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Fabrication and Temperature Sensing Characteristics of Dense
Apodized Fiber Bragg Grating Array
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(National Engineering Laboratory for Fiber Optic Sensor Technology, Wuhan University of Technology,
Wuhan 430070, China)

Abstract: Dense apodized fiber Bragg grating arrays were on—line fabricated on a fiber drawing tower and
used for temperature detection of small-scale heat sources. The signals of the grating array sensing network
were demodulated through optical wavelength time domain reflection demodulation technology and optical
time domain segmented demodulation technology. The sidelobe suppression effect of Gaussian apodized
grating was studied and simulated. The results indicat that the gratings with good spectral type and high
sidelobe compression ratio can be prepared when the Gauss coefficient G = 4. A dense apodized grating
array with the sidelobe compression ratio of 20.74 dB was fabricated with our grating array fabrication
system. The temperature experiment results show that, for this apodized grating array sensing network,
the time-domain segmentation can reach 1 m, the spatial resolution can reach 10 cm and the temperature
sensitivity is 10.15 pm/°C . Tt is expected that the system can be applied to small-scale heat source
temperature detection in cable corridors, subways and so on.
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Fig. 2 The variation of the reflected spectra in the dense grating array
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Fig. 3 The variation of the induced index change of the Bragg grating along the fiber axis

BT LR R G 0 2 7E AH A AR AR S T O O VR — 0 n e i A, T LR R A B A 0N ) o B O 2T il
[ 225 (] 81 ), 75 30 AS [R) BE0E (9 D0 BEC M . B e A R AR B EF B A B R 8 mm, XA [ /35 1 3R 5058 ) T 1Y
IR ATHEAT T HE L A5 R 4Ca) i o Rl R B iR R AR B (G=0) , RAEFDRLF 1Ayt am iE il ) 2 3
ST A B M X0 A A% A . Y B R A G= 1B, SR M v 1] S T DS RS G
B B AN DR 388 A, 6 58 0 el ok R A A A R, X 2 3 RS ) e S R s T 9 A A A A Y A R 1 AT
TRl F  Optigrating e 3582 72 b B oA 28 w85 30 ok 4500 4 (9 St rpo 3 1 1550 nm, )2
S35 0.01 %0, 18 il a7 w7 SN i 0 AR R 43 A, 6T S A B0 0 e A R A AN s R R AR R [
4(b) iR AT LAVE R Y, Bl 2 v 30T 22 B0 0 A, HLGF 0 1 S M 55 0+ BT B S R AIG, S5 A L MRAR
13 dBHY R Z 27 dB, 7R 1 RAFAYVITBEROR o A0 24 m 7 & B0 Kk 2360 55 6 WS B 09 BT & , 646 A B 1§ (8
P14 A AER R S 5 % 9 1 1 R o A S B AR R e R I S A 1) TT RE L S A S BRAIR AR e R O DK A
o Y4 G=8 1, a2 i MR A — 40 dB FEAIK 2= —44.5 dB, 17 2 i %% (3dB 4 98 ) R A 19 0.091 nm

1.0 F
— G=0
g —40r —G=1
= | ==
=} = — (=
é 0.6 % — G=6
2 s —s50r G=8
k5 5
& %
02 =
’ —60

Spot size/mm

(a) Intensity distribution curves

1550.0
Wavelength/nm

(b) Simulated reflection spectra

B4 7 E e A ST B3 5 K 588 o A7 dy 2 o st 108y o8 i

Fig. 4 The intensity distribution curves and simulated reflection spectra with different G

0706001-4



ARTEFI 55 G U ' 27 A 4 91 1 5 B JF o 20 A 3l B2 A R S 46 F

AR 2 0.122 nmo 3 3222 DR A P 000 F 4 555 5 3 a8 AR G T s DI Sl B AR L el T A DX R Y
AR B T LR S S A R B R B i Ik 0 R 2 B KBRS AZ 5 e S M ) S G 0 DA R At
WHETE RS KBRS, — e R RN T RGN SRR B ARIE IR R R G=41E R 2 E
SIS SR FH B v T Uk 2R 550, % ABDGT 7 () S S R — 42.5 dB, 3dB A B 4 0.105 nm, Z53HM il Eb 4 20.74 dB.

