
Turbocharged Diesel Engine Turbocharged Diesel Engine 

Modelling for Nonlinear Modelling for Nonlinear 

Controller DesignController Design

Silvio SimaniSilvio Simani
Department of Engineering, University of FerraraDepartment of Engineering, University of Ferrara

Via Saragat, 1E Via Saragat, 1E -- 44100 Ferrara (FE) ITALY44100 Ferrara (FE) ITALY
Ph: +39 0532 97 4844. Fax: +39 0532 97 4870Ph: +39 0532 97 4844. Fax: +39 0532 97 4870

URL:URL: www.ing.unife.it/simaniwww.ing.unife.it/simani

Email:Email: silvio.simani@unife.itsilvio.simani@unife.it

Turbocharged Diesel Engine Modelling for Nonlinear Controller DeTurbocharged Diesel Engine Modelling for Nonlinear Controller Designsign 28/04/200928/04/2009Silvio SimaniSilvio Simani 22

Projects and Research TopicsProjects and Research Topics

Turbocharged Diesel Engine Modelling for Nonlinear Controller Turbocharged Diesel Engine Modelling for Nonlinear Controller 
DesignDesign (2007(2007--2009)2009)

Computerised Decision Support SystemsComputerised Decision Support Systems for Oral Anticoagulant for Oral Anticoagulant 

Treatment (OAT) Dose Management (2005Treatment (OAT) Dose Management (2005--2007)2007)

Development of Development of Fault Tolerant NGC (Navigation, Guidance & Control)Fault Tolerant NGC (Navigation, Guidance & Control)
Algorithms for CUAV (Civil Unmanned Aerial Vehicle) Patrolling &Algorithms for CUAV (Civil Unmanned Aerial Vehicle) Patrolling & RescueRescue

Missions in Harsh Environment (Missions in Harsh Environment (20042004--2008,2008, 20092009--2020111)1)

Just started (2009 Just started (2009 -- 2011):2011):

Mobile robots & SLAM Mobile robots & SLAM -- Simultanous Localization And MappingSimultanous Localization And Mapping

Image based visual servoing of robot manipulators Image based visual servoing of robot manipulators -- application to robotic application to robotic 

surgerysurgery
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IntroductionIntroduction

Control scheme calibration and tuning for Control scheme calibration and tuning for 
commercial diesel engines (boats, ships, farm commercial diesel engines (boats, ships, farm 
tractors, ...)tractors, ...)

Diesel engine modellingDiesel engine modelling and identificationand identification
greygrey--boxbox: analytical approach: analytical approach and identificationand identification

blackblack--boxbox: fuzzy modelling: fuzzy modelling and identificationand identification

BOSCHBOSCH Electronic Control Unit (ECU)Electronic Control Unit (ECU)

ControllerController parameter calibration and tuningparameter calibration and tuning

Automated software tool for Automated software tool for ‘‘diesel calibration engineersdiesel calibration engineers’’
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Project Logic SchemeProject Logic Scheme
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modellingmodelling

(‘first principle’)(‘first principle’)

controllercontroller

drivingdriving
cycle datacycle data

Data collectionData collection Modelling/identificationModelling/identification

blackblack--boxbox
identificationidentification

(fuzzy)(fuzzy)
validationvalidation

JeepJeep
Wrangler

BOSCHBOSCH
ECU

MatlabMatlab®®/Simulink/Simulink®®

Parameter Estimation ToolboxParameter Estimation Toolbox™
Diesel Engine Diesel Engine 

““PantherPanther”” RA428 WranglerECU™RA428
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Project AchievementsProject Achievements

ControlControl--oriented simulation modeloriented simulation model

GreyGrey--box model from real data (testbox model from real data (test--rig engine system) rig engine system) 

BlackBlack--box engine model from real data (driving cycles)box engine model from real data (driving cycles)

BOSCH controller implementation in Matlab/Simulink BOSCH controller implementation in Matlab/Simulink 

environmentsenvironments

Automatic software (GUI) for controller calibration Automatic software (GUI) for controller calibration andand

parameter tuningparameter tuning
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The Diesel Engine The Diesel Engine 

and its Emissionsand its Emissions
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Diesel UsageDiesel Usage

