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Qo 7|ZQ WHER 26| 7|SE HAAIZIHE| 2t IUE YHdct= § e/t F2 2 WHo|2
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2 HoteHs 25 X2| W0l QRIX|E(RMSE)= 0.0022 7|Z W#=0| QXIX|E (RMSE) 0.079 Lt
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Abstract: Smart Water Grid (SWG) technology is an alternative to digital transformation in
water resource management. SWG technology uses real-time water use data collected
through a “smart water meter”. However, these data often include several outliers and
missing values due to problems such as communication errors. The existing method for
correcting problems in real-time includes some errors and needs to be improved.
Therefore, we propose a real-time water use data correction technique using daily
information to correct for outliers and missing values. In this study, results from the existing
and the proposed correction methods are compared and evaluated using the root mean
square error (RMSE) index. The newly proposed method has an RMSE = 0.002, whereas the
existing method has an RMSE = 0.079. These results suggest that the proposed method is
more accurate than the existing method and improves the correction results. When
real-time data on daily water use are missing, the average hourly water use by day is used
to calculate daily water use. The results of this study indicate that the proposed method is
an improvement over the existing method for addressing correction errors and can be used
as the basis for more effective smart water management. This will reduce the uncertainty of
decision-making due to correction errors.
Key Words: Water Resource Management, Digital Transformation, Smart Water Grid, Water
Use Data Correction
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1) 24 o4 HAZE SEAEE KR 7|2EAZ
[ m®/n]

& 37|zt Min (o} Mean (o} Max AZH|Ig
1 |2016.07.01~ 0 44.49 | 109.59 | 178.09 |12427.43| 8.45%
2 2016.05.25~ 0 348.69 | 27x10% | 1179.94 | 84x 10" | 9.24%
3 2016.05.24~ | -3122.72 | 270.54 | 565.32 907.30 | 1046.05 | 10.82%
4 2016.05.25~ | -b2x10° | 21657.78 | 48950.36 | 83522.45| 109036 | 10.38%
5 2016.05.18~ 0 42024.67 | 69x10° |146710.4| 22x10"% | 14.39%
6 2016.05.25~ 0 278.58 | 601.97 963.92 | 1304.28 | 8.49%
7 2016.07.15~ 0 783.75 | 1634.90 | 2485.24 |54224.03| 10.94%
8 2016.05.25~ | -21x 10" | 422.40 | -66x10° | 3149.80 | 12570.4 | 19.38%
9 2016.05.25~ | -0.05 566.23 | 1208.87 | 1714.62 | 32x10° | 7.52%
10 ]2016.06.15~ | -13x 10 | 3342.20 | 6411.19 | 10564.44 | 16453.97 | 8.11%

A BA FSPETE As o WAYUSA 3 V1= O
O| AR =

]
grol v SEOIA Sl #EUS AulshH, AR oA &
SA50] F=2 Bolfle -J7:°ﬂ g oA e B5 li g€ o]
A B 7S AR 715 EoplA Bt FHZ 27 %

!
A519e 1 4589 Hol AXT @
2 S5 A4S o] §3to] ol ¥
92 Bl 919 ARSIHSIIQR) AL AT ARSI
A IS0 A 34150 o]z Holum, AMA O AEES
Molo] 158 L3S 2T BEAL o4XE ol

AAXZF £ 279] AZo] HAYSH= A A|(mechanism)= AZ7]9] 1]
AR FHEL u]dA] AP7))olyg XS $& EF A A EF 5 &
Aere d2e wh ol A28 Ashs PHens £



B5E ARE o83 25E ARE AT & e #E M= Foiske
o]

Wo] 22 AgHo] ek A Ak gk W uhet
o, e BEHA, Yo FEWH SO FREKAREY

AAPEZHE, 2019). ol LAl AZWAY HA B BRI A AH
275 2AHE A2 olgstel BAGLOR AHEIE

Aol wet wAEe] WE-L WASEE AAHQ WA E4o]
SR AT B W4E 7ko] Azto] 8 90] HAHoE
48T 5 gt WHolth. WEh BRAL A BSARE D A
gA3 (mputation class) 0.2 Lol TEBIL, 2 Fuih B Toko]
1 20) BE AZo] g AR AESHE wholt. k) S8
AL A4 BEARE 2 A9 SR tiro] TR, 7 Fuhtt
2G5 PADR ShE Agstel 1 29 RE A2 ofd thAIgte.

