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Abstract: Aiming at the monitoring problem of the human climbing behaviour existing along the railway, a railway safe-
ty detection algorithm based on distributed optical fiber vibration sensors was proposed by combining the distributed
optical fiber sensing technology and signal analysis technology. The surrounding vibration was sensed and transmitted
through the optical cables laid along the fence network of the railway, and then the Internet of things (IoT) connection
between the railway and monitoring algorithm was built to realize the intelligent monitoring of the climbing behavior. In
view of the complicated surrounding environment of the railway and more interference, the Hamming window and
wavelet threshold denoising method were used to filter the signal of each frame to improve the signal-to-noise ratio of the
vibration signal. In the selection of features, the power spectrum and short-time over-level rate of the signal were ex-
tracted from the time domain and frequency domain respectively as a joint feature to determine whether there was climb-
ing or creeping behavior. Since that the climbing behavior was spatially continuous, the minimum alarm range was set to
filter out alarms with a too small range, which improved the accuracy of the monitoring system.

Key words: distributed optical fiber vibration sensor, along the railway, signal processing, intrusion, Internet of things

I WIREAT R S, (HN GRS BT 9 0E N BIE T3
a &H@‘%?Eﬁﬁﬁﬁﬁi S): PDORTN Y LB U S RIS
WA (R Bk B AT R R R, Bk HURRIZT AT IR I ARk A 53 AR ICAT by it VR R AL FIJT
B, RS JE S 2 A ) BRSOl TR 7’9%%0 U I 73 A SO £ e Al BT RIS
IEBREOE AT AN B 24, BRSS AT s DU TRy oi . TR iy s, AT AAERK

s BE: 2020-02-29; &E BHI: 2020-05-28
WIEEE: MiE#, chenfuyang@nuaa.edu.cn




553 3 VRS BT A 2O IR B e llads (K ki 22 4 I DI S0k - 107 -

B L M 52 4 PR 5 e AT AR 21 A 0 S R 1A
oA FOC LR AR B s v A AT B 0 L (A%
R TTRI R, BRI TRITER T RS IR BDIR S 1A
%, TIN5 S I AEIED Y, nl DL iE gtk
DNEE, AT BE A b e AR A IR 15 Do

AR SCRE I A A TR AR 5N Jh 3 A2 3 A
ARGt MM AR CETPeah e [kt vl LLSEBLIE SR
S I A X e sl S5 AT BRI, T
IIMTIRENAT 5 TR % Jo SR R AFAENARAT N, Xt
TAFAENRAT NG DL, SE s I NRAT N R A
MIRLE . AEFIRANARAT IS, AAAEP A OCHE ) L
5T, JEETBBAAF R, AEAE AT R
FITP0A B RFAEE S, DIt SREEIIRBIE 5
PR 2 T, e SRR 5 A s 55—
JITHL, AEREAT NRAT PRI, B R CA S
HERRRAR,  PTELEE S Al R A R AL AT o

BT LLERE, ASCHJGUEER T 9IS
RGN, JLUCEE T 0 B AR 5 i 5 W A
(KT AN LA IR IBE R A, X AARAT A HEAT 530,
AT B AR

1) XRS5 REAT 70, SR AR AR 5 (1
BB 5 MR L BRI A BT

2) JEHGL AR A 5 (1 D AR AR S AL,
KM K-means J5VE I 25 15 15 DUAAF AE AR AT A i
R 25 8] PR A o

3) $EALIAAL 0-1 AERE, A ARAT A A2 1)
L RATESENE IR, BRI AN IE LB Y
SURANIUE(S -8

2 HMERBXAARMNESKERIENEIE
#&=Ci5t AR
21 RERE

I3 A ROCEFRN G A TAEE R R . 30k
JER AR 2 5E WOA%, Jirth 1550 nm % B ()& 420
Ot FEICURM T B A P, R ECT
FOAS S 500, 3 o st i e e 2 i jE
5, I HE AR RS, 5 —E AR DS
o BE AL BESZ I 101 S a il 75 6 1R 2 T 1 A ik
MO, KR AR S R R AR B SR AR G
WS K rh A D AR S, AR S I R S A%
&, LA B Bk G TIOR . 2 JE ¥ ki i
B AENAEBANL, FE BRI 5 —A i 11 7] A
RS MR S, BURAE S R Bl R RG24

