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MM4 Digital PID Control

Readings: 
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•

What have we talked in Classical 
Control MM6 & MM7?

• MM6: PID ControllersMM6: PID Controllers
• MM7: Some Practical Issues Using 
PID Controllers
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Definition of PID Controllers
PID Means:

P: Proportional (control)    )()( tKetu =

I : Integral (control)
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PID Control System Structure: cascade control

PID Controller
Plant
G(s)

+

-
r(t) e(t) y(t)

A proportional controller (Kp) will have the effect of reducing 
the rise time and will reduce ,but never eliminate, the steady-state 

PID Control: Characteristic Summary

error
An integral control (Ki) will have the effect of eliminating the 

steady-state error, but it may make the transient response worse. 
A derivative control (Kd) will have the effect of increasing the 

stability of the system, reducing the overshoot, and improving the 
transient response. 
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CL 
RESPONSE RISE TIME OVERSHOOT SETTLING 

TIME S-S ERROR

Kp Decrease Increase Small Change Decrease
Ki Decrease Increase Increase Eliminate
Kd Small Change Decrease Decrease Small Change
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Another means of determining parameters based on the ZN open loop is: 
After "bumping" the output, watch for the point of inflection and note:

Tuning PID: Quarter decay ratio method(V)

http://www.jashaw.com/pid/tutorial/
pid6.html

Ti min Time from output change to POI
P % Process value change at POI 
R %/min Rate of change at POI
X % Change in output

D is calculated:
D Ti P/RD=Ti - P/R 

D & X are then used ------------
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Tuning PID: Ultimate Sensitivity Method(II)

Closed loop tuning methodClosed loop tuning method
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Content for MM7
Some practical issues when developing a PID controler:

l i d & A i i d h dIntegral windup & Anti-windup methods
Derivertive kick
When to use which controller?
Operational Amplifier Implementation 
Other tuning methods
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Digital PID Controllers? 

PID Controller
Plant
G(s)

+

-
r(t) e(t) y(t)
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Reading Material  
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Design from Time Domain
Continuous-time PID controller:

1 t

Discrete-time approximations: 

Positional Discrete PID controller:
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Positional Discrete PID controller:  
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Design from Laplace Domain (I)
Laplace Transformed PID controller:
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Design from Laplace Domain (II)
Velocity Discrete PID controller:  
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Comparison of Position and Velocity PID
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Practice – Initial control u0

Initial control u0 corresponds to the steady-state control output 
l llevel
It can be assumed to be any reasonable level 
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Practice – Integral Windup
Positional PID algorithm – Integral Windup problem

Velocity PID algorithm does not have this problem!
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Practice – Tuning Methods
All tuning methods for continuous-time PID control design 

lapply

Sometimes, a factor of 0.5Ts is usally added to the process 
dead-time to account for the delay caused by the sampler 
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Practice – Sampling Interval
Aliasing problem

l i h d l f iblEmulation method: Sample as fast as possible
However, 
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