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« BLO|E 2 w2 SEH, MEE, Z2HA XE=tE floff HIE 210/ =2 SitIXR1 FEA D] 1FES QotH,
CHEZ2| BIO]E ﬁE(hlgh—Volume) = &= (high-Velocity), TIF(high-Variety) 2 X HEXRA (Gartner, 2001)
—Volume : B MEEl= 221X H0[HYS LIERHM ={TI0|E2| 7R 728 58
— Velocity : GIO|E2] De2tel HARZEXE| 0] 4d, &Y, AlZEtS)
— Variety : LI2foH FEHC| HIO|E] (HH, HIFH 5)

- X431 HI0]E| : 0t & SO TABITI= GIO|E{(QI AL A|E, MA| SO OlH HEE 413 HI0]E)
HE HOJE] : 75} SIX| ot HIOJEN(QTIR, 0]0JX), SA, HIAE Hlo|E| S)

= 22 F2HE(Veracity), 7 tX[(Value)Z t HIHIO|E{Q] At ERA = HFE|H, BVE HEE (= &
- GIGO : Garbage in, Garbage out
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= HIH|0|E 24 : CHr% 0| MENIN Folifet THE EHHE EZ(Insight)E A0H= A
- S5 2, OI0|& O10|d, GIO[E AlZet & &4 Y= &
= QIEAlS [ QI7He| QUK AAS BHlol] ZAfolfE, AMNEEE sl U=/ I=
= HIH|0|E 2A49] Tool=M CISAISE EEAC =M H0|H 8, 4 As2it AT ] Q.
o ARERCEEED
Artificial Intelligent A} 11} 81 S Q1710|718 X|Ms2 2
O|_|_ = ZIOEIZ E5)| 15I51= 7|2 B K=sks 3| Y -
Il 1 H7asK=71E (Supervised learning) (Regression) "
j \ = |-
Machine Leaming ZFHE{7} AAZ SESGIH 012X = Q) Clesiiztie "
7SS sssari=Tis u HIX| 5k e .
(Unsupervised learning) (Clustering) "
A=A -
Deepleaming o 5161 Loy yias || dskeks (Dimension Reduction) | ™
== 2IZke] et Hiseet (Reinforcement learing)
588 omuamusoz yug
[ = |
- =~ 1 etz DNN CNN RNIN
QIBRls, 71k, H2ig2l 2) (Autiicial Neural Networkd

Linear Regression

Polynomial Regression
SVM(Support Vector Machine)
Decision Tree

Naive Bayes Classification

K-Means Clustering

Fuzzy Clustering
SOM(Self-Organizing Map)
PCA(Principal Component Analysis)

= LSTM = GRU
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Chilorination
Chemical . i
@ Chlorination injection ® Waterqualty data @ Waterfow data @ Chemical dosage Operation data
e | Pl | g toanten Sedpeniaton Fiter Ozone contac
basin _x ¢ J—basin chamber GAC filter
Watersource\—— | — | E e :
rB Ll | —> =]
© Waterterp. @ Watertenp. .Coag.lant osC QTubldty QTlrbldty :‘Tlrbd(y QOzore OTubldly Wa1erlevel
® Turbidity @ Turbidity i (PACIPAHCS) ®iPDA epH » Waterlevel i@ pH @ Residual ozone :
épH épH : ®Akainity Fitration @ Flow Waterlevel i runTme
@ Amronia Nitrogen | @ Akalinity ®Residual | nTime  § Backwash
@ TOC @ Residual chioring chorine ¢ Backwash : Time
® Geosmin ® Conductivity £ Time i
’2—MIB -"‘.m""."""""g ..........................................
Chlorination W ater supply
! Clear well pump station
, | | W ater supply
. | | : T ; area
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3 Manage Water
Cost € Cycle
Manage peaks
(fire fighting demand) S
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b 3 Diversity in
Supply
Inertia in
Infrastructure System
Centralized System Hybrid Area Decentralized System

Technical
Concept

perspectives

Operation
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S MARNNE, +HE 255 F= 2SS0 8AE E+5= SH

Degree of(De-) Centralization

Complete

Decentralization

Semi-
Centralization

Complete

Cent-alization

Pollnt-of-use/ Few small Cerftralizgd
point of Entry treatment plants
treatment plant
treatment (Cluster systems)
(private or public) (private or public)
Homeowner Utilities, contractors, - Utility, contractor,
investors investor
Homeowner Utilities, contractors |~ Utility, contractor
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H4H2BYOINO| HE0IE B
x| SZ0| M2 =8 x|

| 71543}, A2|H 0l4y SOl ME H4X2ISHHML SHaLH
» HARRIBHS OI710] HIKOI BE0| TLEQI £EBS MMGH= TYOR

02

AL QSIS AES S OPIAOR AL 2 Q0OF &

« 7|BUEL SIOR TEES 718 YISO AT B7I5H, TESS Al 516 9& S, HIMLHSH0| Q9] T} Mt 7120f ot
EH AR 5= 575 S48 Ha RS MG JAS(Cho et al., 2014, Cho and Kim, 2016; MOE, 2020; Lee et al., 2016).