JERAC BERT N o A% S B T IR 5 ) U R 5 5 AN
SR IRDAE S AT IO, T LAS B S — R
B FAIE S, F ST #4865 5 2 AT 2
W RIS 5 A FAE S I R BRI I B A
U SR e R R AR e S ek B
TS, HFHTIER. b T HEf R E A AR, (R
ORAR S Nk R A T AT I R[] P . B SRR
LG S IATEC A, SRS AR 2D IR 2 i
A I U R B AN i KRS, A SOt TR Bh
IR RGN 1 R,

PR RS

FEAREOC LT HIT A Jehkat, Selkeh & AE4F 1
IS RURZE RO o B3 6 B8 B R RO B RS O
Al RS EE R, P AR ISR S T 87 5
S HET, KEB 0 An Ot LT sl e I s A i
AU YER AT HEAT HE I o 4B A S iR [
e o3 s BRI a] I FLORAF 1% I8 20 K Pk 3 15
Ko kR AFT A JGET 2R IR BT A 8] 7
S AL E Z oS = () BTRP

7T
2p
Hrp, ¢ RAGAEE A PALTRI L, c=3x10° m/s ;
P RIS %

TESATHOCEF BRI E AL, 2R W) HER N
YRR RGMEREM PN EZISHL, St i
e FEPOE R AZ . WX,

(1)

Tv
AZ =2 ¢
2

Horfr, T A ASCHIRKITSEIE, v, Rk i) ek
T,
2.2 HEAENIRAA

ASCRAE PR shEdE UL bin SO TE BT A7
fiti, SCAFIfRIE U@ .

2)



<108 » L7/ I S R

1) BEANSCEEN 2 000%6 000 HiBE, HiFESAN
double 257,

2) 2000 L7 RAFE RN, BFPIASRAE 8] B
1m; 6000 FAREEARAE RFERAE KA, RAEIR N
500 Hz, B 1's ARAE 500 EH, WIERAE 6 000 X
HE I 12 s,

3) Hdhs B o AT 2O LT R 2 AL B el 2 A5
SEN MR G, FERE TR e KRB
¥abr. PR AT, 5 AR ER RS i m
AEYCEFAEER (/5000 s YRBh GRS o

3 EESmae

3.1 InE S
HEFAR ST RS S AN BE I, e —
PP RRIIRARE T o FHTOGAE 5 AR R S AR X 41
FERE ARG 2, P AnT AR R
AEIRTTEANBIR G I NOCETHR AT 5 AL HE, HDOLeTH %
JEAE S M ERE I PR E S A B . A ATL IS
FERE]_EXIA AR 2 R0 R 5 B, IR e 5 BERK
A, DAWUR B S A T AR i ST )
ATLUESA T I S, Wi E R W (n) 584G
55 S(n) FHFAHE Z I ERHWUE 5, wXG)PrrR.
S, (n)=W(n)xS(n) 3)
A SCAEIEPE T SR, AR BT B A R A
SHRE, STREE . A DT R AN X
4 B B R BT I L . b, FETR T 30
Lo, SR RRE E d i, (FUR 59 a3
SHE SIRE RS TR ZE, A 5 e it
Sy SATERRRT I, H S R AT
%, BRI, TEANTCE IR 5 AT 7
AR Gy = e A s Tt R I A T R L
SURTIBCRECAN, 42 9% v 00 AL 2R 5 JRRN 55 K /1S
34, BEsk /D T AT S, CRAUE T S IR AL
HERRE, XA — 3 BB e T . T B 2 1
SRR /IN, T DA R D AT T AT IS SR
FPE SRS VIR, AR O I A 247
I b3, R A RIS K )R

