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This research thesis aims to reduce the motion errors of a read/write head of a micro
hard drive. The errors are due to nonlinearity and friction in the voice-coil-motor (VCM)
operating as an actuator of the head. Performance improvement is achieved by using a fuzzy
logic controller. Moreover, the high-frequency resonance of the head are resolved by the
linear compensation approach. This thesis includes studies of dynamic and mathematical
model of the head actuated by a VCM in low- and high-frequency ranges, simulations,
design of a fuzzy logic controller compensating for the nonlinearity, as well as linear
compensation design for head stabilization and performance enhancement in high-
frequency range. In addition, performance optimization is achieved via the adaptive tabu

search (ATS) for high-frequency operation of the head.
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Comparison of time-domain responses of the VCM actuator
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Bode Diagram
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Comparison of time-domain responses of the VCM actuator
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Comparison of time-domain responses of the VCM actuator
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Comparison of time-domain responses of the VCM actuator
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Control signals to the VCM
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Bode Diagram

Magnitude (dB)

Phase (deg)

Frequency (rad/sec)

~ A a = v J )
E‘]Jrﬂ 4.4 ﬂﬁlﬁﬂﬂﬂﬁuaqvn\iﬂ'nuﬂ"’U'ﬂ\iﬁgUU'Nﬂﬂﬂﬁmuﬂqﬁsﬁﬂl%ﬂﬂaﬂlwﬁaﬁlﬂuﬁl

lﬂ‘ v 1
olfugua K

A Y = v o A o J A Y
MITNN 4.1 "]Ji’]lql)aﬁlliiﬂugiuiﬂlﬂ\lunaulaglﬁﬂEliﬂ']WﬁllWT]‘ﬁLiJ@ﬂiﬂguﬂ"l K ATUUNITVALTYAIY

wlardmrh
. mavaau | oalumadhg | dawdlenla druifi nuusIan
(%) ADULDYAI(ms) ©°) Bn519818 (dB) FIAEUABIUIN

25 71.6 19.3 12.9 20.6 2,824
5.75 60.9 8.26 19.5 134 4,296
8.77 55.3 4.97 24 .1 9.73 5,360

15 49 3.1 31.7 5.07 7,019

20 45 2.76 36.6 2.57 8,166

d‘ ) [ 1 [ d' 1 4‘ U S Q‘ d? o Y 1
L‘JJ?JVI'Iﬂ"IS‘iJﬁ‘U@‘HﬂT K auaaalumsni 4.1 wuiudea K Jaunuauuaziinlba NITNN
a Y (Y] 1 A 1 Ja d A ddg’ A T A
INU L’Jﬁ?iﬂﬂ?i!ﬂl?gﬁﬂﬂlgﬂgﬁﬂ drumold LazAuAIAN VANITTOULATY A MINANULASLIAN
9 ] Ty A0 1 d' Ia =Wl Q' d‘y [ 4' Iy q’j
11!ﬂTiLﬂJWQ’ﬁﬂTUZ@Q@’JNﬂTﬁﬂaQ AIUHDN ALAZLUUAIANTAUNNYY UATIUNDOAT IV U
@ A a [ A o <3 FIR Y S
nayanaN mawmammamauaummmammﬁ@ﬂugﬂ‘n 4.2 ﬁlzmmmmu“lmw D11 K WA

L 2 0o q ¥ 3 £ 2 A A Y o v
mmmz‘wﬂwmi@mmmmﬂimgmﬁau"lmmmu FAUUDWINTTUITIDUSAUVDNIVUALAIND



37

== FY oy Y v [~ Y o [ o 1 ~
mim@‘uaumﬂimumi‘mwammWﬁmwmm"lmﬂu"lﬂmu‘uemwuﬂ UEAIINAIVAUFYAINATIN

Tdeanuuudslimmnzauaoszuy

Y Z Yy v U A Y
43  mslFmvaanuuad 1 avia a9 ou
Y
AUTUNIeRNLUUAITAsIA 1075 ad 1T ez A mauF e uITueq Massner LA
AlZ (Messner, Bedillion, Xia, and Karns, 2007) BaisasalilandunioToudaannisn (4-4) uazi

A v
TuppUUARITMIBNLLLM @, 1AZ @, A9l

) 2 2
G ()= " +2¢w,s+ o, (4-4)
complex 2 2
o, | $"+20w,s+w,

4 v 1 v

Jumeui I fvuam ¢ #eldidenldnn 45°on1seoniu (arbitrary)

O.BI/ d’ o ! =) a = 1

YUNDUN 2 Muua o, =4.2x10*5@eu/ 0 uag A1 ¢ = 0.9 (arbitrary)

4 v
Tuaoun 3 MM o, 1ag o, 10

W, = Wy, ({tan . +\/§2 tan’ @, +1) =9.43x10* 151@8U/AUMN

0, =0, (—cj tang,, , ++/¢ tan’ g, +1) =1.87x10* 131feu/AuN

5/ d’ 1 d‘ d‘ J Y o =
VYUAOUN 4 UNUAN @, iHag o, adluaunisn (4-4) tyaunuU @, ihae o, i]%hlﬂﬁ’J‘]SﬂHfElﬂJ

HansuoreToudaaunisn 4-5)

(4-5)

2 4 )
Gegnpoe () = K{s +3.367x10*s+3.499x10 j

s> +1.697x10°s +8.893x10’

A o A A o o A v ) a Yo 1 o & Y Yo
Lu9\1El]']ﬂﬁ'J"Ifﬂl‘]fﬂ(’b'uﬂulﬂu@u@‘]_lﬁﬂ\u%\‘lcﬁﬂu ﬂ'liﬁi']\uﬁﬂﬂiﬂ'lwslﬂﬂ’]@'lu%uﬂu@ﬂqﬁl%ﬁj

1 o o a ~ 3
%ﬂl%ﬂﬁ@\?%ﬂi’]ﬂﬂq\ﬂu ﬁ\?ﬁ@\?ﬂ“ﬂl‘lﬂ'ﬁ@@ﬂllUUﬁ'ﬂ\ii@U ﬂllﬁﬂ\i"fl}'Ng{ULﬂUﬂ'ﬁ@ﬂﬂlL‘UUiu‘i@ULljﬂ

: 1 [ a {
Falda ¢ 11U 45° (arbitary), @, =4.2x10* 151@eu/Aufi uaz ¢ =0.9 lumsesnuuusou

max 2

' <3| a o w y o a <
a9 19m1 ¢ 11u30°, @, =4.53x10* 15iReu/Aui tag ¢ = 0.8 mud ey ieduiiumsase

ax 2

Y v 3‘ 9 Y v a g v o As Jd v 1 o A
ﬂ'll‘]aljimﬂlﬂﬁ'JGI)'ﬂLGI)'EJLL‘]J‘]JW‘Iﬂ'ﬁ'Wi°L!']LLa3ﬁ']‘W'@I\1LGIN“]YEI1!'E)1!ﬂUﬁNWQﬂWUﬂWﬂT@uuﬁﬂﬂﬂ\iﬁNﬂ'lTV] (4-6)



Gcz(s) = K[

o o
YUAOUN 5

38

s* +3.367x10%s+3.499x10° |[  s* +46365+8.396x10° 4-6)
7 +1.697x10°s+8.893x10” J{ s> +1.33x10*s+5.016x10’

v @ @ 1 I~
Irlsudasveeddldgndes ainmsasstlSuguean K iilu 1 1.755 2.244 3.177 uay
Y [ ~ A
4 vz Idwanouauoininaawdnalugli 4.5 unuamTuavesszuurutlaninmsg
Y FY ~ ~ a
FAFOUAMAA 1A IUFUN 4.6 HAZUHUNTNMTADVAUDINNANNDVOITZUDITA

A Y Y = 1 Yo
1/]11ﬂ'lﬁ%ﬂlclfflllajllﬁﬂ\jhlﬂﬁlu?’ﬂ‘ﬂ 4.7 Llagﬂ']ﬂ'liﬂ’f]Uﬁu@\imaQigUULLﬁﬂqllﬂﬂ\W]Ti’N

4.2 ey

Step Response

Amplitude

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Time (sec)

719 4.5 HAMIADVAUDININIAVBITZUUNT A VNI FAIIAIY

Y ]
wadmrezdmdutdowiolSugua K



39

Bode Diagram
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Program: VCM_low_frequency.m

clear all;
clc;

T=0.0001;
x1=0;
x2=0;
Tf=0;
x1n=[];
x2n=[];
i=[];
un=[J;
u0=0;
x10=0;
r=1;
a=0.015;
error_1=0;
e=1;
errorn=[];

for n=1:0.02/T;

R=n*T;
Rh=n*T;
u=a;
e=e+tl1;

f11=x2;
21=2.35*%10"8*u-6.78445*10"6*atan(0.5886*x1)+TfT;
x1h=x1+0.5*T*f11;

x2h=x1+0.5*T*f21;

Rh=(n+0.5)*T;



end

uh=a;

f12=x2h;
£22=2.35*%10"8*uh-6.78445*10"6*atan(0.5886*x 1h)+TfT;
x1h=x1+0.5*T*f12;

x2h=x1+0.5*T*{22;

