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(2) WM ES$ S PEEL: chap5_lobv. m

function [sys, x0, str, ts] = s_function(t, x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] = mdlInitializeSizes;
case 1,
sys = mdlDerivatives(t,x,u);
case 3,
sys = md1Outputs(t, x,u);
case {2,4,9}
sys = [];
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [sys, %0, str,ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

sizes. NumDiscStates

~

sizes. NumOutputs
sizes. NumInputs =

sizes.DirFeedthrough =

~.

Il
o O N O N
~.

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 =1[0;0];

str =[1;

ts =[1;

function sys = mdlDerivatives(t, x,u)
ut=u(1);

dth=u(3);

k1 =1000;
k2 = 200;

a=5;b=0.15;

sys(1) =k1 % (x(2) —dth);

sys(2) = —x(1) +a*ut—k2 % (x(2) — dth) — b * dth;
function sys = md1Outputs(t, x, u)

sys(1) =x(1); % il L
sys(2) =x(2); % o AR 5

(3) PE¥EXT4 S %L chap5_lplant. m

function [sys, x0, str, ts] = s_function(t, x,u, flag)
switch flag,
case 0,
[sys,x0, str, ts] = mdlInitializeSizes;
case 1,
sys = mdlDerivatives(t, x,u);
case 3,
sys = md10utputs(t, x,u);




case {2,4,9}
sys = [];
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [sys, %0, str, ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

~.

sizes. NumDiscStates

sizes. NumOutputs

sizes. NumInputs

sizes. DirFeedthrough

~-

sizes. NumSampleTimes

~-

sys = simsizes(sizes);

x0 =[0;0];

str =[1;

ts =[1;

function sys = mdlDerivatives(t, x,u)
ut=u(1);

b=0.15;

a=5;

d=150% sin(0.1 % t);
ddth= —b* x(2) ta*ut—d;

sys(1) =x(2);
sys(2) = ddth;
function sys = md1Outputs(t, x,u)
d=150 % sin(0.1 % t);
sys(1) = x(1);

sys(2) =x(2);

sys(3) = d;

(4) YEWRF : chap5_1plot. m

close all;

figure(l);
plot(t,p(:,3), k', t,p(:,4), 'r:", 'linewidth',2);
xlabel('time(s)');ylabel('d and its estimate');

legend('d', 'Estimate d');
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(2) ¥EHI4S S BREL: chap5_2ctrl. m

function [sys, x0, str, ts] = s_function(t,x,u, flag)
switch flag,
case 0,
[sys,x0, str, ts] =mdlInitializeSizes;
case 1,
sys = md1lDerivatives(t, x,u);
case 3,
sys = md1Outputs(t, x,u);
case {1,2,4,9}
sys = [];
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str,ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumDiscStates

sizes. NumOutputs

~.

sizes. NumInputs =
sizes.DirFeedthrough =

~.

o = U = O
~.

sizes. NumSampleTimes

sys = simsizes(sizes);

x0 =[1];
str =[];
ts =[1;

function sys = mdlOutputs(t, x,u)
thd=u(1);dthd = cos(t);ddthd = - sin(t);

th=u(2);
dth=u(3);
dp=u(5);

b=0.15;a=>5;

e =thd - th;
de = dthd — dth;
c=15;

s=cx*xetde;

xite=5.0;
M=2;
if M==
ut =1/a* (ddthd + b * dth+ ¢ * de + dp + xite * sign(s));
elseif M== % Saturated function
delta=0.10;
kk = 1/delta;

if abs(s)>delta
sats = sign(s);
else
sats = kk * s;
end
ut =1/a* (ddthd + b * dth+ ¢ * de + dp + xite * sign(s));



end
sys(1l) = ut;

(3) W% S BE%L: chap5_2obv. m

function [sys, x0, str, ts] = s_function(t,x,u, flag)
switch flag,
case 0,
[sys,x0, str, ts] = mdlInitializeSizes;
case 1,
sys = md1lDerivatives(t, x,u);
case 3,
sys = md1lOutputs(t, x,u);
case {2,4,9}
sys = [1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [sys, x0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

~.

sizes. NumDiscStates =

~-

sizes. NumOutputs

~.

sizes. NumInputs

~.

