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WATER SUPPLY PIPE LEAKAGE DETECTION BASED

ON ACOUSTIC SIGNAL CHARACTERISTICS

ABSTRACT

Every year due to natural factors such as pipeline corrosion and geological
subsidence and human factors in urban development and construction, urban water
supply pipelines will inevitably leak. If pipeline leakage and leakage conditions can be
discovered in time, a large amount of water resources will be saved. Therefore, water
supply pipeline leak detection plays an important role in the entire system of
monitoring the water supply network. Pipeline leakage detection methods are mainly
based on two kinds of acoustic signals and non-acoustic signals, and mainstream
methods based on non-acoustic signals include flow balance method, infrared thermal
imaging method, and model method. Due to restrictions imposed by pipelines and high
precision requirements, the current mainstream detection method is based on the
detection of acoustic signals. Earlier adopting the listening method completely relied
on the experience of the workers. The main research contents of the later researchers
were: 1) The analysis of the position of the peak of the vibration spectrum spectrum of
the pipeline can be used to determine whether the pipeline is leaking. However, this
method works against the spectrum of the leakage signal. Similar narrowband noise
cannot be discerned. 2) Combine training data with signal decomposition theory and
machine learning algorithms such as artificial neural networks to discriminate leakage
signals. This method is highly dependent on the amount of data.

This paper proposes a machine-learning-based leak identification model

specifically for small sample processing. The specific content includes:
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(1) Analyze the main form of pipeline leakage and the excitation source that causes
pipeline vibration at the leakage outlet in the event of a leak. Analyze the frequency
spectrum difference in the presence or absence of leakage and the effect of pipe
material on the time domain and frequency domain of the signal.

(2) The use of Huffman coding for lossless fusion of pipeline signals at the data level
is conducive to data transmission. The LMS adaptive cancellation algorithm is
proposed to filter the background noise of the pipeline, and the signal is filtered.

(3) Based on the difference in characteristics of the leakage signal and the non-leakage
signal, after the empirical mode decomposition of the signal, the average power
spectral density characteristic of the intrinsic modal function, the approximate entropy
characteristic of the original signal, and the principal component of the representative
signal are extracted. Simulation analysis is based on the leakage recognition effect of
single signal features at different signal-to-noise ratios. Then combine multiple feature
composition feature matrices, use the binary support vector machine to train the data
feature matrix, test the trained network with known signals, and improve the accuracy
by optimizing the network. Finally, the optimized network is used to detect the actual

water supply pipeline discriminating leakage.

KEYWORDS: water supply pipeline; feature extraction; Support Vector Machine;
Empirical Mode Decomposition; Approximate Entropy; Principal Component

Analysis
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Fig3.3 Decision-level fusion flowchart
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Fig3.4 Huffiman coding flowchart
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Table3-1 Huffman table of data

(R i (LS
A 0 1
B 111 3
C 110 3
D 101 3
E 100 3
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Fig3.5 Pre-encoding and decoded data diagram
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Fig3.6 Principle diagram of adaptive noise offset
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e(n) =s(n)+v(n)-v'(n) (3-2)
H 45 RO A A S RIS 5. x50 (3-2) Ml rIifs:
e*(n) =s*(n) +[v(n) =vV'(N)I* +2s(n)[v(n) —v'(n)] (3-3)
X (3-3) WISRGIEE, s
E[e*(n)] = E[s*(n)]+ E{[v(n) - V'(M]}’ (3-4)

TRV A R E A RS S IIE E[sP ()] ook, WA 2Bl 5 F 800 BT o . fir DL AR
E[e’ (M)] &/, Bzl E[(v(n) —v'(n))?] &b, Bl (3-2) n]1g:
e(n)—s(n) =v(n)—Vv'(n) (3-5)
B (3-5) 113, 2 E[(v(n)—v'(n))* 1 E/ AR E[(e(n) —s(n)*] B8 b B2 4H 5 S
s(n) (13577 22 FRBEAS [ 3 B M S HRTH RS 15 5 e(n) I35 ZE B2 I e/ o 3 1 aid
FEBAERPIRASZ V' (n) =v(n), We(n)=s(n). e H &g E 35 B SRk, ¥ un)
A S v(n) , KR d(n) Hv(n) JERREE, ARIEESem) P AAEHFERHES
s(n) » 1R R BT 23 8 A AR
322 LMS HENESIER
FE b /N R R B IE SR ARG RS T 8 5 — AN G A B IE R EE,
K5 T HIIE 88 RAUE BNR ZE B /MU« 1 HLUR FH B /N 5 iR ZEHE ], A5 5 (S0pE s Ak 3L
BN TR ZELMS) R IEE SR R A et G5 5B MANGE S, WERHES, 2
) 350 7 R 22 B /N2 e/ INB8) T i 2 B A — AR O 1 B LS4 ()6 B A i I P BV
BIAL 1 3 L Y08 I 8 PR R 22 A «
e(n) =d(n)—y(n) =d(n) —x" (n)w(n) = d(n) —w' (N)x(n) (3-6)
A x(n) HHINE T RE. y(n)=x" (Nwn) =w" (nN)x(n) A B &R S . mEAE
FREN)—Fhor ik, RPRE B T By BRARIRES T BORR B B F 34 75 1% 22 MSE = E[e? ()] BB
ERASTHEE RRARE . H B/ R ZEF R ER AT B R H LOR E G S e —
UOEAR B RSP AR B 3 5, I ARA 1R 22 R 20 E = E[e® (n)] FIBRE V(n) N:
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oe*(n) e*(n)  e*(n) i

