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Fig.1 Blockage detection system based on acoustic tech-

nology
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Fig.4 Six-level wavelet decomposition tree
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Fig.6 Information gain calculation diagram
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Tab.1 The accuracy rate of ELM recognition
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40 mm 3% 5EY) 78 85 94
55 mm ¥ ZE W) 80 84 95
40 mm—+1C 53 59 78
55 mm—+LC 52 55 75
40 mm—+55 mm 65 70 83
40 mm—+55 mm—+LC 56 59 62

R LATA, &0k 58 BT IRE S % ES
149 TE 1) 258 A iff 23 5 U7 8 T D S 1 B 150 0 i
i 18 1 A ZCPE AN TR 43 i 22 VR AE S8R B A
— M M LB PCA B B8 43 1, {75 B 3 23 0 1% 45
VA R, X U ] R TR BB A5 O O e '
T2 BE e R AR I ) O B R AR A S DA S Gy b
TOAR B W PSR AE 1) T4 A O =X, B v 1 R Y A )
KB, (AXF T AR 2 H 8 %8 IR HER 2 H
50%~60%

Ry ik — 25 B R AS B Y 5 VR B A v TR B
HA 25 0 3 4 &, 43 901 R FH S FF ) & HL (support vec-
tor machine, f&j #k SVM) , BP #f 22 % 2% (back propa-
gation, fAl FK BP) Al ELM 3R #E471R 51, I % 155 2% S
HATHR, N 2,3 PR .

R 2AH A IERW BT Mg EMEE T H

K2 BOEETENARSEFZAINERE

Tab.2 The recognition accuracy using different clas-

sifiers for single blockage into pipe %
e SVM BP ELM
ERT GRS TREET GRS TRRERT TRRES
E il B 74 85 76 87 73 97
WA =E 80 82 74 88 80 95

20 mm g EY 78 80 73 87 76 93
40 mmIFEY) 76 85 77 86 78 94
55 mmiEZEY 75 84 80 89 80 95

P H 4 76.6 832 76 874 774 9438

FASEESER BT SVM, BP 1 & W 4 . ELM B 7
T, 0 S OB 1R A B TR B B RO B A R
Sk 76.6%,76.0% F177.4% , AR T 80% , 0
PR iR R S [ K (AR g =l (O 2 | A S o 1| s
83.2% ,87.4% 1 94.8% iR AN HERG R Wik = . @
ib 3R Ay BRI R AT S AR 0 S 0 o i
T 2 (48 S AT RS B R AE , 23 8 1Y U 35 X RRAE £
BUEA U, & AL RS K B s/ B8 2, L BE A% ]
S/ U B[] >fe S B v v 2R A R

LIRSS R T T R AN RE A AL
WS A7 RS T 45 18 1 R 3 3 € T HLRE 08 HERR —
T A R RIS T A X 2 S TR s ), B R A
RS BT B AERR . X T 1Y 2 F 3% JE R FH AR R 1)
A B AR BOR [ 4 2848 0 U HE AR R Ak
3PN o

R3 BESEEENARSEFAANERE

Tab.3 Recognition accuracy using different classifi-

ers for multiple blockages in the pipe %
o SVM BP ELM
BATIRA NS PO JER . .
v v = 1 3 el £ 1 5
40 mm+LC 65 70 66 75 67 78
55 mm-+1C 67 73 64 73 68 75
40 mm~+55mm 65 67 73 75 65 83
4 [~
OmmES MMt oo s s 57 56 62
LC
P 2 56.5 58.8 58.5 61 56.5 65.3

WM A 2 IS ZERT 3T SVM,BP # 4
W 2% VELM 4 J7 ¥ i 3% 157 19 15500 °F ¥ 25 3L 43 0 oy
56.5% ,58.5% F1 56.5% , &BAK F 602 , & {4 I 11K .
B R SR BB 04 7 0 A 1l 2 B 3K SE AT
R, HL 7 245 5 PR A A, B B R S R
WA, RO R T RS 6 T 2 I R i g
YR =38 PR AE R P U R B i A R
W5 KW RS, M LUK A3 28 U017 HER 198
Sl A e AR X n] £ v 22 R B FE A I A4 U v
IR

4 LEFRIF

BN ERIERI R IS EReESE SN 2NN
NI O S A AR AR ORI KV E
FE T3 LKA BRSO T s A TR 2
4 1 R LB, 3 o 0 28 UM R A 30, 2B PR Bt — b
T LR 1) T3 1 oA TR L A 3 2 AR A
o0t s BN D AR e FUA R g 14 A A I 3 R
o A TR £ M A B AR B R R T A
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PR UL K AR B IE ol RS TR A
M5 BAF R AL O VR 2 b 4% 1 15 R B+ 4y
REEMVER o X IE 8 75 2405 5 iy A — R 1E 1
P AR S U AT R AR e, X BRS04
WG, e BLPS TR 2 7% e R A 550 DR & 15 5 v e ke
BT IE AT 0 R AR 8NN [ 32 4 7R 3 22 18] ) X
. B MECC B IE 2505 ELM 4 25 % A 4%
A, RE RS E 0 M N 75 A MRS 1 75 2R A S TR R O
FERFAE , A R R ) N R R A gE . Hil T
A IS A RTOR I PR BT 1 A Ak A5 BT AR BR B
W A TR AR R R R AR X T
T8 B 22 T3 JE N A T Bk — SRR 55, A
F6 LT W7 T < I 7R A 2 A A T P i AL
PE AR, N7 P A R R R R b SE T Rk T A AR
) s, BIF 5 = 3l g 0 4 AR D o A R R
e, AR R I SRS EEENES,
BRI EZITRENNERNSFER . B aTE %
JilE S B 2R R R BE R A 00 A R S AEAR
[ 45 3 1 s 9 B A% 4 O X

