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Fig. 1. The characteristics of the chaotic light at two typical polarization matching states: (al), (bl) Optical spectra; (a2), (b2)

power spectra; (a3), (b3) autocorrelation curve.
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Fig. 7. The time series of the chaotic pump waves (red) and
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Fig. 8. The schematic diagram of SBS in the previous system (a) and the time-gated system (b).

1.0}

0.8 +

0.6

0.4}

SBR = 4.55 dB

Gain/arb. units

0.2+

1 1
10.65 10.70

Frequency/GHz

1
10.55 10.60 10.75

P9 IR LRI 45 35 AR I R
1R AR A A LIRS

Frequency/GHz

10.69 (b) @ Time-gated
@ Original
10.68
10.67
10.66 - —— Slope: 1.09 MHz/C
----- Slope: 1.03 MHz/C
10.65 — . . - ! - L

25 35 40

Temperature/C

45 50 55

(a) TR EET v il UL 1 2 A 1 A FEL A 45 %5 (b) AT 8] T3 BOR B A5 138 D DR 2T b B

Fig. 9. The relationship of the Chaotic BGS with temperature: (a) Temperature-dependence of the BGS in the FUT; (b) that of the
BFS in the chaotic BOCDA systems with (blue) and without (red) the time-gated scheme.

104208-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 % 3R Acta Phys. Sin. Vol. 68, No. 10 (2019)

10.75

10.70

10.65

Frequency/GHz

10.60

10.55
0 20 40 60 80 100 120

Position/m

Frequency/GHz

104208
10.75 1.0
0.8
10.70
0.6
10.65
0.4
10.60 0.2
10.55 0
123 125 127 129

Position/m

10 RO LA WA A 18 (a) BEAGETUT S A AT FLINSIRL 3 A1 5 (b) MG B B T B Jm) 3 w4
Fig. 10. The map of BFS distribution along the FUT: (a) Measured along the entire FUT:(b) the local enlargement near heated

zone.

10.70
10.70
10.69} 9o ° °’°\°| B
° 90% Amplitude 9 o
= 10.68 | .
o 10.68}F Rise res Fall res
~ 3.06 mm 3.15 mm
z
g o 10% Amplitude o
B 10671 1.6 [
@ o—& —
= L N . . X 0
10.66 124 125 126 127 128
P05 0-0— %0  0-0%0%0 0-0°%0 0088
10.65% L L 1 L L L
0 20 40 60 80 100 120

Position/m

11 JeAl)E R G DG LT i A B PR ARRS 20 A it 2
Fig. 11. Measured distribution of the Brillouin frequency
shift along the FUT in the setup after optimization.

WNHT PR, AR 30T $ A0 38 T 9 2k 5 1R Tl 3ot
BOCDA R4 HHIEZS [ 4320 3 mm, AL
TER G| AR I BHEARF A SRR T R
DUEDRS B, i R G S 86 7 0] 4 ek 31 7 Hi
.

ARSCHE T — BT 58 2k e TR Tl o AR BLIM
AT i oA R AL R GE. SEgw il i ek
P SR AT R ) S A5 M 5 B B (4 DG B 2 A5
T -3 dB 495 K 7.5 GHz BY 95 £k Fa IR DG IR I
N HF BOCDA R4, 7 300 m fBIEOLLT I
SEEEL T 7.05 mm ZF[E SRR Rl G A
I T HARER N T — AR 2, AR g T
RGN R B, A ST 3,12 mm = 47
HE R o3 A SRR R SR R R T

ASE M A HLIKDEAH TR GEAH L, AR SO Y
Ve FEIRMDEIR S ASE M PR, ¥ B A A
L RREHLAYREE, Rl R G G2 PR RO AR R
PEAIBR Y, T2 SE B2 K G B R i, H
e IR G IR AN 32 T 4 B A i1 D A A A BR A
T LMEIREE AR BT 2 m. SRR R SR H
BRI AT R 5 R R SR, S5 AR
PRI 00 i Y SR P S B SR B R B K
It AFERE TR TAR R, —J5 i i %R R GE )
RHEREAL, BTERA AR RO CLr EIC B K
SRR o3 A Ol R N AL R . 55— T
HELEIETE ATRMHOL AR o M AR TE RO & ™ 4
ARRTEAS S A — A s Tioeds, 742 v
P ImaRFIRMR S, B — R m A
MR ORI 25 E, BT AE R — e Rt B it
SERR R L M DS I T — o R .

