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$ First define the transfer function and
% plot the closed loop step response

s = tf('s");

G = 1/(s"2-1);

K = (s-1)/s;

% unity feedback closed loop system -

step (K*G/ (1+K*G) ) ; —fz_ |
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% open loop state space model
sys_ol = ss(A,B,C,D);

% unity feedback closed loop system
sys_cl = ss(A-B*C,B,C,D);

% closed loop step response
step(sys_cl);

% initial state response of closed loop system
initial(sys_cl,[1 0 0]);



T1-6
C)/oseoﬁ éoo/D 57566% Cmn/aufw(/ As fa[(awsz

R — —
L Xx=AX +BU" _2<__“)'=cx” 7=

- Closed {OOF Sjshm:

X = AX + B(R-CX)D
X =[A-BCIX + BR
Y = CX

closed

< (oo

§7S ey -




Amplitude

7-7

Closed éoa/p 57‘@/> o porag

sys-cl = ss ( A-BC,B, C,b%
$16]9(535*0L>)

Step Response
From: U(1)

1.2

08

To: Y(1)

Time (sec.)

bot ...



Amplitude

]m\lmﬁ state rLop oL -3

(?/tt) e Rid =0 and

x, (0) |
x,00) [ =] 0 )
| 7Cg (0) 0

Initial Condition Results

To: Y(1)

|
0 0.5 25
Time (sec.)

7 Feeam | while ‘the inchunrton.

0 compens ot V(s = —(2— broke
\‘;\l Jink EQWVL\M IVL/gu‘[’ (,(, anol
M ouﬁaut 0, i did naf remove, Yhae

}sti’abbﬂy m 6 %vm%w syn‘em.




7-9
\//AC unstob (v ?ale, IS S_’\A_JL Vherve / anol
mwj be exeted éj

- oYL - TLYO /Vl!}[»tOtK OCVVZOOJL’WV)

— dis\urbancp
_,/-;lamL mc,mfa:'n%; )

| THUS |
S?LOWL@ S/Dace VVLO]O(L/S @ZWM Us w1

o window ntfo ¢ internal,
dyfmmcs of i System (Mhose
dﬁv\awcs whaeh me be hiodent

%«m N4 /‘n,/;ﬁ Joviput WanSfUL

onchon

(m e, €xa (Q,) \
Here‘ L cgUW;{(’ have ?rw(wfwﬁ e,

onStable rmods by cm%/wwﬁ

gaenvalwn (A) = {/
ﬂjzwm ( A-BC)- fifw }

1




one of 7o
inilal, State Vmef\M, obsewed

we’ll  show W‘ff Soon,..

SuMMAR?l 5er‘€, S/DCLCL madeld have,
Some ao(van+aﬂw oven \Mmsfef func%m
mode S : ~

1. Tvansfen funchort repraantaiony s

reshricted fo M input-oudput dAWWCS
(ml,gj andk Mhos h €S ; \L’O

uns+abte, nb%?amms &%Ul Vw‘f Ca/) ble

bunﬂ eted %L m vt
i umm alo(L anrucs
. UV\SjLab anulS not visibly
at g ouﬁmt

“unobsenvable o(/gmawcs

2. State spact models are rmore c:orm/ememL
foa mu [ - m/:uw‘/mulh OU}L}th Sffs+emj°
{ MIMO )
3. Inivral STm‘& (s (mse (ﬁ;vmb State,

5 a&xgmooffenbujﬂxfu by w n&fmf e m)



-1
4. State S}Dau; maodels are also a/a/vaéaé(@

fo nalinear Syﬁ‘ems; as WL saw N
Lecfure 1L

S
7 Ung Yne

l

wWe wWite

o omean 47 T4 O u]




Sovuriony ¢ A
LuTI! Y (6 40

STATE cpacE MODELS : X = AX+¥BU

Y=CX+DU
X (0) = X,

Consider M scalar diﬁwn\l«ol e7ua¥/«;ru

x=azx+bu a b,c,del.
€ omlfutcj.” 0;1 = cx+du
s inivk Zf“ sfatfe
We claum ot \fhe Soloen, z(t) o
Vhe stal “}U“%M\Niw X (0) = Xo IiS:

D= " (

.t
t B}
2 (t) = ea Xo t f@a'(f T?b.u(T)a(,’r-

N 0 —
'mt:sl’;set\%é' input” response

]

—

How 1o check ‘that s is L

correct solvbort”

1. Check Mhat it Sa\Hsf'es D.E.

,  check Wat it sa‘!ﬂ‘gfm;s il
condHoN,



7-13
. t
if xetd>=e*"x, fe““‘"”bucr)oir

Mheno x (t) = ae“tx L (feaCtJrguL'r)o(T>

-

@side: Lecbnitz Formula

ol ()

d‘o’é /f(t,'l‘)oﬁ’ = %—im fét,'r)/
ﬂ(t) o T=ult)
- —lg— f(f,*r)/

o( (+ rEAL
+ / 2%(‘6)7-7 ol
(‘b)

ie. dells yoo how 7"0 take e Asvalind
o][ an ﬂfeﬁrw{b Wi i, - Vanywj

. 7&&'&7=&6a£7¢9+ i e” Yhatd) — O
(¢t-
t f(a, ¥ T)but’rD)o(:r

-,-a[e“txﬁ fe“& T hwa)dr)+ bwt)
s 4w )b WD
e 2(t) satistiewo Mu D E



+ 7-14
: t -
2. if xewd>=en v [e2 T h i dr
)

0
M x (o) = e® % x, + a2t pacerddr
o

= Ao

2 (€D ga\/«:‘gf«w Vs incihiall eondaon <

\fle, we've mawm%adj e Sa/u%m/(,
HU(t) fo 72/-‘-61-7(,1-574) 2 (0)=2g IS

indleed "

xct>=6at7co+ /6 RLTI ) o
O

also Rnomnj Alt), WL ean complc yie)
= ol u (t)-
Méﬂj Ulvwvu ;«c) C 2 LE)+

BuT WHAT ABoUT :

X = AX+BU
Y=CX+DWU

whow AeR™ Be R XeBR”
.. ate



T-15

’D_%ﬁi e maliy ex,omn\ﬂa,ﬂ e At s
0(,6:][/%0(/ fO bé:

6&(::1"" ﬂ.;. Azt?

[ Zzr T
whow AeE™ ) T s Wu nen rolens
mabrix.

(ie. e"t If an nxn mahn’x)

//ZOF_QJI\U‘U)__#%L M&[’Y;)( Exzpj:mm%a_,(/

1.e°=I

++5) A

3. QBT - e ARt ol AB-BA
4. (k) - p-At
5. JOE(_GM: - ApAt - pgAt 4

5 let zw) be an nxn makiy
Vhen Y Solvdion, to

Z)= A Zt)
Z (0) =T

s oz =g’



































































