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Abstract

In the recent years, various studies have presented stable and economic methods for increased regulations and
compliance in sewage treatment plants. In some sewage treatment plants, the effluent concentration exceeded the
regulations, or the effluent concentration was manipulated. This indicates that the process is currently inefficient to
operate and control sewage treatment plants. The operation and control method of sewage treatment plant is
mathematically dealing with a physical and chemical mechanism for the anticipated situation during operation. In
addition, there are some limitations, such as situations that are different from the actual sewage treatment plant.
Therefore, it is necessary to find a more stable and economical way to enhance the operational and control method. Al
(Artificial Intelligence) technology is selected among various methods. There are very few cases of applying and
utilizing Al technology in domestic sewage treatment plants. In addition, it failed to define specific definitions of
applying Al technologies. The purpose of this study is to present the application of Al technology to domestic sewage
treatment plants by comparing and analyzing various cases. This study presented the Al technology algorithm system,
verification method, data collection, energy and operating costs as methods of applying Al technology.
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1. Introduction

st Ad e A A AstE A QA ol F F5H
Al Bep rgHolm FAAH] IS HHEe] I

= AAIFo] gtKChew et al., 2018; Man et al., 2018; Sui
et al., 2018; Xin et al, 2018). W2 A% FFFNH=
20093 TMS(Tele-Monitoring System)Z T3A1H 2 A
AA ARE FAL SR LH(ME, 2009b), sk Ald S
g AEAo] HHER 2P $rh I E B3
I A AEY BRF RS AL 2BRHE A
o] BAISIHI(ME, 2018), ol H|E@8F o7 7]&9 3¢
A A g0 SAHA AFS Al T 7]1E9] 1A
A Bd2 AFo] g EF W AL, Edo] Wy
AE A Y ©Ao] ok wide JF A 5(Artificial
Intelligence, Al) 2 & AHES B9 Ao o £& &
A& HES AN HEFE 94 WY Tt § VIAA B
do] JAAES AZEAT F ATHME, 2009a). 1E7] @&
71E ALY &4 2 AAE A & 5 e T
OS2 Al 7l&s & dFolA HFsHKTable. 1). 71€9
Aol & M A= steAYAEY £ - 85 7]
g FEH o A shed, sFAHAILA HE - &9
Al AA 9 ot Aoyt wA s § Aol YERdT
WHe] Al 7|&S 288 F9 AAE £349 dolgHE At
g3t7]ol 7HHstY HA ket Hegdo] Atk HZ 43
A& E(The 4™ Industrial Revolution)©] 51 Akgel A
o] FWE HEFG Fol M Tt EopollA] 4% 4
gy 4 7]&<2 IoT(Internet of Things)} H] vl ©]E|(Big
data) 71¥te] Al 7]€°] EQFE I UtHKoo, 2018). L&t
W SFAAH Rk B EF BobRTh Al V& ATY A
o] mug Fejola seATAIE RollAE AT A
A& Ao t(Kim, 2018). o]ol] wa} Fel A= o]z 3t
FAl g30] 10T - WlolE 714t Al 71&S St Al
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(ME, 2017). 28y 39 25 kA Al Al 7]
&S AT ZAAE T vl w A7) wEel =
A Al 71& A& PHol FdstA AAEHA YA
Fgoltt. 2B BRE steAE Al Al 71&S A&
A= TS AT AHY vl - B4 o] & &&aloF 5t
= ool a7H ol wet B dAFoXE 71E o
AAIe Al 7]1&S A& AT AHEEY 48 Sl
AESIPeH, 2 2FE wtgoE JU A& A A &
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2. Materials and Methods

B ATl Fu) SeAALe) Al 7124 8L 9I5tel
Ee G AT AHE 3 SeA A0 Al A8 7%
3 oluA) - egu g Ag AAE FH02 s ol
2 B9 AL /142 857 91 99 27HE §5L 34
4742 AASHYTHTable. 2). 474419 F= 5 202l F A
A, AFHE, dolE FPL A1E8 SN gsge

U7 - 2Fu B A8 SHoz TP =9 A=
AT AES Al 71%0] F5A MM 48 AT 5T
2 G91ay) 99 A2 1083 ATHo) BE A DL
o MR Al 712 A8 ATAR AP A
AL 7)%0] ohd AR A Mol A1) 2GR AF A
AEQT EF ADHQ 5 §o] ohd 729 AT Al
2g3te] A% 2 BoeATh 7124 ZHANY g3
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IR A% SeAIA L Al A1&A S A DALY
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Table. 1 Advantages and Disadvantages of Sewage Treatment Process Model (ME, 2009a)