Rh=(n+0.5)*T;

uh=a;

f13=x2h;
£23=2.35*%10"8*uh-6.78445*10"6*atan(0.5886*x 1 h)+TfT;
f23=-2*x1h-2*x2h+2*uh;

x1h=x1+0.5*T*f13;

x2h=x1+0.5*T*f23;

Rh=(n+1)*T;

uh=a;

f14=x2h;
24=2.35*%10"8*uh-6.78445*10"6*atan(0.5886*x 1h)+Tf;
x1=x1+(1/6)*T*(f1 1+2*f12+2*f13+f14);

x1n(n,1)=x1;

i(n,1)=R;

x2=x2+(1/6)*T*(f21+2*f22+2*f23+124);

x2n(n,1)=x2;

un(n,1)=u;

Te=2.35*1078*(-0.02887*atan(0.5886*x1)+u);
Ts=1.293*10"6*abs(u0*x10)+1.65*%10"4;
Tel=abs(Te);

if Te>0;
Te2=1;
elseif Te<0;
Te2=-1;
else
Te2=0;
end
if x2>0;
x22=1;
elseif x2<0;
x22=-1;
else
x22=0;
end
if x2==0
if Tel<=Ts
Tf=-Te;
elseif Tel>Ts
Tf=-Ts*Te2;
end
else

Tf=-(abs(1.175*1076*u*x1+0.01*(x2"2))+15000)*x22-282.6*x2;

end

figure(1)
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plot(i,x1n)

grid on

hold on

title('Comparison of time-domain responses of the VCM actuator')
xlabel('Time (seconds)')
ylabel('Displacement(micrometers)")
figure(2)

plot(i,un)

title('input of the VCM actuator")
xlabel('Time (seconds)")
ylabel('Input signal to VCM (volts)")
grid on

hold on
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Program: VCM_high frequency.m

clc;

clear all;
z1=[0.8709 1726 1.369¢9];
pl=[1 1480 1.369¢9];
Gl=tf(z1,pl);

z2=[0.9332 -805.8 1.739¢9];
p2=[1 125.1 1.739¢9];
G2=tf(z2,p2);

z3=[1.072 925.1 1.997e9];
p3=[1536.2 1.997e9];
G3=tf(z3,p3);

7z4=[0.9594 98.22 2.514¢9];
p4=[1 1805 2.514¢9];
G4=tf(z4,p4);

z5=[00 7.877¢9];
p5=[1 6212 7.877¢9];
G5=tf(z5,p5);

z6=[0 0 2.35¢8];
p6=[100];
G6=tf(z6,p6);

G=G1*G2*G3*G4*G5*G6;
Gp=feedback(G,1)

figure(1)
step(Gp)
grid on
figure(2)
bode(G)
grid on
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Tdsunswy fuzzy.m

function [control]=fuzzy(error,change error,ee,gg,hh,jj)

syms NL NS ZE PS PL ZD XLD LD MD SD NC SI MI LI XLI
dx=0.00001;

Xmin_error=ee;

Xmax_error=gg;

xmin_change error=hh;

xmax_change error=jj;

Rulel=1;
Rule2=0.75;
Rule3=0.5;
Rule4=0.25;
Rule5=0;
Rule6=0.75;
Rule7=0.5;
Rule8=0.25;
Rule9=0;
Rule10=-0.25;
Rulel11=0.5;
Rule12=0.25;
Rule13=0;
Rulel14=-0.25;
Rulel15=-0.5;
Rule16=0.25;
Rule17=0;
Rulel18=-0.25;
Rule19=-0.5;
Rule20=-0.75;
Rule21=0;
Rule22=-0.25;
Rule23=-0.5;
Rule24=-0.75;
Rule25=-1;



%%%membership error%%%
%%%Linel
x1_error=[-1 xmin_error];
yl_error=[1 0];
pl_error=polyfit(x1_error,yl_error,1);
x1In_error=[-1:dx:xmin_error];
yyl_error=polyval(pl_error,x1n_error);
%% % Line2
x2_error=[-1 xmin_error];
y2_error=[0 1];
p2_error=polyfit(x2_error,y2_error,1);
x2n_error=[-1:dx:xmin_error];
yy2_error=polyval(p2_error,x2n_error);
%%% Line3
x3_error=[xmin_error 0];
y3_error=[1 0];
p3_error=polyfit(x3_error,y3 error,1);
x3n_error=[xmin_error:dx:0];
yy3_error=polyval(p3_error,x3n_error);
% %% Line4
x4_error=[xmin_error 0];
y4 error=[0 1];
p4_error=polyfit(x4 error,y4 error,1);
x4n_error=[xmin_error:dx:0];
yy4 error=polyval(p4_error,x4n_error);
% %% Line5
x5 _error=[0 xmax_error];
y5_error=[1 0];
p5_error=polyfit(x5_error,y5_error,1);
x5n_error=[0:dx:xmax_error];
yy5_error=polyval(p5_error,x5n_error);
%%%Line6
x6_error=[0 xmax_error];
y6_error=[0 1];
p6_error=polyfit(x6_error,y6 error,1);
x6n_error=[0:dx:xmax_error];
yy6_error=polyval(p6_error,x6n_error);
%%%Line7
x7_error=[xmax_error 1];
y7_error=[1 0];
p7_error=polyfit(x7 error,y7 error,1);
Xx7n_error=[xmax_error:dx:1];
yy7_error=polyval(p7_error,x7n_error);
%%%Line8
x8_error=[xmax_error 1];
y8 error=[0 1];
p8_error=polyfit(x8 error,y8 error,1);
x8n_error=[xmax_error:dx:1];
yy8_error=polyval(p8_error,x8n_error);

%%%membership change in error%%%
x1 _change error=[-1 xmin_change error];
yl change error=[1 0];
pl change error=polyfit(x1 change error,yl change error,1);
xIn_change error=[-1:dx:xmin_change error];
yyl change error=polyval(pl change error,xIn_change error);

%%% Line2



x2_change error=[-1 xmin_change_error];

y2 change error=[0 1];

p2 change error=polyfit(x2 change error,y2 change error,1);

x2n_change error=[-1:dx:xmin_change error];

yy2_change error=polyval(p2 change error,x2n_change error);
% %% Line3

x3 change error=[xmin_change error 0];

y3 change error=[1 0];

p3_change error=polyfit(x3 change error,y3 change error,1);

x3n_change error=[xmin_change error:dx:0];

yy3 change error=polyval(p3 change error,x3n change error);
% %% Line4

x4 change error=[xmin_change error 0];

y4 change error=[0 1];

p4 change error=polyfit(x4 change error,y4 change error,l);

x4n_change error=[xmin_change error:dx:0];

yy4 change error=polyval(p4 change error,x4n change error);
%%% Line5

x5_change error=[0 xmax_change error];

y5_change error=[1 0];

pS_change error=polyfit(x5 change error,y5 change error,1);

x5n_change error=[0:dx:xmax change error];

yy5_change error=polyval(p5 change error,x5n_change error);
%%%Line6

x6_change error=[0 xmax_change error];

y6_change error=[0 1];

p6_change error=polyfit(x6 change error,y6 change error,1);

x6n_change error=[0:dx:xmax_change error];

yy6 change error=polyval(p6 change error,x6n change error);
%%%Line7

x7 change error=[xmax_change error 1];

y7 change error=[1 0];

p7_change error=polyfit(x7 change error,y7 change error,1);

x7n_change error=[xmax_change error:dx:1];

yy7 _change error=polyval(p7 change error,x7n_change error);
%%%Line8

x8 change error=[xmax change error 1];

y8 change error=[0 1];

p8 change error=polyfit(x8 change error,y8 change error,1);

x8n_change error=[xmax_change error:dx:1];

yy8 change error=polyval(p8 change error,x8n change error);

