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I. INTRODUCTION

ACCORDING to a study performed in the USA 11,9%
of the American population, aged 15-65, has trouble

executing ambulant activities [1]. The difficulties are the result
of muscle weakness. On top of that, the human muscles degen-
erate as people get older. As 34% of the Western population
is expected to be 60 years and older by 2050, one can see that
a significant number of people will have to deal with mobility
issues in their lifetime. About 1% of the population ultimately
ends up in a wheelchair as walking requires too much effort.
The use of an assistive exoskeleton will keep the wearer active
for a longer period of time, reducing or even eliminating the
complications that arise with longterm inactivity. Several facts
that are crucial for the design of a suitable actuation system
will be discussed in the next paragraphs.

II. REQUIREMENTS

A usable exoskeleton assists the wearer sufficiently and has
three main qualities: it is wearable, energy-efficient and above
all safe. Wearability implies that the size and the mass of
the device should remain limited. Reduction of the mass of
the device is especially important as added mass increases
the energy expenditure of the wearer [2]. The high torque
and power requirements that are demanded at the joint level
lead to a heavy actuator design in the case of conventional
electric motors. An alternative actuator design using adaptable
compliance actuators in combination with parallel springs
could reduce the weight of the device and thus improve
its wearability. Additionally the use of intrinsic compliant
actuators adds an extra safety measure to the device as it
allows for deviations of the actuators equilibrium position.
Furthermore they allow for energy storage and return which
can improve the energy-efficiency of exoskeletons. Another
feature that will be thoroughly investigated is the improvement
of wearability and energy-efficiency by bi-articular actuation.

III. BI-ARTICULAR ACTUATION

Human walking is very energy-efficient, a healthy person
can easily walk around the entire day without feeling too
tired in the evening. If one takes a look at the muscular
architecture of the human legs one can distinguish two types of
muscles: mono- and bi-articular ones (1). In biomechanics the
function of both types are interpreted as follows: monoartic-
ulars move the joint and bi-articulars transfer energy between
the joints [4]. This can be explained by taking a look at a
jumping motion. At the start of a jump the Gluteus Maximus

Fig. 1. Model of the human lower limbs (adapted from [3])

(GLM) contracts in order to extend the hip. Hip extension
in combination with contraction of the Rectus Femoris (RF)
extends the knee. Similarly action of the Gastrocnemius (GA)
results in ankle extension. This way energy provided by the
GLM is transferred via the knee to the ankle. Implementing
this principle, in combination with spring elements, in a gait
exoskeleton allows us to store the energy that is normally
dissipated at the knee and transfer it to the ankle to power
push-off. Another advantage is that it allows us to regulate
the mass distribution of the exoskeleton. If we can provide
part of requirements at the ankle with a biarticular connection
to the hip joint than we can reduce the actuator mass at the
ankle joint. In theory this should reduce the human energy
expenditure because mass added at the hips has a much smaller
influence on metabolic rate as mass added at the ankle [2].
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