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35 ey oAl ey e Sl Ol 3 sy Sl eslid |
step(A, B, C, D)
Mo p a8 A5 e @) Lkl ool DL VA0 K2 5 L ionia S e Sl 1y e Sl ol V=0 Wb,
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step(A,B.C ,D, 1)

step(A ,B,C ,D, 2

MATLAB Program 5-1

A=[-1 -1;6.5 0];
B=[1 1;1 0);
C=1[1 00 1];

D=10 0,0 0];
step(A,B,C,D)
From: Ul Step-Resy From: U2
0.6 ' 0.6 - v —
04k K 04}
0.2
0 8
-0.2
-04 .
0 4 8 12
2
st : } 15t
5 @ : !
=
0.5 4 0.5 1
0 - 0
0 4 8 12 4 8 12
Time (sec)

Y o TP VS i L
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MATLAB Program 5-2

% ***** |n this program we plot step-response curves of a system
% having two inputs (u1 and u2) and two outputs (y1 and y2) *****

9, *#*++ We shall first plot step-response curves when the input is
% u1. Then we shall plot step-response curves when the input is
o/o u2 LA LA Y

% ***** Enter matrices A, B, C, and D *****

A=[-1 -1;6.5 0];

B=1[1 1;1 O};
C= [] 0;0 ]l;
D=[0 0;0 0];

% ***** To plot step-response curves when the input is ul, enter
% the command 'step(A,B,C,D,1)" *+***

step(A,B,C,D,1)

grid

title ('Step-Response Plots: Input = ul (u2 = 0)')
text(3.4, -0.06,'Y1")

text(3.4, 1.4,'Y2")

9% **+++ Next, we shall plot step-response curves when the input
% is u2. Enter the command 'step(A,B,C,D,2)" *****

step(A,B,C,D,2)

grid

title ('Step-Response Plots: Input = u2 (u1 =0)")
text(3,0.14,'Y1")

text(2.8,1.1,'Y2")

A5 3,0y
text (3.4 , -0.06 , 'Y7)

text (3.4 ,1.4 , 'Y2)
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Step-Response Plots: Input = ul (u2 =0)

-
-
-
o
.
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d 1 4 3 4. S & T 8 9 16 e
Time (sec)
- Step-Response Plots: Input = 12 (ul = 0)
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C(S) = e——— (fe-0)
s +Y w, s+ w,
IS Gy Wy D05 e e lilyF 3)IL0 093 40 8 pReme
printsys (num , den, s) | printsys (num,den)
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MATLAB Program 5-3

wn=5;

damping_ratio = 0.4;

[numO,den| = ord2(wn,damping_ratio);
num = 542*numo;
printsys(num,den,'s')

num/den =

25
SA2 + 4s + 25

13 2 0 4 0y 5 e Ay iy kT Al O g0 4y i by plisssn dly panlts GIL
A S

Y Yo
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S Bl s S35 5ok 4 Y 9 X Sl gene U (Ko LS ) You0 K2 3 &S A4Sy
i S s Goge 4y StEP Hyiad Ll 3 gt adaal Cuglite G0 Y s 3 K g oAl
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¢ = step (num,den,t)
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MATLAB Program 5-4

Yo wememmnnnnn -- Unit-step response ----------- --

Y% ***** Lnter the numerator and denominator of the transfer
% function ****+

num = [25];
den = [1 4 25];

Y% ***** Lnter the following step-response command *****
step(num,den)
% ***** Enter grid and title of the plot ***+*

grid
title (' Unit-Step Response of G(s) = 25/(sA2+45+25)")

Unit-Step Response of (i(s) = 25/(s*+45+25)

14
|.2 o /\ . : -
: :
e S

$ 08} '

Eos} <
0 |rrovefresnsnspusssarsnnsnartianssssseanssasgasssncsnsosrassdrommpnsges 1
02 ¢

o A i A
0 0.5 | 1.5 2 25 3
Time (sec)

[y.x.1] = step(num,den,t)

