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Thesis Title Fuzzy Model Reference Learning Forecaster for Short-Term Water
Demand
Forecasting
Author Mr. Sirawat Chuwanit
Major Program Electrical Engineering
Academic 2015
ABSTRACT

This research presents the performance of a Fuzzy Model Reference Learning
Forecaster for short-term water demand forecasting. The adaptive fuzzy logic learning mechanism
adjusts knowledge base depending on reference model values and measured values. The forecaster
uses number of consumption, type of activities, and previous-day water usage data as the inputs to
the forecaster. The forecaster was verified by using a simple mathematic model and the results show
that the forecaster can adapt its behavior according to the input events. The performance of the
forecaster was then validated by using actual water usage data and compared with Linear
Regression Analysis and Artificial Neural Network. It is found that the Average Absolute Relative
Error (AARE) of the forecaster is less than the Average Absolute Relative Errors of both Linear

Regression Analysis and Artificial Neural Network.

Keywords: Short-term Water Demand Forecasting, Fuzzy Logic, Fuzzy Model Reference Learning

Forecaster
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. Average absolute relative error (AARE)
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?Mwlsenov V-1

Learning mechanism
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model | Knowledge-base |
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modifier < '— CTence | " Je
g mechanismny 11
| Storage l P ?Q T
: Fuzzy inverse model” € X0 kI
\| |Fuzzy sets "Rule—base |
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+ e(kT) E - Plant
i Input 1 : &T) 1= ; g | Inference S
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_e(kT)—e(kT -T)
T

c(kT) (V-2)

a I ° 2 4 °
Tuwadede Wumsasrunusassvesszunlfalouszuuasa oty
~ Y A A Aa 2 a Y A
lunszurumsna lnmsBeudimeaaanuranaainaruluszunnszuiunsGouiie
[ {a 2 a o a 1 J
PsuamuguiladnnatuldiiIndszunass Tasede TuaadwoulSeuiisuatoanaves

U



80

VoA o AAa Y A o Yy a
HAAINNIUDY G]’Jf’\l']‘Uf’;l1]ﬁcﬁcﬁﬂliﬂugl‘ﬂﬂﬂﬂﬂiﬂlﬂa@'mﬂq (FMRLC)

http://www?2.ece.ohio-state.edu/~passino/ICbook/Code/fmrlc_tanker.m

YA o 9 o @ E1 1 @ A A A Y A @ Yy a ° A
AR ﬂllﬂ‘ﬂ1ﬂ15‘WﬁN‘L!1ﬂluﬁ@ﬂ@ﬂi]1ﬂﬁ]ﬂ]'ﬂﬂNﬁ"]ﬂcﬁ‘ﬂliﬂugl‘ﬂﬂﬂﬂﬂillma'ﬂ’lﬂ'ﬂﬂ Iﬂﬂ‘ﬂ1ﬂ15lfW3\|

uagdn Code TuTsunsu MATLAB Taonaas Code Mfaountlasvesdmennsaiiadnizous

Meuny Tunadade (FMRLF)

MMsUTUMOATINITUY (gain) TUTIUVDY Fuzzy controller

ge=1;,gc=1;,gu=3;

MM3UTU NYMIAIUANAINIBIVON Fuzzy controller
fuzzyrules=[-0.5 -04 -03 -02 -0.1 0 0.1 02 03 04 0.5;
-04 -03 -02-01 0 01 02 03 04 05 0.6;
-03 -02 01 0 01 02 03 04 05 0.6 0.7
-02 -01 0 01 02 03 04 05 06 07 0.8;
-1 0 01 02 03 04 05 0.6 0.7 08 0.9;
0 01 02 03 04 05 06 07 08 09 1;
0.1 02 03 04 05 06 07 08 09 1 1;
02 03 04 05 06 07 08 09 1 1 1
03 04 05 06 07 08 09 1 1 1 1
04 05 06 0.7 08 09 1 1 1 1 1

0.5 0.6 0.7 08 09 1 I 1 1 1 1]*gu

MMsUSUMOATINITUY (gain) TUETIUVDY Fuzzy controller

gye=1;, gyc=1;, gp=0.13;

o @ o Y ~Aq Y Y 4 A A A Y A o Yy Aa Ay -
“Imﬂ'l'ﬁﬂi‘uﬂWu'JuﬂJ@iqllﬁ‘ﬂﬁlf’lﬂuﬁ’JWﬂ1ﬂiﬂ!1/1“]5‘3]5‘1/'|l,3Eluqi,W]EJ”Uﬂﬂiulﬂﬁ@Nﬂﬂﬂgﬁq@]ﬂ"Uﬂhﬁﬂ 39

