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How can a small research group 
of four senior researchers 
perform theoretical advanced 

research on design optimization of 
automotive drivelines, active safety 
algorithms for accident avoidance, 
automatic driving and at the same 
time apply the algorithms in real 
test driving?

The answer is, of course, coop-
eration. This article describes our 
research activities within the auto-
motive area and how the activi-
ties are carried out in cooperation 
within the university, with organi-
zations in our neighborhood and in 
international cooperation.

Like the international trend, the 
motivation of most of the research 
activities within the automotive 
area is to develop solutions for safe, 
sustainable and efficient transpor-
tation. For the research group, this 
general motivation is transformed 
into interesting and challenging 
engineering problems, typically 
formulated as optimization prob-
lems where modeling of dynamic 
properties are of importance. 
Often, it is the formulation of the 
optimization problem which is 
our research. It contains model-
ling and aspects such as modelling 
accuracy contra model complexity 

so that the optimization problem 
becomes feasible so that it can be 
solved in reasonable time. In auto-
mated driving and in active safety 
application this means that the 
optimization needs to be solved in 
real-time when the vehicle is run-
ning so that the algorithm always 
can deliver a safe solution at every 
instant. At the same time, the mod-
eling of the vehicle and the traf-
fic situation needs to be accurate 
enough for the solution to be valid.

In case of design optimization, 
computations can be done off-line 
and the challenge is instead to for-
mulate the design problem in a way 
so that as many relevant design 
variables as possible can be incor-
porated at the same time as the opti-

mization problem can be solved in 
a reasonable time. By formulating 
design and control problems as con-
vex optimization problems we have 
been able to increase the number of 
design variables considerably and 
taken a clear step from toy-sized 
problems towards real world com-
plexity. This can be, for example, to 
include gear-shifting, or engine on/
off in the sizing of hybrid electrical 
vehicles. Examples and references 
are given bellow. 

Driveline Optimization and 
Optimal Energy Management
Most of the driveline research con-
cerns electro-mobility and hybrid 
electric vehicles. Most projects are 
connected to Swedish Hybrid Centre 
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Fig 4 Model of a bus line, expressed by demanded vehicle velocity and road altitude. The initial and 
final velocities and road altitudes, respectively, are equal, thus conserving kinetic and potential ener-
gy of the vehicle. The bus line includes 29 stops on which it is possible to place electric chargers. 

(SHC), http://hybridfordonscentrum.se/
en/ where the Swedish vehicle compa-
nies Volvo AB, Volvo Cars and Scania 
are members together with several 
Swedish universities and the Swedish 
Energy Agency.

One such project is the EU-project 
Optimore, http://www.optimore-proj-
ect.eu/, where we have been responsi-
ble for the optimal design of the sizing 
of components in range Extender Vehi-
cles (RE). The idea behind a RE-vehicle 

is to have a design of a series hybrid, 
Figure 1, which can be charged from 
the grid. With a large battery, most of 
the driving can be done on cheap and 
environmental friendly electricity. The 
RE-engine is only started at long trips 
when the battery is empty. However 
the battery is expensive and its size is 
a key parameter in the design. Figure 2 
illustrates the optimal size of battery 
for drivers with different trip length in 
their driver statistics.

The optimization becomes more 
challenging when design and optimal 
powersplit is considered for hybrid 
vehicles. A general approach is depicted 
in Figure 3. 

It is only by re-formulating the prob-
lems as convex optimization problems 
that they become solvable. This makes 
it possible to enlarge the problem for-
mulation into system level and in Fig-
ure 4 it is illustrated how the position 
of the charging stations for a bus line 
is considered together with the other 
design parameters, [2-c],[4-c].[5-c].[6-
c]. So far we have applied our methods 
to FCHEV (Fuel-cell HEV) [3-c], Series, 
Parallel HEV, Parallel with CVT [7-c], 
Series-parallel HEV with a planetary 
gear [1-c].
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Fig 2 Driver statistics describing trip lengths from four different drivers and their individual optimal 
battery sizes described as All Electric Range (AER) the distance they can drive entirely electric before 
they need to start the combustion engine (the range extender). 
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Fig 3 Optimization framework for simultaneous component sizing and energy management of a hybrid 
city bus. After user inputs are provided, the combined operational and components cost are minimized 
simultaneously, in order to obtain the optimal power split control and sizes of powertrain components.
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Active Safety, Automated and 
Cooperative Driving
Since more than ten years, our group 
is engaged in research activities on ac-
tive safety, automated and cooperative 
driving, which have led and will lead to 
exciting experimental activities. 