3 VIS E R iR EAERSE

SR PR 22 35 HE 2R 25 559 6 R 8 A5 1 AR A0 A 00 DD B A o AR R AL T A A AR A
205 Sttt B b R A G=4 1 &5 7 o BCHE S ) Bk oR B, X 35 A0 A R AR S R AT U Bk L S v (o FH B Tk b 2%
A 20 5 C M, BOE I R 248 nm, Bk P EE A 5.0 mJ, e KK AR R 500 HZ ., #OC R L BEH Y
W EIE JE REFDCLF L7054k JE s BUEBE K B 10 mm. 25 By I AH 7 FEBEAR JE 3 R 1 071.93 nm, %
TR bR Z07E 1 551 nm &b o 75 X A WA SG MU Bk Gk B b o 2 B s bk e g i AR RO B
DLV A 1 Bk ok B 15 1 5 9 BRI

TE L 22 1 B R BEARUE B 26 PF T 48 07— b s 4R 40 A1 0 DD B DG R ), G ) A B2 Oy 1 ke, AH SR 1Y
PN GHE ] B R 10 em, B 41 G 34 55 10 000 A4~ 42 [R] U7 ik A A% M. A8 DG 8 42 (LGI-100B, Sentek
Instrument, USA) X H it — AN U1 BE G B % 52 565 358 2F A7 0 4, a8 5Ca) Brzs o o] LUE S S 9 2 59 R 2
—40 dB, 3 dBH 84 0.088 nm, 5 i 14 1 W A& SEAN S AL, [] e HG 55 A 4 L ST 20 B, B R R T
A7 WA M 2SR 1 10~15 dB. Ptk , 3% 5 325 AT DL 7R PR IE G5 f 09 Al D AT 850 = i R 1Y 55 e o e, B
AT FEME Ll DB R R B (AQT7260, Yokogawa, Japan) X122 6 Ml 4 571 (4 52 55 5 oR 470 &, 4
E 5(b) r7s o W] LA R T O M 7E 26 il 5 R GE AN 5 BEXT AR AT R 2 0 R iR AR P & 0 O M R B0 A%
PARERA , A4 51 4 B2 29 1 km, 2 1 550 nm % 1195 fi i #€ 204 0.4 dB/km .

—32
_40 L

—50

Refleted power/dBm

—60

Refleted power/dBm

—70 : . . : .
1550.5 1551.0 1551.5 1552.0 0 400 800 1200
Wavelength/nm Length/m
(a) Reflected spectra of single grating (b) Time domain reflection signal

B5 75k A 2 A R A T R R AT
Fig. 5 The reflected spectra of single grating and time domain reflection signal of the whole array

X U0 Bk S AW e ) B A7 /N BRI R A S By, H S e R PR N [ 6 BT s ol R S M vl P R K 8
TN B0 00 T B2 ) ] DARSEAEL /N PR (R B2 Dy ~10 em) i J32 722 1, 006 B2 510 %o /s BAGIIEE A6) 5 B ) /10
o B R A VA R 19 T R IR B S 10 °C, VR 3k B B E TR S PRI 10 ming XS 1 km K BE 1 %
ROV BB 5 BEAT 22 i Tk B2 A% RS 50, B ATL 28 B = A6 8 R A7 /N BRGEE N 3K, 4% X o7 457 B A YOG £F 24 10 em
K FB o3 AT R K B b, I 25 R R 7 (a) Firs o AT LAVE RE RO T 2N PR B IR = R T &
30 “CHf, 78 98 m 323 m A1 600 m &bt B 1 BA fuk Bty 9 1< 28 1, 2 W a8 /N FR DR A £ B AT A AR G D LU
JEAUA 10 em KB ROELF BEsz 2 7 B AL A9 220, (5 iy T K651 b Ol B B, PRAIE T 52 52 00 DX O3 /D
A A, (07 i 3 ASCRT LG A 5 DX )l 2 A R A 0 A, G RS BE TGS 1 m, IR T R B RE A8 4
TR AT RGN R FUE o 17 () Ay g IR A A 323 m Ak OB S S IR 5 S BRI B R A O R . I X
A LA 32 B IR RE 52 0 ol R A DX IE A 2R O A2 5 0 B OGBS T B T RE T s 5 W e A T R A
B BERGER IR . 7 () i n B A M O B S SRR IR B AR SE AR o R LU I L B A R

