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❑ State-Variable Systems

• State-variable systems

• Differential equations to state-variable systems 

• Examples

❑Matlab for Solving State-Variable Systems

• Matrix operations and indexing

• Ode functions with examples
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• State-variable systems
A state-variable system models a dynamic system and comprises a first-order ordinary differential 
system (ODE) that describes time derivatives of a set of state variables.

The most general state-variable system of a linear system with p inputs, q outputs and n state variables is 
written in the following form

=>State-space representation

day ↓ xict) = Alt) X It) + BIt) UIt) -
Jut

X y(t)
=C (t) XIt) + DIt) UHt) XM

rector

XIt) State variable ER" I
y(t) output variable vector GRAn
hit) control input variable vector

-pp
q In I



Alt) State matrix eRaxn

B(t) input matrix e Rnxp

((t) output matrix craX

DIt) feedforward matrix = 129x9

( ,
B

,
C

, D) : time invariant system

(AH) , DH) , (H) , Dit)) : time variant syseem



Discrete-time systems

* (k+ 1) = A(k) X(k) +B (k) ULK)

Y (k+1) = ((k) X(k) + D()U(K)

X= X

↑) linear systems cl= X
=

x it) = f(x) , me)
-

↓ monhnear systems - Yet = h(x , uce)
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• Ordinary differential equations to state-variable systems

Exampl : Newton's second Law

my
*)
= F(xu)

m X" = F(xct)

Define Zu = X zi = E2
=

zz = XI z

=
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• Ordinary differential equations to state-variable systems

In general
-

y(u) + dayy + .... + 2 , y
*

+ GoY = 0

- ↓/S

coefficients

Step 1 : define nenvariables searting with Y !No
. of

↓
is the order of ODE

Step 2 : Express the derivative of new variables
in term of new variables
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• Ordinary differential equations to state-variable systems I
Step 1 : z ,

=Y X -

=y y(h)
=

-AnyY)- LuzY
-

zn =y(n-1)
.... -

x,y
Step 2 : z = y = zz

z2 = z3

:

In = E-XmEn-EmEny ... -dizz Toz ,
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• Examples If
n = 3

z = zuv

I &

& 3Zz =

E3 ~

z3 = - Auzz-Nizz-doz

=-
↓ ↓X
-=Az
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• Examples

Seate-variable system for general ODE is

z = Zu

Ez = Es

:
En = -LmyEn-AnzEny ... - Lazz-Noz
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• Examples

l
-o -G .

.
.-ny En

↓ ↓-
= = Az
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• Examples
im+Hy

step I
z
,
= Y

a
-

--

= = Y

seep 2 zi = z

=
z
= y = - E2 - 2

1
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• Examples (t) +]y(t) + y(t) = 0

z = Y
z = Ez

zv =j in = -zzu-z
,

↑
i = y = zz

En = -y y - y = - zizz - z
,

no Y
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• Examples
2-DOF Robot Arm Model

night) +M-(t) + My (singHt) = Uct)
~

M : mass j = - Lj -(t)
[It) : time -vary angle -g(singHt) + As
L : Lagrange constant

g : gravitational acceleration

UHE) : force
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• Examples

Define X .
= 9

Xz = i

i = X -

I x = = -LX-g(sinx , +
-

↓

~ M = -Jusinx ,
] + Cut
=


