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Study of Pattern Recognition Based on Multi—-Characteristic
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Abstract In view of the present phase sensitive optical time-domain reflectometer (¢—OTDR) distributed optical
fiber sensing system is difficult to distinguish the disturbance effectively. A disturbance modes recognition method
based on multi—-parameters is presented. A weighted average synthetic evaluation function is used for characteristic
parameters pattern recognization including square difference, short time level crossing rate, short time Fourier
transform and duration of the disturbance. By the proposed method, four disturbance modes including stress damage
(breaking), climbing, watering (simulate rain environment) and mild crushing (simulate harmless artificial
disturbance) are effectively recognized. The recognition rate of disturbance pattern recognization is realized as 91.2%,
88.3%, 90% and 86.7%, respectively, for the corresponding four disturbance modes by analyzing the statistics of 60
groups of 240 samples. The proposed method breaks though the limitation of disturbance modes recognized by
current single—characteristic parameter method and improves the reliability of disturbance pattern recognization.
Key words sensors; fiber distributed disturbance sensing system; ¢— OTDR; multi— characteristic parameter;
pattern recognition

OCIS codes 060.2370; 290.5870; 070.5010

1 5 5
A3 SO EF R B R R e DL E AR S R TR AN e B K A £ 0 A B i

Y fm B #A: 2015-05-12; W BIME 205 H H#3: 2015-08-27

EEWAB: HEARFA4(61177082,61205074)

EEE ok BI(1991—), & BUE AT AR, N FOCLF B YIS . E-mail: 13120044@bjtu.edu.cn

SImE A BB (1965—), 2 b B2, FENF LR FEMOLA S )5 H 5K . E-mail: shqlou@bjtu.edu.cn
*BIEEK R A . E-mail: shliang@bjtu.edu.cn

1105005-1



L S

Bij 3G 3 (O 40 I S i 2 A b AR AR T I I N e 5 T R A AR O I 3 R B (-
OTDR) M HEEF 43 A AL IR R G5 HL A 25 0 7 B (R o5 FH — MR OB £F ) L ml Xk [] — i 220 22 A sl o7 8 [) st 2 7 4
3R e B ARG B AR E S 2 RO E R B R A A OB EF B 2 A% B 5 SR 1 BT

@—-OTDR 1 Tarlor Z57F 1993 4E 1 W4 L, 545 48 e ik e 5 5 1 (OTDR)AA He , 322 IX 514 F 1 AL LF
14 2 a1, PR A AR S O e R RO e A T okaR . B AT, ¢ T AT 42 = - OTDR &R 48 5E i
T8 R 0 A 4 T 4 F 9 R A 22 T e g AR 2 T R B B A 5 A X # D, 2014
AF Tan 25" LAF 5 50 B O PR 4 76 B R 55 T X N T2 3 L 2290 2t DA S P2 98 L2 3 = Ao Qi 47 TR
BIBESE . 2014 4F , Zha 55" B 3 HLSF- 38 (LCR) 2 BUBIMK 41 78 HH 5% PR 88 T X BE € 85 DA Fe 58 K — ol A =X g
7T YUMESE . B E AR Ik, T o—OTDR 3 3h 15 5 982 28 407 R 30 9F 55 47 35 32 L 2R — R A 2 g 031
WA, 7 B AR A ) 32 BT, 72 52 A% IR T v g A TR0 AT A M AR

AR SCH AT AT -OTDR RS 5 2 ARt HEAT /0BT, 28 50— HRAE S 5k O Z2 R AE S i A4 D U 4, R
B 8 2243 J7 1 5 WL Bh A5 5 R AE X S B g v 9 1% 8 SR (i ) VBRIE L R K (R 0L T TR B 58 )RR AR s (A5
PR B SRR A ) DU R R 245 5 54T 43, se R T B — 4R AE 2 5 H AR R 5 32 80T 90 S Ui S0 A R
e, B T A Sh R R

2 SR ARG R

p-OTDR T{F FEHLAN L 1 BT o 87 £k 96 OB A8 1 b 6 IR th 0800 22 74 D8 98D 6 28 V8 b e ik o o
I e e B 85 A A BB T 4 BROGZF o 160 5 SR O 7 K o 8 4 5 T O B 3 PR 2
BRI G , 2 MOK R HE A B R AT R4

E1 -OTDR JF B /R & [&]
Fig.1 Principle schematic diagram of ¢p—OTDR
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Fig.3 Normalized output of ¢—OTDR distributed optical fiber sensing system and its processing result. (a) No disturbance;
(b) disturbance at 900 m; (c) difference between disturbance and no disturbance; (d) processing result by using direct average

and shift difference respectively
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Fig.4 Normalized output of four perturbed model at 900 m. (a) Stress damage (breaking); (b) climbing; (¢) watering; (d) mild crushing
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Table 1 Characteristic parameters of different disturbance patterns

Characteristic parameter

Vibration
So Ler Srer Dux
pattern ~ _ _ _

X Oy Xicr Oicr Xsrer Osrer X Dur Opur
Breaking 0.08 0.02 0.2 0.05 4 1 15 15
Climbing 0.05 0.02 0.4 0.2 3.5 1.5 220 20
Watering 0.02 0.01 0.1 0.1 1.5 0.5 220 20
Crushing 0.005 0.005 0.1 0.1 4 1 15 15
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Table 2 Recognition results

Vibration pattern Sample number Recognition number Recognition rate/% Recognition failed
Breaking 60 55 91.2 crushing:5% watering:3.8%
Climbing 60 53 88.3 watering:8.3% crushing:3.4%
Watering 60 54 90 climbing:8.3% breaking:1.7%
Crushing 60 52 86.7 breaking:10% watering:3.3%
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