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INTRODUCTION 

The state space model of Linear Time-Invariant (LTI) system can be represented as, 
 

X˙=AX+BU 
 

Y=CX+DU 
 
 The first and the second equations are known as state equation and output equation respectively. 

Where, 

•X and X˙ are the state vector and the differential state vector respectively. 

•U and Y are input vector and output vector respectively. 

•A is the system matrix. 

•B and C are the input and the output matrices. 

•D is the feed-forward matrix. 
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BASIC CONCEPTS OF STATE SPACE MODEL 

BASIC TERMINOLOGY: 
State 
 It is a group of variables, which summarizes the history of the system in order to 
predict the future values (outputs). 
State Variable 
 The number of the state variables required is equal to the number of the storage 
elements present in the system. 
Examples − current flowing through inductor, voltage across capacitor 

State Vector 
  It is a vector, which contains the state variables as elements. 
 
two mathematical models of the control systems.  
 

1.differential equation model  
2.transfer function model.  

 
The state space model can be obtained from any one of these two mathematical models.  
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Consider the following series of the RLC circuit.  
 
It is having  an input voltage, vi(t) and the current flowing through the circuit is i(t). 

STATE SPACE MODEL FROM 
 DIFFERENTIAL EQUATION 

There are two storage elements (inductor and capacitor) in this circuit.  
 
So, the number of the state variables is equal to two and these state variables are the current 
flowing through the inductor, i(t) and the voltage across capacitor, vc(t).  
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From the circuit, the output voltage, v0(t) is equal to the voltage across capacitor, vc(t). 
 

v0(t) = v c(t) 
 

Apply KVL around the loop. 
 

vi(t)=R i(t)+L di(t)/dt + vc(t)  
 
    ⇒d i(t)/ dt   =−R i(t) / L  −  vc(t) / L  + vi(t)/ L 
 
 
The voltage across the capacitor is – 
 

vc(t)=1/C∫i(t)dt         
 
Differentiate the above equation with respect to time. 
 

d vc(t)/dt =  i(t)C 
 

STATE SPACE MODEL FROM 
 DIFFERENTIAL EQUATION… 
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STATE SPACE MODEL FROM 
 DIFF. EQN… 
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Consider the two types of transfer functions based on the type of terms present in the numerator. 
 
 

1. Transfer function having constant term in Numerator. 
 

 
1. Transfer function having polynomial function of ‘s’ in Numerator. 
 
 
 

STATE SPACE MODEL FROM  
TRANSFER FUNCTION 
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STATE SPACE MODEL FROM  
TRANSFER FUNCTION 
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STATE SPACE MODEL FROM  
TRANSFER FUNCTION 
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STATE SPACE MODEL FROM  
TRANSFER FUNCTION 
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ACTIVITY 
 
 



19ECT262/Control Systems/Unit 5/N.Arunkumar/AP/ECE 13/2
6 

STATE SPACE MODEL FROM  
TRANSFER FUNCTION-EX… 

Example 
Find the state space model for the system having transfer function. 
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STATE SPACE MODEL FROM  
TRANSFER FUNCTION-EX… 
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STATE SPACE MODEL FROM  
TRANSFER FUNCTION 
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STATE SPACE MODEL FROM  
TRANSFER FUNCTION 
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STATE SPACE MODEL FROM  
TRANSFER FUNCTION 
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STATE SPACE MODEL FROM  
TRANSFER FUNCTION 
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STATE SPACE MODEL FROM  
TRANSFER FUNCTION 
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We know the state space model of a Linear Time-Invariant (LTI) system is - 
X˙=AX+BU  
Y=CX+DU 

Apply Laplace Transform on both sides of the state equation. 
sX(s)=AX(s)+BU(s) 

 
⇒(sI−A)X(s)=BU(s) 

 
⇒X(s)=(sI−A)−1BU(s) 

 
Apply Laplace Transform on both sides of the output equation.   Y(s)=CX(s)+DU(s) 
 
Substitute, X(s) value in the above equation. 
 
           ⇒Y(s)=C(sI−A)−1BU(s)+DU(s) 
 
                          ⇒Y(s)=[C(sI−A)−1B+D]U(s)                     ⇒Y(s)U(s)=C(sI−A)−1B+D 
 
 
 

TRANSFER FUNCTION FROM 
 STATE SPACE MODEL 
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TRANSFER FUNCTION FROM 
 STATE SPACE MODEL-EX. 

The above equation represents the transfer function of the system.  

So, we can calculate the transfer function of the system by using this formula for the system 

represented in the state space model. 

Note −  

When D=[0]D=[0], the transfer function will be      

 

  Y(s)/U(s)=C(sI−A)−1  B 
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TRANSFER FUNCTION FROM 
 STATE SPACE MODEL-EX. 
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TRANSFER FUNCTION FROM 
 STATE SPACE MODEL-EX. 
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STATE TRANSITION MATRIX & 
PROPERTIES 

If the system is having initial conditions, then it will produce an output. Since, this output is 
present even in the absence of input, it is called zero input response x ZIR(t) 
 
Mathematically, we can write it as, 

xZIR(t)  =e ^At  X(0)     =L^−1{[sI−A]^−1 X(0)} 
 
From the above relation, we can write the state transition matrix ϕ(t) as 

ϕ(t)=e ^At=L^−1[sI−A]^−1 
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STATE TRANSITION MATRIX & 
PROPERTIES 

So, the zero input response can be obtained by multiplying the state transition matrix ϕ(t)ϕ(t) with the 
initial conditions matrix. 
Following are the properties of the state transition matrix. 
 
•If t=0, then state transition matrix will be equal to an Identity matrix.  

ϕ(0)=I 
 

•Inverse of state transition matrix will be same as that of state transition matrix just  
by replacing ‘t’ by ‘-t’. 
 

Φ^−1(t)=ϕ(−t) 
 

•If t=t1+t2 , then the corresponding state transition matrix is equal to the multiplication of the two state 
transition matrices at t=t1 and t=t2. 

ϕ(t1+t2)=ϕ(t1)ϕ(t2) 
 
 



SUMMARY  
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