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PID controllersPID controllers

•• Most widely applied type of controllerMost widely applied type of controller
–– in industry probably 90% of all in industry probably 90% of all 

controllerscontrollers
•• Available as single controllers or Available as single controllers or 

implemented in computersimplemented in computers
•• Applicable to many processesApplicable to many processes
•• Give a Give a reasonablereasonable performanceperformance
•• Fuzzy is often PIDFuzzy is often PID--like as welllike as well
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First lectureFirst lecture

•• Stopping a car at a traffic lightStopping a car at a traffic light

•• Cruise control systemCruise control system
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Controlling a carControlling a car

•• Stopping a car at a traffic lightStopping a car at a traffic light
•• GoalGoal

–– Stop in time at the white lineStop in time at the white line
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VariablesVariables

•• Gas pedalGas pedal
•• Brakes Brakes 
•• Road conditionRoad condition

•• Distance to white lineDistance to white line
•• Speed of the carSpeed of the car

processprocess

PP

DD
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Cruise ControlCruise Control

q

PIPI

II--action necessary in orderaction necessary in order
to deal with constantto deal with constant
disturbance at input of processdisturbance at input of process
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Proportional ControlProportional Control

•• Limited accuracy for systems higher Limited accuracy for systems higher 
than first orderthan first order

•• Limited bandwidthLimited bandwidth
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PD-controlPD-control

•• For a second order system:For a second order system:
–– PDPD--control control ≈≈ state feedbackstate feedback

•• Comparable with a lead networkComparable with a lead network

PDPD--control is applicable as long ascontrol is applicable as long as
the system behaves more or less likethe system behaves more or less like
a seconda second--order systemorder system
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PI-controlPI-control

•• For increased accuracy of typeFor increased accuracy of type--0 0 
systemssystems
–– add an integrationadd an integration

•• Comparable with a lag networkComparable with a lag network
•• If dead time is dominant:If dead time is dominant:

–– pure Ipure I--controlcontrol
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PID-controlPID-control

•• For systems of typeFor systems of type--0 and a0 and a dominantdominant
secondsecond--order order behaviourbehaviour
–– PIDPID--controlcontrol

•• Can be seen as a combination of a lead Can be seen as a combination of a lead 
and a lag networkand a lag network
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Types of systemsTypes of systems
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TuningTuning
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PROCESSK

Bring feedback systemBring feedback system
at the border of instabilityat the border of instability

2020--simsim: PID_tuning_P : PID_tuning_P 
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Border of instabilityBorder of instability

•• After a few experiments we findAfter a few experiments we find
–– controller gain controller gain KKuu = 10 brings the system = 10 brings the system 

at the border of instabilityat the border of instability

•• A gain margin of 6 dB (a factor two) A gain margin of 6 dB (a factor two) 
is a reasonable choice for the gain of is a reasonable choice for the gain of 
a proportional controllera proportional controller
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Response (GM = 6 dB)Response (GM = 6 dB)
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Nyquist plotNyquist plot
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PI-controller (parallel)PI-controller (parallel)
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PI-controller (series)PI-controller (series)
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Ziegler-Nichols rulesZiegler-Nichols rules
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Oscillation periodOscillation period

0 2 4 6 8 10
time

S
ig

na
lM

on
ito

r1

0

0.5

1

1.5

TTuu = 1.9 s= 1.9 s



Control Engineering
University of Twente

Lecture 10    PID-controllers (21) Control Engineering 2004/2005  © Job van Amerongen

PI-responsePI-response
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PID-controller (series)PID-controller (series)
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Ziegler-Nichols rulesZiegler-Nichols rules
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PID-responsePID-response
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Disturbance rejectionDisturbance rejection
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Tuning (τ and Td)Tuning (τ and Td)
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2020--simsim: PID_tuning_P_Td : PID_tuning_P_Td 
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Border of instabilityBorder of instability
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P-controllerP-controller
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PI-controllerPI-controller
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PID-controllerPID-controller
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Tuning (τ and Td)Tuning (τ and Td)
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Border of instabilityBorder of instability

0 1 2 3 4 5
time

S
ig

na
lM

on
ito

r1

0

0.5

1

1.5

2

TTuu = 2.1 s= 2.1 s

KK uu = 1= 1



Control Engineering
University of Twente

Lecture 10    PID-controllers (33) Control Engineering 2004/2005  © Job van Amerongen

P-controlP-control
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PI-controlPI-control
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PID-controlPID-control
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Optimal tuningOptimal tuning

PROCESSPID
s

e  +    u2 2λ∫

process must be known,process must be known,
identified first,identified first,
or or optimisedoptimised on lineon line

2020--simsim
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Optimal tuningOptimal tuning
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ConclusionsConclusions

•• PIDPID--control suited for:control suited for:
–– systems with an Ssystems with an S--shaped responseshaped response
–– systems with time delaysystems with time delay

•• Ziegler Nichols rules give Ziegler Nichols rules give ‘‘reasonablereasonable’’
responsesresponses
–– (more suited for disturbance rejection (more suited for disturbance rejection 

than for tracking)than for tracking)
•• Better tuning possibleBetter tuning possible
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