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ABSTRACT

The objective of this research is to apply Artificial Neural Networks (ANN) modeling for
predicting clarified water turbidity, using operation data in time series format. The input data includes raw
water turbidity, raw water alkalinity, raw water pH, alum dosage, polyelectrolyte dosage, plant flow rate,
turbine speed, sludge drainage rate, sludge concentration, and clarified water turbidity. This data belongs
to Bangkhen Water Treatment Plant, Metropolitan Waterworks Authority. The data was collected during
the period of January 1% to December 31%, 2010, covering seasonal changes. As a typical ANN
modeling, the input data was divided into 3 sets consisting of Training, Validation, and Testing sets. The
best model architecture was obtained by considering the Coefficient of Determination (r’) and the Mean
Absolute Error (MAE), obtained from a number of numerical experiments based on trial and error. The
experiment was limited to two hidden layer models, and the number of neurons was set from 5 to 100
neurons. By considering the Autocorrelation Function (ACF), there is a suggestion of using less than an
8-hour temporal span. However, the numerical experiment was carried out from the present to a
temporal span of 20 hours in order to assure that the model performance was entirely evaluated.

ANN model with two hidden layers obviously exhibited better performance than the one hidden
layer model. The best prediction performance model came with the two hidden layer architecture, which
is 45 neurons in the first hidden layer and 80 neurons in the second hidden layer and an 8 hours
temporal span. This model gave an r? of 0.92 and a Mean Absolute Error of 0.016 NTU. This clarified
that the ANN model is promising for practical application because its MAE of 0.016 NTU was less than

the measurement error of the turbidity meter.
Keyword: Artificial Neural Network, Prediction, Time series
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a2 wlsduwe a g19lsiarnlunisudsdaaan
ﬁau%ﬁw:ﬁﬁmmﬂsmmnnmﬁﬂwﬁ]ﬁgu"‘u (lag 0)

ufanandounadn 20 12189 (lag 5) WiNa v
FINITONITUIYUILENTAINYDINITHIWI8 VD
LU LWWalA1IaNTauRaININLATHasnNIN

FINATDURRINANIZAN AINUIAIIUANTNN 2
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797 2 ugadn1aiiandaunanuaImSaunad (time lag) uazdnandwanliluuuuiines

Ay

AT DUART 'V\JJ’]EIL‘VWJ

mwmg'uma{lmﬁu

A A

anuduasvadinay

anutdunta-luavasinay

nanagtu (b),

USu e u Nt U898 sFNNIN Y

4 F1lug (1),

USnmanunduwalnasidalnsladnane

AN A

8 Talus (t-2),
>12 Falug (t-3),

> 5%7!@]

AMULIITaLY 8\11‘1_1 nin

16 Talug (t-4),

nNIEUEASNBY

20 Talus (t-5)

& <
Wasiouwaznan

. A e
ANUTUNBBNIIN Clarifier

J J

. 4 o
ANNYUNBONINN Clarifier

4 a9 TR (t+1) Lt

5.3 PIMIAFIIUAIATINIANIZAN
NNIRIAIRDNIUAENITUNIRUILTY
(Optimal architecture) lWARW N8I T1UINTY

FouuwariITanluTusounNwiiIzay laodnniap

=

wauvinu 5, 6] leunsinnisidanaanlasnssu
WANIZENFINITANT b@31NAT Trial and Error F’é\‘l
gursanszinldlagulad1s 1 uIndusonuas
frsauluduson

Al min

(Weight)

ﬂ‘wm”m‘ijummﬁﬂﬁu(t)
ﬂ"m'nmﬂuﬁ'lwmﬁﬁu(l)

Fi']pH‘ili]Miﬂa‘]J(t)
FUSinme e Aa )
fBnanuditulnaadainrladiane
fdaTmilnac)

AnuTITaUMININGY
AaATIMITIAzNAR()
MAaMuLTITUAzNaut)

fnnuusesihfisananuadlviaatiy

TUUNN

(Input Layer)

&, &
TUTaUN 1

(1 Hidden Layer)

laddalaudsanninisenarovinuin
soUANTINTITUuTou 1 5% (1 Hidden layer) ‘s
FNNINRDINNNFUNUEATUTaW uazuuzsir i
IFsondasnssulassnodszamisuvuwialaiin
Tutan 2 Tuiasliridnunzaulasnisaadida
ao3gN [8, 15, 16]

2881980 AUNTTULDUT T 0% 2 Th

LLﬁ@]OluEﬂﬁ 6

filmin

(Weight)

fAauuasii
pananuas lnaai(t+1)
& ra

TULD YWY

(Output Layer)

TUTaUA 2

(2 Hidden Layer)

Eﬂﬁ 6 U NFNUADNITNWUL 2 TUSand bt luuiae
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5.4 ilszantnwyaduuyuiiaay

N137aUIz@NTAINTBILLLIIRET ANN
ldlagiSouifisudnaudszansnisanaule
(The Coefficient of Determination, r?) 1 & ¢ @ 1
ﬂmmﬂsauﬁugifﬁmﬁlﬂ (Mean Absolute Error,
MAE) [17] usgataa Test set land r2 azldlu
mytadrenuiawaalumivhmelasaas wi'le
INFUNIN 4, 4-1 uay 4-2 ladn MAE w1ldan
guN13% 5 azifSoufisunuinmsinnasgiu Tt
alFenanuananalumyiavese3ssiiotannu