Nearly all trucks, buses, trains, small shipsNearly all trucks, buses, trains, small ships
Good fuel efficiencyGood fuel efficiency

Lower greenhouse gas emissionsLower greenhouse gas emissions

ReliabilityReliability

Enormous size range:Enormous size range:
30 to 30,000 kW (40 to 40,000 hp)30 to 30,000 kW (40 to 40,000 hp)

Usage has increased significantly in last 30 years.Usage has increased significantly in last 30 years.
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Diesel CombustionDiesel Combustion

Combustion: only two exhaust byCombustion: only two exhaust by--products?products?
COCO22 and Hand H22OO

Unfortunately...Unfortunately...
Diesel is not pure carbon and hydrogen:Diesel is not pure carbon and hydrogen:

•• sulphur, nitrogensulphur, nitrogen

Air is not pure oxygenAir is not pure oxygen
•• nitrogennitrogen

Engine combustion at high temperature and high Engine combustion at high temperature and high 
pressure: environment to form pressure: environment to form many chemical many chemical 
compoundscompounds



Turbocharged Diesel Engine Modelling for Nonlinear Controller DeTurbocharged Diesel Engine Modelling for Nonlinear Controller Designsign 28/04/200928/04/2009Silvio SimaniSilvio Simani 99

Diesel EmissionsDiesel Emissions

Particulate Matter (PM)Particulate Matter (PM)
A product of incomplete combustionA product of incomplete combustion

Oxides of Nitrogen (NO + NOOxides of Nitrogen (NO + NO22 = NO= NOxx))
NONOxx is a product of high temperature is a product of high temperature 
combustioncombustion

And other minor compounds...And other minor compounds...
Carbon monoxide, sulphur dioxide (SOCarbon monoxide, sulphur dioxide (SO22))
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Emission Reduction StrategiesEmission Reduction Strategies

Reducing PMReducing PM
Improve combustion efficiencyImprove combustion efficiency

Increase peak combustion temperatureIncrease peak combustion temperature

Reducing NOReducing NOxx

Reduce peak combustion temperatureReduce peak combustion temperature

AirAir--toto--Fuel (Mass) Ratio (AFR) ControlFuel (Mass) Ratio (AFR) Control
ComputerComputer--controlled fuel and air injection ratescontrolled fuel and air injection rates

Exhaust Gas Recirculation (EGR)Exhaust Gas Recirculation (EGR)
Combustion temperature reductionCombustion temperature reduction
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Adjust AFR or Adjust AFR or AMFAMF

TradeTrade--offoff
(qualitative picture)(qualitative picture)
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AMF controlAMF control
exploited in exploited in 
this project!this project!

(AFR)(AFR)
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NONOxx andand PM ControlPM Control

TVATVA 1)1) AMFAMF (Air Mass (Air Mass 
Flow) controlFlow) control

Reference,Reference,
set pointset point

2)2) Reduce Flame Reduce Flame 
TemperatureTemperature

EGREGR
TVATVA
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Control ObjectivesControl Objectives

The control objective is to operate the TVA The control objective is to operate the TVA andand
EGR valves in a way such that: EGR valves in a way such that: 

the engine meets the driverthe engine meets the driver’’s torque demands torque demand

NONOxx andand PM emissions are optimisedPM emissions are optimised

visible smoke generation is avoidedvisible smoke generation is avoided

This can be achieved by regulating This can be achieved by regulating thethe AirAir
Mass Flow (AMF) and the fraction of exhaust Mass Flow (AMF) and the fraction of exhaust 
gases in the intake manifold to the gases in the intake manifold to the 
corresponding setcorresponding set--pointspoints
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Set Point GenerationSet Point Generation

Air Mass Flow (AMF) setAir Mass Flow (AMF) set--point is given as function of engine fuelling point is given as function of engine fuelling 
and speedand speed

It is computed to give minimum NOIt is computed to give minimum NOxx and PM emissions without any and PM emissions without any 
visible smokevisible smoke

