
332: 418 —Project 3 — Spring 2006

Design of a Controller for a Vehicle Lateral Dynamics Control

PART A: CONTROLLER ANALYTICAL DESIGN AND MATLAB SIMULATION (10 points)

The error of the lateral dynamicsof a highway vehicle is describedby [1]
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standsfor the correspondinglateraldynamicserror and
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representsthe steeringangle.This error is
measuredwith respectto a given referencevaluewhen the vehicle changesa lane (stepreferenceinput) or when
the vehicle travelson a curved road (saturatingramp input).

Using MATLAB analyzeerror dynamicsfrom a control engineeringpoint of view:

a) Find the open-looptransferfunction and makea conclusionabout the steadystateerrorsdue to the step
and ramp referencesignals.

b) Find the error dynamicsclosed-loopeigenvaluesandmakethe conclusionaboutthe systemstability. Find
the phaseandgain stability margins andmakea conclusionaboutthe stability robustness.

c) Find andplot the closed-looperror dynamicsunit stepandrampresponsesanddeterminein both casesthe
responseovershoot,peak time, and 5%-settlingtime.

d) Despitethe fact that the error dynamicshasa goodstability phasemargin, we shouldaddmore phasein
the control loop to improve the transientresponseparameters.

d1) Designthe phase-leadcontroller using the Bode diagramsmethodand increasethe loop stability phase
margin roughly by ��0�1�2!����1�2	��0�1�23����1�23��0�1 . For eachnew value of the phasemargin find the unit stepand ramp
responsesthe overshootand 5%-settlingtime values. Presentthesedatain a table and suggestthe controller that
providesthe bestvaluesfor the stepand ramp transientresponseparameters.

d2) Canthe phaselag controllerdesignedvia the Bodediagramsbe usedto solve the sameproblem?If yes,
perform the analysisoutlined in d1). If no, explain why not.

d3) Can the phase-leadcontroller designedvia the root locus be usedto solve the sameproblem. If yes,
perform the analysisoutlined in d1). If no, explain why not.

e) Use SIMILINK and the adaptivecontroller of the form (consideredin [1] to control the systemunder
considerationunder variety of road conditions)
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and find the closed-loopsystemstep and ramp responses.Comparethe transientresponseparametersof this
controlledsystemwith the besttransientresponseparametersobtainedin part d1). Note that you controller work
well under idealistic conditions.

The report for Part A is due on April 13, 2006. Every studentmust submit a technicalreport (typed with
MATLAB programs,SIMULINK block diagrams,and obtainedplots inserted).

[1] R. Byrne, C. Abdallah, and P. Dorato, “Experimental Resultsin Robust Lateral Control of Highway
Vehicles,” IEEE Control Systems, Vol 18, no. 2, 70–76, 1998.
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Part B: CONTROLLER ELECTRONIC BOARD DESIGN (10 points)

Design an electronicboard for the best possiblephase-leadcontroller obtainedin Part A. Use operational
amplifiers, resistors,and capacitors. Test the controller using the model for a the lateral error dynamics. Note
that you haveto build an electronicsimulatorfor the lateralerror dynamicsusingoperationalamplifiers,resistors
and capacitors.

RECOMMENDATION

Usethered wire for + (OpAmps’pin 7), greenwire for – (OpAmps’ pin 4), black wire for ground(OpAmps’
pin 3), andblue wire for signals.Organizeyour boardneatly. This will makethe boardtestingeasy.

TESTING STEP:

1. Checkthe circuit oncemore to seethat all componentsare presentandproperly connected.
2. Use the squarewave of magnitudeone and large period to imitate the step referenceinput, and a train of

triangularpulses(or the sawtoothwave) for the ramp signal.
3. Checkthe powersupplyvoltagesfor OpAmps. Pin 4 shouldbe A6B!CED andpin 7 shouldbe FGB!CED .
4. Checkthat the amplifiersare not saturated(saturatingvoltagebetweenpins 2 and 3 is less than B6HID (for

OpAmp 741 usedin this design).
5. Be sureto usethe amplifierwith theapproximativederivative(theoutputimpedanceis a parallelcombination

of a resistorand inductorwith a large time constant( J6K small)) insteadof the pure derivative.
6. Breakconnectionbetweenthecontrollerandthesystemmodelandcheckwhich oneis not performingproperly.
7. Testyourcontrollerby usingatriangularwaveinputandobservingperformancesof theintegrator,differentiator,

multiplicator, andsummingamplifiers. In that processopenthe feedbackloop.
8. If necessary,run simulation in PSPICE.

REMARK 1:

Sometimespureintegratorssaturate(integratorssumtheareabetweenthesignalandthehorizontalaxis). Small
errorsin the input signal over long periodof time are integratedinto large errorsin the output signal,which can
causeamplifier saturation.To avoid this problemusethe non-saturatingintegratorobtainedby placing in parallel
with the output capacitora resistorsuchthat the time constantis large ( JLK small)

REMARK 2:

Note that the resistorsandcapacitorsusedhaveaccuracyof respectivelyC�M and N�O�M , and that their values
are slightly off from the valuesusedin the simulationphase.Despiteto thoseinaccuracies,due to the feedback
structureof your controller you will be able to achieveexcellentresultsand the controlledsystemoutput will be
very close to the one obtainedin simulation.

PROJECTREPORT

After the successfuldesignof the electronicboardobserveon the oscilloscopethe following signals: error,
control,outputsignals.Plot thesesignalsandincludetheplots in your reportandcommenton their values.Estimate
thetransientresponseparametersandthesteadystateerrorsandcomparethemto thecorrespondingvaluesobtained
in simulation.Your reportshouldin additioncontainthe electronicschemeof thecontrollerandsystem,discussion
aboutthenecessityto usetheapproximativederivativeandtheneedto filter out noiseto avoidamplifiersaturation.
Attach to the reportoneset of the MATLAB/Simulink simulationresultsobtainedin Part A. Give the numberof
hoursthat you neededto completesimulation,design,and testingphases.

The teamproject reports(preparedas technicalreports)for PartB aredueon Thursday,April 27, 2006..
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