Sk

(1] Anténio B, Joan C, Sergi V 2016 Sensors 16 748
[2] Bao XY, Chen L 2011 Sensors 11 4152
[3] Thévenaz L 2010 Front. Optoelectron. China 3 13
[4] Kurashima T, Horiguchi T, Tateda M 1990 Opt. Lett. 15 1038
[5] Hu J H, Zhang X P, Yao Y G, Zhao X D 2013 Opt. Express
21 145
6] Kim Y H, Song K'Y 2017 Opt. Express 25 14098
[7] Soto M A, Bolognini G, Pasquale F D 2011 Opt. Lett. 36 232
8] Li W H, Bao X Y, Li Y, Chen L 2008 Opt. Ezpress 16 21616
[9] Brown A W 2007 J. Lightw. Technol. 25 381
[10] Hotate K, Arai H, Song K Y 2008 Sice J. Control Measur.
Syst. Integrat. 1 271
[11] Hotate K, Hasegawa T 2000 IEICE Trans. Electron. 83 405
[12] Ryu G, Kim G T, Song K Y, Lee S B, Lee K 2017 J. Lightw.
Technol. 35 5311
[13] Zadok A, Antman Y, Primerov N, Denisov A, Sancho J,
Thévenaz L 2012 Laser Photon. Rev. 6 L1