A ' . @
qumﬁmm'mu +2%

(4)

> A ' o .
lapnl  SS, fla AWaINaIReI289 residual

SS, fa AHaTINIAIREININNG

SSr = zin=1(yi - Sii)2

(4-1)

$S; =2 L (Vi = V)’ @-2)

= A ] o
lagn Yy, fe drannssang
Y, @a drammaviuiedinsy Y,

y, fo ALAREUBINTEING
MAE =13 J:)?
= HZizl(yi - Yi) ()

P A ] o
lagn Yy, fe drannssang

Y, fa d@ennsviwigdmiu Y,

MIMFAIAINIINARNT W INLuATUAIUNT Laaw

19 10 21U 1 1AawuNTIAY — TQU1U% W.91.2558

6. HWANIINARDY

NWisBimIneaaU AsnTINveILULS A0
ANN wnnzan laglauaniansmiin 2 nydh
nadu s wLULS1a09 ANN AETuTon 1 5% Uas
nydifigeaduuuusnaes ANN fidouton 2 53 19
goInsthazhiinisudsarsnwiniiasen (neuron)
a0 5 ldaudls 100 frveu lagyimstRaiasenit
82 5 179 (5, 10, 15,..., 100) i1 IUUIB91280
Jau%é‘amﬂnmﬂvﬁ]ﬁgﬂ’muﬁaLaaﬂﬁauﬂé’aﬁ 20
2 lus Tagiingraansaunasiias 4 1alug eari
naFaunaInulsnInua fo nmﬂuaagu”u, 4
talu9, 8 1alw9, 12 52109, 16 521u9 waz 20
SZYETR

MannuazaInlunsisendauuuinaasng
NI TR ABNITUUAZIANTOURAT T
uisoilazAimualiiSunuuuitaoslasls
fysneaifvand1dwiniiaren luudaztudon
LRZLIRIEOWNAY LT% WULIINEI xx-yy-z hrs 3
WNEASLULI80IRTFNNUALNTINLLY 2 TUTan
Tautusoud 14 xx A150% sudand 2 § vy
vau uazldTayadounds z talus dwsulunsdh
YOILUUIINBIUDY 1 TuTon Ty anwalLaad
a01UAuNTIN A0 xx-z hrs lagasdl xx Aavonu (ln
Tusandi 1) wazlidayadaundi z Talus

6.1 AOIUNLNTIVLUUTHTIU 1 T3

UIZANTNINNITH IR UV DILVUTIA D

ANN ﬁaﬁq@maamﬁa:nmﬂ”auwé’mamagflu
A1319% 3, gﬂﬁ 7 ugaanailIsuineudl 2 uas
Eﬂ‘ﬁ' 8 usain1sidIuuiisudl MAE 289
LLum‘haadﬁﬂizﬁﬂ%mwﬁﬁqwam@iaz"ﬁ’mnm
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AN 3 UszANTAwwaIuuUIaed ANN NUTUTaU 1 Th

. o . - Mean Absolute Error
IR URR AMWIWBITOW | The coefficient of determination
(NTU)
Uaqtiu (1) 100 0.77 0.055
4 F1lya (t-1) 80 077 0.053
8 TalNd (t-2) 75 0.85 0.037
12 Flug (t-3) 100 0.87 0.023
16 52189 (t-4) 70 0.89 0.018
20 T2139 (t-5) 40 0.88 0.021
1 0.06
c
o _
g 08 g 0.05
£ E
= © 0.04
2 06 =
a @]
2 @ 0.03
5 Q
S 04 <é
= S 0.02
= o)
O
£ 02 = 001
= .
(@)
O
® 0 0
= .
X . . . . .
®®®(\ &\\&% Q‘)Q«% r‘l‘/(\&% (OKQ Q‘(\&% Q)G)@{\ b(g@ Eb{o \q/‘(\(o K 6(\&% q/g‘(\%
SO S AR AN ORI S EP S AR
& KN A N '\QQ N A N

3UN 7 mauSpuineudn The coefficient of

Determination 2adLULI180S 1 TUTaY

FENUIEMILULULE 809 ANN TidDwtas
witstw Amdounas 16 Talus Tiszansanlu
msﬁmmﬁaﬁq@ lasfduinfiasaurinny 70
fiasaw (70-16hrs.) lasdien 2 1vinAL 0.89 uazein
MAE 1¥in1iu 0.018 NTU uaziilaSouifisuny
mmﬂm@]mﬁiaumaaméadﬁai’@ﬂmmju (Tubidity
Meter) Bafdnriny £2% LLﬂzﬁ’]ﬂ’J’]&J’ljuﬁﬂﬂﬂﬁl’m
Clarifier finanuUVLT=018 5 NTU 6955310
ARALARaRBINMTIAeESAvnny 0.1 NTU 495
ANNINNI1AT MAE 289N 1381808 LUUS 889

