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Abstract

In this paper we present a cluster of

Technological Aids for the analysis and

the treatment of a particular kind of

tremor caused by the multiple sclerosis.

The developed technological aids are:

e a sywikem provded with sersors,
capable d nmonitoring al the
movements of the upp&unk andof
the right arm of apatient;

e a Joystick Sstem capable of
interfadng the users wikh a common
Operating Sytem by filtering the
information caused bytrenor;

e an Haptic Intaface @pable of
mechanielly danping the effeds
causal bytrenor.

Innovative  approaches hav been

followed for the monioring the upper

limb and head novenents, the filtering
interface and the design of the haptic
interface.
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1. Introduction

“Trenor is a rhyhmic unaontrollable
osallation that appears spetimposeal to
voluntary movenents. Approximately

0.4% of the poplaton in U. S. is
affeded by sone kind of patological
tremor’[1].

—— T

Figure 1. An Hapic Device fa writi
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This artide deals with the tremor
induced by Multiple Sderosis (MS).
This paticular kind of Intention tremor
preserts frequenaes which bdongsto 2-
6Hzrange ad anplitudes thatvary from
few to seweral centimetres dpending on
the limb as vell as on the Disability
Status Sda (DS)P].

Intention tenor contanmates the
voluntary activity in a sinple additive
way[3]. Even if trenor is quite regular
arnd canstant, it is veryconpromising in
everyday-life adivities.

The need for Tednological Ads (TA),
l.e. systens which are cgpable to hdp
peisons in the acomplishment of



particular tasks, is largely felt among
patients which suffer by tremor.

Hsu, in [4], addressed the problem of
creating an assistive  mechanica
interface (a specia pen) for handwriting
and a particular mouse interface for
working with computers. Some filtering
systems for the Parkinsonian tremor
have been developed by Riviere5].
Riviere addressed the possibility of
generating an auto-adaptive system for
the  tremor identification and
suppression. In [1] Kenneth presented a
FIR system which worked with MS
DOS systems.

Haptic technologies have also been
proposed as a possible ad in the
treatment of some motor and cognitive
disabilities. A comprehensive research
on this topic has been carried out by
Avizzano and Bergamasco in [15].
Moreover similar technologies have
been proposed for aiding disables
patients to perform everyday-life actions
such as Whittaker and Tegjima did for
helping disabled persons in eating [11]
[12] without the assistance of an external
person.

Several authors [6,7,8,9] presented some
orthoses-like interfaces for the reduction
of the tremor. Among the presented
systems we have passive orthoses as
well as dynamic controlled dissipative
mechanical systems which generated
dissipating signals that are proportional
to the tremor intensity.

At present very few Technological Aids
have been purposely developed for MS-
induced tremor. This was essentialy due
to the behaviours of such a kind of

tremor. The low band frequencies,
typical of thistype of tremor, joined with
their large amplitudes, make it hard the
realization of TAs for these patients. In
this case, in fact, the data characteristics
of the tremor are very similar to the data
generated by normal movements.
In this paper we discuss the premises
and the design of a cluster of
Technological Aids for the analysis and
the treatment of the MS induced tremor.
These systems will take into account the
doctos’ needof acessing corplete and
accuete ddaon the treror aswell asthe
uses’ neal for an interface caable of
letting them to corect operde the
instruments of the conmon life.

The presented dugeris made p of three

different systens:

e a Sensitive Orset caable of
monitoring dl the novenents of the
upper trunk and of the nght arm of a
paient. This device can be wed by
therapigs for preciely monitoring the
trenor actvities of patients;

* a Dbystick Unit: capable of interfacirg
theuses with acommon OS and, at the
sane time, of filtering the infornation
causéd by trenmor on the ef#éctive
position of the arsor onthe sceen.lt
is a 2DOF input interfce.lt is capable
of damping the vibrations induced by
trenmor andof extracing the voluntary
movenent chaaderstics. This device
canbe wsed by bath children and adults
as & inteface dowing them to
sucesfully interad with the most
conmon conputer gplications;

* an Haptic Interdice (HI) cadble of
generding feedback for@ information



to patients and of mechanicaly
damping the effects caused by the
tremor.

