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Study in Digital Control Systems
• Controller Design of Digital Control Systems

– Design Process

> Emulation:
» CT plant -> CT controller -> DT controller

> Discrete Design:
» CT plant -> DT plant -> DT controller

> Direct Design: (B.D.O. Anderson, 1992 Bode Prize Lecture)
» CT plant -> DT controller
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Basic principles of low-order controller design

Anderson 1993
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Textbook schemes for replacing a CT controller by a DT one

Anderson 1993
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Digital control design through discretizing an analog controller

PlantController
Sensor

Raviv & Djaja 1999
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Given
• A process Gp(s)
• A sensor H(s)
• A presumably well designed analog controller Gc(s)

Find
• A digital controller D(z)

which produces closed-loop behavior 
similar to the analog system 
both in the time and frequency domains

Raviv & Djaja 1999
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Solutions:

• Analog control design followed by controller discretization
– More convenient 
– Deal with sampling time T at the final phase

• Direct digital control design

• To enhance the performance by the first method
– Add a pole-zero pair in the z-plane
– To compensate for the low-frequencies and mid-frequencies 

phase and gain response effects contributed by ZOH

Raviv & Djaja 1999
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Potential problem:
• The ZOH causes a delay of approximately T/2

Raviv & Djaja 1999



NTUEE-RTCS25-DiscretizedCtrl-9
Feng-Li Lian © 2010Pole-Zero Compensation

A pole-zero compensation for delay:

– Provides a phase of (ωT/2)

– Which exactly cancels 
the frequency phase response
of the ZOH obtained from

Raviv & Djaja 1999
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A pole-zero compensation for delay:
• The ZOH transfer function:

• The characteristic polynomial

1st-order Pade approximation

Tustin transformation

Raviv & Djaja 1999
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A pole-zero compensation for delay:
• IF the proposed compensation causes instability

a modified ZOH compensation

• The characteristic polynomial

Raviv & Djaja 1999
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A pole-zero compensation for delay:

Raviv & Djaja 1999
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Lag Compensator:

• Design specifications:
1. Velocity error constant Kv at least 1000 s-1

2. Attenuation of all sinusoidal inputs of frequency above 400 rad/sec
by at least 16

3. Steady-state error of (up to) 1% for sinusoidal inputs for frequencies
less than 1 rad/sec

Raviv & Djaja 1999
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Raviv & Djaja 1999
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Raviv & Djaja 1999
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Lead-Lag Compensator:

• Design specifications:
1. Phase margin of at least 50o

2. Velocity error constant Kv at least 1000 s-1

3. Attenuation of the input noise at 60 Hz and above
by a factor of 100

4. Steady-state error for frequencies less than 1 rad/sec less than 1% 

Raviv & Djaja 1999
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Raviv & Djaja 1999
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Katz’s Example:

• Design specifications:
1. Max phase lag at f = 3 Hz should not be more than 13o

2. At any given frequency the CL gain should not exceed 5 dB
beyond the CL dc gain

3. Max tracking error due to an input disturbance moment of 0.028Nm
should not be 0.01 rad

Raviv & Djaja 1999
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>> stairs( time, data(:,1), 'k-')>> plot( time, data(:,1), 'k-')
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Sample time = -1 (inherited)
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Rattan’s Example:

Tustin transformation

Raviv & Djaja 1999
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By 11pm, 5/16/09 (Sunday) by e-mail to fengli@ntu.edu.tw
Content:

• Homework 6 (Discretized Controller)
• Perform your simulation study of the four examples

discussed in the paper by Raviv & Djaja, 1999
• Submit R93921XXX.m of Matlab program

– Name, Registration Number, Department, University, etc.
– Date:

• Submit R93921XXX.doc of Word file
– Name, Registration Number, Department, University, etc.
– Date:
– From Matlab/Figure, 

use Edit/Copy Figure to copy every figure generated by the Matlab program
– When copying figures, set up the following options:

> Edit/Copy Options
» Clipboard format -> Preserve information
» Figure background color -> Transparent background
» Size -> Match figure screen size

– Discuss in detail how do you set up your simulation
– Provide any possible description or explanation for each figure
– Further discussions if possible