sizes.DirFeedthrough =

~-

1}
o o B B O N

~-

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 =1[0;0];

str =[1;

ts =[1;

function sys = mdlDerivatives(t,x,u)
ut=u(1);

dth=u(3);

k1 =5000;
k2 =500,

a=5;b=0.15;

sys(1l) =kl % (x(2) — dth);

sys(2) = —x(1) taxut—k2* (x(2) — dth) — b* dth;
function sys = md1Qutputs(t, x,u)

sys(1) =x(1); s dffiE

(4) PRyEXT 4 S %L chap5_2plant. m

function [sys, x0, str,ts] = s_function(t,x,u, flag)
switch flag,
case 0,
[sys,x0, str, ts] = mdlInitializeSizes;
case 1,
sys = md1lDerivatives(t, x,u);

case 3,

e RS 1.7t 11 TL L FEL SERIE . [
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sys = md1Outputs(t, x,u);
case {2,4,9}
sys = [1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

I
o O B W o N
~.

~-

sizes. NumContStates

~.

sizes. NumDiscStates

~-

sizes. NumOutputs

sizes. NumInputs =

~-

sizes.DirFeedthrough =

~-

sizes. NumSampleTimes

sys = simsizes(sizes);

x0 =[0;0];

str =[],

ts =[1;

function sys = mdlDerivatives(t, x,u)
ut=u(1);

b=0.15;

a=5;

d=100* sin(0.5 * t);
ddth= —b* x(2) ta*ut—d;

sys(1) =x(2);

sys(2) = ddth;

function sys = mdlOutputs(t, x,u)
d=100* sin(0.5 * t);

sys(1) = x(1);

sys(2) =x(2);

sys(3) = d;

(5) YEEFF . chap5_2plot. m

close all;

figure(l);

subplot(211);

plot(t,v(:,1),'k', t,y(:,2),'r:', 'linewidth', 2);
legend( 'ideal position', 'tracking posotion');
subplot(212);
plot(t,cos(t), 'k', t,y(:,3),'r:", 'linewidth',2);
legend( 'ideal speed', 'tracking speed');

figure(2);

subplot(211);

plot(t,p(:,3), k', t,p(:,4), 'r:", 'linewidth',2);
xlabel( 'time(s)');ylabel('d and its estimate');
legend('d', 'Estimate d');



subplot(212);
plot(t,p(:,3) —p(:,4),'r", 'linewidth’',2);
xlabel('time(s)');ylabel('error between d and its estimate');

legend( 'Estimate error of d');

figure(3);
plot(t,ut(:,1),'r', 'linewidth', 2);
xlabel( 'time(s)');ylabel('Control input');
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5.2.3  FREOcECT-IOBMI SR i 3t v
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i BFE)T .
D7 BB . VLI B4 B
(1) Simulink F#F: chap5_3sim. mdl

chap5_3plant d
Sine Wave S-Function1 To Workspace2
. Mux »{ chap5_3obv » dp
Clock To Worksp'ace S-Function2 To Workspace1

Mux1
(2) XL ¥ . chap5_3plant. m

function [sys, x0, str, ts] = NDO _plant(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 1,
sys = mdlDerivatives(t, x,u);
case 3,
sys = md1Outputs(t, x,u);
case {2,4,9}
sys = [];
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

sizes. NumDiscStates

~

sizes. NumOutputs

sizes. NumInputs

sizes. DirFeedthrough

~.

I
o B P W o N
~.

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 [0.1,0];

str =[1;

ts =[1;

function sys = mdlDerivatives(t,x,u)
ut=u(1);

dt= -5;

% dt=0.05* sin(t);

sys(1) =x(2);

sys(2) = —25 % x(2) + 133 % (ut +dt);
function sys = md1Qutputs(t, x,u)



dt= —-5;

% dt=0.05* sin(t);
sys(1) =x(1);
sys(2) =x(2);

sys(3) =dt;

