%395 #1744 E 4 K HE K Vol. 39 No. 17
2023 49 A CHINA WATER & WASTEWATER Sep. 2023

DOI:10. 19853/j. zgjsps. 1000-4602. 2023. 17. 008

ETNIMSRABLMNSBIHKE BRI

RARA,  ePIEE, WARI, eRF R, Ak
(1. 3o Ky BEAIAEFR, T N 310058; 2. i K5 K=A% S 5N
s, T E3 314100)

W OE: A REE RIS AEMN R F] FEE AR P, K T @Ik 15 5 o aHR AR
AP MR T RIS S B F IR ARA KR ENRERFIETHRITEL DA TR FET L
AR A 6 B SR AR, B N B A AR AT 2 W 4, I AT W AR AR ATRAL, AT R T R A
A, EREY, KA MK 0T A F S 97.3%, AR RA R EAR 46 RIS 5 R
TRE L 69 T 2845 5 T 3975 F 5 51 4 91.0% #2 92.3% , B & RIFI 4 Wi R ik . A L@
Bk F RS Tk PTIt hay i B F S ey o

KW BREHE; RSUEN; MRS, EARAZM%

FESES: TUIL XHEiFRIZES: A XEHS: 1000 -4602(2023)17 - 0053 - 06

Leakage Detection of Water Supply Pipeline Based on Time—-Frequency
Convolutional Neural Network
ZHAO Lin-shuo',  YE Guo-xuan'?, SHEN Yong-gang'?, YE Zi-hao',
ZHOU Yong-chao'?
(1. College of Civil Engineering and Architecture , Zhejiang University , Hangzhou 310058,

China; 2. Innovation Center of Yangtze River Delta , Zhejiang University, Jiaxing 314100, China)

Abstract:  This paper designed an automatic identification model of leakage signal based on
ground vibration signal and time—frequency convolutional neural network to solve the problems of
misjudgment, time consuming and low efficiency of water supply pipeline leakage detection. The time—
frequency image containing leakage characteristics was obtained by continuous wavelet transform of the
collected ground vibration signals, and was input into the convolutional neural network to optimize the
network hyperparameters, and the leakage identification model was eventually obtained. The average
accuracy of the final model in the test set was 97.3%, and the average recognition rates of the leak point
difficult to distinguish by detectors and the suspicious signal near the leak point were 91.0% and 92.3%,
respectively, indicating that the model had a good ability of leak diagnosis. Compared with support vector

machine, decision tree and other methods, the proposed method had higher accuracy.

Key words: water supply pipeline; leakage detection; time—frequency analysis;

convolutional neural network

HEeWE: BEXREBAREESEZIMAB (51878597); EBREAMAITRIIE (2022YFF06069003-03)
BEEE: BN E-mail: sygdesign@zju.edu.cn

- 53 .



%3945 F17H

OE 4 K HE oK

www. cnww1985. com

T T A — R TR (A ol v o ) R R
A%, 23 UK BTN % ST R R Bl s e AR
G, R R BUOFHE R s LE . H AT, U
R MR A% [ K 55 28wl e W BT % 1%
T B AR UE ML RCR IR T Ll N2 4, 3% 3
WL W5 8K, ELAR 2EFE B R B ] —
LA, 2% [ 2 2 R T T 5 A O 1 0 A i B A
PCEREE i TAR 2 5 B M4 AR o Hunaidi 58 A28
O SR ia R Ui b N R R PN A S
FRERMN GRS SR xR I G R
T B A5 5 R AL TR F) L, Gao 55 N4 M T 9 R4S
IR ICHTRIRL . Yan 55 AR IS A 50
A SR M T R B 155, BF 9T T AN [R5 I [ 51
TIAN T A IS TR S i 155 S0 i 5t J38 00 itk s Y5152
BRI, DN IR B0 05 L et 2 02 7 T
HAH

RIS AR T RS 0 4 T A A E A
AT T , (AR R AN R o 2 AR IR B Y
T3 12 AT S A S A T ARSI, 1207 VR A 0 X AR R
ST RO R R B TR S A B SE
oo NS R SORF AL K= 2845 HL
e I LR B RS T RAFRCR Bl
I U g A T R o R T BB B4
BUR 22 M 45 (CNN) 43 Bt 7512 -5 W 5 6 e 5 AR 1)
B, R TR TR I 2R AT B T2 PR TR S
BB 22 R 45 H A5 A SR BURMIE Y RE ), KOG Tt
TV RN A R 5 35 B 22 I 265 1 TR 5 1 2k
UM HEACE I8 SR B UM A5 J5 T BAT WA

T AT & 5 e —4E 15 5, RO LAY 2 75 i
AP A5 R, S B T A ARM 22 I 4 ) T Rl 2
RIFAITE o Kang 55 N HIESE T30 T —4E 15 5 ik
P RO SR AL 2R B T o A B,
TG T B R BORAR , 1 A T R R LR 22 o
U TR Z AR BB E SR v, TR, DS Ik A 2
WA AR5 B PURME AR 2200 DU SR A3t 4k
A~ Y B2 Ak PRAE 519 75 12 B AT LAGR B A5 5 A I ] 342
Zedl, 3OnT LA 2 58 B i B0 5 T 0 BRI 1
SRR SEH B TS/ NP AR B R B A 5 AT
TS AT AF ) T AL AR I AR B AU B
RIS A8, ) A AUl 228 0 248 50, 35 Tl R T )
PR AT ISR, NS 3] T B8 A s k2 Wik
A P 5 A TR

