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35 el g S o3l SUag3058 K03 4 gy 5 e el 0 s

R R 3 g0 o0 Ol (248 @‘)IJJQH&&Q &b . MATLAB s b3 (slgaicusio yislai
S S s,

@= Ys+Y0 (¥D-0)

R(s) s +¥s+Y0

ol T L oy lpldesrdo ol o rl.,\S A S 50 003l Sules g3us Sl s b e o2
Wl s P sl S
num =[2 25]
den=[1 4 25]
num=[0 2 25]
den=[1 4 25]

Ascwlwlpdbjjj\g'd}a.:f&éCJAA)Q)‘,.J:\.;JAUC,...a‘a.\JdLb\JiLin.aQ)\?:«;ﬁl)s
%.:;C.?L,i:._.»bden,num S 0155 e 033 @Blsn 53
num+den=[0 2 25]+[1 4 25]
=[1 6 50]
Lole &h)‘,;-ﬂa e.k.f:b. r‘,l.‘u (4:....;45.[:-&.&3 CU stujou.a)den}num ;‘
step (num , den) ; step (num ,den, t)
(2,03 3 1y )8 Jaw s ol pond Sl £ p g3 5 s2md 53) LS o ;l;_..illj‘.;,..:.ﬂkgé.ﬂ\.;d;a;n
B JES il (A S el O Gl g el sk iy 5 S (slad 3 &S et
Jgwd s.l.‘r\r_,lu - oVsles D r,;i:.—uJU:.u\ szb,‘c v;.-_,‘,i- J‘l)‘:\"’
step(A,B,C,D) 5 step(A,B,C.D,t)
L‘me)lSJ‘,;.- J}MQL‘J )‘D}g g.\.:l.u Py ) a)‘}t;l Step .)_):""J BL "\"ng‘ Jl’u_‘ ‘-)A'Li c..»li d”""‘
"J":'J'
S & i bl 55 IS 4 1) StEP (SYS) st Ol 5 pr e S Al uly 3L L2
35 A
sys = tf (num , den)
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sys=ss(A,B,C,D)

(23 FalS 4y 5o ges aly s 3L 6l Sl e
step (sys)
L3 4zl 0Lyl s Cor b 53 5 Sl g 4 il e step 52
[y, x,t] =step (num , den , 1)
[y, x,ffj=step(A,B,C,D, iu
[y, x,t]=step(A,B,C,D, iu,t (¥e-0)
0L 9 Sl gad ey Sl 3le (pl 93 XS i A5 amis () S peS e sl gmus s cpl 3
(i Sl s 5 (S S 4 X Y Sl Sl oS wlind plot s 1l sl o
Sas 5 a5 ol Y Sl gme slaad) L Lgls 5o it s sz e Sl bLE s sl alow
A o slews, AaS g ot (Ll 3l il X (SLA0) g el el b sl slaas l o OF (sledss,
(Cwlt jole slaws
‘:)..5d;ﬁ)aruydaj)JJilfdaJJJrlJSxSw&:ﬂGCM)K...I;Qiu (¥7-0) Uslea o
ST K = 82908 Loy e 815515 u5 1) S g el i glgiles S el gyls
Sl 5 pld Gl 4y gl onie o (FP-0) Uslas 3 b Oly jyes S ¢ StEP 5y (AL
25 SWolae g = (635,55 e

x=Ax+Bu
y=Cx+Du

(S oSS 1, Y0 Jls 2ty Sl (51,0) S o sl

Al ) 4 fuly sleniate

L ke ol b s 03Y (2 Jod3 b 5L MATLAB L dy ey sl i 030 sl 4 S

QJJ-@QAJJAD')V.:...:.“G‘J{ ("1))10" Cewd 4 (S Q\a;—'f d‘j
x=Ax+Bu
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ﬂ)}waaquQYJLuju‘}LﬂJa_MQﬂ;\f
sX(s)-x(c)=AX(s)+BU(s) (YV-0)
Y(s)=CX(s)+DU(s) (YA-0)

sl s 4 (FV=0) ilan 5l oy . X() =0 oS o 23 S o Slo (38 5

X(s)=(sI-A)"BU(s) (r4-0)

