PORTABLE DEVI CE FOR UPPER LI MB REHABI LI TATI ON BACKGROUND OF THE

| NVENTI ON 5Technical field The present invention relates to a

portabl e device for rehabilitating an inpaired user having
difficulties in executing. sinultaneous I’efiChI ng and lifting tasks.
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~The present invention relates to a portable device for rehabilitating an

impaired user having difficulties in executing simultaneous reaching and
lifting tasks. The device is in particular suitable for use in rehabilitation and/or
physical therapy programs for the treatment of neuro-vascular or

musculoskeletal injuries or diseases of the upper limb.
Description of related art

Hundreds of thousand of people are disabled each year because of upper
limb motor impairments. Irhpairment can be due to neurological diseases
such as stroke (see for example the ‘Heart disease and stroke statistics
2007" published by the American Heart association and American stroke
association), or can be due to musculoskeletal injuries. In both cases the
disease can result in a decreased range of motion, muscular weakness, loss

of speed and/or reduced coordination of the affected limb.

Physical therapy is known to be effective in reducing the degree of disability
(Nancy Byl et al., Neurorehabilitation and Neural Repvair, Vol. 17, No. 3, 176-
191 (2003); Darlene Hertling, Lippincott Williams and Wilkins publishing,
2005). Recently published research work (Liesbet De Wit et al., Stroke.
2007;38;2101) confirm that better results in term of rehabilitation outcome are
obtained in those care centers where patients receive more therapy per day
for extended periods of time. Physical therapy is currently administered in
hospital or specialized care-centers only. A physical therapist leads the

patient trough a series of repetitive exercises during training sessions that



(Nancy Byl et al., Neurorehabilitation and Neural Repair, Vol. 17,
No. 3, 176- 25 191 (2003); Darlene Hertling, Lippincott WIIlians and
W ki ns publishing, 2005). Recently published research work (Liesbet
De Wt et al., Stroke. 2007; 38;2101) con&%rn1that better results in
termof rehabilitation outconme are obtained in those care centers
where patients receive nore therapy per day for extended periods of
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involving a loss of force in the upper limb. Researchers at Scuola Superiore
Sant'Anna, Pisa, Italy developed the MEMOS system, a low cost 2 degrees
of freedom Cartesian robot for motor recovery of upper limb after Stroke. The
20 ACT 3D system has been developed at North-western University, USA, to
create a virtual world for arm movement training during grasping and

releasing tasks.

The research in academic environments has also generated a small number
25 of commercial devices. For example, the MIT-Manus developed in the
framework of academic research at MIT, Boston,‘ USA and subsequentiy
patented (US Patent No. 5,466,213 (1995)) is now commercialized by
Interactive Motion Technology, USA, as the InMotion 1,2,3 devices for use in
rehabilitation of shoulder, elbow and wrist.
30
Similarly, there is a number of patents submitted in the field. For example,



25 of commercial devices. For exanple, the M T-Manus devel oped in the
framewor k of academ c research at M T, Boston, USA and subsequently
patented (US Patent No. 5,466,213 (1995)) is now commercial i zed by

I nteractive Mdtion Technol ogy, USA, as t I nMbtion 1,2,3 devices for
use in rehabilitation of shoul der, el bowand wist. 30 Erlandson
(U.S. Pat. No. 4,936,299 (1990)) describes an apparatus and net hod
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However, the present generation of rehabilitation robots still presents several

20 unsolved issues that prevent it from being used on a large scale. Among
them, cost is an important one. The robotic device should be cheap enough
to be widely adopted by care centers. Simplicity of use is also an issue in
case the robotic device has to be used at home by the patients. The “use-at—
home” feature asks also for portability of the device.

25 In fact, the devices and/or patents previously described can be roughly
classified into two categories: (1) expensive and non-portable devices that
can be used to implement a number of different rehabilitation programs given
their complex structure; (2) simpler, more specialized devices that can be
used for a restricted number of rehabilitation programs.

