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¥Discrete PID control for continuous plant
clear all;

close all:;

ts=0.001; %Sampling time
Xk=zeros(2,1);

e_1=0;

u_1=0;

for k=1:1:2000
timeik) = k*ts;

rin{k)=0.50%=sin{1l*2*pi*k*tsg) ;

para=u_1;

LSpan=[0 ts];
{tt,xx]:odedS{'chapl_Ef',tSpan,xk,[],para};
xk = uxx{lengthixx), :);

yvout (k) =xk (1)

e{k})=rint{k}-youtfk};
de(k)=(e{k)-e_1)/ts;

ulky=20.0%(k)+0.50*de(k)
-41



gControl limit

it uik}=10.0
ulk}=10.0;

end

1f u{k)<-10.0
uf{k)=-10.0;

ernd

u_l=u{k);

e l=e({k);

ernd

figureil);

plot{time,rin, 'r',time,vout, 'b'}:
xlabel{'time{s]'].ylabel{'rin,yout'];
figure{2);

Blot(time, rin-yout, 'r');

xlabel {'time(s}'),ylabel {‘error');

EEM B FER: chapl _2f.m
function 4y = PlantModel {t,y, flag,para}
U=para;

J=0.0067;B=0.1;

dy=zeros(2,1);

dy{l}) = yi(2);
dy (2] = -{B/J)*v{2) + (1/0) *u:;
TRz

K Simulink BAT0530. B0 S0 M4 8 B, K/ Simulink B 5 M F% A2
SHIER, FM ODE45 Wy R RGN S 71, LAFH Simulink BT, 41580
M RHEH. MAEAREN— KRS 1ms WERET. B8 PID AL, &
Ty =15,k =2.0,k, =005 . REMAANA B BB, ATTE M BEDLH
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THIERRF: chapl_3.mdl, & 1-8 Fix.
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& 18 PID (FERREs
PRI T EF: chapl_3f.m

function [(u]=pidsimfiul,ul}

persistent pidmat errori error_1

if uls==
errori=0
error_1=0

end

ts=0.001;
kp=1.5;
ki=2.0;
kd=0.05;

error=uz;
errord={error errar_1l}/ts;

errori=errori+error*ts;

u=kp*errer+kd*errord+ki*errori;

erTror_l=error;

PID 52 ERER & R B 1-9F17R .

Scopel
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KFERT B 1ms, RH 2 BHRITE RN, &z FHRRHEEILE S A
yout(k) = —den(2) your(k — 1) — den(3) yout{k — 2} — den(4) yout(k - 3)
+num{2)ul{k —-1) + num(3)u(k — 2) + num(4)u(k - 3)
Az
HXBEBRANMEKES . ERESHAEESHA BN, #i B PID 2558,
R, SARSERTR, S=10A0KERE, S=2MA M, =3/ EZRE,
PID F BRERERGS RS 1-10 £ 1-12 B R,
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05k
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{FEFE:: chapl_4.m
¥PID Controller
clear all:;

close all;

ts=0.001;
sys=LE{5.235e005,[1,87.35,1.047e004,0]1 ;
dsys=c2d(sys, ks, 'z'};

[nim, den] =tfdata{dsys, 'v'};

u_1=0.0;u_2=0.0;u_3=0.0;
Y _1=0.0;yv_2=0.0;v_3=0.0;
x={0,0,0]"';

error, 1=0;

for k=1:1:500
time({k)=k*tg;

AERS
1t 8==
kp=0.50;ki=0.001;kd=0.001;



rinik)=1;

elsesf S5==2

¥Step Signal

kp=0.50;ki=0.001;kd=0.001;

rinikl=signi{sin{2#*2*pi*k*ts));

elseif 8==3
kp=1.5;ki=1.0;:kd=0.01:

(Square Wave Signal

%Sine Signal

rin{k}=0.5%sin{2*2*pi*k*La);

a1l

W{k)=kp*x{1}+kd*x(2) +ki*x (3]

; 3P0 Controller

tRestricting the output of controller

if ui{k)y==10
uf{k}=10;

end

1t ulk)<=-10
utk}=-10;

end

$Linear model

yout{k]:—den[E]*y_l—den{aj*y_E—den{d}*y_3+num{2}*u_l+num(3}*u_2+npm{4}*u_3:

error (k) =rin(k) -youk {k) ;

%Return of parameters

u_d=u_2;u_2=u_1;u l-ufk):

Y 3=y _2;y_2=y_1;y_l=youtik);

®{l)=error{k);
x{E}:{error{k]—errnr_l]ﬁts;

Xx{3)=x{3) +error{k) *ts;

error_l=error(k);

tCalculating P
#Calculating D
¥Calculating I

e

figure{l);

plot(time,rin, 'b',time, yout, ‘r');
xlabel{'timeis}'},ylabel{'rin,yout'];

FRz=

EONEHARRN AR, BRI S BN,

HFIERER S RIE 1-13 =& 1-15 B,

AU, S=3 BEYBENLSE. ZEHEERET, mE D=1,
TR ERNESREES, MRS TR RRT TR

Wil B PID 4%, £E2
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W3R pause fir-4 LB Zh A BT
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02§

HEFEF: chapl_S.m
%PID Controller
clear all;

Cclose all;
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t==0.001;

sys=tf{5.235e005, {1,87.35,1.047e004,0]1};

dsys=c2di{sys, ts, "z');

[num,denl=tfdatal{dsvys, 'v']:

u_1=0.0;u_2=0,0;u_3=0.0;
r_l-rand;

v 1=0;v_2=0;yv_3=0;

x:[ﬂrDrD] I;

error_1=0;

for k=1:1:3000
time(k)=k*ts;

kp=1.0;ki=2.0;%kd=0.01;

S=1;
if S== TTriangle 3ignal
if moditime(k),2})<1
rin{k}=mod{time(k),1);
else
rin{ki=1-mod{time(k), 1)
end
rin{kl=rin{k}-0,5:;
end
if $==2 %Sawtooth Signal
rin(k)=mod{time(k),1.0);
“end
if 8=53 $Random Signal

rintk)=rand;

-
r

vriki=i{rin{k)-r_l}/ts; %Max speed is 5.0

while abs(vri{k)]>=5.0

rinf(k)=rand:;

vrik)=abs({{rin{k)-r_1)/ts);

Ulk) =kp*x {1} +kd*x (2} +ki*x(3);

%PID Controller



$Regtricting the output of controller
if uf{k)==10
ufk)=10;
end
if ufk)«=-10
uik)=-10;

end

$Linear model
yout{k}=-den{2)*v_1-den(3}*y 2-
den{d)*y_Z+num (2} *u_l+num{3) *u_2Z2+nuwmn{d) *u_3;

errori{k)=rinik})-yout{k}:
r_l=rin{k);

u_3=u;2;uﬁ2=u_l:u_l:u{k]:

Y _d=y 2;y _2=y_1;v l=syout(k):

x{l)=error{k}; ¥Calculating P
x{2}={error{k}-error 1}/te; $Calculating D
X{3)=x({3)+errorik) *ts; ¥Calculating I

xi{k)=x(3);

error_l=error (k)

D=0;

1f D==1 %Dynamic Simulation Display
plotitime,rin, 'b’, time, yout, 'r');
pause (§.00000000000000000) ;

end

end

plotitime,rin, 'r', time,yout, 'bL');

xlabel{ time(s) ');ylabel {'rin,yout'};

Fid PID BHEEMRAE, dTFRASEHL, BrCifg ki 5t R ph s 3L,
B BX errorik) BilbiT 81m, i‘f‘ﬁmﬁfﬂjﬁﬁﬁu(ﬂﬁﬁm%ﬁﬁmﬁlﬂﬁiﬁﬁﬁﬁ

£, MRAMEABRBHIME, w0 TRSHBERBETL. ok HABEEELLSD R
THL BRI, XHEREEPPRIAANY, EREEERATTREREX
. BRIXMERMEE, RFNER PID HHEE.
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1.3.4 ¥-EX PID &4 EERHGR

HPITH A FEARES RN E (FlnahEdail) i, RANERR PID B,
R g R n] 1§
u(k -1y =k, (error(k -1)+k, tﬂ‘mr{ Jy+k,(error(k)—error(k —1))) (1.6)

j=0

KEX PID 2418
Au(k) =k (error(k) —error(k — 1))+ k.error(k) + k (error(k) - 2error(k — D)+ error(k —-2)) (1.7

RENE PID BHIEE:, &0 THEESF, #EM20T.

400
G —_—
() 52 + 505

PID ZHSHH: k, =8,k =0.10,k, =10.
1 A2 chapl_6.m

#Increment PID Contioller

clear all;

close all;

ts=0.001;
sys=tf{400,[1,50,0]});
desys=c2disys,ta, "'z'});
[num,den] =tfdata{dsys, 'v');

U_1=0.0;u_2=0.0;u_3=0,0;
v 1=0;y_2=0;v_3=0;

x=[0,0,01";

error 1=0;

error_2=0;

for k<1:1:1000
time{k)=k*ts;

rin{ki=1.0;
kp=8;
ki=0.10;
kd=10;

du k) =kp*x (1) +kd*x(2) +ki*x(3);
Uikl=u_l+duik):

+ 13«



if u{k)==10
uik)=10;

end

if ufk)j<=-10
ulk}=-10;

end

vout{kl=-den{2)*y_l-den(3)*y_Z2+numt2) *u_l+numii)*u _2;

error=rin{k} -yvout{k};
3= 2;u Z2=11_1l:;u 1=ufk};

y_3=y_ 2;y_2=y_1;y_ l=youti{k);

¥{l)=error-error_1; #Calculating P
x(2)=zerror-2¥error_l+error_2; tCalculating D
x{3)=zerror; ¥Calculating I

Crror_2=error_1;
errory_l=error;
end
‘ plot{time, rin, "b', time,yout, 'r'};

xlabel({'time{s)');ylabel {'rin,yout'};

BE PID kiR S RE 1-16 Fir.
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13.5 #5959 % PID RS EEBAGA

EYE PID HHPIABSGHATHER, TERANTHERE, BEISHEE. (B
LFEMNED. SREKXEMIGE B EN, BBAREHHEBRANNRE, %K PID i
BRI R, BUEEHBEEIIRITY AT B i E R shfF T B M AR IR, 3k
AABRANEE, EEFERERKORY, XA RN R RITFH.

HonBEREFREBE:. SEHBSECEMRERN, BUYBSER, UadhT
MOFAERZERERRK, BRERA Y EERSEEN, SIAESES, LUEX
BREPE, ®ETSHHE. RAKTHSBOF.

(1) RFEEFHR, ANBREEBEe>0-

(2) .-”"Jlermr(k)[:rs i, KA PD #§, Al@ &=l R#Eil, X8 E5E 8RN
RY

(3) ”:”llermr(k)'fas Itf, XH PID #%], LR UFEZMISSIEE.

MBIl ST ER A
ufk) = kyerror(k) + g ktZErrar(j}T + k,(error(k) — error(k -1))IT (1.8)
j=0
AF. T ARSERE, B ABI RN FLE
%
~ 1 jermr(k}‘ =£ Py
h= {{} |error(k )| > E (19) |
A (i) B yout (k)
REB G TER PID #8418 5B EERE !
HEEWE 1-17 FFir. *ﬁﬁ?
A I
WA RN LR
E-ﬁﬂ&“ £
G(s) = | )
60s+1 PIT> #344 PD#H
KEER A 20s, MEIRESEA 4 ANRAER 1
[B], B0 80s, ¥t mE{bNY ¥
y(k) = ~den(2) y(k — 1) + num(2)u(k —5) MT“
WM=1, RAXSHBER PID BHI2BiH% SWEY
TR ERmALE, X508 PID #5818 T
i, RESERSSBHRE, GREREeG

SHERIAR, REARMESEE, (FEDHE m | _
158K rinh) o0 0 58 5 1 ) A 1-17 BA5ER PID 2N R FER
[-110,110], EFirEAARESS 2 1-18 Bixs.

M =2, XHE%EPID S, HMKIRESR0E 1-19 Fm.
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{FEFf): chapl_7.m
$Integration Separation PID Controller
clear all;

c¢loge all;

ts=20;

tDelay plant

sys=tE{{1],[60,1], 'inputdelay'. 80);
dsys=c2d{sys, ts, 'zoh');

[num, den] =tfdata{dsys, 'v'};

u_1=0;u_2=0;u_3=0;u_4=0;u_5=0;
Y _1=0;v_2=0:;v_3=0;
errer_l=0;error_2=0;

el=0;

for k=1:1:200

time(k}=z=k*ts;

%Delay plant

v 16 =



yout (K}=-den {2} *y_l+num{2}*u_5;

I separation
rin(k)=40;
error (k] =rin{k)-vout{ki;

el=ei+rerror (k) *tg:

M=2;

if M== $Using integration separation
1f abs (error{k}}>=30&abs (error (k) }<=40
beta=0.3;

elseif abs (error (k) ) ==20&abs{error (k} }<=30
beta=0.6;

elgeif abs (error{k))>=10&abs (error {k} ) <=20
beta=0.,9;

else
beta=1.0;

enad

elseif M==2

beta=1.0;

$Not using integration separation
end

kp=0.80;
ki:ﬂ. DDS;
kd=3.0;

u{k}:kp*error{k}+kd*{errmr[k]—error_l!fLs+beta*ki*ei;

1f ulki==110
u{ki=110;

% Restricting the output of controller

end
1f u{k)==-118
nfk)=-110;

end

u_S:u_d;u_d:u_E;u_3=u*2;u_2=u_l;uql=u{kj

-
I

y_B:y“E;y_2=y_l;yL1=youtikJ;

eryor_2Z=error_1;
error_l=errorik)

T

end



figure(ltl;

pootitime, rin, 'b', time,yout, 'r’};

wlakel('timei{s} 'V;vlabel {'rin,vout');

figurel(?2);

plat{time,u, 'r ';

xlabel'time{s}t J;vlabel{'u');

M SLE BETLLE N, RIS 8 R E SISO O S0s. EEEENL, N
PEIE s A NG REN TR, EMABRS RN LESRE & vl fEA MR,
oh, BAIFVARE AN G RTRME, &N, MEARBTr@NHE: & 5L,
W2 TR EREAR K. R R#T PD &%, S Ess IR £,
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SPID Contioler wilh

clear all;

Close all;

Intergration stu~ation
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ts=0.001;
sys=tf{(5.235e05,(1,87.35,1.047=004,0]11};
dsys=c2d(sys,ts, 'z");

[num, den] =tfdataf{dsys, 'v'};

u_l1=0.0;u_2=0.0;u_2=0.0;
v _1=0;v _2=0;v_3=0;

}{=['D;D;|:']'F

error_1=0;

um==6;
kp=0.85;ki=9.0;kd=0.0;
rin=30; $3tep Signal

for k=1;1:800
timel{k)=k*ts;

UK} =kp*xX (1} +kd*x(2)+ki*x(3); % PID Controller

if u({k)==um
Uik) =um;

end

1f uik)~=-um
u{k)=-um;

end

(Linear model
youti{kl=-deni(2}*y_l-den{3)*y 2-

den{d}*y_3+num{2}*u_l+num{3}*u_2+num{4}*u_3;

error (k) =rin-yout (k) ;

M<2;
if M==1 %Using intergration sturation
1f ufk)>=um
if error k)0
alpha=0;

glse

20 -



alpha=1;
end
elself uw{k)<=-um
if errori{k}=0
alpha=1;
else
alpha=0;
end
elsc
alpha=1;

end

elsel1f M==2 %Not using intergration sturation
alpha=1;

end

tReturn of PID parameters
u_3=u_2;u_2=u_l;u _l=uik);
Yy_3=y_2;v_2=y 1l;v l=vouti{k}:

error_l-error{k);

x{ll=error(k); % Calculating T
x{2)=(errorik)-error_1)/ts; % Calculating D

x{3)=x(3)+alpha*error{k)*ts;: % Calculating T

Xi{k)=x{3};

end

Figure{l};

sulbplot (311 ;
plot{time, rin, 'b',time, yout, 'r'};
xiabel('time{s)"');ylabel { ' Position tracking'):
aubplot {312);

plotitime,u, 'r");

xlabel {'time{s) ') ;ylabel ('Controller output'};
subplot (313);

plot{time,xi, 'r'J;

xlabel ('time{s) ') ;ylabel{'Integration');
1.3.7 ¥ 8R45 PID &4 K%
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u,(k}zk]{ze(fuﬂe(kne(m}r (1.11)
S F VTR KA 0| 89 RITLULEE RS PR, TTRL
1 le(k)| =B
fleton=1 A_’f’(:}'% B <|e(k)|:=A+ B (1.12)
0 le(k)|> A+ B
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I—{}

r—ih

&=

u(k) = k (k) + k, {Z e(i) + fletk )]e{k}} T +ky[e(k) - elk —1)] (1.13)

1=1]
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timz(s)

51 1-25  {%if] PID B0 BEIRRY (M = 2)

#PTDH Contieller with changing integration rate

clear al!;
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close all;

$tBig time delay Plant

te=20;

sys=tf{{1].[60,1], inputdelay',B80}:
doys=c2d(ays,ts, 'zoh']);

fnum, den] =tfdalaidsys, 'v');

W_T1e=0;u_2=0:u_3=0;u_4=0;u_5=0;
yv_1=0;yv 2=0;v_3=0;
error_l=0;ervror_2Z=0;

e1=0;

for k=1:1:200
Limeik)=k*ts;

rinf{k)=1.0; %Step Signal

tLinear model
vout{k)=-den{2}*y_l+num{2)*u 5;

errorik)=rini{k) -vout (k) ;

kp=0.45;kd=<12;ki=0.0048;
A=0.4:;B=0.6;

3T type integration

el=clr+{error{k)+error 1)/2*tsg;

M-2;

1f M==1 ¥Changing integration rate

1f absf{error{k))<=B
T{k)=1:

elself abslerror(k))>BRaabs{error(k))<=2A+B
fik)={A-abs{error{k) I +B) fA;

2lse

elseif M==2 %Not changing integration rate

E{k)=1;

-24-



end

uik)=kp*error (k) +kd* (errori{k}) error_1}/ts+ki*f (k) *ei;

if uik)==10

uik)=10;
end
if uik}e=-10
u{k}=-10;
end

(Return of P1D parameters
U_b=u_4;u 4d=v_3;u_3=u Z;u_2=u_1;u l=uik);

y_3=v_2:;y_2=y_l;y_l=vouti{k);

error_2=error_1;

error_l=errorik);

end

figure{l);
plot{time,rin, 'b', time, yout, 'r'};
Xlabel('time{s} " '};vlabel {'rin, vout');
figure{2};

plot(time, £, "r'};

xlabel{'time(s) '};ylabel {'Integration rate £'});
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127 AR RIS Y
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tLow Pass Filter
clear all;

cloge all;

Co=0.,001;

O-tLf([L].10.064,11); $L.ow Freq Signal Filter
Q7=-c2d (0, ts, 'tustin’};

[num,den] -tfdata{Q=z, 'v');

v_1=0;y_2-0:
v _i1=0;r 2=0;
for k=1:1:5000

time(k)-k*ts:

¢ 26 s



2Input Signal with disturbance
Dikl=0.10*sin{100*2*p1*k*ts); %IDisturbance signal
rin{k) -Di{k+0.50%=s1n{0.,2*2*pi*k*ts}; 3Input Signal

vout (k- den(2) *yv_ lanum{l) *rin(kl+numiz)*r_1%;

v_2-y_i;y_ l-yout(k);
_2-v_1;r_l=rini{k};

end

Figuretl);bode(Q];

figure{2);

subplot{211);
plot{time,rin, 'v°};
xlahel{'time(g) ') ;vliabel {'rin };
subplot (212) ;

plot {Lime,yout, "b');
Xlabaol{'timeis) ') ;yiabel {'vouk ')
fmALH 2
KRHMRETE R 2% PID 4.
W) BN =B % 18 o $

Gp () = 3 523?00
s'+87.35s" + 104705
UG 180 18 3 BE
1
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{hEREF: chapl_11.m

EPID Controller with Partial differential

clear all;

close all;

tm=0.001;
sys=tf{5.235e005,(1,87.35,1.047004,011};
dsys=c2disys,ts,'2"};

|num, den)]=tfdataidsys, 'v'};
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u_1=0;u_2=0;u_3=0;u_4=0;u_5=0;
y_1=0;v_2=0;v_3=0;

yy 1=0;
error 1=0;error_2=0:ei=0:;

kp=0.20:ki=0.05;

sysl=tf£({[1],10.04,17}); $Low Freq Signal Filter
dsysl=c2disysl,bs, 'tustin'};
[numl,denlj=tfdataldsysl, "v'};

£ 1=0;

M=1;
for k=1:1:1000
timel{k)=k*tsg;

rini{k}=20; %Step Signal

$Linear model
youLfk]——denizj*y_l—denijl*y_E~den{4)*y_3+num{?}*u_l+...

num{ 3} *u_Z+numid) *y 3;

if M== #No disturbance signal
error{k)=rin{k)-yout (k) ;
Tilty k) =youtik}:

end

D{k)=5.0*rands {1} ; $Disturbance signat
yyout{k) =vour (k) +D{k);

1f M==2 tNo filter
filtyik) =vvoutik) ;
error{kl=rini{k)-filty(k} .

e

1f M=:3 %Using low freguency filter
filty(k}=ﬂdenl{2}*f_l+num1{lJ*{nyut{k}+yy_lJ;
error(k)=rin{k)-filty{k):

21l

+1 separation
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1f absi{error{k}}<=0.8
el=el+error (k) *Ls;
elae
el=0;
end

uik) =-kp*error (k) +ki*ei;

I ufkl=-10 % Restricbing the cutput of controller
Uiky=10;

ond

i1 1{kla=-10
ikl =-10;

ernd

T - - Eeturn of PID parametotrs- --  -—--—-—

rin_l=rin{k):

U_b=u_d;u_4.u_3;u_3-u_Z2ru Z2-u L l1=ulk):

Y o3-y_2:v_2-yv 1:;v_ l-voul(k);

f l=filty(k)};
¥y_l=yyout {kK};

Serror_s=error_1;

ervor_l_ovrorflk)

end

tigure(l);
plot{time,rin, 'b',time, filty, 'v ') ;
xlabel("time{s) ') ;vlabel{ rin,voul ')
figure(2);

plot{time,u, 'v'):
®label{'time{s) " };yvlabel('u'};
Ligure{i};

prrot{time, D, 'vr);

xlabel {'time(s) '] ;ylabel ( 'Disturbance signal '} ;
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S e G S
u{k}zup{k}+ul(k}+un[k) (1.15)
A () He S
wp(s) = ~eTo3 p g (1.16)
T:s+1
B A
uy )+ T, %9=kFTD derror(t)
Fa d¢

2l = E S

un(k)=up (k=1 _ error{k) —error(k —1)

uplk)+ 7T, ko7, (1.17)
T, At
2 REPE
_ T Ty
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th BAR P chapl _12.m
%PID Controler with Partial differentigl
clear all;

cloge all;
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sys=tf([1], (60,1], inputdelay',80);
dsye=c2d{sys, ts, 'zch'];

(num,denl=tfdata{dsys, 'v' 1'.

U _1=0;u_2<0;u_3=0;u_4=0;u_5=0;
ud_1=0;

y_1=0;¥_2<0;v_3=0;

error_1=0;

e.i:[]:

for k=1:1:100
time{k)=k*ts;

Tin{k)=1.0;

3Lincar model

yout {k)=-den (2} *y_lsnum(2)*u_5;

D{k}=0.01*rands (1) ;
vout (K)=yvout (k) +b{k);

error{kl=rin{k}-vouti{k}:

SPID Controller with partly differential
el=ei+error{k)*ts;

ke=0.30;

Ki=0.005%;

TD=140;

kd-ke*TD/ts;

Tf:lBD;

Q=tf£{[1],[T£,1]}; %Low Freq SZignal Filter

M=2;
if M==1 ¥Using PID with Partial differential
alfa=Tf/{ts+Tf);

ud{k}:kd*{l—alfal*{error{k}—error_1]+alfa*ud_l;



uik)=kc*error(k)+ud(k)+ki*ei;
ud_1l-udik];

elgelf M==2 %Using Simple PID
u{k}=£ﬁ*erluxEk}+kd*(err0r{k}—error_l}+ki*ei;

end &

tRestricting the cubtput of controller
1f ulk)>=10
utk)=10;
e
1f uikle=-10
ui{k)=-10;

end

u S=u_4;u 4=u_3;u_3=u_2;u_2=u_lt;u l-ufk}:
v_3-y_ Py 2=y 1:v_1l-yout{k);
error_l=errorik};

cnd

figqure{l):
ploti{time,rin, 'b', time, vout, 'r "} ;
xlabel{'time{s}'};ylabel ('rin,vyout'}:
figure{2);

plot{time,u, 'r'i;
xlabel{'time{s} )} ;vlabel{'y'};
Figurefti);

plot{time,rin-yout, 'r'};

xlabel{ time(s)'};ylabel{ 'error'}:
flgurei{d);

bode(Q, "r');

degain(Q) ;
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{HEfEF: chapl_13.m

*FPID Controller with differential in advance

clear all;

close all:

ts=20;
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sys=tf£([1], (60,1}, "inputdelay', 80);
deys=c2d{sys, ts, 'zoh');

[num,den]=tfdata{dsys, 'v');

u_l=0;u_2=0;u_3=0;u_4=0;u_5=0;
ud_1=0;

y_1=0;y_2=0;y_3=0;

error_ 1=0;error_2=0;

2l=0;

for k=1:1:400

time (k) =k*ts;

tLinear model

yout{k}=—den(2}*yﬁl+num{2}*u_5;

kp=0.36;kd=14;ki=0.0021;

rin{k]:1.D*Sign(sin{U.GDDES*E*pi*k*tE}]
rin{k}:rin(k}+E.E5*sin{D.U3*pi*k*ts};

error (kl=rin{k)-vout (k} :

el=el+error (k) *ts;

gama=0_ 50;
Ta=kd/kp:

Ti=0,5%;
cl=gama*Td/ (gama*Td+ts) ;
c2:de+tsJﬁ{gama*Td+ts};

c3=Td/ (gama*Td+ts} ;

M=2;

if M==1 (P1ID Control with differential in advance

ud{kJ=c1*ud_1+c2*yaut{k}mnﬁ*yﬂl;
u{k}=kp*error{k}+ud{k}+ki*ei;

elseif M=-2 4%Simple PID Control

-
]

uik}:kp*error{kl+kd*{error{k}herror_l}

end

/bs+ki*er;

i37l



it uiky==110
utlki=1103;
11
it ufk)==-110
ulk)=-114;
end
tUpdate parameters
o S=u_dau_dou 3;u 3=u_Ziu_Z=u_l;u_l=ui{k’;

v_3=y_2;v_2=y_1;v_l-youti{k);:

ervor_2Z_error_1;

crror_l-error{k);

erid

Figure(l);

plot{time,rin, 1',time,yout, 'b'};
xlabel { "time(s)'};ylabel {'rvin,yoat');
Figure{2};

plotitime,u, 'r');

xlabel('timels) ') ;vlabel{'u };
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HEFF: chapl_14.m
$PID Controler with dead zone
clear all;:

close all;

be=0.001;
sys-t£{5.235%e005,[1,87.35,1.047e004,01];
deys=-c2d{ays,ts, "g');

[num,den] =tfdata{dsys, 'v'};

u_1=0;u_2=0ru_3=0;u_4=0;u_5=0;
v _1=0;y_2=0;v_3-0;
vy 1=0;

crrorv_l=0;error_ 2-0;0i=0;

sysl=tf{[1],(0.04,171}; $Low Fredg Signal Filter
dsysl-c2d{sysl,Ls, 'tustin’};
[muml,denl]=tfdata(dsysl, 'v');

I_1-0;

for k=1:1:2000

bime{kl=k*ts;

rin{k}=1; %5tep Signal

tLinear model

vout (k) =-den{2)*y_1-den{3) *y_2-den{d)*v_3+num{2i*u 1+...

440-



numi{3}*u_Z+num{d) *u_3;

Di{k)=0.50*rands {1} ; ¥Disturbance signal

vyout (Kl =yout (k) D{k);

$Low frequency filter
filtywi{kl=-denl {2} *f_ l+numl{1}*{yyout(ki+yy_1};
error{k)=rin(k}-filty({k);

if abs{errorik}i<=0.20
el-el+errori{k} *ts;
elce
el=0;
end
"

kp=0.50;k1=0.10;kd=0.020;

u{k}:kp*error{k}+ki*ei+kd*[error[k}—error_lJELs;

M=2;
if M==<
uikl=ufk);
elseif M== iUsing Dead zone

if absierrori{k))<=0.10

ulkl=0;

end
end
if u{kl==10

ufkl=10;
end
if ulkye=-10

uik)--10;
end
- oo—-——- ---Return of PID parameterg---- ——- -- - =

rin_l=rinik);
u_3=u_2;u_2=u_%};u l=utk);

Y 3=y _2;v 2=y_l:yv lsyout(k):

f_ i=filty(k):
vy_l=yyout {k};

+ 4] »



error_ Z=error_1:
errov_l=errorik) :

end

tigureil};

subpict (211} ;
plot{time,rin, 'r',time, filty, 'b'};
xlabel ('time{s} ') ;ylabel (' rin,yout'};
subplot{212);

plot{time,u, "r'};
xlabel{'time(s)'};ylabel{ 'u');
figure(2);

plot{time,D, 'r'};

xlabel{'time{s} ') ;ylabel [ 'Disturbance signal'y);
1.3.13  A-FAftatesd PID 454l 5 845 A
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SEEHIEAA
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3PIB Feedforward Controler
clear all;

Close all;

ts=0,001;
sys=tf{133,[1,25,0]1);
dsys=-c2d{sys,ts, 'z2']);
fnum,den]=tfdakaidsys, ‘v ;

u_l=0;u_2=0;

y_1<=0;v_2-0;

error_1=0;ei=0:

for k=1:1:1000

time(kl=k*tg;

A=0_.5;F=3.0;
rin{k}=A*sin(F*2*pi*k*ts);

drini{k} =A*F*2*pi*cos{F*2+pi*k*rs);

ddrin[k):—A*F*E*pi*F*E*pi*Sin{F*B*pi*k*tsJ;

tLinear model

yout{kj=fden{2}*y_l—den{3}*yﬁ2+ﬂum{2}*u_l+numf3}*u_2:

error{k)=rini{k)-yvout (k}:

ei=el+error (k) *ts;
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up (k) =80*error{k)+20*ei+2.0*{errorik)-error_1}/ts;

uf (k) =25/133*drin{k}+1/133*Adrin(k) ;

M-2;

if M== 20nly using PID
u(k)=up{kj;

elseif M==2 tPID+Feedforward
ulkl—up{k)+ufik);

e

uf{k})=10;
end
if uikle=-10
ulkl=-10;
end

u 2=u_Jl;u_l=u{k};
Y_2=y_l;y_l=youtik);
error_l=error{k):;

end

figure{l):
plot{time,rin, 'r', time.,vout, 'b'J:
xlabel{'time{s}'J;ylabel{'rin,yout'J;
figquref(2}:

plot{time,error, 'r'};
xlabel{'time(s) '} :ylabel{'error’'};
figure{3):
plot[time,up,'k',time,uf,‘b',time,u,'r'];

xlabel{'time{s}'};ylabe1{'up,uf,u'];
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{1 B.#2}5: chapl_l6.m
%PID Control with Gradual approaching input valae

clear all;

close all;

ts-0.001;

sya=tE£{5.235e005, [1.87.35,1.047<004,0]11;
days=c2d(sys,ts, '2');

[num,den] =tfdata{dsvs, "v']);

U_F=0;u 2=0;1 3=0;u_ 4=0;u_5=0;
v _1=0;y_2=0;:y _3=0;

error_l=0;error_2=0;ei=0;

kp=0.50;ki=0.05;
rate=0_.25;

rini=0.0;

for k=1;:1:1000
time{k)=k*ts;

rd=20; %5tep Signal

$Linear model
voul (k) =-den(2})*y_1l-den(3) *y_2-

den (4) *y_3+num(2) *u_l+num{3 ) *u_2+num{d} *u_3:

M=2;
il M==1 tJsing simple PID
rin{k}=rd;
error{k]=rin{k) -yout{k};
end
if M==2 %Using Gradual approaching input value
1t rini<rd-0.25%
rini=rini+k*ts*rate;

else1f rinis-rd+d.25




rinli=rini-k*ts*rate;
else
rini=rd;
end
rin{k)=rini;
error{k)=rint{k}-youtik);

end

%PID with I separaticon
1f abs{errorik})«=0.8
elizel+error({K)*ta;

elge

uikl=kp*error{k}+ki*ei;

if ulk}>=1D0
uwik) =10;
end
1f u{k)le=-10
ulkl=-10;
end
BF——m o ——- --Return of PID parameterg-—-—- ————.____
rin_l=rini{k);
_3=u_2;u_2=u_1;u_ l=uik};

y_3=y_2;y_2=y_1;y_1=yout{kJ;

erroy_Z=error_1:
error_l=error (k) ;:

end

figure(l);
plet{time,rd,'b',time,yout,'r'J:
xlabel{'time(s}'):ylabel{'rd,yout'];
Figure{2};

plot (time,u, 'r'};
xlabel{'time{s}'};ylabelf'u'l;
figure{i};

plét{time,rin,'r+'};

xlabel{'time{s}'}:ylabel{'rin'};
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2.5 SMMTRES
1 B4 chap2_1.m
¥8eries System Control
clear all;

cloase all:

Les=2;

sysl=tE{1,110,11);
dsyel-c2di{sysl, ts, 'z "}

[numl ,denl]=tfdata(dsysl, 'v');

sys2=tf(1,[110,11);
dsysl=c2d{sys2,ts, 'z"'};
[num2, denZ ] =t.fdata{dsys2, 'v'};

dph=1/zpk{'z',ts};
GeZ=dph/ {dsys/*{1-dph});
fnump, denpl]=tfdata{Gec2, 'v' ) ;
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ul_l=ﬂ.ﬂ:u2_1=ﬂ.ﬂ;
v1_1=0;v¥2_1=0;
e? 1=0;ei=0;

for k=1:1:2000
time{k)=k*Ls;

rifk)=1;
$Linear model

vl{kl=—denl{2}*yl_l+numl{2)*y2_1; %Main plant
yeikl=-den2 (2)*y2_l+mum2{2)*u2_1; %Assistant plant

errorik}=r1i{k)-y1l{k);
eizel+errorik):

ul(ki=1.2%error{k)+0.02*%ei; §Main Controller

&2 (k) =ul (k) -y2 (k) ; $Assistant Controller
uz (kl=-denp {2} *u2_l+nump{i) *e2 (k) +nump (2} *e2_1;

d2{k)=0.01*rands (1) ;
uZ{k)=u2{k)+d2ik);

ul_l-=ulfkl;
u2_l=u2{k):

ed_l=e2(k);

yl 1=y1l(k)};

va_l=v21{k):

end

figure{l); tAssistant Control
plot{time,ul, 'b',time,v2, 'r'};
xlabel('time(s} );ylabel{'ul,y2");

figurei(d); $Main Control

plot (time,rl, 'b',time,y1l, 'r'};
xlabel{‘time{s}'};ylabel{'rl,yl'};
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figure{3);
plot{time,d2,'r'};
xlabel {'time{s) ') ;ylabel {'disturbance'}:
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3Delay Control with Dalin Algeorithm
clear all;

close all;

ts-0.5;

#Plant

sysl=tf([11,[0.4.1], "inputdelay',0.76);
daysl=c2?d({sysl,Ls, 'zch'):
[muml,denl]=tLldata{dsysl, 'v');

2Ideal closed loop
sys2-tf([1],[0.15,1], "inputdelay ,0.76):
dsysd-c2d(gys2, ts, "zoh');

tDesign Dalin controller
dsys=1/dsysl*dsys2/ (1 dsvys2}):

[um,denj=tfdataidsys, 'v'});

u_1=0.0;u_2=0.0;u_3=0.0;u_4=0.0;u_5=0.0;
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v _1=0.0;

error 1=0.0;error_2=0.0;error_3=0.0;
e1=0;
for k=1:1:5%0

time{k)-k*ts;
rinfkl=1.0; %Tracing Step Signal

yout{kl=-denl {2} *y_l+numl{2)*u_2+numl{3) *u_3;

srrori{kl-rin{k)-yout(k);

M_1;

1f M== tUsing Dalin Method

ulk) - {num{l} *error{k)+num{2} *error_l+num(3) *error_2+num(4) *aerror 3...
-den{3)*u_l-deni{d}*u_2-den{5})*1_3-den(6) *u 4d-den(7)*u_5)/den{2);

elgeif M==2 %Using PID Method

ei=ei+error (k) *ts;

ulk)=1.0%ervov (k) +0.10* {error{k}-error_1) /tg+0,50%ei;

end

R it -Return of dalin parameterg---.--——-———-

u_S=u_4;u_4=u 3;u_3=u_2;u_2=u_l;u_l=u{k};

y_l=yout{k};

|

error,3=errﬂr_2;error_2=err0r*l;errOL_hzerror{k:;
end
plot{Lime,rin, 'b', time, yout, 'r'J;

rlabel {'Limels) ') ;ylabel !l 'rin, yout');
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T ERFg 8. chap2_4.m
%B1g Delay PID Control with Smith A_goribhm

clear all;close all;

TS:E{}E

tDelay plant

kp=1;

Tp=060;

tel=80;

sys=tf {{Kkp], [Tp.1l], 'inputdelav',tol);
dsys=c2d({sys,Ts, 'zoh' ) ;

[num, den]=tfdata{dsys, 'v'):

M=1;

tPrediction model

1f M== EMo Precise Model: PI+Smith
kpl<kp*1.10;
Tpl=Tp*1.10;
toll=tol*1.0;

elgeif M==21M==3 %Precise Model: PI+Smith
kpl-kp;
Tpl=Tp;
toll=tol;

end

sysl=tf{fkpl], [Tpl,1], inputdelay', toll);
dsysl=cid(sysl,Ts, 'zoh');
[numl , denl]=tfdatai{dsysl, 'v'];

u_T=0.0;1u_2=0.0;u_3=0.0;u_4-0.0;u_5=C.0;
el _1=0;

ed=0.0;

22_1=0.0;

ei=0;

=m__1=0.0;
ym _1-0.0;
v _1=0.0;

for k=1:1:600

l6_0'




timeikl=k*Ts;

S=2;
if 8=-=1
rin{k)=1.0; $Tracing Step Signal
end
if §5==2

rin{k)=sign{sin{0.0002*2*pi*k*Ts} ) ;

and

tFrediction model

xmi{k)=-denl {2)*xm_l+numl (2)*u 1;

vyout (Ki=-den{2)*y_ l+num{2)*u_5;

el {k)=rin{k)-yout (k) ;
e2{klt=el (k) -xmi{k)+ymik};
eli=ei+Ta*el (k};
u{k)=0.50*22{k)+0.010%ei;
el_l=el (k);

e2 (k) =rinik)-xm(k);
ei-ei+Ts*e2 (k};
Uikl =0.50%e2({k)+0.010*=1;
e2_l=e2(k};

elselif M==3 %Only PI

el (kK)=rin(k)-yout{k);
ei=ei+Ts*el (k) ;
u{k)=0.50%e1{k})+0.010*ei;

el_t=el(k);

end

xmn_l=3xm{k};

ym_l=ymik) ;

u_S=u_4;u_4=u_3;u_3=u_2;u_2=u_1;u_1l=u

yv_l=vout{k);

$Traclng Sguare Wave Signal

vmik}=-denl (2)*ym l+numl {2} *u_5; %With Delay

if M== %No Precise Mcodel: FPI+Smith

elseif M==2 ZPrecise Maodel: PI+&8mith

—_ . e ———— —

(k) ;
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end
plot{time,rin, 'bL', time, yout, 'r'i;

xlabel ("time{s) " };ylabel{ 'rin,yout');
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(3) Melkelk)<0 . Aelk ek —1)>08F elk )= 0ft. iERIRZRAON (AR 7

) 4E4k, BEUSEFIPEARNE. AT, %R RSP SRR AT,
(4) HelkAelk)<0. AelkWelk —1)<OF, BEHREEL FRERE. WENBEED

R, B le(k) 2M, . AT BRI S

wlk )= ulk ~ U+ kk e, (k) (3.4)
AEHENREZ MM ERAD, W el)|<M,, THEEHERBHHER
wlk )= ull — 1)+ ok e, (k) (3.5)

(5) Hletk)|<e i, BB LMD, HEIMABY, HMAOBRERE,
A, e, (k)——RZ e 1 & DAY,
ulk )8 k AFs IR 0%
ulk —1) Pk — L IREEH 25 1y
o — UK RS, & >1:
ke, —HIHEIREL, O<k, <1;
M. M,—-WERRXRENRE, M >M.:
k ——Fs R BRI 508 R ¥0:
e —{EE/ESESR,
B 3-1 9, LI Ve VL R, 820 s b a2, e, R ER
ﬁ%ﬁ%ﬁ,m%%%ﬁﬂﬁﬁﬂ;Hﬁwxw‘w‘mﬁﬁ,ﬁﬁﬁﬂﬁﬁﬁx%ﬁﬁﬁ
. seit, ATRIER 20K D DR MBI, DUhish AR

312 AFAAF R

{7 R
KR =B 1% 185 vl AR BR o R

G (5) = 2500
5" +87.358" + 104705
H X% FREE 8 4 1ms .
KAIEHK PID #1582, i, ¢ B 0.001, T A R R
P H AP AR A, HAE R AR 32 £/ 3-3 Figt.