(3) TR Y . chap5_3obv. m

function [ sys, x0, str, ts] = NDO(t, x, u, flag)
switch flag,
case 0,

[sys, %0, str, ts] =mdlInitializeSizes;
case 1,

sys = md1lDerivatives(t, x,u);
case 3,

sys = md1Outputs(t, x,u);
case {2,4,9}

sys = [1;
otherwise

error([ 'Unhandled flag = ', num2str(flag)]);
end
function [sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates =1;
sizes. NumDiscStates =0;
sizes. NumOutputs =1;
sizes. NumInputs = 4,
sizes.DirFeedthrough = 1;
sizes. NumSampleTimes = 0;
sys = simsizes(sizes);

x0 =[0];

str =[];

ts =[],

function sys = mdlDerivatives(t,x,u)
K=50;

J=1/133;

b=25/133;

ut=u(1);

dth=u(3);

z=x(1);

dp==z+Kx*Jx* dth;

dz =K (b* dth—ut) - K« dp;
sys(1l) =dz;

function sys = md1Outputs(t, x, u)
K=50;,

J=1/133;

dth=u(3);

z=x(1);

. . TR 1- 7. 1- 1+ T ILLFEL LRI . [
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dp=z+K

* J * dth;

sys(1) =dp;

4) fEE T . chap5_3

close all;

figure(1l);
subplot(211);
plot(t,d(:,3),'r',t,dp(:,1),' - .b', 'linewidth',2);
xlabel('time(s)');ylabel('dt and its estimation');
legend('dt', 'dt estimation');
subplot(212);
plot(t,d(:,3) —dp(:,1),'r', 'linewidth',2);
xlabel( 'time(s)'); ylabel('error between dt and its estimation');

D5 B (2) . B RGN BT
(1) Simulink F#)F: chap5_4sim. mdl

plot. m

\

Sine Wave

Clock To Workspace

Mux1

(2) BE#N 4% . chap5_3plant. m (UL 05 B2 (1))

(3) EHISEF . chap5 4ctrl. m

function [sys, x0, str, ts] = s_function(t, x,u, flag)

switch flag,

case 0,

[sys, %0, str, ts] =mdlInitializeSizes;

case 3,

sys = md1Outputs(t, x,u);
case {1,2,4,9}

sys = [];
otherwise

error([ 'Unhandled flag = ', num2str(flag)]);

end

function [ sys, %0, str, ts] = mdlInitializeSizes

sizes =

simsizes;

sizes. NumContStates =

0;

iﬂ—v chap5_4ctd - » chap5_3plant > X
S-Function3 S-Function1 To Workspace2
ut
To Workspace3
chap5_3obv » dp
S-Function2 To Workspace1



sizes. NumDiscStates

~-

sizes. NumOutputs =

~-

sizes. NumInputs

sizes. DirFeedthrough

~-

n
¢ =
<~

~-

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 =[];

str =[1;

ts =[-10];
function sys = mdlOutputs(t, x,u)
J=1/133;

b=25/133;

thd=u(1);
dthd = cos(t);
ddthd = - sin(t);

th=u(2);
dth=u(3);
dp =u(5);

e =thd - th;
de = dthd — dth;

c=10,
xite=5.0;
s=cxetde;

% Saturated function
delta=0.05;
kk = 1/delta;
if abs(s)> delta
sats = sign(s);
else
sats =kk * s;

end

k0 = 10;
Sut=J % (c*de+ ddthd + b/J * dth—1/J % dp + kO * s + xite * sign(s));
ut =J * (c * de + ddthd + b/J * dth— 1/J * dp + k0 * s + xite * sats);

sys(1) = ut;

(4) FIMEZFEF . chap5_3obv. mJLAG E M (1))
(5) YEEREF . chap5_4plot. m

close all;

figure(l);

subplot(211);

plot(t,sin(t), 'r', t,x(:,1), "'~ .b', 'linewidth', 2);
xlabel( 'time(s)');ylabel('x1 tracking');
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legend( 'ideal angle', 'x1');

subplot(212);

plot(t,cos(t),'r', t,x(:,2),'—.Db', 'linewidth',2);
xlabel( 'time(s)');ylabel('x2 tracking');

legend( 'ideal angle speed', 'x2');

figure(2);

subplot(211);

plot(t,x(:,3),'r",t,dp(:,1), = .b', 'linewidth',2);
xlabel( 'time(s)');ylabel('dt and its estimation');
legend('dt', 'dt estimation');

subplot(212);

plot(t,x(:,3) —dp(:,1),'r', 'linewidth',2);

xlabel( 'time(s)');ylabel('error between dt and its estimation');

figure(3);
plot(t,ut(:,1), 'r', 'linewidth', 2);
xlabel( 'time(s)');ylabel('Control input');
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1. #ER LM 5 69 B E