0.54—0.47005( 2mn ) 0<n<N-1
W(n)= N-1 4)
0, HAh

Horb, n RO REE RS, N RIRFE RN
N T ORFFAE S L, FFAEREWIE 5 2 18P

W, ARSCRAS By B 598, i [a) () FE S
HBEEN 25%, MRS 1 s, B4
AT R RS 5 IR, I T 543
it K EREY (n) HIRAGES S (n) MFSHE S INE .
3.2 MNEBEEXER

2 JE IR BRI Ok R 22 I, SRR 5 —
AL —E RS o T XTS5 I T AP AE T
P, Rk, TR TR DN R E S AT L. /)
P 2 Mn] DL B 5 R IR B 43 I 7S, [
IS AT DACR B DR AR5 5 (R SR . EL T, /Nt A 25
W AE(R 5 MU 2 T2 N, IR Z 50 FEL
T it R

TEEAT /N AR 2 b BRI, 2 SE M S HEA T/
B, A5 RN N RS S S E G R
VAN Gy RS RS AN &Y LN Sl RN
e RN HAN T IR S5 /N R B AR IR —
ANEIEMBIE, KT BIER N RO R E S
PR, ATRAMRE s /N T BME /N R BB R 2
PR, B HE AR, NIAEILEEK. &
A I FED PR /N0 80 2 M o 50 T 30 A1 o B5CRD K
B EL PR Bl S R R TR IA 5N

N CEACTS 5

n 0= 0 )
SR A R

@ =] BOET 6

"D santa ky1d -1, sed ¢

Horp, TRIRBIME . SR A 3 R 00T DA SE G-l R
B 5 1 JR A ARE R, (2 A B S 1A 5 i R
75, WIBER B R RS 2R . AT R R
PRI s, AR SCRAEIR R o TR E R
B, BEORUE TP MR T — R iR,
B pR £ KB (s

0.l d,(k)|<T

sen(d, (k) d, (k)| -a), et 7

n(d,; (k) = {

TN 1 NN
;H\:EF‘, ﬁ?%%é&j‘ja=m ’ Iﬁ'fﬁjﬂ]—' = O'\IZIIIN °
eJ

NZFoME KL, o FonmEmibaEE .

N T BRI B L R OR, ASCER T —
AR AR BOA e KBl i 00, e kAT
LMRALBE, /N M BOR I 2 o



VRS BT A 2O IR B e llads (K ki 22 4 I DI S0k - 109 -

53
0.030
— ZBAI S
— KBRS
0.025}
3
<
= 0.020}+
=
B
o
4“\20.015 L
R
ES
0.010 LAARAMAMAAMAA e A MNP AN IAA A AN
0.005

30700 150 200 250 300 350 400 450 300
1] /(1/500) s

B2 N SR

ik 2 o, AEREAT/INBB(E LT, A5 5
ERBYIE, BRARZMMsEER; MM
HEW)S, F95BBERER, DB
AR A AR . AR, /N B 2 AT
JCET PRI 5 AT LA BRI HAT R A IRCR

4 RHFIRENESRIFFIERE

4.1 (ESHIERTETEER

B S ISR ] 3 B, B 3 SRR £ 405
TE— BN T N I I 80T, TR 5 SRR
500 Hz, INIAJEAL (1/500)s. €I ]k AEAE
1.15x10* ~1.5x10* (1/500)s. H&E 3 ATLLEH, 4
RAEZENRAT AN, WIEE S BN EEhRREE 2 e
BECAT MBI 2, ANSCHIN T RN R HE P4

RE BRI T b MRl
0.06
0.0}
o004
-
2003

=
=

1
S

o
=
T

1 1 1 1 XIOJ
0.5 1 1.5 2 2.5
I E)/(1/500) s
B3 BEIC e Sk

R IS 3 P - 3 R N o S R PR B At | R T
55 A S ME AR, HR T s S 5l A
Wi fEL a (FRE  a IRR/INBERE AT N AR TEA A
WA 5P BRI 5 A% T A AR IE I )
R R Lo N G BRI 1 i, e X BT 5 1)
R RSP AR ATV AL, CREAZAEAE D R BRI AT O ¥ —

