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Quick review –
Aanalog control systems

Supporting courses:  
•Modeling and simulation 
•Classical control 
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ContinuousContinuous--time Controltime Control
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Applications:   
• Regulator systems
• Servo or position systems
• Tracking systems
• ...

Targets:
Closed-loop stability
Disturbance attenuation
Good command response
Robustness

disturbance

Modeling ...Modeling ...
Types of models 
Physical modeling and experimental modeling...
Differential/difference equations
Transfer functions

Num-den form
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System  Connection ...System  Connection ...

11/9/2009 Digital Control 5

Forward
compensator actuator Plant

sensor
Feedback

compensator

+

-

Reference 
input

disturbance

D(s) A(S) P(s)

S(s)F(s)

+

-
r

w

System AnalysisSystem Analysis

Transient response
Impulse response, step response, ....

Steady-state response (system types: type 0, type I, type II, ..)
Stability 

System respones vs. Pole locations
Bode plot
System stability: gain margin and phase margin

11/9/2009 Digital Control 6



(Analog) Control Design(Analog) Control Design

Requirement specifications
Time-domain: rise time, settling time, overshoot
Frequency-domain: bandwidth (3dB frequency)...

Basic control structure – PID control (with anti-windup)

Design methods
Frequency response design 
Root locus design 
Dynamic compensation: lead or lag compensators
State-space design

11/9/2009 Digital Control 7

Review of 

Digital control systems
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Digital signals and systems –
descriptions
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Time domain
Signals: Sequences
systems: difference eqautions

Frequency domain
Z-transform
Fourier transform
Transfer function 



Unique features of digital control 
comparing with analog control...

• Sampling mechanism
• Discretization  
• Quantization effects
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Sampling Theorem 
Sampling theorem: the sample rate must be at 
least twice the required closed-loop bandwidth 

Aliasing problemAliasing problem

Practically,  Practically,  20 < 20 < ωωss//ωωbb< 40< 40

Side-Effect: A delay is caused, which will 
degrade the stability and damping of the system  
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A delay exists, which 
will degrade the stability 
and damping of the 
system  
A first order TF can be 
carried out by 
introducing a delay of 
T/2 in the continuous-
time analysis 
Gh(s)=(2/T)/(s+2/T)

Time Delay Caused by SamplingTime Delay Caused by Sampling

Discretization 
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Quantization effects
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Digital control systems - Analysis 
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Real-time responses...
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Z- domain...
Pole and 
zero 
locations
Stability
Perform
ance 
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Effect of Poles  for Discrete CaseEffect of Poles  for Discrete Case

•zeta = Damping ratio 
•Wn = Natural frequency (rad/sec)
•Ts = Settling time 
•Tr = Rise time 
•Mp = Maximum overshoot 
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Z=esT



Frequency response...
Bode plot
Bandwidth and resonant peak
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Matlab: Matlab: LTI Viewer
The LTI Viewer is a graphical user interface (GUI) that 
supports ten plot responses, including step, impulse, Bode, 
Nyquist, Nichols, zero/pole, sigma (singular values), lsim, 
and initial plots. The latter two are only available at the 
initialization of the LTI



Digital control systems – Design
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Root Locus in the ZRoot Locus in the Z--PlanePlane
Evan’s root locus method can be used for the direct digital 
design after the performance specifications have 
beentranslated into the z-plane
Z-plane specifications: 

get acceptable pole location in the z-plane
Natural frequency
Damping ratio
Overshoot and real part
Steady-state errors

Example 7.5 p.224(DC)
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