Yo-0 JSb

Al g

S5 osk al

ey 5 Y10 IS 5 0-0 Al €gal Ol g 4 s pron SIS 4 L PlOLLY) 2s

Sn e sla g Ol Sole W MATLAB L. MATLAB L (guss waw b grasls (5La ylu gai s

e 03 sged 33 b o B3 el SUIT 5 mesh 355 0 ) 4 e cpl 4 S st 58 e
)‘\S;)‘-gl&,h#‘&_—{ksw“‘_,)_)JJJ.&PwFJ}%‘WJJ‘JJJG—‘&!‘GMkvd'-’s'-ﬁ
.ﬁﬂ&)l‘&:b mesh ),:..u)l‘sc_.awo.:‘)) A gt o



_)‘S.hb;‘.\.“;cm‘.‘_’b:lSc.mh#ﬂ DM YoA

MATLAB Program 5-5

num = [25];

den = (1 4 25);

t=0:0.01:3;

[y,x,t] = step(num,den,t);

plot(t,y)

grid

title('Unit-Step Response of G(s)=25/(s"2+4s+25)")
xlabel('t Sec')

ylabel('Output')

Unit-Step Response of G(s) = 25/(:1+4:+25)
14 - - - ~ -

I . ,

0 i i ; i & .
0 0.5 1 15 2 25 3 VA e
' sec o

A:a&ahaé‘awahudl-sb-'e‘wbm-
b4 L RSt

R(s) s +\‘{s+\
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MATLAB Program 5-6

% ------- Two-dimensional plot and three-dimensional plot of unit-step
% response curves for the standard second-order system with wn = 1
% and zeta =0, 0.2, 0.4, 0.6, 0.8, and 1. -—----

t=0:0.2:10;

zeta=[0 02 04 06 08 1);
forn=1:6;
num = [1);
den= (1 2*zeta(n) 1);
[y(1:51,n),x,t] = step(num,den,t);
end

% To plot a two-dimensional diagram, enter the command plotit,y).

plot(t,y)

grid

title('Plot of Unit-Step Response Curves with\omega_n=1and\zeta = 0,0.2,0.4,0.6,0.8,1")
xlabel('t (sec)')
ylabel('Response')
text(4.1,1.86,"\zeta = 0')
text(3.5,1.5,'0.2")

text(3 .5,1.24,'0.4")
text(3.5,1.08,'0.6')
text(3.5,0.95,'0.8")
text(3.5,0.86,'1.0")

% To plot a three-dimensional diagram, enter the command mesh(t, zeta,y').

mesh(t,zeta,y')

title('Three-Dimensional Plot of Unit-Step Response Curves')
xlabel('t Sec’)

ylabel('\zeta')

zlabel('Response')

Sl Lleas w3ls DL (O) 3 (W) YY=0 s ISo 55 Jole Saslo g dad 0 Cd & 1) (Sihay 4
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3 Plot of Unit-Step Response Curves with w, = 1 and £ =0,0.2,04,0.6, 0.8, |
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3530 Gz GMATLAB L 1 J 28 02 S 5 oy SN 5 0 25 Sla) 5es b s pud plsnly
impulse (num , den)
impulse (A , B, C, D)
ly. x.t] = impulse (num , den)
ly. x.t] =impulse (num , den , t) (¥1-0)
ly,x,t =impulse (A,B,C, D)
[y.x,t]=impulse (A,B,C,D,iu) (¥Y-0)
ly.x.t]=impulse (A,B,C,D,iu, t) (¥r-0)

MATLAB Program 5-7

Yo wemmnen This is a MATLAB program to find the rise time, peak time,
% maximum overshoot, and settling time of the second-order system
% and higher-order system -------

Yo ==mmmem In this example, we assume zeta = 0.6 and wn = 5 -------

num = (25];
den=(1 6 25);
t = 0:0.005:5;
ly,x,t] = step(num,den,t);
r=1; while y(r) < 1.0001; r=r+ 1; end;
rise_time = (r - 1)*0.005
rise_time =
0.5550

lymax,tpl = max(y);
peak_time = (tp - 1)*0.005

peak_time =
0.7850
max_overshoot = ymax-1
max_overshoot =
0.0948

s =1001; while y(s) > 0.98 & y(s) < 1.02; s =s - 1; end;
settling_time = (s - 1)*0.005

settling_time =
1.1850
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MATLAB Program 5-8

num = [1];

den=1[1 0.2 1];

impulse(num,den);

grid

title('Unit-Impulse Response of G(s) = 1/(s*2 + 0.2s + 1)’)