15 ¥ M i T
!
i
-4
<
b
I 1
ﬂ 1 L
0 0l g2 03 04 05
timefs]
Pl 3-2 %2 PID FEHIBR IR AR fh &%
| + r
LT "
&,
3
aF
_{}j A 1 1 1
L 0] 02 03 0.4 03
hmefs)

5 3-3 iR Eminy ghik
HEFEF: chap3_1.m
tExpert PID Controller
clear all;
close all;

ts=0.001;

SY5=Lf(5.235eﬂD5,[1,87.35,1.Ud7eﬂﬂd,ﬁj};
dsys=c2d(sys, ts, 'z');

[mum, denl=tfdata{dsys, 'v'};
u_1=0.0;u_2=0.0;u_3=0.0:;

Y. 1=0;y _2=0;:v_3=<0;

x=10,0,0T";
x2_1=0;

kp-0.6;
kKi=0.03;
kd=0,01;

lﬁSl



error_i-=0:
for k=1:1:5%00

time(k)-k*tLs;

rinilky=1.0;

ik =kp*x (1) +kd*x(2)+ki*x(3);

FHxpaert conbrol rule

1f absix(l))=0.8

ufky-0.4%5;
eleet! absix(1l))=0.40

u{k)=0.40;
c.ooelf absix{(l11=0.20
nilk)=0.12;

oclaseif abs ({3} =0.01
uf{k)-0,10;

el

Tt x{1}*x({2)>01(x{2)==0)
if abs{x{l})=-0.05%
Uik)=u_li2%kp*=x(1);
elge
utkl-u_1+0.4%kp*x{1};
ernd

zhed

if
uiki=uik);

s3als)

1f (1) *x(2)<0&x(2)*x2_1<0
1f absi{x{1l)}=-0,00
n{k)=u_t+Z2*kp*error_1;
elze
Uikl=u_l+0.6*kp*errtur 1;
end

end

tbﬁ-

(X (1) *x{2)<0&x{2)*x2_1501 1 (x{1l)==0)

¥l'vacing Jleyue Sigrnal

+IPID Controller

3Rulel:Unclosed control firstly

ERBula?

g2Rulel

FRuled



if absi{x{1))<=0.001 %Rule5:Integration separation Pl control
utk)=0.5*x{1)+0.010*x(3};

end

tRestricting the output of controller

1f u{k)==10

uf{ky=10;
end
if u{kl<= 10
uik)=-10;
end

$Linear model
yout (kj=-den{2}*y_1-den(31%*y 27—
dnn{é}*yﬁ3+num[11*u{k}+num(2)*u_]+num{3}*u_2+num(4|*ur3;

errovik}=rin{k)-yvout {k):

¥ - ------Relurn of P1D parameters-- ------. --%
U_3=u_2Z;u_2=u_l;u_l-ufk):

¥. 3=y 2;y_ 2=y_l:v_l=voutik);

x({l)=errorik); % Calculating P
X2_1=x{2);

x(Z2)={error({k)-error_1)/ts: & Calculating D
X{3)=x{3)+error (k) *ts; % Calculating t

error_l=errori{k):

end

figure{l};
plotftime, rin, 'b', time, yout, 'r'y;
xlabel{'time{sl'}:ylabel{'rin,yout'}:
figure(2):

plot{time,rin-vout, 'r" )

Xiabel ("time(s) '} :ylabel! 'error');

3.2 EMRIENEFE PID 5
321 AZM Qi AT PID 42 4) B 5
FIM A= # e, FE R EEE AR T EE S, HoX G 45 2 50
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IR DRI R IFARERER, EHESEHBMRNEARRTHRRRBSEHE, X
MTERREREFEFEAEN. Bk, ETWA T8 P, KBEXHEKRE PID 87, PID
ZEMETHERE . BREBEELLT SRR Y.

FEE T BUBEARMER,. AMIRANTEEM T EHEERBIEANNEAEZIGERIIRET
M EVH, BIEWISGLPMER, HHEPE HZEE PID &%, XEHAH TEE PID 7
HI8§. XFEFHIREGHME PID Ml 5l s X REMLE S, LMBREHBRELER. X
PSR E A SRR, EAEEREAN (LX) KIHXERMBRNEK IR
HENBERI AL, SRIGiz A M E AT PID S4B 3 iR %,

HATREFLRBR I GRHERHRRE, SHLBEIERES AU N EREARERBE R,
B i B X — i A RE TS, FrCL AN AR A IS R A aE, 04004
P, BRFAAOIER N, JHEX R P BN B B 5545 A CiE s ts. ¥148 PID &
BEWERIRFEA U BRI HES, R TENREEHRAN LFRNIEN (I RE
FRIAENT), ESHEYHER, FTHZEM PID S8R R%, X280 Aai5Ny
PID 3. #8) RISR PID B4R H il A S MM R, B THEREEA 5.

Hifi VA PID FefaS LR 3E e MR ER b ec fE RN, ATLLEE R AR RIBTHIE e 70 ec
AT PID ZRAEEER. FHBEMFE N 423 PID S5HHTEN, TN T B&EN
154 PID &8, H& i 3-4 Fis.
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dt
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PID Z4URH S E R PID Z4 B8 e Ml ec 2 MKMW L&, 7558470 0408
follle Mec, MIBBREHIRE R 3 M ERATIFTRBN. LFEETR e R ec B 24P
ZRMAEELR, MEREERE RITRE . B,
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*
(1) WA Sk, FIERRMR R AR ERE, RERAATEL. L HX. &%
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i EfEIF: chap3_2.m
$Fuzzy Tunning FPID Control
clear all;

close all;
a=newfis{ fuzzpid'};

a.addvari{a, 'input', 'c ,{-%,311};

d-addmff{a, 'input',1, 'NB', 'zmf"',[-3,-111;
a=addmf (a, 'input',1l, 'NM', 'trimf', {-3,-2,.C0]);
d-addmf{a, 'inpput',1, 'N8', 'trimf ", [ 3,-1,1]};
a=addmf (a, 'inpuL',1, "2, 'trimf , [-2,0,2}1};
a-addmf{a, 'input',1, 'PE", 'trimf',[ 1,1.371};
a=addmf {&, 'input ', 1, 'PM', 'tramft', [0,2,3]);
g=addmf {a, 'input.' 1, 'FPR', 'smf", [1,3]);

a-addvar{a, 'input', 'ec',[-3,3]};

a=addmf {a, '1nput',2, 'NB*, 'zmft', [-3,-1]};

« 72+

tParameter e

FParameter ec



a=addmf (a, "input",2, 'NM", 'trimf’', (-3,-2,0]});

a-addmf {a, ' Lnput’
a=addmf {a, 'input’
a=addmf {(a, ' input’
a-addmi (a, ' input
a=-addmf {a, ' lnput’

a=addwvari{a, 'output', 'kp', [
a=addmf {a, 'output’,1, 'NB', 'zmf',.[-0.2,-0.111};
a=addmf (a, 'output ", 1, 'NM', 'trimf , {-0.3,-0.2,07}:;
a=addmf {a, 'output', 1, 'N5', 'trim{', [-0.3, 0.1,0.11);
a-addmf {a, 'outpul',1,'Z2", " trimf',[-0.2,0,0.2]:
a=addmf (a, 'culput',1,'PS', 'trimf', [ 0.1,0.1,0.3]);

a=addmf ta, 'output', 1, 'BPM', 'trimf ', |0,0.2,0.3]1;

12
r
r2r

sz
!Zf

‘N3’ rtrimE, -3, -0, 110

"2, hrimf !, [

|p5'
'BMC
IPBI

.

,

r

2.0, 210+

‘trimE, {-1,1,31});

"trimf

0,2, 3]0 5

'smi ', [1,3]1Y;

a-addmf {a, 'output',1l, 'FB"',

a=addvar {a, 'outpulL’', 'ki

a=addmf {a, 'output ', 2, 'NB', 'zmf "', [-9.06,-0.0721 ;
a=addmf{a, 'output' , 2, 'NM', ‘trimf', [-0.06,-0.04.071;

0.3,0.31);

‘emE', |0.1,0.3]);

r[_DnDEFD-GE]}:

tParameter kp

Fharameter ki

a=addml {a, "output',2, 'NS', 'trimt "', [-0.06, -0.02,0.02]);

a=zaddmf (a, 'output,2,'2", 'trimf', {-0.04,0,0.04 % ;

a-addmf {a, 'output', 2, "B5"

a=zaddnmf (a, 'output’, 2, 'BM-

a=addmf (a, 'output -, 2, 'FE-

a=addvari{a, 'output', 'kd"',

da=addmf (a, 'output', 3, 'NE"

a=addmf (a, 'output',b 3, 'NM"

a=addmf {a, 'output', 3, 'N§"

4
I

r

[

r
r

,

r

‘trimf', [-0.02,0.02,0.068])};

‘trimEr, 0,0.04,0.067;

'emf, [0.02,0.06]);

-3,31);

rzmf, [
"Lrimf, [

trimf e, |

i
-

1170;

d3,-2,00};

3,-1,1]);

a=addmf (a, 'output' ,3,'Z",*trimf',i-2.0,2)%;

a=addmf fa, 'output ', 3, 'P5', "trimf", |

A=addmf {(a, "output"

a=addmf (a, 'output”

rulelist=[1 1 7 1
I 271
3B 21
4 6 2 1
55 31
b 4 4 2

N = R

1.1

L =

1.1,317);

F3.'PMY, teamfE e, [0,2,3]);
(3, 'PBT, 'smi, (1,310 ;

tParameter kp

n?3¢
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a-addrule(a,rulelist};
a-setfis{a, DefuzzMethod', 'mom'} ;

writefis(a, 'fuzzpid'};
a=readfis('fuzzpid');

3PID Controller

ts=0.001;

syse=tf(5.235e005, [1,87.35,1.,047=004,0]1);
dsvs=cZ2d(sys,ts, 'tustin' ) ;
[num, den] =tfdata (dsys, 'v'};
w_1=0.0;u_2=0.0;u_3=0.0;

v 1=0;v_2=0:v 3=0;
X=[0,0,0]';

error_1=0;

e 1=0.0:

e _1=0.0;

kp0=0.40;

kdd=1.0;

ki0=0.0;

for k=1:1:500
time{kl=k*ts;

rin{kl=1;




$Using fuzzy inference to tunning FID
k pid-=evalfis{[e_ 1l,ec_1].a);

kp (k) -kpO+k_pid{l};
ki{k)=kiO+k_pid (2] ;
kA(kl=kdO0+k_pid{3);

iR -kp{k)*x{1l)+kd (k) *x{2)+ki{k)*x(3);

1f k==300 % Adding disturbance{l.0v at time {.3s)
ulk)=ul{k)+1.0;

cnd

if ulk)==10
utk)=10;

end

if ufkr«--10
uik)=-10;

end

voub{Kl=-den(2)*y_l-den{3}*y_2-
den{d*y_ J+numi{l) *ulk)+numi{2) *u_l+num(3) *v_Zsnum(dd*u_3;
error (kl=rin{k}-youtik);
FTEEELTEEEERER3Return of PID parameters$$sessa®222%%%
u 3-u_2;
u_d=u_1;

u_l=uikj;

Y_3=y_2;
y_<d=vy_1;
v_l=youtik):;

x({l)=errori{k); %t Calculating P
®{2}=error{k}l-error_1; % Calculating D
x{3)=x{3l+errorik: % Calculating T
e 1=x({1):

aC_ l=x{2);

Brrol_Z2=error_1;
error_l=errorik):;
encl

showrule{a)

-?6-




figure(l);plot(time,rin, ‘b, time, yout, 'r'J;
xlabel ('time(s)');ylabel {'rin,vout'};
tigure(2};plotitime,error, 'r');
xlabel{'time{s}) ');vlabel( ' error');
figure(3);ploti{time,u, 'z }:
xlabel{'time{s}');ylabel('u');
figure{d);plot(time, kp, 'r'};
xlabel{'time(=s) "};ylabel{ 'kp');
Figure{S);plot{time, ki, 'vr');
xlabel{'time{s) ') ;ylabel{ ki };
frgure(8);plot{time,kd, 'r'};

xlabel ('time(s}');ylabel('kd'}
figure[?};plotmf{a,‘input',l};
figure(8);plotmfia, 'input' . 2):
figure(%);plotmf (a, 'output',1);
figure[lﬂ);plume{a,'Dutput',z};
figure{ll};plmtmf{a,'output',E);
Plotfis{a);

fuzzy fuzzpid.fis

BILAE, BATCIEBILLF L8R,
(1) 4f. MATLAB Niz4T plotmf(a,'input, 1)a]785|HR REFE MO e IR BEE,
MEAIR B de, &, k., kMORBERE WE 312 F 3-16 Fie.

#3122 RENFERH
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(2) 7F MATLAB TFiZ17 plotfis (a) SJ BB S AZRMRE, WH 3-17 i,

N

Ap(7}
e (T

fuzzpid

Py
BN\ i

ec{?}

kd(T)

A 3-17 EM PID B REHARE
(3) 7£ MATLAB Ti247 fuzzy fuzzpid.fis /3 A\ MATLAB 25 {f K T A#EE KR
. Wk 3-18 FioR.

B 3-18 &8 PID shi (5 BLIf 1

(4) MATLAB TiZ4T showrule(a), AJFE|LLT 49 40k H1MI .
1. If (e 15 NB) and {(ec is NB) then (kp is PB)}(ki is NB}kd is PS) (1)

2. If {e is NB) and (ec is NM) then (kp is PB)(ki is NB)(kd is NS) (1)

3. If (e is NB) and (ec is NS} then (kp is PM)(ki is NMXkd is NB) (1)

4.1f (e is NB) and {(ec is Z) then (kp is PM)(ki is NM)(kd is NB} (1)

3. If (e is NB) and (ec 15 PS) then (kp is PS){(ki is NS)(kd is NB) (1}

6. If {e is NB) and {ec is PM) then (kp is Z)(ki is Z)(kd is NM) (1)

7.1f (e is NB) and (ec is PB) then (kp is Z)(ki is Z)(kd is PS) (1)

8. If (e is NM) and (ec is NB) then (kp is PB)(ki is NB)(kd is PS) (1)




9. If (e is NM) and {ec is NM) then (kp is PB)ki1s NB)(kd 1s NS8) (1)
10, If (e is NM) and (ec is NS) then (kp 1s PM)(ki 1s NM)(kd 1s NB) (1)
11. If (e is NM) and (ec is Z) then (kp is PS)ki is NS)}kd 1s NM) {1}
12. If (¢ is NMD) and (ec is PS) then (kp is PS)(ki is NS)(kd is NM) (1)
13. If (e 1s NM} and (ec is PM) then (kp is Z){(ki is Z)kd is NS) (1)
14. If (e is NM) and (ec is PB) then {kp is NS)ki is Z)kd is Z} (1)

15. If {e is N8} and {ec 18 NB) then (kp ts PM)(ki is NB)}kd is Z) (1)
16. 1f (e 1s NS) and (ec is NM) then (kp is PM} ki is NM)(kd is NS) (1)
17. If (e is NS) and (ec is NS} then {kp i1s PM){ki is NSi(kd is NM} (1)
18. If (e is NS) and {(ec is Z) then (kp is PS)(ki is NS)(kd is NM) (1)
19. If (e is NS) and (ec is PS) then (kp is Z)Ki i Z)(kd is N8) (1)

20. If (e is NS) and {ec is PM) then (kp is NS)ki is PS){kd is NS) {1}
21.If (e 15 NS) and {ec is PB) then (kp is NS¥ki is PS)kd is Z) {1}
22 If {e is Z) and (ec is NB) then (kp is PM)(ki is NM)(kd is 2 (1)
23.If (e is Z) and {(ec is NM) ther (kp is PM)(ki is NM){kd is NS) (1)
24 If (e is Z) and (ec is NS) then (kp is PS)Xki is NS)(kd is NS) (1}
25. If (e 1s Z) and (ec is Z) then (kp is Z)(ki is Z)(kd is NS) (1)

26. If (e is Z) and (ec is PS) then (kp is NS)(ki is PS)(kd is NS) (1)
27. ¥ (e is Z) and (ec is PM) then (kp is NM)(ki is PM)(kd is NS) (1)
28. If {¢ is Z) and (ec is PB) then (kp is NM)(ki is PM){kd is Z) (1)
29. If (e is PS) and {ec is NB) then (kp is PS)(ki is NM){kd is 2y (1)
30. If (e is PS) and (ec is NM) then (kp is PS)(ki is NS)(kd is Z) (1)
31. If {e is PS) and (ec is NS} then (kp 18 Z)(ki is Z}{kd 15 Z) (1)

32. 1f (e is P8) and {ec is Z) then (kp is NS)(ki is PS){kd is Z) (1)

33. If (e is PS) and (ec is PS) then {kp 1s NS)kiis PS)Xkd is Z) (1)

34. If (¢ 15 PS) and (ec is PM) then (kp is NM){ki is PMi(kd is Z) (1)
35.If (e 15 PS) and {ec is PB) then (kp is NM)(ki is PB)kd is Z) (1}
36. H (e is PM) and (ec is NB) then (kp is PS)(ki is Z)}kd is PB) (1)
37. If {e is PM} and (ec is NM) then (kp is Z)(ki is Z)(kd is PS) (1)
38, If (e is PM) and (ec is NS) then (kp is NS)(ki is PS)kd is PS) (1)
39. If {e 1s PM) and (ec is Z) then (kp is NM)(ki is PS)kd is ES) (1)
40. If (e is PM) and (ec is PS) then (kp is NM)(ki is PM)kd 1s PS) (1)
41. If (e is PM) and (ec is PM) then (kp is NMki is PB)(kd is PSy (1)
42. If {e is PM) and (ec is PB) then (kp 158 NB)ki is PB)(kd is PB) (1)
43. If (e 1s PB) and (ec is NB) then (kp is Z)(ki is Z)kd is PB) (1)
44_1f (e is PB) and (ec is NM) then (kp is Z)(ki is Z)(kd is PM) (1)
45. If (e is PB) and {ec is NS) then (kp is NM)(ki is PS)(kd is PM) (1)
46. If (e is PB) and (ec is Z) then (kp is NM){ki is PM)ikd 1s PM) {1}
47. If (e 1s PB) and {(ec is PS) thern (kp is NM)ki is PM){kd is PS) (1)
48. If (e is PB) and (ec is PM) then (kp is NB)(ki is PB)(kd is PS) (1)
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49 If (e is PB) and (ec is PB) then {kp 1s NB)(ki is PBXkd is PB) (1)

3.3 &M% E PIDITHE X
3.3.1 %A PID S ELER

HHMEA PID EHFRETEA AT
ulk )= ulk ~1)+ k, (e(k )= elk — 1))+ k ek )+ & (elk )— 2e(k —1)+ ek —2))

k k, (3.8)
=u(k ~1)+k,({e(k)—e(k — 1) +elk) +E'(€(“' 2e(k =1 +e(k =2
F P
Tk k kg SR EEBL R FIBE S R
P RIS B BB 2
u(k) =k e(k) (3.9)

B PID FHIBEESEMRELAN SN B — AR 198 . s i
VIR — PR P AR A B AR S R G0N T4 RAZFUITLR, o 22 A A1 R (3 AR SRH A
PURHITAESE e, /75— RPN S, T8 7R ek = Ak B 0V BT S84 BT
TR IR E R CABAIED THER, AROHMOIMIE 4/ T B (5955
BB M T, MBI T ) -S40 B AMEM. MR ABE 2 B B RS
HIEBAGIRL T A, MERST, MAMT MM, RISHM B M. B B~ 4 Hrik o
BRiUE. NPURERER, NEHMT, A, WT ARARD, AL 4EEZH B
M. PEEDUSKIRD, BNT ERME, T T T, @RS, W) B 2R R D
PR E e RN SRR RS E TR, LR 3 R LI iR T
B R G R R MR BRI R AN Ba s s B ARSI

SREARREBRT I ES, HHAETRN GENEELHE FAWEE. W aEs
FREREEAT A, AREA TSRS T RMBLELHER . B FILERSRBE
ﬂ*ﬁmT%ﬂHM)Eﬂﬁ=ﬁﬁ%kﬁ%ﬁﬁﬁﬁﬁmm.mﬁﬁﬂﬁmﬂﬁmmmmﬂ
N k), T KN B MBREMN T k), W B 49 s ny &)y

Stk) =T, (k) —T.(k) (3.10)
Arh Tty = keth), To(k) =k, F(As(k)etk)
ﬁum@%ﬁ%ﬂmﬁkm%ﬂm,B%MﬁwmﬁwﬁﬂmﬁﬁW%ﬁkmm,M
I B P i
(k) = K(1-nf (u(k), Auk))e(k) = k  e(k) (3.11)

KA k= K- k), Auk)y > K =k, K380 I8 nzk—i AHESREME, FO

k
P 4 of: Ok FudTSE
MBI PRI T EITEE f 8 f() . BENERATE R B SRR MR piRz b
CIET P R YR OND: BV B MEEIEREI, 08 ‘7 (p). F “72” ¥
(NDo Bl ESRIEE A BB E X TEEEN (4 o—00 ) IX W] . REDRAFE 152 BT ST LA F V0 4 11
(1) IfuisPand AuisPthen fiu, Au)is N (1)
(2) fuisPand Auis N then f(u, An)isZ (1)
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(3) fuisNand AuvisPthenf(u, Auw)isZ (1)
(4) IfuisNand Auis N then flu, Aun)isP (1)
FAFNDT, /1] Zadeh FIALHAIBE AND ¥, HRHE A mom KRR I iEFH
BRHEIFRIBANEL FO.
BETHRAERBEBHFESBLGF LOME &N P BB, HEHEK
ko= K —nf (u(k), Au(k)) BEZHIBHIH T m &, b K A®E, WEE PID 513
kW)
ulk)=u(k = 1)+ &, ({e(k) — e(k — 1)) +£e(k) +k—“(e(k) - 2Ze(k —1}+e(k—2)))
k, k, (3.12)
= ulk —~1) +k,; ((e(k) - e(k — 1) +k, ek} + k, " (e(k) ~ 2e(k — 1)+ e(k — 2)))

332 FRARAF RS

{7 3L

1
G (v)= g 50
. 6(0s +1

KA A 20s, RA%E PD #4/ % X312, B K=030, n=080,
k'=0.30,£,'=0.30 . WANTRSME T4 1.0sgn(sin3ne)y, P ABILY 1000 MRS, BT
BUHIZR A BT, TR 55 500 KBTI RSN -4k, 5042 PID 325 77 ik BRI 45 %L 4n B 319
A 3-20 B, (hRLERHER, K48 PID #5500 G IR B2 1Ak ORI RS i S et JEER MR
BfC) RSSO, BOPESIRA . LR R e MR 3-21 T 323 o,

|
05
=
£ 0
I L 1
{ a5 | 1.5 2
timeis) 10"
Kl 3-18 % PID #3381 Fr i PRI
035
T4}

(2%

q 0.5 1 15
timeis) w0

3-20 SR PID Sk | Ak

+ bk
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=
=3

] -5

A 3-21

(5 1

[ =g 1

S PID i e /8 A%

-5

U us i

B 3-22 5% PID 5 du B %

THREER chap3 3.m
tfuzzy Immune PID Control
clear all;

close all;

a=newfis{ fuzz_lijk'};

E1-1.0;

B 3-23 SUE PID % f() REBwE

a—addvar{a,'input','u',[—fl*l,fl*l]}; iParameter



a=addmf {a, 'input',1l, 'NB", 'zmf"', [-£1*1,£f1*1]);
a=addmf (a, 'input', 1, 'PB', 'smf', [-£1*1,£1*1]};

F2=1.0;

a=addvari{a, 'input’', 'du’, [-£2*1,f2*11); FParameter ec
a=addmf (a, "input',2, 'NB', ‘zmf', [-f2*1, £2*1]);

a-addmt {a, 'input',2, "PB', 'smf", [-f2%*1,f2*1]);

£3=1.0;

a=addvari{a, 'output', £, [-F3*1,f3*1]): SParameber u
a=addmf (a, 'coutput',1, 'NB’, 'emf', [-£3*1,0]1};

d=addmf {a, 'output',1, "2, 'trimf', [-f3*1,0,f3*1)};
a-addmf {a, 'output’,1, 'PB", 'smf', [0, f3*13);

rulelist=[2 2 1 1 1; % BEdit rule base
2121 1;
1221 1;
1131 1;1;

ag-addrule{a, rulelist);

tshowrulefa) % Show fuzzy rule base

al=setfis{a, 'DefuzzMethod', 'mom');: % Defuzzy

writefis{al, '1jk"); % save Lo fuzzy file "ljk.fis" which can be
% simulated with fuzzy tool

aZz=readfis('1jk'};

Ephlotfizs{az};

SHEERRRRLLLIIBRRLLY Using Fuzzy Control lerddseesiasssesssss
re=20;

sys=CL([1},[60,1], "inputdelay’', 80);

dsys-c2d(sys,ts, 'zoch'):

[num, den)=tfdatai{dsys, 'v'];

U_1=0;u_2=0;u_3=0;u_4=0;u 5=0;
y_l=0;

e_1=0;e_2=0;

for k=1:1:1000

Lime{k)=k*ts;
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rin{k)=1.0*sign{sin{3*pi*k*0.001});

$liniear model

youb{k}=-den(2) *yv_l+num{2} *u_5;

elkl=rin(k) -yvouti{k):
ec(ki=e{k)-e_1;

E{R)=evalfis{(u_1 u l-u 21,a2);

K:G.3D}
®xite=0.80;
Fpilki=K*({1-xite*f{k)):

u{k}zu_1+Kp{k}*{{e[k)—e_l]+ﬂ.3*e{k}+0.3*{e{k}—2*e_1+eq2}};

1f k==500
ulkl=u{kl+1.0;

end

sReturn of parameters
u_5:u_4;u_4=u_3:u_3=u_2;u_E:u_l;u;l:u{kJ;
v_l=vout {k);

g _Ad=a 1

e l-elk);

end

figure(l);
plot{time,rin, 'b', time,yout, "1-'};
xlabel ("time(s) ') ;:;ylabel (' 'rin, yout | ;
Eigure({2);

plot{time, e, 'r');

xlabel({'time(s) '];ylabel {'error']:;
Figure{3);

plot{time,u, 'r');
*label{'time(s} ' );ylabel{ u');
figurei{d);

plot{time,Kp, ') ;
xlabel{'time{s}'J;ylabel{'ﬁp');
Figure(h):

plotmf {a, 'input',1);



figurel(&);

plotmfi{a, 'input',2);
Figure{7);

plotmfia, 'output',1);
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4.1.1  JUAF LA o4 5 57 40

(1) FUEEf Hebb 35 200
Hebb “#3) & -RMAY ), HEABHE: NERAINZTENEEE, Wl
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k!
u(k) =u(k —1)+ K Y w;(k)x, (k) (4.4)
=1
3 .
w, (k) = w, (k )fZ'wf(k}J (4.5)

w (k) =w, (k —1}+n z(ku(k)x, (k)
w, (k) =w,(k —1}+n_ zlkyulk)x, (k) (4.6)
wy (k) = wi(k = 1) 41 2(kdutk)x, (k)
A, x (k) =elk),
x,{k)=e(k)—elk —1);
X, (k)= ANe(k) = e(k) - 2e(k — 1)+ e(k - 2);
m,,n, AREEE . LB BN IRE, K RSl RS, K>0.
AT 1 W P ARG D 55IRE T ARASZE ER g, n,,0, . DERAR R AU B
sr A AT IR
KERREFFERE. KX, IMuEtElr, HBEEA, B2 RErE:.
VSRS RR RN AR, KAERAURD, UIRIFRSGRE. K AREIT, o RSN

4.1.3 eI EAP2 4 §iE M PID 474

EANBAKBENAIS, EdEERAH, PID BHMAEE IBIETE ) ek) 7 Act) F
Ko ATl e e HEN PID BHIEL NN REETBEH M TER, IS
HOPH x, (k) 0N (k) + Ae(k), BUEBHIESEM N

u(k) = utk =1)+ K'Y w, (k) (k) 4.7)
=]

3
w (k) = w;(k):'Z‘w;(k)‘
i=l

wi (k)= w (k-1 +n, z(kw(k)(e(k) + Ae(k))
wy (k) = wy (k — 1) +nz0uk)e(k) + Ae(k))
wi(k)=w,(k =1} +nz(k)uk)}e(k) + Ae(k})
K Aetk) = e(k) —e(k — 1), 2(k) = e(k)
RH EHRAEEER, RARNTEBERA S ERENEMEL I ER, mEs
Fr W hE £ R 1F
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EEIE W)
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T FfEA: chapd 1.m
25ingle Neural aAdaptive PID Concreller
clear all;

close all;

}{:{[:';D,'DJI:

XiteP=0.40;
xitel=0.3%:
®xiteD=0.40:

gIlnitilizing kp,ki and kd
whkp_1=0.10;
whki_1=0.18;
wkol_1=0.10;
Twkp_l=rand;
Twki_l=rand:;

fwkd_1=rand;

error_1-0;
error_2=0;
v_1=0;v 2=0;v 3=0;
u_l-Dyu 2-0;u 3-0;

Ce=0.001;

for k=1:1:1000
Lime(k]l =k*ts;
rin{k)=0.5%*sign(sin{2*2*pi*k*ts));
yDuL{kJ:D.368*y_l+ﬂ.26*y_2+ﬁ.1*u_l*D.EBE*u_E;
error{kl=rin{k) - yvout (kJ ;

sidiusting Weight Value by hebb learning algorithm

M-d,

if M== #No Supervised Heb learning algorithm
wkp{k}:wkp_l+xiteP*u_l*xilJ; &P
wWKi(k)-wki_l+xiteT*u 1*x{2}; T
wkd{k}:wkd_l+xiteD*u_l*x{E}; D
K-0.06;

elge1f M==> $5upervised Delta learning algorithm

wkptk}-wkp_1+xiteP*errorfk}*u_l; %P



K-0.12;

clgeif M==

K=0.12;

2lgseif M==4

if uflk)=10
ulk)=10;

end

1f u{kl=-10
uifki=-10;

end

wki () =wki_
wkd (K} =wkd_

wkp (k) =wkp_
wki{k)=wki_
wkd (k) =whkd_

U_d=u_2;u Z-u_

Y_3=v_2:v_2=v__

l+xitel*error(k)*u 1; =3I

T+xiteDYerrori{k;)*u_1;: £D

tSupervised Heb learning algorithm
l+xiteP*error{K)*u_1*x{1); %P
lixiteI*errorik) *u_l1*x(2);: %I

l+xiteD*error{k)*uw 1*<{3): %D

sImproved Heb learning algnrithm

wkp{k}=wkp_l+xibteP*error{k)*u_l*({2*error{k) -error_1):

wkil{k]l=wki_l+xitel*errori{k)*u_l*(2*error{k} error 1);
wkd{k})=wkd_l+xiteD*error (k) *u_1*{2*%error (k) -error_11};
K-0.1%2;

end
¥x{1)=errorik!-error_1; P
x{2)=error(k); %1

X{3)=errori{k}-2*error_l+error 2; 3D

wadd (k) =abs{wkp{k) }+abs {wki (k} ! +abs{wkd{k)}:
wll (k) =wkp (k) /waddik};
welik)=wki{k})/wadd{k):

w33 (k) =wkd (k) /wadd {k} ;
w=[wll(k) w22 (k),w33(k)];

Uikl =u_l1+K*w*x; 2Control Jlaw

error_Z=-error 1:

error_l=errori{k};

l;u_l1=uik):
1;y_l-yout (k] ;
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wkp _l=wkp(k}:

whkd_1=wkd (k) ;

wki_1-wki(k};

e:nd

figure(l):;
plot{time,rin, 'b', time, youl., 'r');
xlabel{ 'time({s) "};ylabel('rin,yout');
figure(2);

plot{time,error, 'r');
xlabel('time(s) ') ;ylabel {'ervor'};
figure{3);

piot{time,w, 'r');

xlabel {"time(s) ') ;vlabel{ u };
415 AFRBMGIEIFE ) LA 224 15K PID 32 4)

(RSB T . A R R b R T B P R T DA BT R R A R R
eI E S BikT, U RNFEHT RN E IR, EURERMEED |
A CIRBIEIRAR, RINREMISHBEMB T T AR AR R, ADaEs
S0k R 22 R A R A Y 24 B

B peFR Aok
‘ Ek) = -% (P(rin(k) - yuur(k}}z + Qﬁzu(k)) (4.8}
AN PO R AR E TSR AR, rG) R vk 8k BRI 5 ARG
4.
‘ Laamaak it
3
u(k)y=ulk —1)+ K> w,tk)x, (k) (4.9)
1=l
3
w k) =w (k) Y lw, k) =123
=l
3
‘ wy (k) = w, (k=1 +1, K(Pby 2k )x, (k) ~ QK Y (w, (k)x, (k) (k)
’='3 (4.10)
‘ wy (k) = w, (k= D)+, K (Pby z(k)x, (k) — QK Y. (w, (k)x, (k))x, (k)
i=1
w3 () = w, (k =1)-+ 115, K (Pby2 (), (K) = 0K Y (w, (), (k3 (k)
i=l1
A,
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x; (k) =-e(k)

x,(ky=e(ky—e(k-1)

(4.11)
x, (k)= Ae(k) = e(k)— 2e(k — 1)+ e(k — 2)

zik)=e(k) .

4.1.6 BAFLE AW

15p 8T

BT R B AR R Y

yout(k) =0.368 vout(k —1}+ 0.264 yout(k = 2} + u(k —d)+0.632u(k —d - 1)+ (k)

PH B R RREAEIREREIT R . Ek) ATE 100 EAERTEA S0
T8, £100)=0.10, WMA LMW INAE S Ank)=10. B FERFHiEH, W
u=0.1726,K =002, P=2,0=1,d =6, LB, BI4r. 85— 305 A Z B2 o) w0 K 43 B
no=4n, =120,1_ =159, w,(0)=0.34,w,(0) =0.32,w,(0)=0.33, METLHEN PID FRE:
B A4 g5 R e 4-6 FE 4-7 fiiw.
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{it ELFES: chap4_2.m
%Single MNeural Net P10 Controller based cn Second Type Learning Algorithm
clear all;

close all;
e [0,0,070;
K=0,02:P=2;0-1;d-6;

®iter=120;
x1llel=4:

KItel=1%%;

tinitilizing kp, ki and kd
wkp_l-rand;
wki_1-rand;

wkd _l=rand;

whp_1-0.34;
whki_1=0.32;
wkii_1=0.33;

grror_ l1=0:error_2=0;
v 1=0;v_2-1};
W_1=-0.1726;0_2=0:u_3=0;u_4-0;1_5=0;u_6&=0;u_7=0;

Ls=0.001;
Forr k-1:1:250
Lime (k) _k*tsa:

rin{k}-1.0; $Tracing Step Signal

ym (k) =0;
1t k==100
yinik)]=0.10; %Disturbance
eTick
yuut(k)—ﬂ.368*y_l+0.EE;y_2+u_E+D.632*u_7+ym{k);

2rrovik)l=rin(k) vyoutfk):

wi- [wkp_1,wkd_1,wki _17:

WX =W Ao



bl=yout{1);
K=0.0175%;
wkp (k) ~wkp_l+xiteP*K* [P*hO*error (k) *=xc (1) Q*K*wx*xc{l)];

whki (kKlzwki 1+xi1tel*K* [P*hBO*error (k) *2c {2} -Q*K*wx*xc{2)];

wkd (k) =wkd__ | +xiteh*K* [ P*bl*error{k) *xot 3} -O*K*wx*xa (3} ]

®e[l)j=errovik) -error_1; %0
xo{2)y-exrorik); %I

Xe(d=errov{ky -2*error_lierrar 2; %D

wadd {k} =abs{wkp (ki) sabs (wki{k))+abs (wkdi{k}};
wllikK)=wkpik) /wadd (k) ;

wAZ (k) =wkl{k) /wadd (k) ;

w33 (k) -wkd ik} /wadd{k};

w= [wll{k},w22{k},w33(k}];

k) =u_ 1 +K*w¥xo: % Control law

it ui{k}=10

u{ky=10;
ernd
1f u{ki«<-10
u(k)=-104;
a3gls|

error_Z=error_1;

erroy_l=errorik);

u_f=u 671 _6-1u_5;u_5-u_4d;u_d=-u_ 3:

u_3=u_2;u_2Z2=-u_l;u_l-uik};

wkp_l=wkpik};
wkd_1=wkdik]) ;
whki_l=wkti{k);

v_Z2-v_1:rv_l=vout k) ;
end
figure(ly:;

piat{time,rin,'r',time,yout,'b'};



¥xlabel{'timei{s} ') ;vlabel{ rin,yvout');
figure(2);

plot{time,u, 'r'};

xlabel{ Lime{s) '} ;;vlabel{'u };
figure(3);

subplot (311 ;

plot{time,wkp, 1©');

xlabel ("time(s) ') ;vlabel{'wkp');
subplot{312);
plot{time,wki, '1'});
*label('time{s) ');ylabel [ "wki };
subplot (313);
plot{time,wkd, 'r'};
xlabel{'time(a) ') ;ylabcl {('wkd )

4.2 HT BP HEZMEEER PID =4
421 & -F BP 444 W& 65 PID # % J8 18

PID F=HIERBLT B HIBR, OB e L) . BRI R R A,
CR PRI P B B RO A A BRI R, XF X BT — e RRIEM “Slas”, M
10 EIFARR A S TR R B R AR AT SIS RiEeEh, WL
ﬁﬂﬁﬁ%ﬁ%%%ﬂ%%mﬂﬁﬁﬁm%%mn%ﬂn%@BP@%,ﬂﬂﬁﬁ%ﬁ%,
k . kg B¥ 2K PID %128 .