In steadyIn steady--state, AMF (and exhaust gas fraction) can be correlated to state, AMF (and exhaust gas fraction) can be correlated to 
the engine outputs the engine outputs (e.g.(e.g. compressor mass flow and exhaust manifold compressor mass flow and exhaust manifold 
pressurepressure)) through thermodynamic relationships (maps)through thermodynamic relationships (maps)

],[ 1 AMFFy
manc PW ,
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ControlControl--OrientedOriented DieselDiesel

Engine ModellingEngine Modelling
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Diesel Engine ModellingDiesel Engine Modelling

Process description and modellingProcess description and modelling
1.1. GreyGrey--box approachbox approach

Engine maps and lookEngine maps and look--up tables up tables 

Engine subsystems and componentsEngine subsystems and components

2.2. BlackBlack--box approachbox approach
Fuzzy modelling and identificationFuzzy modelling and identification

Model ValidationModel Validation
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Diesel Engine SchemeDiesel Engine Scheme

InputsInputs

Engine speed (Engine speed (NN))
Fuel flow rate (Fuel flow rate (wwfuelfuel))
Intake TemperatureIntake Temperature
Engine TemperatureEngine Temperature

Main OutputMain Output

Air Mass Flow AMF (Air Mass Flow AMF (wwc1c1))

Input Control VariablesInput Control Variables

TVA

Intake
manifold

Exhaust
manifold

EGR commandEGR command
TVA commandTVA command
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Diesel EngineDiesel Engine

GreyGrey--Box ModellingBox Modelling
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MATLABMATLAB ®® //SIMULINKSIMULINK®® LibraryLibrary

ControlControl--oriented engine simulation modeloriented engine simulation model
MATLABMATLAB ®® / SIMULINK/ SIMULINK®® environmentsenvironments
Easy to useEasy to use
Reduced simulation timeReduced simulation time
Control design, test, performance Control design, test, performance 
assessmentassessment
Controller calibration and final tuningController calibration and final tuning
RealReal--time applicationstime applications
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System ModellingSystem Modelling

State parametersState parameters
P, T, P, T, , c, W, ..., c, W, ...
N (speed)N (speed)

X (chemical X (chemical 
composition)composition)

......

VariablesVariables
......

EquationsEquations
Mass conservationMass conservation

Energy conservationEnergy conservation

Momentum conservationMomentum conservation

Motion quantity Motion quantity 
conservationconservation

State equationsState equations

TransformationTransformation
equationsequations



Turbocharged Diesel Engine Modelling for Nonlinear Controller DeTurbocharged Diesel Engine Modelling for Nonlinear Controller Designsign 28/04/200928/04/2009Silvio SimaniSilvio Simani 2121

ComponentsComponents andand FluidFluid--DynamicDynamicss

Fluid machines (work exchangeFluid machines (work exchange,, 0 & 0 & = 0= 0))

Restrictions (no energy exchangeRestrictions (no energy exchange,, = 0 & = 0 & = 0= 0))

Heat exchangers & combustion chambers Heat exchangers & combustion chambers 

(thermal exchange(thermal exchange,, = 0 & = 0 & 00))

InIn--Cylinder Processes (thermal Cylinder Processes (thermal && work exchangework exchange,,

0 & 0 & 00))
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Exhaust Gas Recirculation Exhaust Gas Recirculation (EGR)(EGR)

Valves & RestrictionsValves & Restrictions
InputsInputs OutputsOutputs

ValveValve//
RestrictionRestriction

ValveValve//
RestrictionRestriction

Compressible Isentropic flow + Compressible Isentropic flow + flow coefficient Cflow coefficient Cdd
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EGREGR –– Algebraic EquationsAlgebraic Equations

OutputOutput InputInput

where

where

Note: greyNote: grey--box approachbox approach
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Throttle Valve Actuator (TVA)Throttle Valve Actuator (TVA)

Algebric ModelAlgebric Model

wwthth is the flow through throttleis the flow through throttle
From experimental data, the parameters From experimental data, the parameters kk andand AAthth
(( )) have to be have to be identifiedidentified (also as function of (also as function of NN))

