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Fig. 1. (color online) Schematic diagram of DMZI

disturbed optical fiber sensing system.
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Fig. 2. Dataflow of intrusion event discrimination.
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Dataflow of the proposed intrusion discrimination scheme.
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B XHAKEN N E H(k) = H(N - A E we(n) ¥, B
k) B A SR T B Hf)T SO 0 B 3 AR _
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(inverse discrete Fourier transform, IDFT), M
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L N- . BRAMKE N 2N — 1 IEN 2 2 5 g(n).
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—— —— —— —— —— N ——
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|
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I Ve
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MEL EHEFFTRUE 1, RFE 0 mlH (4) A1 (6) X
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S THE AN AT A X — 2P S, AR SCH2 FHAR Y 2T N 32Dk SR 8K, A ReBR AR
HEE X DMZI R St (1) A AH AL I8 2% 1 S 50 B ) B & o Z (A IR & SOd ok, 72 SR RIS
J7E R T e R TN v A —EWIE LT, BE AR R A 3 OB K, T KR 1)

PRI JE SN, FIR JE B A2 B ot 1 i 2 B AR, T UE AR H O X B )RR AR [R) B K R A
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S 13 B 1% 7] 7.

SR EKE N = 256, Bk K%K DAQL
MRFEZ fy = 10 kHz, I A1 T I8 25 2
Q = 5. BB G, HESE I A TPk
1ESR fo = 250 Hz, — AR FHMH LRIE £, =
3500 Hz, AR4fE (4) A1 (6) sUAT € IEI 2 S e = 6,
m = 17, &R f(n) & F Hamming &. #45 (7)
A(8) AT R 5 AT UEWAS go(n), -+, ga(n), FHN
(1 32 95k 1 28 2 201g |G, (21 f)|, ¢ = 0,--- ,4,
Bl 4 (a) fitas; AT EUER, 45 Hh R 48 LB e SR
19 B ) T Ik M 2% 201g | H, (21 f)], ¢ = 0, -+ 4,

201g| Gq(i2nf)]
T

Wi 4 (b) AR,

M AT E H, K4 JUA SRR E AT 2 1) 8
T i 2 A A o 2 PR A T A W R R, AT
PR A HE 1 S R A —22 dB (0 R
B 7.94%); ML T, AR SCR I 4 AR AL 8 i 4%
NP AL, BT IER AR5 155
FPAEIT —70 dB (O 38 A7 R A 1 0.0316%), 1X
R A L TR RAFE L, AAH AL B 2% 20 (1 %+
VB A ) (R AR A R DR B2 A, S A, FE AR
& T f € (0,250) Hz B IX 2k, AAH AL g 4% 20 1
I 2 AT 2T —70 dB, IX B ME IR T AT )
JRCH AT DAV B, 4 AH L 18 Ik 2 2L 103X 28 R 41 R O
E T S5 BB 1R A 1 e v e 2k

1500

201g| Hy(j2n f)]|
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f/Hz
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g/dB
&
o
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or | | | ho | ;13 I hy | )7
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Fig. 4.
frequency sampling method based filter bank.
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ANHEBR AR, AL UE B SR A IR TR TR S
yo(n), - ,yg—1(n) B Q NYIHAE ML T HINAE 5
z(n) FESHBL I RER /04, A IX LD A8 5 R 8 By
HINz(n) W ZCRE A, BN W] #IE H 26 2 ) | Aoiisk
W7 TS B 2R A R AIE ) =

1) Dy B FEARKBE 9 L, WA A A7 8
WAL g MRS g (n) FFRITHE B, 7T
TAEH

(color online) (a) Attenuation curves of the proposed filter bank; (b) attenuation curves of classical

L—1

~ 1

qufg qu(n)7 qZO,,Q—]. (9)
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SR, T ZCR ST (0,1) XA, -1 D)
B, ] RS % X T, R A R AIE R AT 1) B
P98 3% T B B T BB B s i 1, T xR Th R B,
A — AL EE,) BRI H 4 R Dh 3 AE B,

E, = ,
E,

(]
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2) ZCR: ZCREEM BN EBKG T HIVERESR
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bR, B 5B PREREE. ZCR W H Tt
Fh:

L
> Isign [z(n)] — sign [z(n — 1))

ZCR = =1 o7 ., (11)

Horr, “sign” FoRBUAF SHRAE, R 5

sign [z(n)] = { La(n) >0, (12)

—1,z(n) < 0.