(1) K BEIE EFRF: design K. m
close all;

x0=0;

options = foptions;

options(1) =1;
x = fsolve('fun x', x0, options)



(2) K EUEF )P : fun_x. m

function F = fun(x)

tol = 3;

k1=0.1;k2=0.1;

K=[k1,k2]';

c=[1,0];

A=[01;-1 —10];

F=det(x* eye(2) —A+Kx*Cx*exp(—tol ¥x));

2. xR

(1) FHSF: chap5_5sim. mdl

»| chap5_5plant » i W d To Workspace1
Transport
S-Function2 Delay
Sine Wave
M u;
P u chap5_50bv » To Wo ce5
S-Function3

Clock To Workspace W

Transport
Delay1

(2) X% S chap5 5plant. m

function [sys, x0,str, ts] =s_function(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 1,
sys = md1lDerivatives(t, x,u);
case 3,
sys = md10utputs(t, x,u);
case {2,4,9}
sys = [];
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates = 2;
sizes. NumDiscStates = 0;
sizes. NumOutputs = 2;
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sizes. NumInputs =1;

sizes. DirFeedthrough 1;

sizes. NumSampleTimes 1;

sys = simsizes(sizes);

x0 [0.20];

str =[1;

ts =[-10];

function sys = mdlDerivatives(t, x,u)
sys(1) =x(2);

sys(2) = =10 % x(2) —x(1) +u(l);
function sys = mdlOutputs(t, x,u)
th=x(1);w=x(2);

sys(1l) = th;
sys(2) =w;

(3) WLIMES$ S PEEL: chap5_5obv. m

function [sys, %0, str, ts] = s_function(t, x, u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 1,
sys = md1lDerivatives(t, x,u);
case 3,
sys = md1lOutputs(t, x,u);
case {2,4,9}
sys = [1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, x0, str,ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

~-

sizes. NumDiscStates

~-

sizes. NumOutputs =
sizes. NumInputs

sizes. DirFeedthrough

~-

U}
= o A~ N O N

~-

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 [00];

str =[1];

ts =[-10];
function sys = mdlDerivatives(t,x,u)

tol = 3;

th tol=u(l);
yp = th _tol;
ut=u(2);

z tol=[u(3);u(4)];



thp =x(1);wp=x(2);

5555555555555 55555S
A=[01; -1 -10];
c=[10];

H=[0;1];

k1=0.1;k2=0.1; % Verify by design K.m
z=[thp wp]';

555555555555 55%5%%

K=[kl k2]";

dz=A%z+Hxut+Kx* (yp—-Cx z_tol);

fori=1:2
sys(i) =dz(i);

end
function sys = mdlOutputs(t, x,u)
thp = x(1);wp = x(2);

sys(1) = thp;
sys(2) = wp;

(1) fEEFF . chap7_1lplot. m

close all;

figure(l);

subplot(211);

plot(t,p(:,1),'k", t,p(:,3),'r:', 'linewidth', 2);
xlabel( 'time(s)');ylabel('x1l and its estimate');
legend( 'ideal signal', 'estimation signal');
subplot(212);
plot(t,p(:,2),'k', t,p(:,4), 'r:', 'linewidth', 2);
xlabel('time(s)');ylabel('x2 and its estimate');

legend( 'ideal signal', 'estimation signal');

figure(2);

subplot(211);

plot(t,p(:,1) = p(:,3),'r', 'linewidth', 2);

xlabel( 'time(s)');ylabel('error of x1 and its estimate');
subplot(212);

plot(t,p(:,2) —p(:,4),'r", 'linewidth',2);

xlabel( 'time(s)');ylabel('error of x2 and its estimate');

figure(3);

plot(t,pl(:,1),'k', t,pl(:,2),'r:"', 'linewidth',2);
xlabel('time(s)');ylabel('x1 and its delayed value');
legend( 'ideal signal', 'delayed signal');
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3. WEIEM A%y AAS