3l s g (FA=0) Uslae 3 (M4-0) Uslee (2218
Y(s) =[c(sl ~A)"'B +D} U(s)
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Sl Sole g ol G(s) JUH ey Sle
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o || =50 s| |V e

\ s N IARA
ns'+s+9/o 70 s+V|[) °

_ \ s=\ s
S +s+50 [ SHVO F0

o=
s—\ s
NS | | s+s+50 s +s+50 ||V
Y(s)| | s+ $,0 Uy (s)
s‘+s+?/0 s'+s+$'/o

PS5 3958 JEK (IS &S cpl 4wy Ulgipn )15 (s P 53 5 S3008 93 R (21 05

G308 s B JeKew By oS AS w538 i) oS b ler 058 8 K o oy 2 IS

s—)\

S EI ke bds mb e (oS 2 s S o o Lty I (S 0 S
K(s)

Yi(s)  s+vo
U(s) s +s+%0 U(s) s +s+50
Nis) s his) 0

Ug(s) s +5+50

Uds) s +s+50


http://mohandesyar.com

Yoy

www. Mohandesyar . com

MATLAB L 1,3 feuly Jalas 00

.:JSVMJIJQ'C,L;W)Q,TQljd.ﬂ)')_,:...;jlo;u:..,ll{
step(A, B, C, D)

I3, 45 AS w g5) L Lledd e3ls DL VA= S s Lo poin S o sloul 1) ol 0l V-0 Wl

sl 0 LES A}l})}l«d}))t‘ﬁjﬁ@mﬂl Py 4 .L_J}:)lS)y J_,L‘L!Qb)

2205 Sl 4 ah Gl Gl i 93 5 ol s Uy 92050 Gl 4 Al ey e o 1

bSe:L&.:,.l)i)"_;LA_U:_...;)'l&,.::_;qgﬂj@‘)i_.; Sl s y5 Uy
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;1 0];
C=[1 0,0 1];
D=1[0 0,0 0];

step(A,B,C,D)
From: Ul Step-Response From: U2
0.6 0.6 T T
0.4 ...................................... - 04 b
) 0 b XN
o 04 i
E 0 4 8 12
=
Z
2 2
1.5 ) S SO - 1_5 ................................................ -
o
>-; 1 . 1k
=
0.5 oot b 4 0.5 Horormmemmmmdiosmmsemissomiomimasrn 4
0 | 0 i i
0 4 8 12 0 4 8 12

Time (sec)

aly ey glaa VA0 JS.S
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33909 d\j\q«lﬁt\dliwjaj‘)l:,&&): L uy 29,5 dl)lqa.l.;c':..\.‘»g'.»;.c‘,.:\'—b Ll.'yﬂ
cubw)b (Usjbds.LAb‘;- oL b)\;)‘..}}.:\Q—OJS_Z.M:dAg;.w;qJQ: Soldges y3 1y uy
aJ....:A.)bc_._."a);Jt‘.aO._'_\)"..\a._n_)_,:../.)w‘.C,—.u‘o.L:a:u:..ul[ext)_,Z.wéj‘uu‘)._vw‘)é).e\})‘:ﬂ).}l)d.:

(el

MATLAB Program 5-2

9% ***** |n this program we plot step-response curves of a system
% having two inputs (u1 and u2) and two outputs (y1 and y2) *****

9% ****x \We shall first plot step-response curves when the input is
% ul. Then we shall plot step-response curves when the input is
0/0 U2 % Kk %k k

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

A=[-1 -1;6.5 0];
B=1[1 1,1 0];
C=[1 0,0 1];
D=1[0 0;0 Of;

% ***** To plot step-response curves when the input is u1, enter
% the command 'Step(A,B,C,DJ ) KRR

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% ***xx 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")

25 eSS Kilea plaeyl S SIS dmio $u) e A5 Sl (oSS dadio (59, e Gl
4S5l
text (3.4 , -0.06 , Y1)

text (3.4 ,1.4 , 'Y2)
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Step-Response Plots: Input = ul (42 =0)

2 - v - - : _ v
N
~
s i i i i .
5 6 71 8 10 Gty
Time (sec)
Step-Response Plots: Input = 42 (ul =0)

1.6 - T r — ¥ -+~ v T

14 b

1.2 ¢

1

% oslfin N
g 08 \/
i 17, 9] RN OO SURIHE SRUPTUNL P s CONTOTNT PURIBVR. (RUSIEISE (ODCTY SIS Jrm
< : : :

(Y S R S ;

02/ N ........ }Yl ..................