Application methods

® Provide effective information for process analysis

Mechanistic model

® Complex variables that are difficult or impossible to measure

® Problems of model parameters assumed to be time-varying
® Biological characteristics of the process are not fully reflected due to the mechanism of complex microorganisms

® High accuracy in predicting effluent concentration

Artificial intelligence
model ® Big data required for model application

® Provides key technologies for real-time control

® Does not provide information to understand processes or operating conditions

Table. 2 Application Methods of Artificial Intelligence Technology

Application methods

e Artificial intelligence model algorithm system

e Artificial intelligence technology validation method

e Artificial intelligence technology data collection

e Artificial intelligence technology energy - operational costs
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3. Results and Discussion

31 QIBXIS 71E ¢melE A
AR AL Al 7168 A7) AL Fae
ast 1 F g 124 FnIES ABA

9] T P55 FYsta e APste FER=
AEXE FFoz A7t 7He3lES BHE Ao tHKim et
al, 2008). =3 Q154289 AU 24 HolHE 7HA
I A F2 FECA dSEHE Y FS4E9H /128, S
AFTE F Y HolHE =E3tE= ddl AthPicos and
Peralta- Hernandez, 2018). ©|23 A1F g 4= 9l& HoJHE
&3] feliAE B2 AldFEe #HE s FA =, oy
HFH & Fol7] A AFANET
I G (training) A 71 3L 7R A) 7] =
71E9 AZ3AET FaHES v

= S
Aot} GxE] = WAL

o
fu
=
Ho
)
=]
5
&
flu}
rir

o] T8 5ltH(Table. 3). Bagheri et al. (2015)2 THEHAE
E(Multi Layer Perceptron, MLP) €18 && A183t) o=
HHMEEZL WEHAEE(Single Layer Perceptron, SLP)<
HHAPH A& d2sHA Xste S syl A3l

Aol AT tgor 7E ATl 93 sKBack
Propagation, BP) €138 %&& ZAEI HEImolla et al., 2010;
Fernandez de Canete et al., 2016; Giwa et al., 2016; Kundu
et al., 2013; Vyas et al., 2011; Xue, 2017). Z &4 LA 5
€ 3E 9o Agstd 2" JEAE s 23
7 9A BASREE F2E st AoIthFig. 2). 2
A AL 71 ol 2Y3Fol 370 o349 o 92'd(Deep
Learning)°] YElU=d], 933 FagFe 349 24959
T7t Bold & 0AE FAFE JFEAY B Vsl &
A=) 71717 BHA Fsha 00] He Te7] & &

A7y dAs= FAFHo] Atk P22 2 LM(Levenberg-
Marquardt) €8] E& HEZ th(Abyaneh, 2014; Nasr et al.
2012). LM €18]&2 Levenberg(Levenberg, 1944) WH &
Marquardt(Marquardt, 1963)7} 7} - B&g g Fo|th
LM €a2]E9 A5 HAddd 725 sk, T8 &=
7h e FHo® s Feol AHgEE el 2y A
P Adel ol AFAA JHSio] Basithe ©iol &
Sl (Kwak, 2010; Park and Kim, 2013). LM €318 &<
A3 Aol F-A2 L3 Z(Genetic Algorithm, GA)©] th(Fig.
3). AR g FL Al 71 &8 Yol Fad udF
oltt. A ¢ EFL HEHF S 5t HFH Fx FA
S E=%3}3(Picos-Benitez et al., 2017), A FH FZ2E 3
A - Fdd Qo] g3l (Picos and Peralta-Hernandez,
2018), A2 HolHE Y 9 wEste HF Fx2E
wEste] A AZETHKadri and Boctor, 2018). dh=AE] Al
A Al 7l&& A&t nd3d 54& st A%
HEE s gt HolHE Htgste Z&s d o] 7Hesith
a7 gz Al 7le G Fol= A4 g Ee] 7t
& AFgsitta ddHTh