30
Several patents have been issued for such specialised devices. For example,



US Pat. No. 2007/0021692 describes a system for perform ng induced
Iimb novenents. Hand or foot trajectories are recorded by neans of
position sensors, and the pressure exerted by the linb can be
recorded. 5WD Pat. No 99/61110 describesﬁg system for the training of
qui ck reach novenents (feed forward novenents). The system

i ncorporates position neasurenent (hand, arm joints), EMG
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provi des neans for measuring the position of a grip used by the
subject and for neasuring the force action on the grip. The position
of the grip dé&s Radt Nor 89/6d4 10 desanibes an S(yatem&oncthé itrgpiniag iadnqui€k tréach

arm 20JP Pat. No. 2,90%27&7 5 de crlbes%é u.glﬁ nb rehabilitatiaor
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the user on gﬁéﬂsdrbﬁ%?ﬁlf{ﬁéﬁ@t afh, Wb?@M@%éﬁ?&héﬁkaﬁB%éde&l@to the
systemrequires an instrumented table with tracks over which

transportati &i$etlevi ce can nove. 25 JP Pat. No. 2004008605 descrl bes a
linmb rehabilitation training apparatus. It provides neans to neasure
the force exerted by a linb on a fixed device together with nmeans to

provode feedggkPhp Noe TSen 643udesasbes e portdidduppdrblimbi @ny. sRéuldér
exercise board. It provides means to move a handle in a plane with a

discretely variable friction coefficient.

JP Pat. No 2007185325 describes a system to perform reaching exercises
15 on a table. The system is portable and provides means for measuring the
position of a grip used by the subject and for measuring the force action on
the grip. The position of the grip does not provide information on the

configuration of the arm.

20 JP Pat. No. 2002272795 describes an upper limb rehabilitation device that
includes a measurement of position and force exerted by the user on grip
(transportation device), and feedback means. The system requires an
instrumented table with tracks over which 'the‘transportation device can

move.

25 \
JP Pat. No. 2004008605 describes a limb rehabilitation training apparatus. It
provides means to measure the force exerted by a limb on a fixed device
together with means to prdvide feedback to the user, such as video, sound,
vibration). |
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It is an object of the invention to provide a simple and cost effective device



enabling the user to conduct reaching novenents in a |arge workspace
SUMVARY OF THE | NVENTI ON 5Thereto, according to an aspect of the

i nvention a portable device according to independent claim1l is
provi ded. Favourabl e enbodi nents are defiged in dependent clains
2-26. The portable device for rehabilitating an inpaired user having
difficulties in 10 executing simultaneous reaching and lifting tasks
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15conpri ses neans for sensing a force exercised by the armof the
user on the arnrest in a direction orthogonal to the surface. In the
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i nproved. Moreover, it addresses the needs of special rehabilitation

t echni ques by means of nodul arity. 25The device according to the
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only a handle 1s grasped. At the sane tine, sensing the device
posi ti on and ltrfortheimoare gpmpriseshmeanstfot hetnitoring the movement of the armrest,
‘ i.e. the position/velocity/acceleration and orientation thereof. It finally
15 comprises means for sensing a force exercised by the arm of the user on the

armrest in a direction orthogonal to the surface.

In the device according to the present invention simplification and cost
reduction are introduced into the design. The proposed device is in fact a
20 mobilé robot instead of being a fixed device, a frame based device, or a
device moving on a rail or track. Portability is thus improved. Moreover, it
addresses the needs of special rehabilitation techniques by means of

modularity.

25 The device according to the present invention, differently from the above
described prior art dévices, enables the user to conduct reaching movements
in a Iarge\\)vorkspace having the forearm supported and fastened. The fact
that the forearm is supported and fastened to the device allows for better
control of the shoulder training movements, avoiding uncontrolled trajectories

30 at the level of the elbow that are possible in case only a handle is grasped. At

the same time, sensing the device position and rotation, given the fact that



the forearmis fixed to the device, ensures a better quantitative
assessnment of the three dinensional position of the arm The device
is designed for el bow and shoul der training, but can al so be used for
wri st and grasping training by adding quiific nodul es. The nunber,
duration, intensity and type of training Session can be controlled by
software running on the central processing unit of the device. The
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envi r onment s,ofwhe thleet itmeasionalpesitibrt bfthplyrai.ot her api st are not in
the sane place, but the physiotherapi st can nonitor and change the
rehabilitation program paraneters at any tine when it is required. In
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pattern generations. Wien an inpaired subject 20 tries to reach out
far from the capabilities ofashe odgvice yaasordinasta @ tefegiesl iembagiment afnthe

the Iinb, hi . re ' ] [ Lntent | I it

an el bow {1 e ioRrPEHE dsTHeE TF Rt BB RiopR AP fnEi, the Dser
rea¢bi ng novemanthe physitthierdapsist ey nofNey tHe Bahesplace! bus tiike phusibtrrgsist
that notor learning capability is still_ present in chronic stroke .
patients, t h&?”c’@@ﬂﬂorpéﬁﬁiQhaﬂgﬁdhﬁe@ﬁﬁh'“gﬂ'ﬁﬁr RIOgIATRtR¥ARICgrS aleay §Me
shoul der and sat%hb\f'?ﬁ' on (Ellis et al., Miuscle Nerve. 2005 Aug;
32(2):170-8). By neans of the present invention a subject can perform
reachi ng novenents having the arm supported and the degree of lifting

