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Distributed Optical-Fiber Sensor Combining Brillouin Optical
Time Domain Analyzer with Mach-Zehnder Interferometer

Xie Hang Song Muping Shen Yiming Dong Peijun Ye Xianfeng

(Department of Information and Electronic Engineering , Zhejiang University, Hangzhow, Zhejiang 310027, China)

Abstract Brillouin distributed optical fiber sensor is suitable for measuring the static temperature/strain, but Mach-
Zenhder interferometer distributed optical fiber sensor (DOFS) can be used to measure the dynamic strain. Many
practical applications need static and dynamic sensing information, which is beyond the capability of the single
mechanism distributed optical fiber sensor. Considering optical-fiber sensors of Brillouin optical time domain analyzer
(BOTDA) and optical-fiber sensors of Mach-Zenhder interferometer are both using the loop sensing fiber structures,
BOTDA and Mach-Zenhder interference are combined together by sharing with the same sensing optical fiber, light
source, and other optical devices. BOTDA is used to measure temperature, and Mach-Zenhder interferometer is
applied to measure vibration. So., the sensor with multi-mechanism and multi-parameter can be achieved. A
preliminary 25 km sensing experiment system is built for testing. For Mach-Zenhder's vibration sensing. spatial
accuracy can reach to 60 m, and the vibration frequency is able to be obtained. For BOTDA's temperature testing.,
the beginning and end’s measurement accuracy are 2 ‘C without vibration in existence, and the accuracy becomes
3 C and 4 C respectively with vibration.

Key words fiber optics; Brillouin optical time domain analyzer; Mach-Zenhder interferometer; multi-mechanism;
multi-parameter
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Fig. 1 Experimental system of DOFS combining BOTDA with Mach-Zenhder interferometer
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Fig. 5 Cross-correlation and filter results in 5 m/s sample rate
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Table 1 Temperature testing results in different conditions of BOTDA

%1

=k
2

AP

Beginning without vibration

End without vibration

Beginning with vibration

End with vibration

Detected

temperature / temperature /

C

Actual

Detected

Actual

temperature / temperature /

Detected

Actual

temperature / temperature /

Detected

temperature /

Actual

temperature /

© © © © C © ©
47 48 46 45 46 48 47 45
49 50 48 46 48 50 49 47
50 51 50 49 49 51 50 48
51 52 51 51 50 52 51 50
53 55 53 52 51 54 55 52
54 56 53 53 54 55 58 55
57 58 55 55 56 58 60 57

$114002-5



LE E5| W ot
g1
Beginning without vibration End without vibration Beginning with vibration End with vibration
Detected Actual Detected Actual Detected Actual Detected Actual

temperature / temperature / temperature / temperature /

temperature / temperature /

temperature /  temperature /

C C C C C C C C
59 60 61 60 57 59 61 59
60 61 62 62 59 61 65 63
61 63 64 64 60 62 66 65
65 66 65 66 61 64 70 66
65 67 66 68 63 66 70 68
69 70 71 70 65 68 73 70
70 72 71 72 68 71 74 72
72 74 74 74 70 73 78 74
74 76 75 76 73 76 78 77

A B YR A2 JEOx i B8 R A A AR R AR AR
S35 MR T BE A N0 ek 25 2R A S B O R S B A
T PR AL SO B R A 4 T 2 18 A% O 2F g 52 1 A
e Sl 1 T o e AL 25 107 728 X AL OB £ i 52 . B
7~ R IR Bl A% T2 32 BDGAR 5 W i IR 52 ) 552 B
O FHY P T P O 4 A A o e i R g 2
AT A A TR ) TR 3R A 2k — P IR AR S

4 4 e
X A [ 00 i S AN B AL R 2 L

2 % i oy A LR AL IR & 1 R i e RS2 B g FH 1)

e 2o I A HL KOG B 3 A0 A ASORT B - R
WANAEAL BOCET RG24 {5 5 Ak #1454 1 09 A7 L M
2 T I OB IR G AR F AL O £F 1 XUBL BE A JER
Rl & Gt 3 AT IR B A% IR 8 ALK BE ATk )
60 m, - Al B E PR sl R HEAT AR B UK G IR S B
DB v DA SE 25 ke i B A% Rk, o TG ik B B
MK R IR 2 CL ARSI, Ak FERE N 3 C,
K hd C, WML RIUE T EZ 2
S o A OG5 R A5 1) 7] BE 1 £% B M B 1Y 42 v
U&Kﬁf?ﬁziz@E"J?ﬁﬂﬂﬁi_*%}ﬁ@ﬁ%*ﬁ
F g e,

