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Projects & Research Topics

ü Turbocharged Diesel Engine Modelling for Nonlinear Controller 

Design (2007-2014)

V Computerised Decision Support Systems for Oral Anticoagulant 

Treatment (OAT) Dose Management (2005-2007)

V Development of Fault Tolerant NGC (Navigation, Guidance & Control) 

Algorithms for CUAV (Civil Unmanned Aerial Vehicle) Patrolling & Rescue 

Missions in Harsh Environment (2004-2025)

V Robotics & Medicine (2009 - 2011):

Á Mobile robots & SLAM - Simultaneous Localization & Mapping

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

surgery
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Main Points

üAir -path control

üTurbocharged diesel engine

üData-driven modelling

üFuzzy modelling & system identification

üController calibration

üSimulation -based optimisation

üEmission reduction  
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Introduction

VControl scheme calibration & tuning for 

commercial diesel engines (boats, ships, farm 

tractors, ...)  

ü Diesel engine modelling & identification

Ágrey -box : analytical approach & identification

Áblack -box : fuzzy modelling & identification

üBOSCH Electronic Control Unit (ECU)

ÁController parameter calibration & tuning

ÁAutomated software tool for ódiesel calibration engineersô   
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Project Achievements

ü Control-oriented simulation model

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

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

ü BOSCH controller implementation in Matlab/Simulink 

environments

ü Automatic software (GUI) for controller calibration & 

parameter tuning
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The Diesel Engine 
& Its Emissions
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Diesel Usage

VNearly all trucks, buses, trains, small ships

ÁGood fuel efficiency

ÁLower greenhouse gas emissions

ÁReliability

ÁDiesel price cheaper than gas (in Italy)

VEnormous size range:

Á30 to 30,000 kW (40 to 40,000 hp)

VUsage has increased significantly in last 40 years
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Diesel Combustion

VCombustion: only two exhaust by-products?

ÁCO2 & H2O

VUnfortunately...

ÁDiesel is not pure carbon & hydrogen:

ÅSulphur, nitrogen

ÁAir is not pure oxygen

ÅNitrogen

VEngine combustion at high temperature & high 

pressure: environment to form many chemical 

compounds
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Diesel Emissions

VParticulate Matter (PM)

ÁA product of incomplete combustion

VOxides of Nitrogen (NO + NO2 = NOx)

ÁNOx is a product of high temperature 

combustion

V& other minor compounds...

ÁCarbon monoxide, sulphur dioxide (SO2)
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Emission Reduction Strategies

VReducing PM

ÁImprove combustion efficiency

ÁIncrease peak combustion temperature

VReducing NOx

ÁReduce peak combustion temperature

üAir -to-Fuel (Mass) Ratio (AFR) Control

ÁComputer -controlled fuel & air injection rates

üExhaust Gas Recirculation (EGR)

ÁCombustion temperature reduction



Turbocharged Diesel Engine Modelling for Nonlinear Controller Design      18/10/2025Silvio Simani 12

Adjust AFR or AMF
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this project!
(AFR)



Turbocharged Diesel Engine Modelling for Nonlinear Controller Design      18/10/2025Silvio Simani 13

NOx & PM Control

TVA 1) AMF (Air Mass 

Flow) control

ü Reference, 

set point

2) Reduce Flame 

Temperature

ü EGR

ü TVA



Turbocharged Diesel Engine Modelling for Nonlinear Controller Design      18/10/2025Silvio Simani 14

Control Objectives

üThe control objective is to operate the TVA & 

EGR valves in a way such that: 

Á The engine meets the driverôs torque demand

Á NOx & PM emissions are optimised (minimised)

Á Visible smoke generation is avoided

üThis can be achieved by regulating the Air 

Mass Flow (AMF) & the fraction of exhaust 

gases (EGR) in the intake manifold to the 

corresponding set -points
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Set Point Generation

ü Air Mass Flow (AMF) set-point is given as a function of engine fuelling

(Wf) & speed (N)

ü It is computed to give minimum NOx & PM emissions without any

visible smoke

ü In steady-state, AMF (& exhaust gas fraction) can be correlated to the 

engine outputs (e.g. compressor mass flow Wc & exhaust manifold

pressure Pman) through thermodynamic relationships (maps)

],[ 1 AMFFy=[ ]manc PW ,
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Control -Oriented Diesel 
Engine Modelling
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Diesel Engine Modelling

ü Process description & modelling

1. Grey-box approach   

Á Engine maps & look-up tables 

Á Engine subsystems & components

2. Black -box approach

Á Fuzzy modelling & identification

ü Model Validation
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Diesel Engine Scheme

Inputs

Á Engine speed (N)

Á Fuel flow rate (Wfuel)

Á Intake Temperature

Á Engine Temperature (oil)

Main Output

Á Air Mass Flow AMF (wc1)

Input Control Variables

Á EGR command

Á TVA command

TVA

Intake

manifold

Exhaust

manifold
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Diesel Engine
Grey -Box Modelling
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MATLAB ® / SIMULINK ® Library

üControl-oriented engine simulation model

üMATLAB ® / SIMULINK® environments

üEasy to use

üReduced simulation time

üControl design, test, performance 
assessment

üController calibration & final tuning

üReal-time applications
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System Modelling

VState parameters

ÁP, T, r, c, W, ...

ÁN (speed)

ÁX (chemical 

composition)

Á...

VVariables

Á...

VEquations

ÁMass conservation

ÁEnergy conservation

ÁMomentum conservation

ÁMotion quantity 

conservation

ÁState equations

ÁTransformation 

equations 


