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NEW, EXCITING CHAPTER IN ENGINE CONTROL
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THE CHALLENGE
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35l/100 km

http://www.eurotransport.de

Historic fuel consumption of 40 ton truck
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Source: www.iea.org
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CO2 EMISSIONS IN TRANSPORT
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TANK-TO-WHEEL CO2 REDUCTION
NO SINGLE, GOLDEN BULLET
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Electricity
Low carbon (bio)fuels

Sustainable fuels
Hydrogen

Powertrain electrification (x-EV, E-AUX)
Ultra efficient engine (RCCI, PPC)

High efficient aftertreatment 
Energy recovery (e.g. regen. braking, E-WHR)

Advanced control

Engine research topics

EU legislation focus: 
gCO2/km VECTO 
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TANK-TO-WHEEL CO2 REDUCTION
GROWING COMPLEXITY
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MAP-BASED CONTROL
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MAP-BASED CONTROL DEVELOPMENT WILL EXPLODE
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Source: C. Atkinson, presentation at SAE High Efficient Engines (HEE) 2014

95000 dyno years
@ 5 min testing

per operating point

95000 dyno years
@ 5 min testing

per operating point
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MODEL-BASED POWERTRAIN DEVELOPMENT
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Benefits

 Exploit synergy between subsystems

 Deals with complexity

 Systematic approach

 Reduced development time and costs

Virtual development
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MODEL-BASED POWERTRAIN DEVELOPMENT
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Model-based development

 Concept development

 Model-based control design

 Model-assisted calibration

 Models embedded in controller

Virtual development
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 Supervisory control 
determines optimal 
references for low level 
controllers

 From fixed maps towards 
on-line adaptation based 
on actual engine state

 Deal with

 (Varying) constraints

 System uncertainties / 
Disturbances
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SELF-LEARNING ENGINE
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SELF-LEARNING ENGINE
ON-LINE FUEL EFFICIENCY OPTIMIZATION
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2D Extremum Seeking

 Sensor-based optimisation strategy, 
compatible with existing low-level strategies

 Optimise a measured cost function J with 
reference CA50, dp

 Constraints: engine out NOx, cylinder peak 
pressure, EGR valve opening

 Perturbation d on reference: estimate derivatives 

r

d

J

Van der Weijst et al. (2018) On-line fuel-efficiency optimization of Diesel engines using 
constrained multivariable extremum-seeking, 17th European Control Conference, p.213-218
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Experimental framework

 Production Euro-VI engine: baseline

 Real-world, high way cycle

 Disturbances:

 Post-intercooler temperature Tnik+40 oC

 Exhaust back pressure pexh+10 kPa

Extremum seeking implemented on Euro-VI engine:

 0.4% BSFC reduction by software only

 Enhanced robustness: less BSFC varation

 Reduced calibration effort: realize NOx (g/kWh)
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SELF-LEARNING ENGINE
ON-LINE FUEL EFFICIENCY OPTIMIZATION
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SELF-LEARNING ENGINE
ON-LINE COST-BASED OPTIMIZATION
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Integrated Emission Management

 Optimization of total operating costs:                   
Diesel + urea consumption

 Exploits synergy between engine and aftertreatment: 
EGR-SCR balancing

 Based on real-time estimation of engine and catalyst 
state

 Deal with tailpipe emission constraints

 Easy to calibrate: single control parameter for    
BSFC-NOx trade-off
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Baseline IEM‐1 IEM‐2

Fuel costs AdBlue costs

SELF-LEARNING ENGINE
ON-LINE COST-BASED OPTIMIZATION

Experimental framework

 Production Euro-VI engine: baseline

 Hot World Harmonized Transient Cycle (WHTC)

Integrated Emission Management (IEM) 
implemented on Euro-VI engine:

 Two calibrations: 

 IEM-1: Euro-VI NOx

 IEM-2: low BSFC

 EGR-SCR balancing

 2.1% BSFC reduction by software only

Willems, F., Mentink, P., Kupper, F. & Van den Eijnden, E. (2013). Integrated emission management for cost 
optimal EGR-SCR balancing in diesels, 7th IFAC Symposium on Advances in Automotive Control, p. 701-706
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SELF-LEARNING ENGINE
ON-LINE COST-BASED OPTIMIZATION

Simulation framework

 Euro-VI engine with IEM strategy

 Baseline calibration: production Euro-VI

 Real-world urban test cycles

 BSFC-NOx trade-off by sweep control parameter λ3

Results

 Different optimal λ3 for 

each test cycle

 Adaptive control will improve real-world performance

 Future: use preview information about route

Mentink, P., Van den Nieuwenhof, R., Kupper, F., Willems, F. et al., "Robust Emission Management Strategy to Meet 
Real-World Emission Requirements for HD Diesel Engines," SAE Int. J. Engines 8(3):2015, doi:10.4271/2015-01-0998

BSFC Fluid 
Costs

RW1 -0.70% -0.35%

RW2 -1.95% -1.7%

Optimal vs. baseline



Powertrains 2.0

© 2018 Copyright TNO | confidential information | all rights reserved 

TOWARDS SELF-LEARNING ENGINES
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On‐road
optimization

Increasing role of auto‐calibrationIncreasing role of auto‐calibration

Desk or laboratory
optimization

Hybrid Electric Vehicle 
Energy management

Integrated
Emission

Management

On roadOn‐road
energy & 
emission
trading

Switching
emission

management

Map‐
based
control

0%

100%

Flex
Fuel

Control Self-
learning 
engine
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NEW, EXCITING CHAPTER IN ENGINE CONTROL
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