design
of a high-sensor count fibre optic manometry catheter for in-
vivo colonic diagnostics [J]. Optics Express, 2009, 17(25):
22423-22431.

Sheng HJ, Fu M Y, Chen T C, et al. A lateral pressure
sensor using a fiber Bragg grating[J]. Photonics Technology
Letters, IEEE, 2004, 16(4): 1146-1148.

Li X, Sun Q, Liu D, et al. Simultaneous wavelength and
frequency encoded microstructure based quasi-distributed
temperature sensor[J]. Optics Express, 2012, 20(11): 12076—
12084.

Song J, Jiang Q, Huang Y, et al. Research on pressure tactile
sensing technology based on fiber Bragg grating array [J].
Photonic Sensors, 2015, 5(3): 263-272.

Wang K, Wang B, Yan B, et al. Simultaneous measurement
of absolute strain and differential strain based on fiber Bragg
grating Fabry —Perot sensor [J]. Optics Communications,
2013, 307: 101-105.

Shen Zhengiang, Zhao Jianlin, Zhang Xiaojuan. Frequency-
division multiplexing technique of fiber grating Fabry-Perot
sensors[J]. Acta Optica Sinica, 2007, 27(7): 1173-1177. (in
Chinese)

TLREHR, AR, SRIRIE. SLLF LM A B 30 2 1% AR
SFEEARDL a4, 2007, 27(7): 1173-1177.

Ngoi B K A, Paul J, Zhao L P, et al. Enhanced lateral
pressure tuning of fiber Bragg gratings by polymer packaging
[J]. Optics Communications, 2004, 242: 425-430.

Xu M G, Reekie L, Chow Y T, et al. Optical in-fibre
grating high pressure sensor[J]. Electronics Letters, 1993, 29
(4): 398-399.

Liu Yunqi, Zheng Jiancheng. High-sensitivity fiber grating
pressure sensor with polymer jacket. [J]. Chinese Journal of
Lasers, 2000, 27(3): 211-214. (in Chinese)

Kz, A, AW R i R MR ) 1%
REER ], HEEOE, 2000, 27(3): 211-214.