1 FHEBMGHAERNZENL
1.1 BEFEE/NETHNE RS

T B /N AR i — BT Y2 3 FH A A B
Gy BT, LR IR G A — R R N FETT R 5 i 1
KRG BRI /N B A R . AR IR T IR s A
L BEL I AR o R S R R A IO /N e — o 2 4
A R A B AT AT 1) AN B0 A
JEXFFR, I ELRRLEIT )4 o 3% 22/ INp AR 4 v UK S
N RE RS ST RN T B 1 JR TR AR A 7
R AT ARSI 09 53 B3 2 BT AS [RDBUR 0905 5, 7
Oy M TR AT B A S i, T AR v At ds 43 SR R A
I BT o B . AE o BT IR B 5 B, R A 5
WA 53 HEAR VIR SR o3 903810 i B/ N AR e 1) 1
LD,

CWT(z.5) = ¥!(7s) =

(1)

Kz BFEBHETF ;s ARIERF2(0) MES

B 18] 1 81 5 W oA /NI 3 pR B0, ARE 9 R T 0 B
Morlet /NJE , WL (2) o

1

Jf,

o, AR SR GG 5 f, AR 5 R
B P=-1,

1.2 BTSSRI N %

I 5 23 A3 B 22 J5 A5 B A e 4
R Ry A B 22 I 28 B DI R0t 52 o A5 B 22
28— PSR B PR BURHIE I H B A I B 2 Ty
P2 g, 4 38 m AR BOE R ik E 4
AR O RIZH M AT 2 W 28 e A% 0 1 43
EGRZ G RZER G T 5 Bz S 4
BURRE , HE F S HON BB RN B DR
WA BB W 48 P REAR KRR B e T4
FUAZ A, 2 B 04 DR /N RIS i P TG 2 52 )
FRAE & I 2808, R /IN3a o A1 88 0 RN 46
FRAZ A R F% 3 14 B 2 5 15078 AT 2L A Ofe 81 35 i 11 R
oF . BRIBHEAKIL(3),

yi ' (m) = W x «'(m) + b (3)

AP WO Z i A P RAE 5 0! 0 fi
o a(m) WE L2 E m Al B WA
y! T (m) REEL)Z S m A 38 T8 Ak S TR R R 5

,[3
efihe}nif‘t

V(1) = (2)

- 54 -



www. cnww 1985. com

AR, 55 H T B R K AU 22 ) 4569 4 KA 3 R AR A ]

%395 % 17H

[+ 125 m AN AL A

SFF# AW, xH xC, 5w, H,.C,
3 A A U S8 B v B GEE R, St B R
BEE,ATRHEE R W, x Hy x C,, W (4)~(6)1,

Wo:w*'l (4)
HOZH’"%M+I (5)
Co=n (6)

K on HEBL IR ;5 ¢ 7090 8 8 U Y
Vi LN B 55 SRy 2L 5 p IETE RN
2 FHIHHT
2.1 MEHIEE

i TR A AR R T 2R TR
[ LB 1 (a) | XA e bRl B [ LA 1(b) 2%
T REWIEZ o B Il LR m N
(FF & THZ R /RGBT Tt 55, 5
NIRRT R R B TR 1 m Z AT RENE S, E X
T A BT 5 TR ISR 1A I IR HOIRAS O K A=
T dh) 9455, 8 SO IR s TR B A I i, 717
S B BINEFS BT, AT TR AL T A 7S R
AT R A5 LA AR N TR S, E SO T
PO s XRARAF S HE AT FUAL B, K SR A2 B4 Bt 5 i
T P8 B At A A R R E 0~2 000 Haz, I Hi 4l U171
BLUA T s R BRI SO IR IR

T

i 0

b. SEERIAR 27

E1 BIEREHM
Fig.1 Data acquisition site
BEBIL A B 4 A28 0 % Ak B A 5 R A B o3
B, S TR0 5 S B IR AT A — b PR
3 2 A 5 — A {5 e 1 9%, A 2 B .

g TY TR T R YT T T

i gt
1o 1z
ﬁ_@ 0 ﬁ_‘] 0
S i N i
= 1 w = 1

0 0.5 1 0 0.5 1

tls t/s
a. It b. I T

1

E E
20 2
& &
o 0.5 1 0 0.5 1
tls tls
c. IEH d. Tk

B2 BHESHER

Fig.2 Results of time domain analysis
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Fig.3 Results of time—frequency analysis
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Fig.4 Leakage identification model of time—frequency

convolutional neural network
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Fig.5 Experimental results of network hyperparameter
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Fig.6 Feature visualization results based on 7-SNE
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