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A powered lower extremity exoskeleton for gait rehabili-
tation has been designed and is currently in the final stages
of realization. It consists of two slim and lightweight leg
structures that closely fit to the outside of the human legs and
that are capable of providing assistive torques on hip-, knee-
and ankle joints. Behind the patient and above the treadmill,
a supporting structure with currently 4 actuated degrees of
freedom manipulates both exoskeleton leg structures. These
degrees of freedom serve to guide two important translations
and two rotations of the pelvis. The device is designed
for rehabilitation of individuals with various orthopedic and
neurological disorders. We aim at patients who have e.g.
muscle weakness or incomplete SCI that affects the legs,
but who are able to stabilize the torso.

I. Powered ankle

Actuation of the ankle is included in the powered exoskele-
ton, which is a novelty in gait rehabilitation robots. The
team’s hypothesis is that applied torques at the ankle joint
are important in gait rehabilitation since the torque at the
ankle is by far the highest torque in natural human gait. The
ankle actuation can provide a natural rotation of the ankle,
as opposed to other gait devices. Further, the known issue
of lack of foot clearance can easily be solved by adequate
control.

II. Compliant actuators

Hip-, knee- and ankle flexion/extension are powered by a
customized design of the MACCEPA actuator which is an
electrical actuator with variable mechanical compliance. By
using the wheeled MACCEPA the design is very compact as
it is fully integrated in the exoskeleton structure. Primarily
the spring in each MACCEPA joint is important for safety
regarding the close human-robot interaction.

III. Guidance of the pelvis

The pelvic movement will be guided by a 6 DoF actu-
ated robust structure reaching over the treadmill and be-
hind the patient. Two degrees of freedom, namely the hip
ad/abduction are still under construction and will soon be
included in the system. The actuated DoF in the supporting
structure will be compliantly controlled which allows a
complete range of guidance. We can decrease the supporting
force and ultimately make the structure “virtually decoupled”
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from the human or exoskeleton, while still providing safety
since the exoskeleton remains physically connected to a
robust construction.

IV. SAFE SUPPORT

The design of the rehabilitation robot allows to provide
from zero to full body weight support without the restraining
harness seen in other state-of-the-art rehabilitation devices.
The supporting structure is capable of lifting the complete
weight of the patient, as a means to ensure safety. Espe-
cially in the beginning of the rehabilitation, the structure
can support the patient. A height setting allows to adjust
the operating range according to the length of the patient
and thereby set the lower vertical limit to prevent falling.
Regardless of the amount of body weight support, the
patient will feel the full weight of his body on his legs
since the exoskeleton supports the weight under the heel.
Nevertheless, the knee, hip and ankle are relieved from high
torques by the body weight support. Besides the guiding
actuation of the pelvis and bodyweight support, the system
provides data from encoders and force sensors for gait and
posture measurements and this in a safe and structured test
environment.