W UL BB RRRHEREAT A, BIRTHL) I HH 2R A
tEM & F = [Ey, By, - ,Eg_1,ZCR], A THA
RBF #2828 AT B A E AR 2R3

4 RBF W4 W%

AR, N T ARZE W2 R B AT 5 K0 H 2 2 g
JIUL R Ty TR S LA AL s 32 212 R3E. RBF
PR AR — R AT 2 N 2%, B 22 S] BRI
SO BE PRI i, AR S8R F RBF #4148 [ 245 33
T NRBMERE R

LA RBF M4 4% £ N2 B
JZ A 2 =B K. SN R AR R AE R
o N\, HpR 4 T E N5 I 2R A R 4E O [
B 2K RBF /B A0 & 0 0S4, IS5 5 2
Z 18] A — 5 BAUAE SEAT A T 4 Bt 2 T 2 X e
FER it A S, fl & on s E T
B X o IR H . 6T DMZI R4 shfE
HONEOL &, Wl 5 s, [ (Q + 1) 4k &
F =[Ey,Er,--- ,Eq_1, ZCR], iy PAEh1ER)
HIPAE Z1, - -+, Zp, XA PAE i T U H

h

szzwi,p'p(Fvci)v pzl,”-,P, (13)
i=1

Hrh, h AREMATTHEE, ¢ Mw, , AR i A
FREMEICAT MO RTALE, p(F, ¢;) N RBF,
B SCAFEAREHR F 2R 0 e Z RBR KPR
5 00 L 9 pR B, AR SO e A oR 2 9 RBF. 3%
H(13) XE Zy, -+, Zp Ja, IO R B R AT A
2BENERIZEA] (—ILmR0] PR AR BNE).

Bl 5 ¥ RBF W 48 Il g #2 40 0T 2 %0
NZE RN (RN EEp P, p=1,--- , P) %
Ak 1) B2, FEE R Zp BRI 1, HARARIE A0, BA
YIZRIEFE A 52 BR Zp (A AAR B I3 7 1R 2 (mean
square error, MSE) A [a] 5, X} 2 AN H T Il 45 1 %F

I o) A AL 2, AN b LAk B2 Z 1 RBF %2 8
(@Jﬁiiii’)]fﬁcl, cee ,Chxj:T%Ol, cet ,Uh) u&ﬁ%’):z?
Fidgy th 2 2 R BUE w; (i € [1,h],p € [1, P)).

5 RBF #Z M4 45115

Fig. 5.  RBF neural network architecture.

K5 i RBF M 28 (i R 0 R KR AR
70 RIVRFIE A BB ZRAF 1R %, i Bh CLie )
M 24, Sl 2., Zp, BOLERKME
SR RE 24 i AN RFALE [ B P 202K

5 S iER 5o
5.1 ZEYFIERE

SEIGAE WO IR A 1550 nm 73 A5 30 B0
J6 58 N 3.5 mV [ DMZI 4 #i X 4F L K R 4t =
AT, NREEIR AR R, S K N 2.25 km
RSB bR gelE E T BA . DAQLRFEZ
fs = 10 kHz, Wd3&BT AN 3 s X428 WARF
PE: BETCEFL . i e 45 SEEh A5 BT HEAT 480 VR 3L
PR AR, FRNZFAFEHE IRHCN 120 1K

FREAIE [ K R 1) 32 B A 2 M DL 7 T ()
e —J7H, BB P = 4 RNRE, N
PRAUEBE AR A 0 R HERRJE, FRIE R EKE Q + 1
FLR T 805 T B 2R3 S 50 4; 55— 7T,
R F K B RRAE ) 2 2 A AR AR SR B T B R
FPEERN, UL QENXAEE K. HETFLLEFE
KIS KG AL TR BB H R E N Q = 3, I
MR R & F KA 4 (CTHR [15]) FRHE ) 2K
H6).
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WE JEI AR A K N = 256, NIA# 5y
WERAf = f,/N = 39.0625 Hz. 25Xt NIRFE
KULENAZFEAR M FFT it 07, 15 298P 2510
BUESR f, = 220 Hz, f, = 4000 Hz. Kk, 4 M
R ygeas R W 58N B = fu — fo = 3780 He,
B (4) M (6) NI HiE ZHe = 6, m = 32, HH
(5) ATl BB T OB A BT E N f €
[234.375,1484.375] Hz, f €[1484.375,2734.375] Hz,
f €1[2734.375,3984.375| Hz. 4B NRE5 LIS
b A A AT 8 U 2% 2H Kb HE S ) % B TR S B R
Kl 6 fr .

MEL6 T & i, 4 KMEREMGE S o (n) BIE
ZRNAHE, Gl MR s # 5, Him

The results of filter bank based processing: (a) Climbing; (b) knocking; (c¢) waggling; (d) cutting.

F5 yo(n)—ye(n) EBLHRHE M ZE R, XLRIE T
Jia SR R S R v A

W (9)—(12) X, THHEEREMEF =
[Eo, E1, E2, ZCR). AR HHRIE S BANZF
RHAIE ) B (R AFAIE, 0BRSS5 I T A R AR 1 2%
HRHE R ECEYY, B30 7 FR FSE SR A R
fiE 7] &

MWEL T E H, & RFA LG R E R &R A
B X ) ZECAE S i, B 5K ZCR;
SEANME S IZRAE Eo K, B, B> Wix/MS 2, B
Eo—Es B WECNRIZL BIVME S By HE Tt fE
TH Eo {8, Eo—E> PR RIZILE H ZCR f/h.

