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Projects-& :Research- . Topics

\/ Computerised Decision Support Systems for Oral Anticoagulant
Treatment (OAT) Dose Management (2005-2007)

\/ 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):

A Mobile robots & SLAM - Simultaneous Localization & Mapping

A Image-based visual servoing of robot manipulators - application to robotic
surgery
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U Fuzzy ' modelling & -system identification
U Controller calibration

U Simulation: -based optimisation

I Emission reduction
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INtroduction
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u Diesel engine modelling - & identification
A grey -box: analytical approach & identification

A black -box : fuzzy modelling & identification

U BOSCH Electronic Control Unit (ECU)

A Controller parameter calibration & tuning

» futomatens softi=ace tool vor \diese cal®ratiore enc f or

60di



Silvio Simani 18/10/2025

Project Logic Seheme
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Project Achievements

i Control-oriented simulation moedel
c Grey-box model from real data (test-rig engine system)

\/ Black-box engine model from real data (driving cycles)

i BOSCH controller implementation in Matlab/Simulink
environments

i Automatic software (GUI) for controller calibration &

parameter tuning



Silvio Simani 18/10/2025




Silvio Simani 18/10/2025

Diesel Usage

\/ Nearly all trucks, buses, trains, small ships
A Good fuel efficiency.
A Lower greenhouse gas emissions
A Reliability
A Diesel price cheaper than gas (in Italy)
V Enormous size range:
A 30 to 30,000 kW (40 to 40,000 hp)

V Usage has increased significantly in last 40 years



Silvio Simani 18/10/2025

Dresel Combustion

\/ Combustion: only two exhaust by-products?
A CO, & H,0
\/ Unfortunately...

A Diesel is not pure carbon & hydrogen:
A Sulphur, nitrogen

A Air is not pure oxygen
A Nitrogen
V Engine combustion at high temperature & high
pressure: environment to form many chemical
compounds
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[Diesel Emissions

\/ Particulate Matter (PM)
A A product of incomplete combustion
\/ Oxides of Nitragen (NO + NO, = NO,)

ANO, is a product of high temperature
combustion
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\/ & other minor compounds...
A Carbon monoxide, sulphur dioxide (SO,)
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EmISSion; Reduction: Strategies

\/ Reducing PM

A Improve combustion efficiency.
A Increase peak combustion temperature

\/ Reducing NO,,
A Reduce peak combustion temperature

u Air-to-Fuel (Mass) Ratio-(AFR) Control
A Computer -controlled fuel & air injection rates

u Exhaust Gas Recirculation (EGR)
A Combustion temperature reduction
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AdjUSt AFR:or | AVF
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U AFR adjustment
ADepends on
torgue
AEngine speed
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u AMF control

Aexploited In
this project!
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Air/fuel ratio (AFR)
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NOL & PMIContral

e lu,

q:;;Tmﬂe 1) AMFE (Air Mass
: ' Flow) control
U Reference,
set point

2) Reduce Flame
E Temperature

U EGR
L TVA
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Contrel Opjectives

L IThe contrelobjective IS to operate-the TVAL/ &
EGR valves in,a way 'such that:
AThe engine meetdrquederhaad dr i v e
A NO, & PM emissions are optimised (minimised)
A Visible smoke generation is avoided

U This 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-PointiGeneration

Set-point
Generatio

L Ty -1 AVF

U Air Mass Flow (AMF) set-point is given as a function of engine fuelling
(W) & speed (N)

U Itis computed to give minimum NO, & PM emissions without any
visible smoke

U In steady-state, AMF (& exhaust gas fraction) can be correlated to the
engine outputs (e.g. compressor mass flow W, & exhaust manifold
pressure P,...) through thermodynamic relationships (maps)
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Diesel Engine Modelling

U Process description & modelling
1. Grey-box approach

Ve

A Engine maps & look-up tables
A Engine subsystems & components

2. Black -box approach
A Fuzzy modelling & identification

U Model Validation
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Diesel Engine Scheme

INPULS =

A Engine speed (N)

A Fuel flow rate (W;,q)

A Intake Temperature

A Engine Temperature (oil)

Input Control \Variables

A EGR command
A TVA command

Exhaust
manifold

Intake
manifold

Main Output
A Air Mass Flow AMF (w,,)
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Diesel Engine
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MATLABI®//SIMULINK © Library

U Control-oriented engine simulation model
U MATLAB ® / SIMULINK® environments

U Easy to use

U Reduced simulation time

U Control design, test, performance
assessment

u Controller calibration & final tuning
U Real-time applications
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System Modelling

V State parameters
AP, Tr,c, W, ..
A N (speed)
A X (chemical

composition)

A ..

V Variables
A ..

V Equations
A Mass conservation
A Energy conservation

A Momentum conservation

A Motion quantity
conservation
A State equations

A Transformation
equations




