
Characteristic Equation From State Space Equation

[sI-A]-1=ϕ(s)

Characteristic Equation: det(sI-A)=0 



� Transient and Steady-State Response Analysis

� Sensitivity to Model Uncertainties

� Steady-state Errors (t����∞): Y(∞) , E(∞)

� Disturbance Rejection

Chapter 4

Feedback Control System Characteristics



Typical Test Signals

• Step functions (*)

• Ramp functions (*)

• Impulse functions (*)

• Parabolic functions

• Sinusoidal functions (Later in frequency analysis)

• White noise



Test signals



Transient and Steady-State Response

Time response has two parts:

1) Transient Response: System response from initial state to 

final state

2) Steady-state Response: System response  when t

approaches infinity.

)()()( tCtCtc sstr +=



First Order Systems
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Unit step response of first order systems
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Unit ramp response of first order systems
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Unit impulse response of first order systems
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Example of first order system







Step Response







Example of a Second Order System







Transfer function of a second order system (K=1)

(1)



From equation (1), we can write
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Step Response of a Second Order System
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Unit Impulse Response of a Second Order System



Closed Loop Control



Closed Loop Control





System Sensitivity



System Sensitivity



Disturbance in a system



Disturbance in a system



Disturbance in a close loop system



Disturbance in a close loop system



Example: 

Feed Forward Method



Steady State Error

Error after the transient response has decayed (t����inf)

H=1



Steady State Error







System Error



System Error