0706001-5



T AR

LA 2RV A A th e & R4, P G R BUE O 10.15 pm/°CL B A RIFRZE R R . B 7(d) N
60 “CT 32 R0 i = Ao B Ab B9 SEHEIE , oT LU A [ A7 B i el B R i e — 3ok . IE R EE &
Jit e 9 4 R DA, SR R B0 DA B S U T PR A 0 rp 2y B I RO B R SN o SR T m [ i A 55
T 4 B AR SR U L, 3% 3 GEAE AR 1R 2 50 8 R U RE 1R 25 A T, DU 8 1 i i O 58, S B 1 /N
PR IR 7 A AT I sl G T AR GO B v bl TN BRI, TP G 2 R A 2SR ER L BTG
L DN A L .

FBG array
~

Take-up drum

Grating interrogator

1
e © 0 © © L
e || @B

[
alf

Computer Take-up drum

Thermostat water bath

B 6 bk A7) R R R R

Fig. 6 Schematic diagram of the AFBGs array in the temperature experiment

=
800
= 30.0C 2
> > " e 40.0C s
E y " < 4 50.0C :g:.
g . . v 60.0C >
> o =
< * 704°C 2
?D 400 - v v < 80.0C g
5 > 90.1C 5
- = a A 4
z
= . . s
Y S S s e S ehar ot e N B
0 400 800 1550.4 1551.2 1552.0
Length/m Wavelength/nm
(a) Center wavelength of the array (b) Reflection spectrum at 323 m
1552. —
552.0 65 —— 98m
= Heating at 323 m — 323 m
| ® Cooling at 323 m =} E — 600m
g /M
: 5
g 1=1550.93150+0.01025x g
5 15161 R=0.99731 2
% Heating ?
= L 1=1550.93231+0.01017x 5
R*=0.99668 =
Cooling &
15512
20 60 100 1550.6 1551.0 15514 1551.8
Temperature/'C Wavelength/nm
(c) Variation of the center wavelength (d) Reflection spectra at 60°C
H7 &R PCEKEBERMXR
Fig. 7 Variation of the center wavelength in the array when AFBGs were heated
4 Z5ie

AR SCAL T I 2235 AR L A MR 51 ZR 48, B 900 i o T R B R o 0 AR U RE DA 4 5, 5
SR FH G R N 352 S8 A 81 2 A AR IR 3 70 B A R B AR, S B Sl A% 6 IR 4 /0 i L LR A A )R 5
o TR SR A BT B B L R T R A G=4 i U B R BORT DA AR B ORI T B R R O T KA R AT
R 55 AR LE o e R B, A T — A B Lk, DB RIBR D 10 em  AZ R AAE R 0.4 dB/km 1) %

0706001-6



ARTEFI 55 G U ' 27 A 4 91 1 5 B JF o 20 A 3l B2 A R S 46 F

EOTRECMEES o I 8 B I 7 DRI s S S A RS 7 2l S8 A Sk b, HC 55 A A L 4035 22 20 dB,
AT LAAT S84 v R 0 000 RS R o IR A SRR S 6 o WY 32 I 1) A SRR 4% ) IR Jsk 23 BOKS BE AT 3K 1 m, A5 ] 43 Bk R
AIK 10 em, it B R 10.15 pm/°Co PO it 26 %5 4 U1 6 47 U9 1) RT LA R 06 25 e M B 5 14 192 3
S, SE B /N Rl A I RE N ) S A A Y M

5% Lk
[1] LEE B. Review of the present status of optical fiber sensors[J]. Optical Fiber Technology, 2003, 9(2):57-79.

[2]

[6]

[7]

[11]
[12]

[13]

LI Guopin, ZHOU Shengdang, MA Lin, et.al. Research on dual wavelength coaxial optical fiber sensor for detecting steel

ball surface defects — ScienceDirect[ J]. Measurement, 2019, 133:310-319.

ZHANG Jianxi, SHEN Xueyun, QIAN Miao, et al. An optical fiber sensor based on polyimide coated fiber Bragg grating

for measurement of relative humidity[J]. Optical Fiber Technology, 2021, 61:102406.