S

ANMFEE . I B L(n) K@) FTR, N RoR
BEWUE S IICRE, X, (m) RoREE n WUE S LS m A
RFE AR 5 IR AR

Lin)= ﬁZW sgn[X, (m +1) - a] - sgn[X, (m) - a]| (8)

42 FSHDERE
XA WAF 5 AT P A B AR 4 (FFT, fast
Fourier transform) AbEE, 55 [FRFEAE Ky 500 Hz.
M AR TR B, (55 v DL E 2
1~249 Hz [FEEEUWEL, it WERSAMR fi 5
MEAE e, TR, MR AZECAT i, 100~
249 Hz S5 i LRGSR A 7r W 57840, Ui HZEE
1T R R PR B 2 5 IR A B A5 Re R 1 2
BRI, RSO A B DR RS R £ EBEA T A0 o
5 E 5 DA
53 1 N o g 2
p (f)—WI;X[(m)e "= M @F )

Horf, UZRORE BRI, U K3REn
KA, w(n) LR REL

U:%Z\ijz(n) (10)

E X —ASHZH P 1N 100~249 Hz A B LA
M, KX mADFTR.
P=Nx (j_ZMQﬁ“”(f)] (11)
f=100
DURAE i 405 g, AR THEAS 2] P AEIHF:
Y tHAE R A BERAT G S P AERIAS e thZk, SRFE
405 [HIZhEA P BEN AR thek an b 4 P, HIEl 4
AT, AERAZECAT A, (5 51 P A H B
MRABEATR)E, P ADREER N B P (e
AT MR, A B TR ISR

6107

S5k

4L

ThEFnw

0o
T

't h
W ! L
0 20 40 60 80 100 120 140 160 180 200
IR} [/

4 SRFERUA405 [T 2R P REIN [R] A 4K, i 25




<110 + L7/ I S R

5 FIAEIEITA

N 0 B A Y 2% 5| ke 2 1€ AR 26 . A5 AH
A iR 8, RU4R 2 HoAT DXk, 00X B4k 3
() DX IR FR Ry P sty o ZEC TS FIRahar, N
B e B A 1A B AT DL e 2 IC R T A 1
AN
51 HARSE

Wik 3.1 R 3.2 AT, e T HSP
B TR PR BECAT Ay HRAF AR B o 1 ) Y
Hw] AAE A 0] 2 15 A7 AR BENCAT i IR 52, T
F AN $8 A 38 47 40 W7 1000 A 2 322 4K T WU EE F
PR BEAT W I HER L o A TR A R IR HE AR
7 R XX B R AR R B AN R AE )
oK 0 T AFAE N LB CAT Sy HAAR 50 T BR
5 2 R AT 1) 6 27 0 9 R 4R 4 kAT U 2R 15
Bl o T3 23 MR E Y B AT bR 2 A AT AE N B 2
€AT A, DRk, 75 2R 0 MR B 2 XD 10 7 oK BE
AR E AT A By 2K, B IERIZGE A A
D3R CAT Ay W) (% 504 R JE N I 28 T AT 2 B 1) 4
AT X 5%

BEAT it B BAT PN W RS i, 2 RE
AR, SEFEA N I A s
RN G BERAT A B2 ok, RERZ M
FEARSCIREMUREAE IR X 0 4 B s o 2 R I A
R, ARSCHEM K-means SLiEBEAT G M2 L, 3
BOPIROT s HOEUHEA WS S I ThFRA P AL
AP, A M EARm &, REH A A
0] AR K-means SUEHHT 02, EFEAR D AT
MNRZAT HRTENRAT A HH

H x RoRFEAR R &, K-means S22/
PTG 2 B WA AT I ke 2, A b k=2,
/MO R ZE VTR N

E=YYllx—u’ (12)

i=1 xeq;

1 i N Yara it ) N
o, p =ﬁ2xi%mé%u, BIEE i R A,
Cl» XEC;

¢, RTRNFEARPT IS . F K-means S350 £t AT
5328, AIRAR B NRAT I RIE ANAZAT R ot N A
A A B FEL o X T ANFTIFEA, JF B S
P IRRFAE ) &, AR ) 5 20 B AR AT N IAEAR
A A R R R B T, A B A A 8 TN
RFEA, RZWJE TN