0 \/ —
__0'2 . n A i i A i i A
1 2 3 4 5 6 17 8 9 10 )

Time (sec)

(uy=e) uy 34,5 ()¢ (uy=0) uy 35,4 (W) sy c..aL: Glagoe 1420 IS

fars y=—opf x=Y¥ Slavu b lahis 5l &S w53 YT L8 s SaelS &yl 5158
Sl b sl 1 &S w53 1 Y2 8 r Sl 4 g3 1S Blie (s 4 g 350 e
[ 1 (D) V4-0 Ko 5 Y0 &l ] s g 255 0 g5 y=)F cx=T¥
Sl 5 Sy go ayg2s ol Ll cul gtext ) gmas 5l eslinal Jlssed (S35 » e 25 505 ol
gtext (‘text)
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32 n..:,»r:..:.wr:;af’)hsd),bu MATLABJJJJ/JJU‘H/ﬁJJ@'JdMM}J

.
Dn (fo-0)

G)=v—F"—"7
s+ w, s+,

B A L D
printsys (num , den, s) L printsys (num,den)
S o b Slder L 93 Card Sy 30 4 1, NUM / den
Wby 5o 0dd 03ls UL Ojpo 4 @il g 0 O=2/F 5 @,=0 rad/s o2l axils Jle sl P
53 NUMO &S S a5 . ‘..uﬂ Cos & §=/F 5 @, =0radls L 5,0kl oy 45 0 (R & Y-0

ol ) J;.\).:Y'—o ;.GLJJ

MATLAB Program 5-3

wn=>5;
damping_ratio = 0.4;
[numO,den] = ord2(wn,damping_ratio);
num = 572*num0;
printsys(num,den,'s')
num/den =

25

SA2 + 4s + 25

) 3 g 4 oS iy a5 s g ey it ol Oy i o el 25 pesin dly sl G
LS 53
Yo
G(s)=

TS HEs+Y0

e3ls QLIS Yo-0 K2 55 4k Gl Gl das 0 S @ L ot ol Ay gealy 15 gad ¥-0 4l
Lledd

S dilodls pns 58355 55k 4y 5 X by g o (K GlSKE 5) YouO JSo 55 &8 A4S ax g

i S S oo w1y Step syes b s adal Dslite Jose 4y e 5 X e bl

ol step s ¢ pad OLU 'Output’ &ojg 4 1)y s 5 TSEC L 1) X some ol o A s

s N o S QST 5 g0

¢ = step (num,den,t)
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MATLAB Program 5-4

% ***** Enter the numerator and denominator of the transfer
% function *****

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

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

grid
title (" Unit-Step Response of G(s) = 25/(s"2+4s+25)")

Unit-Step Response of G(s) = 25/(s?+4s+25

14 T T T Y
12 k =
1
©
0.8 F
2
[}
04 g
0.2 Fooferisbini e b s
0 i i i i i
0 0.5 1 1.5 2 2.5 3

Time (sec)

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

Yo-0 IS

ok al

Ainn ) N0 Ko 5 0-0 Ll € ge Ol 4 o2 0 U 4 1) plOL(LY) S gzes

S 4w Gla govs Olg oS3l 4 MATLAB | . MATLAB L (susy dw dbs peculs (5Lo yl gai pus

0 33 o83 33 ol o B3 Sl surf 5 mesh sy, 0 SIS 4 sk ol 4 S ola) s 5 S )
ﬁ&)bJp;h;-u:..dl..a:da_,;)a‘_,J_,‘.LU.:.J-(....,)‘_})E:-L@,J‘),U;6@\0.3\‘5.@4..,.@4
r.ljga)lSul) mesh J)L.-)Lg.jg.)\;sa‘): _,\_;)_:‘_’4
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MATLAB Program 5-5

