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ABSTRACT

In the water sector, various data such as flow rate, pressure, water quality and water level are collected
during the whole process of water purification plant and piping system. The collected data is stored in each
water treatment plant’s DB, and the collected data are combined in the regional DB and finally stored in the
database server of the head office of the Korea Water Resources Corporation. Various abnormal data can be
generated when a measuring instrument measures data or data is communicated over various processes, and
it can be classified into missing data and wrong data. The cause of each abnormal data is different.
Therefore, there is a difference in the method of detecting the wrong side and the missing side data, but the
method of cleansing the data is the same. In this study, a program that can automatically refine missing or

wrong data by applying deep learning LSTM (Long Short Term Memory) algorithm will be studied.

IIHE
LSTM, $EdolE], £ZAZ dolE, ey

= 2 Ao FEelold 3 4 AT + 9
] = 2% olguolElel EA s BAstu
FEAZRAE 2 AW 34 dolE $H [ oae ma o2 A4S - gl W
< 98 A5 8 E71"C RTUE A8t & 610 aaag
gstx ok 2+ @AW RTUAA 38 =0 s
olEl WM BEDBE A HEHom BA

23707 ASRE 7 208
AN e olalolEl WA 4 3o

- 501 —



SIERHEASHS| 2017 FHSEEHAS
. =2 =2 E e oA @tk g 93wolE e 2a o
Rg BHaly] YslMe Y dolE 2 opje} ¢
2w BofoA #5Ee FBIAE =230F HE ool Ak A

Q
E7l DBl A&7 @1 etd AE w9
o= HolHE 2477 59 o 2
o] obd gkol DBel A4
©E AZe AR gold WHOR, oF 7
s Ael= elt YUk A
Hlojgls TR HAo R oS Ha 4
How Fol golsth Leju o =

el dolE7t g MSET JBAAE 7}
al ),]7] IIH“F‘ —%—3’4- ZE]'O] I:/__}_{E T—‘El]—/\u OEL:]__Y_FL]

ol
o= el HEskes Aol

2 =R
ol AolE 134717, AEAF, 2229, 7]
2A Qlate] Wus BE AZE zow

A 493 + g A
AT A% F gol WA e Ao
WS AAY S Qe gow BuY
Wae o, men olee
Az"el gAS] AsME 2t
Aol e shefo] M= ook Hrh,

2377104 dolest Z4HL FUANE
o2 A%sol DBl HFHOE AFHI] 7

1
L
tio
AN
o
o
ox
£

OH
o
i
O
iy o ™o

O:

1

Thek ARolA oldolEZE B £ T
AZ90] 7% DB Aol A=Ho] Qe ?ﬂ°<x
T Z2&, Query BHHES B &4A AEE F
Aot dFFALFA B AEAe 20159 7HR
H 129714 ¢ o/l €E 7t A= dHolHE &
st B35 A3 HHHOZ 1.05% AFES
Ueby o
E 1L 8254934 BISY 458
= A4 4z [ AZ3g
AR FEE | woy | deld | (%)
15.07 | 49,505,760 | 49,501,324 4,436 0.009
15.08 | 51,056,155 | 51,053,937 2,218 0.004
“15.09 | 51,594,881 | 51,495,416 99,465 0.193
1510 | 52,389,666 | 51,793,729 | 595,937 1.138
1511 | 50,852,552 | 49,671,247 | 1,181,305 | 2323
1512 | 54,317,328 | 52,953,110 | 1,364,218 | 2512
3 Al | 309,716,342 | 306,468,763 | 3,247,573 | 1.059

39jo] el HolH7t HS5HE &
Aol AZdelErt 2A4E L, 0131
HE AFoz AAsr] fsiA A4
TAE d1gEes H8E
BAstE e 253 2F0] Ea sttt
L=t olH = ol
th. DB e Rl F3+e AASAY, AAtew

Sapel ] H5HE HolHE A &% £4, 99,
8l 9 Az e - e ﬁw E40] 2
Al ) Wi QEao g BUY 5
gk mebd mesel “as A
el wlole 2zt

}-o
Ay
&

JlN-
o

-L~
fuj }.o
e
[m

_Ol O& m-N
A "o
1%
_’ﬁ
re
i)
i
rlr

fuj
[
Py f
o
X —
i
oX N
to 71
M
1%
[0
o
rr
i . -
o
ofy
oo
o M
P

o) 1-'0
AN
o
m
i
_(?L
N
do
=

s °F

o

fo f

a= I )

o

as)

e
m o
ot

i
o
op
of
ol

o

2

%

ot
= i

w

——

X

o
2Me
Hr o>
i e 4 o

el
o
T
©

i)
[e]