Maps (lookMaps (look--up tables) or polynomialsup tables) or polynomials

It is assumed that the downstream pressureIt is assumed that the downstream pressure ppthth
(unknown)(unknown) ppthth==ppmanman
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ValveValve SIMULINKSIMULINK®® BlocksBlocks

Valves and restrictions: examplesValves and restrictions: examples

Flow

TVAx%

PneumaticPneumatic Valve EGR                Throttle Valve TVA

EGRx%

Valve EGR                Throttle Valve TVA

Control of the vacuum generator PWM and not the valve lift!Control of the vacuum generator PWM and not the valve lift!
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Manifold SIMULINKManifold SIMULINK®® BlocksBlocks

InletInlet
ManifoldManifold InletInlet

ManifoldManifold
+ EGR+ EGR

ExhaustExhaust
ManifoldManifold
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Turbocharger (Turbine Turbocharger (Turbine -- Compressor)Compressor)

IntakeIntake
manifoldmanifold

ExhaustExhaust
manifoldmanifold

Intake manifoldIntake manifold

ExhaustExhaust
manifoldmanifold

TurbochargerTurbocharger

Turbocharged Diesel Engine Modelling for Nonlinear Controller DeTurbocharged Diesel Engine Modelling for Nonlinear Controller Designsign 28/04/200928/04/2009Silvio SimaniSilvio Simani 2828

Engine Modelling IssuesEngine Modelling Issues

Engine subsystems contain unknown terms:Engine subsystems contain unknown terms:
Effective area (valves & restrictions, Effective area (valves & restrictions, i.e. EGR/TVAi.e. EGR/TVA):):
AAEGREGR((xxEGREGR), A), ATVATVA((xxTVATVA))

Volumetric efficiency (cylinder): Volumetric efficiency (cylinder): vv((NNee,,PPimim))
Compressor/turbine isentropic efficiencies:Compressor/turbine isentropic efficiencies:

cc((NNtctc,, TTambamb,, PPimim//PPambamb)) ,, tt((xxVGTVGT,, NNtctc, T, Temem, P, Poutout//PPemem))
Engine temperature: f(Engine temperature: f(NNee,, WWff))

ModelledModelled byby::
MapsMaps (1(1--D & 2D & 2--D) or polynomialsD) or polynomials

... about 1 year... about 1 year
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Engine Complete DescriptionEngine Complete Description

Engine SubEngine Sub--modelsmodels
EGREGR

TVATVA

IM/EMIM/EM

Cylinders: Volumetric efficiencyCylinders: Volumetric efficiency

Turbine + Compressor: flow & efficiency mapsTurbine + Compressor: flow & efficiency maps

Coolers: efficiency parametersCoolers: efficiency parameters

Model ValidationModel Validation
To be completedTo be completed
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Engine Complete Description Engine Complete Description (Cont(Cont’’d)d)

IMIM EMEMCylCyl

EGREGR

Turbine+CompressorTurbine+Compressor
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Diesel Engine Diesel Engine BlackBlack--BoxBox
Fuzzy ModellingFuzzy Modelling
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Fuzzy Modelling Fuzzy Modelling -- FMIDFMID™™

Brief reviewBrief review
Nonlinear regression and blackNonlinear regression and black--box modelling box modelling 
can be based oncan be based on the partitioning data into the partitioning data into 
clustersclusters

A cluster is a set of objects that are more A cluster is a set of objects that are more 
similar to each othersimilar to each other than to objects from than to objects from 
other clustersother clusters
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FMIDFMID –– Problem FormulationProblem Formulation

Given is a set of dataGiven is a set of data

Find the partitioning of the data into subsets Find the partitioning of the data into subsets 
(clusters), such(clusters), such that samples within a that samples within a 
subset are more subset are more ‘‘similarsimilar’’ to each other thanto each other than
to samples from other subsetsto samples from other subsets

Similarity is mathematically formulated by Similarity is mathematically formulated by 
using a distanceusing a distance measuremeasure
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Fuzzy Clustering and RulesFuzzy Clustering and Rules