5.2 ZJEF|k
N T HfE G I BRI AT D 5 L 1A P sl i (1
PEE, T BRI AT KA R AE I 2 AR A T
UM AN FTATRAE AT AR AR B, AT
SR ARSI e —FrifE, LUEEEEAT Il
FERE WA, AR S AR 2R EREASSRAFE
FER AP DR P AN R RO, AR A1 21
FRIRFALE 1) 5 230 A5 NAR AT Iy 0] L PR AR A 2 ] i
N HE ANARAT Dy X I PR AS 225 0] e 0 1) R S B
o A5 NARAT R N R AR 253 18] [ o P R 503
WA A Z AR —WAEAEANARAT D KPR BN 15
A, P ZRAFAENZAT N, RPIRESBN 00 %
ARSI A 2N AR, ieh C
FEREIIYERE ] Lx 1, L 3RoREeit LoRFE AN
R L BE TR AT NI, 2R g
B Bl AN SN o SR SER AL, A N5
ZECH I, I BB RDE LT b2 #E 8 m
W N AR, R HIBEICLS 5 i gt X TR 22 H.
ZDAEAE 8 m URE A, T LR — B E L I
ST E T, ISR . AT C
FRAE— W T KRR 8 m LA EIRANA, Wi
MBI IR, WA TS AT h 51 i Jf
ok, ARJE KRB L S KL B 0 BRI AT
REE Ao AERAEIE— ot Py B T B ) P
att, HOAAEIX BN I A AFAEA R .
ASCEHI TSI ANFITHE 4 HLLUR A
T 3 MM, 2 ARE TR AT
DL BENC A 4 AT JE N B ZE A A™ W4 I (1 6 2T Ji 20
5% 400 41, JH SR B dE A T IO BHIEA 2R 5t
FETFUAN 53 B IC A W47 A 5 T (AR P e 2R —
At AN G SR TCHIA R T 80 A I ok,
A — AR R — B h e N 5L B e A
T 28 48 e AN G R TR A R, DU — iR
o FARRHEINET R AL 1 Fos.

z1 B R
HAi g Ytk IARER ERBIR AR fm
1 TR 0 0 10
2 AN 0 0 10
3 4 B RLL R 0 2 10

MR LT, AEREA AR ST, 3 R
PP BETCAT 8T LA iR, ANFEAERRTR: #ETCX
TERIMVINRT TIPSR, AR 75 4 21



553 34 VRS BT A 2O IR B e llads (K ki 22 4 I DI S0k - 111 -

NN RT3 1, Bl A ik, 1%
HI T OCETIRANE 50 AN BRI Ty i AT L A
ARG RAAL, N EAFAEN GBI, ARG A
AERUUA,  HBRARIEHIE 1%L, AL AL HH
HEIMESR . HHT, #ER RO IRah R A
SINR IR B 400 m, 7EIZMRINVEEN, A
AL ERERFEA 10 m.

6 ZERIE

AN TR A B A, WER T A 06 4F
PeANE R A AR PUE IS S e 4 BN, $RIT
— R T AT FOGCET YR BN A% B 12K 2 22 4 M A
%o FIHIZENCSE S I BTN A AR 5 AL B s e |
RG22 ] 22 S AR AT N AT
F, T R REEEAT RN, AT s R
FEHERf . X BT RAE s AT A — AR B, A 75
Pyt I FEFEAE R o Ry T 3o I I A &
PE, TR S ERAR AR T, ASCRINT 4 %k
MTM¥%ﬁ¢ﬁF%%E i+, %
(S SERINEZ S B A $i”ﬁ%ﬁ%mﬁmf
5 RIS BR IS W P A S AT YR, PRAE T
FITEM TR, MRS AR T E A k.

S 3

[1] ZHANG S H, LIU B, HE J P. Pipeline deformation monitoring using
distributed fiber optical sensor[J]. Measurement, 2019: 208-213.

