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• Analysis of chaos in indoor pedaling motion

Invitation
Bachelor and master students are welcome to do projects and
theses with us. We are also looking for riders to participate
in empirical studies and for student assistants to work in our
group in the research project Powerbike.  The focus is on the
further development of our bicycle simulator. Currently, possible tasks include:
• Enhancement of the GUI in particular to exploit touchscreen technology
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• Integration of additional sensor signals such as heart
rate, cadence, and pedalling power via the ANT protocol
and TCP-IP
• Integration of height profiles measured using a differential GPS and inertial navigation system
• Improvement of the synchronization of video with the
cycling speed
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in particular offers more opportunities for research
• Mechanical model of cycling available
• For endurance sports, physiological models may be feasible and useful

Why
road cycling?
• Lab and
field studies
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Given the necessary parameters, the simulator is able to produce
a brake force that comprises forces due to a gradient, air resistance, friction and acceleration. The bicycle simulator allows
realistic  training in a laboratory environment.
The model layer consists of physical models of the track and its environment and physiological models of human performance. These
models are used to predict the total riding time for given pacing
strategy, to fill in missing data, to estimate power from other variables, and to fit model parameters to data measurements.
In the computational layer optimal control algorithms are used
to compute pacing strategies that minimize time to arrival or
exhaustion for given total race.

The equilibrium of forces is given by a differential equation with
the parameters in  the table which must be measured or taken
from the literature.
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Physiological model

Physiological model
We use a system of first order differential equations with parameters: exertion, aerobic capacity, anaerobic capacity and
critical power (CP). The CP model can be conceptualized as
a hydraulic model with two vessels containing fluids representing metabolic energy. One vessel of infinite capacity
represents the aerobic energy supply. The other one is the
anaerobic energy supply with limited capacity. The vessels are
interconnected by a tube of fixed diameter, which allows the
flow of the fluid from the aerobic to the anaerobic vessel. The
flow is limited by the critical power.
During exercise, the flow of the fluid in the system represents the breakdown of high energy phosphates and oxygen
consumption. During recovery, the anaerobic vessel is refilled
the aerobic
vessel
modelling
the repayment
of the
We usefrom
a system
of first
order
differential
equations
withoxygen debt. The net power output of the body is represented by
parameters:
exertion, aerobic capacity, anaerobic capacity
the fluid flow out of the anaerobic vessel.

and critical power (CP). The CP model can be conceptualized as a hydraulic model with two vessels containing fluids
representing metabolic energy. One vessel of infinite capacity represents the aerobic energy supply. The other one is
the anaerobic energy supply with limited capacity. The vesPower
Constraint:
sels are interconnected by a tube
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diameter, which
allows the flow of the fluid from the aerobic to the anaerobic
vessel. The flow is limited by the critical power.