¢

u
o)
-d
)
i)
SN
[o
S~
o
ol
rlr
pas)
|o
il
o)
oL
rE
rlo
=
_)‘4_11
o
T
==
‘
19
He
e
N,

LAT 98X 5= EAo] 9Jtilittle and Rubin, 2002).

Asd ¥4 FAAZHAMDE T8 R AR S AT AR

L BABARY 08 50 ol Qg 44 F7]0] %A SEA g
7971 WAk o] A9o] BAER YR AZo] WS, BAEY
A1 7)ee] 71 BAS 9L A0] 24T A9 24 Ano 41
Kol ol EAZ 7] o] BEH Helsk sl BAEF 4
20 422 Heb] A 712 WAL 2 Yol WAL SUT
A7ke] A Blo]ElE Yefste] TAsHs Wtk o] WHE AN &
22 SPE A7 248 Auo el 48 49, A Hol
4 Ao RsE AL FAT AZAolo] A4SH G0l A
oS o HASHE Zolv] thEe] Jrvt £48 oz tAY o

7t ek, whekA o]
StaLAl s, AAJ5)
AIAIBFLA} et

2 d7olde AR fHE ST 250] gjlE 49, |

e o



[e] . oHW|E
7tetet

1 9 Abagat W 2SRV SR A1) A3 419] dE -S4
o] Absgatdt 99

2. 899 Abevat W ASA7E DA A A 419 add
SAR g Asgatdt 99

3. 899 7ISHT U ASAVE AR AR A 419 89
AR %] 7Sl AR Al el ° 2 7 A Fol)

4. ZT AeB Y 2SA AT A A HIRHE &
o gty e 49

A" g2 371 2k JAE ez shedl2 ofFwol .
TEbA 2 Aol e AR AR & 25]l0] Ao FEIF A7t ¢
e #E B2 &80 25A A2 PHES BRI

A 2Slol A& o AR A" A 5 M A e 2
sto] F2 AAEE AASHAH. F2 AAEY] & F FARel A%
dejo] 2SAE Fofsiler, ojnf ¥ A&7t 7ML e 25 HlEd
AR Bl 2] AEAE Fosilth. 257t Fod B2 AIAE A&
< °]83t9q AIHES 285t diAlgE



)  Calculate the correction value
by each methed

Make missing values

Extract the non-missing parts —Em—p
He 4EBAAN] ) LABA A

7 g 234 Aelanie) 43
FEZ A RMSE(root mean square error)2 MARE(mean absolute relative
erron AHSISITt. HEATLAATARVSHE AT AR o
110l 715AE o] QARES Bkl AR

R

SERIES
U oA Bl U 9 J=E WAL AEolrt

L3 (-5

RMSE =
ni=1
il

olr, P dH LAHMARE)}= HAIG AAIgS] 2fol& A=

MARE= — Z|y’ &
ni=1

19 e 24
4oz o
.
B9 wAAE BT AnE

A23 ABHL

o]/kc]—;‘q ol



S

AT H29H M3

42

1

o,
B odie) Aui AHY $5AT Hol7t 2 e ZAXoIA

Azo|ug, A7) uret

A

HEls

AR B 7S AR

=
=

A1g A750] oI} ZA

=i
=

BT A2 49 g W)

gt

FS &5 U E

17t AtolH, dAzte=z A]RE

v

AFg ol 93

=
=

A

<]

8% =

Aoltt. weby B4}

A1zt

A8 A2

=
=

Aelg oA el

o dlg =91,

5t

BAYO R AR

eR
©

Al

Azt AZ

Astel A

< g A

Fal, AA

H
[}

Holct.

