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Musculoskeletal Model
of Bicycle Pedaling
The objective of this project was to simulate
the pedaling movement of cycling based on
a modified musculoskeletal model, and to
compare the results with the actual movement.
The different activation patterns of the leg
muscles necessary for the simulation were
collected, prior to simulation, with an ergometer.
The goal was to gain insights from the results
about the functionality and capacities of our
model so further modifications and developments could be put into action.
From a practical viewpoint, a model like this can help prevent injuries, for example,
in easily-injured areas like the patella. Especially in the area of rehabilitation, bicycle
ergometers are widely used and integrated into therapy. The creation of a high
capacity simulation model, which will enable the diagnosis of muscle strength and
strains, can improve therapy quality. Such a model can also improve competitive
and recreational sports, for example, through optimal saddle positioning.
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brake torques to simulate, e.g., pedaling
against constant power or velocity dependent brake torque. The feet of the human
body model were connected to the pedals
by force elements to simulate click-in pedals
which were used during the measurements.
The human body model was connected to
the saddle by a bushing-like force element.

Fig. 2: Biomechanical motion analysis using
high-speed video data
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The muscles’ behavior in the model is
described through Hill’s 1938 empirical
investigated equation.
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Fig. 3: Muscle model with contractile element
(CE) and elastic structures (PEE, SEE)

EXPERIMENTAL SETUP
For further comparisons between simulated
and real pedaling movement at the Karlsruhe Institute for Technology (KIT), data
was collected in order to identify important
physiological and biomechanical parameters
of the performance of the bicycle rider. We
used a scientific ergometer build by SRM
(Schoberer Rad Messtechnik, www.srm.de)
which was equipped with a 2D pedal force
measurement device (Powertec®) which allowed for capturing the acting forces during
pedaling in tangential and radial direction.
The Powertec system measures the pedal
forces by two sensors which determine the
magnetic field variations (Hall-Effect) as a
result of the displacement in respect to a
magnet [6]. At different pedaling frequencies and power settings, together with the
forces acting on the pedals, the total power

Fig. 4: Pedal forces measured by strain gauge
system
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and the activation pattern for each of the 16
As the EMG-signals for both legs differed
muscles were recorded (Fig. 4).
slightly, we decided to symmetrize the
A planar motion analysis was carried out
artificial EMG-Data so, we substituted the
with high speed videos and markers atmeasured EMG-signals for the left leg by
tached to the subjects joints (Fig. 2). Video
the 180 degree shifted signals from the
analysis has been done with sub pixel accuright leg.
racy by automatic pattern tracking using the
software TraXXol. To enhance the accuracy
RESULTS
of the measured motion data, large white
Three simulations were done in total, each
markers have been placed on the subject
with different adjustments. In the first
who was additionally wearing a black elastic
simulation, the power was kept at a confull body suit to maximize the contrast. The
stant level; in the second simulation, the
collected pedaling kinematic data was used
effective crank-torque was kept constant.
to calculate an average
The third simulation
motion pattern of a ped“The simulation has been done
was performed using a
by co-simulation between
al cycle. To enhance the
speed-dependent dampSIMPACK and SIMULINK.”
accuracy of pedal torque
ing for generating the
data, we captured the
crank-torque. A clear
crank angle with a high speed camera and
match was identified between measured
motion analysis, too. For reliable analysis,
and simulated crank speed. The minimum
the data (pedal forces, crank-torque, both
values of crank velocity occur in the upper
perspectives of the camera, as well as EMGand lower turning point; the maximum valsignals) was time synchronized.
ues occur on horizontal pedal position.
MUSCLE ACTIVATION DURING
SIMULATION
As a first simulation approach, the necessary activation patterns for the simulation
were generated from the EMG data. The
data was always synchronized with the
current angle of the crank. The EMG-signal
of each muscle was collected and averaged
throughout up to 20 cycles. The identified
strength of the signals, collected from the
highest isometric contraction, was used for
the standardization. The activation patterns
gained through EMG-analysis were used to
control the simulation. This has been done
by co-simulation between SIMPACK and
Simulink®.
The input for the controller given by the
SIMPACK model was the crank angle. The
Simulink model calculated the new stimulation vector for each leg (in total 16 activation signals) by use of a look-up table.
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Fig. 5: Tangential and radial pedal forces
acting at the crank
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Fig. 7: Muscle activation patterns were
measured through electromyography (EMG)
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far. The lack of feedback
partially leads to suboptimal stimulation timing.
But the results of this
study are very promising, and the model will
be extended with a
closed loop control for
muscle stimulation.
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Fig. 8: Crank velocity of an average cycle in
measurement (top) and results of simulations
with different crank reaction torques