In collaboration with Volvo Cars 
Corporation, we have contributed to 
the development of model-based threat 
assessment algorithm in lane keeping 
applications. The idea underlying our 
approaches is to resort to reachabil-

ity analysis tools and set-invariance 
theory to calculate the set of states that 
can lead to a lane departure, based on 
a mathematical model describing the 
vehicle motion within the lane and the 
road geometry [1-a]. Our approach has 
been proven to successful trigger brak-
ing intervention, with the objective to 
prevent lane departures on low friction 
surfaces [2-a]. 

Recently, advances in ICT have 
encouraged a renewed interest in coop-
erative driving technology. In particular, 
initiatives like The Grand Cooperative 
Driving Challenge (GCDC) [3-a] have 
exposed our group to interesting open 
control problems in cooperative driving 
applications. We have approached the 
platooning control problem by resort-
ing to Model Predictive Control (MPC) 
–based techniques [4-a], Linear Matrix 
Inequalities (LMI) –based robust con-
trol methods [5-a]–[8-a] and consensus 
paradigms [9-a]. Our research activi-
ties in cooperative driving include 
more complex scenarios as well like, 
e.g., the ones illustrated in Figure 3. 
We have particularly focused on traffic 
cross intersection scenarios, for which 
we have developed constrained opti-
mal control-based approaches allow-
ing a number of autonomous vehicles to 
negotiate the intersection while avoid-
ing collisions and optimizing some per-
formance index [10-a]–[12-a]. 

Our collaboration with the local 
automotive industry (Volvo Cars) has 
led to interesting results in automated 
overtaking maneuvers in highways 
driving, as depicted in Figure 8. In 
particular, we have developed MPC-
based overtaking algorithms, where 
collision avoidance with surrounding 
vehicles is nicely enforced by newly 
developed linear constraints [13-a].

Bibliography:  indicated by [X-a] 
above, X replaced by integer.

References
[1] P. Falcone, M. Ali, and J. Sjöberg, “Predictive 

threat assessment via reachability analysis 
and set invariance theory,” IEEE Trans. 
Intell. Transp. Syst., vol. 12, no. 4, pp. 1352–
1361, Dec. 2011.

[2] M. Ali, P. Falcone, C. Olsson, and J. Sjoberg, 
“Predictive prevention of loss of vehicle 
control for roadway departure avoidance,” 
IEEE Trans. Intell. Transp. Syst., vol. 14, no. 
1, pp. 56–68, 2013.

[3] R. Kianfar, B. Augusto, A. Ebadighajari, U. 
Hakeem, J. Nilsson, A. Reza, R. Tabar, N. 
V. Irukulapati, C. Englund, P. Falcone, S. 
Papanastasiou, L. Svensson, and H. Wy-
meersch, “Design and experimental vali-
dation of a cooperative driving system in 
the grand cooperative driving challenge,” 
IEEE Trans. Intell. Transp. Syst., vol. 13, no. 
3, pp. 994–1007, Sept. 2012.

[4] R. Kianfar, P. Falcone, and J. Fredriksson, 
“A control matching-based predictive ap-
proach to string stable vehicle platooning,” 
in Proc. 19th World Congr. Int. Federation 
Automatic Control, Cape Town, South Af-
rica, Aug. 24–29, 2014.

[5] H. Köroğlu and P. Falcone, “State feedback 
synthesis for homogenous platoons un-
der the leader and predecessor following 
scheme,” in Proc. European Control Conf., 
Strasbourg, France, June 24–27, 2014, pp. 
2655–2660.