%%%check rule error%%%
if error < xmin_error
xx1=NL;
if (error >= -1)& (error <= 0)
xx2=NS§;
elseif (error >= xmin_error)& (error <= xmax_error)
xx2=7E;
elseif (error > 0)& (error <= 1)
xx2=PS;
elseif error > xmax_error
xx2=PL;
else



xx2=7D;

end

elseif (error >= -1)& (error <=0)

xx1=NS;

if error < xmin_error
xx2=NL;

elseif (error >= xmin_error)& (error <=xmax_error)
xx2=ZE;

elseif (error > 0)& (error <= 1)
xx2=PS;

elseif error > xmax_error
xx2=PL;

else
xx2=7D;

end

elseif (error >= xmin_error)& (error <=xmax_error)

xx1=ZE;

if (error >= -1)& (error <=0)
xx2=NS;

elseif error < xmin_error
xx2=7E;

elseif (error > 0)& (error <= 1)
xx2=PS;

elseif error > xmax_error
xx2=PL;

else
xx2=7D;

end

elseif (error > 0)& (error <= 1)

xx1=PS;

if (error >= -1)& (error <=0)
xx2=NS§;

elseif (error >= xmin_error)& (error <=xmax_error)
xx2=Z7E;

elseif error < xmin_error
xx2=PS;

elseif error > xmax_error
xx2=PL;

else
xx2=7D;

end

elseif error > xmax_error

xx1=PL;

if (error >=-1)& (error <=0)
xx2=NS;

elseif (error >= xmin_error)& (error <=xmax_error)
xx2=Z7E;

elseif (error > 0)& (error <=1)
xx2=PS;

elseif error < xmin_error
xx2=PL;

else
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xx2=7D;
end
end

%%%check rule change in error%%%
if change error < xmin_change error
xx3=NL;
if (change_error >=-1)& (change_error <=0)
xx4=NS;
elseif (change error >= xmin_change error)& (change error <= xmax_change errorr)
xx4=ZE;
elseif (change error > 0)& (change error <= 1)
xx4=PS;
elseif change error > xmax_change error
xx4=PL;
else
xx4=7D;
end

elseif (change error >= -1)& (change error <=0)

xx3=NS;

if change error < xmin change error
xx4=NL;

elseif (change error >= xmin_change error)& (change error <= xmax_change error)
xx4=7E;

elseif (change error > 0)& (change error <= 1)
xx4=PS;

elseif change error > xmax_change error
xx4=PL;

else
xx4=7D;

end

elseif (change error >= xmin_change error)& (change error <= xmax_change error)

xx3=ZE;

if (change_error >= -1)& (change error <= 0)
xx4=NS;

elseif change error < xmin_change error
xx4=7E;

elseif (change error > 0)& (change error <= 1)
xx4=PS;

elseif change error > xmax_change error
xx4=PL;

else
xx4=7D;

end

elseif (change error > 0)& (change error <= 1)

xx3=PS;

if (change_error >= -1)& (change error <= 0)
xx4=NS;

elseif (change error >= xmin_change error)& (change error <= xmax change error)
xx4=Z7E;

elseif change error < xmin_change error
xx4=PS;

elseif change error > xmax_change error



xx4=PL;
else

xx4=7D;
end

elseif change error > xmax_change error
xx3=PL ;
if (change_error >= -1)& (change_error <= 0)
xx4=NS;
elseif (change error >= xmin_change error)& (change error <= xmax_change error)
xx4=ZE;
elseif (change error > 0)& (change error <= 1)
xx4=PS;
elseif change error < xmin_change_error
xx4=PL;
else
xx4=7D;
end
end

%%%%%%defuzzification %%%%%%
%%%%%xx1,xx3%%%%%%%%%

if xx1==NL
if error<=-1
yyll error=I;
elseif (error>-1) & (error<=xmin_error)
yyl1l_error=polyval(pl_error,error);
end
if xx3==NL %rule 1% if error is NL and change in error is NL then output is XLI
if change error<=-1
yyll change error=1;
elseif (change error>-1) & (change error<=xmin_change error)
yyll change error=polyval(pl change error,change error);
end
if yyll error <=yyll change error
yyl1l = Rulel*yyl1_error;
hhll =yyll_error;
else
yyl1l =Rulel*yyll change error;
hhll =yyll change error;
end

elseif xx3==NS %rule 2% if error is NL and change in error is NS then output is LI

if (change error>=-1) & (change error<=xmin_change error)

yyl1l change error=polyval(p2 change error,change error);
elseif (change error>xmin change error) & (change error<=0)

yyll change error=polyval(p3 change error,change error);
end
if yyl1l error <=yyll change error

yyll =Rule2*yyl1_error;

hh11 =yyll error;
else

yyll =Rule2*yyl1 change error;

hh11 =yyl1 change error;
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end

elseif xx3==ZE %rule 3% if error is NL and change in error is ZE then output is MI

if (change error>=xmin_change error) & (change error<=0)
yyll change error=polyval(p4 change error,change error);
elseif (change error>=0) & (change error<=xmax_change error)
yyl1l change error=polyval(p5 change error,change error);
end
if yyll error <=yyll change error
yyl1l =Rule3*yyll error;
hhll =yyll_error;
else
yyll =Rule3*yyl1 change error;
hhll =yyll change error;
end

elseif xx3==PS %rule 4% if error is NL and change in error is PS then output is SI

if (change error>=0) & (change error<=xmax change error)

yyll change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)

yyll change error=polyval(p7 change error,change error);
end
if yyll error <=yyll change error

yyl1 =Ruled4*yyll error;

hhll =yyll error;
else

yyl1l =Ruled4*yyl1l change error;

hhll =yyll change error;
end

elseif xx3==PL %rule 5% if error is NL and change in error is PL then output is NC

if (change error>=xmax_change error) & (change error<l)
yyll change error=polyval(p8 change error,change error);
elseif change error>=1
yyll change error=1;
end
ifyyl1l error <=yyll change error
yyll =Rule5*yyl1 error;
hhll =yyll_error;
else
yyl1l =Rule5*yyl1 change error;
hhll =yyll change error;
end

elseif xx3==7D

end
end

if xx1==NS

yyll change error=0;

yyl1l_error=0;
yyll=0;
hhll = 0;

if (error>=-1) & (error<=xmin_error)

yyll _error=polyval(p2_error,error);

elseif (error>xmin_error) & (error<=0)
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yyll _error=polyval(p3_error,error);
end
if xx3==NL %rule 6% if error is NS and change in error is NL then output is LI
if change error<=-1
yyll change error=I;
elseif (change error>-1) & (change error<=xmin_change error)
yyl1l change error=polyval(pl change error,change error);
end
if yyll error <=yyll change error
yyl1l =Rule6*yyl1 error;
hhll =yyll_error;
else
yyll =Rule6*yyl1 change error;
hhll =yyll change error;
end

elseif xx3==NS %rule 7% if error is NS and change in error is NS then output is MI

if (change _error>=-1) & (change error<=xmin_change error)

yyl1l change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)

yyll change error=polyval(p3_change error,change error);
end
ifyyl1l error <=yyll change error

yyl1l =Rule7*yyl1 _error;

hhl1l =yyl1 error;
else

yyl1l =Rule7*yyl1 change error;

hhll =yyll change error;

elseif xx3==ZE %rule 8% if error is NS and change in error is ZE then output is SI
if (change error>=xmin_change error) & (change error<0)
yyll change error=polyval(p4 change error,change error);
elseif (change error>=0) & (change error<=xmax_ change error)
yyll change error=polyval(p5 change error,change error);
end
ifyyll error <=yyll change error
yyll =Rule8*yyl1 error;
hhll =yyll_error;
else
yyl1l =Rule8*yyl1 change error;
hhll =yyll change error;
end

elseif xx3==PS %rule 9% if error is NS and change in error is PS then output is NC

if (change error>=0) & (change error<=xmax_change error)

yyl1l change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)

yyll change error=polyval(p7 change error,change error);
end
ifyyl1l error <=yyll change error

yyl1l =Rule9*yyll error;

hhl11l =yyll error;
else

yyl1l =Rule9*yyl1 change error;

hhll =yyll change error;



end

elseif xx3==PL %rule 10% if error is NS and change in error is PL then output is SD
if (change error>=xmax_change error) & (change error<l)
yyll change error=polyval(p8 change error,change error);
elseif change error>=1
yyl1l change error=1;
end
if yyll error <=yyll change error
yyl1l =Rulel0*yyl1 error;
hhll =yyll_error;
else
yyll =Rulel0*yyl1l change error;
hhll =yyll change error;
end

elseif xx3==72D
yyll change error=0;

yyll error=0;
yyll=0;
hhl11 =0;
end
end
if xx1==7ZE

if (error>=xmin_error) & (error<=0)
yyl1 error=polyval(p4 error,error);
elseif (error>0) & (error<=xmax_error)
yyl1l_error=polyval(p5_error,error);
end

if xx3==NL %rule 11% if error is ZE and change in error is NL then output is MI
if change error<=-1
yyl1l change error=1;
elseif (change error>-1) & (change error<=xmin_change_error)
yyll change error=polyval(pl change error,change error);
end
if yyll _error <=yyll change error
yyll =Rulel1*yyll error;
hhl1l =yyll error;
else
yyll =Rulel1*yyll change error;
hh11 =yyl1 change error;
end

elseif xx3==NS %rule 12% if error is ZE and change in error is NS then output is SI

if (change error>=-1) & (change error<=xmin_change error)

yyll change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)

yyll change error=polyval(p3 change error,change error);
end
if yyll error <=yyll change error

yyll =Rulel2*yyl1l error;

hh11 =yyll error;
else

yyll =Rulel2*yyl11 change error;
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hhll =yyll change error;
end

elseif xx3==ZE %rule 13% if error is ZE and change in error is ZE then output is NC

if (change error>=xmin_change error) & (change error<=0)
yyll change error=polyval(p4 change error,change error);
elseif (change error>=0) & (change error<=xmax_change error)
yyll change error=polyval(p5 change error,change error);
end
ifyyll error <=yyll change error
yyl1l =Rulel3*yyll_error;
hhll =yyll error;
else
yyl1l =Rulel3*yyl1 change error;
hhll =yyll change error;
end

elseif xx3==PS %rule 14% if error is ZE and change in error is PS then output is SD

if (change error>=0) & (change error<=xmax_change error)

yyl1l change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)