TakagiTakagi--SugenoSugeno systemsystem
(one model for each (one model for each 

clustercluster ii))

y = y = aaii x + bx + bii

y = ay = a44 x + bx + b44
y = ay = a33 x + bx + b33

y = ay = a22 x + bx + b22

y = ay = a11 x + bx + b11
RuleRule--based descriptionbased description

If x is AIf x is A11 thenthen y = ay = a11 x + bx + b11

If x is AIf x is A22 thenthen y = ay = a22 x + bx + b22

If x is AIf x is A33 thenthen y = ay = a33 x + bx + b33

If x is AIf x is A44 thenthen y = ay = a44 x + bx + b44

(x)(x)

c

i
ii bxaxfuzzy

1

)(:modelGlobal

y = f(x)y = f(x)
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Diesel Engine ApplicationDiesel Engine Application

InputInput--output dataoutput data
Engine fuellingEngine fuelling
Engine temperatureEngine temperature
Intake temperatureIntake temperature
Engine speedEngine speed
EGR commandEGR command
TVA commandTVA command

AMF output signalAMF output signal

FMIDFMID™™ for MATLABfor MATLAB®® by Prof. Robert Babuska (Delft, by Prof. Robert Babuska (Delft, 
The Netherlands). The Netherlands). URL:URL: http://www.http://www.dcscdcsc..tudelfttudelft..nlnl/~/~babuskababuska/

c

i
ii btxatxtyFuzzy

1

)()()(:model

(4+2) Inputs (x)(4+2) Inputs (x)

1 Output (y)1 Output (y)

... few weeks... few weeks

/
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Identified Fuzzy Model Identified Fuzzy Model FMIDFMID™™

Local modelsLocal models’’ order:order: n = 2n = 2
Cluster number: Cluster number: c = 9c = 9

Note:Note:
cc && nn optimisedoptimised

via a PEM via a PEM 
iterative schemeiterative scheme



Turbocharged Diesel Engine Modelling for Nonlinear Controller DeTurbocharged Diesel Engine Modelling for Nonlinear Controller Designsign 28/04/200928/04/2009Silvio SimaniSilvio Simani 3737

Fuzzy Model SimulationFuzzy Model Simulation

Fuzzy model Fuzzy model 
simulationsimulation
GoodGood
performancesperformances
for validation for validation 
and several and several 
test data test data 
sequencessequences
Best fit > 75% Best fit > 75% 
(in simulation (in simulation 
& validation)& validation) 0 1000 2000 3000 4000

0

500

1000

1500

2000
Measured
SimulatedAMFAMF

Time (s.)Time (s.)
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Fuzzy Model Simulation Fuzzy Model Simulation (zoom)(zoom)

950 1000 1050 1100 1150 1200 1250
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400 500 600 700
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AMFAMF AMFAMF
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Local Submodels Local Submodels (9 ARX models)(9 ARX models)

500 1000 1500 2000 2500 3000
-500

0

500

1000

1500

AMFAMF

Time (s.)Time (s.)

9

1

)()()(:model
i

ii btxatxtyFuzzy

Turbocharged Diesel Engine Modelling for Nonlinear Controller DeTurbocharged Diesel Engine Modelling for Nonlinear Controller Designsign 28/04/200928/04/2009Silvio SimaniSilvio Simani 4040

BOSCH Controller BOSCH Controller 

‘‘StrategyStrategy’’ andand

Parameter TuningParameter Tuning
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Control Model SimulationControl Model Simulation

AMF][AMFy

EGR,EGR,
TVATVA

Specific setSpecific set--point assigned depending on fuel demand (point assigned depending on fuel demand (WWff) and ) and 
speed (speed (NN).).
The controller actuates The controller actuates thethe EGREGR andand TVA valves to correct the TVA valves to correct the 
deviation between actual deviation between actual ((AMF)AMF) and demandedand demanded variablevariable
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Calibration in SIMULINKCalibration in SIMULINK®®

BOSCHBOSCH
ControllerController

Scheduled PI Scheduled PI 
++

anti windanti wind--upup

Instead of the Instead of the 
real process!real process!