[6] H. Köroğlu and P. Falcone, “New LMI con-
ditions for static output feedback synthesis 
with multiple performance objectives,” in 
Proc. 53rd IEEE Conf. Decision Control, 
Los Angeles, C.A., Dec. 15–17, 2014, pp. 
866–871.

[7] H. Köroğlu and P. Falcone, “Joint synthesis 
of dynamic feed-forward and static state 
feedback for platoon control,” in Proc. 53rd 
IEEE Conf.Decision Control, Los Angeles, 
C.A., Dec. 15–17, 2014, pp. 4503–4508.

[8] H. Köroğlu and P. Falcone, “Controller syn-
thesis for a homogenous platoon under 
leader and predecessor following scheme,” 
in Proc. American Control Conf., Portland, 
O.R., June 4–6, 2014, pp. 1463–1468.

[9] M. di Bernardo, P. Falcone, A. Salvi, and S. 
Santini, “Design, analysis and experimen-
tal validation of a distributed protocol for 
platooning in the presence of time-varying 
heterogeneous delays,” IEEE Trans. Contr. 
Syst. Technol. appear, no. 99, p. 1, June 2015.

[10] H. Wymeersch, G. R. de Campos, P. Falcone, 
L. Svensson, and E. G. Ström, “Challenges 
for cooperative ITS: Improving road safety 
through the integration of wireless com-
munications, control, and positioning,” in 
Proc. Int. Conf. Computing, Networking 

Fig 6 Cooperative driving scenarios where 
conflicts must be resolved.

Fig 5 The experimental setup used in [2] to validate threat assessment algorithms for lane keeping 
applications.
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Verification of Active Safety Systems 
and Self-Driving Vehicles
An effective verification process is one 
important part in the development of 
automotive systems, to ensure system 
safety and reliability. The objective 
of the verification is to quantitatively 
assess the system and show, for exam-
ple, customers and authorities, that the 
system will solve all situations equally 
well, or better than the traditional sys-
tem. Systems are traditionally verified 
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Fig 7 Overtaking on highway scenarios.
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by testing a subset of situations where 
the system is active. This ensures that 
the system performs according to spec-
ification in that specific situation.

The problem of verifying automo-
tive safety systems with large uncer-
tainties is not an easy task and is not 
extensively treated in the literature, 
see e.g. [1-b]. The aim of the group’s 
work in the area is to develop computa-
tional methods for efficient verification 
of automotive safety systems. Computa-
tional verification methods are treated 
as methods that predict a system’s per-
formance by using mathematical mod-
els and/or recorded experimental data 
as input. Developed methods include, 
for example, estimating performance 
bounds of the system, see [2-b], devel-
oped methods for efficient testing using 
augmentation techniques, see [3-b], 
and system performance verification 
using reachability analysis, see e.g. 
[4-b] and [5-b]. The work is to a large 
extent performed in cooperation with 
Volvo Car Corporation.

A big challenge for self-driving 
vehicles is that the system must be 

able to handle all situations that arise, 
unlike traditional active safety sys-
tems, which focus on a specific subset 
of situations, [1-b]. Automated driving 
systems handles a much larger variety 
of situations, which makes testing very 
time consuming, cost inefficient and 
difficult. In the Trust-Me project, the 
Mechatronics research group together 
with Volvo Car Corporation are coop-
erating on developing new methods 
for verification of self-driving vehicles. 
The project is financed by the Vinnova 
and the FFI-programme.
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Networking Activities
In connection to the research, the 
networking and community activities 
have also resulted in the receiving the 
main responsibility for the organiza-
tion of two major conferences:

 ■ FAST-zero 15, http://fastzero15.net
 ■ IEEE Intelligent Vehicle sympo-

sium 2016, http://iv2016.org/
Of course, this responsibility is car-
ried out in cooperation with several 
other research groups at the university, 
international program committees and 
the organizations we have close con-
tact with.

 