Lo
=3
N

r 2,
b
_O|£
£
lo
A\

S et

2014-12-30 <=

8

H
2
i @
o

Qe 1L B g=oa &=9t
AgE HES Holn WslsteE As
FFe A% FERs wel o]

9 B E 7}_5/\]7]1_ ]

*1, w12 270 ﬁﬂ 7}51‘44 e ‘%1%04%49% ‘?Jé‘fﬂ
HENEE FAC BT s vlolEF H=
Wgtel] wE g wselx] A S48 HolE ]l
TS g ek oS W2 #7, #A 8sk
% 2203 5A4E& 7= HolE 24 Alells A
=7F =AW A 5 39k 54 ol A48 A
?‘wuﬂ Hashs Hol ok 53] 29 Hat
=5 Yells ARl 5959 A5 Aol 4
she 54 oFF fol= ofF wavh @ob dEFRl
Aol dEth MM & ATelN 255 HES
3 z+ o 13]0]151 B A BRado)s Asiel
& 2Iehs A4 Lol Al
245 AdE % A z2O8e IA HAs
AARER TAHH A AEEEANAM
== HolEol wal FAdHAE 2osh=
Fo® Aty FAnsE AL

r hon um
Main Program |‘—'| :RNN'(’Lyél'M) logic Matrix Lummlluq
T
7. EfNumPy
L e # python —_—
A

Theano
:GPU computing

hin

‘_\IEA
[ex

_l
o

ﬂ

-

o L

=3
o4y
2

]
T

o rr o




- AZ FAEELS Python 7|Hro 2 THEHSY
om, &g A4S 9|3 Theano ¥ Keras 2}©]
B E AMESAT AZF77A SAHEE b
olEl&E AlZto] EEd wWE AAEHelEelH 1
AAGl e Aol FHojof 7] wEol
RNN A%< LSTM(Long Short Term Memory)
dugEL ALSAT B4 98 B AFH
25371 Blzoll disl 3/0¥E(16.7~9) & <53
o AEE 93 16:d 12€¥0 =AHE HoHE

A3t

a9 3 LSTM ¢l s shaddt 45

9o azE 16d 12€ 19¢ kb ¢
FET F5EE FEAHEH ) NA TS o=
olHE AHAT mFolth AP 220 HHY
AA Az A A% zre] ¥ FAsHA
EAHE AL & Atk @A el ARgSE
ol 3/Mdeln, FF I571nE 52 A
AA AE=IF S Aoz JdEn.

=

R=R

-

nm. & =
SZHolg oA T 5 3

B =RoME =
olElolHY ASFH 259 54 9 HAESUWH
e AFE AP
ol EAUA ¥ge &
A HEE & do. 28U 255 HE3H7] sl
AE 47t dlolE EA <
AHHIE EE3I LSdoly ¥

1=}

X o
%0

[e) [e]

HHE dolHE H#Y 7Nty FAREZ A
Ho] LSTM €1 elEe 53l B35 DBel A
ZHEth LSTM £4& 9% &5 Al B AF%
25371 Elze) disl] 378 dlolEHE AESIA
o FF g oy BES SUMAE A AAR
E9 A=t F4E agd=E, FA
St 28 AZE JA A FUE7] wEol st
28 A7 GaEE FEE Abole HHX | O
gt F7HEA o] Hasith 7S HAHS AHEE
23 L=HoHE HEI= WS F&39A

>

W FF AFAATY BF dnHFS B 2
%, A%, A4 dolHE RFse AE AATH
AA BATL olFAAE A AADeE T
AL BHste] FASA =W PEREA
Aol o gobd RAog EAETh =3 27)9
AFAAD] U 8T ANEEE BA)
913 GPUE =9dtHd &% FEdolee]
opgElolE BElEEO] Hr|How Fopd Ao
2 7€
D2

[1] J.Quevedo, "Validation and Reconstruction
of Flow Meter Data in the Barcelona Water

Distribution =~ Network,"Control ~ Engineering
Practice 18(6), pp. 640-651.
[2] Joon-Hong  Seok, "Abnormal Data

Refinement and Error Percentage Correction
Methods for Effective Short-term Hourly
Water Demand Forecasting," International
Journal of Control, Automation, and
Systems(2014) 12(6), pp.1-12.

[3] http://deeplearning.net/tutorial/Istm.html

- 503 -