Yo -mmmmmmmmeaan Unit-step response -------------
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/(s*+4s+25)

—

t Sec Ay ey o

585 OIS a1 55 By dila fouS L0 b oS
L :
R(s) s +YZs+)

G 415 o) gy sladate (Sl sud 5ia ) 4 @, b b GuiS5)

S s 05 sl
=°’°/Y’°/Y9°/?’°/A ,’)° -

S i (2 dew I g Sy xines

el 33 45 g0 s W Gl S 4 SL,1 g0 s (Sl 453e0 MATLAB 4l S 720 4l

‘-f'a.:al);.:)M&J(JN&&&JL‘:JL‘W)HerdeqjédthUﬁoi‘j‘ﬁ
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MATLAB Program 5-6

Yo —emmmum 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 0.2 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')

Slp Lled esls OLES (O) 5 () YY-0 6L“J§-3' > Jrolm lajls g das o s 1) (S 4w
Oeas g Mesh (y) [giws 5leslinal b oles S eslizul mesh(t,zeta,y) | siws 5l sda 4w 13 50 o)y
o G a3 gas S mesh () ) szes L mesh(tzeta,y) [ yws & A8 ax 5]l o s 4 423
VOOl Altes Ky o 558 wa LY 53X Sbaygome &S Sl l b LS o 5wyl (O) YY-0 L2
[

g Ol g Al S o ) el OF Bl il 35 (551,55 Slslons il S s ST
for &> 5l eslizal b #-0 &b, . ool for &l 5l eslinal glaslwe i 035 o3l gl Jglizae ol O
4 Sl 0k ealizad fOr Al 31 LT 55 48 3,05 54y (godaze Al SIS ol 53 L Sl 0l 2y
g LTS 4 1 4 Cdlay by &S oy 1y el ol plaS B S n 4o 5 0155
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) Plot of Unit-Step Response Curves with w, =1and £ =0, 0.2,0.4,0.6,0.8, |

()

Response

(<)

YY-0 JSb

by c—nb‘ Sla e (Sda a 15 gai (D) ¢ L =0,0/Y,0/%,0/8 0/ /o (gl5lay sdm g3 Ay o Sl s (Al

SB6 ¢l MATLAB &b . MATLAB L cuwdi jjloj ¢ 0‘74"'()'9{“:'.}5“ .*CJ/‘)L‘J gt Glo; iU
CJ_)_,.J “ P \_A.ijﬂj r.:.--.-:w Lo WL-A )L_.m.a O AE ;)L‘) K} ‘u’:"@}lj" rq._r'}s'u ‘C_,‘ QLA) 3 yx2 JL‘)
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45.,\:;54;.-_,:).:.)S.')la'.aH)a.\.aTc,...a:q@L:JQIﬁUQule.l.ir_‘)\’\‘—ot}.i_:ﬁ)gr;.yilﬁ'cwlg
(A 15 Vo=0- Ll s 5 8 @ 55 VL 45 50 (Slgatn (61 Olg5 o 1y 40l 5 ol

5,31 Cews 4 MATLAB U1 S s G g ooy 015 oo 25 Sl g2ms b o i s
impulse (num , den)
impulse (A , B, C, D)
[y, x,t] =impulse (hum , den)
ly.x.t] =impulse (num , den , t) (¥\-0)
[y, x,t]=impulse (A,B,C, D)
ly.x,t]=impulse (A,B,C,D,iu) (fY-0)
ly.x,t]=impulse (A,B,C,D,iu, t) (fY=0)

MATLAB Program 5-7

Yo -===--- 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 -------

Y% -=--mn In this example, we assume zeta = 0.6 and wn = 5 -------
num = [25];

den=[1 6 25];

t = 0:0.005:5;

[y,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

[ymax,tp] = 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/(s2+0.2s5+1)

