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Control Engineering
University of TwenteIntroductionIntroduction

•• OrganisationOrganisation
•• Control, SteeringControl, Steering
•• FeedforwardFeedforward, Feedback, Feedback
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Control Engineering
University of TwenteOrganisationOrganisation

Web site:Web site:
www.ce.utwente.nl/amnwww.ce.utwente.nl/amn (Student info)(Student info)
TELETOP: TELETOP: 121044 121044 RegeltechniekRegeltechniek

Study material:Study material:
–– CursusCursus RegeltechniekRegeltechniek van de OUvan de OU

(via Union Shop)(via Union Shop)
–– Content of the lectures: Content of the lectures: 

(copies of these slides)(copies of these slides)
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Software (Software (2020--simsim 3.5):3.5):

Use license file of Dynamic SystemsUse license file of Dynamic Systems
or download the file from the or download the file from the 
teletopteletop sitesite

((MatlabMatlab))
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•• Exam:Exam:

•• No open book !!No open book !!

•• One sheet of A4 with notes allowedOne sheet of A4 with notes allowed
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ControlControl
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•• DomesticDomestic::
–– Central Central heatingheating systemsystem
–– FreezerFreezer
–– WashingWashing machinemachine
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•• AutomotiveAutomotive::
–– Air Air conditioningconditioning
–– Cruise Cruise controlcontrol
–– AutomatedAutomated highwayhighway

((httphttp://://www.path.berkeley.eduwww.path.berkeley.edu/PATH//PATH/PublicatiPublicati
onsons//VideosVideos/auto_truck.ram)/auto_truck.ram)

–– ABSABS
–– ActiveActive suspension,suspension,ESPESP

•• The more The more expensiveexpensive carscars have more have more valuevalue
in in controlcontrol electronicselectronics thanthan in in typicaltypical ME ME 
partsparts

http://www.path.berkeley.edu/PATH/Publications/Videos/auto_truck.ram


Control Engineering 2004/2005 - Introduction (9) © Job van Amerongen

Control Engineering
University of TwenteControl is everywhereControl is everywhere

•• Air Air TrafficTraffic and and ShipsShips::
–– AutopilotsAutopilots
–– ClimateClimate controlcontrol

•• ProcessProcess industryindustry::
–– TemperatureTemperature controlcontrol
–– FlowFlow controlcontrol
–– LevelLevel controlcontrol
–– Voltage and Voltage and frequencyfrequency controlcontrol
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•• MechatronicsMechatronics
–– an integrated and optimal design of a an integrated and optimal design of a 

mechanical system and its embedded control mechanical system and its embedded control 
systemsystem

–– CD CD playerplayer / Hard disk/ Hard disk
–– RobotsRobots
–– ProductionProduction machinesmachines
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Control Engineering
University of TwenteContentsContents

•• Introduction to ControlIntroduction to Control
•• ‘‘Classical control engineeringClassical control engineering’’

–– modellingmodelling
–– simulationsimulation
–– Bode, NyquistBode, Nyquist
–– Root locusRoot locus
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•• Problem definitionProblem definition
•• What do we want to achieve?What do we want to achieve?

•• Construct a device, plant, processConstruct a device, plant, process
•• Formulate a clear goalFormulate a clear goal

•• Realise proper Realise proper ‘‘inputsinputs’’ that can help to that can help to 
achieve the goalachieve the goal

•• manipulate the inputs, such that the goal is manipulate the inputs, such that the goal is 
achievedachieved
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loadload
transmissiontransmission

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

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

processprocess
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‘‘modelmodel’’

LL Driving schoolDriving school

processprocess
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LL Driving schoolDriving school

processprocess
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processprocess
++

__
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processprocess
++

__

++++

During Learning:During Learning:
feed backfeed back

Performance:Performance:
feed forwardfeed forward
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•• PsychologyPsychology
•• internal modelinternal model

•• Fuzzy LogicFuzzy Logic
•• membership functionsmembership functions

•• Neural NetworksNeural Networks
•• weightsweights

•• Classical control approachClassical control approach
•• differential equationsdifferential equations
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Human modelling:Human modelling:

–– No explicit modelling of the processNo explicit modelling of the process
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referencereference
controller outputcontroller output

measurementsmeasurements controllercontroller

fuzzyfuzzy neuralneural

p d i
du K K K dt
dt
εε ε= + + ∫

PIDPIDhumanhuman
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Example: baking a cakeExample: baking a cake

•• If the cake is still If the cake is still ““rather palerather pale””
ANDAND

•• If the cake is still If the cake is still ““a bit weta bit wet””
THENTHEN

•• increase the temperature a littleincrease the temperature a little
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Fuzzy sets for colour:Fuzzy sets for colour:
µµ

11

rightright
colourcolour

too browntoo brown blackblackveryvery
pale

palepale
pale
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TableTable
Table with linear interpolationTable with linear interpolation

Table with higherTable with higher--orderorder
interpolationinterpolationTable with interpolationTable with interpolation
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A controller maps input signalsA controller maps input signals
to output signalsto output signals

inputsinputs outputsoutputs
mappingmapping

Mapping can be coded as:Mapping can be coded as:

•• differential equationdifferential equation

•• tabletable

•• table with interpolation (fuzzy and neural)table with interpolation (fuzzy and neural)

