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Abstract

Water leak detection system is a system based on wireless sensor networks(WSNs) which detect a leak on water
supply, localize the leak position and finally inform a water management center. A traditional leak detection method is to
use experienced personnel who walk along a pipeline listening to the sound that is generated by the leaks and their
effectiveness depend on the experience of the user. Also making more successful detection, it should be processed at
middle of the night when people do not use water, as the result users have to operate the leak detection system at
midnight. In this paper, we propose a new method for the water leak detection system based on the WSNs and describe
it in detail. Leak detection devices which detect a leakage of water transmit and receive the result of water leak detection
with each other by configuring WSNs to improve reliability of the detection result. Also, we analyzed the sound from
water flowed in pipeline, proposed the pre-signal processing to separate a leakage sound from noisy sound. And lastly, It
is especially important to make a time synchronization with water leak detection devices that are installed on the pipeline,
we used 1PPS(1 Pulse Per Second) signal generated by GPS, therefore we could get a precise time synchronization. The
proposed system set up in Namyangju and performances were evaluated.
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Fig. 2. Water leak detection sensor installed on pipe.
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Fig. 3. Block diagram of water leak detection procedure
for DSP device.

<& TI¢ CCl100& o] &8ttt dfojl=rE e nga_a] Al
= TI*P] ADSI256 24Bits ADCE o]&3}e] 2

2 AZY gt AE3s A7 ARl =)= 7] 9
ow ASCEN/\H GPS EE5& ARgstlth AP R

UARTE E3l4 9¥ @i, 1PPSiss Hgez
o1 437) Slstel GPIOA B2 e Wt
S 38 FFUAYAE 9% DSP AA
oIk shel=R g 0 i
GPSE %3] Q& A7 gns
JopA)7ke] AER AT, 7134
dekel Al s ims}oa

CFEAA

He A

F o ks
2 5~250Hz tig el
+ FFT(Fast Fourier
B3},
I=x

oot

O
a
et

/‘Jig—

o
ta

-,
w2
o
o
2
N
-
2

tlo
Mooff
Y

i

|
ol
o

i

ol o
UIO 1
tlo

2

X
1t

A A
Sehe] Fap
[e))]
=

AAA i‘ﬂr

o= de o

o 2
fo -
>

ot K
.
=

[u—

»F
o

(o
A

[
ot T o o= T B

NCAPo.& ?Gi;}c’iﬂr.
22 7o Q)

ox
I - R N IR
W2 o oy 1B Y o

et

kel
A=

ks
o=



o2 Bekar

e

4. NCAPEZ|

NCAP 73 Fwie] DSPgA| o vl ES]
of HelHE st Ao Ass A3
A9l NCAP 49t WLAN HESAS ¥
goll o= Al AlEel] Adgrh NCAP
= CPUE 7= Ql&Abe], PXA270 =AM =A 200
MHz¢] 52455 23 gtk OSE LinuxE AHE-3H%)
o1 IEEE802.11 -4 < 7773} IEEES023 4 A
TAS Ad@c =g DSP Ak d4s7] 9%

3

o)
PA
q A=
=

DSP 1

| e ime syne |

Master NCAP

F AD DC 3 DSP1&
HydroPhanest [0 s = = D5P2 data

Cross-correlation

5 7 B EY

'Z\L/ A 57
{

Dsp 2 Slave NCAP

| s Time sync |

AD

DSR2 data
Master NCAP 3@
HydroPhones2 [

e

o 4
Fig. 4.

T X B@A S2f

DSPZHA|2F NCAPER| 2| &= ¢
Block diagram of water leak localization
procedure for DSP device and NCAP device.