Amplitude
o

I

s yb

YE-0 JSo

i gl e

0 5 10 15 20 25 30 35 40 45 50
Time (sec)

E U G(S) iy ol cadsl a2 0 S Sy 53 4 IS W5 s sl G S0 g,
ol QLS sG(s) iy

el R(S) =V dly &5 (63508 Sl Opr A 1S S 55 1, 0-0 Je (s & iy

GO _ o(sy= Clsym
R C(s)=G(s) Tt
s \

S doted &
ol sG(s) "L’C“'l‘ Ly G(s) 4,2 C“'L’ o=l 5 e
MATLAB « ,.;den snum osls b
num=[0 1 0]
den=[1 0.2 1]

Q)).aa.,l)r.;..:..,.dg'c.ﬂl.; v 4=0 Ll 53 ol o3y s 4o ,S C’"‘L'w Dxewd Sl eslaal
P.:JL':_JA Yo-0 Jg..i)é ol ool QL'.'..J
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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/(s*2 + 0.2s + 1))

Unit-Step Response of sG(s) = s/(s2+0.2s+1)

08}
0.6
04l : . : Koot
[} : : : 3
E 0.2 et /\ e s : e
E ool b fA SN s el
0.2} e s :
04t AU S O Yoo I
-0.6 ‘ - oaT s 4 45 ey (i
o S 10 15 20 25 30 35 4;0 2550 SN
10 ¢
’ ’ Times(sec) . sG(s)=s/(s" +o/Ys+Y)

Fl 3L sl b ol L 2l 3y et ey 3L sl p ramp 55> MATLAB 3 . (il pecwls
G(s) s cbbwwcﬂ-b L lp S il pl S8 L oS eslinud step ) sis Sl el
@Ul._.é\n\;..idbr.:_.._..udl':.adlﬁ.Viﬂxjsql)aliéﬂli”:_d;}ﬁ;sdmmzsﬂbG(s)

L, A 5 5 ks

C(s) _ Ys+)
R(s) s +s+)

ot R =V aly ot s30,5 )
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\ _—
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s +s+\s
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~rst
num=[2 1];
den=[1 1 1 0];
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MATLAB Program 5-10

Yo ====mmmmmmmnnns Unit-ramp response ------=--------

9% ***** The unit-ramp response is obtained as the unit-step
% response of G(s)/s *****

9% ***x* Entar the numerator and denominator of G(s)/s *****

num=[2 1];
den=[1 11 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);

9% ***** |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’ t,t,'-") *****

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

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

grid

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

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

Unit-Ramp Response Curve for System G(s) = (25 + i(s? + s +1)
12 T T T T T T T T .

Input and Output
[=))

(3]

YP-0 JS&

A Bl s
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w{J

CC=[ = Y]
DD=|q]
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Isim(num,den,r,t)

MATLAB Program 5-11

Yo =-mmmmmnmmnen Unit-ramp response ---------------

% ***** 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=[0 1;-1 -1];
B=10; 1];
C=[1 0];

D = [0};

% ***** Enter 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);

% ***** |n plotting x3 add the unit-ramp input t in the plot

% 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

10 T T T T T T T T T
o
8t ooo .
e
°
)
7+ o ]
o
5 °
s 6l - |
3 &
O ’OQO
= (o) 4
2 S5t &
< o
o

5 o
2 4t = J
=] o°
- o

3k P J

o
o
&L
2 B bO ) -
o
)
1 fssinenie I ; : 4
0 : i L i A N i i L Yv-0 J_ﬁ_:.

| 5 el
t Sec I

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

(st 1 19=0 I 5 V-0 il Jilon piman) ki |y a5 Ja 93

Aol Isim | glws SS 4 ) STt aal 5 peculs
SatA SN 31 O30 ety S S sl $-0 Jia
€(s) L1 NsHd

R(s) s +s+)