2. Addressesof the systems

Tremor has never been considered as a
disease. It is rather considered as a
diagnostic sign of various diseases such
as Multiple Sclerosis, Ataxic tremor,
Parkinsonian tremor.

TREMOR is an European Community
project for the development of these
Technologica Aids. It aims to focus the
interest of scientific community on this
impairment and to redise valid
instruments for the analysis of the tremor
characteristics and the treatment of this
impairment. At the same time his scope
Is to give to the disable people the
possibility of operating systems and
toolsin the presence of tremor.
TREMOR has been conceived for the
development and the validation of
technological aids for patients affected
by cerebellar tremor. This kind of
tremor, characteristic of patients affected
by Multiple Sclerosis (MS), generates
sewere dsailities in thke paient’s
everyday life adivities.

Evenif the resilts of TREMOR coudl be
usel dso in other patlologies, the
system componeits hae exylicitly
developed for Multiple Sderosis.

The pojed ains at developing thethree
tedinological aids presnted in ths
article.

3. The Sensorized System

The Sensorized Sy{em(SS) isa device
developed for medical analysis of the
tremor charateristics. It shouldbe used
by patients assisted by docbrs for the
monitoring axd the aralysis of the
tremor influence over the user
movenents.

The pimary applcation for the SSwill
be he aalysis of the resuts given by
different thergies and the production of
virtual thergoy basel methodks.

The SS pesaitsitsdf as an exoskeleton-
like pasive structure which can be worn
by the paient and be adapted to his
proper size.

Doctors can accss to the system
patentialities byrecordng dda colleded
by the swytem while the use is
performing one fom a set ofpredefined
teds.

Figure2: The SS ©ncept.

Using the SS dctors can monitor the
patients’ trenor by meansof a sé of
nunmericd daa. In this way then ca
monitor the resuts of precise drygs



treatments as well as the reactions of the
paient’s bodies diring the day or when
performing paticular adivities.

The sywtem consistsof the following
conponeats:

e a passive structure, gaipped with
sersors, capable d measumg 10
degrees of freedom (DOF) of thehuman
body and posessing a workspaee large
erough for letting to users a gred
mobility. These DOFs ardistibuted on
the user’'s body in this way: shoulder
3DOFs elbow 2DOFs wrist 2 DOFs
heal 3 DOFs. Starding to this stucture
the systemcan nonitor the neck and the
right arm movements.

Even if the system is a mono-lktera
asynmmetric device, its structure is good
enough to pdéorm a conplete medical
andysis of the remor impairment;

 a conputerinterface br the jaket. It is
an éedronic unit which interfaces the
jacket sensos with the hostcomputer
system

e a dacollecion wit which is
conneted to the computer system
interface ad provides to therest of the
systemfeatures dr stoning the ral daa;

» a video dsplay for redicaing the test
paths.This systemintegrates a table with
a lage flat olor LCD saeen and an
adegjuate softwas for drawing on the
video the exeauted tes pab;

e a dagandysis ®ftware praram
which allow the therapist to exract
meaningtil indexes from the recordel
trajedories;

* a virtual-thergist program It is an
animated 3D softwae which inteacts

with the patent and shows him the

exeragses ¢ be dae.

The dda-andysis sdtware piogram and

the Mrtud Therapist Pogram are the

two man keys of aces for the

Sensorzed system An analysis of the

acheved daa can be done ead time an

use execues e froma setof given test

exergses [6]. The resultsof the daéa

andysis will strike out an evéuaton of

the perbrmances ofthe sibjed.

All the tests are antrolled by the
“Virtual Therapst” application (VT).

The VT defines 9 different tests which

can be &eaited and ewduaked

separgely. placefinga on nose, mve a
cup, trae a square on the display
system trace a cirte andso on. During
the execution of the tests the VT will
recod and analyse a seof daain orde

to figure out an estimation of the quality

of the novenents. Posible recrdings

are the whole trajeéory made byusers,
theamountof time for the testexeaution,

the aveage frequency of hand trenor,

the aveaage frequency for the wrist and
theelbowtrenor, thenedk movenents

4. The Joystick System

The Dbystick System (JS)is essentially

an input device dr computer sywtens

having the fdlowing smpes:

* to replacethe nouse as acresn pointe
device for the conpute;

» to sypport opaation nmede by uses
affeded bytrenor;

* to be ompletdy trangarert to the hast
systemand the user.