% 4% DSPEA| 9 NCAPA 98] +54 ¢A
Ashe w2 Awe 9ot NCAP2
Z¥ F NCAPZtol| Master/Slave #HA|=
. Master NCAPell A} 7= A ghcha}

3l Slave NCAP2 AF4A19] 31¢] DSP 44|
tlo]E S Master NCAPO. 2 HAddl=
steh, DSP A= GPS9] 1PPS 21358 7oz
AallRl Alzbel] EAlel HolEE MET ko] NCAPL
2 A% e Slave NCAPL #4119l DSP A 24-H
FAlE o] E Master NCAPC. 2 A A%t} Fe
tlo] Bl 7} =415 cross—correlation $14HS 53}

B A S FAstL 2 AAE AA AEH=E A

SOl

AN¥o gy ol

g

]
ol A

3o
= =2

oh 4

MMUEIE o/t

T OEA ALH F4E 9
ste] a3l AHEY afolnh Fuka JYelM Al

10 o 2
o
=
(m
il

o

o
=

®
o

of
S5
=

= o rir
N
=
Ao
-3

L
| — Averaged Threshold Data
| A ! — — Water Leakaged Data

Fais

Frequency spectra of averaged threshold data
and water leak data.



20114 58 MASEe

Master NCAP Apale] 319le] DSP X9} Slave
NCAP®] 3}¢] DSP A 258 H&H *’F g A
& Tste] F 1035l 83 ol 7t AT B5
HEH o7 F7F HAg Ao w ek

IV. &4 I Xl

Master NCAPI A

L w43
HAdsH DSP AR 2 7 HoHE A3}
AAE B %ﬂﬁ e 2" 63

TDoA(Time Difference of Am'val)mE Olﬁfﬁu}.

Q

-

=

=

Lo
o & rlr o

—{ﬂ

} A ZE X}O]—g‘ o]-gsto] FF $14]
TDoA & A&atA 317 918 71%

Aol A EAlell 22 ARt Hlo]

=
=

Moot BN g oan o
N
°

N
N
2o

DSP A7} M & "ol
s37) f1aiA GPSOlA Alw
3t} IPPS Aa& A2 T2
F dgjd o e At 1
Aot o] Ha AE
Ao ZEE Aol AER S AlZETH
Y2 2KHz= 2048719) datas AEZH 3to). 24bit
ADCo]7] wjiol 4byte word® A7ste] @A to]E
Abo] 2= 8Kbytes”} ® T} Master NCAP A=
ol Al ]Ei 7P -’F"]ﬂ‘ﬂ cross—correlation
& }oq & Tt
3% §sto] T

o yo
fr X
==
.|
w2

g
wn

Nz g

=

o
mlm

=

T 7<]

}0

w*(t—7)dt (

—_
~

w(t)E Bro|ERE #13} #2014 AZ

4714 v(t) %
th R, ()9 Tz Hrejgh

g tolEfo] = =

Hydrophone #1 (‘) Hydrophone #2

| —

=0

*

Piped
water
)
L ‘ L;
D
a8 6. F7 9% FH(TDoA)
Fig. 6. Schematic of water leak localization(TDoA).

==X H 48 # SP H H 3 = 129
79 Ftol F A1&9] TDoA o|t}. AAZE Hr} 4egh
1% F4E& 9Jske] Fatelol AAA DSP 25H AE
F delEE AF wol 75 Alste] HAF gro] 7,
7F €k
T ARTH stel=RE #1749 A L2 T

& 4@,6,@ o ddtel T = Atk

T,=(L,— L)V 2)

,_.

oy tlo

»

g N
[

o, mg

oo i N
o N 2|
==
>,
X
W =
i 1§
oft L
o b
> B r{r
=2
)
B o
(i ofl

rir oo
&
fo

ol
rid,
£
o
>
fol
1o
)
=
Ip
b

=

=2
N
-

i)
i
N,

ot
2
=
ACh
ful
il
ful

o 1o 1o off

N o ©
o
=
rlo
(VY
2
=)

S
>

B 1% o o
o
Y

P2 Ko
Ib
bt
s

Yoo

2
fetl
mr Ho
>~
>
S
o,
=,
(m
il
mU’.

i
=2

iteS

2
2

M2
2

w4y pg o Ay
[ms)

AZEA ](dlfference eqution)
—z[ln—1]22 YeE £ gloy hlgh*pass
filter 54 7HAT, 3 Fgol9le] AE RS
ezl $18) 50~250Hz e S 54*]717: band-
pass filterE® At} Band-pass filterE 3171 23}
= 29 79 (o)A = AP Als A &