SUN Hao, HU Manli, RONG Qiangzhou, et al. High sensitivity optical fiber temperature sensor based on the temperature

cross—sensitivity feature of RI-sensitive device[ J]. Optics Communications, 2014, 323:28-31.

LIAO Yingying, LIU Yi, LI, Yan, et al. Large-range, highly-sensitive, and fast-responsive optical fiber temperature

sensor based on the sealed ethanol in liquid state up to its supercritical temperature [ J]. IEEE Photonics Journal, 2019, 11

(6):1-12.

NAN To, LIU Bo. WU Yongfeng, et al. Optical fiber temperature sensor with insensitive refractive index and strain based

on phase demodulation[J]. Microwave and Optical Technology Letters, 2020, 62(12):3733-3738.

GONG Yandong, MICHAEI O, HAO Jianzhong, et al. Extension of sensing distance in a ROTDR with an optimized fiber

[J]. Optics Communications, 2007, 280(1) :91-94.

FENG Xin, ZHOU lJin, SUN Changsen, et al. Theoretical and experimental investigations into crack detection with

BOTDR distributed fiber optic sensors[J]. Journal of Engineering Mechanics, 2013, 139(12) :1797-1807.

ZHANG Jingwen, LU Angiang, LI Baogang, et al. Advances in the development of BOTDA-based distributed fiber

sensing technology[ J]. Study on Optical Communications, 2010, (4):25-28.

HIESC, B, BRI, T BOTDA i 2O ORI se sk e (1) OBl (F 8T 5, 2010, (4):25-28.
THOMAS K, ANDY S, KATERINA K. 63 km BOFDA for Temperature and Strain Monitoring[J]. Sensors, 2018, 18
(5):1600-1609.

MIHAILOV, STEPHEN J. Fiber Bragg grating sensors for harsh environments[J]. Sensors, 2012, 12(2):1898-1918.
KINET D, PATRICE M, GOOSSEN K, et al. Fiber Bragg grating sensors toward structural health monitoring in
composite materials: challenges and solutions[J]. Sensors (Basel, Switzerland), 2014, 14(4):7394-7419.

CHEN Weimin, ZHANG Yalin, ZHANG Peng, et al. Affects of sidelobes of FBG on multiplexing demodulation and
suppression methods for sidelobes[ J]. Optics and Precision Engineering, 2009, 17(11): 2672-2677.

Wrfh R, SRRy, MG, A% . FBG 55 M xd 52 J1 A 98 f) 52 ) B 55 e i D3 (7). AR5 % T8, 2009, 17(11) : 2672~
2677.

DAT P, KANNO A, INAGAKI K, et al. High—-speed and uninterrupted communication for high—speed trains by ultrafast
WDM fiber - wireless backhaul system[J]. Journal of Lightwave Technology, 2019, 37(1):205-217.

MANDAL G, PATRA A. High capacity hybrid WDM/TDM-PON employing fiber-to—the~home for triple-play services
with 128 ONUs[J]. Journal of Optics, 2017, 46(3):347-351.

YU Haihu, ZHENG Yu, GUO Huiyong, et al. Research progress in online preparation techniques of fiber Bragg gratings
on optical fiber drawing tower[ J]. Journal of Functional Materials, 2014, (12) :12001-12005.

ARE, P, B, AF L ORL ML R & LR BESEHERE [T ). ThEA R, 2014, (12) :12001-12005.

LI Chengli, TANG Jianguan, CHENG Chen, et al. FBG arrays for quasi-distributed sensing: a review [J]. Photonic
Sensors, 2021, 11(1):91-108.

ZHENG Yu, YU Hathu, GUO Huiyong, et al. Analysis of the spectrum distortions of weak fiber Bragg gratings
fabricated in-line on a draw tower by the phase mask technique [J]. Journal of Lightwave Technology, 2015, 33(12) :
2670-2673.

GUO Huiyong, LIU Fang, YUAN Yinquan, et al. Ultra-weak FBG and its refractive index distribution in the drawing
optical fiber[J]. Optics Express, 2015, 23(4):4829-4838.

Foundation item : National Natural Science Foundation of China (Nos.61290311, 52072277)

0706001-7