Designed forDesigned for
the real enginethe real engine

Fuzzy ModelFuzzy Model
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BOSCH Controller BOSCH Controller StrategyStrategy

IntegratorIntegrator
reset logicreset logic

FF: depends of fuel & FF: depends of fuel & 
RPM. Based on AMF RPM. Based on AMF 
static map inversionstatic map inversion

EGR/TVAEGR/TVA
splitsplit

AdaptiveAdaptive
gainsgains

GainGain
schedulerscheduler

PIPI
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Parameter AdaptationParameter Adaptation ((Gain AdaptGain Adapt))

BOSCH controllerBOSCH controller’’s main s main 

main idea is to correct the main idea is to correct the 

PI gains (PI gains (KiKi && KpKp) on the ) on the 

basis of the error value and basis of the error value and 

precompiled static mapsprecompiled static maps

Depends on engine Depends on engine 

fuelling, RPM, asp. temp fuelling, RPM, asp. temp 

and tracking error (actual and tracking error (actual 

and desired MAF)and desired MAF)

Fixed thresholds (Fixed thresholds (KiPOSKiPOS &&

KiNEGKiNEG))
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Gain Scheduler: Gain Scheduler: ‘‘PIPI’’ ParamsParams

It multiplies P & I It multiplies P & I 
gains and gains and 
parametersparameters
Example:Example:

‘‘BumplessBumpless’’
strategystrategy

otherwise

eif

maxmax,max
)scheduled(

max

)scheduled(

eeKeK

e

eK

P

pp

p
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BOSCH Controller BOSCH Controller 

CalibrationCalibration StrategyStrategy
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Driving Cicle Prototype...Driving Cicle Prototype...

CONFIDENTIAL: Prototype 2009 HD truck CONFIDENTIAL: Prototype 2009 HD truck –– field test unitfield test unit
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Complete System Complete System (EU Driving Cycle)(EU Driving Cycle)
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TechnologyTechnology

Diesel engine driving cycle dataDiesel engine driving cycle data
MATLABMATLAB®®/SIMULINK/SIMULINK®® interfaceinterface

Calibration, optimisation; model, controller analysis, Calibration, optimisation; model, controller analysis, 
simulation and designsimulation and design

ATI VISIONATI VISION™™
Integrated calibration measurement solution for Integrated calibration measurement solution for 
accessingaccessing ECUsECUs
Table calibrationTable calibration
Memory emulation (Memory emulation ( controller)controller)
On target rapid prototypingOn target rapid prototyping
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Parameter CorrectionParameter Correction

Matlab/Simulink
Parameter Estimation 
Toolbox
Optimisation Toolbox
Pattern Search and 
Genetic Algorithm

PEM algorithm
MAF tracking 
optimisation
Final validation 

Fuzzy Model
(Diesel Engine)

Monitored
Output (MAF)

Reference
MAF

EGR
TVA

Inputs

Controller Model
(BOSCH Regulator)

Parameter
Tuning +

_

Tracking
Error

Xcorr=Xnom+ Xoptim
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GUI: The Final InterfaceGUI: The Final Interface

The user can The user can 
select:select:

DataData

ParametersParameters

OptimisationOptimisation
agorithmsagorithms

The GUI tool The GUI tool 
‘‘suggestssuggests’’ thethe
controllercontroller
params & mapsparams & maps
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((Nominal Map, ICNominal Map, IC))

((Correction Map, i.e.Correction Map, i.e.
the tuned parameterthe tuned parameter))

((Controller Tuned Final MapController Tuned Final Map))

Parameter CorrectionParameter Correction (Example)(Example)



Turbocharged Diesel Engine Modelling for Nonlinear Controller DeTurbocharged Diesel Engine Modelling for Nonlinear Controller Designsign 28/04/200928/04/2009Silvio SimaniSilvio Simani 5353

Map Correction (Example)Map Correction (Example)

Correction MapCorrection Map
++

Nominal MapNominal Map
(provided by (provided by 
BOSCH)BOSCH)

Controller Tuned MapController Tuned Map

(the map to (the map to 
be tuned)be tuned) Final controller mapFinal controller map