{ < A & o & A a
ANN NATUToURBITY A9BuUIzRNTAINAS

;sﬂﬁ 8 n3LU3uuLiBuA Mean Absolute Error
POIUUUFI8DS 1 Tuton
YN BweIuULiIans ANN Ailduteunitsswiug
pansUle
6.2 AOIUNLNTTVUUUTHTIU 2 TH

UIzANTNINNIIR IR UV DILVUTIA D
ANN ﬁﬁﬁqwauwia:nmﬁauﬂETGLLa@magj'lu
A5797 4 Im;sﬂﬁ 9 ugAINITLUIBUIABLAN 12
LLﬂ:Eﬂﬁl 10 WEAIN1TLIUTO LN VAT MAE V849
LUUSIRDIULLROIT T LAZHATEINITFNUEN
mmﬂuﬁﬁwmwaoﬁ’]ﬁaaﬂmﬂ Clarifier 7837

namay (Test set) ugasailugui 11
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@]’1‘5’]\'17] 4 UszANEMNTaILULFI88d ANN 71 wnau 2 “E%

. 9y miau"nu miau"nu The coefficient of Mean Absolute
LASDUNRAT g g
DAUN 1 TAUN 2 determination Error (NTU)
Uagiiu (1) 40 75 0.83 0.043

4 TN (1) 60 80 0.90 0.021

8 B2 laa (t-2) 45 80 0.92 0.016

12 21309 (t-3) 75 60 0.91 0.020

16 TALN9 (t-4) 70 60 0.91 0.021

20 F3 a4 (t-5) 55 65 0.91 0.021

1 0.05
c
© =
I 2 004
£ Ll
£ 2
s S5 003
© [e}
a 3
o 2 o0
2 -
c
o) o 001
ko) 0
3

& e e @ & @
§ Q@%QJ Q&(\ Q)QR}\ Q,\rﬁ\ J\é\ Q/QV\\
< / S 3
& & PR AP
Eﬂﬁ' 9 mL3uuLiBuan The coefficient of gﬂ‘ﬁ' 10 N33 BULiBuAT Mean Absolute Error
determination VILULFIADS 2 TwTan PoIUULIINDY 2 TuTal

Y
(@]

' " | —— Actual Clarified water turbidity
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l J], h I 1|

.“
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WNUINFMILULLIIa89 ANN NATUTa%
70951 Naandounas 8 1aluy IWs=ansanlu
AW ﬂﬁﬁﬁqﬂ Tagfisuniasouluiudoud
WiILHATY 45 fi250% duTeufigerinny 80
fiavau (45-80-8hrs.) lasfidn 2 1Yinnu 0.92 uas
1 MAE 7infiv 0.016 NTU waziilau/soutitsuny
AANNARNALAAaUTBINTT AT AN 0.1
NTU $9iidruanninen MAE 28901391 w18@78
LUUS180IANN AT uTouaoItn aihu
Y32 ANT AWM BB0ILULSI889 ANN 7ATiTH
Fongasswmduisonsyle

7. 3150IHANIINAADY

HANNINUNBTILL LR8I I TRAN T IT T o
wazrastutawduiisansulditasandr MAE a9
LUaenIsILLLTfd NI AANAIALAR DY
maam’%‘aaﬁai’@mmﬁu (0.1 NTU)

AsuuuusiaasnssasliUs=ansaawnis
Mwelndifsans wazlidn MAE daanindnainy
ARNALAADUYBILASIND LUUFIRBINIITUTa%
(70-16hrs.) azdaslETayadaunaslunisriunsie
9109 ININNIIUU LI IR 0IRDITUT O (45-80-
8hrs.) azlddayadaunasiiieg 8 F2lug Maftenaan
mﬂmm@ﬁuuuﬁmamm%‘mau FIuwniinTen
125 (45+80) #130% Fannnidwuiinseunites
Fan (70 firsen) GemansalimsswisuazNany
e lduduginia

aRa1smad NI Ui (Hydraulic
Retention Time, HRT) G9l#lun1soanuuyudy
Clarifier 498 @11 sz 2-3.5 T2 lwg (18] Daiiln
nmﬁﬁw:agjsl,un”aﬁa:l,ﬁuiﬁﬁmﬁaﬂﬂiﬂﬂ'ﬂnm
sTawé‘waaﬁayjaﬁ@i’aam*m%aamuuﬁﬂaaa (45-80-
8hrs.) uaz (70-16hrs.) 714 8 uaz 16 Talug niodn
TuwiiminganuinasInaasuwilsaaudsla 9
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nd’ni{mﬁ]a%mﬂﬁmnmwguﬁﬂumamznamﬂ"]
(Slurry Recirculation) tazslwifinaznanlnaily
Clarifier aznauasnaitlildaanluwianniudii 49
fitnanagludy Clarifier ANNINTI98 B N LN
(HRT) uazravasmsiaonudsle gfifiaduluada
HINNAADAZNOUAINANILAITUTWNANTZNUAY
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IMNHANTANBILALNARDIITWLINWLUINR D
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waz 20 $2lu9 Tapddwinduten 1 uas 2 Tusas
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