yyll change error=polyval(p7 change error,change error);
end
ifyyl1l error <=yyll change error

yyll =Rulel4*yyl1 error;

hhl1 =yyll error;
else

yyl1l =Rulel4*yyl1 change error;

hhll =yyll change error;
end

elseif xx3==PL %rule 15% if error is ZE and change in error is PL then output is MD

if (change error>=xmax_change error) & (change error<l)
yyl1l change error=polyval(p8 change error,change error);
elseif change error>=1
yyll change error=1;
end
if yyl1l _error <=yyll change error
yyll =Rulel5*yyll error;
hhl1l =yyll error;
else
yyll =Rulel5*yyll change error;
hh11 =yyl1 change error;
end

elseif xx3==7D

end
end

if xx1==PS

yyl1l change error=0;

yyll _error=0;
yyll=0;
hh11l =0;

if (error>=0) & (error<=xmax_error)

yyl1l error=polyval(p6_error,error);
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elseif (error>xmax_error) & (error<=1)
yyl1 error=polyval(p7_error,error);
end

if xx3==NL %rule 16% if error is PS and change in error is NL then output is SI
if change error<=-1
yyl1l change error=1;
elseif (change error>-1) & (change error<=xmin_change_error)
yyll change error=polyval(pl change error,change error);
end
if yyll error <=yyll change error
yyll =Rulel6*yyll error;
hhl11l =yyll error;
else
yyll =Rulel6*yyll change error;
hh11 =yyl1 change error;
end

elseif xx3==NS %rule 17% if error is PS and change in error is NS then output is NC

if (change error>=-1) & (change error<=xmin_change error)

yyll change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)

yyll change error=polyval(p3 change error,change error);
end
if yyll error <=yyll change error

yyll =Rulel7*yyl1 _error;

hh11 =yyll error;
else

yyll =Rulel7*yyl1 change error;

hh11 =yyl1 change error;
end

elseif xx3==ZE %rule 18% if error is PS and change in error is ZE then output is SD
if (change error>=xmin_change error) & (change error<0)
yyll change error=polyval(p4 change error,change error);
elseif (change error>=0) & (change error<=xmax_change error)
yyl1 change error=polyval(p5 change error,change error);
end
if yyll error <=yyll change error
yyll =Rulel8*yyll error;
hhll =yyll_error;
else
yyll =Rulel8*yyll change error;
hh11 =yyll change error;
end

elseif xx3==PS %rule 19% if error is PS and change in error is PS then output is MD
if (change error>=0) & (change error<=xmax change error)
yyll change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=l1)
yyl1l change error=polyval(p7 change error,change error);
end
if yyll error <=yyll change error
yyl1l =Rulel9*yyl1 error;
hhll =yyll_error;
else



elseif xx3==PL %rule 20% if error is PS and change in error is PL then output is LD

yyl1l =Rulel9*yyl1 change error;
hhll =yyll change error;
end

if (change error>=xmax_change error) & (change error<l)
yyl1l change error=polyval(p8 change error,change error);
elseif change error>=1
yyll change error=1;
end
if yyll error <=yyll change error
yyll =Rule20*yyl1_error;
hhl11l =yyll error;
else
yyll =Rule20*yy11 change error;
hh11 =yyl1 change error;
end

Iseif xx3==7ZD

end
end

if xx1==PL

yyl1l change error=0;

yyll _error=0;
yyll =0;
hh11 =0;

if (error>=xmax_error) & (error<l)

yyl1 error=polyval(p8,error);

elseif error>=1

end

yyll error=1;

if xx3==NL %rule 21% if error is PL and change in error is NL then output is NC

elseif xx3==NS %rule 22% if error is PL and change in error is NS then output is SD

if change error<=-1
yyll change error=1;
elseif (change error>-1) & (change error<=xmin_change error)
yyll change error=polyval(pl change error,change error);
end
if yyll error <=yyll change error
yyl1l =Rule21*yyl1_error;
hhll =yyll_error;
else
yyl1l =Rule21*yyl1 change error;
hhll =yyll change error;
end

if (change _error>=-1)& (change error<xmin_change error)
yyll change error=polyval(p2 change error,change error);
elseif (change error>=xmin_change error) & (change error<=0)
yyll change error=polyval(p3_change error,change error);
end
ifyyll error <=yyll change error
yyl1l = Rule22*yyl1_error;
hhll =yyll error;
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else
yyll =Rule22*yy11 change error;
hh11 =yyl1 change error;

end

elseif xx3==ZE %rule 23% if error is PL and change in error is ZE then output is MD
if (change error>=xmin_change error) & (change error<0)
yyll change error=polyval(p4 change error,change error);
elseif (change error>=0) & (change error<=xmax_change error)
yyl1l change error=polyval(p5 change error,change error);
end
ifyyll error <=yyll change error
yyll =Rule23*yyl1 _error;
hhll =yyll_error;
else
yyll =Rule23*yyl1 change error;
hh11 =yyl1 change error;
end

elseif xx3==PS %rule 24% if error is PL and change in error is PS then output is LD

if (change error>=0) & (change error<=xmax change error)

yyll change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=l1)

yyl1l change error=polyval(p7 change error,change error);
end
if yyll error <=yyll change error

yyl1 =Rule24*yyl1 _error;

hhll =yyll_error;
else

yyl1l =Rule24*yyl1 change error;

hh11 =yyll change error;

end

elseif xx3==PL %rule 25% if error is PL and change in error is PL then output is XLD
if (change error>=xmax_change error) & (change error<l)
yyll change error=polyval(p8 change error,change error);
elseif change error>=1
yyll change error=1;
end
if yyll error <=yyll change error
yyl1l = Rule25*yyl1_error;
hhll =yyll error;
else
yyl1l =Rule25*yyl1 change error;
hhll =yyll change error;
end

elseif xx3==7D
yyll change error=0;

yyll error=0;
yyll=0;
hhll = 0;

end
end

if xx1==7D
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yyll change error=0;

yyll error=0;
yyll=0;
hh11 =0;

end

%%%defuzzification %%%%%% %%%
%%%%%0xx1,xx4%%%%0%0% %% % %%

if xx1==NL
if error<=-1
yy22_error=1;
elseif (error>-1) & (error<=xmin_error)
yy22 error=polyval(pl_error,error);
end

if xx4==NL %rule 1% if error is NL and change in error is NL then output is XLI
if change error<=-1
yy22 change error=1;
elseif (change error>-1) & (change error<=xmin_change_error)
yy22_change error=polyval(pl_change error,change error);
end
if yy22 error <=yyl1l change error
yy22 = Rulel*yy22_error;
hh22 =yy22 error;
else
yy22 = Rulel*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==NS %rule 2% if error is NL and change in error is NS then output is LI
if (change error>=-1) & (change error<=xmin_change error)
yy22 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)
yy22 change error=polyval(p3 change error,change error);
end
if yy22_error <=yy22 change error
yy22 = Rule2*yy22_error;
hh22 =yy22 error;
else
yy22 = Rule2*yy22 change error;
hh22 =yy22 change_error;
end

elseif xx4==ZE %rule 3% if error is NL and change in error is ZE then output is MI
if (change error>=xmin_change error) & (change error<=0)
yy22 change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax_change error)
yy22 change error=polyval(p5_change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rule3*yy22_error;
hh22 =yy22 error;
else
yy22 = Rule3*yy22 change error;
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hh22 =yy22 change error;
end

elseif xx4==PS %rule 4% if error is NL and change in error is PS then output is SI
if (change error>=0) & (change error<=xmax_change error)
yy22 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)
yy22 change error=polyval(p7 change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rule4*yy22 error;
hh22 =yy22 _error;
else
yy22 = Rule4*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==PL %rule 5% if error is NL and change in error is PL then output is NC
if (change error>=xmax_change error) & (change error<l)
yy22 change error=polyval(p8 change error,change error);
elseif change error>=1
yy22_change error=1;
end
if yy22 error <=yy22 change error
yy22 = Rule5*yy22 error;
hh22 =yy22 error;
else
yy22 = Rule5*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==7D
yy22 change error=0;

yy22_error=0;
yy22=0;
hh22 = 0;
end
end
if xx1==NS

if (error>=-1) & (error<=xmin_error)
yy22_error=polyval(p2_error,error);
elseif (error>xmin_error) & (error<=0)
yy22_error=polyval(p3_error,error);
end

if xx4==NL %rule 6% if error is NS and change in error is NL then output is LI
if change error<=-1
yy22_change error=1;
elseif (change error>-1) & (change error<=xmin change error)
yy22 change error=polyval(pl change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rule6*yy22 error;
hh22 =yy22_error;
else
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yy22 = Rule6*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==NS %rule 7% if error is NS and change in error is NS then output is MI
if (change error>=-1) & (change error<=xmin_change error)
yy22 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)
yy22 change error=polyval(p3 change error,change error);
end
if yy22_error <=yy22 change error
yy22 = Rule7*yy22_error;
hh22 =yy22 error;
else
yy22 = Rule7*yy22 change error;
hh22 =yy22 change_error;
end

