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Development of a Fiber Bragg Grating

Interrogation Software System

Student : Jui-Ting Lee Advisor : Dr. An-Bin Huang

Department of Civil Engineering
National Chiao-Tung University

ABSTRACT

Because of the unique advantages over the traditional electronic devices,
the researchers and engineers have devoted much of their effort in the
development of fiber optic sensor technologies and their applications in
monitoring civil engineering systems. Fiber Bragg grating (FBQG) is
considered as one of the most promising.and.-most widely used fiber optic
sensing technique. Most of the available FBG interrogation devices are
imported and their control seftware may be proprietary. It is difficult to
integrate the FBG interrogation''device into a complete automated
monitoring system with the current set up. The objective of this
research is to develop a LabVIEW based software for FBG interrogation.
With the help of the newly developed software, the FBG interrogator can
readily be integrated into an automated monitoring system that includes
optical switches and internet communication. The demonstrate its
capabilities, the integrated system was tested at Fa-gu-shan temple
construction project to monitor the diaphragm deformation during a

braced excavation, using an FBG sensor system.

Keywords: optic fiber Bragg grating, fiber Bragg grating interrogation,
optic fiber Bragg Grating segmented deflectometer.
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photo - GJ eled
detectors| | g
analogue
filtering/
amplificdtion

electronic signal capture/]
digtal signal processing

B 24 &g+ HEREPR A (4 A Flavinetal, 1997)
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Test signals

()

™~

Sroadband Isolator Coupler l
ight soaree | L= 7 = HH St H——HHH
FBG 4, FBGA, FBGA, FBGA,
1634 nm  1542nm 1550 nm 1557 nm
Bandpass wavelength PGC/DCM
division multiplexer\ Photo-  hassive  Demodulated
Fiber Mach-Zehnder detedlondf_r[’_f’_cﬂ‘!‘?fi?_n signal outputs
interferometer A —D— ch.#4 +-- FBG 4,
4 —D— ch.#3 t-- FBG A,
OPD = 0.5 cm ia -—B-ﬁ Ch.#2 t-- FBG A,
Ch.#1 — FBG
Piezoelectric \__/ “
element
20 kHz PGC

carrier modulation

B 2.5 sk 4 Mach-Zehnder + # ik £ ] % 3t (
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Bl 2.6 f|* %4 Fabry-Perot Ju it %2 & B & 3t (4 p Othonos and Kalli, 1999 )

22



S ] ., 1998
Bl 2.7 #F ki T2 B2 k5 (4 p Kangetal, )
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cl Sensing G
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N A P2 | -
: 1275 42RO 1285 12300 1245 4300 1305 130

Wavelength (pm)

B 2.8 & BApfe 2 Lk (T4 f238 2 & 5L (4 p Fallonetal., 1997)
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(a) b Detector '
ZS (b) — o OSA ) Reference
o Output : 0 grating
(1470 nm)
60:50
COF coupler
. Sensing
= Detector i Time lptenral- Counter gratings
soiakor N /K F.B fiter Eanning signal
«— Syntheszer || Pulse generator

Bl 2.9 72583 s e Bk iRz kit
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=====Coantroid Calculation

e P olynomial Curve Fit

=== Peak Search

smimeem (Gaussian Curve Fit
= == M\ ean of Half Maxima

20 Uncertainty (pm)

100 1000
Signal-to-Noise Ratio

B12.10 1% 3 o= 2255 gk £ 2 2 062 st i %® (Dyeretal, 2005)

26



26 Uncertainty (pm)

1.4
1.2

0.8

=====R
R
e === R

-----R

100
Signal-to-Noise Ratio

27

= 58 %; AL =1 pm

max

u= 99 0/0; Al =1 pm

m

= 58 %; AL =5 pm

max

= 99 %; AA =5 pm

max

1000

B 201 7 b & Stia A 2 LK 42 LR 21 2 B i £ 2 B (28] (Dyer etal., 2005)



Coupler Sensing FBG array

White light source
or sweep laser

FFPF

Optical Detector

Bl 2.12 1% B & # ScR sk Lo it 5 54 R

Reference FBG array

Control Unit

-

Data Acquisition Unit

S
R
{Q.
P
e

(3 B Bz =, 2000)
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Coupler Sensing FBG array