Parameter Estimation ToolboxParameter Estimation Toolbox
and Genetic Algoritmand Genetic Algoritm
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Controller Structure & ParamsController Structure & Params

Lim
5

PPar
4

iPar
3

DPar
2

AirCtl _facPar _mp
1

MATLAB
Function

MATLAB
Function

MATLAB
Function

AirCtl _tiDT 1_C

AirCtl _tiDT 1_C

AirCtl _rGvnrMin _C

AirCtl _rGvnrMin _C

AirCtl _rGvnrMax _C

AirCtl _rGvnrMax _C

AirCtl _mPWinPos _C

AirCtl _mPWinPos _C

AirCtl _mPWinNeg _C

AirCtl _mPWinNeg _C

AirCtl _mIWinPos _C

AirCtl _mIWinPos _C

AirCtl _mIWinNeg _C

AirCtl _mIWinNeg _C

AirCtl _facPresDiffCor _CUR

AirCtl _facNQPar _MAP

AirCtl _facIATSPar _CUR

AirCtl _dqDWinPos _C

AirCtl _dqDWinPos _C

AirCtl _dqDWinNeg _C

AirCtl _dqDWinNeg _C

AirCtl _PKp_C

AirCtl _PKp_C

AirCtl _PKpPos_C

AirCtl _PKpPos _C

AirCtl _PKpNeg _C

AirCtl _PKpNeg _C

AirCtl _IKi _C

AirCtl _IKi _C

AirCtl _IKiPos _C

AirCtl _IKiPos _C

AirCtl _IKiNeg _C

AirCtl _IKiNeg _C

AirCtl _DKd_C

AirCtl _DKd _C

AirCtl _DKdPos _C

AirCtl _DKdPos_C

AirCtl _DKdNeg _C

AirCtl _DKdNeg _C

pDiff
4

tGvnrAir
3

nAvrg
2

qCurr

1

Xcorr=Xnom+ Xoptim

PrePre--controlcontrol::
1 map1 map

Gain adaptGain adapt::
2 maps2 maps

PP: 5 real : 5 real 

variablesvariables

II: 5 real : 5 real 

variablesvariables
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Simulation ResultsSimulation Results ((EU Driving CycleEU Driving Cycle))

AMFAMF

____________ Reference AMF (set point)Reference AMF (set point)

__________ Initial AMF (w/o optimisation)Initial AMF (w/o optimisation)

__________ Tuned AMF (final, after the calibration)Tuned AMF (final, after the calibration)
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Alternative ProceduresAlternative Procedures

Related HD diesel engine control Related HD diesel engine control 

literature:literature:

ModelModel--based predictive controllerbased predictive controller

Fuzzy controllerFuzzy controller

Neural networksNeural networks

AdaptiveAdaptive controllerscontrollers
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ConclusionConclusion

TVA/EGR control designTVA/EGR control design
Application of the existent control law Application of the existent control law (BOSCH)(BOSCH) to the to the 
identified engine modelidentified engine model

BlackBlack--box modellingbox modelling (fuzzy system)(fuzzy system)

Identified system and controller integrationIdentified system and controller integration
EU Driving cycle dataEU Driving cycle data

Controller parameter tuning/optimisationController parameter tuning/optimisation

Matlab/Simulink GUI interfaceMatlab/Simulink GUI interface
Automated calibration software tool for Automated calibration software tool for ‘‘diesel calibration diesel calibration 
engineersengineers’’

ECU calibration and final tuning enhancementECU calibration and final tuning enhancement
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Further InvestigationsFurther Investigations

Validation of the complete model of a multiValidation of the complete model of a multi--
cylinder diesel enginecylinder diesel engine

TurbochargerTurbocharger andand related maps (greyrelated maps (grey--box)box)

Control law implementation for the complete Control law implementation for the complete 
dynamic modeldynamic model

Control law with the real engineControl law with the real engine

Comparison with different control strategiesComparison with different control strategies ((e.g.e.g.
adaptive schemes)adaptive schemes)
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Visit the web page:Visit the web page:
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Thank you for your attention!Thank you for your attention!

We are well behind and still have a long way to goWe are well behind and still have a long way to go......