elseif xx4==ZE %rule 8% if error is NS and change in error is ZE then output is SI
if (change error>=xmin_change error) & (change error<=0)
yy22 change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax_change error)
yy22 change error=polyval(p5_change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rule8*yy22 error;
hh22 =yy22 error;
else
yy22 = Rule8*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==PS %rule 9% if error is NS and change in error is PS then output is NC
if (change error>=0) & (change error<=xmax_change error)
yy22 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=l1)
yy22 change error=polyval(p7 change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rule9*yy22 error;
hh22 =yy22 _error;
else
yy22 = Rule9*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==PL %rule 10% if error is NS and change in error is PL then output is SD
if (change error>=xmax_change error) & (change error<l)
yy22_change error=polyval(p8 change error,change error);
elseif change error>=1
yy22 change error=1;
end
if yy22 error <=yy22 change error
yy22 = Rulel0*yy22 error;
hh22 =yy22_error;
else



yy22 = Rule10*yy22 change_error;
hh22 =yy22 change error;
end

elseif xx4==7D
yy22 change error=0;

yy22_error=0;
yy22 =0;
hh22 = 0;
end
end
if xx1==7E

if (error>=xmin_error) & (error<0)
yy22_error=polyval(p4_error,error);
elseif (error>=0) & (error<=xmax_error)
yy22_error=polyval(p5_error,error);
end

if xx4==NL %rule 11% if error is ZE and change in error is NL then output is MI
if change error<=-1
yy22_change error=1;
elseif (change error>-1) & (change error<=xmin_change error)
yy22 change error=polyval(pl change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rulel1*yy22 error;
hh22 =yy22 _error;
else
yy22 = Rulel1*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==NS %rule 12% if error is ZE and change in error is NS then output is SI

if (change _error>=-1) & (change error<=xmin_change error)

yy22 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)

yy22 change error=polyval(p3 change error,change error);
end
if yy22 error <=yy22 change error

yy22 = Rulel12*yy22 _error;

hh22 =yy22 _error;
else

yy22 = Rulel2*yy22 change error;

hh22 =yy22 change error;
end

elseif xx4==ZE %rule 13% if error is ZE and change in error is ZE then output is NC
if (change error>=xmin_change error) & (change error<=0)
yy22 change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax_change error)
yy22_change error=polyval(p5_change error,change error);
end
if yy22 error <=yyl1l change error
yy22 = Rulel3*yyl1_error;
hh22 =yy22 _error;
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else
yy22 = Rulel13*yy11 change error;
hh22 =yy22 change error;

end

elseif xx4==PS %rule 14% if error is ZE and change in error is PS then output is SD
if (change error>=0) & (change error<=xmax_change error)
yy22 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=l1)
yy22 change error=polyval(p7 change error,change error);
end
if yy22 error <=yyll change error
yy22 = Rulel4*yyl1 _error;
hh22 = yy22_error;
else
yy22 = Rulel4*yyl11 change error;
hh22 =yy22 change error;
end

elseif xx4==PL %rule 15% if error is ZE and change in error is PL then output is MD
if (change error>=xmax_change_ error) & (change error<=1)
yy22_change error=polyval(p8 change error,change error);
elseif change error>=1
yy22 change error=1;
end
if yy22 error <=yy22 change error
yy22 = Rulel5*yy22 error;
hh22 =yy22 _error;
else
yy22 = Rulel5*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==7D
yy22 change error=0;

yy22_error=0;
yy22 =0;
hh22 = 0;
end
end
if xx1==PS

if (error>=0) & (error<=xmax_error)
yy22_error=polyval(p6_error,error);
elseif (error>xmax_error) & (error<=1)
yy22_error=polyval(p7_error,error);
end

if xx4==NL %rule 16% if error is PS and change in error is NL then output is SI
if change error<=-1
yy22 change error=1;
elseif (change error>-1) & (change error<=xmin_change_error)
yy22 change error=polyval(pl change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rule16*yy22 error;
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hh22 =yy22_error;

else
yy22 = Rulel6*yy22 change error;
hh22 =yy22 change error;

end

elseif xx4==NS %rule 17% if error is PS and change in error is NS then output is NC

if (change_error>=-1) & (change error<=xmin_change error)

yy22 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)

yy22 change error=polyval(p3 change error,change error);
end
if yy22 error <=yy22 change error

yy22 = Rulel7*yy22 _error;

hh22 =yy22 _error;
else

yy22 = Rulel7*yy22 change error;

hh22 =yy22 change error;
end

elseif xx4==ZE %rule 18% if error is PS and change in error is ZE then output is SD
if (change error>=xmin_change error) & (change error<=0)
yy22 change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax_change error)
yy22_change error=polyval(p5_change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rulel18*yy22 _error;
hh22 =yy22 _error;
else
yy22 = Rule18*yy22 change_error;
hh22 =yy22 change error;
end

elseif xx4==PS %rule 19% if error is PS and change in error is PS then output is MD
if (change error>=0) & (change error<=xmax_change error)
yy22 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)
yy22_change error=polyval(p7_change error,change error);
end
if yy22_error <=yy22 change error
yy22 = Rule19*yy22 error;
hh22 =yy22 error;
else
yy22 = Rule19*yy22 change_error;
hh22 =yy22 change error;
end

elseif xx4==PL %rule 20% if error is PS and change in error is PL then output is LD
if (change error>=xmax_change error) & (change error<=1)
yy22 change error=polyval(p8 change error,change error);
elseif change error>=1
yy22 change error=1;
end
if yy22_error <=yy22 change error
yy22 = Rule20*yy22_error;



hh22 =yy22 _error;

else
yy22 = Rule20*yy22 change error;
hh22 =yy22 change error;

end

elseif xx4==7D
yy22 change error=0;

yy22_error=0;
yy22 =0;
hh22 = 0;
end
end
if xx1==PL

if (error>=xmax_error) & (error<l)
yy22_error=polyval(p8,error);
elseif error>=1
yy22 error=1;
end

if xx4==NL %%rule 21% if error is PL and change in error is NL then output is NC
if change error<=-1
yy22 change error=1;
elseif (change error>-1) & (change error<=xmin_change error)
yy22 change error=polyval(pl change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rule21*yy22 error;
hh22 =yy22 error;
else
yy22 = Rule21*yy22 change error;
hh22 =yy22 change_error;
end

elseif xx4==NS %rule 22% if error is PL and change in error is NS then output is SD
if (change error>=-1) &(change error<xmin change error)
yy22 change error=polyval(p2 change error,change error);
elseif (change error>=xmin_change error) & (change error<=0)
yy22 change error=polyval(p3 change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rule22*yy22 error;
hh22 =yy22 error;
else
yy22 = Rule22*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==ZE %rule 23% if error is PL and change in error is ZE then output is MD
if (change error>=xmin_change error) & (change error<=0)
yy22_change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax change error)
yy22 change error=polyval(p5 change error,change error);
end
if yy22 error <=yy22 change error
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yy22 = Rule23*yy22 _error;
hh22 =yy22 _error;
else
yy22 = Rule23*yy22 change_error;
hh22 =yy22 change error;
end

elseif xx4==PS %rule 24% if error is PL and change in error is PS then output is LD
if (change error>=0) & (change error<=xmax_change error)
yy22 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)
yy22 change error=polyval(p7 change error,change error);
end
if yy22 error <=yy22 change error
yy22 = Rule24*yy22 error;
hh22 =yy22 error;
else
yy22 = Rule24*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==PL %rule 25% if error is PL and change in error is PL then output is XLD
if (change error>=xmax_change error) & (change error<1)
yy22_change error=polyval(p8 change error,change error);
elseif change error>=1
yy22 change error=1;
end
if yy22 error <=yy22 change error
yy22 = Rule25*yy22 error;
hh22 =yy22_error;
else
yy22 = Rule25*yy22 change error;
hh22 =yy22 change error;
end

elseif xx4==7D
yy22 change error=0;

yy22_error=0;
yy22 =0;
hh22 = 0;
end
end
if xx1==2D
yy22_change error=0;
yy22_error=0;
yy22=0;
hh22 = 0;
end

