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Abstract— The WAKE-up is an active knee-ankle orthosis.
It is composed of two robotic modules for the rehabilitation
of knee and ankle. We present: (i) the 3D prototyping process
used to make the orthosis, (ii) the improvements in the
mechanical transmission implemented in the current version
and, finally, (iii) the sensor logic.

I. INTRODUCTION

One of the most relevant CP gait disorder is the Toe
Walking. The causes could be a less dorsi-flexor and plantar-
flexor torque of the ankle in the order of 45% with respect
to a normally developed children, and the pathological gait
is consequent to a compensatory strategy to obviate the
plantar flexor weakness [1]. The robotic therapy for the
recovery of locomotion and its availability can improve the
outcome, decrease the period of hospitalization, and transfer
the rehabilitation in house [2]. WAKE-up fits in this area,
with the purpose to be useful for the gait rehabilitation in
children affected by neurological disorders [3].

II. 3D PROTOTYPING

The rapid prototyping technique for the manufacture of
customized orthoses and prosthetics has the characteristics
of improving lead times, quality and consistency due to
the ability to print directly in engineering materials, like
the ABS, with respect to the artisan method [4]. The first
step of the design work was to acquire and digitalize
with a 3D scanner (FARO ScanArm V3, UK), the surface
of a lower limb. Then, the digital surface of the limb
was imported in the 3D design software. The surface was
processed to extrude a shell with thickness of 4 mm from
the negative surface. The obvious result was to obtain
a greater homogeneous contact between the skin surface
and the internal surface of the orthosis. In order to make
easier the wearability for children, an ad-hoc connection
system between the braces and the motors was designed. It
is composed of two sliding dovetail joints, one for each
module, where the motors can be easily inserted after
that subject has worn the braces. The previously indicated
slidings together with the joints for the torque transmission
and the orthosis form an all-in-one with the shell. The
second step was the effective production of the orthosis and
joint linkages using a 3D printer (S250, Inspire CHN and
Dimension, Stratasys USA), that works with ABS.

III. MECHANICAL IMPROVEMENTS

The Wake-up is able to transmit a torque to the knee
joint and the ankle joint, singularly or at the same time. The

*This work was supported by IIT
*This work is a collaboration with MARLab, Children’s Hospital
Bambino Gesú, Italy
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power transmission is achieved by timing belt and pulleys
and it is mediated by a torsion spring characterized by a
stiffness of 3.0 Nm/rad. The series elastic actuator scheme
(SEA) allows the actuator to act indirectly on anatomical
joint to increase patient’s safety. A rectangular keyway was
cut on the Motor/Spring and Encoder/Spring linkages to
facilitate the assembling. Two rectangular keys were fixed
on the spring. The sliding along the axial direction permit
a fast and easy assembly, important to resolve eventually
out of order. The first prototype needed a thrust bearing
to minimize the effect of the moment due to the axial
force generated by the belt tensioning on the pulley link.
The problem was overcome by designing a customized fork
keyed on the shaft. This solution also brought to a decrease
of the transmission shaft length (9 mm) and mass.

Fig. 1. Knee and Ankle Orthosis.

IV. SENSOR LOGIC

To identificate the gait cycle, a sole was sensorized with
four foot switches and each module with an IMU. In the
SEA the degree of rotation between the spring and the motor
is controlled by an absolute magnetic shaft encoder. The
sensor outputs are gathered by a MyRio board (NI, USA).
Thus, the setup permits: (i) the kinematic reconstruction and
the analysis of the gait and (ii) the torque evaluation at the
knee and ankle joint.

V. CONCLUSIONS
The pre-clinical trails are scheduled after the approval of

the Ethical Committee of the Children’s Hospital Bambino
Gesú.
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