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Outline

• Closed Loop Transfer Functions
• Essential Transfer Functions
• Sensitivity functions

• Traditional Performance Measures
• Time domain
• Frequency domain

• Stability & Robustness
• Introduction – role of sensitivity functions
• Nyquist 
• Traditional gain/phase margins
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Closed Loop Transfer 
Functions



Closed Loop Transfer Functons
a generic structure
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Transfer Functions
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Three Key Transfer Functions
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Sensitivity Functions
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Note the use of 
identity matrix, I, 
in these definitions. It 
shows the MIMO 
extension of the 
original SISO 
concepts.
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Traditional Performance 
Criteria



Traditional Performance ~ Time Domain

• ultimate error, limit of e(t) as t approaches infinity
• rise time, Tr, usually defined as the time to get from 10% to 

90% of its ultimate (i.e., final) value.
• settling time, Ts, the time at which the trajectory first enters an 
ε-tolerance of its ultimate value and remains there (ε is often 
taken as 2% of the ultimate value).

• peak time, Tp, the time at which the trajectory attains its peak 
value.

• peak overshoot, OS, the peak or supreme value of the 
trajectory ordinarily expressed as a percentage of the ultimate 
value of the trajectory. An overshoot of more than 30% is often 
considered undesirable. A system without overshoot is 
‘overdamped’ and may be too slow (as measured by rise time 
and settling time).



Traditional Performance ~ Time Domain Cont’d
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Bode Plot
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Given any transfer function describing a SISO system
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Sensitivity Functions: A Fundamental 
Tradeoff
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Sensitivity Functions, Cont’d
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Traditional Performance ~ Frequency 
Domain
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Example: Bandwidth
Complementary 

sensitivity
Open loop Sensitivity



Interpretation of Bode Plot
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Summary
• Need to consider 2-3 transfer functions to fully evaluate 

performance
• Bandwidth is inversely related to settling time
• Sensitivity function peak is related to overshoot and 

inversely to damping ratio
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