%%%defuzzification%% % %% %%%%
%%%%%xx2,x%3%%%%6% %% %% %

if xx2==NL
if error<=-1
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yy33 error=1;
elseif (error>-1) & (error<=xmin_error)
yy33_error=polyval(pl_error,error);
end

if xx3==NL %rule 1% if error is NL and change in error is NL then output is XLI
if change error<=-1
yy33 change error=1;
elseif (change error>-1) & (change error<=xmin_change error)
yy33 change error=polyval(pl change error,change error);
end
if yy33 error <= yy33 change error
yy33 = Rulel*yy33 error;
hh33 =yy33 error;
else
yy33 = Rulel*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==NS %rule 2% if error is NL and change in error is NS then output is LI

if (change_error>=-1) & (change error<=xmin_change error)

yy33 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)

yy33 change error=polyval(p3 change error,change error);
end
if yy33 error <=yy33 change error

yy33 = Rule2*yy33 error;

hh33 =yy33 error;
else

yy33 = Rule2*yy33 change error;

hh33 =yy33 change_error;
end

elseif xx3==ZE %rule 3% if error is NL and change in error is ZE then output is M1

if (change error>=xmin_change error) & (change error<=0)

yy33 change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax_change error)

yy33 change error=polyval(p5_ change error,change error);
end
if yy33 error <=yy33 change error

yy33 = Rule3*yy33 error;

hh33 =yy33 error;
else

yy33 = Rule3*yy33 change error;

hh33 =yy33 change_error;
end

elseif xx3==PS %rule 4% if error is NL and change in error is PS then output is SI
if (change error>=0) & (change error<=xmax_change error)
yy33 _change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)
yy33 change error=polyval(p7 change error,change error);
end
if yy33 error <=yy33 change error
yy33 = Rule4*yy33 error;
hh33 =yy33 error;



else
yy33 = Rule4*yy33 change error;
hh33 =yy33 change error;

end

elseif xx3==PL %rule 5% if error is NL and change in error is PL then output is NC
if (change error>=xmax_change error) & (change error<1)
yy33 change error=polyval(p8 change error,change error);
elseif change error>=1
yy33 change error=1;
end
if yy33 error <= yy33 change error
yy33 = Rule5*yy33 error;
hh33 =yy33 error;
else
yy33 = Rule5*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==2D
yy33 change error=0;

yy33 error=0;
yy33=0;
hh33 =0;
end
end
if xx2==NS

if (error>=-1) & (error<=xmin_error)
yy33_error=polyval(p2_error,error);
elseif (error>xmin_error) & (error<=0)
yy33 error=polyval(p3_error,error);
end

if xx3==NL %rule 6% if error is NS and change in error is NL then output is LI
if change error<=-1
yy33 change error=1;
elseif (change error>-1) & (change error<=xmin_change_error)
yy33 change error=polyval(pl change error,change error);
end
if yy33 error <= yy33 change error
yy33 = Rule6*yy33 error;
hh33 =yy33 error;
else
yy33 = Rule6*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==NS %rule 7% if error is NS and change in error is NS then output is MI
if (change error>=-1) & (change error<=xmin_change error)
yy33 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)
yy33 change error=polyval(p3 change error,change error);
end
if yy33 error <= yy33 change error
yy33 = Rule7*yy33 error;
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hh33 =yy33 error;

else
yy33 = Rule7*yy33 change error;
hh33 =yy33 change_error;

end

elseif xx3==ZE %rule 8% if error is NS and change in error is ZE then output is SI
if (change_error>xmin_change error) & (change error<()
yy33 _change error=polyval(p4 change error,change error);
elseif (change error>=0) & (change error<=xmax_ change error)
yy33 change error=polyval(p5_ change error,change error);
if yy33 error <= yy33 change error
yy33 = Rule8*yy33 error;
hh33 =yy33 error;
else
yy33 = Rule8*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==PS %rule 9% if error is NS and change in error is PS then output is NC

if (change error>=0) & (change error<=xmax change error)

yy33 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=l1)

yy33 change error=polyval(p7 change error,change error);
end
if yy33 error <=yy33 change error

yy33 = Rule9*yy33 error;

hh33 =yy33 error;
else

yy33 = Rule9*yy33 change error;

hh33 =yy33 change_error;
end

elseif xx3==PL %rule 10% if error is NS and change in error is PL then output is SD
if (change error>=xmax_change error) & (change error<l)
yy33 change error=polyval(p8 change error,change error);
elseif change error>=1
yy33 change error=1;
end
if yy33 error <=yy33 change error
yy33 = Rulel0*yy33_error;
hh33 =yy33 error;
else
yy33 = Rulel0*yy33 change error;
hh33 =yy33 change_error;
end

elseif xx3==7D
yy33 change error=0;

yy33_error=0;
yy33=0;
hh33 =0;

end
end
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if xx2==7E
if (error>=xmin_error) & (error<=0)
yy33_error=polyval(p4 _error,error);
elseif (error>0) & (error<=xmax_error)
yy33 error=polyval(p5_error,error);
end

if xx3==NL %rule 11% if error is ZE and change in error is NL then output is MI
if change error<=-1
yy33 change error=1;
elseif (change error>-1) & (change error<=xmin_change_error)
yy33 change error=polyval(pl change error,change error);
end
if yy33 error <= yy33 change error
yy33 = Rulel1*yy33 error;
hh33 =yy33 error;
else
yy33 = Rulel1*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==NS %rule 12% if error is ZE and change in error is NS then output is SI

if (change error>=-1) & (change error<=xmin_change error)

yy33 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)

yy33 change error=polyval(p3 change error,change error);
end
if yy33 error <= yy33 change error

yy33 = Rulel12*yy33 error;

hh33 =yy33 error;
else

yy33 = Rule12*yy33 change error;

hh33 =yy33 change_error;
end

elseif xx3==ZE %rule 13% if error is ZE and change in error is ZE then output is NC
if (change error>=xmin_change error) & (change error<0)
yy33 change error=polyval(p4 change error,change error);
elseif (change error>=0) & (change error<=xmax change error)
yy33 change error=polyval(p5_change error,change error);
end
if yy33 error <=yy33 change error
yy33 = Rulel3*yy33_error;
hh33 =yy33 error;
else
yy33 = Rulel13*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==PS %rule 14% if error is ZE and change in error is PS then output is SD
if (change error>=0) & (change error<=xmax_change error)
yy33 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)
yy33 change error=polyval(p7 change error,change error);
end
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if yy33 error <= yy33 change error
yy33 = Rulel4*yy33 error;
hh33 =yy33 error;
else
yy33 = Rule14*yy33 change error;
hh33 =yy33 change_error;
end

elseif xx3==PL %rule 15% if error is ZE and change in error is PL then output is MD
if (change error>=xmax_change error) & (change error<1)
yy33 change error=polyval(p8 change error,change error);
elseif change error>=1
yy33 change error=1;
end
if yy33 error <= yy33 change error
yy33 = Rulel5*yy33_error;
hh33 =yy33 error;
else
yy33 = Rulel5*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==7D
yy33 change error=0;

yy33 error=0;
yy33=0;
hh33 =0;
end
end
if xx2==PS

if (error>=0) & (error<=xmax_error)
yy33_error=polyval(p6_error,error);
elseif (error>xmax) & (error<=1)
yy33_error=polyval(p7_error,error);
end

if xx3==NL %%rule 16% if error is PS and change in error is NL then output is SI
if change error<=-1
yy33 _change error=1;
elseif (change error>-1) & (change error<=xmin_change_error)
yy33 change error=polyval(pl change error,change error);
end
if yy33 error <=yy33 change error
yy33 = Rulel6*yy33 _error;
hh33 =yy33 error;
else
yy33 = Rulel6*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==NS %rule 17% if error is PS and change in error is NS then output is NC
if (change error>=-1) & (change error<=xmin_change error)
yy33 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)
yy33 change error=polyval(p3 change error,change error);
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end
if yy33 error <=yy33 change error
yy33 = Rulel7*yy33_error;
hh33 =yy33 error;
else
yy33 = Rulel7*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==ZE %rule 18% if error is PS and change in error is ZE then output is SD

end

if (change_error>=xmin_change error) & (change error<0)
yy33 change error=polyval(p4 change error,change error);
elseif (change error>=0) & (change error<=xmax_change error)
yy33 change error=polyval(p5 change error,change error);
end
if yy33 error <=yy33 change error
yy33 = Rulel8*yy33 error;
hh33 =yy33 error;
else
yy33 = Rulel8*yy33 change error;
hh33 =yy33 change_error;

elseif xx3==PS %rule 19% if error is PS and change in error is PS then output is MD

if (change error>=0) & (change error<=xmax_change error)

yy33 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)

yy33 change error=polyval(p7 change error,change error);
end
if yy33 error <=yy33 change error

yy33 = Rulel19*yy33_error;

hh33 =yy33 error;
else

yy33 = Rulel19*yy33 change error;

hh33 =yy33 change_error;
end

elseif xx3==PL %rule 20% if error is PS and change in error is PL then output is LD

if (change error>=xmax_change error) & (change error<l)
yy33 change error=polyval(p8 change error,change error);
elseif change error>=1
yy33 change error=1;
end
if yy33 error <=yy33 change error
yy33 = Rule20*yy33_error;
hh33 =yy33 error;
else
yy33 = Rule20*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==7D

end

yy33 _change error=0;

yy33_error=0;
yy33=0;
hh33 = 0;



end

if xx2==PL
if (error>=xmax_error) & (error<l)
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yy33 error=polyval(p8 error,error);

elseif error>=1

yy33_error=1;

if xx3==NL %rule 21% if error is PL and change in error is NL then output is NC

if change error<=-1
yy33 change error=1;
elseif (change error>-1) & (change error<=xmin_change error)
yy33 change error=polyval(pl change error,change error);
end
if yy33 error <=yy33 change error
yy33 = Rule21*yy33_error;
hh33 =yy33 error;
else
yy33 = Rule21*yy33 change error;
hh33 =yy33 change_error;
end

elseif xx3==NS %rule 22% if error is PL and change in error is NS then output is SD