A | BP (Back Propagation) F{#RH) PID #3544 HmIE 4-8 Fir, Y5152 hdms
*%ﬂfﬁz:

(1) 254 PID £SO BFo Sl mmEs), FH=12%L ., k. kH
e BT |

(2) MM, RERANZICRE,. B PID FHISKS%E, DUk EE
ﬁm%mm,ﬁﬁﬁ%#ﬁﬁ%ﬁ&%ﬁﬁ@?mnﬁﬂ%%i%ﬂﬁ%ﬁ@,&,@ﬁ
WREE AR B3 AR BORY, 2RISR SR BREEE N PID &
w28 2R

72 I8 B LU PID I lE 74 %
ulky=ulk -+ k (error(k) — error(k — 1))+ k error(k) + k. (error(k) = 2error(k — 1) + error(k — 2))

(4.12})
AL ke Kk PBIRERBL. RS, RN,
KM=)Z BP Mg, He5mE 4-8 B,
S YN PN
M4 BP FLEH 0, = () j=12,-M (4.13)
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AN EIAERBINEM R T PR BRI AR
Gk R E AN TS

Af
I!I[E]'(k}= :’r_z}o[lj
ne ;w_ s 414)
G“’(k)“f{net”'(k}) (=1
A, w -BREENRERE; Lk (D). (3 pRfREMALE. BREEAELE.
B 2 i &2 JT ) i A6 FR BUIUE (A 6 FR B Sigmoid PR
f(x) = tanh(x) = El_e; (4.15)
e +e
S TR E T T )
net! (kY= Zwm{}['}'{k)
i=0
0" (k) = g(net] (k) (1=123)
O (k) =%, (4.16)
H](k} -I(

OV (k) =k,
MR L S R AR, k. ko BT R, k. k ARERRAL B
R THITES Gl i PR A A - iV E [ 2l 2 Slgmmd PREL

g(x)= 5(1 + tanh(x)) =

A

c

- —— (4.1
e +e

B EETEPR R HL A
Ek)= -i; (rin(k) — yout(k))° (4.18)
FREBERE N RILBIERS AR R, B EGo) ST R 800 RO R b iR e, i
AT IH0-— 150 150 3 DA e 8 4 S b s PR L I
Aw P (k) =—n %€@+aﬂ k- 1) (4.19)
KA NORFEIME, o AETERY. h
dE(k) _dE(k) dy(k) dutk) 00 (k) dner” (k)

aw®  Oy(k) Qulk) do”*(k) onet, (k) dwM (k) %20
onet (k)
Foope {;}(k} = 0" (k) 4.21)
i
(k) iy
e aaz( HAFTLE R B T e J" }yﬁm e M4 R R 1) B T )
IR BESE SR 2 kM,
Hixl (4.12) R (4.16), 78
du(k)
3000 =error(k) - error(k - 1) {(4.22)

-g?-



du(k)

2307 () = error(k) (4.23)
aglfgz(l) = error{k) — 2error(k — 1)+ error{k — 2) (4.24)
|3 50 T 75 P 44 A 2 ) R R
Aw (k) = aaw” (k=D +n6 Y0 (k) 4.25)
& = f”'ﬂ"f“‘“‘g“‘:gyuig) aififil) g (net;” (k) (1=123) (4.26)
f
() BN 75 B & R A R B 2 I B
Aw? (k) =oAw " (k—1)+nd;" 0" (k) (4.27)
3
87 = f (netP kDY 8V wi (k) (i=12.-0) (4.28)
f=1
AF, g =g-gx). fm=0-F2x)N/2 (4.29)
T BP 5[] PID #4188 45 Mt 4-9 B, s B slg s mgy T
- NN
P T

potit

i + errar
ran 2 Plant -
A L P
e -
Lo

49 K73 BP M) PID 588454

(1) HiXZ BP WIS, EHEERAZ VEE M HBRTET N 0, FER520
BURERIME w, (0 Flwi (), BEZIEEy RS ERa, ML=,

(2) KAF1 3 rin(k) B0 yout(k) » HEZNZBRE error(k) = rin(k) — yout (k) ;

(3) HHAMZME NN FEWETHE., BH, NN HHE0%HEY PID Foassep
ECROINE 2 € S A

(4) MR (4.12) 7§ PID 5220058 u(k) s

(5) WATHERERE ], FREBINARE W, (k) fw? (k). STH PID %1550 5 iE
7%,

(6) Bk=k+1, RMEZF (1).

422 45 EARF B

E KN
DL R A B AR R Yy

yout(k) = a(k) vout(k —1)

1+ yout*(k = 1)
b, R ak) RGN ER, ak)=1.2(1-0.8¢""%),

+u(k—1)

-98-



R RYZE G MIE 4-5-3, EHEEn=028 H1BH R o =004, I BV EE X
M [-0.5,0.5] FHIBEH K. HAF5 S5 54 K,

(1) rindk)=1.0;

(2> rin(k)=sin(2mt) . BLS =1 W NI ERIRES, S =2 MR IEIRE:, Y/aakU4 B BaAL
11, BATAE R RIRE RSB RS KA 2t B 4-10 T 4-14 B 5.

14 Y
12F
|
ERRLLE.] -(
o
"'.:.
g
£ 0a
04§
o2 J
ﬂ 1 i L A
f 02 04 06 05 I
fimefs)
B 410 MrElmangghsl (S =1)
GO% -
Y
=
0.04 -—/_
—
02 . .
0 03z 04 06 08 ]
timeds)
01
2 008
'.-.I 1 L 1 L
il 02 0.4 A
times) 0% !
nos
O01F
3
0.005
u [ [ 1 L
& 02 4 (3] N8 I
Ume(s) )

B 4-11 B ER T ik
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llml

] L)
5k o
g o
_n_.n.'l B -
-1 1 ' L L 1
0 | 2 3 4 5 ]
time(s)
B 4-12 IEZIRE L (S =2)
901 r T ,

T o)

LEROE
=
P

et VY R

-00l 1 1

0 1 2 3 4 5 G
time(s)

04 - r
+02 \—/\/\/\/\_/\/\”
[] | 1 5
0 1 2 3 4 5 6
nmels)
ng T 1 T
o /\/\/\/\/W
N4 1 L 1 X M
0 f 2 3 4 5 6
tneds)
{3 T T T T
o5 \f\/\/\/\/\/\/\/\/\/\/\/\/\/\f\/‘\f\f
DI 1 L 1 L A
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thn ei%)
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thEFF: chapd 3.m
2BP Lased PID {ontrol
clear all;

close all;

xite=0.25;

alfa=0.0%";
S=2; %Signal tvpe

IN=4;H=5;0ut=3; %NN Structure
1f 5==1 %Step Signal
wi-[-0,6394 -0.268%6 -0.3Y58 -0.7023;
-0.8603 -0.2013 -0.5024 -0.2596;
-1.0745 0.5543 -1.6820 -0.5437;
-0, 3625 0.0724 -0.646% -0.2859;
0.1425 0.027%  -0.5406 -0.7660];
Fwl=0.50%rands (H, IN) ;
wl_l=wi;wl Z=wi;wi_3-wi;
wo=[0.7576 0.2616 0.5820 -0.1416 -0.132%;
-0.1146 ¢.294% 0.8352 0.2205 0.£508;
0.7201 0.4566 0.7672 0.4%62 0.3632];
wwo=0.50*rands (Out, H)};
wo_l=wo;wo_2-wo;wo_3-wo;

end

1f 5==2 %Sine Signal
wi=[-0.284¢ 0.2133 -0.5087 -1.0668;
-0.7484  -0.1210 -0.4708 0.0388;
-0.7176 0.8297 -1.6000 0.2¢449;
-0.0858 0.1925 -0.634¢ 0.0347;
.4358 0.2365 0.4564 -.13247;
twil=0.50*rands (H, IN} ;
wi_l=wi;wi_2=wi;wi 3=wi-
wo=[1.0438 0.5478 0.8682 0.1446 0.1537;
0.171¢ 0.5811 1.1214 0.5067 0.7370;
| 1.0083 0.7428 1.0534 0.7824 0.64547;
#wo=0.50*rands (Qut, H) ;
WO_l=wo; w0 2=wo;wo J=wo;

endd
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x-[0,0,01;
o 1=0:;u 2-0;u_3=0;u_4=0;u_5=0;
v 1=0;y_2=0;v_3=0;

Oh-zeros{H,1}; $0utpul. from NN middle Tavyver
1-0Oh; $Input to NN middle layer
erroar_2A=0;

error_1=0;

Tor k=1:1:6000

time(k)-k*rLs;

it 5==1
rin(k)=1.0;

nlselif 3- .2
rin{kl=sin{1*2*pi*k*ta);

exnd

inl]inear model
allky=1.2*%{1-0.8%exp{-0.1*K)1;
vout (k) =af{kb*y_1/{1l+v_1~2)+u_L;

errtor(kl=rin(k)-yvout {k}:

Al-[rin(k),yout{k),errorik},1l];

¥i{ll=errvorikl-error_1;
idlzerrori{k];

xi3l=errorik) -2*error_l+error 2;

epld=[x{1};x(2);x{3}];
T=x1*w1i';
for 7=1:;1:H
Oh{gt={exp(1(jt}-exp(-I{J)))/lexp(I(j))+expl(-T{Jj)}}; EMiddle Laver
e2r1d
K=wo*Oh; FOoutput Layer
for 1-1:1:0ut
K{l)=exp{K{1l})}/(exp{K{1))+exp{-K(1))); $Getting kp, ki, kd
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end
kpfk) =K{1l);ki{ky=K{2};kd{k)=K{3};
Kpid.. [(kpfk),ki{k),kdik}];

du{k) =Kpid*epid;

uik)—u l+duik) ;

if ulk}==10 % Restricting the output of controller
uik}t=10;

end

it ufkl«--10
u{k)=-10;

end

dyuikl=signt {yout (k)-v_13}/iu{k) -u_1+0.0000001);

toutput layer
for j=1:1:0ut
AR {7} =2/ {exp{K{j) ) +exp(-K{jl})2;
ond
for 1-1:1:0ut
deltai(l)- error(kl *dyvu (k) *epid (1) *dK(1) ;

ernd

for 1=1:1:0ut
for 1-1:1:H
d_wo=xite*delta3(l)*Oh{i)+alfa*(wo_Jl-wo_2):
end
end
wo-wo_1+d_woralfa*{wo_ l-wao_ 29 :
$Hidden laver
for 1=1:1:H
A0 (i) -d/{exp{I{i)+exp( T(1i)))*»2;
ercd
segma -del tal*wo:
for 1=1;1:H
delta2 (1) =dC(i) *segma{i};
mnd

d_wi-xilte*deltal '*xi:

wi=wi_l+d_wi+alfa*{wl_ l1-wi_2):
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tfaramctors Update
Goheudru d=u_d;u_3=w Fru d=u l;u l-=uik):

Y_ad-y_liv_l=voubl (k) ;

Wi 3=wo 2
Wo_@d=wo_1;

wo_ l=wro;

SrrOLr_Z2oorvor 1;

@1 ror_1-errar{k);

ity

tigure(l);
plot{time, vin, 't ', time, vout, 'b' ) ;
xlabel('time{s) ') ;viabel {'rin,vout };
Tigure(2);

plot{fime, error, 'z ) ;

xlabel{ time{s) ') ;ylabel{ ' error };
fLgure(3);

plotitime,u, "2 '),

xlabel ('time{s)');vlabelf{ ' u j;
figurocid);

cubplot (3111} ;

plotitime, kp, 'r'};
xlabel('time{s} 'V ;vyvlabel ('kp ) ;
subplot (312 ;

plot{time, ki, 'g ' ;
xidbel("time({g) 'V;ylabel { ' ki'}:
subplot {313 ;

plot{time, kd, 'b');

xlabel ('time(s) ') ;ylabel{ kd ') ;

4.3 E-T RBF #ZMEEE L PID 5t
4.3.1 RBF 4% # #38#)

17 (14 A 3(RBF-Radial Basis Function) #1425 4% 2 i I Moody 1 C.Darken 7F 20 tH4 80
[ ] ][}4 »



FRARHP—FMERE, w2 ATEREMZZMMEt. BT eS0T A= S0
8. FIOE SRR (AR B -Receptive Field) FIMLREH], [k, RBF MR —
M EAB T MG,  LUIFBE Y BE LUME B B T T Sk st e 3.

(1) PHER &5

RBF W8 -0~ Zarmigs, rata A 205 0 sy W 3E2RPE 00, TRe & 2 5% ) £ 4
L a3 A P AL 2R P, AT SRR T 2% 50 3 o R B R AR )N o) i

RBE M 2% £k Ky ifd 4-15 Bros.

[¥1 4-15 RBF M5 iR 454y

(2) BEFEERSE Jacobian 15 © B8R -

7' RBF ISR &itt)h, X=[x,, x»,...x, |7 N HER Fidi A a1 . 13 RBF W25 45 [ 3k =) & H=[h,,

o T bk AR

h,=ex “X_C’;E =17 ...
= p(-__j?bg )1 J "'112& m
i

RIEEHI R D E R BN C=lejc,sve,-cp ' He, i=1,2,n
L P28 (1A T8 ) 2y

B=[b, b, b 1
bAMTRMEREBE. AR T IO, MR &N

W=[w,, w, W cow ]

BRI 2R iy

¥, (k)= w, b, +wo bty +w, ko
HOR S PEREIE SRR B
J;z%(_mur(k) -y, (k))?

IRIFEBEA T L, BB, a0 AT AR RS R0 E i F
w, (k) =w, (k= 1)+ a2 your(k) -y, (kDh, +a(w,(k = 1)~ w (k- 2))

Ab, =(youttk)- v (k}}w.h.-—-———” 'CJ’“E
f il o b 3

g

byky=b;(k 1)+ 1Ab +a(b,(k-1)-b,(k -2))

X.-C.
Aey = (yout(k)- y,, (kyw, L
f

ralky=c,(k-1)+ nhc, +alc,(k —D-c, (k-2)

At HEHESE, o ABHBETF.

(4.30)

(4.31)

(4.32)

(4.33)

(4.34)

(4.35)

(4.36)
(4.37)

(4.38)
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Jacobian FE(BI A3t S I R H AR L BUE 5 BOEE A

6‘y(k) 3}* k) ~ C; X
m\E) h. 4.39
du(k)  du(k) :E:"” ;B 39

b-

1-1 b

A, x, =ulk)
43.2 RBF M PID # & R 32

FHBEL PID P 3%, Prgli2E A
error (k) = rin (k) — vout (k)
PID -TWHi AN
xe (1) = error (kY — error (k = 1D
xc(2) = error (k) (4.40)
xc(3) = error (kY —2error (k. =1} + error (k — 2)
PERISEVL N
(k) =u(k —1)+k (errar{k) —errork — 1)) + kierrork) + k(error(k) = 2errortk — 1) + erronk —2)) (4.41)
Pl ] 25 B 5E 5 61 4
E(k) = —;—-ermr (k)’ (4.42)

ko kioky BORETHIBREE K i
3E _OE dy ou

Ak =—N—=1N—"-—"—= k— 1 .
p 8k 1 3y ak Nerror{k)— xc(l) (4.43)
oE dE dy ou ay
Ak =—n—=- = — 4.44
, ) 3% 1 3y 3u Ik nerror (k) = xe{2) { )
dE dE ¢ BM
Ak, =-n—- ak ~7] By a—}ék— —ﬁermr(k)—;-x{:(?) {4.45)

RBF #5¢ PID #%I R L0145 80 E 4-16 B,

i+ ERRr u It
PID e S —_—
ﬁmwr

| RUFR{EE

7
B 4-16 RBF B2 PID F5 %0 A

433 AR B

{7 215
WA A

* [06 ¢



— Bl yout(k — 1)+ u(k — 1)

1+ vout{k —1)"

WIATE 215 5 4 rin(r) = 1.0sgn(sin(21r)) , RBF ML R 3-6-1, MEEI AT = N
A ulk), your(k), your(k —1) . M =11} % RBF & §1 PID £, HeERwE 417 T
419 s, M =2 B AARMEER PID #56), HES S Wk 4-20 Biow.

yout(k) =

[
05 F i
=
= 1
=
_{}5 L iﬁ
- |
f1 0.5 I 15 2
fHmei <)

e 4-17 RBF B 42 PID ¥ 5 /5 1 (M = 1)

a4
ik
- 02f
8
=
olFr 1
oF \ S
o1 . i +
it 0.3 i s 2
mefs)
B 4-18 % Jacobian {5 SUELHEE
01 ' K j
. | il F
kY 005 ¢
{1 .
f] 0.5 1 1.5 2
timeqs)
1.2 ¥ ¥
- } 1 ]
.l M
-
ﬂ '] i
0 {5 | 13 2
hineais)
ir.l M
20 usr - -. |
) . —1
i .5 | 1.5 .
tnefs)

B 419 SBEITEERETIE
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Fin, youl

{ 03 1 1.5 2
time(s)

Pd4-20 FEEDNPID ZhRAEBERE (M =2)

HFEER: chapd4 4.m
tadaptive PID control based on RBF Identification
clear all;

cloge all;

¥ite=0.25;
alfa=0.05;
bhelte-0D.071;
x-10,0,001";

c1=30%anes(3,6);
hi=40*cnes{&,1};

w=10*ones{6,1);

h=(0,0,0,0,0,0]";

cl_l=cl1;ei_3=ci_l;ci_Z=ci_1;
bi_1=bi;bi_2=bi_1;bi_3=bi_2:

w_l=w;w_2=w_1l;w_3=w 1;

W_1=0;v _1=0;
xo-[0,0,071;

error_l=0;error 2=0;error=0;

tkp=randil};
Fki=rand(l);
tkd=randi{1};
kp=0.03;
ki=0.01;
kd-0.03;
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kp_l=kp:
ki _1=ki:

Xitekp=0.20;
xitekd=0.20;
xiteki=0.20;

ta=0.001;
for k=1:1:2000
timefk)=k*Ls;
rin{k)=1.0*sign(sin{2*pi*k*ts)};
vout (Ki={-0.1*y_l+su_1)3/(1+yv_1%21; %gNonlinear plant

for j=1:1:6
hidl=exp{-norm{x-ci_1{:,33142/(2%pi_1{35)*oi 1{31}};

enad

vmort (k) =w_1"'*h;

A_w=0*w; % Defining matrix rumber of d_w egual to that of w
for j=1:1:86

d w(Jj)=xXlte*{yout{k} ymout (k) :*h{(j};
end

w=w_l+d_w+alfa*{w_1l-w_2Z}+belte*{w 2-w _3);

d_bi=0*bi;
for j=1:1:6
d_bi(])-xite* (yout (k}-ymout {k))*w_1(j)*h{y)*(bi_1{3)*-3}*norm{x-
c1_1{:,3))n2;
end
bi=bi_1+ d_bi+alfa*(bi_1l-bi_2)+belte*(bi 2-bi 3};
for j=1:1:6
for i=1:1:3
d_ci(i,j)=xite*{yout{k)-ymout (k) )*w_1(j)*h{§)*(x{i}-
ei_1(i,33)*%(bi_1{j)+-2};
end

end

ci=ci_l+d_ci+alfa*{ci_1-ci_2)+belte* (ci 2Z-ci 3}

»
!
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FE TR AL RSS2 Tacohi ANt R R R LT ERERT %S
wii- ()
for j=1:1:%
vil-yu+w (I Fh{3)*{ x{1Vv+ci{l, 1)) /brij)"2;
&ndd
dyoul (k) =yu;
EEEELLTRERREREREREEEEESLart of Conlrol system%%33iassssssisssss
error (k) =rin(k) youtik);
kpikl=kp l+xitlekp*error ikt *dyvout {k}*xc (1) ;
kdik) -kd_l+xivekd*error (k) *dyout (k) *=xci(2);
kifki=kl_l+niteki*error (k) *dyvout (k) *xoi3);
1t kpi{ki<D
kpiky=0;
ernd
1T kdik)=0
kdik)-0;
Sts!
L kifk) <0
kiik)=0;

~ncd

M_L;
LE M=-2 %0Only PID Control
kpik)=0.03%;
ki(k)-=0.01;
kd{k)-0.03;
end
wlk)=u_l+kp(K) *xc {1} +kd (k) *xc(2)+ki ‘kl*xo(3);

LE uflky==10
k) =10;
end

1f ufkle=-10

]

HRelurn of parameters
X{li=uik}:
idy=vout{ki;
»(3r=y_1;
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xc{l)l=error{k)-error_1; talculating »
Asci2)l=errorikl-2*error_l+ervor_Jd; tCalculating N

o {3l=errori{k): SCaloulabing T

aerrarv_Z=aerror_1;

error_ l=errorik);

kp_l=kpik};

ka_1-kdik);

ki_l-ki{k}:
er1cl
rigurei(l);
plot{time, rin, 'b', Lime, yout, 'r '} ;
xlabel (' time({s} '} ;:;vlabel( 'rin,vout');
Figurei{l};
plotitime, vout, 'r ,time,vymoulb, 'b');
stabel {"timei{s) ') :vlakel (' vout, ymout ') ;
flgure(d);
ploti{time, dyout) ;
xlabel ('Lime(gs) ') ;yvlabel{ dyout'};
Figure(d);
subplot (311} ;
plot{time, kp, "r'i;
xlabel {'time{s) '} ;ylakbel { "kp');
subplot {312 ;
plot(time, k1, 'r'y;
Xlabel{ ' 'time{s} ') ;vlabel {('ki');
subplol {3137 ;
plot (time, kd, 'c');
xtabel('time{s}');vlabel ('kd };
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4.4 BT RBF #£2 MR eipeg T PID 2834 B M=
44,1 AR RBAER RE fiE i h| RIF

M 4-21 Bk FMER G PID RS £ USRI RAHER], M T PID # hiEsHas
NNC, RBF WA A@iHas NNI, ST #8556 80T Jacobian {2 BHEIH.

IR

~| sxam ;
/ % .

M

—==|  NN{ = WH =
¥ L -
NN | L';;mr-'f
¥
421 BE PID RS E GV HES
When TSR A A
xc, (Ky=error(k)
xcy (kY= (error(k)—error(k -1/ T {(4.46)
%
xcy (k)= ) error(k)T
k=1
PRED R A8 [ 4 D A s i 98 B 4 11
utk) = Y we, (k)xe, (k) (4.47)
T PP £ 125 1) 33 107 30 8174 R T8 delta 27 2] K W)
E = %Er}"ﬂr(k}l = %(_vmur{k) ~ yout (k)" {(4.48)
oF o0E dy du ay
Awre (k) =~ = - = ky—xc (k )
we (k}=-n owe. i 3 u e nerror( }au xc{k} (4.49)

A, g_i ABFEXT R Jacobian {5 8., it RBF #42 RARRIH D InE.

442 1FHALF B ¥

AL
Bt BB RBULAT LR T PID BERI S B MR, BRI RN

G (s)= !
0.003 5° +0.067 s

KRN Ims, S=18, WMAIESEE L EZEY, s=28, AR S S5 ABER
A MRS =2, SHERIRR Jacobian 15 BFHILA K 1 0T B ERTZEE YN 4.0 B 424 Frs.
BEAFRRSES N

« 112 -




VOuE vt

-4

tinte(s)

E 422 BHHENBHRER

T I

Jacobian vahie

04 . 0.6 08 1
time{s)

=]
)
ivlF

] 4-23  Jacobian fo B IHEEH

VoW, v

-0 4 d - . !
o 0.2 4 b 0& !
fimefs}

B 4-24 L5EAr BIREE

rin(k) = 0.50sin(0.006mk)
yrout(k)=0.2 yrout(k — 1)+ 0.61in(k)
{F B8 chapd_5.m

$51ingle Neural Net PID Controller based on RBF Icdentification
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rlear all;clese all;

Jp-0.0030;bp=0.067;
rte=0.001;

Gp=tf{[1], [Jp.bp,0]};
Gpz=c2d{Gp,ts, '2'};
[mum, den] =tfdata{Gpz, 'v'};

h zeros(6,1];

Fw=rdnds(6,1];

w=[-0.5046;
0.3937;
-0.5556;
0.3981;
0.4455;
0.2565];

W l-wWiw_Z2=w;w_3=w;

X1ite=0,440;
alfa=0.05;
belte=0.01;

®x=[0,0,01";

t2c=0.1*cnes(3,6);
-0}, 1*ones (6,1} ;
c-[-3.1825 0.5211 7.1754  11.48631 3.6592 -14.8150;
-3.8909 2.3%8985 5.1730 g.5871 -11.3737 -7.0179;
-4 .2018 2.0742 h.1828 R.R238  -T1.8936 -6.1845];
h-[ 5.3074;
1.4771;
26.4114;
22.1716;
L2 .5082;
5.69061;
o _l=c;ec_2=¢c_l;c _3=c_2;

b_l=b;b 2=b 1:b 3=h Z;

xc=[0,0,8]"';
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¥itec=0,60;

kp=80;
kd=5;

k1-=50;

wo=[kp, kd, kil ;

wo l=wo;wo_2-wC;wC_3=wC;

crror_l=0;error_2=0;
v 1=0;v_2=0;
A_1=0;u_2=0;

e1=0;

C_slze=slze(c):;

for k=1:1:1000
Eime(k)=k*ts;
rinf{kl=0.50*sin{3*2*pi*k*ts) ;

5.2
1f 8==1
yrout (k) -1.0*rin(k);
end
1T 8==
yrout (k) =0.2*y 1+0.6%rin(k); %Reference Model

end

tlLinear model

yout {k}=-den(2)*y_l-den{2)*y_Z+numi{2})*u_l+numi{3dt*u_2;

for j=1:1:¢c_sizeil{l},
hijtzexpl(-normi{x-c_1¢(:, 3} "2/ (2*b_1 (31 *b_1{(F1t};
enid]

vinout (ki =w_1'*h;

id=abs {yout {K} -ymout {(k}};
1f 1d4=0.0001,
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for j=1:1:6
d wijl=xite* (yout (k}-ymouti{k})*h{j};
end
waw_1l+d_wralfa*{w_1-w 2t+belte*{w _2-w_31};
TERRLEELLELLEALTLTLES L LTRLEHEBTRLLRERALRLERRLLLBBRTHERERY
d_b=0*b;
for j=1:1:6
d_b{3)=xite*{yvout(k)-ymout (k)i *w_1(3)*h{ji*({b_1(j)4-3}*norm{x-
c_ld{:,Jyin2;
end
b=b_1+ d_b+alfa*(b_l-b 2}+belte*{b_2-b_3];
A EE R E R AT R At Rt R e e i e e A T T Y
for j=1:1:6
for 1=1:1:3
d_c{i,Jj)=xite* (yout (k) -ymout{k)r*w_1{jr*h.Jr*(x(1i)-
c_ 11,7y *(b_1{3)*-2}:
end
end
c=c_l+d_c+alfa*{c_l-c_2)+belte*(c_2-c_3);
end
FE32E2EE%%% Calculating Jacobian %3%%%%%%%%%%
dyu=0;
for j=1:1:c_size(2)
dyu=dyu+w (3} *h(3)* (-x{1)+c (1, ) i/b(F) »2;
end
dyout (k) =dyu;
$%%%%%Parameters Return%%%%%%%
error{k)=yrout{k)-vout{k};
xCe{l)=error{k);
xc{Z2)={error{k)-error_1)/ta:;
el=el+errori{k)*ts;

HC{3)=el;

ulk)=wo*xc; %Control law
1f u(k)=10,
utk)=10;
end
1f u{k}<-10,
uf{k)=-10;

end
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d_wo=0%wr ¥ Defining matrix number of d_w equal to that of w
for j=1:1:3
d_we (j)=xitec*error (k) *xc (i) *dyout {k};

eTid
we=wC_l+d_wc+alfa* {we_1-wc_2)+belte* (wo 2-we _31;

ervor_zd=error_1l;error l-error{k:

u_Z2=u_l;u_l=u{k);

Y_2=¥_1:;v l=voulik};

x(3)=y_2;
Xi2)=y_1;
Xx{l)=u_1:

W_3=w_ 2w Z=w_1l;w 1=w;
C_3=C_2;u_2=c_1;c 1=c;

b_3=b 2:b 2:b 1;b 1:=b;
wC_3=we_2;we_Zawe_1;we_l=-wc:

end

figure(l);
plmt{timﬁ,yout,'r',time,ymmut,'b'];
x]abel('time{s}'};ylabel{'yout,ymmLt'J;
figure{2};

plotitime, dyout, 'r'};

¥label (' time(sg) ') ;ylabel {"Jacobian value'):
figure(3};
plmt{time,yrout,'b',time,yout,'r'}:
xlabel{'time(s}'J;ylabel{'yrouL,yUut'};
tigureid);

plot{time, yrout-yout, 'r'};
xlabel {'time{s} ' };vlabel( control error'};

45 HF CMAC (BEZRM%KZ) 5 PID B 1T
45.1 CMAC #i&

PR LR (CMAC-Cerebellar Model Articulation Controller) £ —#hZ&ix8 vk
£ PEeR BB FAR T WO AL B3 P I 4%, 2P T I BRSO, RERA
T RTFAERIRE 1.
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=

CMAC HREZLRBARSEN—4 e, EERGFEETARBEN ~HiFEYIT. &
AEER CPH TS EA LR MPERER. BEELZRBEA N GSHTE TR,
A DHIEE — D LR ERNVE, BoBE ) AMNE RS TAMTFEBEE TR E
[ MR v EUE L AT B BB R AR REA TN BB L, SImEER -
AR, B 4 Brpdest BRI — e fE A% skl L.

CMAC S AAANE -EEBMCIZOEMBHEEAR S, CHERBFNIEESFYHE
P BLET . CMAC Hikn G TR b E0Bir. ShAHE. BHAZRIIE. CMAC
R HAD L D 2% B AR (R B ZE -

(1) ERETREEINMEMNSE, CTHREAERGHEBSIEH L, FaKIE MR
B, TERERHERRTBIEEERATIR N, TR, &S FEriE),

(2) HE—ERZEeS, MBTHAHITE A~ AL, RRMAL E A%

(3) L (FBERED WA, SidEEd,

(4) FHRBETA, TR BT TP AR, T T/ o] w2 2 ik,

(3) fERELEBIEE, ©XESEEENR NN FEAGR,

111 T CMAC BTH AW _ EREHEE, etk —RRE Mg BT E ML rEaIREE .
HiES THASANS NyIEsk it sertisd).

CMAC MZABEL T TEMATAYPL E—RE, ATFMES TR R BN W T ik
SRR, BXSSE BT A AR AIEE] CMAC M, IR S B E g A
ITHCAL, H B BB MO O R e TN .

CMAC B 40l F= 4.

(1) g4 (ESmg)

ERAZR N BN RBTRS, B NEALEET N R BT Bk
FIUA . PAEZEBEFT DA AR, 2HEE— DA R A 2L A X a8 (3 3 % 24
TFFEE BT BH o HE T DI P B W RIEE 5 1 K B8

(2> MhERRET (kGRS

KHBRREGE, BRABRRSEE S AR 0ha, Bul-4%, B85HL5EY
LR HEAS ORI AL . BUSME- SR B b i ¢ R T B SE SRR AR SR ) ¢ 4~ HuhE .

(3) CMAC WJeR#EG[H (CMAC &)

R AW BB ERRN ¢ MATE, B RS TERE IR, CMAC MHE A ¢
Tl R 28 S T IR

CMAC RIS #aE 4-25 B,

ACHNHET]

oA R APIW)

bl

T A 3]

B 4-25 CMAC &#
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452 CMAC 5 PID £ 4-i=4\1 8%

CMAC -FHuasi#ivHFHLBAREDD, B4 SRdssE-s, i CMAC Bz 5
ik . CMAC BiBFEHl. CMAC REEGIZ, £BFHEE CMAC BiifZ$. CMAC 4 PID
B AEEBEuE 4-26 Fir, EERSET CAMC F PID FiE ¥ SISt AR B aaisdl, H
TrE A

B [ WY e cMACKZ o OMAC B¥GHE
A 1
2388 all
Fin PID R B i PR - BRI

B 4-26 CMAC Y5 PID 4 &3 &4 #1%

(1) /MER R IE0 SRSE B ATIREH], IRt R a2 i,

(2) BMEFBLMETEG, RERAMBREN, DS,

CMAC XA RIMEE AT, B S5 HBERN, 18 HMENE CMAC 81
(k) TS BRI w() R, BENE, BAZUE. %0 B MR nPdi
AN CMAC B2 2B . 25f CMAC BI%X, {§ A M AESEIE P E CMAC 4.
N5 B A28 KA K/ PD HiETIAH PID #4185, 1 CMAC 5 SR T8 X
AR S i B R

Z R E N

i (k)= Sw!.al (4.50)
=t

u(k)y=u (k)+ u, (k) (4.51)
NP ey B ERR, 4 CMAC REIZBH, « (k) H CMAC e R [
Hhe o, (k) N ATERFE 2% PID P46 (il
B BHABLHE, CMAC St u, (k) 5 B ESE Y (k) AHERSS, 1S 0A0E, HEA
AR FAEMRERERRIA L CMAC BB 2R/, B RSEEEEE I L
L CMAC {21887 /L.

CMAC B9 %545 4
E(k) = %(u{k) —u (k) “: 4.52)
Aw(k) =1 k)~ (k) a; =17 400 a, (4.53)
wik) = w(k —1)+;l:v{k) +o{w(k) f wik — 1)) {4.54)

AP p ARSEIEE, ne ), o HBHE, oe (01,
HEZEFHZETH, Bw=0, W u =0, w=uw,, REHERFESRBHTES. &
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i CMAC BIZ2], i PID P4 0L HR « (k) FH 8 F, CMAC AN G EEE
w, (k)Y ZIBIEFEHIZE S E k) .

453 FERFLE BT

AREH
2 or 3 g i MU ST

1770
s2 +60s+1770

PID fEHI S¥HER &k, = 25k, =0k, =0.28 , FFEWA Ims. BEIAGS NIEZBNES,
HEREREE RN 4-27 FE 4-28 Bi, HAPE 428 250451 T CMAC #59519% . PD #5384
1 HI2E B

G,(5)=

FE gl )

0 02 0.4 a6 08 l
time 5 )

B 427 (E3E& S SRR

2 ﬂw\“\_/—/\/—/\\/
— 5 A M n 1

] 0.2 o4 6 na ]

trne(s)
20 o
= ni,r W

'ID i Fi i i

¢ 0.2 04 0.6 08 1

timefs}

0 02 04 06 [J..E |
Time{s)

P 4-28 R4 048 005 L

{FE®H: chapd 6.m
¥CMAC and PID Concurrent Control
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clear all;

close all;

te=0.001;
gye=tE (1770, [1,60,1770]);
dsys=c2di{gy¥s,ts, '2');

frium, den] =tfdata{dsys, 'v'};

alfa=0.04;

N=100;C=5;

w=zZeros {N+C, 1) ;

W_l=w;w_2=w;d_w=w;

v _1=0;v_2=0;v. . 3=0;
u_l1=0.0;u_2=0,0;u_3=0.0;

}{=[D,D,G] ',,'

error 1=0;

g=4; $S5electing Signal
if s==1 $5ine Signal

elseif s== tSquare Wave Signal

A=0.50;

Smin=-A;

Smax=Ah;

x1te=0.10;

kp=25;

ki=0.0;

kd=0.28;

elseif s== ¥S5tep Signal
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Smin=0;
Smax=1.0;
xite=0.10;
kp-25;
ki=0.0;
kd=0_28;

end

if === 2Random Signal

A=1.80;

Smin=-A:

Smax=»54;

¥ite=0.10;

Kp=20;

ki=0.0;

kd=0.28;

e

tCoding Inpukbt Value
dvli={Smax- Smin) /{N-1);

for 1=1:1:C 3C size
vi{i)=8min;

ol

for 1=C+1:1:C+N BN size
vill=v{i-1)+dvi;

end

for 1=N+C+1:1:N+2*C $C size

viil)=Smax:

ernd

for k=1:1:1000
time{k)=k*ts;

1fF s==1

rin{k)=A¥sin(4*2*pitk*tg) .
eleseif g==

rin(k)=A*sign(sin{2+*2*pi*k*ts));
elself s==

rintkl=1;

clseilif g5==4

22~

£51n Signal

$S5qgquare Signal

£S5tep Signal



rin(k)-1.0%sin{2*pl*3*k*ts) 0. 5*son (2¥pi*S*k* sl +0.3*s1n{2*pi*7*k*te);

erid

forr 1=1:1:H+C

1if rinfkls=viil&rintk) =-vi{1+{}

afi)-1;
clae
afil)-0;
end
end

vout(kl=-den{2]*y_1 den(3]*y_2+niami(2) *u_J+nium{3)*u_2:

orror (k)=rin(k)-vout (k) ;

FCMAC Neural Network Contrcller

un ik =a*w;

FPID Controller
up (k) -kp*x (Ll +kd*x {2t +ki*x{3);

MM=2;

if MM==1 Aimly Using BID Conirol
uitkl upi{kl;

alsell MM=-2 %Tolal control oulput
uilki=upik)+unik ;

e

if k==15%0 sDisturhance
Uik)=u({k)+=.0;

end

1f u{k)==10

uik)=10;

end
1f ufki<=-10
ufk)--10;

end

tUpdate NN Weight
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if s==1ls8-=4
d_w=xite*{ufk)-unik)}/C; E5in Signal
elseif s==218--3
d w-a'*xite*(ufk}) uni{k}}/C; Hotep Signal and Sguare Sigral

end

wew_1+ d wr+aifa*{w 1-w _21};

fParameters Update
wW_d=w_ 2w _Zew_liw_1-w;
u_Z=u_1;u_l=u{k};

v_2=y_l:y _l=vout({k];

{1} _erraovik); % Calculating P
*x{2Y=({errori{k}l-error_1)/ts; % Calculating D
“i3l=x{3lserror{k) *cs; % Calculating 1

crror_Z=erroer_l;error_l-zerrori{k};:
end

figure{l};
ploL{time, rin, "h', time,yout, 'r'J;
xlabel ('time{s) ');vlabel{' (rin and v}'};
figure(2);

subplot (311);

plet{time,un} ;
xlabel{'timef{s)');ylabel{ 'un');
subplot {312} ;

ploti{time, up);
xlabel{'time(g) ') ;ylabel{ up');
subplot (313} ;

plot{time, ) ;
xlabel{'trme({s) '] ;ylabel {'u');
flgure(3);

plot{time,error, 'v');

xlabel{'time(s)');ylabel{ 'error'};

CMAC ZHEERIRE AR PD fFHI2 A8 N0, [H3HAE PD #4152 090 e &
I PD PR3 RA TiFH CMAC #4188 Mrtee, WEBELEMIRER, 5145, PD Mg
PR, Bk MEERARRE e BB, T PD+CMAC IR SRR
AT K BE, k) BOE A B A A R Py BD BT
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W RARATUEN, FERREEELFEMR PD FeRRER, S0 EHE RN
e AT 2T, B /D R R e e R EH . DR R A S P BOR LE B
AT PID RHIREIMRE, B4 (BB WAN, KRR TEE, MR T IZHmhy
L, FERIEET AR A, B REAN . SERELE . BEEEETE.