21 R, KW, ¥ KEUERI A Al RAMT R R Y
HAHA[I]. PIBE 223R, 2018, 2(1): 56-63.

YU C, ZHANG L J, JIN H. Research progress and trend of big da-
ta-driven intelligent transportation system[J]. Chinese Journal on In-
ternet of Things, 2018, 2(1): 56-63.

[3] MENG L J, WANG L B, HOU Y, et al. A research on low modulus
distributed fiber optical sensor for pavement material strain monitor-
ing[J]. Sensors, 2017, 17(10): 2386.

[4] CHAIJ, WEI S M, CHANG X T, et al. Monitoring deformation and
damage on rock structures with distributed fiber optical sensing[J]. In-

ternational Journal of Rock Mechanics and Mining Sciences, 2004,
41(3): 413.

[5] YAN X Y, CHEN F Y, WANG L, et al. High speed train trajectory
algorithm through fiber optic sensor[C]//2019 IEEE International
Conference on Mechatronics and Automation (ICMA). IEEE, 2019:
2342-2346.

[6] ke, AEH, kg, & DA OCLHRIMERESAR KR EBIZS(I).
WG 5L04, 2011, 41(10): 1072-1075.

ZHU Y, DAI Z Y, ZHANG X X, et al. Developments of distributed
optical fiber vibration sensor[J]. Laser & Infrared, 2011, 41(10):
1072-1075.

[7] AR, A ROCLTAR IR RGN E S AL B BORBEFL[D]. AU i
LK%, 2017,

XU C J. Research on signal processing technology of distributed
optical fiber sensing system[D]. Hangzhou: Zhejiang University, 2017.

[8] VFigMe. 43 A SOCETHRBIAL A S I L EARBIA[D]. bl &2

HOR2E, 2011.
XU H Y. Research on distributed optical fiber vibration sensor and
positioning technology[D]. Shanghai: Fudan University, 2011.
[9] HEMI B, WA, & A SO RENAL A SR B 5 S
PUEARBITI]. J6# 103, 2013, 35(6): 11-15.
ZHOU Z X, DUAN S H, TIAN J, et al. Research on optical fiber
distributed vibration sensor and pattern recognition technique of vibra-
tion signal[J]. Optical Instruments, 2013, 35(6): 11-15.

[10] SAXENAM K, RAJU SD V SJ, ARYAR, et al. Raman optical fiber
distributed temperature sensor using wavelet transform based simpli-
fied signal processing of raman backscattered signals[J]. Optics & La-
ser Technology, 2015, 65: 14-24.

[11] ZHANG D, XU H Z, SHI B, et al. Brillouin power spectrum analysis
for partially uniformly strained optical fiber[J]. Optics & Lasers in
Engineering, 2009, 47(9): 976-981.

[12] MENG J L, SHANG H K, BIAN L. The application on intrusion
detection based on K-means cluster algorithm[C]//International Forum
on Information Technology & Applications. IEEE Computer Society,
2009.

[13] AV, RWe P, 2P0 HeT oot IR M (119 2% it B = A
TIE]. MSS4E R4, 2015, 1(1): 66-71.

LI H C, WU X P, JIANG H H. Network traffic anomaly detection
method based on improved clustering analysis[J]. Journal of Network
and Information Security, 2015, 1(1): 66-71.

[14] AFT. NTEBEHNARD]. BRER 2 5HRZEM, 2019, 1(1): 1-3.
ZHENG N N. A new era of artificial intelligence[J]. Journal of Intelli-
gent Science and Technology, 2019, 1(1): 1-3.

[15] MAY, GAO Y, FU C, et al. TV white space spectrum analysis based
on machine learning[J]. Journal of Communications and Information
Networks, 2019, 4(2): 68-80.

HEH BT

B8 (1967- ), Y, WLHTIMA, M
WIS BRI B a2 B B, LTy
) AT M 3 B A sl

=5 (1966— ), B, TR, B
BRR K QSIS B8R, 85T 1)
hy RS W g s

WEFE (1996— ), B, ARG, F RN
FRRKE A sk Bt A, BRIy
If) Ay da i E A B i TR



