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ABSTRACT

The objective of this research is to apply Artificial Neural Network Constructing for mathematical
model to predict Free Residual Chlorine. The main purpose of the model is to train unexperienced
operators in the control of chlorination system. The mathematical model was constructed by using Time
Series operation data collected from the Metropolitan Waterworks Authority. The data was collected daily
from 1st January 2010 to 31th December 2010. In constructing the Artificial Neural Network Model, the
input data was divided into 3 sets: Training Set, Test Set, and Validation Set, in order to be used for
teaching, testing the model efficiency, and reducing over fitting. Back Propagation learning was applied in
training the model while model performance was evaluated by using the Coefficient of Determination and
the Mean Absolute Error of the data in the Test Set.

The results reveal that the Artificial Neural Network Model with two hidden layers obviously
shows the best performance, with 50 nodes in the first hidden layer and 90 nodes in the second hidden
layer. The model gives excellent prediction as reflected by a Coefficient of Determination of 0.99 and a

Mean Absolute Error of 0.02 milligrams per liter.
Keyword: Artificial neural networks, Chlorine, Time series
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UseANTNINTeIuULIIa0IlATITNY
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AAWANAVBINTTYNUIBLY Test Set ANNAANAA
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7 %38 Mean Absolute Error (MAE) [3] @1 7 Lazéin
MAE mu15amn leanaunseaseluit
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3. WaN1INAaadg
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SAINEIN 411 ANNEIGY TRV DI
sondaonssulasstnodszamifion (ANN) ASDw
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n ]
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SS, = Z( ) 4) §I8Q) VOILARZLIAITOUNAIINNNANIINAADY
=1 @INAI WUINRIRIUBLUIae9lATIU18U T8N
sy, @0 dnmsdana mmlmwnwnau 1 T AT WARINLANIZRNAD
¥, fa shmmarhunsiwdy y, 12 51139 LL?J&’]%’]%I%%@‘IL‘Y]’mU 80 lviua lay
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" 2
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Time Lags

Eﬂﬁ 6 N3LUIuuLisuAn Coefficient of Determination

t t=1 t-2 3 t+4 5 -6
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> a a o ' = Aa <
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LALDURAI
) . Coefficient of Mean Absolute Error (MAE)
(Time Lags) Fwnlvrua
Determination (%) (mg/)
(hours)
oyt 85 0.25 0.23
2 85 0.49 0.18
4 55 0.59 0.17
6 55 0.71 0.14
8 80 0.75 0.13
10 70 0.75 0.13
12 80 0.76 0.13
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Residual Chlorine (ppm)
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> a a o . Aa <
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. STUIUTUT D1 SUIUT U B Coefficient of Mean Absolute Error
(Time Determination (MAE)
Lags

o) () (mg/)
(hours) 1% hidden 2" hidden
12917 40 90 0.45 0.19

2 35 65 0.65 0.15

4 100 65 0.72 0.14

6 90 90 0.94 0.06

8 55 90 0.94 0.07

10 90 85 0.97 0.04

12 55 90 0.99 0.02
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WeawSouifisuiuainuaaiaindan
(Accuracy) 784103837AAR0SUDIT AL £5%
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mg/l GIHUAIAINNASIALAA BNV DINTTIADL T AN
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LUUS1IRAIUDY 1 TUBauWLINd1 MAE §6n
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Wazen MAE wihiu 0.02 mg/l tlashanilsoufisy
AUANUARIALAREUYBILATEIE DTANLIN 6N MAE
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AruInninaIaunaaIe e uTadiA3aIladn
ARBSYH (£0.035 JaAN3NA0AAT) uazUULIR0INE
2 sugewduivenivldiiosaindn MAE 209
LUUS1889T 861N 61ANARIALAR DY B
in3asiiatanaasn (20.035 Sadnsudedas) lay
Undudinisusziuasnarsiinualidiaing
AReINAFITAIMRABNAIYINAL 0.7 Aadniudafas
wananiganuindiafiansadaannn
Ay (HRT) slun1seenuuudanduasasuldina
ANy (Hydraulic Retention Time, HRT)U3su1mh
20-45 w17 wakuusIaedlaTsdnsdszanifsy
daslddayarandounasie 12 Falug wialw

1@HAANFS LRAIINAVBINTLAUIZUL (Operate)

9

39

LLazqmmwﬁ']ﬁL“ﬁ']gjﬁaﬂaa'%m‘i’uwirm’lﬂaqﬁuﬁa
VAETBURRT 12 T LI RNANUANAN LT VT U
ARaSuAFTzAARD lnIsdiaNnTaatuieladn
A A ¥ A a ' a a A
apnanIamluiloudidinadedIuimaaainn
mﬁaaq 1°1°fnmagﬂuﬁ'@Lﬁmaa%umﬂndﬂnmﬁﬂ
WY (HRT) ha991n3di1990909anaznawidl
ANHIACAALALD Y‘iﬂﬁqmauﬂ'ﬁmaaﬁniﬁwuﬁ
LRTNINNIIIAINNLAY ATRINANIDIAMNT VT
mamaa%uﬁmﬁaag UANINAWAD BATINTT WA
a A A a o A A
wazdSumaaasuniduiduaiundslunsduszuun
inualasdfii@n1s (Operator)