Unit-Impulse Response of G(s) = 1/(s?+0 25+1)

B
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MATLAB Program 5-9

num = [1 0};

den=(1 0.2 1};

step(num,den);

grid

title(’Unit-Step Response of sG(s) = s/(s72 + 0.25 + 1))

Unit-Step Response of sG(s) = s/(s7+0.25+1)
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MATLAB Program 5-10

Yo ==mmrmmmmm=a=- UNIL-TAMP r€SPONSE ==mmvmmemseen -~

% ***** The unit-ramp response is obtained as the unit-step
% response of G(s)/s *****

u, *xx=x Enter the numerator and denominator of G(s)/s *****

num=[2 1];
den=[111 0);

% **+*+ Specify the computing time points (such as t = 0:0.1:10)
% and then enter step-response command: ¢ = step(num,den,t) *****

t=0:0.1:10;

¢ = step(num,den,t);

Y% ***** |n plotting the ramp-response curve, add the reference
% input to the plot. The reference input is t. Add to the

% argument of the plot command with the following: t,t,''. Thus
% the plot command becomes as follows: plot(t,c,'o’,Lt,'-') *****

plot(t,c,'o" t,t,'-')

% ***** Add grid, title, xlabel, and ylabel *****

grid

title('Unit-Ramp Response Curve for System G(s) = (25 + 1)/(s"2 + s + 1)")

xlabel('t Sec')
ylabel('Input and Output')

Unit-Ramp Response Curve for System G(s) = (25 + 1)/(s” + 5 +1)

L s = o3

12

.-'

10

Input and Output
>
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1 Sec oyl C“‘%u‘"“
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Isim(num.den.r.t)

MATLAB Program 5-11

Yo ===neenmenenen Unit-ramp response =----=eseeeee-

% ***** The unit-ramp response is obtained by adding a new
% state variable x3. The dimension of the state equation

% is enlarged by one *****

% ***** Enter matrices A, B, C, and D of the original state
% equation and output equation *****

A=10 1;-1 -1];
B=10; 1I;
C=1[1 0};

D = [0);

% ***** knter matrices AA, BB, CC, and DD of the new,
% enlarged state equation and output equation *****

AA = [A zeros(2,1);C 0);

BB = [B;0];
CC=1[00 1};
DD = (0];

% ***** Enter step-response command: [z,x,t] = step(AA,BB,CC,DD) *****
[z,x,t] = step(AA,BB,CC,DD);

% ***** In plotting x3 add the unit-ramp input t in the plot
Y% by entering the following command: plot(t,x3,'0',t,t,'-") *****

x3 = [0 0 1]*x'; plot(t,x3,'0',t,t,'-")
grid

title('Unit-Ramp Response')
xlabel('t Sec')

ylabel('Input and Output')
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Unit-Ramp Response

— ' ' v r—— - Y T

//’
//
9 /o
P
8 / g ° g
/ 7
P
7t & ]
- //I ooo
2 6 s 4
-] i S o
Qo // o
= 5 7~ o 1
& A7 Oun"
3 000
5 o

- W-0 S

5 6

~3
oe
<
c

aely b el
t Sec PR il gt

Isim(A.B,C,D,u,t)
y=lsim(num,.den,r.t)
y=Isim(A,B,C.D,u,t)

L 15, 170 AN G NVE-0 LA Bl friamaa) diww |y 5 Ja 9o

i - | . - L
il 18IM 5 55y SS 01 ) pleaen aaly cund fuly NN e
C(s) _ Ys+)

R(s) s +s+)

ol YA-O \.\:(.; 53 Jeols lagad el ) Ao ls o Al 8 peady Sl 4 VY0 WL, g

Gl 0LS 835

25K 5B 5o 1) se) pliass

T
V=0 J»