EMATHREIERT, SKBBT CMAC FIMAME FHER T KR R LR bk
B RA . CMAC+PD FHITHERIL- - EFRE LR IR 7 %8 045 28 7 1S Gl Bk f ) — Lol
i FRIBCR R 2R .

4.6 CMAC 5 PID #iT#E#I18Y Simulink (K
4.6.1 Simulink 1% & 7%

AH Simulink {7 CAMC #0 PID #9347 4285$). W34 Simulink 1HE, AT LUEE
CE R R B IMPE M

KHARM BEMEDRES CMAC #HZ RGP 5850 PID 3458, 4 SXAE
EM BET ST, @ %E S HRRNBAG S RTIIB. FiIEZE SRR,

462 15 AFHBRH5H

AR RNt
AT SR B i R AR
G (z)= 20008674 2 +0.0008503

2’ ~1.947+ 09418

REIFRGEH Simulink FUFRLB, HHELTH CMAC ) PID 5158 B4 M &%
KL, & chapd_7f1.m F chapd_7f2.m.

meH%mMEﬁ¢%MTmmmmﬁ%$%%%§ﬁm%ﬁ,%mmmmﬁ@%ﬂ
ZREEIIL T, RANRBES Clock LMBRMIEL. S HHALESE AR, Hi
S=1H. WMARLFESHMKES: S=21t, MAIESSSHEZES, s=1315. BA
BG5S AFTHES.

1 CMAC 7351 M BB H R 5 Clock THAESE MG RS AUE MFTEEAL, CMAC M
et 28BN =300, C=5, =010,

Simulink {57 RIS EIHY 1s, {FEERTF.

(1) BrERmI: 4 Simulink B/F A HMBEMMRA, 75 M BHTES =1, PID £y
k, =040,k =0k, =0.28 . B Ewg v inpE 4-29 fix.

(2) \F3XWIRE: 7E Simulink fEFEPEUEZMAG S, BN 050, 5N 4Hz, £ M
BT S =2, PID BHE Kk =40k, =0,k, =028 . [E4XWN0ME 4-30 Fras,
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Bl 4-30 I g4 miyp

(3 TrmwaR: {E Simulink FEFP IO BN, W0 050, WiEY 4Hz, 4 M
HRETHS =3, PID 2k, =001,k =0,k, =028, W11 4-31 Fia.

B 4-31  Hgw g
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ﬁﬁ}ifiF?:

HEEF 1: Simulink F2/F chapd_7.mdl. WIl&E 4-32 Fp.

- -
Mux

Mux |—we] MATLAB

0.0008674z 00008503

Scop|

Mux f—m= D

|_,_ Funchon zi-| O4z+0 0418
‘ cimac contral [Mscrete
_-L—o Transfer Fen
Ste Scoped
i o] MATLAB __T_
aapa Funclion = ]
oo 0
- el d conirol

Srgmal Clock

Oeneralor
Scope2

Bl 4-32  Simulink PER{A &R

HFEFEIT2: I+ PID 416 M &% chapd_711.m

function [ul=chapd Tfl{ul,u2,ul}
global s

persistent errori error_1

tes=0.001;
J_f Ll?}-?:{}
erraori=0;

error_1=0;

a=3 tSelecting Signal Type

i1f 5==1 $Step Signal
kp=0.4;
ki=0_0;
kd=0.28;

elself =s=- %51ine Signal
kp=40;
ki=0.0;
kd=0.28;

eleself 8==3 tSquare Wave Sign
kp=0;
ki=0.0;
kd=0,28;

end

error=uz’s;

2rrord={error-error 1} /ts;

al
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errori=errori+error*ts;

u=kp*error+kd*errord+ki*errori;

error _l=error:

ERF 3. AT CMAC 8 M B$ chapd_7f2.m
function [ul=chap4_7f2 (ul,u2,u3,ud)
aglobhal g

persistent w x1 x2 x3 w_1 w_2 w_3

N=300;
C--b;

it uld==
wW=2Zeros (N+C, 1) ;
w_l=w;
W__Z=W;
d_w=w;

end

alfa-0.04;

LT 5-=1 $Step Signal
smin-{;
Smax=1;

glgelf s=-2 %Sine Signal
Smin=-0,5;
Smax=0.5;

elseif s== %3quarc Wave Signal
Smin= 0.5;
Smax=0.5;

end

Xite=0.1;

dvi={Smax Smin)/{N-1);

tor 1=1:1:C 3C size

vii)=8min;

end
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tor 1-C+1:1:C+N N =1zo
viil=v({i-1)+dvi;

end

For isN+C+l:1:H4Z2*C %C zize
vii}=5Smax;

ernd

rin=1l;
for i=1:1:M+C

Il rins=v{il&rine=v{i+C)

afi)-i;
else
af{iy=0;
end
end
errork=uz;

un=a*w_1;
up=ud;

U=1p+urn; $Total control output

1f u==10
U:lﬂ,’

end
It 8==1138==3
d_w=a'*}ite*up/C;:
elsetif ===2
d_w=xite*up/C; TFor 51ne Signal

end

w-w_1l+d_wralfa*{w_1l-w 2} ;
W_d=w_2;
w_d=w_1:

w_l=w;
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#5F RFuAEERELY PID 24

5.1 EEEZNEXRRE

B H LA GA (Genetic Algorithms) % 1962 4F 13[4 Michigan X% Holland £
FHeE Y RTAN B 2R R ) LR A S B IR IR A — PP AT BV R B T . & “1F
Wrok, @&H4FF" BRI S| ARALB B MmIC B BB, FE Pk FUE R
EHREH BB D RIE R X REFAEA TS, EmEEm AR Nk,
ARATHIRS, FIRERER Sk AT | RHER, XRT LS XREAMELG, #bp
IE N E AR S, BEWE TR, SEIAR S, TR, 45884 R RIMR.

BAL SRR

(1) BEEERENSHNHLETERE. WSS HALS,

(2) WHEEFRENMNTE SHEIITRE, MEFRF 4y

(3) BEHEBITE b BOR T SIS ANT, TASTGS RS, M T IR 5 00 1 i e
BN,

(4) BLEERF AN R ER, TR N,

(5) BEFRAM D AT R R A%, IS b 3mSR .

(6) MEHENTIFF MR B EEI TR, CEHAERGEES, b 2k
o BT IR ECF RN Ron 0 B 8. X DUR i n By B 5 L R 2 A s 5, A
iy N F R T

(7) BARSLE A AT I BRIk T, RIT o) B0 AR 9 AT T R R S ST

(8) BLEIETIE S A 22 fn| B AR AL ;

(9) AT HME, ThEkE.

BIERZ RS REE R

(1) H#il (Reproduction Operator )

SAEEA N IHF RO E S RO ML T R R TR HEC S NER
friFE 0, ek Eie RS ERANN B ETTET N Rt ARSI FR. SE_GT
TSRS, RITT TIAZR SCRIEEEAF R . 508 n) LU BN 77 i sk 528, 45 F 1 E WL
FelPRIH, Al BEH R 0~1 2RI, 5 KIEFIREEN 40%, W)
SUTEMIBENE A 0~0.40 Z AR, ZEEEE), EN BRI, ek, Rl LUELL o5 ok
B BB BR LAY A N SRR bk, WIS . HERE iR, EAY A L S R

(2) ZZ X (Crossover Operator)

B HIBRE SR AR R R IR B 2, (MRS T L A1, 138 AL T A i
WA ETFHEANS, EEFRSREERRTHRAS, KEE TR A, RN A
VeACAL A TIE R e fh, BENLIAEE — Sl 8 i A B g PV SATERZ SN STW ISt
J 7y, ROMTABIRE A S g G s, Al T BRAPSERTHMBAE. FXE N
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T, BREX. &F ~BEX. WFEZXAARAYAEX. —SXXEREAN G, A%
. ERIEAE AN SE —4, F:

A:101100 1110 - 101100 0101

B ;001010 0101 — 001010 1110

(3) 47 H(Mutation Operator)
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B-L¥: MEREEZENT XEITEE, BMGP. P, H5H.

53 BEBEEKEHBKAE
531 ik 4 ik R R EH K AB 51
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oK R R] B £ ST R R A R
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(5) BEAN VRS 778 B)F Rosenbrock B BUA R R ELIEA K, I BARAL B ALK
oft B R KR, SOTTH MR B Y S BB R I B AR R M, B
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EHATHEAM TR T

(1) BMEBREHEENEBEITEY.: BEAA MM =80, 2O G=100, TXHF
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%Generic Algorithm for function [{=xl,=x2) optlimun

clear all;

close all;

tParameters
Size=80;
G=100;
CodeL=10;

umaxfz.ﬂdﬁ;

umin=-2.048:
E=zround{rand (Size, 2*CodeL) ) ; EInitial Code

sMain Program
for k=1:1:G

timef{k)=k;

for s=1:1:81ze
m=E{s, :};

y1-0;v2=0;

tlincoding

mli=m({1:1:Codel);

for i=1:1:Codei,
yl=yTl+ml{i}*22{i-1};

end

®i=(umax-umin) *v1/1023+umin;

me=m{CodeL+1:1:2*CodeL}:

tor 1=1:1:CodeL
Ya=y2+m2(i)*2+{1i 1);

end

XZ={umax-umin} *y2 /1023 +umin;

Fis)=100%{x1r2-x2)*2+{1-x1142;

ernd

Ji=1,/F;
RENERA Step 1 : Evaluate Beghg *#*+#s

BestJ(k}=min{(Ji);
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fi_-F: ZFitness Punction
|Oderfi, Indexfi] =sort(fi); garranging f1 small to bigger
Best{i1=0derfi(8ire): tlet Bestfi-max{fi)

BogtS=E(Indexfi(Siza), 1} ; TLet BestS-E{m), m is the Indexfi belong to

max {fi)

fi{k)=Bestfi;

gRAEEE* Step 2 @ Setect and Reproduct Operationt# s
Fi_sum-sum(fi);

fi_Size=(0derfi/fi sum}*Zize;

Fi_S=floo: (fi_Size): E5electing RBigger 1 value

]{kzl;
fer 1i-1:1:'5ize
for 3-7:1:f£1_ 8{i} $Select and Reprodice

Temph(kl, 1) -Fi{Trndexfi (i), :};

kk=kk+1: tkk 1s used Lo reproduce
el
=g ly
%***********i SLEP j . {:rDSSGVer Dpeldti{:‘ﬂ FrEkExE Ak d AR
po=0.460;

n=ceil (Z0*%rand) ;
for 1=1:2:{81ize-1}
toemp=rand;
1f pestemp tlrossover Condilion
for |j=nm:1:20
TempE(1,J)-KF{1+1,7):
TempE{i+1,F)=E{i,7};
igls!
end
:red
TenpE (Size, 1} -Bestg:
M=TempE:

%************ Step df Mutatlﬂﬂ Gperatign **************
Rpm=0.001;
spm=0.001-11:1:Si7e]*{0.001) /Sizeo; tBigger fi, smaller Pm
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Fpm=0.0; FNo mutation

pm=0.,1; %Big mutation

for 1=1:1:581ize
for 1=1:1:2*Codel
temp=rand;
if pm=-temp tMutation Condition
1f TempE{i,])==0
TempE{1,31=1;
else
TempE(1,3)=0;
end
cnd
end

ernd

FGuarantee TempPop (30, :} is the code Lelong Lo the hest individual (max{fi})
TempE({Size, : }=Bests;
E-Tempk:;

end

Max Value=Begtfi

Bests

1

X

figuref(l):;

ploti{time, BestJ) ;
xlabel('Times');ylabel{ Best J'};
figure{2):;

plot{time,bfi};

xlabel{ 'times'):;ylabel{'Best F');

5.4 ETBLHZHPID &E

PID 12 %] 2 Tl il R {2 M AT R s > —, EH PID 55058 8 5 R AL A5 A4l
RITWI0 R, EEHBRPMESROTR, FRALH LY. 2FETEEERTSHEE.
Hai PID 2HMEHTEERE, WAIRSE, BEE, LSS, WohT &4
PO, PHRBREMNBAR . BRXET R AT RIS R, DS —
M. FEREMVELRER FEBARBRERILE, BRIREN. CFEBTENEE
AZHEE, NANEREENERRANSY, MEEGHENR — TN L. A
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AT ERHH, RATEDNDRE, W—0~%CRE, ERERENBRMRIERN- I,

i i B2 L S
if e(f)<0 J= Ew, (D] + wou* (1) + wletede + w, -1,
00w, ABUE, Bw, >>w, .

AL FETHERREA MO 30, RORERNTREER A P =09,P =0.033. B8
k, FIHKAETEE % [0,20] &, &, HOHREA TSR i 0,1], HXw, =0.999,w, =0.001, w, = 100,w, =2.0 ,
KM B mior, 23 100 ki, REMRLESHUT: PD #%E g4y
k, =19.0823,k, =0.2434,k, = 0.0089 , PEHEFEFRJ =23.9936 . RUreH / ARALLIARRLR M %
i Ja i) PID Rk s a0 & 54 F01E 5-5 Biar.

25215

25 }

—_
E -
]

244 ¢

2421

)] 21} 40 L B 100
Tine(s)

BS54 {WrE@EE J i

.................................................

|

MR VeHif

13

[ '] 1
0 162 (16 008 0.1

Time(s} 0
Bl 5-5 $E5E 51 PID B E M

ERMNBEFAN, W TRESHEDVIHM K, TURELEEIC -AB%K, K
o i 2RI AL 2 RO o] BRI M SR AT B M kR 1Tt AR S B, %524
11iGS- ¢

* 139 »



543 HAAEH

{17 ELFES

2 chap5_2.m

BGA{Generic Algorithm) Program to optimize PIN Parameters
clear all;

close all;

global rin vyout timef

81ze=30:

Codel.=3;

MinX{l}=zerog{l};
MaxX({1l)=20*cnes{l});
MinX(2)=zei108{1};
Max¥{2)-1.0%ones{1});
MinX{3)=zeros(1);

Max¥{3)-1.0%ones(1);

Kpfd[:,J):MinK{T}+(MaxX{1}—MinX[1]J*rand{Size,lJ;
Kpid{:,2}=MinK(2)+{MdXK(2]—MinX{E}}*rand{Size,l};
Hpid{:;3}:M1n3{3}+EMaxK{3}—MiﬂK[E]J*raﬂd{Size,lJ;

G=100;
Bs.1<0:

%**t**t********* Staft Running R KW ko ok ok ok %o R

for kg=1:1:0

time(kg)=kg;
graxxx* Step 1 : Fvaluate Begtg *#*xx*
for 1-1:1:8ize
KEpidi-Kpidii, :);

[Kpidi,BsJ)-chap5_2f (Kpidi, BsJ) ;

BeJi {l} ZBSJ;

erid

11401




[CderJl, IndexJi )l =sort (BsJi);
BestJ{kg)=0derJi (1) ;

BI=BestJ{kg};
Ji=BsJi+1le-10; $Avolding deviding zoro

fi1=1./J31;
¥ Cm=max(Ji);

% fi=Cm-Ji;

[(Oderti, Indexfi]=gort(fi); $Arranging fi small to bigger

Bestfi-Oderfi{Size); 2Let Begtfi=max:fi}

BestS5=Kpid{Indexfi(Size),:}; %Let BestS=E(m!, m is the Indexfi belong to
max{fi}

kg

BJ

Best S

FrE**RL Step 2 : Select and Reproduct Operation**xtx«
fi_sum=sum{fi);

fi_Size={Oderfi/fi_sum)*gize;

fi_S=floor(fi_Size); ¥ Selecting Bigger fi value

r=Size-sumi{fi S);

Rest-fi_Size-fi S;

[Restvalue, Index]=sort {Rest);

for i=Size;-1:8ize-r+l

f1_S{Index(1)}=fi_S{Index(i))+1; % Adding rest to equal Size
end
k=1;
for i=Size:-1:1 % Select the Sizeth and Reproduce firatly

for j=1:1:fi_S(i}

TempE (k, :)=Kpid{Indexfi{i}, :); % Belect and Reproduce
k=k+1; ¥ k is used to reproduce
2113
and
%************ Step 3 : CIOSSGVEI' Dperatiﬂn b I TR T TR
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Po=0.90;
for i=1:2:({8ize 1)
temp=rand;
if Poc=temp FCroasover Condit:ion
alfa=rand;
TempBE(1, :t=alfa*Epidii+1,:)+{1-alfa)*Kpidii, :);
Templ(i1+1,:l=alfa*Kpid(i,:}+(l-alfa)*Kpidii+1l,:);
end
end
TempE{Size, : ) =RBests;

Kpid-Tempk;

Tre A rddkkkxd Orop 4:; Mutation Operation ***xxtxrrkkwss
Pm=0.20-[1:1:81i7e1*{0.01}/81izc; $Blgger fi,smaller Pm
Pm_rand=rand (3izea, Codel)) ;

Means= (MaxX + Minx)/®*

[31 f={MaxX-MinX) ;

for i=1:1:5ize
for j=1:1:Codel
1f Pm{i}=Pm_rand(i, j) tMutation Condition
TempE (1, j)=Mean{j)+Dif{j)*{rand-0.5}:
end
end
end
tGuarantee TempE(Size,:} belong to the best individual
TempE{5ize, : 1 =Bests;
Kpid=TempE;
end
gestfi
BealLs
Best_J=RBestJ (G}
Figure{l};
plot(time, BestJ) ;
xlabel {'Times' };ylabel {'Best J');
Figure{2};
plot{timef,rin, 'v', timef, vout, 'b "} ;

Alabel{ Time(s) ') ;ylabel{ ' rin,yout')

FR5: chap5_2fm
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function [Kgpidil,BsJ|=pid_gafi{kpidl,BsJ)

global rin vout timef

Ls=0.001;

syas-tE£{400, [1,50,0];
davs=c2d{sys,Ls, "z'};

[num, den] =tfdata{dsys, 'v');

rin=1.0;
u_1=0.0;u_2=0.0;
y 1=0.0;v_2-0.0;
¥=10,0,0}1";

B-0;

error_1-=0;

Cu=1;

5=0;

E-100;

for k-1:1:P
timefik)=k*ts;

rikl=rin;

Uik}l =Kpldi{l) *x {1} +Kpidi(2)*=x{2) +Kpidi (3)*x(2);

1f uik)==10
w{ky=10;

end

1f uik)<--10
utk)- 14,

encl

vout (ki = denizj*y_l—deniﬂl*y_2+num{2]*u_l+num{3}*u_2;
error(k)=ri{k) -vout (k};

Fo—mmm - ——- Return of PID paramelers —---- .——— -
u 2-u_l;u_l=uik}:;

y. 2=y _1;y_l-yout(k);

x{1)=error{k); % Calculating p
x{2}-(error{k)-error_1)/ts; % Calculating D

{2 =n{3)+errorvik) *tg; % Calculating 1
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erroy Z=-error_1;
arror_l-ecrror (k) ;
it s5==0
if yout{k)=0_95&vouti{k}<1.05
tu=timef (k) ;
5=1;
end
endd

end

for 1=1:1:P
J1{1h=0.9%9*abslerror(1))+0.01*u{i}»2*0,1;
B=B+Ji{i};
IE 1=l
erry{il)-yout{L)-yout{i-1J;
1T erry{i}=0
B=B+100*abs{erry (i)} ;
end
end
anrt

BaJ-B+0.2%Lu*10;
544 BT i3t %aEAE Bk PID #%
PYEA S Rt R

400
5% + 505

Gi{s) =

FAERR g 1ms, FARRS AR ES.

KA HFRBITR, AKEN 10 0. BERBERSUEESABETE
ko ok ko BALTEAT PSR SIS RS AL BIER PID 8. AR TS H A 4 5
73 Size =30, EXMBERMESFN: P, =0.60,P, =0.001—(1:1: Size]x0.001/Size .

ZX ke, FHUE S A [0,20], &,k BIRUESEIEN [01], Wy, w,, Wy, w, B EE [F 1 il
g L3R PID 8E. £3T 100 Sk, KBMFEA S -

2 (L TR 25 BestS =[010110111111011000100010000100] . PID 4L 5 % 5 .
k, = 16,1290k, =0.2209,%, =0.2209, PEREIRAR J =24.9812, #EBPICH S T Bk

M 5-6 i KGN HEEERES AT PID B ERUaR bk 5-7 Fix.
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fﬁgiﬁgF?:

FERF: chaps_3m

%GA(Ceneric Algorithm) Program to optimize Parameters of PID
clear all;

close all;

gloebal rin yvout timef

3=100;
Slze=30;
Codel=10;

MinZ{l}=zeros(l);
MaxX(1l}=20%ones(1);
MinX{2})=zeros(l);
Max¥{2)=1.0%ones{1});
MinX{3}=zeros(1);

MaxX{3})=1.0*cones{1);
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E=round{rand{Size, 3*CodeL)} ) ; 2Initial Code!

BsJ=0;

for kg=1:1:G
Lime{kg) =kg;

for s=1:1:81ze
m=E{s, :};

yl=0;v2:0;y3=0;

ml=m{l:1:CodelL};

for i=1:1:Codel,
¥i=y1l+ml{i)*2"{1-1%;

end

Kpid{s,1}=(MaxX(1)-MinX{1))*y1/1023+Min%(1);

mZ2=m{CodelL+1:1:2*Codel) ;
for 1=1:1:Codel,

y2=y2+mZ{i}*20{i-1};
end

Kpid{s,ﬁ}={Maxﬂf2}—MinX{2}}*y2f1023+MinKE2);

mi=m{CodeL+1:1:2%Codel);
for 1i=1:1:CodelL

Yi=y3+m3{1)*2r(1-1);
end

Kpid(s, 3)={(MaxX (3} -MinX(3) ) *y3i/10234+Mind{3);

FrrF*xxx Step ] : Evaluate Begt) **x**+

Kpidi=-Kpid(s, :);

|Kpidi, BsJ]=chap5_2f (Kpidi,BsJ} :

BaJ1 {s)=BsJ;

end

[OderJi, IndexJi] =sort {BeJi);
BestJikg)=04erJi(l) ;
BJ=BestJ{kg) ;
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Ji=BsJi+le-10;

%
%

f1=1./J1;

Cm=max(J1);

fi=Cm-J1; $Avoiding deviding zero

[Oderfi, Indexfi]=sort(fi}; tArranging fi1 small te blgger
Bestfi=Oderfi(Size}; tLet Bestfi-max{fi)
BestS=Kpid{Indexfii{Size), :); $Let Best3=E(m), m 18 the Indexfi belong

to max{fi}

Bestfi=0derfi{Size); % Let Bestfi=max(fi)

BestS-E{Indexfi{5ize), :}; % Let BestS=FE{m), mis the Indexfi belong to max(fi)
kg

BJ

BastsS:

grREkx** Step 2 : Select and Reproduct Operation***x*x

fi_sum=sum{fi};:

fi_Size=(0derfi/fi_sum)*Size;

fi_S=floor(fi_Size}; t¥Selecting Bigger fi wvalue

kk=1:
for i=1:1:8ize
for j=1:1:f1_5(1) tSelect and Reproduce
TempE (kk, : } =E{Indexfi{i}, :};
kk=kk+1; $kk is used to reproduce
end

end

%*****w****** Step 3 : EIDSSDVEI Dperation TRk oAk koW ok ok ok ke

pe=0.60;

n=ceil{20*rand) ;

for i=1:2:({8ize-1}

temp=rand;
1f postemp TCrossover Condition
for j=m:1:20

TempE{i1,J)=E{i+l,j);
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TenpF{i+1, j)=E(1,3);
end
end
end
TempE{&Size, : ) -Begts;
E=TempE;

%************ Step 4: Mutatign DperaLiDH L
Fpom=0.001;

pm=0.031-[1:1:51ze]*({0.001})/Size; %Bigger fi, smaller pm
Tpom-0.0; %No mutation

2pm=0.1; $Big mutation

for i-=1:1:8ize
for §=1:1:2*CodelL
temp=rand;
1 pm=temp TMutation Condition
1f TempE{L, [)==0
TempE({i,j)=1;
else
TempE{i, j)=0;
end
end
end
end
#Guarantee TempE(Size, :) belong to the best individual
TempE{51ize, : ) =Bast3;
E=Tempk;

%*********************#*****************tt**************

end

Besi{l

RestS

Kpidi

Best_J=BestJ{G)

figure{l);

plot{(time, Baest]d) ;

xlabel{'Times') ;ylabel('Best J'};
figure{2):

p]ot{timef,rin,'r‘,timef,yﬂut,'b'};
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wlabel {'Timef{s) '};ylabel('rin,vout');

TR chaps_2f.m (RIET)

55 ETREHEEEEZEESHHHOAY PID 24
5.5.1  4F A

AR A M EH R

400

s +50s
WM RIS Y B T — 55 i
HE=1R OB, MEERMR

F, (1) =0.8sgn@(t))
THF =2 MONEE ORI M R, AR
F, (£) = sgn(6(1)}0.30/6 )| + 1.50)

KAFRAIA Ims, BS=2, {BHATEL AN BiES.
ARBOR RN LIRSS, RANRZH AN IR 5 854545 1 4 B 8GR R 1Y

BN FARRARE. A THEEREERIT R, EHRRE ARSI AR T A, & R AH
A B BOEEF B IRIEE:

Gis) =

J = [ wfeto)] + wa s
A, e() HRGRE, w Rlw, HBUE.
AT EREIR, RATETGE, B -, MR N RIS — T
Mo f 36 £ ok '
if e(t) <0 J= J'n (W le(O)] + wota? (1) + wJe())de
AR w, ABE, Hw,o>>w,.
&E%ﬁﬁﬂﬂﬁhiﬁﬁﬁ%@ﬁﬂﬂﬁ@ﬂﬁ;ﬁwﬂﬁ%ﬁﬁ&@—ﬁﬁﬁ,ﬁ
Eﬁ&ﬁ%%ﬁ%ﬁﬁﬂmﬁ%ﬁ%ﬁﬁﬁﬁ,Mﬁﬁiﬁ&ﬁ%%ﬁ%%ﬁﬁ,ﬁ%
i &
X%%ﬁ%%ﬁﬂ,ﬁ%ﬁﬁmﬁ@mﬁ$¢ﬁ%m,ﬁﬁﬁ@ﬂﬁﬁﬁ%%%%
F.=09, F, =0.10-[1:1:8ize}x0.01/Size , w, =0.999, wy, =0.001, w;=10.
ﬁﬁ&h=mﬂﬁ%ﬁ%%ﬂsﬂ,%ﬂi@%%%ﬁ%FWﬁ%ﬁW@iﬂ%ﬁa
Hfzz,EﬁEﬁCMMAm,%ﬁﬁﬁﬁ%ﬁﬁ%ﬁﬂﬁﬁ%ﬂaﬁﬁﬁ@ﬁ%ﬁ
HEGIE, Bhx=[0.3,1.51, BN kx, Mk, 96 %4 [0,2.0], BUGHILICE Y 50, 2
ILIRHCIRR HT B FEARORARIE SR . BestS =10.3523,1.2257], Best_J =25.5439 . %

SHRGTRN kx) =0.3523,kx, =1.2257, FABEBME S/ PID PEFIR B N a0 B 5-9 B R,
1K A BYE 7 IR LG B R 0 B 5-10 AR
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%GA (Generic Algorithm) Program to predict Paramneters of Friction

Cclear all;
clogse all;

global rin vyvout timef F

S1ze-30;
F=2;
if F--1
Codel=1;
MinX=zeros (Codel, 1) ;
MaxX=1.0%ones{Codel,, 1} ;
end
1T F==2
Codel=2;
MinX=zeros{Codel, 1};
MaxX=2.0*ones (Codel, 1} ;

enc

for 1=1:1:CodeL
kKx1{:,1}=MIinX(1)+{MaxX(1)-MinX(i)) *rand(Size, 1) ;

end

G-50;
BsJ=0;

for kg=1:1:G
time(kg)=kag;

grr*x*% Sreop l:Evaluate BestJ **xsx+
for 1=1:1:81ze

kx=kxi({i,:}:
[kx,BsJ]=chap%_4f {kx,BsJ):

BaJdi{i})=BsJ;

end

IﬂderJi,IndexJi]zsort{EsJi};
BestJ{kg)=0OderJi{1);
BI=BestJ{kg);
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Ji1=BaJi1+1e-10;

fi=1./J1;

t Cm=max(Ji);

g fi=Cm-Ji: %Fhvoliding deviding zero
[Cderfi,Indexfi]l=sort{fi); $Arranging i1 small teo bigger
Begtfi=0derfi{Size); %Let Bestfi=mar{fi)

$Let Best3=E{(m}, m 18 the Indexfi belong to max{fi}
BestS=kxi{Indexfi{Size), :};

kg
BJ
BestS
kx
Frxhxar ctep 2 @ Select and Reproduct Operation****+#
fi_sum=sumi{fi};

fi_ Size={Oderfi/fi_sum)*Size;

fi1_S=floor{fi_Size}: t3electing Bigager fi value

r=5ize-sum{fi_g);

Rest=f1_Size-fi &;

IRestValue, Indexl=sort (Rest};

for 1=Bize:-1:8ize-r+1

fi_S{Index{i))=fi_S{Index{i)}+1; %Adding rest to equal Size

end
k=1;
for 1=8ize:-1:1 $Select the Sizeth and Reproduce first!
for J=1:1:Fi_8{¢i} ENotice: If i1:1:1:8ize then k plus meaningless
TempE(k, ) =kxi (Indexfi{i), :); $5elect and Reproduce
k=k+1; ¢k 1s used to reproduce
end
end
%************ Step 3 - CrGSsover Dperatiﬂﬂ ok gk ok ko ok ok ok oW
Pe=0.50;

for i=1:2:{5ize-1}
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temp=rand;

if Poxtemp $Crossover Condition

alfa=rand;
TempE{1, :1=alfa*kxi{xzl,:)+{l-alfa)*kxili,:);:
TempE(i+1, :}=alfa*kxi{i,:)+{l-alfal*kx1ii1+1,:];
end
end
TempE{S5ize, : }=Bests;
kx1=TempE;
GrAkkkk kAN Ak* Orop 4: Mutabtion Operation **®ks ks s ke kns
Pm=0.10-[1:1:81ze]*(3.01)/5S1ze; #Bigger fi, smaller Pm
Pm_rand=rand(5ize, Codel} ;
Mean={MaxX + Minx}/2;
Dif- {MaxX-MinXx} ;

for i=1:1:5ize
for j=1:1:Codel
1f Pmir)=Pm_randi{i,j) $Mutation Condition
TempE{1l, })=Mean(j)+Dif (j) *{rand-0.5);
end
end
end
tGuarantee TempE{Size,:} belong to the best individual
TempE (Slze, : ) =RestS;
kxi-TempE;
R AL R R R R R T O A
end
Bestfi
Bests
Best_J=BestJi{G)

figure{l};
plot(timef,rin, 'b', timef,yout, "'} ;
xlabel ('Time{s}');ylabel{ rin,vout '});
figure{2};

plot{time, Bestd, 'v ') ;

xlahel ('Times');ylabel( Best J');

{#)¥: chap5_4f.m
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function [kx,BsJ]=pid_fm_gaf (kx, BaJ}

glokbal rin youl timef F

a=50;k=400;

ts=0.001;
sys-tfib,il,a,0]};
desys=c2di{sys,ts, 'z');
[num,den]=tfdata{dsvs, 'v');

G=400;
for k=1:1:23
timefi{k)=k*ts3;

S5=2;

if S§=-1
fre=5;
AA=0.5%;

rin{k)=AA*gin(2*pi*fre*k*ts) ;
end
1f S==

rinf{ki=1;

ernd

ymut{k}:—den{E}*yml—den{j}*y_2+num{2]*u_1+numf3)*u_2:
error{k)=rinf{k) -vout{k);
derror (k) -{error(k)-e_1)/ta;

[rv.

ulk)=h0%error{k)+0.50*derror (k) ;

speed{k]={yout{kl-y_1l)/ta:

1f F-= % Disturbance Signal: Coulomo Friction
FE{k)=0.8*s1gn{speedik});

end

if F==2 % Disturbance Signal: Coulomb & Viscous i'riction

Fi(k)-sign(speed(k}}*{0.30%abs (speedik]}+1.50};
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end

Tkx-[0,0]1; %Mo GA Identification
Tkw_[0.32,1.5]); £I1des ITdentification

ufkl=utk)-Ffi{k};

i1f F==
Ffci{k)=kx*sign(speed{k)); %Friction Estimation
aend

1f F== $Friction Estimation

Ffoik)=sign{aspeed{k}) ) *{kx (1) *abs (speed{k) ) +kx(21);

end

ui{ki=utk}+vFfcik};

if u{ky=110

utk)=110;
end
if ufk)=-110
ufk)--110;
end

u_Z=u_Jl:;u_ l=u{k);
y_2=y_l;yv_l1=yout{k);
e_l=errorik):
end
for 1=1:1:G
Ji{1}-0.9%99%*abs(error(i))+0.01*u 1)"2*0.1;
BE=B+Ji{i};
if error{i)=0 % Punishment
BE=E+10*abs(errori{i))
end
end

BsJ=B;
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%FPID Controller for coupling plant
clear all;

ciose all:;

n1_1=0.0;01_2-0.0;ul_3=0.0;ul _4=0.0:
Uz2_1=0.0;u2_2=0.0;u2_3=0,0;u2_4=0.0:

Vw1 1=0;y2_1=0;
X1=[0;01;%2=[0;07;x3=({0;01;
kp=0.020:

ki=0_056;

kd=0_0001:;

ervor_1={0;0};

te=1;
for k=1:1:1500

1000

1 5003
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time({k)=k*ts;

%%tep Signal
B [1;07;
FR=[0;11;

($PID Decouple Controller

ul (k) =kp*=x1{1)+kd*x2 (1) +kK1*x3(1);
u2 (e —kp*x1(2) +kd*x2 {2V +ki1*x3 (2);
u=[ul {k},u2{k)];

if ulfk)=-10
ul{ki=10;

end

il u2{k)==10
ud (k) =10;

end

it nl{k)<=-10
ul {kt=-10;

end

i uz{k)==-10
uZi{k)=-10;

end

wCoupling Flant

youbl (k] =1.0/(1+y1_1})42*{0.8*y1_l+ul_2+0.2%u2 3);
Youb2 (k) =1.0/{1+y2_11%2*(0.9%y2_1+0.3*%ul_3+u2_2);
ervorl{ly=R(1)-voutl (k) :

errorZ2ik) =R{2}-yout2 (ki :

ervor={errorli{k};errorZ{ki]:

E----—- ----Return of PID parameters ----------- %

ul_d4=ul_3;ul_3=ul_2;uwl_2=ul_1;ul_l=ufl};

u2_4d=u2_3;ulr3=u2_2;u2_2=u2_1;u2 1=ul2);

y1 l-youtl(k);y2_l=vout2(k);

xl-error; #Calculating P
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¥Z2={error-error_1)/ts; tCalculating [

Xiz¥3+2rror*ts; FCalculating I

error_l=errot;

end

hoeld ong
plot{time,R{l}, 'b', time, voutl, 'r'};
ploti{lime,R{2), 'vr',time, yout2, 'b');
¥label ('time(s) ') ;yvlabel{ 'rin,vout'};

6.2 HHLZET PID 258 %|
6.2.1 $4f4 A, PID fidnds &) B
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3
(k) = (k=D +k, Y w (k) (k) (6.2)

i=l

3
w, (k)= w, (k)1 Y |w, (k)

wi (k) =w (k~1)+nz(uk)x, (k) (6.3)
| Wo (k) = w, (k=D +npz(ku(k)x, (k)
wa(k) = wy(k ~ D)+ 1 2(khadk) x, (k)
AL x (k) = e(k):
xy(k}=e(k}y—e(k -1y,
xy(k) = Ale(k) = e(k) = 2e(k - 1) + e(k - 2):
Tolle T SPRINBLGN . PRI OB 5 S0 3R, & W2 T 10 L 4 B %% k >0.
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$Single Neural Net PID Decouple Controller based on Hebb Learning
gAlgorithm to adjust kp,ki,kd

clear all;

close all;

xcl=[0,0,01";
¥:2=[0,0,0]"':;

XiteP=0.40;
KitEI:D.dOI
Xx1teD=0.40;

$Initilizing kp,ki and kd
%Radom Value
%wkpl_l=rand;wkil_l=rand;wkdl_l=rand-

r

%wkpz_l=rand;wki2_1=rand;wkd2_l=rand:

wkplﬂl:ﬂ.315@;wki1_1=1.1615;wkdl_1:1.4948;
wka_l:O.EUET:wki2_1=D+EEES:WkdE_l—D.4996;

errorl_l=0;errorl 2-=0;

errorl_ l=0:error2_2=0;

ML _1=0.0:ul_2=0.0;u1_3=0.0;ul_4=0.0;
u2_1=D.D;u2_2=G.U;u2_3=ﬂ.ﬂ;u2_4=D.D;

vi 1=0;vy2_1=0;
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te-1;
for k=1:1:1500

timelkl-k*ts;

z5tep Signal

%Q:[E:D]:
R=[0;1];
R Calculating practical output ----- -------- %

$Coupling Flant
voutd (ky=1.0/{1+y1_1722%(0.8%y1_1l+ul_ _2+0.2%uz_ 33
VOULZ2 iRy =L, 0 {14y 2 1) 22% (0. 9%y2 140 3*%ul1 _3+u2 21

errorl (k) =R{1}-youtl {k};

crrord (K)-R{2) -yvout2{k):

Fo1 Vartiablel

$Adjusting NNC Weight Value by adopting hebb learning algorithm
wkpl (k) -wkpl_l+xilteP*errorl (k) *ul 1*xcli{l); &b
WKIl{kl=wKil_l+xitel*errvorl{ki*ul_l*xcl(2); %I

wkdl (k) =wkd]l_l+xiteD*errorl (k) *ul 1*xcl(3); &b
#»01l{l)=zerrorlik)-errorl_1; &P
x¢c1{2)—errorl (k) % |
¥cl(3)={errorl{k)-2*%errorl_l+errorl 2): k3D,

waddl {k} -abs {wkpl(k})+abs{wkil (k) )+abs (wkdl(k):;
wlll ik} .wkpl (k) /waddl (k) ;

Wead (K] -wkil (K} fwaddl (k) ;

wl 33 (k) -wkdl{k) /waddl {k};
wWl=[wlll(k),wl221Kk),wl33{k}]:

kl=0.16;

Ul {ki=ul_ l+ki*wl*xcl;

For VarliableZ

sAadjusting NNC Weight Value by adopting hebb learatng algorithm
whkp2 (k) -wkpZ_l+xiteP*error2 (k) *u2_l*xc2{l); &P
wkiZ2 {K)l=wki2Z _l+xiteI*error2{ki*u2_1*xc2(2); &T
whdZ (k) =wkd2_l+xiteD*errorZ (k) *u2_1*xc?(3); 5D

xeZtll) =error2 (k) -errorz_1: &r
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¥xoZ2{d)=error2 (k) ; 3T

¥eZ{dl={lerrorZ2ik)-Z*error2_l+error2 2} ; &D

waddd (K} =abs {wkpZ{k))+abs{wkl2 (k) ) +abs(wkd2 (k});
w211 (k]=wkp2 (k) /wadd2 (k) ;

w222 {k)=wki2 (k) /wadd2(k};

w233 (k) =wkd2 (k) /wadd2 (k) ;
wZ2=[wdll (k) , w222 (k) ,w233{k}];

k2=0.14;

u2{kl=uz2_l+k2*wl*xec2;

- ——————- -Return of PID parameters- ----—————-—— %
%For Variablel

errorl_Z=-errorl_1;

errorl l-errorli{k);

wkpl_1-wkpl{k};

wkdl_1=wkdl (k) ;

wkil l=wkilik};

ul_d=ul_ 3;
ul_3d=ul_2;
ul_2=ul 1;
nl _1=ul{k);

vi_l=youtl (K} ;

tFor VariableZ
errord Z=errcr?_1;
errord2_l=error2{k};
whkpd_l=wkp2 {k}:
wkd2_1=wkd2 (k) ;
WwKiZ_1=wki2{Kk};

ud_4d=u2_3;
ud_3=ul_2;
uZ_2=u2_1:
az_l=u2ik):

ve_l=youtztk):

end
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hold on;
plot (time,R{1}, 'k, time,youtl, 'r');
ploti{time, R{2}, 'r', time,voubt?, 'b'];

xlabel!{ time{s) };yvlabel{ ' 'rin,yout');

6.3 ET DRNN 1ML ER PID iRz H
6.3.1 X -F DRNN #¥42 M5 K% § 5 3] PID pfdeds 4] R ¥

WEA . W ETE BT PID &EHS0E 67 fras, Hrt NN1 1 NN2 {2 M5,
HTTZHI8 v, W, I PID B8Nk k .k, . nFn ARBERAIES, y My, ARFEWIAE.

