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ABSTRACT

The paper will describe the basic elements of tigemetic
model of Synthetic Intelligence: GIASONE, and its
implementation in the biomedical field, relatively research
and development of a synthetic intelligent prosghesototype,
deepening the terms of the "dialogue" between ttidical
component and the patient's intentional world.
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1. INTRODUCTION

In people who use prosthesis, a considerable digcons
generated by some physic events, as: peaks predsation
caused at the cellular tissue level, skin, musate muscle-
bone; temperature increasing; sweating increastug,All this
is causing a state of discomfort and consequencesan
increased dropout rate which is estimated at 40%casfes.
Starting with these observations we have been stgdgnd
researching for a trans-femoral prosthesis thatadycally
adapts its volumetric shape to stump state in daleranage the
dynamic of the pressures.

Once started the project, according to a cyberrsgproach, we
pushed our goal, as well, and we set out to designosthesis
that works like a biological leg that is in dynangontinuity
with the rest of the body system.

The project envisages a collaboration combiningehkind of
experiences: the cybernetic research in ENEA; tlrecd
knowledge of the patient of the Fondazione Santaid.u
(Nationally renowned hospital for neuromotor relittiion);
and the industrial competences of the ITOP (Ortedfa
Industry, which, since 1978, develops prosthesdg@ols for an
improved quality of life).

2. PROSTHESES: STATE OF ART

Modern prosthetic devices are engineered with a utand
structure so that each component can be modifiparately
from the others.

The main components of a standard modular prostletiices
for AK amputations are:

- custom made socket, that realizes, in differemyssdepending
on construction criteria, the interface betweerndwed limb and
device and may also contain liners to act as paddimd/or
provide suspension;

- adjustable joint, to couple and align sockethwitrosthetic
knee joint;

- modular connection pipe to clamp knee joint wptiesthetic
foot;

- prosthetic foot that provides base of suppoandfer weight to
ground and relieve proper ankle motion during gate;

- exoskeletal finish, to improve prosthetic aestsetcover entire
device and protect components from moisture, dudtdért.

During 80's and 90’s were developed a big variety o
monocentric and polycentric mechanical knee joimigh
adjustable stance phase control developed to aff@resent
friction during knee flexion/extension coupled, the end of
eighties, with carbon spring foot to allow energgsd and return
during gait.

After development of microelectronics, bionic compots got
into prosthetics becoming the new technologicatitaark. The
principle of bionic components is the perfetegration between
sensors (accelerometers, load cells, gyroscoplkes), relieves
movements and position of the device in the space,
computational algorithms that process data acqubgdthe
sensors in order to produce an adequate respaaszeceby the
actuators (electric drives, hydraulic plungers alettro valves).
The objective of those mutual interrelationshipsaeen bionic
components is to mimic the same sensorial infoirnafiow of
human beings, involving central and peripheral aesvsystem
and muscle-skeletal system.



Those principles were applied for the constructioh the

Ottobock C-leg (based on a linear hydraulic systsnactuator)
and Ossur Rheo Knee (that use a magnetorheologtersyto
modulate knee friction), two of the most widespredettronic
prosthetic knee, and represents the base of thetraie

prosthetic ankle Ossur Proprio Foot.

Nowadays prosthetic companies are working to develnd
improve active motorized prosthetic articulationghfing

against weight, noise and reliability of those comgnts to offer
the possibility of rise a stair or a ramp with #féected limb or
step onto an obstacle in complete safety.

3. THEPROSTHESISAND THE PATIENT

An optimal interaction between the socket of thesthresis and
the residual limb is one major determinant of mgbilEfforts
should be made to minimize stump complications lf@llasi et
al, 2007) and to avoid delayed prosthesis fittiwhjch is the
main cause of increased costs of rehabilitatioer @inputation.
An “ideal” prosthesis should provide adequate sgttiot only
to enable comfortable mobility, but also to ensaneadequate
environment to the residual limb, thereby keepingealthy and
free of wounds to allow for a faster post-operatieleabilitation
and healing process. The ideal prosthesis shouddcee the
pressure peaks and the shear stress on the refidlnab avoid
pain and to reduce the risk of inducing or worsgnskin
lesions.

These mechanical insults are highly repetitivemmtocomotion
and may damage the tissue by accumulating theivighl
effects. Besides, a longer exposure can likely cedthe
threshold of mechanical load tolerance of the sisfue, and
high mechanical stress is the major cause of pdiak(et al,
2001).