104208-7


http://dx.doi.org/10.3390/s16050748
http://dx.doi.org/10.3390/s16050748
http://dx.doi.org/10.3390/s16050748
http://dx.doi.org/10.3390/s16050748
http://dx.doi.org/10.3390/s16050748
http://dx.doi.org/10.3390/s110404152
http://dx.doi.org/10.3390/s110404152
http://dx.doi.org/10.3390/s110404152
http://dx.doi.org/10.3390/s110404152
http://dx.doi.org/10.3390/s110404152
http://dx.doi.org/10.1007/s12200-009-0086-9
http://dx.doi.org/10.1007/s12200-009-0086-9
http://dx.doi.org/10.1007/s12200-009-0086-9
http://dx.doi.org/10.1007/s12200-009-0086-9
http://dx.doi.org/10.1007/s12200-009-0086-9
http://dx.doi.org/10.1364/OL.15.001038
http://dx.doi.org/10.1364/OL.15.001038
http://dx.doi.org/10.1364/OL.15.001038
http://dx.doi.org/10.1364/OL.15.001038
http://dx.doi.org/10.1364/OL.15.001038
http://dx.doi.org/10.1364/OE.21.000145
http://dx.doi.org/10.1364/OE.21.000145
http://dx.doi.org/10.1364/OE.21.000145
http://dx.doi.org/10.1364/OE.21.000145
http://dx.doi.org/10.1364/OE.25.014098
http://dx.doi.org/10.1364/OE.25.014098
http://dx.doi.org/10.1364/OE.25.014098
http://dx.doi.org/10.1364/OE.25.014098
http://dx.doi.org/10.1364/OE.25.014098
http://dx.doi.org/10.1364/OL.36.000232
http://dx.doi.org/10.1364/OL.36.000232
http://dx.doi.org/10.1364/OL.36.000232
http://dx.doi.org/10.1364/OL.36.000232
http://dx.doi.org/10.1364/OL.36.000232
http://dx.doi.org/10.1364/OE.16.021616
http://dx.doi.org/10.1364/OE.16.021616
http://dx.doi.org/10.1364/OE.16.021616
http://dx.doi.org/10.1364/OE.16.021616
http://dx.doi.org/10.1364/OE.16.021616
http://dx.doi.org/10.1109/JLT.2006.886672
http://dx.doi.org/10.1109/JLT.2006.886672
http://dx.doi.org/10.1109/JLT.2006.886672
http://dx.doi.org/10.1109/JLT.2006.886672
http://dx.doi.org/10.1109/JLT.2006.886672
http://dx.doi.org/10.9746/jcmsi.1.271
http://dx.doi.org/10.9746/jcmsi.1.271
http://dx.doi.org/10.9746/jcmsi.1.271
http://dx.doi.org/10.9746/jcmsi.1.271
http://dx.doi.org/10.9746/jcmsi.1.271
http://dx.doi.org/10.1109/JLT.2017.2750174
http://dx.doi.org/10.1109/JLT.2017.2750174
http://dx.doi.org/10.1109/JLT.2017.2750174
http://dx.doi.org/10.1109/JLT.2017.2750174
http://dx.doi.org/10.1109/JLT.2017.2750174
http://dx.doi.org/10.1002/lpor.201200013
http://dx.doi.org/10.1002/lpor.201200013
http://dx.doi.org/10.1002/lpor.201200013
http://dx.doi.org/10.1002/lpor.201200013
http://dx.doi.org/10.1002/lpor.201200013
http://dx.doi.org/10.3390/s16050748
http://dx.doi.org/10.3390/s16050748
http://dx.doi.org/10.3390/s16050748
http://dx.doi.org/10.3390/s16050748
http://dx.doi.org/10.3390/s16050748
http://dx.doi.org/10.3390/s110404152
http://dx.doi.org/10.3390/s110404152
http://dx.doi.org/10.3390/s110404152
http://dx.doi.org/10.3390/s110404152
http://dx.doi.org/10.3390/s110404152
http://dx.doi.org/10.1007/s12200-009-0086-9
http://dx.doi.org/10.1007/s12200-009-0086-9
http://dx.doi.org/10.1007/s12200-009-0086-9
http://dx.doi.org/10.1007/s12200-009-0086-9
http://dx.doi.org/10.1007/s12200-009-0086-9
http://dx.doi.org/10.1364/OL.15.001038
http://dx.doi.org/10.1364/OL.15.001038
http://dx.doi.org/10.1364/OL.15.001038
http://dx.doi.org/10.1364/OL.15.001038
http://dx.doi.org/10.1364/OL.15.001038
http://dx.doi.org/10.1364/OE.21.000145
http://dx.doi.org/10.1364/OE.21.000145
http://dx.doi.org/10.1364/OE.21.000145
http://dx.doi.org/10.1364/OE.21.000145
http://dx.doi.org/10.1364/OE.25.014098
http://dx.doi.org/10.1364/OE.25.014098
http://dx.doi.org/10.1364/OE.25.014098
http://dx.doi.org/10.1364/OE.25.014098
http://dx.doi.org/10.1364/OE.25.014098
http://dx.doi.org/10.1364/OL.36.000232
http://dx.doi.org/10.1364/OL.36.000232
http://dx.doi.org/10.1364/OL.36.000232
http://dx.doi.org/10.1364/OL.36.000232
http://dx.doi.org/10.1364/OL.36.000232
http://dx.doi.org/10.1364/OE.16.021616
http://dx.doi.org/10.1364/OE.16.021616
http://dx.doi.org/10.1364/OE.16.021616
http://dx.doi.org/10.1364/OE.16.021616
http://dx.doi.org/10.1364/OE.16.021616
http://dx.doi.org/10.1109/JLT.2006.886672
http://dx.doi.org/10.1109/JLT.2006.886672
http://dx.doi.org/10.1109/JLT.2006.886672
http://dx.doi.org/10.1109/JLT.2006.886672
http://dx.doi.org/10.1109/JLT.2006.886672
http://dx.doi.org/10.9746/jcmsi.1.271
http://dx.doi.org/10.9746/jcmsi.1.271
http://dx.doi.org/10.9746/jcmsi.1.271
http://dx.doi.org/10.9746/jcmsi.1.271
http://dx.doi.org/10.9746/jcmsi.1.271
http://dx.doi.org/10.1109/JLT.2017.2750174
http://dx.doi.org/10.1109/JLT.2017.2750174
http://dx.doi.org/10.1109/JLT.2017.2750174
http://dx.doi.org/10.1109/JLT.2017.2750174
http://dx.doi.org/10.1109/JLT.2017.2750174
http://dx.doi.org/10.1002/lpor.201200013
http://dx.doi.org/10.1002/lpor.201200013
http://dx.doi.org/10.1002/lpor.201200013
http://dx.doi.org/10.1002/lpor.201200013
http://dx.doi.org/10.1002/lpor.201200013
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 10 (2019)