MM
t VY
; Y -
X
NN2 »
. 'R
) [ - - 1

CAPESlE% u, N, BHIERIF
it (k) =k, (R)x, (k) +k, (k)x, (k) + kg (K)x, (F) (6.4)
error(k)=rn(k)- y,(k), H
x,(k)=error(k}

67 ZAAEEEE PID £H &%

k
x,(k) =Y (errof(k)xT) (6.5)
i=]

Xy (k) = erron (k) —;rmr] (k—1)

AR T RPERT o PID =R Kk, (), k,, (k). kg (k) R H DRNN 028 #4178 .
| R F AR

1
E.(H:;(n(k)—y,(k))? (6.6)
kp](k}:kpl(k—])_npi&:knl(k _1)+np{ﬁ(k;'_}’| Uf))%—a—u"]—
akPI u, ok,
6.7}

ay
=k, (k=D +1 (7 (6 — y, (k) 2 x, (k)
i,

o



Jy,
”fr{k)=k.|(k-13'-ﬂ,-a£‘k1,fk—l}+n{r(k; NN N
| ok, w Ok
; (6.8)
=k, (k=D +1(7(k} = 3 (k) ""xf.(k)
I
3y, o
k() = kg G =) =1, 25 = b (= 1)+ G ) = 3, ) 20 2
akd‘] Bu, akd[ (6 9)

3
=k (k= 1)1, (k) = 3, (kD) 25, (6)

1

A, B‘yi AXIR ] Jacobian {5 8., 1Zff AT L) 8 DRNN W43 T8N,

6.3.2 DRNN #b#% B #58 &4 Jacobian 1% 6. 3%

DRNN (Diagonal Recurrent Neural Network ) #£3R4% L —~Fh[E] | fBE2 4R, RLR 44
WWE=E, BEAMRHE. DRNN #E2 Mg E 6-8 Fir.

B 6-8 DRINN & pd 25 ol 4

ft. DRNN #MZRED, WI=[1.1, 1] AMEHAEE, 1) HBAESR e
A, RIS P2 R X k), S, (k)Y A jFAENEME TTE AR, £
A1 S HABL, O(k)y l DRNN R K .

DRNN #4748 5 8k K

O(k}=ZWJ”Xj{k) X (k)= F(S, kD, S, (k)= WJDX}{k-]}+ZW L)  (6.10)

it

A WP RIWO k26 [l 204 i 2 AL 0, W 2% Y£R8 N T AL
516-9, &k AL, wlo R yik) B id

ax (A . DRNN NBISHRRE. yok) N3 85k LN rror-rre~ I L).
Wi, ym(k) X DRNN S, BRESH v BEA
uCk) ML NBEINIE DRNN 1N, SRS TG _'
I R 2 1 0 BN S 1 A -
Mt 2 s b ———>1 DRNN
ymik)=0(k) = Zw“k’ (k) (6.11) 4
~ £ [§ 11
lﬁ?ﬁ!ﬁiﬂﬂ}?—;mf’rﬁwﬂ% B 6-9 DRNN #1£5 R4 558
X (k)= £(S, (k) (6.12)
LR TR I 4
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S () =wiX (k— D+ Y w1, (k) (6.13)

FHHIRE N
em(k)= y(k}— ym(k) (6.14)
HEYERIREX
Em(k)= %em(k}z (6.15)
B XAE TR
AwS (k) = - OEMKE) _ ooty 2™ - em(k)X (k) (6.16)
aw$ ow
wi(k)=wilk~1)+ gAw] (k) +o(w](k—1)—wi(k~2)) (6.17)
ﬁw;r(k) = dEm{k) = em(k}gﬂ = em(k)m aXf = em(k)wj’Q,.j(k} (6.18)
Bw!-} E}wﬁ 0X | aw;.
wy (k)= witk -1+ RAw (k) +a(wy(k — 1) — wi(k - 2)) {6.19)
Aw}(k)=- JEK) _ em(k}M X, = em(k)w|P (k) {(6.20)
anr aXJ- aw_?
wi (k) =w) k- D)+ ayAw! (k) +olw? (k —1)— w) (k—2)) (6.21)
Hrp Al R 22 e O S SR
1-e™
flx)y= e (6.22)
aX :
Pky=—L=f(S )X (k-1 (6.23)
awf'
X,
Q‘,,-(k)=a =1 ($ )1 (k) (6.24)
"

o

Aoy s N, A RABARE . BB SN S, o BEEER.
HF 8 R Jacobian fﬁﬁgy—f@
H

By E}ym o |
.= E w' f (5w, 6.25
aH aH i ;f( j) 4 ( )

6.33 FAAEF R S

AR 3EH
130, PID MERSFE D Z B B & w8 4 5
¥, (k) =10K1+ y,(k -1)*(0.8y,(k - 1) +u,(k - 2) + 0.2u, (k - 3))
¥, (k) = 1.0/(1+ y,(k - 1)*(0.9y, (k-1) + 0.3u,(k - 3) + u, (k-2))
BORAFRI A A 1s. S5 M AR BRI, B

i
n(k)] [0
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clear all;

cloze all;

ul_1-0.0;ul_2-0.0;ul 3=0.0;
J2_1=0.0;u2_2_0.0;u2 3=0.0;

'_'.r"l__] —D;}’EFI:U;

widl-rands{/,1);
wol-rands {7, 1) ;
wil=randsi{2,7);

wdl_l=wdl ;wol_1:wol;wil_l=wil:

®xl_zeros(7,1};:

}{]_]_:}{1;

wdd-rands(7,1):
wil-rands(7,1) ;
wiZ2=rands (3,7} :

wad2_l=wd2;woZ_l=wo2;wiZ2 1_-wil:

xiLeil—ﬂ.QD;xlt@dl:D.4D;xiteol=D.4D;
xiteiE:G.4D;xitedELD.dﬂ;XiteDE:D.dﬂ;
alfal=0.,04;alfa2=0.04;

X2=varos{7?,1);

®d_1=32;

errorli_l=0;errorl _2=0;

errorid_l=0;error? 2=0:

kpl=0.30;kil=0.150;kd1-0.2;
kp2=0.30:kiZ=0.150:kd2=0.2;

kpj_J=kp1;kdl_l=kd1;kll_lskil:
kp2_1=kp2;kd2_1:kd2;kiE_]=ki2;

xiLekpl:D.S;xitekdl:ﬂ.B;Kitekilﬁﬂ.GUl;
Xltekpz—ﬂ.E:KitEKdE:H.B;xiLekiE:ﬂ.DDDI:

211=0;e12=0;
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ts=1;
for k=1:1:1500
timefk)=k*ts;

fE5tep Signal
R:EIFU];

tCoupling Plant
youtTik)=1.0/{2+y1_1)1*2*(0.8*yl_1+ul 2+0.2%u2_3);:
YOUCZ2 (R) =10/ (1+y2_1342%{0.9%y2 14+0.3%ul_3+u2 3

Inl={ul_1.yvoutl{k),1]"';
for j=1:1:7
si(3)=Inl ' *wil{:,3)+wdl{j)*xli{j};

ernd

for 3=1:1:7
#x1(3)=(1 exp(-s1(3)))/{l+expi-si{i}));
zricd .
P1=0%*x1;
for §j=1:1:7
Pi{jJ=wol{j}*(l+xl{j}}*{1—x1{j}J*xl_l{j}:

=t i Ts!

Qi=0*wil;
for j=1:1:7
for i-1:1:3
Qi{1,3)-wol (F)*{1ex1 (i) ) *{1-x1(F))*TnT (1),
end

end

yM=0;

for j=1:1:7
YM=-yM+X1 (J) *wol(j);

end

ymoutd (k) =ym;

wol:wol+xiteol*{youtl{k}—ymoutl{kj}*xl+alfal*{wel—wolq1};
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widl=wdl+xitedl* {youtl (k) -ymoutl{k) | *Pi+alfal*{wdl-wdl_1);
for 3=1:1:7
if abs{wdl{]j}}=1
wdl(j}=0.5*sign{wdl (3} ).
end
el

wil=wil+xiteil* (youtli{k}-ymoutl(k))*Ci+alfal*{wil-wil 1} ;

=07
for j=1:1:17

YUu=yu+wol () *wil (1, 33 * (L4xl {3} *{1-x1(j));
end

dyvouti{k)=vu;
error] (K)=R{1} voutlik};

xcl{l)=errorl (k); %Calculaling P
®ol{2y=errorl{k)-errorl_1:; $Calculating D
ell=eil+errorl (k) *ts;

xcl({d)=eil: tCalculating I

kpl(k):kp1_1+xitekpl*ELror1(k)*xc][lj;
kdl{k}=kdl_l+xitekdl*errori{k}*xcl{2};
Kil{k)=kil_l+xitekil*errorl (k) *xcl(3);

kpl{k]:kpl*]+xitekp1*error1{k]*xcl(l)*dyoutl(k];
kdl{k}:kdl_l+xiLekd1*error1{k}*xcl{?}*dyoutl{k};
kil{kj:kil_1+xiteki]*errorl{k]*xc]{BJ*dyDutlik};

LE kplik)=0
kpl{k]=0;

end

it kdl (k) <0
kdl (k) =0;

end

1f kil{k)<{
kil(k) =0;

erd

ul (k) =kpl (k) *xcl {1} +kdi{k) *xcl (2} «kil (k) *xcl(3);
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L L T R Tt ]
in2-{uz_ 1,vout2i{k),1]"';:

for 71=1:1:7
s1(7)=Tnl ' *wi2(:,j)+wd2(3)*=2{]};

end

for J=1:1:7
X2 (jt=(l-expi{-s1{3)) )/ (lyexp(-s{J)1);

Pi=0%*x2;
for j=l:1:7
Pi{d)=wo2 (j)*{Llex2{3))*{1-x2(7}}*x2_11(j};

end
Q1=0*w12;
for j=1:1:7

for 1-1:1:3
Di{1l,Ji=wol {J}*(laex2{ i *{1-x2{J})*In2{i}):
end

cnd

vm=0;

For j=1:1:7
YM-YM+X2{ 1) *wo2 {1} ;

end

ymouts (K =ym;

wWoZ=wol+xlbeoZ* (yvoutZ (k) -vmout2 (k) ) *®2+alfa2* (wo2 -wo2_1);
wdZ -wdZ+xited2* (voutZ2 (K) - ymout2 (k)1 *Pi+alfa2*{wdz-wd2_1};
for j=1:1:7
tf abs(wd2i{j}}>l
wd2{J)=0.5*sign{wd2{j)):
end
and

wiZ=wiZ+xltbelld*{yout2ik] -ymout2{k}}*Qi+alfaZ*{wi2-wi2_1};

vu=0;
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for 3j=1:1:7
YU-YU+WO2 (3] *wi2 (1, 30 % {1ex2(3) }*{1-22(7J}}:
el

dyoutd (k) -yvu;

error2 (k) =R{2) vout2(k);

xgZ2(l)=error2(k); tCalculating P
®oli{ldl=error2{k}) errorz_1; #lalculating D
ell=eil+error2{k) *ts;

®odid)=ell; tCalculating T

kp2 k) =kp2_l+xitekp2*error2 {K) *=xc2 {1} *dvout? (k) ;
kd2 {k)-kd2_l+xitekd2*error2i{k) *xc2 (2} *dyout2 (k) ;
kiZ{kl=kiZ2_l+xitekiZ*errorz (k) *=c2(3)*dyout? (k) ;

1t kp2Z (K)<0
kp2 (k) =0;

end

if kd2{k}=<0
kd2{k}=0;

Shals

1f kiZi{k}y=0
kiz{k)=0;

erd

U2 (k) =kp2 (k) *xc2 (1) +kA2{k} *xc2(21+ki2 (k) *xc2 (3] ;

$Return of PID parameters
errorl_d=errorl 1;

errorl_l-errorl (k)

errorsd_Z-error? 1;

error?_Tl=errar? {k):

wildl_l=wdl;wol_l=wol;wil l-wil;

widd_l=wdZ;wo2_ l=wo2;wi2_l=wi2;

u1_4:u1_3;ul“3=ul_2;u1_2:u1_l;u1_1=ul{k];
u2_4:u2&3;u2_3=u2ﬁ2;u2_2=u2_1;u2_1=u2{k};
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v1 l=vyvoutl(k);
va2_l=voutl (k);

end

Filgurel(l);

ploti{time, dvoutl, 'z');

xlabel (' kime(s) 'V ;vlabel (' Jacokian'):
heold on;

plotitime,dvout?, 'b');
xlabel('time(s) ') ;ylabel ('Jacobian ) ;
figurel{2};
ploet{time,R({1),'b',time,voutl, 'r'}:

hold on;

plottitime, R{2), ' ,Lime,youtZ, 'b )

wlabel{ time(s} '};ylabel {'rin,yout');
[igureidy;

plotitime, kel, 'v', time, kil, 'b', time, kdl, "k :
xlabel{ timei{s) '};vlabel{ ' kpl kil kdl'):
figure{d;;

plot(time, kpd, 'vr',time,ki2, 'b',time, kds, 'k' ) ;
xlabel {("Lime(s) ') ;viabel ('kp2 kiZ2 kd2');
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DG, () WA BIE B, 4 B R, 4 AMPEOTIR, o BEHMA.
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() BHEERT. G,() WM R AT, il EWE RS,
(2) XH G, () FTHREC AR T 5 3
(3) HEINMRRAELN, EhER I8 R,
R Lk B — AR E d B IR A BRI E 0 . HAL VR G, (s) i
G, () RNV G, (s), MTIRBINIE 7-2 BRI T-HOMMISER, Hrp S8805 b THMMIzE .
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FERIAS RN Y

P~

u=c—d; +d (7.2)
A, ¢ 4 PID BHIBEEY, 4, ATH 4 HETHE.
HE 7-2 AT

CIACI RO (7.3)

Uls) G (0+Q(sHG,(s5)-G,(5)
Gy (5) = Y(s) _ G, ()G, ()1 - Q(s)) (7.4)

D(s} G, (5)+QNG (5)-G,(s)

G

Gmiﬂ=}1ﬂ- o (5Q(s) (7.5

N(s) G (5)+Q(HG, (5)- G, (s5)

ﬁ{&iﬁﬁiﬁﬁgg(ﬂ E{jﬁ%j‘? fq o ﬂlJii‘l fﬂfq T, g=1, 'Gmr “Gn(s) sGDv :U,GNY =1,
DL 220, Gy (5)=G (s} Gpy(s)=G (s) Gyy(s)=0. HIHEBII 2 )
I T BT R AT B KBTS B T4k

HEHSFETR, O6) MR RTHUEMNB T RN —AEERY. Bk, NiF
()G, () M, Q(s) AR B RANT G, (s5) BIAARIR . HIK, OGs) BRI BhRe AL 4
T-AM AL B B B R e M T MEAE 1 2 (RO 3T,

WG, () B XBAN G, (), WA E RS W RRIED ik, B

G, (5) =G, (s)(1+ A(s)) (7.6)

A, A(s) AT R .

I 73 AR AIRARIAENL AR F I G, ()45 & X MB G () B 45 1,
FE AR, SRR, SNRHAETEE A, AGw)| Z2H A o FIIE R

1l : : 'I':ill'l'l

Mag (dB)

H 73 KRS G, (5) 4 B G, (s) HSEH

HEHREETE, TIRRREOG) SHERENESEIMTLE
) Q)| <t (7.7)

RODR Q) Bt ER, EIL Q) R, ATRNBREER,
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RRGAFRRA B MAAELAIE®,. G, (v) ATH#RE

1
= 7.8
&) s(J,s+b,) (7.8
A, 7 A ERBHENE, b, WEMEEE &R
K AW TR KE S S
r+1 {?-9)

Q(s) = 3 v 3t +3m 4l

G _ ) .
Bl AGs) = GFE?—IEI?% ACs) BRI, 2 0 T 520 A SO P AT 44 X HET 43

2, Als) MARRHEH OC) MIBEFHE LA 74, T RN 00s) = 0,(s) BfEHERE T LI
gl HHANFET VAT LB SR RME . FI Q) =Q,(s) HE R FLE 85 38,

T =0.001.

Phase (deg)

irad/sec)

B 7-4  As) 1 0(s) PIRSTEF

712 #¥$EZu5tqiEslrE

il B8]
WS BRI IS R A
Gyl(s) =~
0.0035° +0.067s
% XA
G, (5) = 1

0.0033s° +0.0673s
BUESESN: r(1)=10sin2re) , THAE FTH: () =3sin(5nr), PID 5§58 hEy
ky =50,k = 0,ky =0.50 . QO(s) MO NTHAT R, HE1=0001. FHUMEM Simulink

ViERFE WA 7-5 B, kiZirSBob LR chap? 1f.m, *f FHi{E5 M4 R o
7-6 Bias, A0 MATHE WA BE AR A T35 000 88 B R kAT & HF 5L iR B
& 7-7 F0E 7-8 FrAs.
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Scope] Scope2
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ontroller Zerg-Order oo G
Held P
Signal
Generztor
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Ins +bns
-
Jpst+bps
3ttols+1 GO=Gp/Gn
tol 3,57 +3% 10l "257+3" 10is+ |
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Zero-Order
Hold]

B 7-5 TELAMIZE Simulink 1T
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B 7-8 0GR AT 09 I X R

Vi B PEFF:
BHAGEAEF: chap?_lfm
clear all;

close all;
Jp=0.0030,;bp=0.067;
Jn=0.0033;bn=0.0673;
Gp=tf{[1], [Jp,bp,0]};
Gn=LL({[1],[Jn.bn,0]);

tol=0.001;

Q=tf£([3*tol,1], [tolr3,3%tolr2,3%0l,1]);
bode (Q) ;

decgaini(Q)

CD1=1/{1-Q};

OD2=0/Gn;

ETHER: chap?7_1.mdl. WHE 7.5 Fi.

7.1.3 BEMRALGEHFR
ISR TR 028 P 8 B B TR R B0 454, W 7-9 BTR, Q) AiEd ke,

L]
B} G, (z7)G,(z™")
'G i — P n
ev(27) G,z )+ 0z NG, (27 ) =G, (z7") 7.10)
G (27 )G, (ZHY1-0(z™
G (z )= (277G (27 X1-0(z7' ) a.11)

G (Z)+Q(z7' NG,z Wz ) -G, (z7))
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Gy (2 }_Gn(z_r]"FQ(I_F}(Gp(Z '}_G"(Z_]))

elk) (kg

41k
rikt |

r r
Yk}
b Gk 1
| e = -
+

vl!.'llr'.ﬁ:}

Nu‘ﬁ'}

___]_:
-4
-
ol
L
——"

7.9 EEESTINRRRE

WO ) HHAARRRER . WAMMB, M r=<f i, g )=1: THRME, ™4
f=f 0z =0,

FERBEA, §Gz ) =G (2).Gpy(2")=0,G (z =1, HE-FHRIMIAT
EH M EEREFMMWBGE S, HYLMMERFE EERE. QM E, &
Gy (27 =G (27), Gy (272G, (27"}, Gy (27 =0, BB T HERN T 280 v 47 B )
wE AR T B MBIGE N, (00 TR EEHE MEI R .

LT R Q (27 )P E BN T48 d (k) T A& MR B n(k) R 52404

{7 R B

R NISE S EISE By

1
0.0035 +0.067s

G (s)=

1
G, (s) = =
0.003055° +0.067 1s

FRER ] 4 0.001s . B TS 520 dk) = 50sin(X0xt) ,  a(k) FIEAH 0.001 HIFEHLES,
SR ETNERES: r(k)=0.50sin(6nt), & PDEHITER Lk, =150k, =5.0.
Q) F(7.9ETiRIE, JER T =0.001. & 7-10 A0 R, 59, B 7-11 A

P d RETRAA G Mme R d, . 8 7-12 A TR 02 i ) IF Ak BRE (M = 1), (&
7-13 RAA TP 2% 0 00 FoZBREE (M =2) .
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hmefs)

B 7-13 A PRI ET I BB (M = 2)

HHEFRIT: chap7_2.m
2P I Contral based on Disturbance Ooserver
clear all;

clase all;

Jp-0.0075%;bp=0.1880;
Jrn=Jp:bn-bp;

ts=0.001;

Gp=tf([1},1Jp.bp,0]}); &Plant
(Opr=cid{Gp,ts, 'z"');

[num, den}=tfdatai{Gpz, 'v'};

Gn-tf{[1],[JIn,bn,0]); FMNominal model
Cnz=c2d(Gn,ts, 'z'};

|numl ,denl)=cfdata{Gnz, 'v’'};

tol=0.006%;
U=tf{[3*tol, 1], Jtolr3,3*tala2,3%tnl, 1]); %Low Fass Filter
Gr=c d{Q,ts, 'tusktin')

{numg, dengl <tfdalafQzs, 'v');

u_l=0;
ud_1=0;
uo_1L-0ruo_2=0;u0_3-0;

Ul 1=0:;u3_2Z2=0;u3d 3=0;

u_1-=6. D:L.I_E:D. D;
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x=[0,0,0]";

error_ 1=0;

for k=1:1:1000
time{k)=k*ts;

rin{k)=0.5*sin{3*2*pi*k*ts); % Tracing Sine high frequency Signal

$Linear model

yvoubk{k)=—den{2i*y_1-den{3)*y_24num(2) *u_l+numi{3)*u_2;

ni{k}=0.001*rands{1); % Measure nnlse

yout (k) =vout (k) +n{k); % Disturbance nik)
error{k}=rin{k}-yout{k};

x{1l)=errori{k}; % Calculating P
¥{ldl=(errori{k}-error_1)/ts; % Calculating D

Zi3lex{3)+rerrorik) *te; % Calculating I

kp=50;ki=0:kd=15.0; % Tracing Sine velocity
ciRkl=kp*x({1)+kd*x(2)+ki*%(3); % PID Controller

ui{ki=uu_1; %Mn=1, cne time delay
u2(k]=lfnum1{2]*{—numl{3}*u2h1+yout{k}+denl{2}*y_1+den1{3}*y“2}:

u3d{k)=u2(k)-ul{k};

uo{k}=—denq{i}*um_l—denq{3]*uu_z—
denq{4}*uo_3+numq{lj*u3{k]+numq{2}*u3_l+numq(3)*u3_2+numq{4}*u3_3:

0=1;
1t Q==0 ENot using Qis}
uci{k)=uifk);

end



if M==1 $Using Observer
uu (k) =c{k)-uo{k);

end

if M== FNo Observer
uuik) =ci{k};

ernd

dik}=50*sin{5*2*pi*k*tsg);
ulk)=uul{k)+di{k): % Disturbance d(k)

1f uf{ki==110 % Restricting the output of controller
u{k})=110;

end

if ufk)j<=-110
uik)--110;

end

uu_l=uu{k);

u2_1=u2{k}:

uo_3=uo_2;uo_Z=uo_l;uc_l=uo(k);

u3d_3=ud_2;ul_2=ud_1;ul_1=ul{k);

u_2=u_Jyu_ l=u{k);

v.2a=¥_1l;:;v_1l=voutik);

error_l=errori{k);

and

figurei{ly;

subplot (211} ;
plot{time,ul, "'k');

xlabel ('time({s) ') ;ylabel( 'u3 ) ;
subplot {212} ;
plot{time,uo, 'k');

xlabel {'time(s) '};vlabel {'uo');
figure{2);

plot{time,d, 'k',time,uo, 'k'};
xlabel{'time(s}');ylabel{ 'd,uo’};
figqure(3):

plet{time,rin, 'k', time,yout, 'k'};
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Alabel { 'time(s) ') ;vlabel ('rin, voutb ') ;

7.2 JEZMtE&#AT PID E&iF
7.2.1 £ F NCD #4144 4 & 44010 PID 45 %)

MATLAB AMBEHFaSRESEV AR Simulink LB, &F -MEH TIESHEHS
SN B T R4 NCD(Nonlinear Control Design). {SBT NCD L A5, oL EAS
ZRARA VL] -

{I: MATLAB NCD L BHTRHER MBI MERK ML EHH NCD Blockset (JE£:{%
Pidl RE R BRAD), RIHZARIAL, R R T LL 2k By

AR

Bt e R mE A

1.5
505’ +a,s* +as+1

Gs)y=

201 a,=43,g,=3.

R E AR AR L SR £ 08 BRI T . BESTHAMERE: a. 1T
40 ~50 2 8781k, a TE (0.5 ~2.0)x3 2 [A14E{k. FH PID 582, PID MMRALIEER L.

(1) BEXBREA KT 20%;

(23 _EFERIEIA AF 10s;

(3) FEERE) A~ 30s;

(4) FEAFEHEME.

Ui AP RLEPI N 5. Simulink 25 2480 M BB3EY. 21 MATLAB i3k
ot ZEERTT T HA NCD TTSETR PID #5528 (15 HL4k

U] RI3E5EAE NCD R . 4 Simulink #/3% % X NCD Output #3k, 341! NCD
Biockset IR BT 17, i Options SZE K Parameters S8 52T %04 AEREH . Hi&EnF.

(1) Options & %K) A

a. 13T Step Response fir4 & X B BK W PERETS 45«

Setting time: WHERTIR, 7 30s

Rise time: |- Fef 8], % 10s
Persent setting: BRE&REASE, IS
Persent overshot: iR A%, 20
Persent undershot: TG NG T 20 8, Wit !
Step time: Bahetial, B0

Final time: £ (FBFTH|, HY 100
Initial output: HaEE, Eo

Final output: A, B

b. 11T Time range Ar4, WEMLATE, TL0~100s
c. HiTiEFE Y-Axis #54, WEMBKWENER, 8]0,1.5]

(2) Optimization 38§43 F)
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a. JEFF Parameters 1, EXHBLBETEEHK
A HRERATER L&k, LEIW E NR, TECE.

k, kK
A i Zd
FER: . . 5
LR sk, Sk 5k,

BRMAE: 0001 AERALZE: 0.00]

b. #+F Uncertainty I, E X AW ET R LS X2

HWA: NHETRa,a, I ETE, TEN:

TER: 1.5 40

FER: 60 50

c. JEF¥ Start %, HATHBEE KR, & BB EEw S bRA ST R 1F 4Lt NCD
ZURE QA8 BoRB BRma S 9E46 #2 . MATLAB COMMAND HOWAE RG22,

BRI RIRTFAE pid_ncd.mat LR, AT —KIEM . Fir ek w S PR R R BT L E
#H BARTE NCD Blockset AT 155 .

BB SRR TR chap? 3f.m, #JSIE4T Simulink 525 chap7_3.mdl ¢ R
T-14). RUBHMT: k,=1.9193,k, =0.0978,k, =8.1678 , Wi/ fhek i 7-15 BT .

— ]

Scope

PID ——am F 13
$0s% 122 52 +al s+1

Step Rate Lumiter  Saturation
Transfer Fon
PID Contraller NCD
OutPort!

NCD OutPon

Bl 7-14  JrsktE R4 Simutnk TR

oystem i1 3_1'.".' i 1 :JIJ- 0L

File Edit Dptions Optimizstion Stvle
PO o b L A i e B s
l..

B 7-15 NCD EMEFmaEs i b
(1) Simulink ¥R HEF: chap? 3fm
clear all;
close all;
tload pid_ned.mat;

kp=0.63;
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ki=0.0504;
kd=1.9688;
az=43;
al=3;

(2) Simulink =#5F: chap7_3.mdl, WM& 7-14 fFx.
7.22 AT NCD H4k4b hdc o5 465 4k KM 4R4L PID £ %)

KA MATLAB 855 R4 LA NCD H 454 R4k T RR B % 2 5 #
SEH PID B9¥ERE.
FIF) MATLAB 2815 8/NE 5 % % Isquonking » 3B E /N 51845 7 = j e*dt HH4T PID

BRI, MTISEH PID 85,
(AL

IR KN
505 +50

‘rst s

G(s)=
7 45
BITERIT chap?_d4m, RILERK L =44124, k, =08809, k, =1.9377 , RFMRALS
¥z2AT Simulink 2% chap?_4f2.mdl, W8 7-16 Fx, MALS HIET B 3@ 7-17 B .

Sco
PID :-7|£-_1- !T | 305430 be
g 45 ]
Step Saturation
Transfer Fenl Transfer Fen
PID Controller NCD
tpor ]
' NCD Qutp ort

B 7-16 Simulink BFF

B 7-17 R4S BB R WA Ry
BEERF: 5AEEF. M &R FEFEH Simulink TEFEZARS.
FERF: chap7 4.m
clear all;

close all;
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nl_pidG=[0 0 0];
options=[1 0.01 0.01];
nl_pid=lsgnonlin{ 'chap7_4f1',nl_pid0,options)

M B FEF: chap7_4f1l.m

function f-pid ned_pg eginl_pid}
assignin{ 'base’', "kp',nl_pid(l)};
assignin{'base’', 'ki*,nl_pid(2)};
asgignin{ bhase', 'kd',nl_pid{3}));
opt=simset({'solver', odeb5');

[tout, xout, yout]=sim{'chap7_4f2', [0 101, o0pt};
F=yout-1;

Simulink ["#1: chap7_4f2.mdl, W@ 7-16 B,

7.3 —IELtE PID 8] 8194t
7.3.1 AFKMIE Big it R

W 7-18 BR—MMRLEM RS 2R, FAZMA L SHES Y PID RN S
By BAR,

¥

I
plb .
d hth on fy f

R17-18 R ZREERA B A Hh 24

HEER M I I B8 R IR T
D WBIHRSH L, EWNNR0S <, B, SR RAERRAEIER, Hiie
%%ﬁhﬁmﬁwﬁﬁk,WH%TM%EEE,%Eﬁﬁ%ﬁﬁﬁ$H.w%%ﬁ&%
Zﬁ¢:&g%ﬂg&,%TEK&H%%W%J&&ﬁw,%Qgﬁ%mk=&ﬁaﬂﬁ
&.mTﬁﬁﬁEmHﬂ%Eﬁ,%ﬁﬁﬁik%ﬁﬁ,MQ%ﬁﬁﬁ¢:ﬁg@ﬂﬁ&,
%ﬁhﬁﬁﬁk.ﬁ%%q%ﬁ@&ﬁwnﬁﬁ,ﬁhﬁ%%ﬁﬁ,g%ﬁ%%%ﬁ%k
HOCARUNEE 7-19GayfiiR, WS ZIAT L3 S F Aot i 3
k(e (1) =a, +b,(1—sech(c,e, (1)) (7.13)
A%, a b e RIESEER. HIRE e, — oo B, k, BB K AE K a,+b,: Ye, =0H, k,

PP P

BB  ays b, Kk, MBI, 8 c, BN TR K LM%
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(2) PSRk, . TEMNVKRE O <y B, RN RSEE Mdhaiigr, X
LR IC P mamap g R 7, FUSEWMF=A: e <r =y, B, SR8k . MK
REfEsHERT, WAERE. £ Nzl BAEOBESEL, TR, < <, BRHERE
WKk, , WHEEENE. R0 L, BRI ER, RS &, R TR B B SR 2 b
HF e, M T k FERICERUE 7-190F TR, Friis R RgrR Sy

kd(ep(r)jl =a, +b, {1+ c,exp(d, -EF(I))) (7.14)
A e, =8, MIRERMERE, a.bycdy RILVNER, a, Wk, BIB/ME, a, +b, H kM
BiAH, He, =0, ky=a,+b,/(1+c,), A B ANn[HEE L, BRILFEE,

(3) Blo @8k . MEERYERAN, HABSWARELRL, LB LW/ =t
i, HATWUNERE. SR2E0R, FEROREEL DNRESNRARLE,
MR B A A R ARRR T, BB SR L LT A E 7-19 (c) Bion, HAEZEME
AR

k(e (1)) =a;sech(ce, (1)) (7.15)
O k(e () =a;sechiee () MIETHEE, &k KODEBEN 0.6), 4 e, =0Bf, k I
KIH: o MBUERET &, FIZEAL D IgFENS,
TFEetE PID 1 15 8% Fe fi AN
(1) =, e, (e, (04 K (e, [ ,(d1-+ (e, (), 1) degff )

B R Hrars, R AR B0 b (R OM S SO B E LS. AU R AR
LA R, NEBENR. F5, AL PID 9 58P A0 25 5 B B I8
AR, MR RE D BB AL PID 5858, & k&, BT SR OE 7-19

JE s

(7.16)
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04 0.6 G8 |
time{s)

(b) ko AL thtk

L] L

02
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MARERTILLE W, &,k & MELRESS PID £4I0EE, REREHHEN

22 Q0%

22006T
s
22.004
22002
22 4 - : '
] 02 04 056 8 1
timefs)
(a) p %4k hik
084} 7
< 0gist
R3 J
O 0.2 4 G6 ﬂll.S 1
time{s)
{b) kg ik ihed
] T
{39905
-!:- -
{999
0.9985 . . s A
0 02 04 0.6 {8 1
tnoe(s)
(c} k, Xefb.dhit

1 7-25 k., k;, k, BERS AT RIEE (M = 2)

B chap7_5.m

tNonlinear PID Control for a szervo system

clear all;

cloge all:

ts=0.001;
J=1/133;

* 194 -



g=25/133;
sys=tf{l,[J.q.,0]);
dsys=c2di{sys,ts, 'z"};

inum, den]=tfdata(dsys, 'v'};

r_1=0;r_2=0;
u_l1=0;u_2=0;
y_1=0;vy_2=0;
error_1=0;
ei={;

for k=1:1:1000
timelk)=k*ts;

S=2;
if 8== %$5tep Signal
rinf{k}=1.0;

elseif S==2 &S8ine Signal
rin(k)=1.0%sin{1*2*pi*k*ts} ;

end

yout{k):—den{E}*y_l—den(E}*y_2+num{2}*u_l+num{3}*u_2;
error{k}=rin(k)-yout(k);

derror{k]={error{k]—error"1]fts:

ap-24;bp=8.0;cp=0.8;
kp{k}:ap+bp*{l—sech{cp*error{k}}];

ad=0.5;bd=2.5;cd=6.5;8d4-0.30;
kd{k}:ad+bdf{1+Cd*exp{dd*err0r{k}}}:

al=1;ci=1;

ki{k}:ai*sech{ci*error{k}};

el=elrerror(k)*ts;

u{k}:kp{k}*errmr[k]+kd{k}*derror{k]+ki{k}*ei;

tUpdate Parameters
r.Z2=r_l;r_l=rin{k):
w_2=u_l;u_l=ufk);

Y.2=y_l:y_l=yout(k):
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error_l=errori{k);

end

figurei{l);

plet(time,rin, 'L',time,yout, 'r'};
xlabel{ 'time(s) '} ;vlabel({'rin,yout '};
figurei{2};

pleot(time, rin-yout, "r'};yvlabel {'error'};
xlabel{ time(s) '} ;ylabel{ 'error');
figure(3):;

plot (time,derror, 'r'};

xlabel{ 'time(s) ' });vlabel ('derror ') ;

M=1;

1f M==1
figure(d};
plot{error,kp, 'r');xlabal {‘error');ylabel {'kp';
Figure(5);
rlol{error,kd, 'r'});xlabel{'error');ylabel {('kd';
ad+bd/ {(1+cd)
figure{g};

plot{error,ki, 'r'});xlabel{ 'error'};ylabel{ 'ki'}:

elserf M==
figure(4);
plmt{time,kp,'r'};xlabel{'time(sj‘};ylabel{'kp'};
figure(5);
plot{time,kd,'r'};xlabel{'time(sj‘};ylabel{'kd'};

figure(s);
ploti{time,ki, 'r');xlabel{"time(s}'};ylabel({ 'ki'};

=Ygls |

7.4 BTESIEHMENEIHEE PID 24
741 EFHkE4 AR

EREHREAN nove T 1981 EF AR LR, HTAREAEEIENE TS
e R A BT LA RE IR M R R B T, L T R T P

MEBEANRAMAGSRREE T, BBMT — “TENBEURE", HREL
L—RARMENZARERRE. 8L RETHORERBBIMA, 1 “WANRE" —in
ISR RATES, RMEETR, REEEHNE. BRIBEHH. SN0 E
REREMUAKBRALNBERE, KBRS, XSS ERGEE TBREE
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RGeS, 7 DL RN T 45
EREEHT, ~BNEEFRHEHERERYBE®E . i, EEEEHHE
HIMAMEBIER S Os) . FFHI IR
1

s

(7.17)

A, T, >0 G ERKE R E .

EREHIESRASEES, REROEWE 7-26 5. NAEFHHRAT ER
RAMRESE B0 LB RN &,

—= SERE

L.%* 1* o BEE .

726 ERFHARSFEHE

742 XFE G5 AMER PID i 4

£ TEHEEHHMEN PID BHEALERWE 7-27 FiR, Hob up(k} 4 PID ¥ HIRI%,
ue(k) X EHIFHINHL .