» THOPH 24 20| HEHHs 2D, BAMRBY 2% HOIT7HES7 510, 215 40| OFEEOIX| 948 4 S

. E[TCIOBHARE TR 02 A4 T 200 et 2 St}

== Source Applied Drinking
<@ Water —» Treatment —»  Water

? \/\ B Scenario 1 (status-quo)

No adjustment of treatment

o 4 B = L due to changing source
g ™™ _’V\ water quality
s I I I I I
ettt
E Scenario 2 (automation)
5] \/\ Treatment adjusted based
é = - —_— on changing source water
™ ™ quality
I I I | | I
2 4 2 4 2 4
Time (hour)
(USTUL HE S5t o 2 3t 71 Ol |(Aliasharafi et al., 2021))
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Raw water turbidity(NTU)
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T

|

= Precipitation

+-Raw water turbidity

2014-01-01
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The number of days with
turbidity greater than

Precipitation(mm)
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6.60NTU nuTmhf)er I\/Iaxdaiy AV‘?- _Cb!}y

UEET _ of rainy w w
Total rainy days days
on the day

2014 | 124 37 134 59.5 6.04
2015 21 8 129 80.0 6.14
2017 107 46 144 144.5 8.56
2018 | 106 36 135 96.5 9.65
Total | 358 127 542 144.5 9.65

p—
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Sl H|W510] MRS LIER,

6,000 [ A q Ir | T | T 0
- —Dam discharge
> mm Precipitation <
£ 4,000 L 200 E
p <
5 5
g 3
£ B
Q
£ 2,000 - 400 °’
a
I O iy oS SR O W
0 . —-L T — 600
2017-01-01 2017-04-01 2017-06-30 2017-09-28 2017-12-27
Date
6,000 300
——Dam discharge
- Raw water turbidity =)
oy =
> £
§4,000 1 N - 200 >
5 s 3
£ 2,000 - L 100
3 3
o ©
14
0 Amtmmmmommmm e A A it A W ()
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50 , 50
- UECQ SOR EE A MG STM FYUS Y | Tainngse | Testse %
240 | R=0.9976 240 | R=0.9682 /
Oet= £ E
230 €30 1 /
= SVM, RF, MLP, GRU 222 &3l =+ 2 EHEL, &2, S B /
0 0
UZe|E, M HER) 7 [HEPAC FRE 28 BES 1Y § 20 1 §§ 20 1
] (]
SI%OM, RF 20| 450| 71x 24 . -
a T
- AAlE B5 IR =2 0= LIEHEN M2t 45
0 T T T T 0 T T T T
OB} CHet @A XKEE 7 |&0=2 P8l M3 H|wsh 0 10 20 30 40 50 0 10 20 30 40 50
Actual PAC dosage (mg/L) Actual PAC dosage (mg/L)
Model p| . Model performance
Training Test
PAC R 0.9731 0.9226
_SUM MAE 0.70 mg/L 0.53 mg/L
MAPE 6.22 % 3.86 %
PAC R 0.9976 0.9652
_RF MAE 0.13 mg/L 0.30 mg/L
MAPE 1.02 % 2.08 %
PAC R 0.9928 0.9025
_MLP MAE 0.21 mg/L 0.61 mg/L
MAPE 1.66 % 4.15 %
PAC R 0.9913 0.9873
_GRUI MAE 0.65 mg/L 0.41 mg/L
MAPE 5.33 % 2.90 %

p—
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HaAeSHOA S BlHOlH &E
Sl | |@OI=== XOI= 74X
=2Z A Y= TUE ES
n xo E 74 :_ll — e Actual PAC dosage
I ng _I_EIE Eg EEQ'I %-I-% o PAC dosage by PAC-RF model
—Raw water turbidity ; .
= PAC 3RS 2% 09| 51 U 2Z0] B]EIX| 42 o577t 1"
1112(2018.08.01 ~ 2018.08.29, 2018.09.10. ~ 2018.11.30)0i| . e sataiohed
- RE p . SR
Cho10f AK| FUBT PAC-RF D20 O ZNE FUBS HTE | Amsisasin e 05
= 0|57 [7t=0t AN PAC & PAC-RF 20| 2fof 28F PAC .
FUH2 0.6 % X012 LIEHHEZ, MM STAH FUES 23 [
OIAAENEO| & EEist = A0 = THHE o , : = — 1,
- 2 o4 TS TSI BT TN BB IHS
Period sy
Operation method 08.01 ~ 09.10 ~ _— N
08.29 11.30 . 2
Actual operation | PAC dose (kg) | 112,954 | 273,346 | 386,300
PAC dose (kg) | 112,803 | 271,116 | 383,919 .
PAC-RF Difference -151kg | -2,230kg | -2,381 kg
model
from actual
dose -0.1 % -0.8% -0.6 %
22
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100 A
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= AEE 4 20| K| 2F0| FGek2
O1E 71 O= TS OJubXIZSAIZ I CHOHH EEE . sof o
< y
2 Box—plot 214 ij i
_ 4dr 60+
= Box 712 7|02 EAA 70| 2fsh K :
ULPOI 2TES HO{LH= OfIfX[SAZIO)| 5
o RS (R sAR e 2 Y=
AZEO| AL, THE A7 |E L K] 20| 20
HHSO0| UUZS A2 TE.
AR AUE2t FRCZ K] HA 7 15510f 18 33 33 i3 33 em 73 ¥ 33 w3 nE 03I
raroqﬂrx|+x| A 2Y
=M A ﬂ"7l 243 | 245
x
oYK *|CH 79 109 73 96 79 78 94 91 75 85 74 62
==INFdi XA 20 16 14 10 22 21 24 28 16 16 12 18
AlZH —
(AIZh) M 437 | 478 | 436 | 371 | 413 | 398 | 466 | 456 | 462 | 451 | 45.7 | 41.7
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e =%