if (change_error>=-1) & (change error < xmin_change_error)
yy33 change error=polyval(p2 change error,change error);
elseif (change error>=xmin_change error) & (change error<=0)
yy33 change error=polyval(p3 change error,change error);
end
if yy33 error <=yy33 change error
yy33 = Rule22*yy33 _error;
hh33 =yy33 error;
else
yy33 = Rule22*yy33 change error;
hh33 =yy33 change_error;
end

elseif xx3==ZE %rule 23% if error is PL and change in error is ZE then output is MD

if (change error>=xmin_change error) & (change error<=0)
yy33 _change error=polyval(p4 change error,change error);
elseif (change error>=0) & (change error<=xmax_change error)
yy33 change error=polyval(p5 change error,change error);
end
if yy33 error <=yy33 change error
yy33 = Rule23*yy33_error;
hh33 =yy33 error;
else
yy33 = Rule23*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==PS %rule 24% if error is PL and change in error is PS then output is LD

if (change error>=0) & (change error<=xmax_change error)
yy33 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)



yy33 change error=polyval(p7 change error,change error);
end
if yy33 error <=yy33 change error
yy33 = Rule24*yy33 _error;
hh33 =yy33 error;
else
yy33 = Rule24*yy33 change error;
hh33 =yy33 change_error;
end

elseif xx3==PL %rule 25% if error is PL and change in error is PL then output is XLD
if (change error>=xmax_change error) & (change error<l)
yy33 change error=polyval(p8 change error,change error);
elseif change error>=1
yy33 change error=1;
end
if yy33 error <=yy33 change error
yy33 = Rule25*yy33_error;
hh33 =yy33 error;
else
yy33 = Rule25*yy33 change error;
hh33 =yy33 change error;
end

elseif xx3==72D
yy33_change error=0;

yy33_error=0;
yy33=0;
hh33 = 0;
end
end
if xx2==7D
yy33 change error=0;
yy33_error=0;
yy33=0;
hh33 = 0;
end

%%%defuzzification%%%%%%%%%%
%%%%%0xx2,xx4%%%%%%% %% %%

if xx2==NL
if error<=-1
yy44 error=1;
elseif (error>-1) & (error<=xmin_change error)
yy44 error=polyval(pl_error,error);
end

if xx4==NL %rule 1% if error is NL and change in error is NL then output is XLI
if change error<=-1
yy44 change error=1;
elseif (change error>-1) & (change error<=xmin_change error)
yy44 change error=polyval(pl change error,change error);
end
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if yy44 error <= yy44 change error
yy44 = Rulel*yy44 error;
hh44 = yy44 error;
else
yy44 = Rulel*yy44 change error;
hh44 =yy44 change_error;
end

elseif xx4==NS %rule 2% if error is NL and change in error is NS then output is LI
if (change error>=-1) & (change error<=xmin_change error)
yy44 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)
yy44 change error=polyval(p3 change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rule2*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule2*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==ZE %rule 3% if error is NL and change in error is ZE then output is MI
if (change error>=xmin_change error) & (change error<=0)
yy44 change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax change error)
yy44 change error=polyval(p5 change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rule3*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule3*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==PS % 4% if error is NL and change in error is PS then output is SI
if (change error>=0) & (change error<=xmax change error)
yy44 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=l1)
yy44 change error=polyval(p7 change error,change error);
end
if yy44 error <=yy44 change error
yy44 = Ruled4*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule4*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==PL %rule 5% if error is NL and change in error is PL then output is NC
if (change error>=xmax_change error) & (change error<l)
yy44 change error=polyval(p8 change error,change error);
elseif change error>=1
yy44 change error=1;



end
if yy44 error <= yy44 change error
yy44 = Rule5*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule5*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==7D
yy44 change error=0;

yy44 error=0;
yy44 =0;
hh44 = 0;
end
end
if xx2==NS

if (error>=-1) & (error<=xmin_error)
yy44 error=polyval(p2_error,error);
elseif (error>xmin_error) & (error<=0)
yy44 error=polyval(p3_error,error);
end

if xx4==NL %rule 6% if error is NS and change in error is NL then output is LI
if change error<=-1
yy44 change error=1;
elseif (change error>-1) & (change error<=xmin_change_error)
yy44 change error=polyval(pl_change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rule6*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule6*yy44 change error;
hh44 = yy44 change_error;
end

elseif xx4==NS %rule 7% if error is NS and change in error is NS then output is MI
if (change error>=-1) & (change error<=xmin_change error)
yy44 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)
yy44 change error=polyval(p3 change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rule7*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule7*yy44 change error;
hh44 =yy44 change_error;
end

elseif xx4==ZFE %rule 8% if error is NS and change in error is ZE then output is SI
if (change error>=xmin_change error) & (change error<=0)
yy44 change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax_change error)
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yy44 change error=polyval(p5_ change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rule8*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule8*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==PS %rule 9% if error is NS and change in error is PS then output is NC
if (change _error>=0) & (change error<=xmax_change error)
yy44 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)
yy44 change error=polyval(p7 change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rule9*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule9*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==PL %rule 10% if error is NS and change in error is PL then output is SD
if (change error>=xmax_change error) & (change error<l)
yy44 change error=polyval(p8 change error,change error);
elseif change error>=1
yy44 change error=1;
end
if yy44 error <= yy44 change error
yy44 = Rule10*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule10*yy44 change error;
hh44 =yy44 change_error;
end

elseif xx4==7D
yy44 change error=0;

yy44 error=0;
yy44 =0;
hh44 = 0;
end
end
if xx2==7E

if (error>=xmin_error) & (error<=0)
yy44 error=polyval(p4_error,error);
elseif (error>0) & (error<=xmax_error)
yy44 error=polyval(p5_error,error);
end

if xx4==NL %rule 11% if error is ZE and change in error is NL then output is MI
if change error<=-1
yy44 change error=1;
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elseif (change error>-1) & (change error<=xmin_change_error)
yy44 change error=polyval(pl_change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rulel 1*yy44 error;
hh44 = yy44 error;
else
yy44 = Rulel1*yy44 change_error;
hh44 = yy44 change_error;
end

elseif xx4==NS %rule 12% if error is ZE and change in error is NS then output is SI

if (change_error>=-1) & (change error<=xmin_change error)
yy44 change error=polyval(p2_change error,change error);
elseif (change error>xmin_change error) & (change error<=0)
yy44 change error=polyval(p3 change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rulel2*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule12*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==ZE %rule 13% if error is ZE and change in error is ZE then output is NC
if (change_error>=xmin_change error) & (change error<=0)
yy44 change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax_change error)
yy44 change error=polyval(p5_ change error,change error);
end
if yy44 error <=yy44 change error
yy44 = Rulel3*yy44 error;
hh44 = yy44 error;
else
yy44 = Rulel3*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==PS %rule 14% if error is ZE and change in error is PS then output is SD
if (change error>=0) & (change error<=xmax_change error)
yy44 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)
yy44 change error=polyval(p7 change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rulel4*yy44 error;
hh44 = yy44 error;
else
yy44 = Rulel4*yy44 change error;
hh44 = yy44 change error;
end
elseif xx4==PL %rule 15% if error is ZE and change in error is PL then output is MD
if (change error>=xmax_change error) & (change error<l)
yy44 change error=polyval(p8 change error,change error);



elseif change error>=1
yy44 change error=1;
end
if yy44 error <= yy44 change error
yy44 = Rule15*yy44 error;
hh44 = yy44 error;
else
yy44 = Rulel5*yy44 change error;
hh44 =yy44 change_error;
end

elseif xx4==7D
yy44 change error=0;

yy44 error=0;
yy44 =0;
hh44=0;
end
end
if xx2==PS

if (error>=0) & (error<=xmax_error)

yy44 error=polyval(p6_error,error);
elseif (error>xmax) & (error<=1)

yy44 error=polyval(p7_error,error);
end

if xx4==NL %rule 16% if error is PS and change in error is NL then output is SI
if change error<=-1
yy44 change error=1;
elseif (change error>-1) & (change error<=xmin_ change error)
yy44 change error=polyval(pl change error,change error);
end
if yy44 error <=yy44 change error
yy44 = Rulel6*yy44 error;
hh44 = yy44 error;
else
yy44 = Rulel6*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==NS %rule 17% if error is PS and change in error is NS then output is NC
if (change _error>=-1) & (change error<=xmin_change error)
yy44 change error=polyval(p2 change error,change error);
elseif (change error>xmin_change error) & (change error<=0)
yy44 change error=polyval(p3 change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rulel7*yy44 error;
hh44 = yy44 error;
else
yy44 = Rulel7*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==ZE %rule 18% if error is PS and change in error is ZE then output is SD
if (change error>=xmin_change error) & (change error<=0)
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yy44 change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax_change error)
yy44 change error=polyval(p5 change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rulel8*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule18*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==PS %rule 19% if error is PS and change in error is PS then output is MD
if (change error>=0) & (change error<=xmax change error)
yy44 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=l1)
yy44 change error=polyval(p7 change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rulel19*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule19*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==PL %rule 20% if error is PS and change in error is PL then output is LD
if (change error>=xmax_change error) & (change error<l)
yy44 change error=polyval(p8 change error,change error);
elseif change error>=1
yy44 change error=1;
end
if yy44 error <= yy44 change error
yy44 = Rule20*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule20*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==7D
yy44 change error=0;