..\.AJL-L.I \.A“JJ_,J Cg‘ 6‘:)‘ < 1, ¥y(r) C""‘Lf dud.n.u MATLAB _')| salin! L'.
.u‘,i.lgc..L‘. =i N
u=e' X

S s X(e) = 1) ) bl



Y\4  MATLAB L 1,38 muly Juias 00

MATLAB Program 5-12

% =====~- Ramp Response -------
num=[2 1}];

den=1[111J;

t=0:0.1:10;

r=t;

y = Isim(num,den,r1);

plot(t,r,'-"t,y,'0")

grid

title('Unit-Ramp Response Obtained by Use of Command "lsim"')
xlabel('t Sec')

ylabel('Unit-Ramp Input and System Output')
text(6.3,4.6,'Unit-Ramp Input’)

text(4.75,9.0,'Qutput')

Unit-Ramp Response Obiained by use of Command “Isim™
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MATLAB Program 5-13

t=0:0.1:12;
A=[-1 051 0];
B = [0;1];

C=11 0f;

D = [0];

% For the unit-step input u = 1(t), use the command "y = step(A,B,C,D,1,0)".

y = step(A,B,C,D,1.1);
plotit,y)

grid

title('Unit-Step Response’)
xlabel('t Sec')
ylabel('Output')

% For the response to exponential input u = exp(-t), use the command
% "z = Isim(A,B,C,D,ub)".

u = expl-t);

7 = Isim(A,B,C,D,u,l);

plotit,u,'-' t,z,'0")

grid

title('Response to Exponential Input u = exp(-t)’)
xlabel('t Sec')

ylabel('Exponential Input and System Output’)
text(2.3,0.49,'Exponential input')
text(6.4,0.28,'Output’)

i Unit-Step Response
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Response to Exponential Input w = ¢~
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MATLAB Program 5-14

B Response to initial condition -=-=----em-- -

% ***** System response to initial condition is converted to
% a unit-step response by modifying the numerator polynomial *****

% ***** Enter the numerator and denominator of the transfer
% function G(s) *****

num = [0.1 0.35 0];
den=[1 3 2|;

Y% ***** Enter the following step-response command *****
step(num,den)
% ***** Enter grid and title of the plot *****

grid
title('Response of Spring-Mass-Damper System to Initial Condition’)
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Response of Spring-Mass-Damper System to Initial Condition
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%Specify matrices A and B
[x,2z,t]=step(A,B, A, B)
x1=[(100..0]x;
x2=[010 .. 0],

xn=[000 ... 1)'x}
plot(t xd: 5 t @05 w05 T xm)
b t=tp G =0 511y o0 s Usl poal oy i) 08 cpnani Olas g5 1) Ola 4ls ol g5y 81
et I 4 5 WS (oS mni A Jlaj Jol g
1=0: A titp;
%Specify matrices A and B
[x, 2z, t]=step(ABAB,1Y;
x1=[100 .. 0]
x2=[010 .. 0]}

xn=[000 .. 1x;
ploti(t . X1 ;0 X2 , s yitiy )
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%Specify matrices A,B, and C

[ x,z,t] = step (A,B,C*A,C*B);

yi=[100..0]Y,;

y2=[010 .. 0)Y;

ym=[0 0 0 ... 1]y,
plot(t, yt ,t,y2,..,t, ym)
g gariat Olaj sy St o el
1=0: A t:tp;
%Specify matrices A, B ,and C
ly.z,t]=step (A,B,C'A,C'B,1,1)
y1=[100..0JYy;
y2=[0 10 ... 0J'y;

ym=[00 0 ... 1]'y;
plot (t .y1,t,y2,....tym)
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MATLAB Program 5-15

t=0:0.01:3;

A=1[0 1;-10 -5);

B=[2;1];

[x,z,1] = step(A,B,A,B,1,1);

x1 =[1 0}*x';

%2 = [0 T}
plot(t,x1,'x",t,x2,'-")

grid

title('Response to Initial Condition')
xlabel('t Sec')

ylabel('State Variables x1 and x2')
gtext('x1")

glext('x2')

Response to Initial Condition
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MATLAB Program 5-16

t = 0:0.05:3;