Table. 3 Algorithm Characteristic

Algorithm Characteristic

: Easy to use as the most basic ANN algorithm
: One hidden layer. Therefore, nonlinear properties cannot
be solved

g >

SLP

: Multiple hidden layers can be added and used

MLP
: No way to set the error that occurs

: Adjustable weight, low error
: The weight correction function is lost as the hidden layer
increases -> vanishing gradient problem

o> |0 >

BP

>

. Convergence speed is fast in interpreting nonlinear
LM properties
. Direct involvement in some matrix calculations is required

|}

A: Optimal algorithm formation through iterative process,
GA Excellence in analysis and resolution of nonlinear
properties, Real time data input and application is possible

“A: Advantages
“D: Disadvantages

hidden layer

output layer

Fig. 1. Multi-Layer Perceptron (MLP) Algorithm
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Input layer

output layer

rOm=m

Backpropagation
Fig. 2. Backpropagation (BP) Algorithm
example

[ Generate initial population ] [ %g(l)(;(l)i ; i(l)(l)(l)(l)i ]
[ Evaluate fitness ] [ Evaluate fitness ]

I — i —
( Selection ) 100101 + 101011 = 100111

I — I
[ Cross-over ] [ 111001 ]
( Mutation ) ( 101001 )
( End ) ( End )

Fig. 3. Genetic Algorithm (GA)

32 2IBA|s 7|2 A5HH
Al /1&g ALt slg 7l&o] AA= drhd FEs
75 229 eA A28 FAg S ASslor ok AE5Y
o] OFstA &A AT AT A AE A A5 AMEEH
FEBA Y 2t BAEE 2S5 HHEHE 471A] U
SE, RMSE, MAE, MAPEE 473 2 ZEJ . 3484
Q2] AT A ALY FYHE FYF
Sl

[e]
o
PRI A5 SEWAE BT wdgon 99

10

[¢]

o) ME (2009),
Hamada et al. (2018)9] AT AtdA &= $& a7t S8t
RAT FHAA 9] 97t i Dotk ol skrA Al Y
T&g vlolEle] mE HAHAFH S e it vy
o, WA Al 71€9 BEH A5S Al ASEHE= ol

rr
Y,
o
fru
b}
Jﬂ:‘
ol
v
Rog
ol
&
30,
vk
[
)
o ¢

Els} AA dHolHE Hlag 229 Z7]7} HlFo| ¥ IAtka
#aEd g2 22 MSE(Mean Square Error) S ASHHoZ
283 (Elmolla et al., 2010; Kundu et al., 2013; Wan et al.,
2011) AFARIE AHEUTE MSEY Z% = HolHe ¢
2 AFE Fotal volE Y HFE o] A3 HolEH 25 H
o] o] FEE FET Aot} F, MSEV} YA Y&FE =
< B8 etk 2y MSEVF A4 UtHH(E2 24
Al =7t GolAA Hal 929 a7]2 sty Faprt
A S &2V At S Aste ZAE 25
2lal MSEol #E(V )& AH&ste 2&4e] a7|E £33, o
£ RMSE(Root Mean Square Error)2il 3t} (Abyaneh,
2014; Bagheri et al., 2015; Giwa et al., 2016; Kundu et al.,
2013; Manu and Thalla, 2017; ME, 2009a)5< <l Z2] 3 &4
< A3st7] 91e] RMSES &-83t}. wehs MSESH RMSE
A& G s A A W FE& dolHa #
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9 & 9o 28y RMSE+ 249 =717} MAE(Mean
Absolute Error) 2.t} &4 =7] wFof Hg31A] &5 A5
W F stol™, MAEZE A &9 B8 AEste B 5
7hg AEelthal &9 thMyttenaere et al., 2016). £3F thk3h
B9 vlelE & st A5 FEH & AFsH] A F
© 2 MAE$} MAPE(Mean Absolute Percentage Error)S A
A8 tH(Khair et al., 2017; McKenzie, 2011). o] 2k ﬂz—%}"
MSE¢} RMSE+= A%< & 9 A€ dlolH 9 A+E g
SFal, MAESH MAPE= A3l 1ol AHEE HlolE ¢ —’F@ 71
e 1FEy] o s gudch g AFelA Al V&
o] A% YHOE MAES MAPES AHESH 2102 FRIHA
th(Djeddou and Achour, 2015; Fernandez de Canete et al.,
2016; Hamada et al., 2018; Nadiri et al., 2018; Picos-Benitez
et al., 2017; Wan et al., 2011). 2 Ul A Al 7|&S <
AN AT 2, $1E HolHE AT - A4
F& ol dokeln WO WS BalZ Ao o)z 4
AEH B4 Frhe AL AT 5 Yok W AF
22 MAE7} MSERTH $88 Aoz #dd & 9}%] iy
719 B¢ B ¥ Hol E17} LT E7HAT R volH 7H
Fo] M2 AE A of gk F, 7IHE AP st TS
W B2 &9 volH LAE HFoloF Ik 2HER Al
7134 BE4E ASste T2 E MSES MAEE 941
s oF shH, ’84&174]7} o 9A YehE 0419 2
#egt £ glony, ol H[A
b