U

tstop=39;


http://www2.ece.ohio-state.edu/~passino/ICbook/Code/fmrlc_tanker.m

&1

dina Tunadnede uaazSuCiiteadians)

Re=[0.002.85 2.85 3.453 3.453 3.453 3.453 3.453 2.85 2.85 3.453 3.453 3.453
3.453 3.453 2.85 3.453 3.453 3.453 3.453 3.453 3.453 2.85 2.85 3.453 3.453
3.453 3.453 3453 2.85 2.85 3.453 3.453 3.453 3.453 3.453 2.85 2.85 3.453
3.453 ;

uaaen1 p(kT) uaazdudielinsdsy

p=10,0,0,0,0,0,0,0,0,0,0,0,0,0,0 ,0,0,0,0,0 ,0,0,0,0,0 ,0,0,0,0,0 ,0,0,0,0,0 ,0,0,0,01;

uaasmmsldhasanou

yr=[ 3.625 3.125 3.035 4.178 3.732 3.74 3.875 3.036 2.804 2.865 3.643 3.721
3.464 3.625 3.527 2.785 3.53.929 3.384 3.555 3.375 3.804 2.678 2.41 3.339 3.33
3.224 3.285 3.419 2.856 3.134 3.16 3.286 3.036 3.054 3.106 2.857 2.804 3.169

3.187];

1 = 9 4 1 @
HaaIMINIZUIUMSIsEUININMInensa y(kT) uaazyu

y=0.0,0,0,0,0,0,0,0.,0,0,0,0.,0,0,0,0,0,0,0,0,0,0,0,0 ,0,0,0,0,0 ,0,0,0,0,0 ,0,0,0,0 ;

fin Foya Bunal uazdunn2

i1=[0.60.60.80.80.80.80.80.60.6 0.8 0.8 0.8 0.8 0.8 0.6 0.8 0.8 0.8 0.8 0.8 0.8 0.6 0.6 0.8
0.8 0.8 0.8 0.8 0.6 0.6 0.8 0.8 0.8 0.8 0.8 0.6 0.6 0.8 0.8];
i2=[0.50.50.50.50.50.50.50.50.50.50.5 0.5 0.5 0.5 0.5 0.5 0.5 0.49 0.49 0.49 0.49 0.49

0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49];

meﬁa@ﬂmméﬁﬁa

r(index)=(i1(index)*i2(index)*0.40*22);
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mstSumswensainnmsisou
if uold(index)>yr(index)
y(index)= yr(index)- (uold(index)*0.4) ;
else uold(index)<yr(index)
y(index)= yr(index)+ (uold(index)*0.4) ;

end

Usemaaanls sunal uay dunn2
e=il(index);

c=i2(index);

adunslnnmanensaidamensaileinzeudiiouiyTuaad 9o
title (FMRLF");

plot(yr,('blue "));hold on;

plot(uold,('red"); hold on;

plot(rr,('black’));hold on;

grid on;

xlabel('Day");

ylabel('Daily Water Use (1000 Cubic meters)");

legend ('Using water value', FMRLF','Reference Model');

Y o v v @ A A A 9 = [
"l@mm‘im Code Gluiﬂil,!ﬂill MATLAB ﬁ?uﬂ]@ﬁﬁ?ﬂ?ﬂﬂuﬁcﬁcﬁﬂﬁﬂugL‘VIEJ‘]Jﬂ‘]J

Tnad1999 (FMRLC)

AATIUVDI Output of the plant
A=[0 1;-w_p"2 -2*zeta p*w pl;
B=[0; 1];

C=[k_p 0];

while t <= tstop

y(index)=C*x;



aadualsoune

r(index)=sin(.6*t);

ﬁﬂllﬂﬂﬁTﬁﬂﬂINlﬂﬁgW\iaﬂ
ym(index)=(1/(2+a_r*step))*((2-a_r*step)*ymold+..... k_r*step*(r(index)+rold));
AATIUUDY Calculated next state
time(index)=t;
F=A*x+B*u(index);
k1=step*F;
xnew=x+k1/2;
F=A*xnew+B*u(index);
k2=step*F;
xnew=x+k2/2;
F=A*xnew+B*u(index);
k3=step*F;
xnew=x+k3;
F=A*xnew+B*u(index);
k4=step*F;
x=x+(1/6)*(k1+2*k2+2*k3+k4);
dadumsdaiansl
subplot(211)
plot(time,y,'-',time,ym,'--")
xlabel('Time (sec)")
title('Output of plant (solid) and reference model (dashed)")
subplot(212)
plot(time,u)
xlabel('Time (sec)")

title('Output of fuzzy controller (input to the plant)")
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