A=1[0 1;-10 -5];

B = [0;0];

C=1[0 0];

D = [0];

ly.x] = initial(A,B,C,D,(2;1),1);

xI =11 0]*x';

x2=[0 1]*x';
plot(t,x1,'0"t,x1,t,x2,'x' t,x2)

grid

title('Response o Initial Condition')
xlabel('t Sec')

ylabel('State Variables x1 and x2')
gtext('x1')

gtext('x2')
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MATLAB Program 5-17

t=0:0.05:10;

A=[01 000 1;-10 -17 -8];
B = [0;0;0];

C=[10 0]

D = [0];

y = initial(A,B,C,D,12;1;0.5],t);
plotit,y)

grid

title('Response to Initial Condition')
xlabel('t (sec)')

ylabel('Output y')
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MATLAB Program 5-18
- Unit-Step Response of C(s)/R(s) and Partial-Fraction Expansion of C(s) «exss--

num = [3 25 72 80);
den = [1 8 40 96 80];
step(num,den);

v=1[0 3 0 1.2]; axis(v), grid

% To obtain the partial-fraction expansion of C(s), enter commands
%  numl=[3 25 72 80);

% denl =1 8 40 96 80 0];

%  [rp,k] = residue(num1,den1)

numl = [25 72 80];

denl =[1 8 40 96 80 0);
[r.p,k] = residue(num1,den1)

r=

-0.2813- 0.1719i
-0.2813+ 0.1719i
-0.4375
-0.3750

1.0000

p:

-2.0000+ 4.0000i
-2.0000- 4.0000i
-2.0000
-2.0000
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MATLAB Program 5-19

num = (10 4];

den=1[1 4 4];

t = 0:0.02:10;

y = step(num,den,t);
plot(t,y)

grid

title('Unit-Step Response')
xlabel('t (sec)")
ylabel('Output')

numl = [10 4];

denl =[1 4 4 0J;

y1 = step(num|,denl t);
plot(t,t,'--',t,y1)

v=[0 10 0 10]; axis(v);

grid

title('Unit-Ramp Response')
xlabel('t (sec)')
ylabel('Unit-Ramp Input and Output’)
text(6.1,5.0,'Unit-Ramp Input’)
text(3.5,7.1,'Output’)
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MATLAB Program 5-20

Yo =memnn This program is to plot the unit-step response curve, as well as to
9% find the rise time, peak time, maximum overshoot, and settling time.
9% In this program the rise lime is calculated as the time required for the
9% response to rise from 10% to 90% of its final value. ------—

num = [6.3223 18 12.811];
den=[1 6 11.3223 18 12.811];
t = 0:0.02:20;

ly,x.t] = step(num,den,t);

plot(t,y)

grid

title('Unit-Step Response')
xlabel('t (sec)')

ylabel('Output y(t)')

r1 = 1; while y(r1) < 0.1, r1 = r1+1; end;
2 = 1; while y(r2) < 0.9, r2 = r241; end;
rise_time = (r2-r1)*0. 02

rise_time =
0.5800

[ymax,tpl = max(y);
peak_time = (tp-1)*0.02

peak_time =
1.6600
max_overshoot = ymax-|
max_overshoot =
0.6182

s = 1001; while y(s) > 0.98 & y(s) < 1.02; s = 5-1; end;
settling_time = (s-1)*0.02

settling_time =
10.0200
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MATLAB Program 5-21

a=|[1 4 16 36|;
b=[06 2 5.6 9.6/;
t=0:0.1:8;
y = zeros(81,4);
fori=14;
num = [a(i)};
den = [1 b(i) a(i)];
y(:,1) = step(num,den,t);
end
plot(t,y(:,1),'0", Ly(:,2),'x",ty(:,3),"-" t.y(:,4),"-.")
grid
title('Unit-Step Response Curves for Four Cases')
xlabel('t Sec")
ylabel('Outputs')
gtext('1")
gtext('2')
gtext('3')
grext('4")

