


 In order to obtain the exact solutions of the problems, state 
space analysis has been used.

 This chapter presents a brief introduction to state space 
analysis and provides the basic definitions, state input and 
output equations and modeling procedures. 

 A state space representation is a mathematical model of a 
physical system, as a set of input, output and state variables 
related by first order differential equations. 

 The state space representation (also known as the "time-
domain approach") provides a convenient and compact way to 
model and analyze systems with multiple inputs and outputs.

 The use of the state space representation is not limited to 
systems with linear components and zero initial conditions.



 The classical control theory and methods (such as root locus) 
have been using in class up to date are based on a simple 
input-output description of the plant, usually expressed as a 
transfer function. 

 These methods do not use any knowledge of the interior 
structure of the plant, and are limited to single-input single-
output (SISO) systems and allows only limited control of the 
closed-loop behavior when feedback control is used.

 The concept of the state of a dynamic system refers to a 
minimum set of variables known as state variables that fully 
describe the system and its response to any given set of 
inputs. 

 In particular, a state-determined system model has a 
characteristic (i.e), a mathematical description of the system 
in terms of a minimum set of variables xi(t), i = 1, . . . n, 
together with a knowledge of those variables at an initial time 
t0 and the system inputs for time t t0, are sufficient to predict 
the future system state and outputs for all time t > t0.



 This definition asserts that the dynamic behaviour of a state-
determined system is completely characterized by the response of 
the set of n variables xi(t), where the number n is defined to be the 
order of the system.

Figure 5.1 System Inputs and Outputs

 The system shown in Figure 5.1 has two inputs u1(t) and u2(t), and 
four output variables y1(t), . . . , y4(t).

 The state variables are an internal description of the system which 
completely characterize the system state at any time t, and from 
which any output variable yi (t) may be computed.

 There is no unique set of state variables that describe any given 
system; different sets of variables may be selected to yield a 
complete system description.

 However, for a given system the order n is unique, and is 
independent of the particular set of state variables chosen.

 It is possible to mathematically transform one set of state variables 
to another; the important point is that any set of state variables 
must provide a complete description of the system.



State space model composed of 2 equations;

1. State equation

State                                

Space Model

2. Output equation







Where

The state variables of a system are defined as a minimal set of
variables, x1(t),x2(t), ... ,xn(t), such that knowledge of these
variables at any time to and information on the applied input at
time t0 are sufficient to determine the state of the system at any
time t > to



 In general, the differential equation of an nth-order system is 
written

let us define

then the nth-order differential equation is decomposed into n first-order differential equations:



• System modeling in state space can take on many

representations

• Although each of these models yields the same output for a

given input, an engineer may prefer a particular one for

several reasons.

• Another motive for choosing a particular set of state variables
and state-space model is ease of solution.

There are many ways of converting T.F into S.S but the
most useful and famous are:

1. Direct Decomposition
2. Cascade Decomposition
3. Parallel Decomposition











From State diagram

In vector-matrix form,



















Now write the state equations for the new representation of the

system.

The state-space representation is completed by rewriting above 
Eqs in vector-matrix form:



Parallel subsystems have a common input and an output formed by the
algebraic sum of the outputs from all of the subsystems.



Example











 Given the state and output equations





 State transition matrix
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