dYoz oA T HFS

mlm r

2IEXs 712 ME= ¢let 8] H0[H =&
g Wl g2 & dold, S JdolEE Al 7
Hga7] E Ba ad F shuolth steAAIL
1@12—1 FEE Wl A3
3A 540l ¥ =4 ug
- Wl stEA A AL 71
il
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=2 :LE%Ur Al 7] & AES S AT AHEE AES
I Al 7S S8 AHEE HuolE

gYgstEx] ot gAT 7IEH0] (s ¢ F AUTh
ATFAA e stEAZAIA Al 7I&S &8 dolHES
2007) o]4/mwto g FEEIe] H|n - B35 TE Akratos et
al. (2008)2 Al 71&€2 H&317] 3l 80071 o149 =2
olHLE &&stdtt. 1y HIHPE A EHo] & A

e Ko 9L mo

Table. 4 Data after applying Al (R, RMSE only) (ME, 2009a)

Aol B2 &9 tolHE &8st Aol Hgetut
AA dolelet dF HolH FTBAIE GolAA HE £
Aol HITHDIing et al., 2014). ¥wHH] Gicli and
Dursun. (2008)2 AH&E dlolE 77t 2007] o] o] x| vt
A dHolH e 7 7IZko] 1292 u)$ Fol AZDH IFS
33k Z3l A AIEY HEA S FRE7] s o
ATk 20070 wgke HlolHE &% AT AHE AHEY
Al 71€ A& 27, AA tolele} AZ dolE e ex17}
 uskon JFAB/AE A Ustth ol Al 71& A8l
°‘°1 B2 &9 HolEZF EHEo A Fotx HE THe
< #9E £ Uk 28y A2 FY volHE AT A%,
st AR Y vHE EHE 1A ®ate W Hvt
ofd FAT He oA dZo] & Hoz Agdr Ly
9] B obF 44 "do] Falsy] el 2%, 2% 5 A4
A 9Fg AA S Qlojof atH, o] & &l 4418 o] ©
olEl7} FEE A 1d o4 dole Fu7t Qs 1
HA U AF AH 5 AZE 9F S 2HEd 199 Ho
B S 8359 THME, 2009a). Al 71& & A3 AA Ho
B9} ¢ diolE Y eat g 2 FAFAE IS
A 29 steAPAde E2 AFBAE YErT
(Table. 4). °ol= 2%, 2% 59 AZF T2 A to]
B9 M7 WoA AL o] 2 QIF] LAt IA JYEd AL
gt 2822 3y seA Al Al 71E€S J &5
7] 9%t Hole g2 A o et exke A7) LS
A o AdH FFg A3 A Ha4 1d o] ©
olEl7} FHlFojof gttt #etHETh FUH g ST o
B9 gxdS graof drh FA A E vo|Ele} vasf
B34S o solE7} Fold & 7] WEolth FIHH LR A
A ol W& volE AxE A AT B A5
olEl7} B &etx] E8}7)4ll, Griffiths and Andrews. (2011)°]
AN AAE 149 dolEHE AF A st Aol
ALEE, g, 718, A)E TR &8t 2E 4
St Wolgty AETh

4 SIEAMEIAMOIM olHX|2F 2YQH|E HLE ¢
st eI3X|s 712 HE
U FFstrAE A2 500 mY/day ©14 64970, 500 m*/day
o9k 3 2827Hi % 3,9637] o] th(K-eco, 2016). Z AHAL&
FEE T8 243 29, & 4949 AFEF iy
sk %EW** A AFL <k 1.95%0]a, A|FHow 87
ARk F AAAE AREF tiH] F 68.49 %] THKEPCO,

