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Figure 1: Musculoskeletal Robotic Analysis Platform

1 Introduction

The bicycle is widely used to extend the traveling range
in human life. Uncovering of the underlying musculoskele-
tal structure’s contribution to the pedaling has great meaning
in the development of a comfortable bicycle, muscle injuries
prevention and cyclist training. Until now, the contributions
of lower limb muscles in pedaling are still not totally uncov-
ered.

The previous pedaling analyses investigated the mus-
cle’s contribution by measuring the surface electromyogra-
phy (EMG) from a human’s movement or utilizing the dy-
namical musculoskeletal simulation. Tsumugiwa et al. [1]
compared the pedal forces and measured the muscle states
of the professional athletes and those of beginners. With
this, they found that the gastrocnemius affects pedaling ef-
ficiency. Raasch et al. [2] reported that the movement of
the ankle affects the stroke of pedaling by dynamic simula-
tion. Because a human has numerous complex factors that
affect the locomotion (e.g. neural reflex or physiological
state), it is hard to separately observe the influence of mus-
culoskeletal structure in the real world. Simulation has the
advantage that it individually observes and controls the ex-
perimental parameter. However, the simulation is still dif-
ferent from the real world. Fortunately, the musculoskeletal

humanoid is a platform that is able to individually observe
the musculoskeletal structure in the real world. For example,
Watanabe et al. [3] realized agonist-antagonist coactivation
of muscles on a musculoskeletal humanoid and succeeded to
reproduce the interpretation of muscle synergies in pedaling.

Interestingly, the individual effects of the different biar-
ticular muscles in pedaling is still unclear. To uncover the
contributions of these muscles, we developed a pedaling
analysis platform with a musculoskeletal robot and a bikefit-
ting device (Figure1). To uncover the contributions, four dif-
ferent muscle control patterns have been designed. By com-
paring the different muscle patterns and their results, the ma-
jor findings of this research are as follow (1) the gastrocne-
mius muscle contributes to the flexion of the knee joint and
pulling up the crank from the pedaling bottom, (2) the ham-
string muscle contributes to the extension of hip joints, the
flexion of knee joint and pushing down the crank. (3) The
rectus femoris muscle contributes to the flexion of the hip
joint, extension of the knee joint and pulling up the crank.

2 Musculoskeletal Robotic Analysis Platform

The musculoskeletal robotic analysis platform is shown
in Figure 1. This platform was composed with a muscu-
loskeletal humanoid and a bikefitting device (SHIMANO
INC.). The humanoid robot has a height at 1.2m and 14
muscles in total. The single leg muscle setup is shown in
Figure 2. The foot is fixed on the pedal of bikefitting device
and the finger joint is immovable. The control module is
made of an Arduino Due, a developed amplifier module and
14 pneumatic solenoid valves. The control patterns for the
pedaling movements were coded into the Arduino Due.

3 Muscle Control Pattern

In order to uncover the contributions of biarticular mus-
cles in pedaling, we designed four muscle control patterns:
normal (i.e. enable the all muscles), without the gastroc-
nemius(nGAS), without the hamstring (nHAS) and without
the rectus femoris(nRF). They are illustrated in Figure 3.
The duration of each 1/4 cycle was tuned to 500ms by an
empirical experiment. Both legs were actuated by the same
pattern in an alternating sequence.



Figure 2: The single leg’s muscle setup (The green muscle
is rectus femoris, the red muscle is the hamstring, the blue
muscle is gastrocnemius and black muscles are the other
mono-articular muscles)

Figure 3: The single leg control patterns: (a) Normal (b)
no gastrocnemius(nGAS) (c) no hamstring (nHAS) (d) no
rectus femoris(nRF)

4 Experiment and Result

In the experiments, a marker has been attached to each
joint. The movement was recorded by a video camera and
analyzed by motion analysis software Dipp-motion 2D. In
the speed test, the maximum speed of pedaling reaches at
25.8 rpm. Figure 4a,4b and 4c are the angular displace-
ment of the each joint for one cycle pedaling under different
control patterns. By analysis the angular changing of each
joint, we found the contributions of these biarticular mus-
cles. The gastrocnemius muscle plays a role in a knee joint
flexor and contributes pulling up the crank. The hamstring
muscle plays a role in a hip extensor and a knee flexor and
contributes push down the crank during propulsion phase.
The rectus femoris plays a role in a hip flexor and a knee
extensor and contributes the pulling up the crank during the
recovery phase.

5 Conclusion and Future Work

In this study, we developed a musculoskeletal robotic
analysis platform to uncover the contributions of the biar-
ticular muscles in pedaling. This research also realized the
pedaling movement with antagonistic muscle pair and sim-
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Figure 4: The angular displacement of each joint for one
cycle

ple on/off control on the robot. In the future, we will explore
the effects of the combination of the upper body and foot
musculoskeletal and bicycle design parameters (e.g. height
of saddle) on pedaling and continues to be developed to-
wards the goal of improving the design of bicycles and their
components.
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