2k EE
u(k) = up(k) + ue(k) (7.18)
L, Q) AR TE 2.
rn >@j{:ﬂ"ﬂ"ﬁ.’?r 1 o ._..i__-_ : . oo yout _
= Nspe-'s - K

H7-27 BT R HHIMEL PID 25 R FEE

743 FERF BHH

k]|
WH IR N
50
5(0.0000465% + 0.006s + 1)
KAESHA K 1ms, WMARSES N —ERRE rin(k)=1.0sin(2ne), HFEF =10,
WMEA=1.0. B 7279, BWK=12.
R 8 i RS K HY

G(s)=
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1
0.25+1

PID #HISERA PLEK, HAk, =15k =10,
BM=1. ¥H PID 4. (fEREFEABEFREEWHE 7-28 3 7-20 i, M =2,

KHEES+PID 134, (Y EBRE. RERERFHBHHNE 7-30 28 7-32 Bix.
m{FE AT N, REESBHIFMER PID f2HI7] B E 8 RN E.

g(s) =

AN
STy

-135

Fi erted

X i L i
1] 2 4 6 B 10
tirne(s)

A 7-28 PID/EEBEW =D
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=
A

- 005 | -

-4l i i
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time(s)

Bl 7-29 PID f/ MERER R E
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$PID Control with Repetitive Control compensation

clear all;close all;

Ls=0.001;
ays=tf({50,[0.000046,0.006,1,0]});
deyvs=cZ2d{sys,ts, 'z');
[num,den]=tfdata (dsys, 'v'};

dg=c2di{qg,.ts, 'z2');
[numg, dengl=tfdata{dqg, 'v');

F=1;

N=1/F*1/ts;

zZz=tf((1),[1 zeros{l,N}]1,ts);
dz=dg*zz;

[numz,denz] =tfdataidz, 'v'):

Gr=1/(1-dz); %Repetitive controller

u_l=0;u_2=0;u_3=0;
¥ _1=0;v_2=0;yv 3=0;

ei=0;

ue_1=0;ue_2-=0:
ue_N=0;ue_ Nl1=0;ue_N2=0;
e2_N=0;e2 _N1=0;e2_N2-0;

'E_Nl-.‘: 0 M
el_1=0;
es_1=0;

for k=1:1:10000
time (k}=k*ts;

rin{k}=1.0*sin(F*2*pi*k*ts)

yout (k}=-den(2)*y_1-den({3)+*y_2-

den{4}*y_3+num{2}*u_l+num{3}*u_2+num{4}*u_3;
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el{k)=rin{k)-yout (k) ;

eiz=elit+elk) *tsg;

up(kl=1.5*2{k)+10*ei;
elik})=-deng(2)*el_l+numg(2)*e_NI1;
K=1.2;

e2 (k}=K*el (k) ;

ue{k}=ﬂ.8187*ue_1+ﬂ.1813*ue_N1+eR[k)~G.818?*92_1;

M=2;
if M==1
uikl=upik); %¥0nly using PID
end
1f M==2

u{kj=ue(k)+up(k): %Using REP+PID

end

1f k>N
ue_N=ue(k-N] ;
e2 N=e2 (k-N);

end

if k>N+1
ue_Nl=ue({k-N-1};
eZ2_Nl=ze2 (k-N-1};
e Nl=e({k-N-1};

end

1f koN+2
ue MN2=ue(k-N-2);
el _Ni2=e2{k-N-2);

end

el l=ei(k);
ed_l=e2i{k);
ue_Z=ue 1;

ue_l=ue{k);

U_3=u_2;u_2=u_l;u_l=u(k);
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v_ 3=y 2;yv_ 2=y 1;y_l=yout{k};

end

figure(l);

plot{time,rin, 'r',time, yout, 'b'};
xlabel{ 'timef(g)'}:;ylabel (' 'rin,yvout');
figure(2);

plotitime, rin-vout, 'vr't;vlabel{ ‘error');
¥xlabel{'rtime(s) ') ;ylabel{ error'):
figure(3);

plot(time, u, 'r');

xlabel ('time(=) ') ;viahel {1 };
figure(d);

plot{time,up, 'r',cime,ue, 'L} ;

zlabel ('time{g) ') ;yvlabel{ ' up,us');

7.5 BTEHREFIR*MEEY PID #8454
7.5.1 FADEIE | RIE

EFRFER B P, ATHBEEITHE TS RS MMREEEE, T RASNES. .
RRERRE T AR RE, GRS ST R SR ENAT RGNS, SREEE
HAMORRECR 1. AU EG AR DML RGN, X HERATET, R %5 B AE
MR, ERADHURENTRRE T TSR ReR S, MR EES LA R ER. 7E
LERINVHD P, BEERBERENES, REB MU EERFEHEM RIS IR EHTHNS
HORARAFR DN RS . FTHERBBBIR - -FhH t R 8 AL R S0 BF 28T i )
o - GBI AT B BB S | AT KAME B RGO AR T A, TR D,
1005 0 R GEAE 24T AR L

LRI 7-33 BURKIBBA . LR B NIR PID BHIRS, @6 (1) RS BN Z,
FIMUAE L 3T R 4042 ZOH BRULTI/S, G ()Y BE s M EB/MET SN, HEF A
Bt MG (27 FR KR
2N, N,z

D(z™"
Kef, No@ D=ng+nz +A+nz 0, #0, NEOYEETG. CHYP it Taa
A ER BB AIRERS, N, (2 ) EET 6. ) PFHTRERHANRE TS .

EE1 BHGEY=N (N, (™),

(1) ZH(@E™Yy=0 Ywe R

2 et =RV, @) s [N, )] Ve R

G.(z")=

(7.19)
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22 UOR T T
22006
ey
22004 F
22002}
2 - - - - :
- 05 -004 - 002 #] a0z 04 RIS
BITor
{(a) &p AF{k ik
%4
(183SF
o
0RL
DEIS . . , . .
-0{6 - 04 {002 ) 002 004 .06
BT
{b) kg 354K 1%
i
]
0 9995 |
-
0.o0uE
(0 0oRS X N 4 — .
- 008 -4 o2 I} a2 N TE 0045
ervar
() &, Sk thek

el 7-33 BEIA. WHAR PID BHES 6

N (2)D(z7")

F (z)=

N (2N, O {0

W FR S ST
—{a+d) -]
YK =F, )G, 7 Wk +s+d) == N"(f)N“(E ) vtk +5+d)
N )

- 1 N -
i G(z7 )= (DN, () (7.21)

N, (1)
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B F,(27) 567" HHA KIS, hEE | ay
LGy =0 VYwe R (7.22)
G =1 (7.23)
ke . mREAS I kD, -, rk+d+s) OF, NESEEN ST

MR AR, W RGNS NSk — s — d).A r(k)A ik + s + d) BRI FRIE,

7.5.2 A -FEAE WARAMES) PID 42 41
BT RHZEAHRE PID ZBHI R wE 7-34 Brx, @i BOTF:

(7 (s)

rn () (k) [error(k)
—={ HIMEN - w| PID }—{ Plani 5 -

& 7-34 RTFARCATHIN PID ¥l B S et
(1) F5AA, BEAHFREREM. M
B AE S 0 E5kfs S#ET A PID FH406R, MEFEME TR HERIEE.,
WHEMmAET A
rin(k) = Asin(2nFt) (7.24)

@bt U E AR
F = F;ni + N X‘F;tep
AW, F, ATBAIEIE, F, 80 K.
M PID LRI DER P BHIhE, "R IR IE {7 B IREUHE 2 fuig 2 4 2k 1E,
HizEEA

(7.25)

e(k) = rin(k) — yout (k)
utk) =k e(k) =k, (rin(k) - yout (k)} (7.26)
B HAEAE, FRAR ST, WEIAKRRLAES MTHEETHHENEE., B
S THREREERW b
WEERESNrin(k) = A, sin(wt), JRGHEHEN, KBHAMNETERERR
yout (k) = A; sin(ax + @) = A, cos ¢ sin(wt) + A; sin ¢ cos{wr)
A; cos @ (7.27)
A sin g
B ANt =0, A,2h,---nh . L h=0.001,7=1000.
Wyt = [y(D) y(h)my(uh)], cy=ArcosP, ¢, =Arsing, H
. _[sin(w{l) sin(eoh) - -- sinfeorth) J

= [sin(mr) cns(mr}] [

{71.28)
cos(@0) cos(wh)-- cos(awnh)



Ay LLskth c,, ¢, MR/ 3Rl A

’:cl J = {l;lepr)’tlprTw (1.29)

Cy

T 73 21 DR S A0 AH SICRF I

A
201gl L 1=201
g(A] g

f2, .2
Cy +4:,2

m

m

, ¢.=1g“’(‘7_1] (7.30)
Cy
(2) XA RENRE, Wi THEZHIS
I Bode BT A, PIRFAREHEASAZZEER G (s, BEFHEIRE(T.19)
NET.23)A, AIEMNEHEWHE R

(3) KHFHERBRIEH
error(k) = rinn(k) — yout(k)

uk) =k error(k) (7.31)
LA, rinn(k) JyarimE sl a8 mod .
753 FRALH R 44T
PIRHBR A=A BB
G.(s) = 523500
P s* +87.355% +104705

FEUKFENT [ A 1ms .
NA=ZDEREAITHE, 95 B (chap?_7_1.m), HEF REHE RaTHioE 8
BRI it (chap7_7_2.m), £f BRI (chap7_7 3.m)LM.
(1) SR HA
WA EREETH
rin(k) = Asin(2nFH
XN, t=kT,A=0.50. YVIHAEK F,, =0.50Hz , #5505 KW F,,, =0.50Hz , U N =15,

BV AL 0.50Hz 2] 8.0Hz iH4TI48%,
WA ZRGKA P 28I, B =70, @id3NR, RABD - Feb kBT REDN

WEANED AN, R 71 R,
F71 PBRANSER

F(Hz) 201gd(A+ A 4 ) AWiB Ap( ")
0.50 -0.0133 ~5.1368
10 10,0524 -10.2380
L5 -0.1152 ~15.2706
2.0 ~0.1984 -20.2064
2.5 -0.2979 ~25.0238
3.0 ~0.4087 ~29.7087
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R
FiHz) 201g((A+ A A)/ A))dB A@r )
3.5 (1.5259 -34.2545
4.0 D63 -38.6623
45 -0.7588 -42.9394
50 - Kh4E —47 (75
5.5 -0.9579 -51.1614
6.0 -1.03343 55,1484
6.5 -1.0905 -50.08%4
ER -1.8234 ~03.0835
7.5 -1.1306 -656.9606
B0 -1 19 -70.9717

(2) KA RERRLGERA K, Bt RTIRPe S 28
RIBE 7.1 gy, XA MATLAB K% INVEREQS, x4 &if ik ¥ a7l

[B, A]= INVFREQS(H, W, nb, na) ) (7.32)
P b Mg M-S RERRE ST T4 M. H AESMER w A BARR S E g
R, BRIAAREGIEERB S F i BIAR.
W ra=3nb=1, NWHARRZHUEGHBRIL G, (s) N
-178s5 + 3.664 x10°
5° +87.49 5% + 1.029%10% s + 3.664x10°
S B PR R 4045 58 R BORIU A 14 28 B8 3 SYsX(S) #5 Bode 4N 7-35 F0 7-36 Biow,
H i

Sysx(s) =

~2.665x107 2% +0.0002361 2z + 0.0001411

Gz )=

7129067 +2.8237-0.9162

Mag (dB}

T

: I b
ey : I : : : ]

% i 1 [ |
"‘31-," -1| : 1 -:-{ Ir
Eﬂ i 1 : : : |
1 ] [
[ ! ' PoEd
— ]‘U{] E : i E E | I I : 1 : : ] :- : X

1" 1 1
{rads/sec}

tel 7-35 [A33F PID #5584 Bode EHI
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gErrar
—_—,

0 10 20 T30 an 50 60
timeis)

B 7-36  #1E PID WA 4 Bode R A RE
IR RGN A HBHBG.(27) FIFR AN
0.97449754250883 + 0.08683973172465i
p =|0.97449754250883 - 0.08683973172465i
| 0.95720489476102 |
R, GUHYE N ANEEFL, =3.667, BEFRESEE AN KRG SERT

BER R, ATMERIMRIZHEIREAE S, SN T RN A REF ARAME, aERTEE
a8 F (27N

9.42221164474527
L= )
-0.56177571156134

4984 z* - 1.501x10° ' +1.561x10" 7' - 6060z + 484.7
z+0.5618
HERPT A, BEKREEFENE DR BEEE., Rl m N
AR SR E N ERES, SR B RN EEE (lms), KIMRO] DL ZER = A SRR B #E
ABEE, WsLFRRIRERRI2E N
4984 -1.501x10% 7' +1.561x 10" 22 - 6060z +484.72%
1+0.56182"

Fiz)=

F(z )=

25 P i 2R HH R
rinn(k} = 4984rin(k) - 1.501x 10* rin(k - 1)+ 1.561 x 10* rin(k - 2} - 6060rin(k - 3)
+ 484. 7 rin(k - 4} — 0.5618rinn(k - 1)
Gz YF(z™") 1 Bode B 7-37 Fi7R, &EE8E TIE—EMEnEN, Bidnms
#la] (RULE — E MR A SIS L SRS

Mag{dB}
[l — ) prY ] =5

200 s

=

Phase(deg)
]
=
' 1

—400

{rud/sec)

B 7-37 G yFi Y ] Bode
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(3) BAHEHISL A%
BURAEBRY 1ms, MAEONEREE
rin(k) = 0.50sin(6mt)
B RS B 0, Ed8 G (27)F,(27") BAMLIEITRR AN TR RANEA .
MK RN
vout (k) =-0.1328 rin(k + 2) + 1.266 rin(k + 1) - 0.1328 rin (k)
R E SR, MPASEREARERFER, BB G (T HF() 8L
HAT AR ST T A B AR . B EF Y
yout(k)=-0.1328 rin(k -1) + 1.2606 rin(k - 2) - 0.1328 rin(k - 3)
i EREA . BT I BAHE RIS BT IR, M =1 RS S 0,

IEFXERERGE R AN 7-38 2 7-39 Bion, M =20 0ERIE S AN, EXRBEEEENE 740 F
7-41 R, (TEEREY, HJEIESRm, (TR TR,

1

rn _yout

05}

0 (5 i

_ 3 2
imi(s)
B 7-38 [EiREE M =1
0.01
0.005 |-
‘g 0
—0.005 |
- 00 : : .
0 0.5 ] 1.5 2
nmes)

Bl 7-39 IFEEREFRE (M =1)
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l 1 L

7 a3 i 1.5
time(s)
7-40  [FEEREE (M ~2)
0.03 ’ ' -
002
0.01 |
3
aF
001k
§.02 4
time(s)
B 741 FREBEREM=2)
SHELEHIRRIEETFWT.:

%72erc Phase Error contreller verify
clear all;

close all;

ts=0.001;

rin 5=0:rin_4-0;rin 3=0;rin_2=-0;rin_1=0;
F=3; !

G=2000;
for k=1:1:G
timel(kl=k*ts;

rin{k}=0.50*sin(F*2*pi*k*ts};
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M=1;
if M==
rintk+3)=0.50*3in{F*2*pi*{k+3)*ts};
rin{k+2]=0.50*sin {(F*2*pi*{(k4+2)*ts);
rin{k+1)=0.50*sin(F*2*pi* (k+1) *ts);
yvoulb {kt=-0.1328*r1n{k+2)+1.266*rin{k+1)-0.1328*rin(k};
elseif M==2
yvout (k) =-0.1328*%rin_1+1.266%rin_2-0.1328*rin_3;

ernd

rin_5=rin_4;rin_4-rin_2:rin 3=rin_2;rin_Z=rin_1;rin_l-=-rinfk);
end

figurei{l);

plot{time{l:1:G),rin¢l:1:G}, 'r',.time(l:1:3},yout{l:1:G), ‘'b']:
figure(2];

plot{time(l:1:G),rin(l:1:G)-vout{l:1:3), 'r'};

(4) =LA B IRER

KEAETEHZGRMEN PID B8LETEZAFHRE, ARBRERSNE P 25,
S =18, HAIES K rin(k) =0.50sin(3nFr) . B F =30, FEEHEME 742 Fr.
2 §=2W, ¥AIELSH rin(k) =0.50sin(2nt) + 1.0sin(6me) + 1.0sin(10ns) . 1EZBINE B T

FREFEN A 7-43 Fi7R.

':I'.ﬁ T T T
044 J
02 .
e G- i
5
T -02h
-04t \
: i f
K} J \J
D6 )
_D_E I. | 1 M
0 0s 1 1.5 2

timeis)

B 7-42 EREMEB(S =1
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ZY\ |
. |

9‘“ \/ \/\\ / h\/ﬁ\\ \/\ \/
_2 \

[’1

\f\/‘
Ava
\

-

05 |
timel(s)

M 7-43 FEBINESERES

HERF:

RFZ—: HASRIRA chap7_7_1.m

$Zero Phase Error Frequency testing
rlear all:

close all;

ts=0.001;
sys=tf(5.2352005,(1,87.35,1.047e004.011);
dsys=c2disys,ts, 'z'};

[num,den] =tfdata{dsys, 'v'};

kp=0.70;
error _1=0;

kk=0; ¥Frequency steps

for F=0.5:0.5:8
kk=kk+1l:
FF(kk)=F;

w_1=0.0;u_2=0.0;u_3=0.0;
¥y _1=0;v 2=0:v_3=0;

for k=1:1:2000
time (k) =k*ts;

tTracing Sine high freguency &ignal
rin{k)=0.5*sin(1*2*pi*F*k*tg)

$Linear model

13

=2)
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yvout{k)=—den{(2)*y_l-den{3)*y_2-

den{4)*y_3+num(2)*u_l+num{3)*u_2Z2+numi{d) *u_3;

errorik)=rin{k)-yout (k};

uik)=kp*errorik); $P Controller

v 3=u_2;u Z2=u_l;u_l=uik);
v _3=y_2;v 2=vy_1l;yv_l=youtik);

end

plot(time,rin, 'r',time, yout, 'b');

pause(0.0000000000001) ;
Y=rin{1001:1:2000) *;
for i=1:1:1000
fai{l,i}) - sin{2*pi*F*i*tg):
fai{2,1) = cos(Z2*pi*F*i*tg);
erid

¢ = invi{fai*fai')*fai*y;

sgrif{ci{l}i*c{li+c(2)*c(2)};

atan{c{2)/c({l));

pink

pinF

Y=yout {1001:1:2000) ';

for i=1:1:1000
fai (1,1}
fai(2,1)

2in{2*pi*F*i*ts) ;

cos{2*pi*F*i*ts);

It

end

c=invifai*fai')*fai*y;

sgrt{c{l)*c{l)+ci(2)*c(2}};
atan(c{2)/cf{l)};

poutA

poutF

mag (kk}=20*logl0{poutA/pina}; %¥Magnitude
ph(kk) = (poutF-pinF) *180/pi; %Phase error
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and
FF=FF'
mag=mag"

ph=ph’

save freg.mat FF mag ph;

save closed.mat kp;

Bz . ARRGEHE RAIRERHBRE chap?_7_2.m

%¥Closed gystem appreoaching and zero phase error controller design
clear all:

close all;

load freg.mat:

ta=0.001;

f=FF;

for i=1:length(ph)
if ph{i)=>0 ph{i)=ph{i}-360;
end

end

¥Transfer function approaching

$(1)Freq parameters

w=2*p1i¥f; $From Hz to rad/sec
magl=10.*{mag/20); %$From dB to degree
phl=ph*pi/180; $From degree to radian

h=magl.*ceos(phl)+i*magl.*siniphl);

t{2)Contincous function

na-3; tThree ranks approaching

nb=1;

tbb and aa are real numerator and denominator of transfer function
[bb,aal=inviregs (h,w,nb, nal; ¥w contains the fredquency values in radians/s
display (' Transfer function approaching is:');

sysx=tf{bb,aa)

[zs,ps.ks]=zpkdata{sysx, 'v');

$(3}Discrete function
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Ge=c2d{sysx, ts, 'zoh');

zpksys=zpk (Ge) ;

[z.p.kl=zpkdata{zpksys, 'v')}; $Getting zero-pole-gain: z,p,k
display('Zeros and Poles of the Transfer function 1s:');

Z

P

$In z-1 format

zGe=tL (Ga);

[nGc,dGel=tfdata(z2Ge, ‘v'};

zGe=filt (nGe, dGe, ts) ;

¥{d)Magnitude and Phase to draw Bode

tFrequency response:create the complex frequency response vector: h-a+bi

h=freqgs{bb,aa,w) ;
tMagnitude and phase

sysmag=abs (h) ; EDegree
sysmagl=20*logl({sysmag) ; iFrom degree to dB
sysph=angle{h) ; %Get radian
sysphl=sysph*180/pi; $¥From radian to degree

¥ (5)Prawing practical plant and its approach function Bode to compare
figure(l);

subplot(2,1.,1});

semilogxi{w, sysmagl, 'r',w,maqg, 'b'):grid on;

xlabel {'Frequency (rad/sec) ') ;ylabel ( 'magnitude approach(dB) ');

subplot{2,1,2);
semllogx({w,sysphl, 'r',w,ph, 'b') ;grid on:

xlabel {'Frequency{rad/sec) ') ;ylabel{ phase approach{deg) ') ;

figure(2);

magError=sysmagl -mag;

phError=sysphl-ph;

plot {w,phExrror, 'r',w,magError, 'b'};

xlabel {'Frequency({rad/sec)'};ylabel ( "error of phase (deg)
magnitude (dB) ') ;

¥{6)Plant in zero-pole-gain format
zu=z{1)}; tlUnstable zero point

zl=2(2);
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pl=p;
plidl=1/zu;

kl=1;
Getemp=zrpkizl,pl,kl,ts};
de=dcgain{Getemp!} ; $Getting DC gain
kl=1/dc; $G(1l)=1;

Gen=zpk{zl,pl,kl,ts);

2 {7)Design controller

Fdz=1/Gcn; tFdz=zpkipl,zl,1l/kl,ts);
display({'7ZPE Controller isg:'};

cfdz=tf (Fdz) ¥z {-3):three rank delay

innl,ddl]=tfdataitfdz, 'v'};

nkF=nnl;
dF (1)=ddl{4}; %z+({-3):three rank delay
dF{2)=ddl{5};

dF (3} =ddl(1);
dF (4)=dd1{2};
dF{5)=ddl {3} ;

format long;

display{'2ZPE Controller coefficient is:'):

nF
AF

save zpecoeff . mat nF drF;

¥Controller

F=filt({nF,dF,ts}; %Equal conversion:from 2z to z-1

degain(F);

%#(8)Verify the controller

Gn=series(F,Gc); ¥Gnn{z}=F(z)*Gc{z)
figure{3;;

bode (Gn) ;

vk=minreal (Gn,ts}; $S5impling Gnfz)
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B =: UHEMHE chap7_7_3.m
%Zero Phase Error Position control
clear all;

close all;
load zpecoceff.mat; %ZPE coefficient nF and dF

load closed.mat: %Load kp

ts=0.001;

sys=tE£({5.235e005, [1,87.35,1.047e004,0]);
dsys=c2d{sys.ts, 'z');

[num, denl=tfdata(dsys, 'v');

u_1=0.0;u_2=0.0;u_3=0.0;
rin_5=0;rin_4=0;rin_3=0;rin_2-0;rin_1=0;
rinn_1=0;

y_l=0;y 2=0;v_3=0;

error_1=0;

F=3;

85=2;

for k=1:1:2000
time{k)-k*ts;

1f 8== $5ine Signal
rin{k)=0.50*sin (F*2*pi*k*ts};

elgeirf S5==2 tRandom Signal
rin{k)=G.5D*sin{1*2*pi*k*ts]+1.D*sin{E*E*pi*k*ts}+1.D*sin{5*2*pi*k*ts];

arrd

rinn{k}=nF{l}*rin{k}+nF{2}*rinhl+nF{3}*rin_2+nF{4]*rin_3+nF{5}*rin_4—

dFiZ2)*rinn_1;

$Linear model

yout (k) =-den(2)*y_l-den{3)*y_ 2-
den{d}*y;3+num{2}*u_1+num{3}*u_2+num{4}*u_3;

@rror{k)=rinn(k}-yout (k) ;

ufk)=kp*errorik): %P Control

u_3d=u_2;u_2=u_1l;u_l=uik}:

rin_5=rin_4;rinﬁ4=rin_3;rin_3=rin_2;rin_2=rin*1;rin_l:rin[k};
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rinn_l=rinn{k};

v 3=y _2;y_2=y_l;y l=youti{k):

end

figure(l);

plot{time,rin, 'r',time,yout, 'b'};
xlabel{ 'time{s)'});ylabel{'rin,yout');
figure(2);

plot{time, rin-yout, 'r'};

xlabel{ 'time(s} ') ;;y¥label {‘error');

7.6 BT FRBIEKEZIM PID =8
761 FRBREAZESRH

HRAHNRRARPNEIGE S BB, FEARATERSEIEFIEEIERE.
BIHEH AR, DIREANEE. £ 1960 FEPRE T FRSWHER, HERRANE FE
HENEAEN TR LT HR R A E.

T EEEEE RS
x(k) = Ax(k ~ 1)+ B(u(k) +w(k))

, 06) = Cx(k) + v(k) (7:33)
R, wik) HILERAES, vk) RBEHSES,
BERIREERBRRREN
PiYCT
M (k)= .
= P T R (7.34)
P(k) = APk -1DAT + BOBT (7.35)
P(k)=(I, - M, (k)C)P(k) (7.36)
x(k)=Ax(k-1}+ M (k) y,(k)-CAx(k-1)) (7.37)
¥ (k)= Cx(k) (7.38)
mRE R E N
_ errcovik) = CP(k)C’ (7.39)
FIRBEEREHWE 7-44 FioR.
4R
y i? . T 'p;'cf\y";.. il&; Y
PRTHew MR

744 FREBmBEHE

121?.



7.62 A5 BALF R HA

HEH
Wil F /R SIS SR S TEAE
8N Z g ek 3
G (s) = 133
P s? +25s

B SERERT AL 1ms, SR A Tustin AR S BEAL, THRBABBRETEREN
x(k+ 1) = Ax(k) + B(u(k)+ w(k))
y(k) = Cx(k)
A U S R 7 R4 AR S A
¥, (k) =Cx(k) + v(k)
1 1.0000000, 0.0009876 0.0000659
. A= [n.mom,o.g‘;'smgg] - B= [0.1313512] - €=bo]. D=[]

FETIES wk) AR AT vk) IBERN 010 IA%EFE S, BIARSIREDN 1.0
BES 1.5Hz HIERES . RAF/RBIBKRELIESHEE, K 0=1, R=1. {5EAEA 3s,
FERES AN ERPRREES . RIGE S RIBEGE s SHIRET T EZRZRC S M NE 745
3 747 Brp. PFREREY, BRI TEE TR A R R RIERER.

14 ; 1 T r T

i2t
b
08
06 |
HIE N

02t

y=ideal signal,yv-signal with noise

0

2

0 .5 1 15 2 25 3
timeis}

& 7-45 RG-S RAARENIRIGE 5

1.2

—
T

=
o

=
=

=
s

y-1deal signal yv-s1gnal with noise
=
=%

=t

l
=
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l]IS i Ill.:{] é Eli 3
fime(s
E7-46 [RR{E T REERNES

=
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Covmmance of estun ation errot

| 2 25
tumeds)

W 7-47 1REHAEZRELL

HHEF: chap7_8.m
tKalman filter
Ex=Ax+Blu+wik}};
Fyv=Cx+D+v{k)
clear ali;

close all;

te=0.001:
M=3000;

#Continuous Plant
a=25;b=133;
sys=tfib,(1,a,0]);
dsys=cl2di{sys,ts, '2');

[num, den}=tfdata{dsys, 'v'}:

AY=10 1;0 -al;
Bl=[0;bl;
Cl={1 0];
Di=[0];

[A,B,C,D]=c2dm(Al,Bl1,C1,Dl,ts, 'z');

Q=1: $Covariances of w

=1; $Covariances of w
"P=B*Q*B'; $Initial error covariance
X=zZeros{2,1); tinitial condition on the =tate

r
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ve=zeros (M, 1} ;

yecov=zeros{M,1);

u_l=0;u_2=0;
y_1=0;yv_2=0;

for k=1:1:M
time(k)l=k*ts;

wik)=0.10*rands (1) : $Process nolse on u

vik)l=0.10*rands{1): tMeasurement noise on vy

ulk)=1.0*s1in(2*pi*1.5%k*ts} ;
u{k)=ulk)+wik};

y(k}:—deniz}*y_l—den{B}*y_2+num{2}*u_1+num{3}*u_E;
yv{k)=y(k)+vik);

tMeasurement update
Mn=P*C'/(C*P*C'+R);
P=A*P*A‘'+B*Q*B';
P={eye(2)-Mn*C) *P;

X=A*3+Mn*{yv{k)-C*A*x);
vel(k)=C*x+D; iFiltered value

errcovi{ik) =C*p*C": ¥Covariance of estimation error

tTime update

X=A*x+B*u k) ;

u_2=u_l;u_l=uflk);

Y _2=y_l;y l=ye{k};
end
figure{l);
plotitime,y, 'k', time,yv, 'k');
Xlabel('time(s)');

ylabel ("y-ideal signal; yv-signal with noise')
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figure{2);
plot{time,y, 'k',time,yve, 'k'}:
®xlabel{ ' time{s) ') ;

yvlabel {'y-ideal signal; ye-[iltered signal'}

figure{i};
plot{time,errcov, 'kK'};
x]label{'timeis) ');

yiabel { 'Covariance of estimation error');

763 RATFFRERKLBS PID 4

AT+ 7R @ (Kalman)E# i) PID ¥#H R FE L H B 7-48 Fix.

BERGL. *‘5
r * + -
- PD |- HEHE 'y;? B T
TR w NEgRE
yout

B 748 HET-FRBEHE PID F4

7.6.4 15 RALF B 5

(L H
KAF/RBIERE RN PID #51.
B B W o 3
133
Gpls)= 5% + 255

BHRAERS 762 WHOHHLFHR. FHERY 1ms.
FHTRET wi) AIRIREBES vk) BEHEY 0002 HARBERES, BAESH—

MRS . RAFRBIEBHBIRGSMOMEE, ] 0=1, R=1. HEMANY 1s. HFHHER

HATHERE: M=I1BARMENE, M=2F ABE. & PID B4 Rd, N
k,=8.0,k =0.80,k; =0.20 . MMAZEHESHT/S PID MrEknifsiuig 7-49 £® 7-50 fiF, (HE

BREY, ELRH BB ERN R .
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i+8 |

0o

rin Vol

04

2

& 7-49

14 T

04

0.6 0w 1
ttne s}

THEFE 3% BT PID J8$IBT ELmIRY (M =1)

1.2

rin out

0 02

0.4

06 08 1
Lirel )

B 7-50 MANEREIRE PID #HE LR (M =2)

{HEEF: chap? 9.m

2D1screte Kalman filter for PID control

tReference kalman Zrank.m
FR=Ax+Blu+wik));
Fy=Cx+D+v ik}

clear all;

close all;

Es=0.001;

$Continuous Plant
a=25;b=133;

sys=tf{b, [1,a,0]});
deys=c2d(sys,ts, 'z'};

[num, den] =tfdata (dsys, 'v'}:

Al=(0 1;0 -a];:
Bl={0;b};
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Cl=[1 0]:
D1=[0];
[A,B,C,D]l=cZ2dm{Al,B1,C1,Dl,ts, '2"'}:;

Q=1; %Covariances of w

R=1; ¥Covarliances of v

P=B*Q*R"; $¥Initial error covariance
Xx=zeros{z2,1l}); ¥Initial econdition on the state
u_1=0;u 2=0:

y_1=0;y_2=0;

el=0;

errvor_ 1=0;
for k=1:1:31000
time(k)=k*ts;

rln{]{} =l;
kp=8.0;ki=0.,80;kd=0.20;
w{kJ:D.DDE*rands[l]; tProcess noise on u

vik}=0.002%rands (1) ; $Measurement noise on y

y{k}:—den{E}*y_lfden{3]*y_2+num{2}*u_1+numf3)*u_z-

yvik)=y{k}+vik};

tMeasurement update
Mn=FP*C'/(C*P*C "' +R} ;
P=A*P*A"' +B*Q*R" ;

P={eye(2)-Mn*C)*p;

X=A*X+Mn* (yv (k) -C*A*x) ;

yel{k)=C*x+D; $Filtered value
M:l,‘.’
1f Mz== tNot using filter

yout{k)=vvi{k):
elseif M==2 ¥Weing filter
vout tk) =yeik);

end

L
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errortkl=rin{k}-youtikj};

el=z=eli+errorik) *tg;

uik}=kp*error{k)+ki*ei+kd* {error{k)-error_1)/ts; %£PTD
utk}=ulk)+wikl);

errcovi{ki=C*P*C!'; ECovariance of estimation error

%¥Time update

X=A*x+RB*u (k) ;

u_2=u_l;u l=-u{k);
y.2=y_1l;y_l=yout(k};
error_l=errorik};

end

figure(l);

plot{time,rin, 'kK',time,yout, 'k'};
xlabel ('Lime(s) ');

viabel('rin,yout');

7.7 BRESTIER PID iTH
771 %4548 52838

BIRRARER A E - AR BEFFATH MRS, BRI EFERETSNE
RERM—A e (EHR), M EFHEMSHMLE, FURABT, PARET—Hx
EXFHERREAKEEER. B 7-51 h—REEMrEE, MEREDM , EXERY
m, PEMENx, EEAKNG6.

2

2
y a—— |M H
[e B Le;

X

B 7-51 IR REE
REFREESLZNAEL G, FEATEAE LT (1, v5), T

Xg =x+1Isinf
yo =1cos@
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WRE e, BEUACERNEHisshmE 512,
FEAT B S B0 B3 shis 2h T B A0 FR ok ik
6 =Visin® — Hlcos8
AT, I AEFRSEECRIESIRE.
B ELRAFES A TAME

d?
m-—- (x+{sinB)=H
dr

A RO EEIZR B A A
2
mi—-[cosﬂ =V —mg
de?
NERUKFZE) BT RS
2
ME—I=H-H
dfz
B B/, sin6=8, cos®=1. WL FZKLITN
18 =Vi6 — Hi
mE+l8)=H
0=V —mg
Mi=u-H

ML (7.41) fk (7.43) 8
(M +m)i+ml8 =u
B (740) FR (7.42) 18
({ +m£2)§+mﬁ:mgiﬂ
A (7.44) Fz{ (7.45) GT5 84872578

g - m(m+M)gI' - mi ;
(M +m)l + MmI® (M +m)I + Mml’

. 2 IE 2

Y= m° g 9+ I+ml

— M
(M +m)I+Mmi* (M +m)] + Mm!?

Ao, T=tm, 121,
12 2

(7.40)
(7.41)
(7.42)

{7.43)

(7.44)

(7.45)

(7.46)

(7.47)

HHRISERR IR 4 ), BIREBTIE0Eme . E50 . NIEERTE x BN EWE « . ¥58
VBN EHELARE T EEER. 4 x()=0, X(2)=6, xB)=x., x(d=x, NHH

(746) WK (747 ARFHREHE (748

x=Ax+ Bu
0 1 0 0O) (0
It ITJ ’ A'—_- r] 0 O 0 * B= r:i ] f1= m(m-l‘M)gl . I
0 0 0 1 0 (M +m)I+Mml* "~
. 0 0 0] uy
mi F4+mi?

—

rs"—

—_— ‘[ — a
(M +m)f+Mml* " (M +m)I + Mml?

{7.48)

ngfz

(M A+ Mml®
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772 PP S 4R
NS RAER PD £H A, FoElsEA

u (k) =k ei(k) +k, dei(k) (7.49
A, eik) il deitk) APEHIEFRAT | BIR ZMIRZ AL E.
4
(k)= u, (k) (7.50)

Z T AT, XEBEERTH LOR Ak, EHEETREF B =Ax+Bu, B
HEREFEHRBu@)=-Kx(t) VK, @RFHIMEEER < E(x?QHuTRu)dr i Bt

iy B @ RIEE (BRAIEE) JUMKAFERSENFFEE, R BRIEREKFRENFRIER, @
R FRF AT REMERGFHAENEEY, ¢ PHAERRE DN TESHES TR

FRRERMANEEY. LOR #6851 % 4
K =LQR(A,B,0.R) (7.51)

u(k) = —Kx (7.52)

773 4 AALF B

TEDHIIEHEHN: g=98ms" (EHMEE), M=10kg (NERE),
m=01lkg (FFEIBE), L=05m FFFEE), p =0.0005 CNEENT SHKREEELD,
i, =0.000002 (FFARA T MEMNBEERYO. FAERTAE LS, PSSR0, &
[~ 10.410] |- 3%E4EEE.

KRBT =20ms , FIEREAIO0)=-10",000)=0, x(0)=020,x(0)=0, LHERE
H: 9(0)=0,8(0)=0, x(0)=1.0,%(0)=0, HFENHBEENTHEITHIER,

BS=1, XH PID #=H]. d1FByEEHIH R ARG EBIsh M MR, g
ZEESE, PID FHISHORIN R AEF PID RIS HE M Y 45 5 R F ) 246 1 [ 7-52
f17-53 Pras, AW, RA PID f2HI0] L3 4 B EEH, (B PID 58002 Mk A%
HY .

100 0 0 0)
0 10 0 O
BS=2, RHLQRZH|, Q= 0o o 1 ol R=010 sl (7.51) 7778 LQR
0 0 0 1
PRI ARG AR K = (—64.0799,-14.2285, - 3.1623,-6.6632) .

