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MM4 System’s Poles and Feedback 
Characteristics 

Readings: 
• Section 3.3 (response & pole locations, p.118-126);
• Section 4.1 (basic properties of feedback, p.167-179); 
• Extra readings (feedback characterisitcs) 



What have we talked in MM3?

• The reponse analysis
• Performance specification
• Numerical simulation

9/6/2011 Classical Control 2



9/6/2011 Analog and Digital Control 3

MM3: Time Response Analysis (I) 

d(t)=0

Typical input u(t)

Time response y(t)

TF model 
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MM3: Time Response Analysis (II) 

 Typical inputs: impulse, step and ramp 
signals

 1st, 2nd and high-order (LTI) systems
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Time response = excitation response + initial condition response
(free response)
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MM3: Performance Specification
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MM3: Numerical Simulation
 Impulse response: impulse(sys)
 Step response:        step(sys)
 ltiview(sys)
 Subplot(m,n,1)
EXAMPLE:
sys1:                     Sys2: 
num1=[1];                num2=[1 2];
den1=[1 2 1];           den2=[1 2 3];
impulse(tf(num1,den1),'r',tf(num2,den2),'b')
step(tf(num1,den1),'r',tf(num2,den2),'b')
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Goals for this lecture (MM4)
 System poles vs. time responses
 Poles and zeros
 Time responses vs. Pole locations

 Feedback characteristics
 Characteristics  
 A simple feedback design

 Block diagram decomposition (simulink)



System Poles 
 First-order system

 Second-order system 

 High-order system
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Pole vs Time Response:  First-order System (I)
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Time constant – why?

63%

Time response is determined by the time constant
System pole is the negative of inverse time constant 



Pole vs Time Response:  First-order System (II)
 An design problem – how to use this knowledge
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• ”Speed-up” the response
•Eliminate the steady-state error

• ”Speed-up” the response –
Shorten the time constant! ... How?S1=tf(0.95,[10 1]);

S2=tf(1,[1 1]); 
Step(s1,s2) 



Time Response: 2nd-order System (I) 
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Time Response: 2nd-order System (II) 
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2nd-order System: Poles vs Performance 
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Pole locations Time response
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2nd-order System – Pole Locations (I) 

s1=tf(1,[1 2 1]); 
s2=tf(1,[1 1.6 1]);
s3=tf(1,[1 1.0 1]);
s4=tf(1,[1 0 1]);
pzmap(s1,s2,s3,s4)
sgrid

Example: 

How is this figure generated?
How to interpretate the information?
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SGRID generates a grid over an existing 
continuous s-plane root locus or pole-zero 
map.  Lines of constant damping ratio (zeta)  
and natural frequency (Wn) are drawn.

ZGRID generates a grid over an existing 
discrete z-plane root locus or pole-zero map.
Lines of constant damping factor (zeta)
and natural frequency (Wn) are drawn in 
within the unit Z-plane circle.

pzmap(Sys);
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2nd-order System – Pole Locations (II)
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2nd-order System – Pole Locations (III) 
Execise: 

(1)Figure out the damping ratio and natural frequency 
of the following systems
(2)Sketch all pole locations in the s-plane according 
to the information you get from (1) 
(3)Sketch and comapre the step responses of all 
systems, and explain the results

s1=tf(1,[1 2 1]); 
s2=tf(1,[1 1.6 1]);
s3=tf(1,[1 1.0 1]);
s4=tf(1,[1 0 1]);
pzmap(s1,s2,s3,s4)
sgrid
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MM3: Performance Specification
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pzmap(s1,s2,s3,s4)

step(s1,s2,s3,s4,15); grid;
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Summary of Pole vs Performance (I)
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Summary of Pole vs Performance (II)

Pole locations Time response
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Goals for this lecture (MM4)
 System poles vs. time responses
 Poles and zeros
 Time responses vs. Pole locations

 Feedback characteristics
 Characteristics  
 A simple feedback design

 Block diagram decomposition (simulink)



See chapter 2 of Goodwin et al

Material can be downloaded from 
course webpage
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Revisit of example : First-order System  (I)

 An design problem – how to use this knowledge
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• ”Speed-up” the response
•Eliminate the steady-state error

• ”Speed-up” the response –
Shorten the time constant! ... How?S1=tf(0.95,[10 1]);

S2=tf(1,[1 1]); 
Step(s1,s2) 



Revisit of example : First-order System  (II)

 A design solution
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Download feedbackexample.mdl



Summary of Feedback Characteristics

 System errors can be made less sensitive to 
disturbance with feedback than they are in open-
loop systems

 In feedback control, the error in the controlled 
quantity is less sensitive to variations in the system 
gain/parameters

 Design tradeoff between gain and disturbance 
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Goals for this lecture (MM4)
 System poles vs. time responses
 Poles and zeros
 Time responses vs. Pole locations

 Feedback characteristics
 Characteristics  
 A simple feedback design

 Block diagram decomposition (simulink)
See blackboard


