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Abstract

Phase sensitive optical time domain reflectometry is one of the most commonly technologies for
distributed optical fiber sensing and it has a wide range of theoretical and practical research
values. The common method to obtain external vibration position information is analyzing the
backward Rayleigh scattered light by signal processing algorithms. In the paper, a novel signal
processing method based on butter-worth filtering is proposed to realize the external vibration
position monitoring of phase sensitive optical time domain reflection technology. The vibration
position can be obtained by the Butterworth low-pass filter transfer function. The high-frequency
noise can be filtered by this method, which means the low-frequency signal related to the vibra-
tion signal is retained. Experiment results show that the SNR is increased to 20.5 dB for the vibra-
tion event of 100 Hz along 3.5 km sensing fiber without affecting the spatial resolution of the sys-
tem, which indicates the prominent performance of the novel method for vibration detection.
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1. 5|8

AR, ARG IRBARIE T PR TR, = RS, KA REE 5 DL A S5 A0 i e
ST E WM S A2 1] [2] [3] [4]. ARGERI A SO EF A5 B R 32 BALFE AL IRER 5] [6]
AT AR ERR[7] [8]0 T OGEF BB 2080, 23 A0 sOGEF AR B AR £ B 53 g B 1A BLIK B i) 4% Jk
HiAR(B-OTDR) [9] [10], T4z B 9 £ B R (R-OTDR) [11] [12] B S A OB 58 5 51 R (0-OTDR)
[13] [14] [15]. HH, @-OTDR EANE o i AR E A MMERI A —, O 2N Tz s,
B P St 8 e e R A0, Tt s A ATV T N ARAS I 45 22 AU 16] [17] [18]

7E p-OTDR RGiH, X FAMNRENGE 5 1 7 B M Q5L IR RGN R BRI N FH T8 i ) &
@-OTDR  FR Gt 147 56 278 Ak 51 JES 1D J 1 i R AT ' 1 3 AR A SR A M A1 S IR 52 9 s S . 3@ i 43 #r
AR B C A B G T B A BURHE 58 B (A8 Ak, T LSBT A SRS 07 B A ST MR . ART, S bri HRE
T RO AR 55 9 B2 5 52 B B IO AR A I RS ROV 2 AN B DR 3R O RSB AL 7R TP, AR AR
G S LIER MR SN AR E S E . Hik, WIaE S e EEREE RN T o-OTDR 14K
RGBT G NI RIS . 2010 4F, Lu 25[19]7E ¢-OTDR {48 £ 408 i3 4 FH ¥ 5 P 2 A
FEDRIITERAR I RIS HIALE . 2012 4F, Qin 2201421 T 3T /N AR H 7 VL 7E ¢-OTDR &K &
i b S A FOR BRI B (55 5 (A, H 21205 7 35 BARHR T/ N AR e SE AR T e, R EE RIS HUR
. 2013 4, Zhu S5[21 4008 7 —FiJE T = 4EA AN 1) JTVETE 9-OTDR 143K 5 5t Hh S BE AL 75
I HSRBRHR N A7 B BRI, 1207 VAR T IR A 0 Hh i )45 SN EAS B TUAR YRR G, SRl T
T YL JTIELE 0-OTDR IR . 2016 45, M. A. Soto Z5[2248 F — 4 A1 = 4 G AL B )7 2l 1
S 43 R L AL BB RO I P RS RO HE— B4R T, 2017 4F, He[23 &8t 7 JE T & N — 4 X2 g i S0
SRR FIAE T AT, M T Z A RmEHAR, B 08T 7 A3 8] L RS

BIRBE, X o-OTDR £ RGN ARSI B A IE /RS 7 th— 4R 2 =4k, sz = 3 52br v H
RIBHIIFE . (RN T o-OTDR A& RGNS, I ] 5 AR VE AT (5 5 A B A DS FUIL 2 4R 1E
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Figure 1. Schematic diagram based on But-
terworth filter algorithm
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Figure 2. Experimental setup of p-OTDR system
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Figure 3. 1000 consecutive raw Rayleigh back scattering traces
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Figure 4. Detection of 100 Hz vibration using Butterworth filtering method
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PR LLRIRA: Z=Tc/2n, , KA TERIRMNLEI LRIkt 56 B2, FEAR R SLIG A R 0 kot 58 2
N 50 ms, ¢ KoRIIE LA PILIRRIE, n, Rt BOCLF AT, BH A 1.5, 2Ahkh %8 4 50 ns
IR, THHAF51 o-OTDR R 25 A 0 FEE N S m.
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Figure 5. Spatial resolution using Butterworth filtering
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Figure 6. Frequency information of vibration events at PZT
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