HEETEMEAM: (1) E]F chap?_10.m: (2) FF2FF chap7_L0f.m.
KA LQR B B L 4E M N 45 5 B b 384 tH W 18 7-54 FIBI 7-55 B, W, M LOR
] sk R SRR AR B B AR .
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02 v
? 0 f A ——————"
-02 ) . .
0 5 10 15 20
1 v v '
% 0 L
_1 M y I
0 3 10 13 20
(13 . v ’
2
=
2 oD
035 5 10 15 20
1 r ' '
g ﬂ:;7f""“*=-r—
-1 A i M
0 5 10 15 0
time(s)
7-5¢ A LQR HAiEminvEl
2 L T T
0

ViR

FEP: chap7_10.m

T/\—;

[[1] ]-5
time(s)
M 7-55 LOR #2080

$Single Link Inverted Pendulum Contrel

clear all;

close all;

global A B C D

%¥Single Link Inverted Pendulum Parameters

g=9.8;
M=1,0;
m=0.1;
L=0.5;
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Fc=0,0005;
Fp=ﬂ.DDUDD2:

I=1/12*m*L*2;

L=1/2*L;

tl-m* (M+m) *g*1/[ (M+m} *I+M*m*1~2];
t2=-mA2*g*1A2/ [ {m+M) *T+M*m*142);
Ede-m*1/ [ {M+m} *T+M*m*1421;
Ed=(T+m*122) /[ {m+M) *T+M*m*142];

A=[0,1,0,0;
+1,0,0,0;
0,0,0.1;
£2.0,0,0];

B=(D;t3;0;t4);

Cc=[1,0,0,0;
0,0,1,0);

D=[0:01};

Q=[100,0,0,0; 3100,10,1,1 express importance of theta,dtheta, x, dx
0,10,0,0;
0,0,1,0;
0,6,0,1);

R=[0.1];

K=LQR(A,B,Q.R); BLOR Gain

el_1=0;e2_1=0;e3_1=0;e4_1=0;
u_1=0;
xk=1{-10/57.3,0,0.20,0]; $Initial state

ta2=0.02;
for k=1;:1:1000
time{k) =k*ts;

Tspan=[0 ts];

para=u_1;
[t,x]:mde45['chap?_lﬂf‘,Tspan,xk,[},para}:
xk=x(length{x), :};

rlix)=0.0; $Pendulum Angile
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r2{ky=0.0; Pendulum Angle Rate
ri{k)=0.0; $Car Position
rd (ky=0.0; %Car Position Rate

x1{k)=xkil};
x2{ky=xk{2};
x3{k)=xk{3);
x4 {ky=xki{d]:

el(k)=rl{k)-x1(k};
e2 (k) =12 (k) -x2(k};
el (k)=r3(k}-x3(k);
ed{k)=rd{k)-x4 (k) ;

s=1;

if 8==1 ¥LOR
uikl=K{l)*el{k}+K{2)*e2{k)+K{3}*e3(k)+K(d) *ed (k) ;

elseif 5== s PD
del{k)=el(k)-el_1;
ul {k}=-50*elik}-10*delik};
deZ {k}=e2{k)-22_1;
uz (k) =-10*e2 (k) -10*de2 (k) ;
deld (k)=e3(k)-e3_1;
u3d{ki=-10*e3{k}-10*de3 (k);
ded (k) =e4d (K)-e4_1;
ud (k}=-10%e4 (k) -10*ded (k) ;
ulk)=ul (kt+u2 (k) +u3{k}+udik};

end

if u{k)>=10
ulk)=14;

elseif u{k}<=-10
ufk)=-10;

end
el _l=el{k}:
el2_l=eZ{k};
ei_l-e3(k);
ed_l=-e4(k);
u_l=uik};

end
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tigure(l):;

subplot (411} ;

plot{time,rl, 'k',time,x1, 'k'); $Pendulum Angle
xlabel {'time(s} ') ;vlabel {'angle');

subplot (412} ;

ploti{time,r2, 'k, time,x2, 'k'); %Pendulum Angle Rate

¥label {'time (=)'} ;ylabell'Angle rate’);
subplot {413} ;

plot{time,r3, 'k', time,x3, 'k'}; 2Car Position
xlabel ("time(s)  );ylabel( Cart position');

subplot (4141} »

plot{time,rd, 'k',time, x4, "k ; %Car Position Rate
xlabel ('time(s) ') ;ylabel ('Cart rate');

figure{5};

plot{time,u, 'k'); ¥Force F change
xlabelf'timei{s)');:;vliabel{ Force'};

FEF: chap? _10f.m

function dx=dymi{t,x,flag,para)
global A B C D

u=para;

dx-zerosi(d,1);

%5tate equation for one link inverted pendulum

Ax=A*X+B*u;

7.8 mE-NIERAZHIEE
781 FHE-MIZBLEHEMH

%ﬁ%%i%iﬁﬁ%ﬁﬂ%%ﬂﬁﬁﬂﬁ%ﬂ.%%ﬂ%ﬂﬁ¢$%ﬁk%%ﬁ,
ﬁﬁ%ﬁ%$&ﬁ%ﬁﬁ$%%t?%%%?%ﬁﬁ$$$§Rﬁﬁﬂ%%%ﬁﬁ,ﬁ%%
R BALEEE IR . RE-EELNE 7-56 B,

BIFFibissch: M. RERE, m: LEBERR: my: FERE, x. JIESE,
ﬁ:FE%:H:i%%;ﬁ:ﬁ%H&E:L:F%H&H:F:ﬁ$$%ﬁ;

BARIIHT, HATEMNLE. $x=|r 5 a ¢ B §|. THBXFIE. LA
FEMARREFE
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0 1 0 ,
o _—Keki —(m; +my)gr
Ra(Mr’ + ) Mr*+J
0 0 o
%= 0 — KeKr —[(M +r, +my)r +J)e
Ra(Mr* +J) (Mr® + I,
0 0 0
0 KeKi (M +m +m)r +7]g
| Ra(Mr*+1T) (Mr® + )i,
1 0 0 0 0 O]
010000
001000
y= x
000100
000010
0 0 00 O 1}

_

0

0

0
m,g

myl,

0

—(mb, +Lm, +my) g

m L1,

[

o o o o

X+

B 7-56 ME-REES

782 HE-VIZEHNFE

WOFE-SIESECH: AR/ =1x10"kg-m’, REHRKe=04758V.s, HEH
Bl Ra=135Q , HE RH K=0.0491kg- m/A , HIEH ¥ 7E r=002276m , m, =0.3kg ,
m,=05kg, M=04kg, },=0205m, I,=0.156m. ¥ -RBEHFAK(7.53), IHLHFRE

RAPRA T FE

A, A=

-232.

Lo [ o S . Y o B e Y -

1
—58.1558
0
—73.7445
0
73.7445

x=Ax+ Bu
y=Cx+D
0 0 0
~13.3099 O 0
0 1 0
—-112.7311 0 79.6748
0 0 0
112.7311 0 -247.1962

| Ra(Mr®+J), |

0
rkt

Ra(Mr® +J}
0
rkt

RaiMr® + NI,

0
rKi

(7.53)



B=[0 9.488388 0 46275 0 -46275[, C= , D=[0 0 0 0 0 0f,

o O Q= D

oo O O
O 0 = o oo
=2 - 20 o0 e D
o O O o

oS O~ o0

0 0 1

EFLRANBHERADELRAN S BYRLH. £ S &P, RREVBL%SH
B3, E7 mdiinitializeSizes B mdlOutputs . VAP sizes Sy, HiF 1 A4
WL, 7T NEA, ETMRAS, 66 MIANRENEDRE, BT MEANSENHE
B, Wl FLREHE, Hd s=1 5% LQR #5), 5=2 #3% PID 54, S RMBALE
Simulink 254,

RAVEREN: x(0)=0,20) =0, 2(0)=1.2,a(0)=0,80)=-12, (0)=0. H{mE®
BA: x(0)=010,20)=0, a(0)=0,&(0)=0,B(0)=0, 5(0)=0, H ARV B pr

72 Simulink (/HSRP, MELIREERL D L EaBRER. HIETEZE

TAB: (1) FEF chap?_ilm; (2) Simulink &5 chap7_1isimmdl; (3) S BB
chap7_11s.m.

(1000 0 0 0 ¢ 0)
0 1 0 0 0 0O
0 01000 0 0
=1, 2 LOR J# = ] R=0.10! I .51
Bs AR LQR =, W Q 0 0 0 1 0 o W@ (7.51)
¢ 0 0 0 100 0
0 0 0 0 0 1

\ /
" LQR ﬁ%ﬂ%&iﬁ'ﬂﬂjK=(10::1,1.0379,32.6933,5.0696,4&7526,0.6557) o NERLTRE

REWNME 7-57 & 7-62 Fim, TR, FALOR AIEHL R - BB R 1% ]
WS=2, XA P #4§l, BHSHERNEHRE, CANERL BB KI5 E 5, Hogmy
EFE 7-63 Biom. AT W, H PID R AR ST B B - BRI
AN AE-DRRGEEHNGE, BT PID 51055098 Bk

B 757 ANERERN
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FiEmwe

B 7.62 AR e Ry

B7.63 ADELEWERN

T EERF:
F#EF: chap?_11.m
$Control for Crane Double Pendulum

clear all;

close all;
global K
a=[ 0O 1.0000 4 0 0 0
0 -58,1558 -13.3099 0 0 0
0 0 0 1.0000 ) 0
0 -73.7445 -112.7311 0 79.6748 0
0 0 0 0 0 1.0000
0 73.7445 112.7311 0 -247.1%962 0]

B=[0; 9.48888; 0; 46.275; 0; -46.275]
C=[1 00000 ;

010000 ;

C 01000 ;

0001090 ;
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000010 ;
0000 1]

D=(0 00D O CO]"
Q=[1000 00 0 O D;
Q0 10 00 0;

0 0 100 0 0O 0;

Q 0 0 10 0;

0 00 0 100 0;

0 00 00 11;
R=[0.1];

K=lgr(aA,B,Q,R):

chap7_11sim;

Simulink F&/¥: chap7_11sim.mdl, 15 7.64 A,

x =Ax+Bu
cmm[jls—q-:+:q-thﬂh

7.64 MIE-TIFM Simulink 7 AR

S EHMBEF: chap7_1ls.m

¥ S-function for continucus state equatian

function [sys,xﬂ,str,ts]:s*function{t,x,u,flag}

switch flag,

fInitialization

case 0,

[sys,xﬂ,str,ts]=md1Initia1izeSizes;

¥O0utputs
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case 3,
sys=mdlOutputs(t,x,uj;
¥Unhandled flags
case (1, 2, 4, 9 }
sys = [];
sUnexpected flags
Otherwise

error { [ 'Unhandled flag = ',numZstr{flag)]i;

ernd

tmadlInitializeSizes
function {sys,x0,str,ts]l=mdlInitializeSizes
sizes = simsizes;

gizeg . NumContStates = 0O;

sizes .NumDiscStates = 0;

sizes.NumQutputs =1
sizes.NumInputs = 7
sizes.DirFeedchrough =

sizes.NumSampleTimes

H

sys=simsizes(sizes);

x0=[];
str=[];
ta=[];
tmdlOutputs
function sys=mdlQutputsit,x,u)
global K
8=1;
if 8==
sys=-K*[u{l}-u{7},u({2),u(3),u{4),u{5),u(6)]'; {LOR

elseif S5:==2
SYs=50* {u(7) ~u (1)) «10*{0-u(2) ) +10* {0-u(3) ) +10*{0-u(d))-10%{0-
u(S5))+10*{0-u{6)}; SPID

end
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% 8 & K&k & PID =4

8.1 KEIHIRE

MR EEH. BoEEANMMAES HIREO F£4% . KETNZBKEBET GMMN) i#
ITHRIE BT, HOfEalleied R stk R s, £8P EkeHNEH, XA
GM(M,N) 4 B K 10 35 551 .

8.1.1 4 R A5

(1) EMER (AGO——Accumulated Generating Operation )

WRE —HRGET, B—PEEAT, B _PHMERFEBHNE—NINE A KE,
£ OMERREGHE N B ASESAN . XEBRNFES]. FA BT
B, XA O TR S BN A R

BEARLK

,r“](k}:éx“‘”(i} (8.1

SEYy=x" -+ (8.2)

EMEREREEBEAERITFR. 2o UIrE s S IE s h Emr . BRI RE,

BEMENRGHIE, @824 S, MEEBIEENNE, B Y— R,
Tz bR AR L AR R . ROR B R — R A, Bt R, i B RS RER A
ENA iR,

(25 REARK

AR RGKF A )G A A SR AT S s . B R B R m s
5L, 124 IAGO(Inverse Accumulated Generating Operation). B 3IZ 5 v 8 BNk SR & N
FELRET], TREIEPERREBESA.

AL A
@ (7 (k) = x77 (k)
Ja? (T =2k )
a' (x'" (k)) = X' (k)
@ (" (k)= x (k)
A

{x‘“’(k} = xV(ky - xV (k-1
(8.4)

I{r—]](k} - It”(k) "xlri(k _1)
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8.1.2 GM & &AER

GM R RIBIKFEAEAL (Grey Model), —fREENE F¥IRFIR T 24718, KEERIER
FISAGR S AR L T Rt T RS mR pris e, FrCURIE S S 30 B AL RIS
BELFIBAEN R ERF, KO, A EITRE Y, ([ERR K A,

RERKEL (W HAKERR) HALEESE VMO RIER, 2EETTRES.

(1) KEHeHEILE SELAE— AL AKER, BBV IRENERE—%
o, —ENX AR AL,

(2) e THENRAEEINSERE, TR VETMERNA SRS R
FU 1] 5% Bt 22 408 B 4R A 2 0m LAAB BU BT BB A, BRI RTIRR Y BISEE, BB
BRI O AGO) FE, BT LUK g iR A R B R

(3) KOEWREFER IR LT HFAOMN s, #ie UEEERE, EXRSHY
VR Gl

(4) KEBRE KB RERAT . BRI ARES, RRAGDIMNEE GM BE
KR, BIE. BEEE., REREAEES CES .

G)&é@%%ﬁﬂﬁ%%ﬁ%cmﬁﬂm%ﬁﬂ@mﬁ.%ﬂ?%%\ﬁﬁﬁﬂa

w)E@@%Mﬁﬂﬁ&%%Tﬁﬁﬁmmﬁﬁﬁﬁﬁ%ﬁﬁﬁ,%ﬁﬁ&ﬁ%—ﬁ
H BRI ge.

(7) K& GM BE—BCORH R0, RN (RPEHE. BEE— AR s
EAE) KRR, KRBT, BRLRE. AEARR N LAY, EHEND AR
RALSTRE BB BB RRS, B0 X0 ERE SRS THS 0D

(8) MR ALEE, KOOI LWL GMM, N) BRI BB AR . GM AR BN — B i
%ﬁﬁﬁ,mWMEﬂﬁﬁﬁﬁﬁﬁﬁGMmﬂm%ﬁﬁE%ﬁ%e

w)mﬂﬁﬂ%ﬂﬁﬁﬁMﬁﬂﬁﬁﬁ(ﬁﬁﬁﬂﬁﬁﬁiﬁgEﬁ%ﬁﬁﬁﬁ%ﬁ
ZE. BN IAGO) EREJS 4 re.

&Xﬁﬁﬁﬁﬁmﬁﬁﬁﬂ,XWmaxwmﬁmxnﬁﬁw,xPﬁ%
X"E=12,,--,n) B 1_AGO 501, W

X\"=b, XM +b, X" +hb XV 4 g (8.5)

A7 GM(O,N) #7) ,

GMON) BRAAE R K AR AR, SIBE o [ IR 5 — A 2 T
&ﬁwﬁﬁﬂﬁ%$ﬁmﬁm,—%%%ﬁﬁﬁ@ﬁﬁﬁmm%ﬁﬁﬁﬂﬁﬁm,
GM(O.N) BT EAEERE N AZ RS KT | AGO Fed|.

8.2 It PID i24i
8.2.1 A& PID 454|695 0 2 b
KERGHERLEAREBH- Faiiass. vVREREL, BAME, HEHE.
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KHAKERENTTE, NTAREHTBIIKEHELY, FMACREENRETHRERS

EREERaN, LEREEH AR,
WRESAAER TR ESLREE, BAbDWN, D) BHFERES:. —H45RK

Exﬁkttﬁljr ' %Bﬁf’—ﬁﬁ?ﬁfﬁ?&: ﬂ'ﬁiﬁj‘ﬁﬁﬁj{]

D,y =Vix, +V,x, +..+V, x_+ f(t) =Vx+ f(1) (8.6)

A
V= V,---V) (8.7)
X =(x xex,) (8.8)

WV (i=12,,n) B f(0) BABERIER, TNV, R FOMER. B8, WEREERLTL
V.E&F@), MY DD Ex,x,, . x, IXFR, ATIAHHHSEERE x WRREE
D(x,0) . RERFMHRTEL —, BREERETIEITIER, FIHM %7, HPE
MEBE T ERSUEENIE, RS, NIEEKCRGEBD, BASmaa.

A x % Ay TR P e 1) 2R B
X0 — (x‘m(l),.r“'} (2),- .1_;[{{]'} (n)) (8.9)
F
A _k
k)= 2 (m) (8.10)
m=]
RIFR 0 () K ' (k) I B IR, 2K
AGOx'™ = 4 (8.11)

BRKGRFEER, RABMERSE, THIRLT GM©O,N) EH D(x,t) IKEHER,

A BT ) o H
DY =(D(1) D(2)---D(N)) (8.12)

FU=(f@) FQ2)- F(N)) (8.13)
X = (x5 (M) 522, (N)) |

(0) = ]_ 2 e N
.xz (2 (1) x,(2)--x, ( 3'}* (8.14)

X =%, (1) x,(2)-x, (N

itEP: Nzn+l.
ﬁD{”? f“}! ‘x:”(f=1,2,"';”)y‘]pmls f{m! Ifﬂ}(f=L2,“',H)E’{]§miﬁ‘iﬁﬂo

B TRXAR

DY (x,ty=Vix[" + Voxf’ - 4V 50 4 p O (8.15)
BANHE RS Dx, 1) FIREHR.
MTBEETIES AN

FOM=Fn=f
f“W2)=2fﬂJi2f (8.16)

FUNY =N f
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WBHIIA
Vf:'"z(ﬁﬁmﬁ,}f (8.17)
L EL IR PE A ] ]
02y o x2y
8= 1511(3) .x:f,'t{l’:} 2 (8.18)
AN e xP(N)Y N -1
KRB _FeE, HB BT, WE
Vﬁf =(B'B)"'B'D’ (8.19)
A M
Dy =(DV()DP2) DV (8.20)
FRINELR, 78 (8.6) AKMEHHHER
DU =V i, () +V2x, (k) 4+ Vo x, (k)4 f 8.21)

822 EEZ4LE PID Y

EPH FH N ERMETHRE T RS ME T A dh e MR e B4
k= Ax(t) + bu(@®) + bD{(x, 1) (8.22)
K, xeRue R, AMNnxnBH%E, bAnd#HF:, DGeR.
bD(x, ) KRRAMLILEF M A HESS, ERBEEATE S/ THHE,
Dx,e)=Vx, +V,x; +..+V x_+ f(t) (8.23)
FH PID ¥4

u(r) = k,e(k)+k, ie(k)? +k,de(k) (8.24)

AT HBARBERS O, SEREEREEHE, FREBRIEEY. §
ERFAKEA B ITE B KR S8V MR ok, REXN D) Mbl— 22 A
AME . B FRRMKEST A BREE LR MET, WA R SNRh AN RS
LR

ABE T H D(x) TIEEHERNR, 7 M0 RE LD,

L A

Dix, k)= %(ic(r) — Ax{t) = bu (1) (8.25)

SN, 1=kT, T RFREEY.
KA A B BT
F B " (k) B

f=1:21'”1”
k=12.-- N {8.26)
Nzn
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F_F HE L BEnEEE s

i=12-,n
(8.27)
k=12,--,N
BEg: HH _
) - @) 1
{1 {1)
g% %3 2 3.28)
Lx(N) o xV(N) N-1|
A, BTBMAREE, EAAGE, WNESMNN, S2 B B,
BE. BERELS% R (825 X, HHE DY) BEEH, HF
k=12, N (8.29)
ERW: DY k) BINEHEES
Dy =(D"1) D) -+ DV(N)) (8.30)
BAE: HEARHESBEHE
V=(B,'B,)"B,' Dy (8.31)
V=i V, - Va f) 8.32)
BAREAMVHERH) PID #5580 AW - B
M
KH PID #HATIEH], S AHESRTER S Y #1THH
BMER
WNFE, £ LAEHEEM b, BoTFS8V i EAM2iEE e, . e
H=u, + (3-33)
u, = —[2 Vx, + f J (8.34)
54
Bx.n=Y. (v, -V)x, + (£ 1) ) (8.35)
=1

RAFHIERE.33)N, RAMAEE NS, S IR,
R23 1FAARS R,

LB
RS E )

Gls) = 133

B s{(s +25)
BB REELREFEARR
x=Ax+bu+ bD(x,t)
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0 1 0
.thjr A:[ :‘: b:—[ :Icl
0 - 25 I33

b
Dix,t)=Vx, +Vox, + f

RT#HSHY =[5.05.0,5.0], REESZRAZKE PID B, Sid=MKENTE, &
B T SHU &5 K )
V =[4.6421,5. 0129,5.059 7]
BM=1, PXHRKRERGIME, PID HHIREREE LT E WA 8-1 M 8-2 Fix, B
M =2, FRKOBEHE, rPID BEREEREAEMA 8-3 M 8-4 Fik.

06 - : —
0.4
. N2F
ol
UE i - | 1
0 Q.5 1 1.5 2
time(s)

Bl 8-1 PIDERERIRE (M =)

— ﬂ L | - L
20 g 0s L 1.5 2
timels)

K 8-2 PIDEREFRETUE
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=

05 ! L.5
Time(s)

& g3 XfaPIDREFIRAEM=2)

0.5 i LS
time (8}

84 K PIDREEETFE

P EAEF:
. chap8 1.m

3PID Control based on Grey

clear all:;close all:
global a2l a22 b A B kp kd
para=[1]:

BB=zeros{l,3):

Ls=0.001;

model compensation

M=3: tNeeding N==2{2 is x demensior number)

TimeSet=[0:ts:ts*N};

%Using grey model to predict disturbance

V=zerog(l,3}:

[L,x]=0ded’{ chap8_1f', TimeSet, [0.5 0.51,[],para,V);

x11l=x(:,1);
X22=x(:,2);
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¥1l=x{2,:): %It is the first valae(neot including initial value)
BB=Ixi(1l,:),1];
for k=2:1:N

x1=fx1;x1{k-1,:)+x{k+1l,1)]:

BB=[EB; [x1(k,:} kll:

end

D=zeros (N+1,1);
for k=2:1:N+1
ddx (k) =(xZ22(k}-x22{k-1})/ts;
up (k) =b*kp*x11{k)+b*Rkd*x22 (K} ;
DIk} =1/b* {ddx(k}-a21*x1l{k}-a22*x22{k)-upik)}:;
end
Dl=zeres(N,1});
D1{1)=D{1}+0{2};
for k=2:1:W
Dlik)}=D1({k-1y+D(k+1};

and

Vli=inv (BB’ *EB} *BB ' *D1;
V=Vl

tarey P1D contrel using grey prediction results
N1=2000;

TimeSetl=[0:Ls:ts*MN1];

[C,x]=0ded5( 'chap8_1f', TimeSetl, [0.50 0.50),[],para,V)
xl=x{:,1);

I

X2=x{1,2};
for k=1;1:N1+1
kpd=[kp kdli:
up (k) =kpd* (x1(k};x2{k}];
uci{ky=-vV*[x1 (k) ;x2{k):1]: %Grey Compensation
uikl=up{k}+ucik};
end
figure(l);
plot{t,xl);
xlabel{'time({s) '} ;ylabel ('error');
figure(2);
plot{t,x2);ylabel {'derror');
xlabel{'time{s) ') ;ylabel (‘derror'};
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figure(3);
plot{t,u};

xlabel ('time{s} ') ;ylabel{'u'j;

MBS, chepl If.m

$Dynamic model

function dx«DynamicModel (t,x, flag,para.V)
global a2l a22 b A B kp kd

dx=zeros{2,1);

all=0:a2id=-25;
L=1323:

B=[0;L];
A=[0 1l:;a2l az22j};

Vv1=[5 5];
'F=5;

DD=V1*x+f; tSystem true disturbance
t#Control law

kp=-35;

kd=-5;

up=kp*x {1} +kd*x{2};

M=1;
if M==

uc=0_; N0 Grey Compensation
elseif M==2

ne=-v¥*[x;1171; $Grey Compensation
end
U-Up+Uc ;

Adx=A*X+B* {u+DD) ;

8.2.4 B¥MEHLE PID 54

HEHTERARSELN PID SR AT RENLENEENMENKLS, BhTAfE
TR NA RN, FEESE T ENEMAREN. ik, BRUSR#ER 2

VRESTEY, TERLRE. BESEN AHE BT S, R,
ZRPMNEH RS
x(k +1) = Ax(k) + bu(k) + bD(x, k) (8.36)
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A
xe RMiue B;D(x,k)e R

A, AXnxn BREIER, bAnEHEE. bD(x, k) (NEFRGH L ILEF A BEE R -

CEBESRAIAE 54 THE.
D k) =V x, +Vox, ++V.x +d(k)

4 H B
(1) RH PID eI AT 2K T3
(k) = u, (k)

| .
Dix. k)= —E(x ~ QX — Gy X — bu (1))

ATV B T
DODO) D) - DN D)

k
D“*(k}i ZD(J)
=i

&
DY =DV DM - DUWN-)T

HUETT R, N EE, el B ReEESEmEYT
D) =Vx("(K)+ V2l () + - +V xV () + d P (k)

~ ) " A, M

V=V V, - V. f)7
A

k
dV (k) = Zd(l)

{=]

dik) AR R, FEHERPATEERENER. B k) 0.

N T RENR, ARE
A —(87B)"'B*pW

X
[x"2) - M) 1
PN D N-1]
R

‘clet(B"'B)[ >g>0

(2) KMKE PID #4#)
En+DFE, B EE ., M,

(8.37)

(8.38)

(8.39)

(8.40)

(8.41)

(8.42)

(8.43)
(8.44)

(8.43)

(8.46)

(8.47)

(8.48)

(8.49)

(8.50)
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HR B, T IRF IR LE.
8.2.5 A5 AALR B,

(A
133
s{x+25)
LR R Ims R85 e B (8 B HUIRE AR R,
x(k +1)= Ax(k)Y +bu(k) + bD(x,k)

1.0 0.0010 — 0.0001
00 09753

G(s) =

J“‘:rpr A=
-0.1314

ST REHY =[0.50,0.500.50], FKABEMALKE PID i, £53 5 NSRRI PID
ekl BEITRMUERA: v =[0.50000026835824,0 50000000007557,0.49999987408683] .

BWM=1, ARAKEMhEME, THEH PID #5451, BERERTARmME 8-5 M 8-6
Finc. WM =2, REAKEHEIME, BERE, RETERSSI88E mE 87 & 8.9 Ff

e

.05
0
N —003 1
=t
—-u15
-02 ; .
0 0.5 ] 1.3 2
time (s)

I 8-5 PID IBEFEE (M =)

0.5

derrnr
—

G35

0 0.5 1 I.l5 2
time (=}

Bl 8-6 PID iREZ IR EAF (L H
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egrror

0,025 i
ol

'nm5 '} L 'l
i\ 0.5 ] 15 2

timef{s}
B 8-7 K PID MEIEE (M =2)

I Y T Y

0.5 N
alk

— 1 1 1 —t
Ujﬂ 0.5 1 1% 2

time(s)

B 838 K PID BRBRE#T( K

derror

02
04 "
- 0o F
-]
-8 4
-1 1 i 1
0 0.5 15 2

1
hime{s)

B 8-9 ZKfh PID #vibi 284 iy
I RFRIF chap8 2. m

$Discreted PID with grey model predictien
clear all;

cleose all:
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ts=0.001;

a=25;b=133;

J=1/133;

a=25/133;
sys=tf({1,{J,q.01);
dsys=c2d({sys.,ts, 'z2"'};
[num,den] =tfdata{dsvs, "v');

Al=[0,1;0,-a];

bl={0;b]:

Cl=[1,0];

D1=0;
[&,b,C,D]=c2dm{Al,bl,C1,Di,ts,'2"');
A=A;

b=-b;

Xx_0=[0;1];
}{__l =}{_U M

¥Uncertain Parameters
V=[0.5 0.5];d4=0.5;
$Initial Value
x.1=[1;1);

$Grey prediction
for k=1:1:N
time (k}=k*ts;
x1(k)=x_1(1};
X2 {k}=x_1(2):

Dik)=V*x_1+d;

kp=2.0;

up (k}=kp*x1 (kJ ;
u{k) =up (k) ;
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D=V*x_1+d;
X=A%x_1l+b*u (k) +b*D;
¥x_1=x;

cnd
xx1{1l)=x1{2};
xx2(1)=x2{2};
BB=[xx1{1) =xx2{(1} 1];

for i=2;1:N-2
X1 (1) =xx1{i-1)+x1{i+1);
XX2 {1y =xx2{1-1)+x2{i+1};
BB={BB;xx1{1) xx2(i} i]:

end

for i=1:1:N-1

D{i}:lfb*{[xlti+1];x2fi+1}]—A*[x1{i};xz{i}]-b*up{i}}:

end
D1{1)=D{2};

for i=2;1:N-2
DI1{i)=Dl{i-1)+D(i+1};

end

%abs{det (BE' *BR} ) :
V1=inv{(BB'*BE)*BB' *D1':
Vp=v1l'

¥Grey PID control
¥_l=x_0;

N1=2000;

for k=1:1:N1
time(k)=k*ts;
x1(kt=x_1(1);
x2{k}=x_1(2};

Dik}=V*x_1+d;

#Control law

M=1;

if M==1 Mo Grey Compensation
uc{k}=0;
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glselif M==2 %Grey Compensaticn
uc{kl=-(Vp{lh*x_1(1}+Vp(2)*x_1(2)+Vp(3)]);

end

up ikl =kp*xl{k};

ufk}=up (k) +uci{k};

DsW*x_1+d;
x=A%*x l+b*uik}+b*D;

){__j_:}[;

and

figure{l};

plot{time,xl1l);

xiabel ('time{s) ') ;vlabel('error');
figure(2);

plotitime, x2) ;

xlabel {"time(s) ') ;vlabel{ derror'};
figure({3);

ploti{time,u};

xlabel {'time{s) ') ;viabel{'u’};

8.3 Mt PID R BIRE
83.1 & EZ4 K6 PID 45 EiRkE

HRRAMNIELRE
x=Ax(t) + bu(t) + bD(x, 1) (8.51)
Ap
xe Riue R,D{x,nNe R
P, AMnxn BHPE, bAnHEE, bD(r,r) REELH LR EGHAREELY, ©

WIESEAHE ST,
Dx,)=Vix, + Vo, +..+V x, + (D) (8.52)
BMIANES A
r{?) =0.5smn(2nFt) (8.53)
Bk
r(k)=0.5sin(2REKT) (8.54)
b, FARMAGSME, 740,
4
R'(=[r(t) #1)] (8.55)
2 R E A B
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(1) XA PID #2347 RO FH
utt) =u_{t)

D(x.k) =15+ a —bu)
b

HHEEHEYRE
D‘mi(l)(]) D(2) - DY

&
D“*(k)izp(n
i=0)

D{]}Ii(D{I]I(z} D{”(:}} D(]}(N})T

fENDia, AT RERRN 2 ER YV
DYV (x,0)=Vx]" () + Vo () + - +V 2" (1) + F V()

"

V=1 V, - Vo f)
A
f‘”(k)-Zf(D

F @) ABrt iz, Eﬁ%ﬂﬂh*?ﬁf’%ﬁﬂﬁ% ¥ Fy etk f.

fam b B AR, KkE

VHT :(BTB)-—I BTDH]
A
{])(2} i I:;”(Z} l
B= IT”G) xft”(sy 2
Ny ) N -1]
H

‘det(BTB)| >e>0

(2) KAZEE PID %)
IAFMERSE e, B

= up + uc
" n N
u, = Vx, + f]
=]

EE B, M8,
BRI RERET RSN
x=Ax+bu+bD(x, 1
Dix,t)=Vix, +V,x, + f
KAWH KO RE2ME PID #2241

U=y P+uc

(8.56)

(8.57)

(8.58)

(8.59)

(8.6(h

(8.61)
(8.62)

(8.63)

(8.64)

(8.65)

(8.66)

(8.67)

(8.68)

(8.69)
(8.70)

(8.71)
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Ak Efit 4%, KA PID 24l
w=u, (8.72)

8.3.2 {FAEAZF R

LB

ZRBERABRRNELRA
x = Ax(t) + bu(t) + bD{(x,1)

0 1
A Az{n pY

TR EHAV=[5-5], d=5, &iF 4 ~*REFME., THEBHITEERR
V ={4.7117,5.0109,5.2018] .

S {58 H—MEE N 050, $EN 1.0 KIEEES. BM =1, FRAKEHIMME,
B (k)=0, {ERENE 8-10 Fix. BM =2, XHAKOH M E, CEREWE 8-11

IR

]. bT =(0 133)

ame(s)
[ 8-10 PIDVBRE(M =1)

] 1 1 T

_E 1 1 |
0 0.5 l P53 P
time(s}

8-11 KEAPIDHEEEM=2)
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{7 FLi% .
FFEF: chap8 3. o

$Grey model PID Control
clear all;close all;

global kp kd a b A B F AA

F=1.0;
para=1[];

AbL=0.50;

$Disturbance Prediction

BB=zercs (1, 3};

ts=0.001;

N=4;

ab=abs (det (RB' *BB} } ;
TimeSet=(0:ts:ts*N];

V=zeros(l,3);

[t,y]=0ded5{ chap8_3f',Timefert, [0 0]1,[].para,V);

w=2*ni*F;
r=A&* (sin{w*t)};

dr=Al*w*cos {w*t} ;

y0=vy;
3"’1=FD {2; :] v
BB=[y1{1l,:),11;

for k=2:1:N
Y1l=fyl:ylik 1,:)+y0(k+1,:}];
BB=(BB; [yl({k,:} k]]:

and

¥1l=v({:,1);
va2=y{:,2);

D=zeros (N+1,1);

for k=2:1:N+1

%Grey Prediction

D)=1/*((y22(k)-y22(k-1))/ts-a*y22(k)-b*kp*(r(k)-y1 1 (k))-b*kd*{dr(k)-y22(k)));

end

Dl=zeros{N,1};
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D1{i)=D(2);

for k=2:1:H
DT{k)=D1{k-1)+Dik+1}:;
end

ab=abs {det {BE' *BB) )

¥l=inv (RB' *BB)} *BB' *D1;
V=V1"

($PID Control

N1=2000;

TimeSetl=[0:ts:ts*N1];
[t,¥]l=0ded5( ' chap8_3f',TimeSetl, [0 O], [], .para,V);

yl=yi{:,1);
y2=y(:1,2);
r=AA* (sin{w*t));
dr=AA*w*cos{w*tL]} ;

ddr=-Ad*w*Z*sin{w*t) ;

e=r-vyl1;

de=dr-v2;

for k=1:1:N1+1
up (k) =kp*e(k}+kd*de (k) ;
uc{kl=-v*{yli{k};y2({k);1]; $%Grey Compensation
ufk)=up{kl+ucik};

end

figure{l};grid on;

pletit, r,'vr', t,v{:,1), 'b'};

xlabel{'time{s) '};vlabel{'r,v };

figure(2);grid on;
ploti{t, r-vi{:,1}));

xlabel{'time (s} ');vlabel {'error'};
figure(3};grid omn;

plot{t,u);
xlabeli{'time(s) ') ;yvlabel{'u');
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MR BFEFF: chap8 3f.m

¥Dynamic model

function dy=DyrnamicModel (t,y, flag,para,V)
global kp kd a b A B F AA

dy=zeros{2,1):

3#Input signal
W=2%D1*F;
rr=AA*sin{w*t);
dr=Aa*w*cos{w*t) ;

ddr=-AA* (wA2) *sin{w*t) ;
r=[rr;dr};

b=133;a=-25;
B=[0;:b]:
A={0 1;0 a]l;

V1=[5 5];f=5;

DD=V1*y+f; $True disturbance
tControl law
kp=30;kd=5.0;kpd=Ikp, kd} ;
up=kpd* (r-y};

M=2;
1f M==1

uc=0; %No Grey Compensation
elseif M==

uc=-vV*[v;1]; iGrey Compensation
end
U=Up+uc;

dy=A*y+B* {u+DD) ;
833 BHALKEPIDZERE

HIRERMA BB RS
x(k+1) = Ax(k) + bu(k) + b x, k) (8.73)

H, xe R ue RiD(,k)e R, A} nxn 4, b BEEE,
bD(x,k) R REH LIS M & B A 284 CRESEAHES T,
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D(x,k)=Vx +V,x, +-- +V x, +d(k)

REAGESH
r(t) =0.5sin(2nF1)

=5 L A
r(k) = 0.5sin( 2 FkT )

XA, FORARIARSHE, 7 XRLER.

,@\
RY(k)=[r(k) &)
EEElR S R AR B
(1) EH PID ¥ HilHE{T A 6 Fi)
u(ky=1u (k)

D, k) =" (x(k + 1)~ Ax(k) — Bu(k))
it B A M &

DPS(DO) DA) - DIN-L)

k
D*”(k}iz,ﬂu)
D“}i{D”J(U) Dl“(l) D“:'(N—l))T

HUERI R, &d N8R, BIArGvh il R R R
DV (x,k) =V x{"(k)+Vyx;" (k}+-- 4V xV (k) + 4V (k)

M

V=V, V, - V. £)°
NS

k
dVky ="y dib)
=0

Ak MBI, TEEBQER, a0 ik d .
BN R A RA
L?T — (BTE)-IBTD{JJ

A
22 e XD 1
B: -x|f”(3) I,',.”(?') 2
x}" (W) o xt N-1
H

|det(BTB)[ >e>0

(2) RHKE PID 324
B fngME ) . B R A
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(8.74)

(8.75)

(8.76)

(8.77)

(8.78)
(8.79)

(8.80)

(8.81)

(8.82)

(8.83)

(3.84)

(8.85)

(8.80)

(8.87)



M=u, U, (8.8R)
u, =) V,x, +d) (8.89)

i=]

R MrER, fhv3sE b TIE.
834 1xAAEF B AAT

AR 36
X R NEEFREK
x=Ax+ bu+bD{x,1)
101 T
A—L} _25}!} ={0 133)
LUR A0S T8] 1ms BEEL4EA
x(k +1) = Ax(k) + bu(k) + bD(x, k)
{1.0000 0'0010} b" =(0.0001 0.1314)
0 0.9753

ShMFIRBEAV =15-5], d=5, &1 5 MERERNR,. TEITRESEE R
V,=[5.0000 -5.0000 5.0000]
REES I —EER 050, HAEN 3.0 MILEEYS. J6=18% PID KEFD,

G=2H24 PID KfaiZ#H. £XKE PID ¥, MM =1 B RZHAKETMEH2E, B
u (ky=0, EMRBENE 8-12 Fis: BM =2 4ARAKETHMGIME, A BEEWE 8-13 Fr

AN

0.5

F.xl
]

-5 i i
0 B2 0.4 06 0.8 1
time{s)

B 8-12 FRAKGRMHE PID frBIRE (M =1)
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—1 L J | 1

o Q.2 04 06 08 1
time(s}

[ 8-13 X6 PID AL RIRESE (M =2)
AR chap8 4.m

#Discrete PID Control with grey model prediction
clear all;

close all;

ts=0,001;

Il=2}'

Ah.:{}tS;
F=3.0:;
N1=1000;

N=n+3;

w=2*pl*F;

¥5ystem model

Al=[0 1;0 -257;

Bl1=[0:133};

Cl=[1 0]:

Dl1=[0];
[A,B,C.D]=c2dm(al1,B1,C1,D1,ts, 'z2');

V=[5 -5];d=5;
X_1=[0;0]);
for G=1:2
for k=1:1:N
time(k)=k*ts;
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rik)=AA* {sin{w*k*ts)};
Ar{k)=aA*w*cos {w*k*ts) ;

x1ikt=x_1(1};
X2 {k)=x_11(2):

$Control law

if G==1 ¥For Grey Prediction
uc(k)=0;
elseif G==2 iFor Grey PID Control
M=2;
1f M==1 $Nc Grey Compensation
uc (k) =0;

elseif M==2 %Grey Compensation
uc{kl=-(Vp{l)*x_1{1)+Vp(2)*x_1{2)+Vp(3));
end

andt

kp=80;kd=10;
efk)=r{k)-x1{k};
de (k}=dr{k)-x2(k);

up ikl =kp*e (k) +kd*de (k) ;
ulky=upik}+ucikl;

$Plant
DD=V*x_1+d;
Xx=A%_l1+B*u{k)+B*DD;
x. . 1=x;

end

if G==1 %Grey prediction
xxd (1) =x1(2);xx2({1)=x2({2}:
BB=Ixx1{1) xx2(1) 1)];

for i=2:1:N-2
ML {1)=xxl(i-1}4+x1(i+1);
XRX2 (1)} =xx2(1i-1)+x2(i+1);
BB=[BB;xx1 (i) xx2(i) 1i]:

end
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for 1=1:1:N~1

ufi)=kp*e{i)+kd*de{i};

DDD(i)=1/B*{ [x1(i+1);x2(i+1)]-A*[x1{i};x2(i}])-uli};
end

D1{1}=DD0{2};

for 1=2:1:N-2
D1{i)=D1{1i-1}+DDD{i+1);
end

and

Xp=[x1' x2'];

if G==
ab=abs (det {BB' *BB} }
Vi=inv{BE' *BB} *EB'*D1";
Vp=V1l'

oend

N-N1; $1f G-2

end

figure{l);grid on;
plot{time,r, 'r', time,x1, 'b');
xlabel{'time({s) '} ;ylabel{ 'r,x1"'};
figure(2);grid on;
plot{time,r-x1, 'b'};
xlabel{'time(s)');vlabel{ 'error');
figure{3);grid on;

plot{time,u};
®xlabel{'time(s}');ylabel('u');
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% 9% fRA% PID 324

9.1 RARMEEESXHET PID =4
9.1.1 Stribeck AE#EAEA Phi4

RIRAZGNERNSHESHRIFFERY, DSBS T EERMER, B Stuibeck
BHELR LR 2R, W] 9-1 . HEE
T HENRIFIEERE R, BEROESEES i
R, EZKRRELA stribeck B 2% .
F - Stribeck AEHEIE I O] Fe 7% 4
%Em#aﬁ,ﬁ@ﬁ%

-F,  F@®>F_

F.(ty=<-F(@) —F <F<F 9.1)
F F(ty<-F_

e fé(r)‘}aﬂﬂ‘, S EEE A

F (r):(FE +(F, - F.)e ) ]sgn(ﬁi(r)) (9.2)

F{t)=—-719() (9.3)

RA, FORNENS, F, BBRKBERT), FAFBECEE, 6() btz faimg, o
o HAFE N EREE.

