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Background
Driving cycles have been the dominating way of describing vehicle use in simulations of
transport efficiency, CO2-emission and fuel consumption. A conventional driving cycle
describes a target speed as a function of time. Recently it has been highlighted that such a
description is oversimplified. For example, it does not allow predictive systems, such as
choice of gear or kinetic energy buffers, to influence vehicle motion and their contribution to
the increase in efficiency disappears. Thus, a conventional description does not allow a fair
comparison between different vehicles.
A new description, the operating cycle-format (OC) [1,2], that was suggested earlier this year
avoids many of the problems. It includes the essentials of the road, weather, traffic and
mission that are needed to describe the physics of the road-vehicle interaction.
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However, being a more realistic and complex description, it renders many of the methods for
conventional driving cycles obsolete and new ones are needed. For example, comparing
different driving cycles is relatively straight-forward and uses obvious (and some not-soobvious) measures such as mean speed, duration, mean positive and mean negative
acceleration, mean traction force etc., see [3-5]. The OC-format has few such measures and
comparing two missions becomes a challenging problem.

A possible approach is to look at each underlying phenomenon as a stochastic process and try
to find models that describe the physical properties well [6,7]. The parameters of those
models have interesting statistical characteristics and are useful for many things, for example
as measures to compare OCs. In addition, a stochastic model offers the interesting advantage
that it can generate new missions, which enables a wealth of theoretical and numerical
studies.
This problem is an active research subject that combines stochastic modelling, data analysis,
driver and vehicle modelling, as well as dynamic simulation that involve all parts. The project
at Chalmers is called COVER [8] and involves Volvo GTT, Scania, Volvo Car Group, RISE,
VTI and Chalmers. The project is currently seeking a PhD candidate, which enable a possible
continuation for a successful master thesis student.

Problem motivating the project
For successful vehicle development, it is important to represent the usage in a realistic way. A
fair comparison of components, functions and strategies rely on the underlying road and
mission description to be suitable and accurate. Therefore, the first step is to enable
comparison between roads, so that the actual usage can be decided and quantified. However,
it is unknown what statistical features are needed when comparing roads and transport
mission on said roads with each other.

Envisioned solution
Using real log data, an outline for a stochastic model and one (or a couple of) vehicle(s), it
can be identified whether the model is an unbiased description of the transport mission or not.
In some cases, it will verify that the current stochastic model is accurate enough. In other
cases, it will highlight new phenomena that need to be represented. The paper by Johannesson
et al [9] outlined some ideas that can form the starting point for a systematic study.

Research Question
•
•

What are the defining characteristics of roads in general, and transport mission
descriptions on operating cycle form in particular?
How can such characteristics be found and tested?

Deliverables
•
•
•
•
•

5-10 data logs in OC-format, on both deterministic and statistical format.
Suggestions for a set of defining statistical features.
Evaluation on how well current statistical description works, by using real roads as
references.
Requirements for, and improvements to, the existing road, driver and vehicle models.
Hopefully a technical paper suitable for presentation at an international conference.
The paper can be a part of the thesis, to avoid redundant documentation.

Limitations
•
•

Only one vehicle specification will be studied, possibly with minor variation.
Only one driver will be studied, possibly with minor variation.

Sketch of activities
•

Select 5-10 data logs from real transport operations.

•
•
•
•
•

Identify stochastic model parameters for these logs.
Generate realisations and run simulations.
Conclude which are good (i.e. unbiased) and which are not.
Attempt to find explanations for the deviations and improve the models to fix them.
Write one conference paper.

Academic subject / pre-requisites:
•
•
•
•
•
•
•
•

Modelling and simulation skills with automotive interest.
Particularly students from fundamental physics, engineering physics, engineering
mathematics, mechatronics/control or mechanical/automotive.
At least a basic course in stochastic processes.
Understand the fundamentals of mathematical statistics.
Intermediate skills in DAE-modelling, especially hybrid systems, and numerical
solution methods.
Knowledge of basic mechanics.
Some knowledge of vehicle dynamics is advantageous.
An interest in PhD studies in the field is a merit.

Administrative
•
•
•
•

•
•

Number of credits: 30 points per student (nominally 20 weeks).
Starting date: January 2018 or earlier.
Resources/Stakeholder: Volvo GTT (the thesis will be within VGTT but in close
cooperation with Chalmers.).
Responsible subject/research group at Chalmers:
o Examiner: Bengt Jacobson.
o Supervisors:
▪ Academic:
• Pär Pettersson (VehDyn),
• Pär Johannesson (RISE & Mathematics Chalmers/GU)
▪ Industrial: Sixten Berglund/Anders Eriksson (Volvo GTT).
Application to: Pär Pettersson, parp@chalmers.se, 070-979 62 43, with CV and
transcripts.
Physical location: Volvo GTT (Lundby, Göteborg) and Chalmers.
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