The JS has been conceived to be used
without the continuous assistance of a
therapist, which could help the patient to
manoeuvre the interface.

Figure 3: The JS Concept

It is simple to be used, non-dangerous
for the patient and capable of filtering
the trenor's conponen of the
movement causd onthe interfice bythe
patient disease.

Accessinghe JSthe usewmill be able of
usng nost of the progans avalable i

interface  omputer sub as. Intemet
browser, interfaes contolling

applications, modem prograns and so
on. The potentialities offered by sud a
type of interfae are enorraus. With the
help of the B, paiens @an access the
computer world which allows them not
only to acces and emmunicate with

“IntemetPeople” but also to use the
available sdtware in order to recower

lost capabilities. Far s&ke of clarity let us
present an exanple: a sinple modem
program allows, anong the oter tings,

an ordinary user to acess the rmdem
just like it was a téephone, by making

auomaticaly the deired phone number

and by regodwing the auwio via the
plugged in audio-boad or the modem
speaker. This simple utlity, which has
just a nargind vaue for acommon use,
shows itsdf very usefu for TREMOR
patiets. In fad the use ofa telephone,
which is de facto very difficult for alot
of them is aubmaticaly given by the
Joystick capabilities.

Different prototypes of pystick systens
have been developed. Each of them is
based on different data-acqusition
technology. This choice las been
suggeded from the naure of the treror.
In fact, trenor can at differently on
distinct paierts. some paterts cannot
use their hand but na the foot or the
heal, other have not the possibility of
usng the foots owing to the trenor
inducedweakress ard soon.

We have pystick interfaces hat can be
driven by foot (pedals), by the hand
pasition on aplane (joysticks ard mice),
by the had force (force sticks), by the
hand position in the space(glove
interfaces) and aso by the hea
(Helmets).

The user programand drivers for
accessing the whole intedes sd is
unique. The piogram contiols the
filtering process ad forwads the reult
signal in the adequ&ée way to the
Operding System(OS). This progranms
thecore work of the syptem It includesa
suppot for different interfaces,a rough
realtime kernel, aiftering module ad a
use interfacefor controlling the pointer
actions. The whol@rograns workson-
line n a @mpletdy transparent manner.



The filtering module of the Joystick
system has been entirely realised without
the help of device dependent hardware.
As far as the filtering process is
concerned, an appropriate joystick driver
reads the interface output and separates
the tremor component from voluntary
movements. This is done by means of a
filtering unit built into the joystick
device driver. Most of the driver
filtering-parameters are configurable in
order to alow the best adaptation is
possible to the particular kind of user.
The device driver incorporates
configurable options (movement
strategies) to modify the movement
policy for the pointer and to support the
parallel use of different interfaces and.
Finally the device driver incorporates a
set of strategies (button strategies) for
the interpretation of the button pressure
(click and double click control).

5. TheHaptic Interface

Haptic interfaces are mechanical systems
that operate in direct contact with
humans. Haptic interfaces have been
developed for Virtua Redity and
Teleoperated systems [14] as natural and
complete interface for reaching an
immersive feedback.

In TREMOR the Haptic Interfaces will
be employed in a contest of movement
recovery. The main goa of the Tremor
HI is to recover the user dexterity by
mechanically damping the tremor
behaviors.

Like the joystick interface this is an
instrument developed for the patients.

The Haptic Interface is a mechanical
system capable of working in a cubic
volume of 0.3m wide. It has been
conceived for small force magnitudes
but with high force and position
resolution values. The force bandwidth
of the system is more than 20 times the
tremor frequency i.e. about 100Hz.

—_—

Figure 5: The HI Concept

The main user of the Haptic Interface is
the patient. Anyway in the development
phase doctors have been considered as
complementary users of the system. This
fact is motivated by the observation that
at the start up and during al the setup
times, the main user will need the help
of the doctor for tuning the interface.
Even if the Haptic Interface has been
designed as a genera purpose oriented
tool, some reference tasks have been
kept into account during the interface
design:
* to write by hard;
» to work with a scewdiver or othe
typesof tools;
» to use spoons, knives diorks for
eaing purposes.