DL YA-0 IS 53 Joolo Jlspas ol b Aoy ok ol 5 ot sS4 VY0 Ay il 5 oo

GO0 IPYS WPy K

b s g ol 1) w15 Y1) als slabaie MATLAB ) soliid b
J:s“, 5..‘# c.l‘:\ =u .\
U=y

S A X() = 1l s


http://mohandesyar.com

Yi4

www. Mohandesyar . com

MATLAB L 1,3 fly Jala3  0-0

MATLAB Program 5-12

Y%o =--=--- Ramp Response -------
num=[2 1];

den=1[1 1 1];

t=0:0.1:10;

r=t;

y = Isim(num,den,rt);
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,'Output’)

Unit-Ramp Input and System Output

Unit-Ramp Response Obtained by use of Command *“Isim”™

Output <
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Unit-Ramp Input
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MATLAB Program 5-13

t=0:0.1:12;
A=[-1 0.5-1 0];
B =1[0;1];

C=1[1 0J;

D = [0];

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

y = step(A,B,C,D,1,t);
plot(t,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,u,t)".

u = exp(-t);

z = Isim(A,B,C,D,u,b);

plot(t,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’)

00

Unit-Step Response
1.4 T —r— - ,

08 b

Output

Ya-0 S

ol gy ()
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MATLAB Program 5-14

Yo ==mmmmmmmmmmne Response to initial condition ---------------

% ***** 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[1 3 2|;

% ***** 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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Il el o le (MATLAB 35 4 Ol Do, S
%Specify matrices A and B
[x,z,t]l=step(A, B, A, B)
x1=[100 .. 0]}
x2=[0 10 ... 0]*x}

xn=[00 0 ... 1]*x}
plot(t , x1 ,t, x2, ..,t, xn)
b t=tp Gt=0 511, s gles Aol oml i i) 08 s Olas gt 15 Ol s 1 sl 5y S
ﬁﬁ@)ls‘i‘)xjdh)j:-“°(r-:;scncﬂ At d’;b_jd..plﬁ'
t=0: A t:tp;
%Specify matrices A and B
[x .z, t]=step(AB,AB,1.);
x1=[100 .. 0]*%;
x2=[0 10 ... 0]*x}

xn=[000 .. 1]*x};
plot(t , x1,t,x2, ..,t, xn)

s 15 4-0 Jle 50l 5 5

LS B 03 1) 25 g 4 el iy s (P o 30 il (5L lan ) al gl dos] ypub s pculy
x=Ax , x(°)=x, 0F-0)
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y=C(Az+Bu)=CAz+CBu ($o-0)
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y=CAz+CBu
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(LS sl 515355 550 4 15 OTMATLAB qoal sy ) deily okt Gasitiat 0lay s S1: il el
%Specify matrices A,B, and C
[ x,z,t] = step (A,B,C*A,C*B);
y1=[100 .. 0],
y2=[0 10 ... O]y}

ym=[0 0 0 ... 1]*y}
plot(t,yl ,t,y2,..,t,ym)
Syd gasiat Oloj sy Sl o el
t=0: A t:tp;
%Specify matrices A, B, and C
[y,z,t]=step (AB,C*A,C*B,1,t)
y1=[100 .. 0]}
y2=[0 10 ... OJ%}

ym=[0 0 0 ... 1]"y}
plot (t,y1,t,y2,....t,ym)
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Initial ( A,B,C,D,[ Initial condition] ,t)

MATLAB Program 5-15

t=0:0.01:3;

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

B =1[2;1];

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

x1 =[1 0]*x";

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

grid

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

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

gtext('x2')

Response to Initial Condition
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y=Cx+Du
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MATLAB Program 5-16

t =0:0.05:3;

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

B = [0;0];

C=10 0J;

D = [0];

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

x1 =[1 0]*x";

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

grid

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

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

gtext('x2")
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Response to Initial Condition
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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=1[1 0 0];

D= [0};

y = initial(A,B,C,D,[2;1;0.5],1);
plot(t,y)

grid

title('Response to Initial Condition')
xlabel('t (sec)')
ylabel('Output y')
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MATLAB Program 5-18

Yo ===-=-- Unit-Step Response of C(s)/R(s) and Partial-Fraction Expansion of C(s) -------