Unit-Step Response Curves for Four Cases
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MATLAB Program 5-22
Yo ==-=m===~ Unit-Ramp Response ---------
num = [1 10};

den=1[1 6 9 10];
t=0:0.1:10;

r=1t;

y = Isim(num,den,rt);
plot(t,r,'-" t.y,'0")

grid

title('Unit-Ramp Response by Use of Command "lsim™")
xlabel('t Sec')

ylabel('Output')
text(3.2,6.5,'Unit-Ramp Input')
text(6.0,3.1,'Output')

num=[0 0 1 10};

den=[1 6 9 10];

1=0:0.1:12;

r1 = exp(-0.5%t),

yl = Isim(num,den,r1,1);
plot(t,r1,'-' t,y1,'0")

grid

title('Response to Input r1 = exp(-0.5t)")
xlabel('t Sec’)

ylabel('Input and Output')
text(1.4,0.75,'Input r1 = exp(-0.5t)")
text(6.2,0.34,'Output')

Cs)_ o
R(s) s"+s+0

ke 5 (1) S0 4 1) pRee el
r(t)=Y+1
Lol oy ot S Y 8510 4 Sl gama (1) (525,5)
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MATLAB Program 5-23

num = [5];

den=[1 1 5];

t=0:0.05:10;

r=2+;

¢ = Isim(num,den,rt);

plot(t,r,'-" t,c,'0")

grid

title('Response to Input r(t) = 2 + t')
xlabel('t Sec')

ylabel("Output c(t) and Input r(t) = 2 + t')




PO lila 5eas Bl

12

Response to Input r(r) =2 +¢

Output oft) and Input r(f) = 2+ ¢

‘ : £\-0 JS.:
0 i i i i i H H H H

0 1 2 3 4 S5 6 71 8 9 10 '=VH Gsapd
tSec

.&g&';ﬂj(b‘)ﬁ;h&dé,)_,) r(t) JJ))_,A{FY-OJS_‘-‘.:..,..'C_L‘ \F-0 all
r(l)—'t
;ic...lc.,)l?sc._.,dl»Ji.L;c,U iJ

C»_ ¥
R(s) s"+s+7Y

el 0
R(s) ® 2 )
s(s + 1)

| ige

IS e

MATLAB Program 5-24

num = |2];

den=[1 1 2|;

t=0:0.2:10;

r=0.5*.A2;

y = Isim(num,den,r,t);

plotit,r,'-" t,y,'o".t,y,"-")

grid

title("Unit-Acceleration Response')
xlabel('t Sec')

ylabel('Input and Output')
text(2.1,27.5,'Unit-Acceleration Input')
text(7.2,7.5,'Output’)
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MATLAB Program 5-25

t=0:0.2:12;
forn=1:6;
num = [1];
den = [1 2%(n-1)*0.2 1);
ly(1:61,n),x,t] = step(num,den,t);
end

plotit,y)

grid

title('Unit-Step Response Curves')

xlabel('t Sec')

ylabel('OQutputs')

gtext("\zeta = 0'),

gtext('0.2")

gtext('0.4")

gtext('0.6")

gtext('0.8")

gtext('1.0")

% To draw a three-dimensional plot, enter the following command: mesh(y) or mesh(y').
% We shall show two three-dimensional plots, one using “mesh(y)” and the other using
% “"mesh(y')". These two plots are the same, except that the x axis and y axis are

% interchanged.

mesh(y)

title('Three-Dimensional Plot of Unit-Step Response Curves using Command "mesh(y)")
xlabel('n, where n = 1,2,3,4,5,6")

ylabel('Computation Time Points')

zlabel('Outputs’)

mesh(y')

title('Three-Dimensional Plot of Unit-Step Response Curves using "mesh(y transpose)"')
xlabel('Computation Time Points')

ylabel('n, where n = 1,2,3,4,5,6")

zlabel('Outputs')
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MATLAB Program 5-26

t=0:0.05:10;
A=[010;001;-10-17 -8);

B = [2;1,0.5);

C=[100];

ly.x.t] = step(A,B,C*A,C*B,1,1);
plotit,y)

grid;

title('Response to Initial Condition')
xlabel('t (sec)")

ylabel('Output y*)

Response to Initial Condition
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