Sate variable Method of Analysis:
Topics covered:

What is a state model

Comparison with TF model

Methods of obtaining state-space models of dynamic systems
Transfer function from SS model

Solution of state equation

a. State Transition Matrix

b. Solution of Homogeneous (free) system equation

c. Solution of non-homogeneous (forced) system equations
d. Properties of State Transition Matrix

6. Controllability and Observability of a Control system
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1. State Model ( or Sate variable or State space model)) :
State: The state of a dynamic system is the minimum set of variables
called state variables, which if known at time to, along with the input, the
system behaviour at t >tp can be determined.

A dynamic system represented by an nth order differential equations can be
split into n first order equations, which can represent a state model. The
model consists of the chosen state variables x1, X2, ...Xn, the input u, and an
output y (for a single-input single output system).

The state model representation of a system is
L

X=AX +Bu
y=CX +Du, where

X is (x1, X2, ...Xn) - a (nx1) matrix of state variables called State matrix,
A is a (nxn) matrix called Coefficient matrix,

B is a (nx1) matrix called Driving matrix,

C is a ( 1xn) matrix called Output matrix ,

and D is (nx1) matrix called Transmission matrix.

U is input and y is the output.

The state variables are the minimum set of variables.
The choice of the variables in the first order equations may be different, which
leads to a different state model of the same system.

For example: consider a transfer function
C(s)/R(s) = k/(s? + as + b),
ie, c+ac+bc=kr .. (1)
Letx;=cand X2 =X1=C
Eqn. 1 becomes, X,= - a X2 - b x1 + kr

Above equations are written as



or
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X =A X + Bu
y=CX + Du

is the state model of the given second order system.

2. Comparison of Classical (TF) method and State variable method

Transfer function

State variable (State —Space)

1 | The classical Transfer function is a | Time-domain approach
frequency domain approach

2 | Transfer function is unique State model is not unique.

3 | Only input, output and error Chosen state variables need
signals are important and are not represent physical or
physical variables and measurable | measurable variables

4 | Design methods are trial and error | Not trial and error. Systems
methods and are approximate can be designed optimally.

5 | Can handle only linear and time — Also handles non-linear and
invariant systems time-varying systems

6 | Generally limited to single input- Can handle SISO and MIMO
single output (SISO) systems. Multi | systems with equal ease.
input —Multi output systems (MIMO)
are difficult

7 | Initials conditions (ICs) are Ics can be considered.
neglected.

8 | Internal variables cannot be fed Internal variables can be fed
back back

9 | Requires Laplace transforms for Treats both similarly.
continuous signals and Z-
transforms for discrete signals.

10 | TF models can be handled by Computational ntensive and

manual methods

often needs use of computers.
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