White light source
or sweep laser

FFPF

Optical Detector

Reference FPF

Control Unit

213 41% - Az yl-pRipt 73 23 pl T2 ¥4

(4 A MLEc=,2000)
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aluminum compensator

i

Bl 2.14 (8B dedn -
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3.1 Labview 425 f§ 4
Labview ( Laboratory Virtual Instrument Engineering Workbench )
4_d National Instrument =t & #7% B 1) g BIAE 357 0 » fjk{;’n, ,

AR R EEA N K% E o Labview A2V (T 4R &
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3.2 AFE G 20 KRk Bk b e
AFT Yy L &2 Fibera > P4 A2 Rk R 5 A#H O H KA
*ﬁ-ﬁrﬂ34“r—r Mo B A 473 5 F 3% Dyer et al. (2005)% 14 41
£ PEL 22 0% e k1T G (241 * Labview 58 #THE B 2 F 18
A8 K47 4 4§ & (Tunable Laser ) $q?1:".— BFEAE KRR B
BEFAERRGE LIRS B R Ry LmL BL L RIEE » 015 ¢
B2 FAE R S R E 2 FHRRT o H P - kR s L

& H#%® (Wavelength Locker ) #-7 24 ;8 § é/ﬁ%] vz R R SR RGBS
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b BADNER KB w0 VAT S22 RIE G - F

#E kR T &~ ¥ 3 5% Fabry-Perot gt B 2 B[R 3 % (Isolator)’ § %
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2. k4 & E (Coupler)
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34 kg k£ 2 A7t E
PO R Ariftdo e it B Sk gk ¢ (Fiber Bragg Grating, FBG)

v
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% 3.1 %% &

5L | & E, pm 5L | & E, pm S5 A& E, pm gL & E, pm Y5 A& E, pm

I |1521 16 |1527.136 31 [1532.986 46 |1538.89 61 [1544.834
2 1521711 17 |1527.526 32 |1533.382 47 [1539.288 62 |1545.234
3 [1522.094 18 [1527.915 33 |1533.774 48 [1539.684 63 |1545.637
4 |1522.479 19 ]1528.301 34 11534.166 49 11540.075 64 [1546.033
5 [1522.864 20 [1528.693 35 |1534.558 50 |1540.473 65 |1546.434
6 |1523.254 21 |1529.086 36.4911534.952 51 [1540.867 66 [1546.834
7 11523.615 22 1529.47 37, 11535.345 52 |1541.267 67 [1547.229
8 |1524.005 23 [1529.864 38 - {1535.739 53 |1541.661 68 |1547.629
9 11524.418 24 11530.252 39 . 11536.132 54 |1542.055 69 [1548.032
10 |1524.809 25 |1530.64 40 11536.526 55 |1542.455 70 |1548.429
11 |1525.189 26 [1531.033 41 °711536.917 56 |1542.845 71 |1548.829
12 ]1525.583 27 |1531.425 42 |1537.314 57 |1543.247 72 11549.229
13 |1525.969 28 |1531.815 43 |1537.709 58 |1543.642 73 |1549.628
14 |1526.355 29 11532.206 44 11538.094 59 11544.039 74 11550.028
15 [1526.744 30 |1532.596 45 ]1538.493 60 [1544.438 75 11550.43
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%32 $¥EE (F)
5L |4 & E, pm 5L A& E, pm 5L A& E, pm 5L |4 & E, pm
76 |1550.827 91 |1556.877 106 |1562.959 121 [1569.09
77 |1551.23 92 |1557.273 107 |1563.37 122 |1569.504
78 [1551.633 93 |1557.676 108 [1563.775 123 |1569.916
79 11552.035 94 |1558.086 109 [1564.179
80 |1552.432 95 [1558.493 110 |1564.589
81 |1552.836 96 |1558.899 11, |1565
82 |1553.242 97 11559.302 112 711565.408
83 |1553.647 98 [1559.711 113 |1565.812
84 |1554.052 99 [1560.114 114 11566.221
85 |1554.447 100 |1560.522 115 .%/1566.632
86 |1554.856 101 |1560.926 116 [1567.036
87 |1555.258 102 |1561.333 117 |1567.452
88 |1555.659 103 |1561.74 118 |1567.865
89 |1556.068 104 |1562.145 119 |1568.275
90 [1556.47 105 |1562.554 120 |1568.681
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Tunable Laser
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Bl 3.6 % i 4
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2050 Sk EALE R £