(1) FHF: chap5_6sim. mdl

E

Sine Wave 4>El Mux

To Workspace2 To Workspace1
—
chap5_6ctrl | chap5_6plant
S-Function1 S-Function2

Transport
Delay
] o
u chap5_6obv To Workspace5
S-Function3

Ll

Clock To Workspace Transport
—|D%( Dela2

Transport

Delayl

(2) ¥EHI%% S K% chap5 6etrl. m

function [sys, %0, str, ts] = s_function(t, x,u, flag)
switch flag,
case 0,
[sys,x0, str, ts] = mdlInitializeSizes;
case 3,
sys = md10utputs(t, x,u);
case {1,2,4,9}
sys = [];
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

~-

sizes. NumDiscStates

~-

sizes. NumOutputs =

sizes. NumInputs

sizes. DirFeedthrough

~.

R 2 W Pk, O O
~-

~-

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 =[1;

str =[1];

ts =[-10];




function sys = mdlOutputs(t, x,u)

tol = 3;
thd = sin(t);
wd = cos(t);

ddthd = - sin(t);

thp=u(2);
wp = u(3);

elp = thd - thp;
e2p = wd — wp;

k=1;a=10;b=1;

c=10;

xite =15;

sp=c*elp+e2p;

ut = 1/k * (ddthd + a * wp + b * thp + xite * sp+ c * e2p);

sys(1l) = ut;
(3) X% S %L chap5_6plant. m

function [sys, %0, str, ts] = s_function(t, x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 1,
sys = md1lDerivatives(t, x,u);
case 3,
sys = md1Outputs(t, x,u);
case {2,4,9}
sys = [1;
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

~-

sizes. NumDiscStates

~-

sizes. NumOutputs =

sizes. NumInputs

sizes. DirFeedthrough

~.

= 2 2N O N
~-

~-

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 =[0.20];

str =[1];

ts =[-10];
function sys = mdlDerivatives(t, x,u)
sys(1) =x(2);
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sys(2) = =10 % x(2) —x(1) +u(l);
function sys = md1Outputs(t, x,u)
th=x(1);w=x(2);

sys(1) = th;
sys(2) =w;

(4) WM E$ S BE%L: chap5_6obv. m

function [ sys, x0, str, ts] = s_function(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 1,
sys = mdlDerivatives(t, x,u);
case 3,
sys = md1Outputs(t, x,u);
case {2,4,9}
sys = [1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

~.

sizes. NumDiscStates
sizes. NumOutputs

sizes. NumInputs =

sizes. DirFeedthrough

[}
= O B~ N O N
~.

~.

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 [00];

str =[1];

ts =[-10];
function sys = mdlDerivatives(t, x,u)

tol = 3;

th tol=u(1l);
yp = th tol;
ut=u(2);

z tol=[u(3);u(4)];

thp = x(1);wp=x(2);

5555555555555
A=[01;-1 —10];
c=[10];

H=1[0;1];

k1=0.1;k2=0.1, %Verify by design K.m




dz=Axz+Hxut+Kx (yp—Cx z_tol);

for i=1:2
sys(i) =dz(1);

end
function sys = mdlOutputs(t, x,u)
thp =x(1);wp=x(2);

sys(1) = thp;
SYS(Z) =wp,

(5) YEFEFEF : chap5_6plot. m

close all;

figure(1);

plot(t,y(:,1),'k', t,y(:,3),'r:", 'linewidth', 2);
xlabel('time(s)');ylabel('thd and y');

legend( 'ideal position signal', 'delayed position signal');

figure(2);

subplot(211);

plot(t,y1(:,1),'k', t,y1(:,3),'r:"', 'linewidth',2);
xlabel('time(s)');ylabel('x1 and its estimate');
legend( 'ideal signal x1', 'estimation signal x1');
subplot(212);

plot(t,vyl(:,2),'k', t,yl(:,4),'r:"', 'linewidth',2);
xlabel('time(s)');ylabel('x2 and its estimate');

legend( 'ideal signal x2', 'estimation signal x2');

figure(3);

subplot(211);

plot(t,y(:,1),'k', t,y(:,2),'r:", 'linewidth', 2);
xlabel('time(s)');ylabel('thd and y');