124206-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 12 (2017) 124206

1.0

(a)
0.8

0.6

VA — AL e

0.4

0.2

Ey B, E, ZCR

1.0

0.8

0.6

A — AL e

0.4

0.2

EU E, Ez ZCR

B7 DURD AR S B SRR 17
Fig. 7.

5.2 HEXIRAER

A 5256 K B 5 1 RBF #4128 W 2% 3k 47 A5 X
W, RS E N T H/h MSEH W% N
0.0442289; fx K& ToHH h )y 30. & cE H ¥
SIARHTGIN, B2 MSE i 2 Bk ZR. s m g
BIANYIE Z = (21, Zo, Z3, Z4) 57 W RN ZENE, il
i RE B NEFAE. RE R L I 2R AR
SPEER A ORG FE, (EIX 2 48 n A () R A Al
DAL s, AR SZB6 R4 480 LKL, Hoh, AR
1245 5 BN ZRREAR EE R 50, MHRFE A $ 5 R 70.
LG T RERRMN Y%, 35 EMD J5 kit
177 .

F1 o BHOTERRR R

Table 1. Pattern recognition rates of two methods.

R 2/ %
Jiik ZICHEE  meabed RIS B
EMD 777  87.30 70.9 99.7 85.10
AT 96.86 70.86 100 86.57

MEITLLE B, A HE PR EAN
88.5725%, EMD J7 ¥ T ¥ I 51l 2 85.75%, ik
ARSI BRI RS T EMD Jrvk. BRI =,

1.0

(b)
0.8

0.6

H—1eHE
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0
Ey B, E, ZCR

1.0

(d)
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H—1eHH
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0.2

EU E, Ez ZCR

(a) Z€; (b) wiids; (c) F%sh; (d) BIY)

Averaged feature vectors of four intrusions: (a) Climbing; (b) knocking; (c) waggling; (d) cutting.

AR SCTT R VR RS P 55t e AT IA 100% (S8l 34 ), 22
@ A4 0 BT ) A 1 U 22 45 5y T EMID 792, i
A R B R B T EMD J5 v H 3 R R AR
T 1) ARICT7ERH T ERERHE R & (EMD J7 %
T B PR U BERRAIE ) ) of N AR A Al 1 B 4
TR 2) ASCGIN T & 7188 A S R
JIN P 4 AR 368 e 2 4H (EMID 5 v 2% W% AR A5 21 1)
IMF Z [AIFEEATEOR).

M2 0T LU H: FERFIE S U B, AR S5 1%
(R B 5 B S BR T EMD 753, Ab B A AL 25 A
EMD 770 1/4. HEEFEAAET: 1) KXTiE
K FH B A AR 83 23 2H DRt K 28 75 5K AR, @ T
EMD 77 ) 8 2R kAR 2) AR SCT7 46 B RFAE )
BREMN N4, LWEMD kB (L KENG6). 1
BB B, BRI B 5 72 #8 K A RBF #4122 [
S5 IEAT IR, B FRE IR R AN B R (A RFAIE ) 2 1 2%
e, AR ST PR TS T EMD J7v2.

F£2 PIFRTT IR AL ER A (]
Table 2. Time cost of two methods.

REERR ] /s
Tk REESREX RS
EMD J5i% 6.1719 1.08027
AT 1.5622 0.65240
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Abstract

In an optical fiber perimeter security system, due to the fact that a large quantity of samples are collected in the pro-
cess of data acquisition, this heavy data burden inevitably degrades the efficiency and accuracy of intrusion recognition.
Hence, it is urgent to remove the redundancy of the collected data records, which essentially requires to describe event
features in a concise and proper way. In this paper, we propose a synthesized feature based intrusion recognition method,
which is especially suitable to describing the fiber intrusion vibration signals with both wide bandwidth and high nonsta-
tionarity. Firstly, the all-phase filter bank characterized by large sidelobe attenuation and high flexibility of coefficient
configuration, is employed to parallelly divide the input signal into multiple frequency channels, from which the power
values can be accurately calculated. Secondly, the crossing rate of the input signal is combined with these power values
to construct a synthetical feature vector, in which both the time-domain information and frequency-domain information
are incorporated together. Finally, these synthetical feature vectors are fed into a radial-basis-function network based
classifier to recognize 4 common intrusions (climbing, knocking, waggling and cutting). Essentially, the high efficiency of
our proposed scheme lies in the parallel pipeline mode of the configurable filter bank and simple calculation of features,
which facilitates speeding up the intrusion recognition. The high accuracy of our proposed scheme lies in two aspects:
1) the all-phase filter bank possesses small inter-channel interference, which helps to reduce the inter-coupling between
output power values; 2) the synthesis of both frequency-domain information and time-domain information ensures the
completeness of feature description. Experiments show that the sensing range of the proposed scheme can reach 2.25 km.
Moreover, compared with the empirical mode decomposition based method, the proposed method not only improves the

precision, but also significantly speeds up the recognition.

Keywords: optical fiber perimeter security, intrusion recognition, synthesized features, filter bank
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