BRI BRI | BEF 2FE, m (BRI BTk B (0-AN) | dousige(tm) | Ainsige(nm)
1 12.55 0.0012 1555 1537
2 11.05 0.0013 1561 1557
3 9.55 0.0014 1552 1554
4 8.55 0.0012 1546 1549
5 7.55 0.0011 1551 1542
6 6.55 0.0014 1542 1532
7 5.55 0.0012 1544 1548
8 4.55 0.00145 1548 1545
9 3.55 0.0013 1541 1539
10 2.55 0.00175 1563 1562
11 1.55 0:0015 1551 1555

71




%52 kgokip Rl E LR

2005/04/30 % = & #piE ik w

2005/05/03 % = L fFEx 2 &

2005/05/09 % = & &1 4

2005/05/17 + J& 2153

BRIE R Aousige(nm) Ainside(nm) Aoutside(nm) Ainside(nm) Mouside(MM) | Ainsige(NM) | Aoutside(NM) | Ainside(nm)
1 1549.881 1543.316 1549.917 1543.354 1549.898 1543.370 1549.908 1543.335
2 1563.437 1557.007 1563.496 1557.046 1563.452 1557.087 1563.492 1557.027
3 1553.943 1556.078 1553.988 1556.151 1553.978 1556.165 1554.025 1556.162
4 1546.186 1547.524 1546.229 1547.580 1546.263 1547.594 1546.248 1547.556
5 1550.397 1543.837 1550.376 1543.806 1550.088 1543.578 1550.402 1543.922
6 1542.745 1538.525 1542.788 1538.573 1542.807 1538.568 1542.810 1538.573
7 1541.257 1553.460 1541.301 1553.504 1541.253 1553.498 1541.288 1553.491
8 1555.781 1550.329 1555.832 1550.388 1555.821 1550.387 1555.845 1550.346
9 1545.945 1534.811 1545.966 1534.842 1545.958 1534.834 1545.938 1534.814
10 1564.621 1563.215 1564.672 1563.274 1564.665 1563.271 1564.711 1563.272
11 1549.617 1557.262 1549.626 1557.316 1549.660 1557.324 1549.655 1557.324
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3053 kg R BT pEEK (F)

2005/05/27 *« R &R =

2005/06/03 3 % = =

2005/06/13 % = % 4+ 7 7F f2 R

BRI E I 5 | Aousice(M) | Aingige(nm) Aoutside(nm) Ainside(nm) Xoutside(nm) Ainside(nm)
1 1549.965 1543.398 1549.976 1543.422 1549.977 1543.446
2 1563.519 1557.046 1563.506 1557.037 1563.505 1557.056
3 1554.069 1556.211 1554.059 1556.213 1554.045 1556.184
4 1546.330 1547.634 1546.350 1547.664 1546.373 1547.690
5 1550.174 1543.7 1550.199 1543.734 1549.979 1543.549
6 1542.860 1538.616 1542861 1538.618 1542.887 1538.634
7 1541.310 1553.515 1541.317 1553.519 1541.343 1553.540
8 1555.874 1550.377 1555.880 1550.385 1555.905 1550.410
9 1545.970 1534.851 1545977 1534.87 1545.989 1534.893
10 1564.770 1563.325 1564.789 1563.336 1564.824 1563.376
11 1549.663 1557.35 1549.667 1557.354 1549.684 1557.364
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Angle (degree)

Equation Y =-0.0012X + 3.57
R-squared = 0.9997
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Wavelength:Change (pm)
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Angle (degree)

Equation Y = 0.0013 X - 2.23
2 = | R-squared = 0.9996
1 —
O —
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P . | . | . |
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Angle (degree)

Equation Y =0.0014 X - 2.24
R-squared = 0.998935

1000 2000 3000
Wavelength.Change (pm)

B R 3 2 2 F
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Angle (degree)

Equation Y =0.0012 X - 5.26
R-squared = 0.9997
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Angle (degree)

Equation Y =-0.0011 X +
R-squared = 0.9987

3.59
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Angle (degree)

Equation Y =-0.0014X + 12.98
R-squared = 0.999956
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Angle (degree)

Equation Y =-0.0012X + 4.84
R-squared = 0.9998
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Angle (degree)

Equation Y = 0.00145 X - 4.28
R-squared = 0.999056

1500 2000 « 2500+ 3000 3500
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Angle (degree)

Equation Y =0.0013X - 12.57
2 — | R-squared=0.9991
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Angle (degree)

Equation Y =-0.00175X + 1.64
R-squared = 0.9998

400 800 1200+ 1600 2000
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Angle (degree)

Equation Y =-0.0015X + 10.64
R-squared = 0.9997
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