legend( 'ideal position signal', 'position tracking signal');
subplot(212);
plot(t,cos(t), 'k', t,y(:,3),'r:"', 'linewidth',2);
xlabel('time(s)');ylabel('dthd and dy');

legend( 'ideal speed signal', 'speed tracking signal');

figure(4);

subplot(211);

plot(t,y(:,1) —y(:,2),'r', 'linewidth', 2);
xlabel('time(s)');ylabel('error between thd and v');
legend( 'position tracking error');

subplot(212);

plot(t,cos(t) —y(:,3),'r', 'linewidth', 2);
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xlabel( 'time(s)');ylabel('error between dthd and dy');

legend( 'speed tracking error');

figure(5);
plot(t,ut(:,1), 'k', 'linewidth', 2);
xlabel( 'time(s)');ylabel('Control input');
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i BFE)T .
(1) & 4% R 55 F2JF . chap5_7delta. m

function [ sys, x0, str, ts] = s_function(t,x,u, flag)
switch flag,
case 0,
[sys,x0, str, ts] =mdlInitializeSizes;
case 1,
sys = md1lDerivatives(t, x,u);
case 3,
sys = md10utputs(t, x,u);
case {2,4,9}
sys = [1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

sizes. NumDiscStates

~-

sizes. NumOutputs

sizes. NumInputs =

sizes. DirFeedthrough

~.

1]
O O —» O O
~.

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 =[1;

str =[1;

ts =[-10];
function sys = mdlOutputs(t, x,u)
sys(1) = delta(t);

(2) M 4B R A5 7= A R delta. m

function [tout] = tolt(tin)
if tin<=1.0
tout = 0.40;
elseif tin<=3.0
tout = 0.70;
elseif tin<=5.0
tout = 0.60;
elseif tin<=7.0
tout = 0.40;
elseif tin<=9.0
tout =0.70;
elseif tin<=10.0
tout = 0. 30;
else
tout = 0.50;
end
tout = tout;

T . T 1- 7.+ 1-1+ T L FEL LRI . [
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(3) P chap5_7sim. mdl

—» chap5_7plant Demux , 1‘&
SFunction2 Tm"fm”;‘“[‘;ehy
Sine Wave To Workspace2
Mu
—| " To Workspace5
Vi chap5_Tobv Demux

J S-Function3 ’
chaps_7delta |— [&
L>| delta_datal

S-Functiont Variable
Transport Delay1
To Workspace1
Clock To Workspace

(4) X% S % chap5_7plant. m

function [ sys, x0, str, ts] = s_function(t,x,u, flag)
switch flag,
case 0,
[sys,x0, str, ts] =mdlInitializeSizes;
case 1,
sys = mdlDerivatives(t, x,u);
case 3,
sys = md1Outputs(t, x,u);
case {2,4,9}
sys = [1;
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [ sys, %0, str,ts] = mdlInitializeSizes
sizes = simsizes;

sizes. NumContStates =

~-

sizes. NumDiscStates =

~

sizes. NumOutputs =

sizes. NumInputs =

sizes. DirFeedthrough

~-

o O~ N O N
~-

~-

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 =[0.50];

str =[],

ts =[1;

function sys = mdlDerivatives(t,x,u)
g=9.8,m=1,1=0.25;d=2.0;
I1=4/3%m*1"2;

sys(1) =x(2);




sys(2) =1/I% (—d*x(2) —m*gx*1xcos(x(1)))+1/I%u;
function sys = md1Qutputs(t, x,u)

sys(1) =x(1);

sys(2) =x(2);

(5) WIS S BE%L: chap5_7obv. m

function [sys, x0, str, ts] = s_function(t, x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 1,
sys = mdlDerivatives(t, x,u);
case 3,
sys = md10utputs(t, x,u);
case {2,4,9}
sys = [1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [sys, x0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

~-

sizes. NumDiscStates

N

sizes. NumOutputs =
sizes. NumInputs =

~-

sizes. DirFeedthrough

~-

R R Ww N oN
~

~.