yy44 error=0;
yy44 = 0;
hh44=0;
end
end
if xx2==PL

if (error>=xmax_error) & (error<l1)

yy44 error=polyval(p8 error,error);
elseif error>=1

yy44 error=1;
end

if xx4==NL %rule 21% if error is PL and change in error is NL then output is NC
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if change error<=-1
yy44 change error=1;
elseif (change error>-1) & (change error<=xmin_change error)
yy44 change error=polyval(pl change error,change error);
end
if yy44 error <=yy44 change error
yy44 = Rule21*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule21*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==NS %%rule 22% if error is PL and change in error is NS then output is SD

if (change error>=-1)&(change error<xmax_ change error)
yy44 change error=polyval(p2 change error,change error);
elseif (change error>=xmax_change error) & (change error<=0)
yy44 change error=polyval(p3 change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rule22*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule22*yy44 change error;
hh44 = yy44 change_error;
end

elseif xx4==ZE %rule 23% if error is PL and change in error is ZE then output is MD
if (change error>=xmin_change error) & (change error<=0)
yy44 change error=polyval(p4 change error,change error);
elseif (change error>0) & (change error<=xmax_change error)
yy44 change error=polyval(p5_change error,change error);
end
if yy44 error <= yy44 change error
yy44 = Rule23*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule23*yy44 change error;
hh44 = yy44 change_error;
end

elseif xx4==PS %rule 24% if error is PL and change in error is PS then output is LD

if (change error>=0) & (change error<=xmax change error)
yy44 change error=polyval(p6 change error,change error);
elseif (change error>xmax_change error) & (change error<=1)
yy44 change error=polyval(p7 change error,change error);
end
if yy44 error <=yy44 change error
yy44 = Rule24*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule24*yy44 change error;
hh44 = yy44 change error;
end



elseif xx4==PL %rule 25% if error is PL and change in error is PL then output is XLD
if (change error>=xmax_change error) & (change error<l)
yy44 change error=polyval(p8 change error,change error);
elseif change error>=1
yy44 change error=1;
end
if yy44 error <= yy44 change error
yy44 = Rule25*yy44 error;
hh44 = yy44 error;
else
yy44 = Rule25*yy44 change error;
hh44 = yy44 change error;
end

elseif xx4==7D
yy44 change error=0;

yy44_error=0;
yy44 =0;
hh44 = 0;
end
end
if xx2==7D
yy44 change error=0;
yy44 error=0;
yy44 =0;
hh44 = 0;
end

control=(yy11+yy22+yy33+yy44)/(hh11+hh22+hh33+hh44);
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clear all;

clc;

N=9;

xlimit=[100000 100000 100000 100000 100000 100000 100000 100000 100000;0 000 00 0 0 0]
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for r=1:50
S(r,:)=((xlimit(1:)-x1imit(2,:)).*rand(1,N))+xlimit(2,:)
End

for k=1:size(S,1)
ysim=obj(S(k,1),S(k,2),S(k,3),S(k,4),S(k,5),S(k,6),S(k,7),S(k,8),S(k,9));
costvalue(k,1)=ysim;

[best error,index]=min(costvalue);
S0=S(index,:);
max_count=100000;

best neighbor=S0;
neighbor_list=zeros(5,N);
radius=10;

Number_ neighb=50;

overall best error=best_error;
overall neighbor=best neighbor;

count=0;

n_back_tracking=0;

tic;

t=t+1;

tt=tt+1;

ttt=ttt+1;

local(t,1)=count;

local(t,2:10)=best_neighbor;

local(t,4)=best_error;

tabu_list(tt,1)=count;

tabu_list(tt,2:10)=best neighbor;

tabu_list(tt,4)=best_error;

best_error_list(ttt, 1 )=count;

best error list(ttt,2:10)=best neighbor;

best error list(ttt,4)=best error;

for count=1:max_count
S1=random_neigh(Number neighb,radius,xlimit,S0);

[best errorl,best neighborl,best error,best neighbor]=objective(S1,best error,S0);

neighbor list(k,1:size(S0,2))=[best neighborl;

neighbor_list(k,size(S0,2)+1)=best _errorl;

if (best_errorl-best error)>le-18

n=n+1;

else

n=0;

end

tt=tt+1;

tabu_list(tt,1)=count;

tabu_list(tt,2:10)=best neighborl;

tabu_list(tt,4)=best errorl;

ttt= ttt+1;

best error_list(ttt,1)=count;

best error list(ttt,2:10)=best neighbor;

best_error_list(ttt,4)=best_error;

disp([count best_error overall best error])

if best_error<=20
radius=8;



end

if best_error<=15
radius=6;

end

if best_error<12
radius=4;

end

if (best_error<10)
t=t+1;
tt=tt+1;

disp([count best_error overall best error])

local(t,1)=count;
local(t,2:10)=best neighbor;
local(t,4)=best_error;

break;

end

if n>=5

n_back tracking=n back tracking+1;
TEMP=tabu_list(count-3:count+1,:);
[MAX,INDEX] = max(TEMP(:,4));
RANK(5,:) = TEMP(INDEX,:);
TEMP(INDEX,4)=0;
[MAX,INDEX] = max(TEMP(:,4));
RANK(4,:) = TEMP(INDEX,:);
TEMP(INDEX,4)= 0;
[MAX,INDEX] = max(TEMP(:,4));
RANK(3,:) = TEMP(INDEX,:);
TEMP(INDEX,4)= 0;
[MAX,INDEX] = max(TEMP(:,4));
RANK(2,:) = TEMP(INDEX,:);
TEMP(INDEX,4)= 0;
[MAX,INDEX] = max(TEMP(:,4));
RANK(1,:) = TEMP(INDEX,:);
TEMP(INDEX,4)= 0;
neighbor=RANK(5,2:10);
SO=neighbor;

if best_error<overall best error
overall best error=best_error;
overall best neighbor=best neighbor;
t=t+1;

local(t,1)=count;
local(t,2:10)=best neighbor;
local(t,4)=best_error

end

best_error=RANK(5,4);

n=0;

else

S0=best neighbor;

best error=best_error;

end

end

if overall best error<best error
best error=overall best error;

best_neighbor=overall_best neighbor;
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end
time=toc;
return
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Program Obj.m

function f=0bj(Z1,22,73,74,P1,P2,P3,P4 K)
z1=[0.8709 1726 1.369¢9];

pl=[1 1480 1.369¢9];

Gl=tf(zl,pl);

z2=[0.9332 -805.8 1.739¢9];
p2=[1 125.1 1.739¢9];
G2=tf(z2,p2);

z3=[1.072 925.1 1.997¢9];
p3=[1 536.2 1.997e9];
G3=tf(z3,p3);

74=[0.9594 98.22 2.514¢9];
p4=[1 1805 2.514e9];
G4=tf(z4,p4);

z5=[0 0 7.877¢9];
p5=[1 6212 7.877¢9];
G5=tf(z5,p5);

26=10 0 2.35¢8];
p6=[100];
G6=tf(z6,p6);

Gp=G1*G2*G3*G4*G5*G6;
%%%%%0%0%%%6%6%%%% %% compensator% %% %% %%6%0%%%%%%

Gel=tf([1 Z1],[1 P1));
Ge2=tf([1 Z2],[1 P2));
Ge3=tf([1 Z3],[1 P3));
Ged=tf([1 Z4],[1 P4));
GceS5=K*series(Ge1,Gc2);
Gcb6=series(Gc3,Gcd);
Gce=series(Gc5,Gceb);

Gf=series(Gp,Gc);
sys=feedback(Gf,1,-1);

fstep=100000;
t=[0:1/fstep:1];

[fsim t]=step(sys,t);
error=sum(abs(1-fsim))
f=error

return
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Program objective.m
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function [best_errorl,best neighborl,best error,best neighbor]=objective(S1,best error,S0)
error=[];

for k=1:size(S1,1)
ysim=0bj(S1(k,1),S1(k,2),S1(k,3),S1(k,4),S1(k,5),S1(k,6),S1(k,7),S1(k,8),S1(k,9));
error(k,1)=ysim;

end

[best errorl,index]=min(error);

best neighbor1=S1(index,:);

if best_errorl<best_error

best_error=best errorl;

best neighbor=S1(index,:);

else

best neighbor=S0;

end

return
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Program rand1.m

function x=rand1(a,b)
x=a+rand*(b-a);
return
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Program random_neigh.m

function S1=random_neigh(Number neighb,radius,xlimit,S0)
for u=1:Number neighb

for k=1:size(xlimit,2)
S1(u,k)=S0(1,k)+(radius*(xlimit(1,k)-xlimit(2,k))*rand1(-1,1));
while ( S1(u,k)>xlimit(1,k) | S1(u,k)<xlimit(2,k))
S1(u,k)=S0(1,k)+(radius*(xlimit(1,k)-xlimit(2,k))*rand1(-1,1));
end

end

end

return
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