5. zh;fd
AIINHANITANBILAEINARBINUIN
wuU3RedlassnsUszai oAl lunsrinune
A1naaIndaIzAILARNE (Free Residual Chlorine)
XY o & ° o 2 o
T(ﬂﬂ‘lmagamuﬂimmmmmu 7 aals TI0n
LLﬂim‘*ﬁﬂs:nauﬁumTaHasl,ul,';mﬂ'cnaguwul,l,am‘faga
AT BURAY 2, 4, 6, 8,10 Laz12 T2y lapd
FAUIUTUTAU 1 LAY 2 TUTOY WUITLULINRDS
' a A a < o o A
Tas39aUveaMAsuNT1 TusawIadaunadn
WANIZRNAD 12 TIINI WRZI1WINIAUALYINAY 80
Tua @1 2 Winy 0.76 wazA1 MAE v¥innu 0.13
JaANINGARATRINILLUUI180la92n8Y 528N
a A a < Y a ' o o A
ViUNE 2 TusouldHadni Liandaunadn
WANTZENAD 12 TAlNd wazs winluualvinny
(55,90) lnualasuuuirassfazrlidl 2 ivinny
0.99 LazAn MAE vinnu 0.02 JaanIN¢dafas
UTeANTANVINIYIN U BVBILUUTIRDS
A a < A ) o A o
1 2 Tusawidunuensuld thosanlwdrainy
AAWAIANEENINANNAALAREUYBILATEINDIA
. = o A a < o
893NN NLLII80INT 2 TuTantdn
wuudtaasnddaneninginitiiasannedinny
ARNALARAWNANNINAIAINNARIALARDUYDI

tﬂl = Qs
LAIDINBIN



40

6. naanssnlsznd
mamauqmﬂﬂiﬂs:ﬂ']uﬂs%ma
Metropolitan Waterworks Authority (Thailand).

www.mwa.co.th #niuTayafiltluuiapi

7. 18n&1391999

[11 Bowden, G. J., Maier, H. R., and Dandy, G.
C., 2002. Optimal division of data for neural
network models in water resources
applications." Water Resour. Res., Vol. 38,
No. 2, pp 1010.

[2] Box, G.E.P., G.M. Jenkins and G.C. Reinsel.
1994. Time Series Analysis Forecasting and
Control. 3rd ed. Prentice Hall, Inc., New
jersey. 598 p.

[3] Demuth, H., and Beale, M. (2000). "Neural
network toolbox."The MathWorksInc.USA.

[4] D.R. Baughman , Y. A. Liu 1995. Neural
Networks in Bioprocessing and Chemical
Engineering,Page 53

[5] Fausett, L. 1994. Fundamentals of Neural
Networks. Prentice Hall, Inc., New jersey.
461 p.

[6] Gurney K. 1997. An introduction to neural
networks.UCL Press. London, UK

[71 Haan, C.T. 1977. Statistical Methods in
Hydrology. The lowa State University Press-
Ames, lowa. 378 p.

[8] Haykin, S. S., 1999: Neural networks : a
comprehensive foundation. Prentice Hall,
842 pp.

[9] Ikonen E., Najim K. 2002. Advanced
Process Identification and Control, Marcel

Dekker Inc., New York, U.S.A., 310 p.

[10]

[11]

[12]

[13]

[14]

[19]

[16]

MIFITIAINTINAFAT VAINENAUATUATUNTI LIa

I 10 aUN 2 1HAUNINYIAN-TUIAN N.7.2558

Maier, H.R. and Dandy, G.C., 2000, Neural
Networks for the Prediction and
Forecasting of Water Resources Variables: a
Review of Modeling Issues and Applications,
Environmental Modeling & Software, Vol.15,
Page 101-124

Mario Bunge .1963. "A general black-box
theory". Philosophy of Science. Vol. 30.No.

4, pp. 346-358.

Masters, T. 1993. Practical Neural Network
Recipes in C++. California: Academic Press,
Inc.

Metropolitan Waterworks Authority
(Thailand). mmgmgwmmwinlizilwaami
Use11uATHad [TeULaW b, WHEINN:
www.mwa.co.th

Silva Filho, AC et al. Using the Lag of
Autocorrelation Function in Order to Identify
the Anaerobic Threshold During Dynamic
Physical Exercise. Computers in Cardiology
2006; 33: 625-628.

Theil, H. (1950). "A rank-invariant method of
linear and polynomial regression analysis. |,
I, 1I". Nederl. Akad. Wetensch., Proc. 53:
386-392, 521-525, 1397-1412.

Witbrock, Michael and Zagha, Marco
October,1994."Back-Propagation ~ Learning
on the IBM GF11," Chapter in Przytula,

K.W., and Prasanna Kumar