If model of process is availableIf model of process is available
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2020--simsim
car_modelcar_model

Position feedback

q

startstart
2020--simsim demodemo
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R = 0R = 0 distancedistance
++
-- controlcontrol processprocess

DesiredDesired distancedistance



Control Engineering 2004/2005 - Introduction (30) © Job van Amerongen

Control Engineering
University of TwenteMore abstractMore abstract

R = 0R = 0 distancedistance
++
-- KKpp processprocess

DesiredDesired distancedistance
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2020--simsim
car_model2car_model2

Position and
velocity feedback

q

startstart
2020--simsim demodemo
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R = 0R = 0 distancedistance
++
-- KKpp processprocess

KKdd

++
--

DesiredDesired distancedistance
velocityvelocity



Control Engineering 2004/2005 - Introduction (33) © Job van Amerongen

Control Engineering
University of TwenteCruise ControlCruise Control



Control Engineering 2004/2005 - Introduction (34) © Job van Amerongen

Control Engineering
University of TwenteDemonstrationDemonstration

q

2020--simsim
car_model3car_model3

startstart
2020--simsim demodemo
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R = ConstantR = Constant velocityvelocity
++
-- KKpp processprocess

++
disturbancedisturbance

++

DesiredDesired velocityvelocity
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For accurate feedback controlFor accurate feedback control
–– high gainshigh gains
–– integratorsintegrators

ButBut
•• high gains and integrators give lead tohigh gains and integrators give lead to

–– oscillatory behaviouroscillatory behaviour
–– instabilityinstability
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•• In the examples we did not use In the examples we did not use 
explicit knowledge of the modelsexplicit knowledge of the models

•• Better performance can be achieved Better performance can be achieved 
when we use such knowledgewhen we use such knowledge
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P22 project P22 project 
(Mechatronica project) (Mechatronica project) 

experiencesexperiences::
““FeedbackFeedback””
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Controller

models of
dynamical systems

models of
dynamical systems

models of
disturbances
models of

disturbances

ref feed 
forward process

+inputs

disturbances

+

measurements
feedback

_

+ _

disturbance 
compensation

Stability !!Stability !!

Control StructuresControl Structures
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steeringsteering

((sturingsturing)) PPCC open loopopen loop

PPCCcontrolcontrol

((regelingregeling))

++

__
closed loopclosed loop
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FF CC PP

MM

RR EE UU

DD11 DD22

Signal generator,Signal generator,
SetSet--up functionup function

Feed forwardFeed forward
MeasurementsMeasurements

ControllerController ProcessProcess

DisturbancesDisturbances

++
--

CC
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FF CC PP

MM

RR EE CCUU

DD11 DD22

Control Goal:Control Goal:

Let Let CC follow follow RR,,
even when even when PP variesvaries
and when Dand when D11 and and DD22
are presentare present



Control Engineering 2004/2005 - Introduction (43) © Job van Amerongen

Control Engineering
University of TwenteDesign issuesDesign issues

ModellingModelling

Controller DesignController Design

Simulations withSimulations with
full nonfull non--linear linear 

modelmodel

IPM, bond graphIPM, bond graph
differential equationsdifferential equations

block diagramblock diagram
state spacestate space

root locusroot locus
frequency domainfrequency domain

state spacestate space
(20(20--sim, sim, MatlabMatlab))

2020--simsim
......

poles and zeropoles and zero’’ss
transfer functionstransfer functions

Bode, Nyquist, NicholsBode, Nyquist, Nichols
Simplification,Simplification,
LinearisationLinearisation
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ModellingModelling

Controller DesignController Design

Simulations withSimulations with
full nonfull non--linear linear 

modelmodel

Simplification,Simplification,
LinearisationLinearisation

SpecificiationsSpecificiations
achieved ?achieved ?

yesyes nono

readyready •• speed of responsespeed of response
•• bandwidthbandwidth
•• stabilitystability
•• overshootovershoot
•• sensitivity for sensitivity for 

disturbances and disturbances and 
parameter parameter variatonsvariatons
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Relations with other coursesRelations with other courses

•• Electrical networksElectrical networks
•• Dynamic SystemsDynamic Systems
•• Linear SystemsLinear Systems

Control EngineeringControl Engineering

••All kinds of systems with feedbackAll kinds of systems with feedback
••Digital Control Systems, Intelligent ControlDigital Control Systems, Intelligent Control
••MSc MechatronicsMSc Mechatronics
••MSc Measurement and Control EngineeringMSc Measurement and Control Engineering
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•• Simulate the following controlled system Simulate the following controlled system 
for various values of for various values of KK (multiple runs)(multiple runs)

•• Choose Choose kk = 1 and = 1 and ττ = 1= 1

K k
τs    + 1

∫

process2020--simsim
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•• Simulate the following controlled system Simulate the following controlled system 
for various values of for various values of KKdd

•• Choose Choose kk = 1 and = 1 and ττ = 1 and = 1 and KKpp = 10= 10

2020--simsim
process

k
τs    + 1

∫K

K

pp

dd
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•• Simulate the following controlled system Simulate the following controlled system 
for various values of for various values of KKpp

•• choose choose kk = 1 and = 1 and ττ = 1= 1

2020--simsim
process

k
τs    + 1K k

τs    + 1pp
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