These tasks have been considered as

case studies in the design of the HI.

Their properties have been taken under

consideration for the determination of

the system specifications.

The Haptic Interface consists of different

components. an  electromechanica

system, an electronic unit and a software
module.

From a technical point of view the HI

must be able to perform the following

operations:

* interacting with the user dlowing him
the nost possible confortable and
stable preasion graing;

* leaving to the userthe cgpability of
generating bath confirming actionsand
three dmensional noving acions,

« correctly readingthe user novenents;

» andyse anddivide theusermovenents
into voluntary andinvoluntary acions
 to apply the orrect force paterns in
order to compensae \Mbraions and

stabilise the novenent.

6. Preliminary Results

At present two different types of
validation pocedures hae been
performed for the systens:

* an ealudion phae of the filtemg
algorithms on MSpatients;

* atestof the techniclresults ahieved
with the joystick system

The charatensticsof thetremor andthe
capdilities of the filtering algorithms
have ben tested with ome writing
experiments. These eyeaiments have
been conducted with red paiens.
Partcular eqiipment has bean redised

for remrding the user-p@ movenents
dunng witing. The sda of expeiments
has been recorded at clinical centres,
while the data andysis ha been
performed off-line. The daa have been
colleded and filtered by means of
sottware developed at PIRCRO. The
recoded data have leen processed in
order to reamver dean writing.
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Figure 5. Rltering result for a cae of
se\ere rrenor.

A sanple graphicd resut of this test has
been reported in figure 5. In its lower
pat, the figure 5shows the typical shae
of the aquired daa in the case of a
severe trenor. In the upper part the
figure outlines the typical resut which
can be adieved gplying the filteing
algoithms on the daa atievel with the
interface.

In all cases of flteing we verfied
improvenents in the readability of the
outputs. Once nore, we \erified that the
propeties of thetrenor estinated bythe
filter, in terms of spetral diagram
stdionanty and nean arplitude are
similar to those identified in the



scientific literature. The results of this
comparison outlined a close confidence
between the estimated tremor and the
real one and revealed the capability of
satisfactory filtering tremor for MS
patients.

During the test made on the Joystick
System, we have analysed the properties
of non-linear filters designed for
acquiring bidimensional data. These data
have been used for controlling the
pointer on a computer screen.

A specia version of the joystick system
allows to the user to record the data read
from the different interfaces as well as
the filtered data produced by the joystick
filter.
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Figure 6: One-dimensional filtering of
Joystick data.

Figure 6 reports a one-axis comparison
between filtered and unfiltered signals.
The input data for the system have not
been collected into clinical centres but
produced with a simulated tremor in the
development centre. The filtered signa
and the origina one have been produced
on-line by the joystick system. In the

figure the upper tragjectory represents the
outputs of thefilter.

Different offsets have been added to the
data represented in the figure in order to
improve the shape readability. The scale
on the X-axis is in seconds and Y-axis
represents the mouse positions with
reference to a frame placed in the middle
of the screen and having {-1,1} values
close to the borders.

The input oscillations, which are present
in the input signals, are cancelled from
the joystick algorithms.

A more detailed numerical analysis of
the collected data is being now
performed. The tremor technological
aids are now in avalidation phase at four
European MS clinical centres. The
results of the validation phase in terms
of usability, efficacy and comfortability
of the systems are expected by June
1999.

7. Conclusions

A new non-invasive system has been
conceived for the treatment of severa
motor disabilities caused by tremor. It is
capable of tracking up to 10 different
DOF of the human upper trunk and is
well suited for the medical research and
the development of new medical
rehabilitation therapies.

A new system extending the classical
joystick capabilities has been set up in
order to let a wide number of disables to
access to computer system and interact
with the most common application.

A new haptic tool for controlling the
execution of the patient movements



during particular task based on high
performances and force feedback
interaction has been designed.

In the 1998 after the completion of the
system and a test phase with healthy
subjects, a period of clinicd
experimentation in the clinical centres
for the first and the second system has
been planned.

The present work contributes to update
the current State of the Art in the
medical technologies for the treatment
for tremor diseases by the redlization of
a set of system which are still under
research in the robotic field.
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