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 [00];

str =[];

ts =[-10];
function sys = mdlDerivatives(t,x,u)

xlp=x(1);
x2p =x(2);
y=u(l);
ut=u(2);
yp=u(3);
kl1=2;k2=1;
K=[kl k2]';

g=9.8;,m=1,1=0.25;d=2.0;
I=4/3%mx*1"2;

X=1/I% (-d*x2p-mx*gx1xcos(xlp)) +1/I % ut;

sys(1) =x2ptkl * (y—-yp);
sys(2) =X+k2x (y-yp);
function sys = md1Outputs(t, x,u)
sys(1) =x(1);

sys(2) =x(2);

T . T 1- 7. 1-1+ T ILLFEL LRI . [
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(6) YEFFEF: chap5_7plot. m

close all;

figure(l);
plot(t,p(:,1),'k', t,p(:,3),'r", t,pl(:,1),'d', 'linewidth',2);
xlabel('Time/s');ylabel('x1");

legend('x1', 'x1 estimation', 'measured x1');

figure(2);

subplot(211);

plot(t,p(:,1) —p(:,3),'r', 'linewidth’',2);
xlabel('Time/s');ylabel('Estimation error of x1');
subplot(212);
plot(t,p(:,2) = p(:,4),'r", 'linewidth', 2);
xlabel('Time/s');ylabel('Estimation error of x2');

figure(3);
plot(t,delta datal, 'k', 'linewidth’',2);

xlabel( 'Time/s'); ylabel( 'Varying measurement delay time');
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i AT .

(1) M AERESHF Y, chap5_7delta. m
(2) A8 R A5 7= A R %L delta. m

(3) FRJF: chap5_8sim. mdl

Sine Wave u chap5_8ctrl chap5_7plant » Demux %%(
S-Functond SFunction2 T nabe
» pl
To Workspace2
— Mu
To Workspace5
»Mu chap5_Tobv »| Demux
! >

> S-Function3

—
chap5_Tdelta Du i:
S-Function1 Variable
Transport Delayl

Go-1]
= e

To Workspace1

(4) ¥EHI#% S BR%L: chap5_8ctrl. m

function [sys, %0, str, ts] = s_function(t, x,u, flag)
switch flag,
case 0,
[sys,x0, str, ts] =mdlInitializeSizes;
case 3,
sys = md1Outputs(t, x,u);
case {1,2,4,9}
sys = [1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

sizes. NumDiscStates

~

sizes. NumOutputs
sizes. NumInputs =

Il
= B W~k O O
~.

sizes. DirFeedthrough

~.

sizes. NumSampleTimes =
sys = simsizes(sizes);
x0 =[];

str =[1];

ts =[-10];
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function sys = mdlOutputs(t, x,u)
x1d = sin(t);

dxld = cos(t);

ddxld= - sin(t);

xlp=1u(2);
x2p =1u(3);

elp = x1p — x1d;
e2p = x2p — dx1d;

c=50;

xite = 30;

sp=c*elp+e2p,
g=9.8;m=1;1=0.25;d=2.0;I1=4/3%mn*1"2;

ut=1I% (d/I*x2p+mx*gx* 1% cos(xlp) +ddxld—c % e2p— xite * sp);

sys(1) = ut;

(5) BEIEXTAR S BRE: chap5 7plant. m
(6) WS S K%L : chap5 7obv. m
() YEFEFEF . chap5_8plot. m

close all;

figure(l);

subplot(211);
plot(t,sin(t),t,p(:,1), 'k", 'linewidth',2);
xlabel('Time/s');ylabel('angle tracking');
legend( 'x1d', 'x1");

subplot(212);

plot(t,cos(t),t,p(:,2),'k", 'linewidth',2);
xlabel('Time/s'); ylabel('angle speed tracking');
legend( 'dx1d', 'x2"');

figure(2);

plot(t,p(:,1),'k', t,p(:,3),'r", t,pl(:,1),'d', 'linewidth', 2);
xlabel('Time/s');ylabel('x1");

legend('x1', 'x1 estimation', 'measured x1');

figure(3);

subplot(211);

plot(t,p(:,1) - p(:,3),'r', 'linewidth', 2);
xlabel('Time/s');ylabel('Estimation error of x1');
subplot(212);

plot(t,p(:,2) —p(:,4),'r', 'linewidth', 2);
xlabel('Time/s');ylabel('Estimation error of x2');

figure(4);
plot(t,delta data2, 'k', 'linewidth’',2);
xlabel('Time/s'); ylabel( 'Varying measurement delay time');
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