z % x #

[1] DATTA S, SARKAR S. A review on different
pipeline fault detection methods [J]. Journal of Loss
Prevention in the Process Industries, 2016, 41:97-106.

[2] COLOMBO A F, LEE P, KARNEY B W. A
selective leak
detection methods [J]. Journal of Hydro-environment
Research, 2009, 2(4):212-227.

[3] HKT, H—Hg, 3552, % P9 2570 45 K4S T8 A8 T P A B

FALT]. %k 4E7K, 2013(S1) :497-501.
GEN Xue , TIAN Yimei, PEI Liang, et al. Applica-
tion of acoustics in leak detection of water supply pipe-
line [J]. Water & Waste Water Engineering, 2013
(S1):497-501.(in Chinese)

[4] M6, HJa B, WRYLH, 5 . S0k LMD B s B 4558
JEE R BCH T O [T ). AR R, 2015, 36
(10):2215-2223.

SUN lJiedi, XIAO Qiyang, WEN lJiangtao, et al. Pipe-

line leakage localization based on LMD and high-order

literature review of transient-based

ambiguity function [J]. Chinese Journal of Scientific In-
strument, 2015, 36(10): 2215-2223.(in Chinese)

[5] cxEM, sKRER, SCH, 5% KI5 55255016 F

Z¢ B2 A A KA I T O R IR LT ). AL AR AL R AE IR, 2014,
35(6):1223-1229.
WEN Yumei, ZHANG Xueyuan, WEN Jing, et al.
Identification of water pipeline leakage based on acous-
tic signal frequency distribution and complexity [J]. Chi-
nese Journal of Scientific Instrument, 2014, 35 (6) :
1223-1229.(in Chinese)

[6] HJRFH, 24, PMELE, 5 JET EWT KATHIAH C 73

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

AN B B BUMIE R A [T]. R 805 vh i, 2018, 37
(14):122-129.

XIAO Qiyang, LI Jian, SUN lJiedie, et al. Micro leak-
age detection of pipeline based on EWT and fuzzy corre-
lation classifier [J]. Journal of Vibration and Impact,
2018, 37(14):122-129.(in Chinese)

BT, R R, BRSO S s O B
He i) Hilbert 3% 3 #r (1], k3 K512 17, 2009,
29(1):10-13.

YANG Yu, HE Yigang, CHENG Junshen, et al. Hil-
bert spectrum time-frequency analysis using maximum
overlapping discrete wavelet packet transform[J]. Jour-
nal of Vibration, Measurement &. Diagnosis, 2009, 29
(1):10-13.(in Chinese)

AER, B 5T/ A e 5 A B A 7R S B
ARECREZ W T]. SR g I 52 W, 2012, 32(4) -
640-644.

ZHAO Zhihong, YANG Shaopu. Fault diagnosis of
rolling bearing based on wavelet packet transform and
sample entropy [J]. Journal of Vibration, Measurement
&. Diagnosis, 2012, 32(4):640-644.(in Chinese)

LEE C, LEE G. Information gain and divergence-based
text

selection for machine

[J].
Management, 2006, 42(1):155-165.

BJORKLUND S, SUNDBERG .
between subglottal pressure and sound pressure level in
untrained voices[ J]. Journal of Voice, 2016, 30(1):15-20.
AL-ALT A K H, DEAN D, SENADIJI B, et al.
Enhanced

combination of dwt and mfcc feature warping in the

feature learning-based

categorization Information ~ Processing &

Relationship

forensic  speaker verification using a
presence of noise and reverberation conditions[J]. IEEE
Access, 2017, 5(99) :15400-15413.

HUANG G B, ZHU Q Y, SIEW C K. Extreme
learning machine: theory and applications [J]. Neuro
Computing, 2006, 70(1) :489-501.

ZAO F. Condition classification in underground pipes
characteristics[ D ].Bradford,

based on acoustical

England: University of Bradford, 2013.

LOUATI M, GHIDAOUI M S. Eigen frequency shift
mechanism due to variation in the cross sectional area of
a conduit[J]. Journal of Hydraulic Research, 2017, 55
(4):1-18.

F—EEE M RTE, &,19934F 10 A
AL WA FEWFGE U 1 O E TR
R AR S AR B R R R T R
o AIE (1Y 1 3 A T A I 1 R U s
) ((z B R 2224 (A AR B2 10 2018
AR5 40 BT 4 ) SRS
E-mail:1934760845(@qq.com