BOD COD SS T-N T-P
RMSE 0.5096 0.7315 0.8592 0.9947 0.2466
MAX. R 0.9650 0.9506 0.7466 0.9580 0.8302
RMSE 0.3666 0.3418 0.4103 0.4937 0.0938
M- R 0.5297 0.2825 0.2053 0.5193 0.5984
RMSE 0.4492 0.5062 0.5195 0.7394 0.1409
AVE. R 0.5062 0.5195 0.6156 0.7584 0.6829
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® Farming-Forestry-Fishery = Mining

& Manufacturing ' Hlectridity- Gas-Steam- Water
u Sewage-Disuse-Disposal' Raw material©  ® Construction

¥ Wholesale-Retail ™ Transportation

s

(Unit: %)

= Other than public sewage treatment plant
= More than 500m*/d
* Less than 500m*/d

Fig. 4. Power usage by industry, Based on 2016 year (KEPCO, 2016; K-eco, 2016)

2016). ol AY AMEFIAM B2 HEE A H] 2}
skl &g YebAth(Fig. 4). Yan et al. (2017)2 aF<¢Ag
Alde] & [ AREFo] A= ddel X3E I7ME V&
oz %20% 57H ALE AFsa glrk FHAME st
A Aol AnlEE A AMEFO] wia] FolA L Sl FA
ojn, FFFAME olef et YAYoZ oz AZE 9%
BAE FR Fo|AT AA steAGAI oAM= HH5 2 A
o] At A2 Foltt oy FAEL JMF 2RE
A71ol= ool £As]el Al 71€S FL&35te] x| -
SN & A ZHE 4& F At BUdE tEY] F9
AT A& AENEH A A A B EE YA -
S EL Al 7|&S A &5t AZo| Jtesita dF 2
ATRE AA AT A SFEHYAEAA o] DS &
8l UR] &H7t =2 RS A - Fasof gtk I - 9
AT At E AES 2, 599 AS A AA WA
Z 7)o AHEEE oA &H] HEo] 40~70% HelolH, A
o) AMEEE oA &H] &2 10~30% " o)<l A
S g1 F UATE FU 9 F = s A A oY
7 - 2P ES FHARES W ZY) HERVL P 22 v
< A8k L ATHTable. 5)(Table. 6). 1B B2 &F532) A
Ao A oA - G ES A HsiAE 719 HEF
& MAse o] 452 Hasi

Table. 5 Energy consumption ranking of domestic sewage
treatment plant (Park et al., 2008)

ranking
1st 2nd place

3rd place

Digestor chamber,

Acration tank blower .
Mixer:--

Influent pump

Table. 6 Percentage of energy consumption in domestic
sewage treatment plant (Park et al., 2008)

. |Effluent pump / Thickener pump /

Aeration | . . .
s Influent digestor pump / Digestor gas mixer

Division tank
pump | e / Sludge transfer pump / Sludge
dewatering / wash out pump
Perzoe/n)tage 20.2 41.6 Remaining percentage
0

Mamais et al. (2014)2 7]& SHEAZAAAAA FHL
& DO sensorg &85t @ F< DO =5 HQsH%
i ol F3 AY ALFS IASI LW, Yoon et al
(2018) HlE|o] B9} F7HH O [oT EAEF S &8sl Z
7] AAE & oA - FH & 7 2FE SAHSA
Zadorojniy et al. (2017)= &7] Aot @A A A4A
WHe 2 Bx, 21X FzY YuolH ¢ [oT ERES
AHESt] ] - 2Gu] LS AT X FS o
U &H] Hlgo] 7] o2 & HEE AA st 84
oY, =335ld Fx7t 2¥E W EEY FZEG JuXA
ZHFo] Fold & Utk AT AHHE AHEWE Fx 59
SHEAAIA T 84E0] 29 - AL =2 H &S
AL U2S AT F A TH(Panepinto et al., 2016).
olo w2} Chalabi and CH2M Beca. (2018)= 71&9 &
4 - FA FHE M5t ddolH, [oT SRES 83
A5 9 - FA FEE& AASHATHFig. 5). A TA
AR EYE 7|EY FARSE dF% Ve 1 J4 S
sted EAZE glE of FPsted], ol WHS By

3 45 S8
st EAZF 2T 28u A 9 - A4 FHS
g AXME B3l 75 HuolEE &8st FAEFY A

o © of mo o g

i
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