Z & X #t

1 Xu Ping, Pang Fufei, Chen Naet al. .
fiber temperature sensor based on Fresnel reflection[ J]. Chinese
J. Lasers, 2008, 35(12): 1955~1958
P, B BRI SE. BT EETR B U A E A OB R
e R[], P EEE, 2008, 35(12); 1955~1958

2 S. Adachi. Distributed Optical Fiber Sensors and Their
Applications [ C]. SICE Annual Conference, Tokyo, 2008.
329~333

3 Song Muping, Li Zhicheng, Qiu Chao. A 50 km distributed
optical fiber sensor based on Brillouin optical time-domain
analyzer[ ] |. Chinese J. Lasers, 2010, 37(6): 1426~1429
KRBT, B, & M. 50 km K 0B A UK 684 4 A

A quasi-distributed optical

SOEAL AR T]. F Bk, 2010, 37(6) . 1426~1429

4 T. Horiguchi, M. Tateda. BOTDA-nondestructive measurement
of singleemode optical fiber atenuation characteristics using

Theory [ J ].
Technology, 1989, 7(8): 1170~1176

5 A. Kersey, D. Jackson, M. Corke. Single-mode fibre-optic
magnetometer with DC bias field stabilization[ J]. Light Wave
Technology, 1985, 3(4): 836~840

6 Chen Weimin, Wu Jun,
twin Mach-Zehnder distributed optical fiber sensing system[]].
Acta Optica Sinica, 2007, 27(12) . 2128~2132
e, R &, ¥ 5. AUE - R A KOG R R R
HEMBARLI]. kFFm. 2007, 27(12) . 2128~2132

7 K. Krakenes, K. Blotekjaer. Comparison of fiber-optical Sagnac

Brillouin interaction: Journal of Lightwave

Tan Jing et al.. Locating technology for

and Mach-Zchnder interferometers with respect to thermal
processes in the fiber[J]. Journal of Lightwave Technology .
1995, 13(4) . 682~686

8 Wu Jun, Chen Weimin,

influence of polarization state degradation to the performance of

Tan Jing e al.. Analysis on the

Mach-Zehnder distributed optical-fiber sensing system[ ]J]. Laser
Journal » 2008, 29(6): 33~35

F R, AR W S S R IR AR A X T - R 4 A
OGEF 1 8% R G2 7 i 1 ik 04 5 e 43 i LD «%’(7’5—:—3- 2008,
29(6): 33~35

9 Gao Zhiyu. A Signal Processing System Design for

Interferometric Fiber-Optical Sensor [ D ]. Beijing: Beijing
University of Posts and Telecommunications, 2008. 12~31
FAET. TWADC GRS NES AR ELD]. dbat: JEatig
LK%, 2008, 12~31

10 Zhang Cheng, Wang Jinhai, Chen Caihe et al.. Reseach and
design of interferometric optical fiber sensor measuring system
based on digital signal processing[J]. Chinese Journal of Sensoes
and Actuaors, 2007, 20(1): 64~67
ik EAWE. BRAR . S TRCEE S AEN TR
TR RV 58T A RE K F 4K, 2007, 20(1) .
64~67

11 Song Muping. The technique of Brillouin sacttering-distributed
optical fiber sensing based on microwave electrooptical modulation
[J]. Acta Optica Sinica, 2004, 24(8); 1111~1114
R O G TR R 1 A B UK U 23 A KOG £ AR B R LT .
J R, 2004, 24(8): 1111~1114

12 Song Muping, Bao Chong, Ye Xianfeng. Brillouin optical time-
domain analyzer based on orthogonal polarization control for long-
distance distributed optical-fiber sensor[J]. Chinese J. Lasers .,

2010, 37(3) . 757~762

KA, 6 W, R, BT E S IR AR A Y ' s SR A3 A K B

BN AEA L EA0]. P Bk, 2010, 37(3). 757~762

EERE AT

5114002-6



