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Abstract A single mode-multimode-single mode (SMS) optical fiber structure is adopted, and a pattern recognition
classification method is proposed based on the combination of short-time Fourier transform (STFT) and convolutional
neural network (CNN) to deal with the intrusion signals which are applied on the multimode fiber. The proposed
method initially performs STFT on the intrusion signal to obtain the time-frequency map and subsequently creates a
training set and a test set. Further, the training set is input into three network models for training, and a reasonable
network model is selected according to the engineering application index. Finally, the identification result of the
intrusion signal is made to the test set through the network model; furthermore, the validity and real-time performance
of the method are verified using four intrusion signals. The results denote that the proposed method can effectively
identify artificial and non-human intrusion signals; in addition, the robustness of this method can be verified by
increasing the types and quantities of intrusion signals with noises, thereby reducing the alarm failure and false alarm
rate of the intrusion signals and improving the application value of the SMS fiber structure in perimeter defense area
pattern recognition.
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Fig. 2 Structure of convolutional neural network
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Fig. 3 Experimental diagrams of pattern recognition in perimeter defense area.

(a) Knocking; (b) shaking; (c¢) winding; (d) raining
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Fig. 5 STFT time-frequency diagrams of two kinds of window functions for processing four intrusion events.

(a)(c)(e)(g) Time-frequency diagrams of knocking, shaking, winding, and raining signals after passing through the Hanning window;

(b) (d) (D) (h) time-frequency diagrams of knocking, shaking, winding, and raining signals after passing through the Kaiser window
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Table 1 Parameters and test results of different network models
Network Loss after Average
Application index Average loss Training time /s
parameter stabilization recognition rate /%
Inception-v2 11264111 0.172 0.07225 94.87 126.674
Inception-v3 24734048 0.268 0.14704 92.881 158.717
Resnet 25643765 0.343 0.17003 90.7 176.746
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Table 2 Comparison of parameters of different input data formats

Average Average

Input data format parameter Training sample

recognition rate /% training time /s

Average

recognition time /s
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Time domain map

Time-frequency diagram
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Fig. 9 Time domain diagrams of knocking signal with different Gaussian noise.

(a) SNR is 40 dB; (b) SNR is 50 dB; (¢) SNR is 60 dB; (d) SNR is 70 dB
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Table 3 Identification results of artificial and non-human intrusion signals
STFT+CNN Multi-characteristic EMD Multicore SVM
Parameter
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Recognition rate /%  93.83 99.79 95.93 99.3 91.2 90 70.9 99.7 85 95

404’

ARSCHE M T —Fh R T TG AR A BB XA = <1
U R R J7 3 . TR T SMS JLET 4
A S A2 TGS 23« ) it o L o 28 8 R 45 B 28 0
A A BRI ARG S AT 026, HLELA
AR5 TR A [A] 7 bR BRI B 1 25 4 R B TR =%, e 4%

7 KA 4800 HS5HEA 0.5 By EIL2E 7 pR AR, X H R 1
LI g A 30 B AR L 5 A BT L R = e ) 4% R X A
{25514 1 TR A B AR 0 A% 3B 4% inception-v2
IRA) £ A5 AR o 5 4 4 AT I 4 5 R R o R I 485 1)
Fafd kRN ZRAE 1 38 & A KN [R) 28 R e 75 Y A=
F O BRI PR S L E KU R 4 R
AR B 2 5 5 3E B T 93.83%.99.49% .