104208

(14]
[15]
(16]
(17]
(18]

(19]

Cohen R, London Y, Antman Y, Zadok A 2014 Opt. Ezpress
22 12070

Ji Y N, Zhang M J, Wang Y C, Wang P, Wang A B, Wu Y,
Xu H, Zhang Y N 2014 Int. J. Bifurcat. Chaos 24 1450032
Zhang J Z, Zhang M T, Zhang M J, Liu Y, Feng C K, Wang
Y H, Wang Y C 2018 Opt. Lett. 43 1722

Zhang J Z, Feng C K, Zhang M J, Liu Y, Wu C Y, Wang Y
H 2018 Opt. Ezpress 26 6962

Zhang J Z, Wang Y H, Zhang M J, Zhang Q, Li M W, Wu C
Y, Qiao L J, Wang Y C 2018 Opt. Express 26 17597

Jeong J H, Lee K, Song K Y, Jeong J M, Lee S B 2012 Opt.
Ezxpress 20 27094

(20]

21]
(22]

(23]

104208-8

Wang A B 2014 Ph. D. Dissertation (Taiyuan: Taiyuan
University of Technology) (in Chinese) [T%4#5 2014 fi+=2=f
B30 CRIRL: RS TR

Zhang J Z, Wang A B, Wang J F, Wang Y C 2009 Opt.
Express 17 6357

Zhang M J, Liu H, Zhang J Z, Liu Y, Liu R X 2017 IEEFE
Photon. J. 9 1943

Parker T, Farhadiroushan M, Handerek V A 1997
Proceedings of IEE Colloguium on Optical Techniques for
Smart Structures and Structural Monitoring London, UK,

February 17, 1997 pl


http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1364/OE.22.012070
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1142/S0218127414500321
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OL.43.001722
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.006962
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.26.017597
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.20.027094
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
http://dx.doi.org/10.1364/OE.17.006357
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
https://ieeexplore.ieee.org/document/8006198
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 10 (2019) 104208

Distributed temperature measurement with millimeter-level
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Abstract

The high-precision structural health monitoring of large civil structures and materials are increasingly
demanded with widely using the distributed fiber sensors. A Brillouin optical correlation domain analysis for
millimeter-levelhigh spatial resolution sensing using broadband chaotic laser is proposed and demonstrated.
Through the analysis of the influence of polarization state and feedback strength on the chaotic laser, we
experimentally achieve a broadband chaotic laser with a spectrum over 7.5 GHz in -3 dB which means that the
theoretical spatial resolution is 3 mm, and we also successfully measure the distribution of fiber Brillouin gain
spectrum with a temperature over 300 m measurement range with 7.05 mm spatial resolution, which is the first
time that the sensor system based on chaotic laser has achieved the measurement with millimeter-level.
However, there is still a difference in spatial resolution between the experimental and theoretical values. We can
find that the chaotic laser has a time-delay feature; besides, with the broadening of chaotic laser, the threshold
of stimulated Brillouin scattering in optical fibers increases while the Brillouin gain will weaken if the pump
power is not enough here, and the cross-correlation peak of chaotic laser will narrow. All these problems cause
the Brillouin gain signal to be easily submerged by noise, so the performance of the chaotic Brillouin optical
correlation domain analysis system will decrease ultimately. Therefore, we also propose an optimization of
Brillouin optical correlation domain analysis system by introducing the time-gated scheme into pump branch. It
is obvious that the peak power of the pump wave is heightened by more than 9.5 dB after being amplitude-
modulated by a square pulse with a pulse width of greater than acoustic phonon lifetime, and the signal-to-back
ground noise ratio of the gain spectrum is improved effectively in theory; the cross correlation between chaotic
pump wave and probe waveis locked within a pulse duration time, and the residual stimulated Brillouin
scattering interactions existing outside the central correlation peak can be largely inhibited. In this optimized
setup, the performance of the distributed temperature sensing is improved to 3.12 mm spatial resolution, which
corresponds well to the theoretical value. The improved chaotic Brillouin optical correlation domain analysis
technology will have a great potential application in high-precision structural health monitoring of large civil

structures.

Keywords: broadband chaotic laser, millimeter-level spatial resolution, Brillouin optical correlation domain

analysis, temperature measurement
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