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];
% den1 =[1 8 40 96 80 0];
%  [rpk] = residue(num1,den1)

numl = [25 72 80];
denl =[1 8 40 96 80 0J;
[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

0

k=
[l

c(t) ==/08 Y8 e " cos ¥1+o/FFrAe ™ sinF1 —o FrVOE™ —o/fVOLe 41
el HISET 55080 S ) St s S 3 n ol S ooy s S
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MATLAB Program 5-19

num = [10 4];

den= (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];

den1 =[1 4 4 0];

y1 = step(num1,denT,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 -=----- 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.
% In this program the rise time is calculated as the time required for the
% response to rise from 10% to 90% of its final value. -------

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

| ly,xt] = step(num,den,t);

plotit,y)

grid

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

ylabel('Output y(t)')

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

rise_time =
0.5800

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

peak_time =

1.6600
max_overshoot = ymax-1
max_overshoot =

0.6182

s = 1001; while y(s) > 0.98 & y(s) < 1.02; s = s-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=1[0.6 2 5.6 9.6/;

t=0:0.1:8;
y = zeros(81,4);
fori=1:4;

num = [a(i)];

den = [1 b(i) a(i)];

y(:,i) = step(num,den,t);

end
plot(t,y(;,1),'0',t,y(:,2),'x",t,y(:,3),'-",t,y(:,4),'-.")
grid
title('Unit-Step Response Curves for Four Cases')
xlabel('t Sec')
ylabel('Outputs')
gtext('1")
gtext('2")
gtext('3")
gtext('4')

Unit-Step Response Curves for Four Cases

T

t Sec

08-0 JS&

Aoyl Fol sl s
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MATLAB Program 5-22

num = [1 10];

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

r=1;

y = Isim(num,den,r,t);
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=1[0 0 1 10];

den=1[1 6 9 10];

t=0:0.1:12;

r1 = exp(-0.5*1);

y1 = Isim(num,den,r1,t);
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’)

.\,_,:Q,us,;bx;,a;..,_wcuébur;.._.,\v-o <l
Cs) o
R(s) s"+s5+0

by 25 (1) S35 4 e ey
r(t)=Y+t
[sL..u‘ .\;-b ;,.:_: &i 3 Y a)l.h‘ “ ‘SIA.L‘; C}W r(t) ,_53}_)_,]
S29038 C::L; n‘Jo.A “ J—-ﬁl’- ‘c..uti J""“ " JA}JI AJL.:-I ‘) U&MATLAB Z.ALJ: &i YY-0 ;.Ala).v .J."
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Input and Output

Output

10

Unit-Ramp Response by Use of Command “Isim™

T

Response to Input r) = ¢
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0 " i '
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MATLAB Program 5-23

num = [5];

den=1[1 1 5];

t=0:0.05:10;

r=2+t;

¢ = lsim(num,den,r,t);

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')

)

Fo-0 IS
oty A gy e ()
il a4 gl (©)

—osQ01

.r=e
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Response to Input 7(f) =2 +¢

=2+t
o oo =y

Output ¢(¢) and Input r()
H
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\ oy
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r(r) Y
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R(s) s +s+Y
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Eanal ok
R(s) 2 C(s)
s(s +1) o
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MATLAB Program 5-24
num = [2];
den=1[1 1 2|;
t=0:0.2:10;
r=0.5*.A2;

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

Input and 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];
[y(1:61,n),x,t] = step(num,den,t);
end

plot(t,y)

grid

title('Unit-Step Response Curves')

xlabel('t Sec')

ylabel('Outputs')

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')

Jrol muly pova il (£0-0) 5 (0A-0) &V¥slee . o MATLAB Wiy K Y0 Ll e
initial 5 szs 51 eslizal L VF=0 Jlie j3 a1 S S am g3) . ol 0l 0313 OLES $O-0 5 oys
5 ol e P J

(ol Y0 S ot ol (s el s ey e

LS ks 3 ) 5 dasite Aolee \V=0 I
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Unit-Step Response Curves
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MATLAB Program 5-26

t=0:0.05:10;
A=[010001;-10-17 -8J;

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

2.5

Output y
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