2 =T SA] EAs=

| 3] gk

ERNL

o

I

7R Gl A

X
T

o]

Fod

°

Al Az of

A
(E 29 YERAAL

S|
=

Faich 107] A

]

T =
=



H 2) M 1Y HAIZE SAMEE Xt Q| 0|MX| X2| £ 7|28AF
[T m?/n]
T =E7 12t Min Q Mean Q, Max ZZHIg
1 2016.07.01~ 0 44.39 109.08 | 178.01 226.98 8.49%
2 2016.05.25~ 0 348.68 | 776.45 | 1179.87 | 1610.70 | 9.26%
3 2016.05.24~ 0 270.43 | 592.76 | 909.49 | 1046.05 | 10.90%
4 2016.05.25~ 0 21638.92 | 53794.98 | 83490.19| 109036 | 11.91%
5 2016.05.18~ 0 42011.7394081.22 | 146710.4 | 193215.58| 14.62%
6 2016.05.25~ 0 27858 | 601.96 | 963.92 | 1304.28 | 8.54%
7 2016.07.15~ 0 783.02 | 1613.46 | 2484.66 | 3221.83 | 10.99%
8 2016.05.25~ 0 422.37 | 1970.22 | 3149.63 | 4904.15 | 19.43%
9 2016.05.25~ 0 566.18 | 1107.02 | 171454 | 2101.00 | 7.55%
10 | 2016.06.15~ 0 3342.20 | 6825.92 | 10564.44 | 15453.97 | 8.12%
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(H 3) ZEX| X2 WHY'E RMSE, MARE H|1
ORI EE 2UE 2UE 228 VIES

MElo U | MeBo UY | VST U | MsEd U | 25X X2 U

RMSE(m?/r)| 0.004339 0.004684 0.004602 0.002022 0.079284

MARE(%) 0.000435 0.000400 0.000399 0.000172 0.009925

o U O ogd | a=d =
NE | AeBg wy | Memm uw | J1SEe e | 4T g | 258 12| Y

RMSE(m?®/h)| 0.004339 | 0.004684 | 0.004602 | 0.002022 0.079284

MARE(%) | 0.000435 | 0.000400 | 0.000399 | 0.000172 0.009925

RMSE(m?®/n)| 0.053793 | 0.055410 | 0.055485 | 0.025384 0.575263

MARE(%) | 0.000612 | 0.000637 | 0.000653 | 0.000333 0.016409

RMSE(m?/r)| 0.011019 | 0.010601 0.010533 | 0.007351 0.429256

MARE(%) | 0.000250 | 0.000243 | 0.000238 | 0.000153 0.012149

RMSE(m®/n)| 3.070447 | 3.059232 | 3.138497 | 2.036917 | 28.619391

MARE(%) | 0.000804 | 0.000769 | 0.000775 | 0.000432 0.011449

RMSE(m®/h)| 8.441212 | 8.581389 | 8.853424 | 3.660181 61.883887

MARE(%) | 0.001021 0.001018 | 0.001045 | 0.000283 0.013406

RMSE(m?®/n)| 0.020869 | 0.021126 | 0.022575 | 0.015684 0.435232

MARE(%) | 0.000823 | 0.000797 | 0.000832 | 0.000501 0.024886

RMSE(m?®/n)| 0.066754 | 0.059734 | 0.061401 0.026885 1.066978

MARE(%) | 0.000410 | 0.000309 | 0.000308 | 0.000134 0.010488

RMSE(m?®/n)| 0.071962 | 0.055030 | 0.053217 | 0.041259 1.666297

MARE(%) | 0.000383 | 0.000269 | 0.000259 | 0.000164 0.013869

RMSE(m?/r)| 0.0356144 | 0.033329 | 0.033754 | 0.017064 0.692216

MARE(%) | 0.000446 | 0.000441 0.000448 | 0.000233 0.013338

RMSE(m®/r)| 0.100117 | 0.116942 | 0.114667 | 0.090195 5.610276

MARE(%) | 0.000235 | 0.000282 | 0.000277 | 0.000178 0.018036

24 A2S oz 23X A2 PUS 28T 23k 107 A BF
o4 A2 AEE Pl AT B RelA] 4 e QA BA 4
A8 AL serelgich, B3 /1€ 22 24 o] vlef 2 o2 o
AABIE AA A GonE B dvel M 22K He ue A2
W AR PEoE AR



(a) 24 Xtz2| EA| AAIE

accumulate water use{m’fh)

(b) 24 Xt=22| 014X X2 A|AE

(c) M Xtz 2| ZEX| M2| AAIE
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