YO =) aw ) w0 7
HERREILA, A:
-~ 0e*(n) ]
V(n) = ow(n) (3-8)
¥ (3-2) fIl (3-6) WA (3-8) 775
S oe(n) _ i
V(n)_2e(n)—aw(n) 2e(n)x(n) (3-9)
BOR T PR R RR B A
w(n+1) =w(n) + £[-V(n)] = w(n) + 2 ze(n)x(n) (3-10)

A HW () =[w, (n), w,(n), -, Wy, (M]" FARAE n RPN RBRE, ZERANGETHIREE
SR X(n) =[x(n), x(n—12),---, x(n—=N+D]", N NEENEHBEE, yn) MHEHKH, dn)
NEMANET,  e(n) NEMRHARGHWMEE, MREET. o ANEFH, g ARSI
To B/NITTRZEFE SR FRA 0< < A, BT A BRIENR S, b A XTI N R G615

T H R FERAT IR AEA . BFE T SD BROGPS

(D EEVIHEFMF: w0)=0.
(2) XTI A n =12, #HEREZH.
IR y(n) =w' (n)x(n)
®ZES: e(n)=d(n)—y(n)
BRI w(n+1) =w(n) +2e(n)x(n)
b g WSS KT T RIE SR A B R AR e M, BT A 0< u<NPin, H

1 Pin = E[X?(N)] NS 5 Th %,

323 M LMS EEE EEREERESIRE
TESEIOIAES R ) RAEFTEMIRE 5, BT N 1 5 = 5 R R R, LTk
FRAEDIRAS N RERNMMIRGE S1E AN EEN S HE RS A EHm B E S 3.7 NREFIN
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Fig3.7 Waveform and power spectra of the pure reference signal
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Fig3.8 Waveform and power spectra of the undenoised signal
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Fig3.9 Waveform and power spectra of the after filtered signal
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ENE ET X FFEENEEMREN G E

FE2R B M TR BRI KA 5 R AR R B DR i 3 BUE TE IR 3D IR K4S
T AU . AR SR = TR 1 T O A A 2R S B B B A S
&, A LMS Hi@ W= 1R R0 RS T P I R A 5.y 73R EUBKE 8 it
IS T S RIRAIE, Rl tie(E o SR T, WRMAENERIE, ANZIT5HsRUE
TR R IR L B . AT ESEMNE T IR BRI BARURE . 2R e iE
PR T REAT AR AL T =B USRI MR A5 SR [ A S eR AU T 2 T R
A, A5 5 TR AR X R K AE S I, 3 0 B A 1 AR I SR R A
a7 Mk T IR EUE S 1 2R AR 45 & SCRF R A LA VR A ) s A6 T 55005

4.1 ET EMD EIThEERE pY R

4.1.1 RRRESDRELIRIE

LIRS/ iR (Empirical Mode Decomposition, EMD) 50328 H Hi 78 TR a7z
FBINHE 508 B & R 30 R i, dEHE & TR B TEIRENE 5 1 AL 3200, T
BLAE S e — R W AT A [ A B AS B L (Intrinsic Mode Function, IMF) HIHE&EO, fE1RZ
THOL N AE 5 R AR HE A I ) (R AR AT AR A, BT DA SR a s e B Pt 45t SR R A3 Bk P 43 ) 55 AN
PRI HRE, T Hilbert 283 7 ik e 08 B AT IG5 5 BRI AR . DLAE ST & 1 7] 5 51

x(t), 33| Hilbert 454

_1p=x(@) ]
y(t)—ﬁLot_Tdr (4-1)
o3 AT BRI 2L
z(t) = x(t) +iy(t) = a(t)e"® (4-2)
ForP AR eR 2L
d(t) =arctan Yy (4-3)

X(t)
FRAL bR D 3 A R I A3 -
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