Fl 1)

Fin ——

SR O 1)

B 9-1 PEE.EAFdheE (Sinbeck L)

9.1.2 —ABAIRE sfbid

LURITHBE S RRAELR NG, & B =W &%, WLEER Fa s g —
HHES, EAREN O T BT RB M B &, M 35 0 AR Sy JE 25 R A B
R RIRBIREEFb. {E BOHE 017 B 65 4 BT % 3 1 90— IR, ZHEAEXHE
AN, HREEARER, R IR R R G T

HA K, PWM UK K ES, R %8R R, K, WEPLIEREE, C Hw
Eﬁﬁﬁﬁ;i%ﬁ@m%@ﬁﬁ,ﬁﬂ%%ﬂ,d&%%%ﬁ%;ﬂﬂ%ﬁ%ﬁka

REFRBREENLEN, CTHEME SN BRSFETREN T

(0 0 | () 0 0
Sl=l ke + u(t)~| 1 |F, () 9.4)
i) (1) ~=ne | Lxp () -

Km
A k() =00) FEM, 1,)=60) MEEE.

K —=
JR
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r{f)

ulry

FID

+ém{ &1}

-
i I‘*
B o)
VR [ Kn [ 1/(/s)

Bt}

¥

1/5

T

Fe)

e

L |

9.13 FAESRSH

o SN

B 9-2 HEMRRGLR

RAEESREMRRESHOT

SHELEBRZR, HPS=IWERERT. S=20MEKFES, S=3hHHES. &

R=771Q, K, =6N-m/A, C, =12V/(rad/s), J =0.6kg-m?,

K,=11V/V,F.=15N-m,F, =50N-m, a, =10, & =0.05

THEER S =1, {RHEIEZREEESTES R r(r) =0.050sin(2nr)
K H PD {54

AR RGE T ER, HIEM =0 WA F, (0=0. X5 PD 4], MM SREsR
4B 9-3 01 9-4 Fion. REEREY, TEEEE, KA] PID R 7k LA ST I S8

BM=1, HHEEEINE PID & HIIRES P E 9-5 TIH 9-8 FiR. R4 HEHAF
WHERENT, CEBEFE P g EEREGE “BX” We. ¥H PD &

u(t) =180e(r) + 50é(1)

HIRBIEE, THOAR R .
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Position tracking

05

1.5 2 25 3
timels)

B 9-3 JGAEEET R RERER (M = 0)



speed tracking

61

003

Position tracking
=

|
=
o
L

-1

05

speed tracking
=

2.5

02 T "

01

oF

o1}

25 3.3 ] 13 2 33 3
time(s)

H 9-4  JERESRR A PR

{ 0.3 1 [.5 2 235 3
timei s}

B 9-5 HAERR G BEREE M =1)

k N e i 'l
0 05 1 15 2 25 3
nime(s)

96 HARERESE IR
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A RERF:

time(s)

Bl 9-8 iy ARER I 25 4 )

FERF: chap9_l.m

$PTD Control with Stribeck Friction Model

clear all:

close all;

glebal w A alfa J Ce R Km EKu 8§ al Fm Fc M

$Servo system Parameters

J=0.6;Ce=1.2;Km=6;

Ku=11;R=7.77%;

W=1*2*pi;A=0.10;

Sﬂ T T T
g OF 7
I
=
N
—5{] -\ N . L
08 - 0.6 04 -0.2 ] 02 0.4 0.0
B 97 MEF ()T
14 ¥ T — ¥ L
5
x O
. B
-10 1 . i i L
0 0.5 l 1.5 2 25




alfa=0.05;

T=3;
ts=0.001; %Sampling time
TimeSet=[0:ts5:T];

M=]; $1f M=0, No Friction works
S=1;
[L,x]=0ded5{"'chap%_1f',TimeSet, [0,0,01};
xl=xi{:,1);

X2=x1{:,2);

X3=x{:,3};

if 8==
rin=A*sin{w*t};
drin=A*w*cos {(w*t) ;
ddrin=-A*w*wr*sin{w*t);
error=rin-x{:,1;;

derror=drin-x(:,2);

end
if 8==
for kk=1:1:T/ts+1
rin(kki=1;
drin{kk)=0;
ddrini{kk)=0;
error {kk)=rin{kk}-x1{kk) ;
derror{kk)=drin{kk)-x2{kk);
end
end
if S==13

for kk=1:1:T/ts+1
rin=A*sign{sin{0.4*2%*pi*g));
drin{kk)=0;
ddrin{kk}=0;
error{kk)=rin(kk)-x1(kk);
derror{kk) =drin (kk) -x2 (kk) ;
end

end

L]

F‘—""J*x[::3.} r
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}[2“-*?:{:;2]?
for kk=1:1:T/ts+1
time{kk)=({kk-1)*ts;

if abs{x2{kk))<=alfa

1f F{kk)>Fm
Ff{kk}=-Fm;

elseif F(kk)<-Fm
Ff (kk)=Fm;

else
Ff(kk)=-F(kk}:

end

end

if x2{kk)=>alfa
Ff(kk}=Fc+ {Fm-Fc) *exp(-al*x2 (kk) ) :

elseif x2{kk)<-alfa
FL{kk)=~Fc-(Fm-FcC) *exp{al*x2 (kk)};

end
1f M==0
Ff{kk}=0; $%No Friction
end
uikk)=200*error (kk)+40*derror{kk} ; %PID Control

if ui{kk}==10
Ufkk}=10;
end
1f uf{kk}<=-10
ui{kk}=-10;
end
end
figure(l);
plot({t,rin, 'r',t,x{:,1),'b"};
xlabel {'time(s) '} :;vlabel{ position tracking');
figure(2};
plot{t,drin, 'r',t,x(:,2}, 'b'};
xlabel ("time(s)');ylabel {' epeed tracking');
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Figqure{d);

plotit,error);

xlabel{ time{s)');:;ylabel{'error'};
figureid);

plotix{:.2),Ff);

xlabel | 'speed'):ylabel (‘Friction');
figurei{5j;

ploti{time,u);

xlabel {('time{(s}');ylabel{'u'l;

FFEAF: chap?_1fm

function dx=Model {t,x)

global w & alfa J Ce R Km Ku £ al Fm Fo M
persistent aa

dx=zeros {3, 1l);

2l=1.0; %Effect on the shape of friction curve
Fm=50;
Fo=1.5;

F=-J*%{3};
1f L==

end

d¥F=s-Jd*aa;

if abs(x(2))<=alfa
if F=Fm
Ff=-Fm;
drf=0;
elseif F<-Fm
Ff=Fm;
dFf=0;
else
Ff=-F;
AdFf=4F;
end
end
if x{2)=alfa
Ff=Fc+ (Fm-Fc¢) *exp{-al*x(2)};
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AFf=(Fm-Fc) *expi{-al*x{2}1*{-al) *x(3});
elseif x(2)<z-alfa

Ff=--Fc-{Fm-Fc) *expl(al*x({2]);

AFf=-{Fm-Fc) *exp(al*x{2))*al*x(3);

end

i1f 85==
rin=A*sin({w*t);
drin=2A*w*cos {w*t) ;
ddrin=-A*w*w*gin (w*t};
dddrin=-A*w*w*w*cos {(w*t) ;
end
1f 8==2
rin=1;
drin=0;
ddrin=0;
dddrin=0;
end
1f S==
rinzA*sign{sin(Q.4*2*pi*t));
drin=0;
ddrin=0;
dddrin=0;
end
error=rin-x(1);
dexrror=drin-x{2);

dderror=ddrin-x{3);

u=200*error+40*derror; ¥P1D

du=200*derror+40*dderror;

if u==10
u=10;

end

1f u<=-10
u=-10;

end

if M==0
Ff=0;dFf=0; $No Friction
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end

Ax(l}=x(2);
Ax(2)=-Km*Ce/ {(J*R} *x{2) +Ku*Em*u/ (J*R} -F£/J;
dx(3)=-KEm*Ce/ {J*R) *»{3) +Ku*Km*du/ (F*R) -dF£f/J:
aa=ax{3);

9.2 fRRFEFZ=ILR PID =5
9.2.1 18R A% =36 PID ¥4 &%

U EERARZ N, KiEHghmE 99 fin, HFr HIERSEZRUBRALSE,
8 M AMNESES.

ik REHATH Y BB W ER B M HM, B EMERES AR- 3%,
AERFAF TR AMEEERE, SIANEIESELREHEE R, HiEK RS
PAGEEDPRE, HERERHRNFIE RSN ETREENEHEX AR AREE.

r o+ FIRE + A iTHLN: HENR (o}
_'?‘“' Wi [ '—? | e ﬂfﬁﬂﬁlﬁ > wguEx [T

W

mra: [

% 9-9 HEHREKIER
HERARALREMMARR. EFRNBRFERNE 9-10. 9-11 F 9-12 FiR.

+ g
r-? ~ waim | wAE Ll Ll

F9-10 AR RESAfr BIER

u o4 X T

! 1 &
'

K, J

B 9-11 AR EFER
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o] = Ky
Lst+R -
I

B 912 FRRARLBRRITEHE

EhReSaLWTF: r AEERS: 0 AHERMA: K, 0 PWM EBAER: KA
EEBAEY: K, VEEFRMAR: K IRARRES: LOEKARE, RAHEME
M. K, R#HPONEY: C AEIREmR R J TR ERENBE: bk
MR, HhI=J_+J , b=b,+b , J,MJ FAHBYIAAEKESRE, b,
o, AR AHEVAARKOKSERERE: T, 083008, SREEENES .

BRAEBER RSN T AR ERRT

F.(1)=F, -sgn(@)+b_-6 (9.5)
EHIEFH PID #HH+ETRERIRIE R, AR REFAEEHIERRA
u,(t)=F, sgn@)+b,, -6 (9.6)

Rot, £, Rb, GRS R S B BI A R, S ARTTOURES RS, &R
.

922 FEARAFBRLSW

1A M 3L B
BENBEN-PRAFEZAEHPIRARES. ABRRESHAEHSHEERFPETT

Wik, REXHEMEN Ims. MM=2, KEHBAKRLSHEZEMNRES:
r(t) = Asin(21tF1) + 0.5Asin(1.0nF) + 0.25Asin(0.57Fr) , H'F A=050. F=0.50.

BB K, . LFC KERD, ariRtEREF,, Mb,, X EE I 5 om i R BT
5A
Gain = K, x K, xlI/Rx K, xK,
AF. K, AR R WEBRAGT R F, b, b
F,, = F /Gain
b, = b_Gain
G5 R Hlk R
u(f) =u, (H+u, (1)

2, w, ()0 PID FHIERM, R=IMRMN L, =15, k, =010, ky=15.
IRHER 5 I BRI TR R A ME 2 BB AT {5 5L

T R
FIRGLAR T chap9_2fm

%¥Three Loop of Flight Simulator Serve Bystem with Direct Current Motor
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clear all;

close all;

$il)Current loop

L=0.001%1; (L=<l Inducrtance of mortcr armature
R=1; %Resistence of mator armaluore

Ki=0.001; %Current feedback cmefficienl

¢ (Z)Velocity loop

kd=6; YVelocity loop amplitfier coefficient

kv=2: 3Velocity loop [eedback cnefficient

J=2; Shquivalent momont of nortia of fram: and molor
b=1; tViscogsity damp coefficient of frame ind motor
km=1.0; FMotor moment coefficicnl

Ce=0.001; %voltage fecdbaclk coeffioiarnl.

tFriction mode!l: Coulomb&Viscous Frictlion

Foe=100.0;bc=30.0; %Practical friction

%3(3)Positlion loop: PID contreller

ku=11; $Voltage amplifier coelficient of PWM
kpp-150;

kii=0.1;

kdd=1.5;

¥Friction Model compensation
tEgquavalent gain from feedforward to practical friction
Galn=ku*kd*1/R*km*1.0;

Fol=Fo/Gain; bel=bc/Gain; %Feedforward compansabion

tlnput signal initialize
F_0.50;

A=0.50;

te=0.001; R5ampling time

M=2;
1f M== %5ine Signal
k=R000;
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Cima={0:ts:k*ts] ' ; $Zimulation time
rin=A*sin{2*pi*r*time) ;
Arin=2*pi*F*A*cos (2*pi*F*time};
elseif M-_24 tRandom Signal
T=4%99;
Cime=zeros({T,1});
rin=zeros(T,1);
drin=zeros{T,1);
rinil)=0;
drin{l})=0;
for k=1:1:T
time(K+l)=k*ts;
tRandom signal
rintk+1) =A*gin{2*pi*F*k*ta)+0.5*A*sin (2 *pi*D . 5*F*k*tg) +. . .
0.25*A*sin(2*p1*0.2R*'*k*t 5 ;
drin(k+1l)={rin(k+1)-rin(k)) /ts;:
ond

end

PR AR Simulink 2FF: chap9_2.mdl, W 9-13 Al 9-14 FF .

{time drin]
M
|
JH P Ejp inl
okl c L e o
f kd i u 1“2 ¥
[time,nn] Py

®9-13 i8I0 Simulink {52 R
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Eo9-14 mMYERE Simulink {1 ERF

A LAY ) Simulink FHEEHL.

(1) JCEE#ELTARERAFE, [EZSnE SREEg R E 9-15 MH 9-16 Frir.

B 9-16 [FixBnfassEmes

(2) HrEEECATAMERT B 15
IEZ2 A SIREWE 9-17 MM 9-18 R, W THEEKER, F{EEEEN,
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B 9-18 Fsx&mnfESEMRE

(3> WEEFAHMITRNE

\ERBIE SERER A 9-19 A1 9-20 Frav, KA PID 3§+ AU B rl R R M 5
ARAEERIREW, FEAHER TR ERERN “PFIR” MOEAREN ‘X", LW TEHEHNAE
BR R FHOE R ER RS

B 9-19 TFaaBnfES4 BRE
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B 9-20 F3#Z8M{ES 58 EHE

0.3 —_RERERASA PID 54
931 ZREFAREAL PID 248w

WE 9-9 Fiar, fERFRERT B HRE D DRI RSEBE, RAAFRFARRES,
ZRESEFHHERAEN. WTLHRZL, REENSHEEEEESH, BEZRRK
RV, T EHAMERBEA SRR, AEVEAIEMERT, e S
FEHERENS TR, I TNEEERK, REHAIEEERRN R LSRR K.
HRERBIRR, RUETENRLAERNERNRREZE. bTARMNS AT, £
BB FEMEETTIF. MREREE /D, NZEERERS DB IS E ISR, &
RN RENS SRR . N REHEH M AR 9-21 Fiadall,. sadtak
UL B — B S ST AR =R B R .

WREE 9-21 B LA TR, BERRES RIUER 9-22 aTESEHLR D2 HE,
WREFRRRERBRER 9-23 (REETHE) TTBARIHEHE.
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B 9-21 ®Bil-Eshih-fidEs
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1 ] —qi-

JLS.+ b].. L]

H9-23 fFiERE

CHRERBRRENBETEN HFTE

L

(ETuE
28=9

iR+Li=u, —C8,_~K
T, =ik,

J 8 =T, -b0 —K (@, —6)
';a(ém _HE-L)= KL(em _GL)_TmL

JLQ--L - TII.'I.L - bLéL

9.7)
(9.8)
(9.9)

(9.10)

(9.11)

A, T, RS SRER, 6, e B AN FARKNER, J I 2B AHEHN
RREENRE, b, M b, FHHBP AR HEIRE RE, K AR AFELR Y (5158

GRIERE, T, AfEmEd OE.

R AT I R, T ERFE S REMGKAE L, KA oA AR I, h,
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BREFEFEPHSNTINT AR EE#EA, F()=F, sgn@)+b,_ -8
RIS KA PID 326, ZHOEA N L, =60, k; =30, ky=20.

HRYE A IA BT AHT IR

i B

PIRGALFRERS: chap9_3f.m

%Three Loop of Flight Simulator Servo System with two-mass of Direct Current
Motor

clear all;

close all;

F{l)Current loop

L=0.001; BLe<]l, Inductance of motor armature
R=1.0; %*Resistence of motor armature
ki=0.001; ¥Current feedback coefficient

F{21Velocity loop

kd=6; Velocity loop amplifier coefficient
kw=2; ¥Velocity loop feedback coefficient
Jm=0.005; tEquivalent moment of inertia of motor
bn=0.010; tViscosity damp coefficient of motor
km=10; #Motor meoment coefficient

Ce=0.001; TVoltage feedback coefficient

J1=0.15; tEquivalent moment of inertia of frame
bl=8.0; ¥Viscosity damp coefficient of frame
kl=5.0; $Motor moment ceoefficient belween frame and motor

#Friction model: Coulomb&Viscous Friction

Fo=10;bc=3; %Practical frictien

${3}Position loop: PID controller

ku=11; #Voltage amplifier coefficient of PWM

kpp=60;
kii=3 .'D;
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¥Input Signal Initialize
F=0.50;
ﬁ:D.ED:

ts=0.001; $Sampling time

k=5000;

time=[0:ts+k*ts]'; %Simulation Lime

rinzA*sin{2*pli*F*time] :
Arin=2*pi*F*A*cos {2*pi *F*time) ;

ZHI RSP Simulink F2/7: chap9_3.mdl, W& 9-25 & 9.27 PR,

(%DMECFNM
(Dt k>l fin 1 1 43 |

inl 2 3 Dut!-w—im--T + h,ﬂ -
A -

- in3

- “’
o fiu)
;]
B 9-25 . JREBRAMRAS - #FFN Simulink {5EBF
-
2
th———a-E:]
EFFOT Ot ,h-—]-l-,_ Fou!
[time.rn] «)@—» FIT} —H—:-_J_LL—:- inl
Ou2
PID
10
Mux 2 ""I‘_I
[time,drin] )

P 9-26 1 XX 81 PID #4 Simulink 17 12
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; l ; ? ms-+hm b%

-

B 9-27 eLBEYRY Simulink (7 EAZFF
(1) JOEEsRR, IEEAr B EREFTIE BEBRER A A RN 9-28 T 9-29 B,

B 9290 FixHAmRE

(2) WEEEENT, 1EZAr EBRECFERFNE EuE 0-30 18 931 figs, By Taemsm
WIfeH, TERHEIRER, MERETF “FH” NS, EFREEE “FRK” L.
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% 10% PID Ers4164C + +
151K AR A

10.1 MEEH C+ +5%1{k

LB

WRRH M EEREA
523500
G(s) =

5> +87.355% +10470 5
KAEETRH 1ms, FRIBNRAEBLHA
y(k) = -den(2}y(k - 1} - den(3}y(k - 2} - den(d) y(k - 3}
+ num(2pe(k - 1} + num(3)eue(k - 2) + numidyu(k - 3)
DRMAESIBEKES, ETNERENFR. PID E#RH SR L =25k =0,
k=028 . MiBFEUFEERY chapl0_Lm, PID MK mE 10-1 Bia. #48 C++i8
& (Borland C++) /¥ A chapl0_2.cpp-

14

T | L
12 F N
i
08 F
06 -
04 |
02 b
% 0] 03 03 04 25

time{s}

B 10-1  PID &% BRmaA

MESUEHEF: chapld_l.m
$PID Controler
clear all;

close all;

ta=0.001;
sys=tf{5.235e005,[2,87.35,1.047e004,0));
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dsys=c2disys, ts, 'z"};

[num, den] =tfdata(dsys, 'v'};

u_1=0.0;u_2=0.0;u_3=0.0;
v _1=0.0;y_2=0.0;yv_3=0.0;
K=[D; DJ’D] 1;

error_1=0;

for k=1:1:500
time(kl=k*ts;

rintkl=1; $Tracing Step Signal
kp=0.50;k1=0.001;kd=0.001;

uwik)i=kp*x {1} +kd*x{2}+ki*x{3); %PID Controller

$Linear model

vout (Ki=-den{2)*y_l-den(3)*y_2-den(d)*y_ 3+num(2)*u_l+numi{3)*u_2+numid) *u_3;
error{k}=rin(k) -vout (k) ;
$Feturn of parameters

W 3=u_2Z;u_2=u_l;u_l=uik}:
v_ 3=y _2;y_2=y_1;y l=youtik);

x{l)=error{k);: $¥Calculating P
X{z)=({error{k)~error_1l)/ts; $Calculating D
2{3)=x(3)+error(k) *ts; ¥Calculating I
Xx1(kl=x{3};

error_l=error(k);

end

figure(l);
plot{time,rin, 'b', time,vout, 'r');

xlabel ('time{s)'};ylabel{ ' rin,vout'];

C++ BB HERER: chaplo_2.cpp
/{PID Realtime Control
#inciude <math.h>

int k;
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double yout,u,rin,u_1=0,u_2=0,u_2=0,yout_1=0,yout_2=0,vout 3=0;
double Error_1=0.0,Error 2=0.0;

double ts=0.001;

double timek,pi=3.1415%926;

double kp=0.50,ki=0.001,%kd=0.001;

double Error,Perror, Ierror,Derror;

vold main{)
{
for (k=1;k<=5000;k++)
{
timek=k*ts;

rin=1;

//Practical Position Degree Signal at time t
yout=2.9063*yout_1-
2.8227*yout_2+0.9164*y0ut_3+D.GBSB*D.BDl*u_l+D.3338*G+Uﬂl*u_2+D.G81?*ﬂ.Dﬂl*u_E;

Error=vyvout-rin:

fFAPID Controller

Perror=Error; //Getting P
lerror= Ierror+Error*ts; //Getting &
Derror=(Error-Exrror_1)/ts; //Getting D

u=kp*Perror+ki*Ierror+kd*Derror; //PID Controller

//Update Parameters
Error_Z2=Error_1;

Error_l=Error:;

vout_3=yout__2;

vout_Z=yout_1;

yout_l=yout; //Positienal Signal at k-1
u_3=u_2;

u_Z=u_1;

u_l=u;

}

}
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1022 ARH&adieediagit

BRSBTS R JL AN AR Th A

(1) Pl FHEH IniTimer(). interrupt)F IrqHook()EH. H A IniTimer()sLTR M
R4k, interruptQEB P MTALEE, IrqHookOZEHL R Wikhht RH:. RWIRIEN 1ms, #HWE
B REREPHNERR, FHTRE 8253 BRSSPk, REiEiSEH 8250A #
Ko PSR LTH pidetrlh P HE;

(2) rEBEGESHXE: XH DD HREW, B ReadD_DORETHK:

(3) MY XA D/A S, B write_DAQBR TSR

(4) #4: HFERH controlQLIMELRTHH], R ReleaseHardware()STHE 25 4| 1,
HEE,

(5) BERR: BEEAMS MK EH DynamicDisplay() 33

(6) S EE: feRh% KbGetKey()H SetupKeyReaction()SEB,, 4% 2 W7 k30 pidetrlh
e, HPREAFD PSR, BN A ALT+X @SS,

(7) BYEFFHE: B R DataSaveRoutine()SEM, 1% FS ROMRERIE, 7 U2 N xyz.dat;

(8) WERHVIML: B ER¥ ResetShuXianBiao()SEH .

10.2.3 15 AALF B 5 HF

{3

e HE b i fhid el ¥
1770

{r =
)= T 605 + 1770

FHERTE Y 1ms, BEULA
y(k)=1.94y(k -1)-0.94 y(k - 2) + 0.0008674u(k - 1) + 0.0008503u(k - 2)
chapnel I Signal EEHMASE SHR LR, K channel=1 HF &1 HE, Signal=l N
EWAES, HEEY 0010, %N 0.50Hz. ¥F PD T BIBB A THES, R
k,=10,k=1.0, JM =10 EESH D/D RREFE, 4 PID LHEH: M=2m4F

S RRES N, & PID HERE. M EREEEmE 104 Fix.

104 R fgs g
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{FEEF: chaplo_3.cpp

//Real-time PID Control
//0ptions-=Linker->Libraries->Graphics Library

//Copy c:\Boriandaibgi\*.bgl files to the current directory
//Copy the H file 'chapl0_3.h' to ‘include directory

//8et: (llciiborlandchinclude; (2)cr\borlandeiylib;

#include <math.h> /fUsing sin{)

finclude <conio._h» //Using clrser() and getch{) and kbhit {)
#include <graphics._hs

#include <stdio.hs //Using sprintf{}

#include <dos.h> //Using _disable{} and _cnable!)
#include <string.h>

#include <bios.h> //Specially for std fun bioskey()
¥include <stdlib.h= //Using exit ()

#include <chapl0_3.hx //Interupt parameters

#define OUTPORT outporthb

#define TNPORT inporthb

#define T 500

tdefine DD _PORT 0Ox380 //D/D board base address

int channel=1: //three frame: 0:inner; l:middle; 2:outter
int Signal=1; //8ine Sigmnal
f/int Signal=2; f/8tep Signal

double PositionCommand[TIMER RATIO]
double Linel [1IMER_RATIC];
double CurrentPosition[TIMER RATIO] ;
double Line2 [TIMER_RATIO];

double A,F;

double u=0.0, ts=0.001;

double pi=3.141592653%8979;

double timezt=0;

int flag=0;

unsigned short UpdateFlag=0;

double mStep, mStep 1, Step, SaveStep=0; //mStep_1(t)=mStep(t-10)
//mStep must defined double

unsigned short I temMNum;

unsigned short TimerCount;
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unsigned long Counter;

unsigned short flagrs;

unsigned short FinishSimulate;

FILE *xvz;

#define DD_PORT 0x380 //Inner frame

vold ResetShuXianBiaofl)

{

outport (DD_PORT, 0x0) ;
outpoert (DD_PORT, Ox£) ;
outport (DD_PORT+4, 0x0) ;
ocutport (DD_PORT+4, 0xf) ;
outport (DD_PORT+8&, 0x0) ;
cutport {(DD_PORT+8, 0xf) ;

double angle_1;

double ReadD_D{unsigned short channel)

{

unsigned short Data_Hl,Data_Ll,Data H?,Data_L2:
long int data,angle_degree,angle_minute, angle_second;
double angle,anglel, errory;
do
Data_Ll=1npgort (DD_PORT+4*channel) ;
Data_Hls=inport (DD_PORT+2+4*channel} ;
Data LZ=inport {DD_PORT+4*channel) :
Data_ HZ=inport (DD_PORT+Z+4*channel) ;
lwhile{ (Data_Ll!=Data_L2) || {Data_Hl'=Data_H2}};

data=i{(Data_Hl & Ox3f)*65536+Data_Ll);

anglel=data*{(.9; { /8ecand per data

if(({bata_Hl & 0x80) ==0x80) //nagative if Data_H.7 ==1
anglel--anglel;

angle=anglel /3600.0: f//Change from Second to degree

returnf{angle);

‘ #define Da_Board Ox1AQ

vold Write_DA(double dvalue, int channel}
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unsigned int hi, low, hilow;

int state;

double voltags;

voltage=dValue;
if{voltage=2.0)voltage=2.0;
if{voltage<-2.0)voltage=-2,0;

hilow= {unsigned int) ({voltage)*65535/20);

hi=hilow&0Ox££f00;
hi=hi>>8;
low=hilow&0Oxff;

outporth(Da_Board+(, channel): //8elect channel
do

{
state={inportbh({Da Board+0}}&0x80;

} while(state==1)}; f/read bit D7; if D7=0 write data
outporthi{Da_Board+l, low) ; Jiwrite low byte
outportbh(Da_Roard+2,hi); //write high byte
outportb{Da_Board+3,0) ; /istart da

int KbGetKey(int *ScanCode}

{

lzml

int Key:

int KeyCode:
Key=bioskey (0} ;

1f ( (Key&0x00£f) ==0}
{

KeyCode=0;
*ScanCodes= {(Key=>8)&127:
}

alse

{

Key(Code=Key&0xff;
*ScanCode=0;

;

return{KeyCode) ;



int BavedFlag, SaveCounter;
volid SetupKeyvReaction{void}
{

int Key, Scan;

1f(kbhit({))

{

Kev=EKbGetKev {&8can) :
if {Key==KB_C_N F5 && Scan==KB_£& _MN_F5]

{
SavedFlao=1;

SaveCounter=0;

}
1f (Key==KB_C A X && Scan=<=KB_ S _2&_X)

{
FinishSimulate = 1;

double huge DataSaved[DATA DIMENTION] [DATA_LENGTH] ;
void DataSaveRoutine( long int SaveSpan)
{
if{SavedFlag_-=1}
{
if{{SaveCDunter{=5ave8pan*DATA_LENGTH}J //DATA LENGTH is Defined by

chapl0_3.h

{
int SavelIndex = SaveCounter/SaveSpan;

//5ave data(rin,yout) to xyz.dat
DataSaved[ﬂ][Savelndex]=PDsitiDnCDmmand[1temNum}:

DataSaved[l][SaveIndex]=CurrEHtPosition[ItemNum];

}

SavelCounter++;
if{SaveCeunter>=SaveSpan*DATﬂ*LENGTH} { SavedFlag=0; SaveCounter=0; }

b
1f{SavedFlag==0) saveCounter=0;

» 297 -



int M;
double yoult, error,derror;
double u_l=0,u 2=0,y_1=0,y_2=0,error_1=0,error_2=0,ei=0;

double Control{double rin,unsigned short channel)

{

M=2:

if{ M==1} //Realtime control

{

yvout=ReadD Di{channel); //Read realtime data

CurrentPosition[ItemMum) =yout;

H

1f{ M==2 } //Simulation control

{

yout=1,94*y_1-0.894*y 2+0.0008674*u_140.0008503*%u_2;

}

CurrentPosition[ItemNum] =yout;

vout=CurrentPosition[ItemNum] :

F=0.50;
2-0.010; 1if(Aa==0.0} { A=0.0001; }
rin=A*sin{F*2*pl*timezt);

errors=rin-yout;

u=10,0%error+1.0*derror+0*ei;
/fUIpdate Parameters
y_2=y_l;y l=yout;

U_2=u_l:;u l=u;
error_2Z2=error_1;

error l=error:

return u;
}
int Cycles=5; //Display cycle times
vold DynamicDisplayi}
{
/fMake a window
char stra[50];
Lol i,8point;

int bottom,middle, top,right, left;
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bottom=300;middle=200;top=100;1eft=50;right=550;
setcolor (RED} ;

outtextxy (270,50, "PID Control_er");

line{left, top, laft, bottom) ; //lineleft
sprintf (stra, "$f",8*6_0/5.0};
outtextxy (36, top-10, stra);

line{left,top,right, top); //linetop
outtextxy {36, middle, "0"};

line{left,middle, right,middle) ; f/linemiddle
sprintf{stra, "%f", -A%*6.0/5.0);
cuttextxy (36, bottom+5, stra) ;

tine(left, bottom, right, bottom) ; /flinedown
line{right, top, right,bottom) ; /flineright

/ /Make Curve Range
for{(1=0;i<TIMER_RATIO:i++] //Plot 10 points once a time

1
Spoint:mﬂtep_lfEteD—TIMER_RATID+i; //8tart point

Spolnt=Spoint/Cycles; //25000/(10*T) =One Cycle

1f (Spoint%T==0}

{

clrscr();

}

putpixel(Spoint—{SpDianT}*T+5G,—lDD*5.UI6.D*
(Linel[i]/A}+200,BLUE) ; f/Practical output

putpixel{SpDint~{Spointh}*T+5G,—1Dﬂ*5.0£6.ﬁ*
{Line2{i]/A)+200,RED) ; //1deal output

putpixel{SpDint—{Spoint!TJ*T+SD,—IGG*5.DEE.D*
u+200, BLACK) : //Contrel output

void IniTimer{ unsigned char timer mode ) //Initial 8253
{
unsigned char value;

_disable{};

//8eting control word

DUTPGRT{TIMER_EASE+3,timer;mode];
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value = TIMER VALUE ; //Low B bits
QUTPORT{ TIMER_BASE , value };

value = TIMER_VALUE / 256 ; //High B bits
QUTEPORT{ TIMER BASE , wvalue );

_enablef{};
}
vold interrupt { *0ldIrgvVect }{ _ CPRBARGS );
voild interrupt TimerIrgvVect{ _ CPPARGS } //Interupt processing

{
unsigned short i;
_disable{};
TtemNum = Counter$TIMER_RATIO;

i1f (Counter%20000==0)

{

Counter=0;

saveStep=SaveStep+mSten;

mStep=0;

}

mStep += Step; //k*ts: TIMER_CYCLE / TIMER_RATIOQ:

1f {Signal==1) J/Dvnamic Signal
{ Positimnﬂommand[ltemﬁum]=A*sin{F*2*pi*mStep]; }
if {8ignal==2) //Static Signal

{ PogsitionCommand([ItemNum]=24; }
u=Control (PositionCommand[ItemNum] , channel);

Write_D&{u, channel)}:

DataSaveRoutine (1) ;

Counter++;
1f{{--TimerCount)==0) //Updating 1 times while interupted by 10 times
{

UpdateFlag=1;

mStep_l=mStepn;

TimerCount=TIMER _RATIO;
'

CUTPORT (EOI, 0x20); //0CW2 value:0010 0000
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_enable(};

}

vold IrgHooK ( unsigned short.

{ *newVect ) { _CPPARGS ) }

{
_disable();
0ldIrgvVect = getvect ( irgnumber );
setvert { irgnumber , newvVect )
_enable{);

void ReleaseHardware ()
{
_disable(};
setvect (Irgnumber,OldlrgVect);
Write DA(0.0,0);
Write DA{0.0,1);
Write_DA{0.0,2});

_enable():

main (void}

{

int 1,3.,k;

irgnumber, vold

unsigned char timer0_mode,strtime[l0];

int driver,mode:
driver=DETECT;

initgraph{&driver, &mode, ""};

timerd_mode=T8253_ MODE_3|T8253_CHANNEL 0|

T8253_BIN_MODE|T8253_LOW_FIRST;

Step=TIMER_CYCLE/TIMER RATIC;
mstep=0;

mStep_1=0;

Counter=0;

TimerCount=TIMER_RATIO:

clrscr{};

Reset3huXianBiaoi);

//8253 timer setting

//Step=0.01/10=0.001ls=ts

interrupt
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//Using interupt function
IniTimer (timerd _mode); //8253 timer setting

ITrqHook ( Irgnumber, TimerIrgVect) ;

while (1) //1 1is true
{
timezt=SaveStep+mStep;

1f{UpdateFlag==1)

{

UpdateFlag=0;

for{i=0;i<TIMER_RATIO;i++)

{
Linel [1j=PositionCommand{i]:
Line2 [i] =CurrentPosition[i]:
}

SetupKeyReaction() ;

DynamicDisplay():

¥

sprintf (strtime, "$f", timezt};
bar{260,380,360,360};
outtextxy {285,385, "time(s)"};
outtextxy (280,370, strtime};

I if{kbhit(})) { break; } //Break by any key
if (FinishSimulate==1} //Break by "ALT+X*"
break;

}//BEnd of for{} loop

f/0pen xyz.dat for save data

if {{xyz = fopen('xyz.dat"', *w"))== NULL)
{
printf{"Cannct open output file xyz.dat.\n");
exit{ 1 };
t

fixye=fopen{ "xyz.dat", "w"}:

fort i=0;i<DATA_LENCGTH;i++)}
{
for{ j=0; j<DATA_DIMENTION; 5++)
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{
fprintfixyz," %10.6f ", DataSaved([j)[i]});

}
fprintf(xyz, "sn"};
}

feclose (xvz) ;

ReleascHardware(} //Clear all output u
getchi{}; //Any key to exit
closegraph();

//Raegtores the original video mode detected by initgraph
restorecrimode{} ;

return 0;

} //End of main{}

BEYTEUEF: chapl0_3.h

#define TIMER BASE Ox40 //Timer base address
#define TIMER RATIO 10 //Digplay timer rate
#define TIMER_CYCLE 0,.001*TIMER_RATIO //Display time cycle

#define TIMER_VALUE 1193 //Define interupt time:sampling time(ts=0.001s)
#define Irgnumber 0x08 //Realtime Iinterupt kind:Clock Interupt

//Bave data parameters

#define DATA DIMENTION 2

#define DATA_LENGTH 100

/8253 timer {P225)

#define TB253_MODE_O 0x00
#define TB8Z53_MODE_1 0x02
bdefine TE253_MODE_2 Ox04
#define T8253_MCDE_3 Ox{(é
#define T8253_MODE_4 0x08
#define T8253_MODE_G 0x0a
#define TB253 _CHANNEL_ O Ox00
#define T8253_CHANNEL 1 Dx40
#define T8253_CHANNEL 2 0x80
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#define T8253_BIN_MODE 0x00
#define T8253_RCD_MODE Ox01

#define TBZS3_COUNT_LOCK 0x00

#define T8253_CCOUNT_LOW 0x10
#define TR253_COUNT_HI Ox20
#define TB2H3_LOW_FIRST 0x30

/78259 control{P197)
fdefine EOI Ox20

//befine key value//
#define KB_C_N_F4 0
#define KB_S_N_F4 &2
#define KB_C_N_F5 (
#define KB_S_N_F5 £3
#define KB _S_A_X 45
#tdefine KB_C_A X O

#ifdef _ cplusplus

#define __ CPPARGS
#endif
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