Gait instability may be caused also by shape andinve
changes in the residual limb that leads to a pdaptation to the
socket, altering limb-socket interface pressure araeasing
shear stress (Sanders 2005). These events occur ievea
“mature” residual limb. This volume loss due to gihetic use
leads to an increased vertical movement of the stwithin the
socket named “pistoning”. This phenomenon should
minimized by a good prosthetic system that sectltesocket to
the amputee’s stump guaranteeing the prosthesiteeffy.

4. LIMITSOF CURRENT PROSTHESES

Despite the technological innovations in the fielfl bionics,
currently there is a no commercial prosthetic devihat
simultaneously, have the knee and ankle jointsirobed by a
single control system capable of processing orgélyiall the
perceptual data from the environment in order t@lément,
time to time, the best response for the action @fement which
comes as close as possible to each physiologipatas
Moreover, the electronics knee joints provide thelyo
movement of flexion-extension on the sagittal pjease well as
the ankle does not allow active movements of pionaand
supination or intra-extra rotation of the foot.

be

Besides to the inability of the prosthesis to sitellthe normal
biomechanics and joint function, it should be peihilso the
transfer failure of intentionality by the patieand the reception
lack by the latter, of a proprioceptive feedback.

At present the electronic systems do not receideram transmit
any information to the subject.

The difference between voluntary action sought lzy patient,
and real action obtained through the use of prtistiaevice
creates a constant state of tension and dissaisfadhe patient
must adapt to the kinematic response of the exteteeice,
which exerts an action in a different manner impared to
‘healthy" limb.

Issues just described leading to a gradual reductid
ambulatory potential, until abandoning of use @f phosthesis.

5. THE PROJECT

The aim of the project is therefore to realize asfiresis which
takes into account the patient's discomfort, bsi alake up the
process of communication between volition and actand
between action and proprioception, giving back pagent the
broken cognitive relationship.

Realize a prosthesis that, autonomously, meetintbet of the
individual, means to insert an artificial componeimt a
physiological system, which constitutes a new harimgystem
without discontinuity, and, as a result, to obtinew continuity
of interaction between the new system and the enmient.

The final effect will be the recovery of the statt harmony
before the amputation , the more the patient fimndsself in the
continuity of the system, the more he forgets heésring the
prosthesis.

All of this, in the leg prosthesis, means to in&gr the
prosthesis into the movement cognitive procest®fimputated
patient, to be able to solicit and respond cohérert the
context of environmental and intentional stimuli.

The continuity is achieved by restoring the presiakills, that
are still present in the memory of the individuadaeven re-
emerging into him, but not are able to trigger thevement
process, because the new limb presents a solutioonbinuity
with the rest of the body movement. This createsease of
frustration and a following state of impotence.

To conceive the dynamics of the movement we shobkkrve
the genesis of the motor action.

A movement, a gesture of the body, before becortfiegaction
in the environment, takes place at a level ownth&f body
system, as sequence of different pre-mimic shapes,evolve
as a screenplay in order to achieve the coincidence

The body system is carried out by this scrollinglofpes and is
oriented by the constant comparison between custeape and
final shape.

Every shape is supported by a configuration of mhgsemical
energetic field.

The difference between the current energetic cardition and
the expected energetic state, creates a vectagatilibrium
that becomes the engine to reach the coincidence.

These energetic gradients in sequence produce himmet
dynamic of movement.



The coincidence due to gradients dynamic produdes t
homeostasis of the system.

In order to design and generate emulation of theadyc of the
cognitive process, that oversees the movement efleéh and
walking, we are employing our cybernetic model ndme
GIASONE, already used at the research laboratafieSNEA
Frascati and, with which many applications of sgtith
intelligence have been made: machine tools and. ditis
cybernetic approach allowed us to design and hoielligent
modules. Our prosthesis will contain several irgelit modules
that synergically will operate in the dynamic oé tstep.

6. THEPROTOTYPESFOR THE KINEMATIC OF
THE MOVEMENT

The Fig. 1 shows the Ilaboratory models built todgt the
kinematics of the step, analyzing in its activeneats and
functions: bones, joints, bearings, agonist andagortist
muscles, in order to rebuild from within the limlinématic
capabilities. A pre-existing prosthesis was eqeipvith the
knee joint, we have designed.

Fig.1 The prosthesis models and prototypes

The Fig. 2 shows the laboratory model which repoaeduthe
dynamics of the fibula to the rotation of the ankle
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Fig.2 laboratory model for the ankle rotation

7. CONCLUSIONS

Certainly the cybernetic approach is making possiblcreate a
bridge between the artificial parts inserted in #estem to
remedy any functional lack, and past memories @vipus

configurations. So we rely up on cybernetic apphnaacreplace
many physical disabilities.
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