PN
T A



130 MMUERIE 0|8

Hydrophone #1 |

i i i
1600 1800 2000

I
T80 800

L.
740

Time{Sample)
ag 7. (@) & XEM ME2E HolE, () (@) 2eh
=o| AdREES =l (¢) F7=0 iLst= of
ofo| Aot F&E3H OOl (d) (0 Zef=2|
AR ES =
Fig. 7. (a) Hydrophone datas that sampled from two

adjacent points, (b) enlarged view of graph (a) ,
(c) signal processing data about leak noise, (d)
enlarged view of graph (o).

T T
x4 3-:—| 89 samples
|

L
2000

o

Samples
a2l 8. Cross—correlation ¢4+ Z 1t
Fig. 8. Cross-correlation result.

n
=
=
(o]
o
90
91
Samples
a7 9. Cross-correlation @14kl AlZE X[91 M E0f
st sl
Fig. 9. Histogram for time delay samples of cross—

correlation.

Hojgrol et 9t FA0A HHem s
gl $1Aolth. & BT A

T AAHZ ANZE 445msec’t ®ok

i

+

F

o]

o A
'I'IAJ T

2R AIAH

o
4>
riok

1163%44.5m)/2 = 51.1m = A A °F 5lmel A9

o3}
)
S o] 838} cross—correlation
FAE 7|Fo 2 FHgo] YEds AE9

Jepd

c

=

O,

5

o

[

Tl

4

i)

o

O,

b

i

BN

4

=

o
=
o,

4n
r>~

=

m

o

to U
il

o

I, ofo
o

c

i

T,

o

ofo 4

s 5 P

o

> o f
N oo %o B

ol w

—_ OH'\ E _N ~ ‘D’ FU>~
e N ol o AE o=
oL off ol i rlr O K1 ox ol

ol
Joy &
N

ol
= =
)

9
Y
o

X

:

O:

l

H

)

2 1%
> o,

> el

)
o
= %
N

>
S o oox g
{0, o Lo

o
o T
2

(o3
o

AR

g
<
@)

M se ook o o meh

>
[>
o
o ©
o
m

>~

[] U5 e Aze 7349, 084 u-City
A Al AR

[2] €34, (2008)3r=87A 2009 (%&~3}).
[3] JC-737, AAH A FrEA7], A AA Yo .



2011 58 MXtSee

[4] d&= 37538 H11-271168.
[5] Zcorr, 434 +4927], RADCOM (%4=).
[6] I Stoianov, L. Nachman, S. Madden and T.

Tokmouline, “PIPENET: A wireless sensor

network for pipeline monitoring,” Proceedings of
the International Symposiumon Information

Processing in Sensor Networks(07), pp. 264-273,
April 25-27, (2007),Cambridge, MA.

[71 L. Zhu and J. Zhu, “A New Model and its
Performance for TDOA Estimation,” [EEE
Vehicular Technology  Conference, Vol4,
pPp.2750-2753, October(2001).

[8] ol94], €&, “MlH-FA &S o] &3 F
FAR B2 dagls N AT, 203
7, (2004), 9871 A8E3] ) pp.798-803

[9] Ross E. Bland, “Acoustic and Seismic Signal
Processing for Footstep Detection”, B.S., MIT
(2006).

z = 2l Y)
2000 arE ot 7] & s
sH AL 249
2002 ot WA SFE
2002 d ~d A ¥y digu dzp
Hire &gy vk
2004 ~2009d ()& H I AdAFY
<FHARE OAEA T A, AWt = Al =]
AU EHT>

I i |

==X M 48 # SP H H 3 = 131

o T M A)-IAA R

19879 mel st A 4E oo
34}

19891 el o shal g o
42h

199941 ¥ o A} et
AR B4 T8t} uha}

19899 29 ~19994 8¢ st dAFAlAT A&
274

19999 949 ~20001 8¥ g stul 7 d7AL

20009 99 ~ A el et 714 5
SEEEEE RS

<FRATOF  BAVEAT A L AR

F4 ATM, A4 E9) 2>

’



