Time Domain Analysis of Control System
Time Domain Analysis: 

           In this article we will concentrate on time domain analysis. Time domain gives the view that how the state of dynamic system changes with respect to time when specific input is given. It gives you the manner of signal over time characteristics of a measuring signal. 

Models which we have consist of differential equations so some integration is being done to determine time response. For simple linear system, analysis is being done easily by analytical solutions. However, for nonlinear systems or those which have complicated inputs, their integration is carried out numerically or by using MATLAB. 

In time domain analysis, the time response of a linear dynamic system to an input is denoted as time’s function c(t). We can calculate the time response if the input and model of system is known. 

The time response of linear system is the addition of transient response which depend on preliminary conditions and the steady-state response which is based on input of system. 

1. Transient Response: 

The element of the system that vanishes with time is called Transient response. It is the response of the system from rest or equilibrium to steady state. It is denoted by ctr(t). 

2. Steady-State Response: 

It is the element of system response that is achieved when the time approaches to infinity. The response of the system after transient response is basically called steady state response. It is denoted by css(t). 

Transient response doesn’t depend upon input of systems therefore can be analyzed using step input. Steady state depends upon input and dynamics of system and can be determined using different test signals by final value theorem. 

The equation of time response will be:
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Typical test signals in time domain:
The dynamic behavior of a system is manipulated and judged under the application and working of standard and typical test signals. The characteristics of an input signal are constant acceleration, constant velocity, a sudden change or a sudden shock.

There are four types of typical test signals: Impulse Step, Ramp, Parabolic and another important signal is sinusoidal signal.

1. Impulse Signal:
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Impulse response in control system imitates sudden shock quality of actual input signal. Impulse is the output of system when given by small input. Impulse response emphasis on change in the system in reaction to some external change. It is the reply of the system to the direct delta input.  
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When A=1 then the impulse signal is called Unit impulse signal.
2. Step Signal:
The step signal defines the sudden change in properties of actual signal. It is being used to see the transient response of system as it gives you the idea about how the system reply to interruption and somehow the system stability.
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When A=1, the step is called unit step signal.

3. Ramp Signal:
The ramp signal tells you the constant velocity attribute of actual input signal. It is being used to determine the behaviour of system with the velocity factor.
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When A=1, ramp signal is called unit ramp signal.
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4. Parabolic Signal:
Parabolic signal gives the constant acceleration distinction of actual input signal. It gives the idea about how the system will respond along with acceleration.
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When A=1, the parabolic signal is called unit parabolic signal.

[image: image7.jpg]o)

Unit parabolic signal

olt)

parabolic signal with ,
slopeA





c(t)= ctr(t) + css(t)


where,


c(t)=Time Response


ctr(t)= Transient Response


css(t)= Steady-State Response
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