


/State-space Model

e Instead of Mathematical Model, dynamic system can
be represented with State-space Model

e [t consists of:

v’ State Variable, which is making up the smallest set of
variables that determine the state of the dynamic system

v’ State-space Equation, concerned with three types of
variables; input variables, output variables, and state
variables



General Form

x(t) = Ax(t) + Bu(t)
y(t) = Cx(t) + Du(t)

A 1s state matrix
B 1s input matrix
C 1s output matrix

D is direct transmission matrix



General Form
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Find the state-space equation of the
mechanical system shown in the
diagram while the system equation is

my + by + ky = u

Solution:

This system is second order, so we need
two integrator. Let us define state
variables x (t) and x,(t) as

X (f) = y(1)
x,(t) = y(t)



- Example

szt Then we obtain
kg .72:1 e, )

, 1 . 1
‘_ ) x2=E(_ky_bJ’)+E”
Jr or

W) :
H |1l Xf = A

T T T T m m m

m




Example
(LLLLLLLL The Output equation 1S

u(r)
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Example

The block diagram of this system is

u ;
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““Correlation between Transfer
Function and State-space Equation

As we know, the general form of Transfer Function is

Y(s)
Ul(s)

= G(s)

and the State-space Equation is

X = Ax + Bu

y = Cx + Du
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Correlation between Transfer
Function and State-space Equation

The Laplace Transform of State-space Equation is
sX(s) — x(0) = AX(s) + BU(s)
Y(s) = CX(s) + DU(s)

and since x(0) = o, then

sX(s) — AX(s) = BU(s)
or

(s — A)X(s) = BU(s)



Correlation between Transfer
Function and State-space Equation

By premultiplying (sI - A) to both side, we obtain
X(s) = (s — A)'BU(s)
then we substitute into output equation, we get
Y(s) = [C(s - A)'B + DJU(s)

to, the Transfer Function G(s) is

G(s) = C(sI — A)'B + D
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Example

Find the Transfer Function of the State-space equation
we obtain before.

Answer :
G(s) =C(sI — A)'B+ D




Example

Note that
- = B h
s -1 | S‘f*; 1
b =
i s+ — sob k k
L By Yook oyde ST oo S
m el ] -
Thus we have - -
b
1 S“I“; 1 —0—
G =110
..~~~ 1
O et ity s T s e
ey |Lm_
1

ms® + bs + k



Exercise

e Obtain the transfer function G(s) of the system
defined by the following state-space equation :

)1 Sl
Al

Y



—

Exercise

Answer :

G(s)=C(s1—A)Y'B+D

t = . F
- alft '] 7

G(s)=|[1 7] <Sz +25+8[S+1 S_+15 >[5]




Exercise
Answer :
s+ 1
=11 71 ¢

=1

s24+65s+8 s2+6s+8

s+5

s24+65+8 s%246s+ 8-

s+ 7

25+ 9

G(s) =

12s + 59

G(s) =

s?2 4+ 6s+8
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ﬁin State-space Equation from
Block Diagram

U(s) X, 10 x 1
| ——-—
s+ 5
Controller Plant
1
s+ 1
Sensor

e Obtain a state-space model of the system!



Obtain State-space Equation from
Block Diagram

Write each block equation
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““Obtain State-space Equation from
Block Diagram

Simplify these equation, we obtain

sXils) = —5X(s) + 10X:(s)
sXy(s) = —X;(s) + U(s)
sX3(s) = Xi(s) — Xz(s)
Y(s) = Xi(s)
By Laplace transformation, we can write
BT e
X, = —X3+tu
X3 =X

Yo



b5 1D
0 =1
0 =1

Obtain State-space
Block Diagram

And write it in the standard form

0

Equation from

y=[1 0 O]
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Exercise

e Obtain a state-space model of the system!
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Exercise

e Answer :

U(s) - X(s) Y(s)




Exercise
e Answer : -

Xl(..‘.') Y(S)

U(s)

Xl(s) i 1 . 2
X,(s)+aU(s)- X,(s)] s H = [:E (1] H t H“
Xz(S) _9 : T :
U(s)—X,(s) s y—{ 0 ;1]

Y (s) = X,(s)
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e Simplify the block diagram!
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e Answer :
R(s)
(a)
R(s) G H, C(s)

(b) —— p—] ] [e—

1+ GH, G

R('S) G + H 1 C(S )

(c) ™ 1+ cm, :
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e Obtain the transfer function G(s) of the system
defined by the following state-space equation :
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Latihan Pra-UTS
Answer :

G(s)=C(s1—A)Y'B+D

e =1 a(f§ -3 3D L
6 =11 o[ s+1D H

Gt} = |1 0 (SZ +§s+7[$+1 S_-|-14 )lll
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Exercise
Answer :
s+ 1
2 2
G(S)=[1 0] S +gS+7 S +SS+7
s2+4+55+7 s24+5s+47.
s+1 -1 1
6 =| |
() S 547 e bod g [1]
G(s) =

s24+5s+7
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e Obtain transfer function
X _(s)/X.(s) of the system!
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Answer :

The equation for the system is k |;i:|b i

mx, + b(x, — %;) + k(x, — x;) = 0

or

iy L bx | Ay = By | k%

T e
il



Latihan Pra-UTS

Taking Laplace transform of this last
equation, assuming zero initial

condition, we obtain I;ij l
k b X

(ms* + bs + k)X,(s) = (bs + k)X;(s)

Hence the transfer function X (s)/X.(s)
is given by

T e
.

XO(S) bS + k
Xi(s) ms’> + bs + k
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e Obtain transfer function X2(s)/U(s) of the system!
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s+ 5

2 5 -l_y(:]
(a)

G(s) ]—bﬂ.ﬂ
| H(s)

(b)
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Determine G(s) and H(s) of
the block diagram in Fig.(b)
that are equivalent to the
block diagram in Fig.(a)