1006001-8



h | b4 bl
95.93%0.99.83% . 5 & gt B A AR5 A 52 I, g TEICEF TR A M A RAT A a2 iy nE I LT]
UEE NI X4 th A AT 45 M AR A% 5 A AR PEBOL, 2019, 46(3): 0304003,
i AERATREE LRI T AW AR S ioinay S S S Wens [ Wu HLYL e al A sl
o . . . recognition method for distributed optical fiber sensor
ﬁ;%%T SMS St £F %5 4y 15 JA 5 By IX 1 Fi} 3F 52 # system [ J]. Journal of Fudan University ( Natural
PERE. Science), 2018, 57(5): 611-618.
5 = % # UM, ERF, RLH, F. —MOAROCTERRS
BfE S Uk 0] ZEAEM B RBF D, 2018,
[1] Huang X D, Zhang H J, Liu K, et al. High- 57(5): 611-618.
efficiency intrusion recognition by using synthesized [9] Zhang J N, Lou S Q, Liang S. Study of pattern
features in optical fiber perimeter security system[J] . recognition based on SVM algorithm for ¢-OTDR
Acta Physica Sinica, 2017, 66(12): 124206. distributed optical fiber disturbance sensing system
WA, SREA, XIR, &, TS AN LE [J]. Infrared and Laser Engineering, 2017, 46(4):
REY R EINRFRGIT]. P, 2017, 219-225.
66(12): 124206. Tk, 28, BA. BEF SVM BIEN o OTDR
[2] Donlagic D, Preloznik B. A fiber-optic system for the DR NT I ER RGN R [J]. a4
quasi-distributed detection of liquids [J]. IEEE BWOLTR, 2017, 46(4): 219-225.
Photonics Technology Letters, 2015, 27(18): 1895- [10] LiQ, Huang Z J, Xu Y Q, et al. Optical fiber
1898. sensing system based on multimode interference of
[3] Wang S Y, Lou S Q, Liang S, et al. Pattern single-mode-multimode-single-mode fiber structure
recognition method of fiber distributed disturbance [J]. Infrared and Laser Engineering, 2014, 43(5):
sensing system based on M-Z interferometer [J]. 1630-1636.
Infrared and Laser Engineering, 2014, 43(8): 2613- AR B, A, 4. ETHRR-Z -
2618. LELE T WAL T] . AN 5ROLTRE, 2014,
FRGE, BB, B, L MZ TWARDGL 40 1 43(5): 1630-1636.
KM NERR G =R ok [J]. 404 506 T (11] Wang HT, PuS L, Wang N, e al. Magnetic field
&, 2014, 43(8): 2613-2618. sensing based on singlemode-multimode-singlemode
[4] Liu K, Tian M, Jiang J F, et al. An improved fiber structures using magnetic fluids as cladding[J].
positioning algorithm in a long-range asymmetric Optics Letters, 2013, 38(19): 3765-3768.
perimeter security system [J]. Journal of Lightwave [12] Ren N K. Characteristic studies of sensing and
Technology, 2016, 34(22): 5278-5283. demodulation based on MMF modal interference[D].
[5] Zhang R X, Zhang J F, Zhao Y J, et al. Study of Harbin:  Harbin  University of  Science and
temperature characteristics of singlemode-multimode- Technology, 2017: 12-15.
singlemode fiber structure [ J ]. Journal of 7528 . BT 2RO E R+ ¥ 00 15 5S8R v
Optoelectronics » Laser, 2018, 29(9): 925-932. 5T [D]. FRI/RE : F/RIEH T R4, 2017: 12-15.
PR, SRE K, B A, 4F. PAORE-Z R B 2 [13] You C T, Chen P C, Ding P F. Experimental
IR R AT E [J]. J6H T - #O%, 2018, 29 research on single mode-multimode-single mode fiber
(9): 925-932. structure in security system [ J]. Laser &
[6] LiK Y, Zhao X Q, Sun X H, et al. A regular Optoelectronics Progress, 2018, 55(6): 060603.
composite feature extraction method for vibration WEW R, PR, T2 0. PA-Z BB 551
signal pattern recognition in optical fiber link system LB REM LI E[T]. Bt 5 eh 722k R,
[J]. Acta Physica Sinica, 2015, 64(5): 054304. 2018, 55(6): 060603.
YL, WO%EE, IVINEE, &L —Fh T OB A Bk IR [14] Audone B, Colombo R, Marziali I, et al. The short
HfE S B PUN MR B SRR3R 7L (0], time Fourier transform and the spectrograms to
HE4R, 2015, 64(5): 054304. characterize EMI emissions [C] // 2016 International
[7] ChenY, An WY, Liu H L, et al. Application of Symposium on Electromagnetic Compatibility - EMC
improved empirical mode decomposition algorithm in EUROPE, September 5-9, 2016, Wroclaw, Poland.
fiber Bragg grating perimeter intrusion behaviors New York: IEEE, 2016: 882-888.
classification[J]. Chinese Journal of Lasers, 2019, [15] Zhu J T, Liao H J, Xie Y Y, et al. Data

46(3): 0304003.
Widi, ZTebl, XMk, . ot o S8 o i 5k

1006001-9

interpretation of ground-penetrating radar (GPR) via

short-time Fourier transform for railway track



h 5| 74 ot
detection[J]. Journal of Xi'an Jiaotong University, 226.
2012, 46(7): 108-114. ML, £, M. ETREERME M %M
RV, B, WHHE, 4. R E T AR LLAh R RAE G S B ARk Oy ik (1] . 44 52
PR I 2 R b A B AR R T R (] W Al R KPR, 2018, 37(2): 219-226.
2refEH, 2012, 46(7): 108-114. [20] Zhang Y, Lou S Q, Liang S, et al. Study of pattern

[16] GuJ X, Wang Z H, Kuen J, et al. Recent advances recognition based on multi-characteristic parameters
in convolutional neural networks [ J]. Pattern for ¢-OTDR distributed optical fiber sensing system
Recognition, 2018, 77: 354-377. [J]. Chinese Journal of Lasers, 2015, 42 (11):

[17]  Abdel-Hamid O, Mohamed A R, Jiang H, et al. 1105005.

Convolutional neural networks for speech recognition KRB, BWMEE, P F OETLEZR/HIESEN ¢
[J]. ACM Transactions on Audio, Speech, and OTDR 43 #i O £F 3 3 1% 1R R g i 2R BB 52 (1]
Language Processing, 2014, 22(10): 1533-1545. PR EOE, 2015, 42(11): 1105005.

[18] LinL K, Wang SY, Tong Z H. Using deep learning [21] Jiang L H, LiuJ S, Xiong X L, et al. Research on
to detect small targets in infrared oversampling intrusion signal extraction and recognition of optical
images [ J]. Journal of Systems Engineering and fiber sensor perimeter[J]. Laser & Infrared, 2017,
Electronics, 2018, 29(5): 947-952. 47(7): 906-913.

[19] Lin L K, Wang S Y, Tang Z X. Point target WAL, XIASE, REXBE, 5. LT R ARS 54

detection in infrared over-sampling scanning images
using deep convolutional neural networks[J]. Journal

of Infrared and Millimeter Waves, 2018, 37(2): 219-

1006001-10

R4 HCS PO 7 ik BT (). WOk 5404k, 2017,
A7(7): 906-913.



