Design and testing of two mechatronics systems for robotized new

Design and Testing of Two Mechatronics Systems for Robotized Neurorehabilitation

G.Belforte*, G.Eulu®, §.Sirolli*, S.Appendino®*

* Deparnment of Mechanics - Politecnico di Torino - Technical University
C.50 Duca degli Abruzzi 24 - 10129 Torino Italy
# T . lialian Insrinae of Technology - Center for Space Human Robotics
Toring - laly
corresponding author: pabriellaenla@polite.it

Abstract: This paper illustrates the design and the testing of two mechatronics prototypes weeful for
robotized neurorehabilitation and for motor training nssessment. The two machines are called Bra.Di P.O.
{Brain Discovery Prcumatic Orthosis) and PLGR.O. (Peeumatic Interactive Gait Rehabiliation
Onhosis). They we electro-pneumatically controlled. This allows o obtain & lot of advantages

preumatic systems give comfonable interaction between machine and patient; they arc safe, clear

easy to coanect 1o hospital plant; they are MR-compatible. These protolypes have been wsted both in
laboratory and at hospital and resulis obtained are good.

Keywords: medical preumatic devices, fMRI anulysic devices. pneumatic active exoskeleton:
ilitation robots, mect ice devices for lower limbs rehabilitation,

1 INTRODUCTION

The ability 10 walk is the basic factor for quality of life and
for participation in social life. However, in normal life it is
frequently allecied by meurclogical diseases —spinal cord
injury, stroke and traumatic brain injury. Kulig et al. {2008},
Perry (1992}, Sawicka et al. (2005), For the treatment in this
area, gail training robot has played an important role. The
recovery has to be simulued by training that aims at the
function to he regained ~train walking by walking. However,
during & phase right afler an incident, the contrel of the
muscles is usnally severely reduced.

Since 1980, the traditional approach is to suspend the patient
over a treadmill with a hamess and counler weights 1o help
the patient io reduce body weight and to guide the patient’s
leg by two physical therapists,

Early guit rehabilitation training machine uses suspencling
system, treadmill o help patients with the treatment,
However, this kind of process still needs the help of
professional therapist during the training, so it could not be
called a5 @ robot but just a hulf aulomatic rehabiliistion
machine.

In 2000, Freie Berlin invenicd a kind

the sutomatic control process, such as Lokomat, Colombo c1
al_ (2000).

“The robot can simulate the regular pattern of normal walking
gait movement. Tt can icud the movement of the lower limb,
such 1o realize the dynamic training of almost every lower
Timb joint. It is also able 10 correct gail patern of the
hemiplegic patients, collecting data in order 1o achieve
further gait analysis, I could offer & geod tremment 1o the
weute siroke or chronic lower limb motor dysfunciion thus
provides a possibility of a deep understanding of the law of
central nervous rehabilitation.

From human gait analysis, we can casily analogize thal a
human gait training mochine should have these factors:

prop and power: contral of

balance; auniliary contral,
Since 2006, the Dy of of F di
Tonno started  the  design, the  construction  and  the
i of two i ive acti ic orthosis

P i uve p
They are called BraDiP.O. (Brain Discovery Preumatic
Orthosis) and PLGR.O. (Preumatic Interactive  Gait
ilitation Orthasis), Belforte et al. (2009). Belforte et al.

of mechanical training device, Beyl et al, (2008), Barbeau et
al. {2003), Yang ct al. (2008). This rchabilitation device cun
repeat and correct the gait training of the patients, releasing
the therapists from the heavy assistant training 5o that they
can concentrale on the rehahilitation of patiemts with dala
analysis, Colombo et al. (2000}, Jezemik et al. (2003), Hesse
et al. (2000), Ferris et al, (2005).

Nowadays, Beyl et al. (2008), Gassert ez al. (2008), Moser ¢
al. (2003), Yu et al. (2007). Yu ct al. (2008), an advanced
technology of robots for the rehabilitation project has been
carried on, combing the medical rehabilitation techniques and

(201
2. PROTOTYPES DESCRIPTION

BraDi.P.O. (figure la and b) s a mechatronic device with
one DoF (Degrees of Freedom), useful to investigate the
mator contex behavieur with MR analysis, during the active
o passive of patient feet. M is produced
by means of two pedals (1) and (2) connected through bar (33
10 2 ppeamatic cylinder (4). A series of holes (5) with a spin
inside (6), allows to establish marually the endstroke of the
actuator. The angle of pedals rotation is measured by means
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3 SOME EXPERIMENTAL TESTS.
PLGRO. exerimental tets have been caried out boh
ithot o (person) and it lod, using hesthy subjcts
and comparing el and e
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