- S8 Ofi=r0f| CHOI0H 12 62 OFed(ZIA AR O =

!
0
i

OJt BiAle e =M A|20| CHoto] 1.0 NTU O[S 2HES6HH,

02 =8 Al=2] 95% O&0[ 0.3 NTU O[ol7} =[0{0F &f.

= SVM, RF, MLP, GRU 222 &&otH +H A=@K R5+2

S X pH) RYURE, 7HE X 2 ZH(0 1A = 2 ARE

X Ei) 7|9t S5 Of2 EIE 05 RS JIZOD], RF

0| 450| 74 24

24

0.3 0.3 —
§ Training set § Test set /
Z R =0.9878 Z R =0.9752
g g |
go.z go,z /’
ko) o) '

So1 Eo4

E E

8 8

o N =17,861 o _ N=1,686

0.0 ; . 0.0 : :

0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3
Actual filtered water turbidity (NTU) Actual filtered water turbidity (NTU)
Model performance
Model Pl —
Training Test
FT R 0.8869 0.7606
-SVM- MAE 0.0109 NTU 0.0193 NTU
2 MAPE 22.66 % 44.03 %
R 0.9878 0.9752
—RFI;I——Z MAE 0.0009 NTU 0.0014 NTU
MAPE 1.56 % 291 %
FT R 0.9808 0.9725
-MLP- MAE 0.0012 NTU 0.0070 NTU
2 MAPE 2.18 % 15.31 %
FT R 0.9987 0.9174
-GRU1- MAE 0.0007 NTU 0.0052 NTU
/ MAPE 1.24 % 9.72 %
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Filtered water turbidity (NTU)

Filtered water turbidity (NTU)

o
-

Simulation period

2018.08.02. 20:00 ~ 2018.09.01. 19:00 (720 data)

-
[N

—Filtered water turbidity

—Sedimentation basin effluent turbidity
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28 A@ O 2tX] 2
| o 2= o= Do) 28

[ 2Auee 2oz ]

= Ol 5= 0.1 NTU =it 3/ | 7H 2 P GURIEARZE S0AIE
BOAIZE L I 21 A2 LI, oFEV | IS EH RRIE HiH[o
GXIEARES B0ARICE Z8otk= A0 HigAe A= THE,

= (il H Ol 22 &0l (it 58 23 &, 88 (s d 23
A=l SUl g8 /ts

=T Ho
= STH| TS, T4 B OIS HABIH Ok Bl oS 22I0| 2
AN EH SH7IMCZ Bo| 75
Flieee weer wrell U
Filtration Coefficient of hTo huersnggzzrdzg liciedhiac byl )
operation variation 0.1 NTU Max. Ave. Min.
Actual
operatione.shrs) | 02636 8 0.1272 | 0.0580 | 0.0332
Filter run time | 5564 7 0.1287 | 0.0583 | 0.0348
40 hrs
Filter run time | o534 2 0.1250 | 0.0582 | 0.0350
50 hrs
Filter runtime | 5 )59 9 0.1292 | 0.0583 | 0.0350
60 hrs
Filter run time | 9539 6 0.1209 | 0.0582 | 0.0351
70 hrs
Filter run time | 954 2 0.1297 | 0.0582 | 0.0353
80 hrs
26

0.15
—Actual operation
O Filter run time 50hrs
5 Performance goal
e <0.1NTU
Z010 5000000
e
£
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= 00
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€005
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i
0.00 T T T
2018-8-7 0:00 2018-8-7 12:00 2018-8-8 0:00 2018-8-8 12:00 2018-8-9 0:00

Date

0.15 /

—Actual operation

o Filter run time 50hrs

<
=]

o
o
o

Filtered water turbidity (NTU)
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