Sensor. I aIBREs EpradlieHBE AR e Hene BB sWEEBgS SOkl igane of
feeghack aboyhe RAICROSEdIr@Rg to the present invention, is related to the assessment
and treatment of dysfunctions of the upper limb due abnormal synergies
between shoulder abduction and elbow flexion activated by the weight of the
limb itself. Chronic stroke patients are an example of impaired individuals
presenting abnormal torque pattern generations. When an impaired subject
20 tries to reach out far from the body and has to fully compensate the gravity -
acting on the limb, his/her reaching movement is unintentionally coupled with
an elbow flexion. This prevents the subject from performing the reaching
movement in a natural way. Nevertheless, it is demonstrated that motor
learning capability is still preseht in chronic stroke patients, that could pefmit
25 to regain a more functional pattern of shoulder and elbow activation (Ellis et
al., Muscle Nerve. 2005 Aug;32(2):170-8).

By means of the present invention a subject can perform reaching
movements having the arm supported and the degree of lifting force he/she
30 can exert measured, preferably by means of a force sensor. In a preferred

embodiment the subject is also provided with a feedback about the »position



and orientation of the forearm and of the lifting force exerted.

He/ she can then engage in reaching and lifting novenents in order to
acconplish sone tasks represented in a virtual scenario that can be
used to train his/her functional recovery,of correct el bow shoul der
synergies. For exanple lifting 5 force an ntl position can be used to
control two degrees of freedomin a ganme-like scenario displayed on a
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base can be selected in a range of predeterm ned val ues. Mreover it
is equi pped with force/torque sensors so that at |east the 25 forces
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In one of its embodiments the device is a mobile‘robot of light weight and
small size that is operated on a table (or any other suitable surface). The
20 robot is equipped with a base platform having spheriCaI wheels or regular
wheels. An armrest is mounted on the base platfqrm where the user can
fasten his/her forearm. The armrest is connected to the robot base so that its
height with respect to the base can be selected in a range of predetermined
values. Moreover it is equipped with force/torque sensors so that at least the
25 forces exerted by the user along the vertical axis can be measured and
recorded. The mobile base is equipped with sensors, like optical tracking
sensors, that enable the monitoring of position/velocity/acceleration of the
-robot and thereby of its armrest. The device comprises fastening means for
fastening the forearm to the armrest, wherein the fastening means are
30 selected from the group of: Velcro straps, pneumatic bracelets, and 3D

printed bracelets adapted to single user forearm shape. A feedback interface,



typically a video screen (but video, audio, haptic, or a conbination
of these could be used), is provided so the user can nonitor his/her
own activity. The device is part of a system equipped with a
processing unit, a storage unit, and a wiged/ w rel ess conmuni cati on
unit. The robot is designed so that it canh be operated by the
patients. An auxiliary system may be provided that renotely

cystem i o dedybikaly 8oBED Seutprbl Ul aRRs A e op ol o Rede
processing ansbuithba U‘s*e@?],ag@r@ﬁdéé sbatietuzer cahtriomitates/héPsant adivity t The
anal yze and interpret the data collected and sent by the robot durin
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initial degr ea‘?xaoé W'%%'?%‘?Q%?ﬁ‘ﬁ“ﬁﬁg%}@m patient inprovenment with
y

the therapy, a neasurene bé i npl emented. The net hod
reli&s on the neasurenent and recording of the novenent of the nobile

base of the rgbot and of the force/torques applied t he user on the
arnrest. The Wbt it desianed sithaht & iﬁ%@@%@%%ﬁ@ﬁ@%ﬁn auxiliary
software tha j [ATATA t i '
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previously described can be integrated by add-ons to extend its
f uncti onal i t yuring the rehabilitation sessions.

For the purpose of establishing the initial degree of impairment and to
monitor patieht improvement with the therapy, a measurement method may
15 be implemented. The method relies on the measurement and recording of
the movement of the mobile base of the robot and of the force/torques

applied by the user on the armrest.

The rehabilitation training method takes advantage of software that
20 ' interactively instructs the patient about the task to carry on by using the
mobile robot. The patient continuously receives feedback about his/her

performance in a sort of interactive game.

The type of exercise to be performed can be decided remotely by care center

25 staff and/or constantly adapted to user performance.

The complete system may be modular, so the embodiment previously

‘described can be integrated by add-ons to extend its functionality.

30 In one embodiment, actuators can be added to the mobile base in order to

introduce an assisted (the user initiates the movement and the system help



the user to conplete it) or active (the systemdrives the user arm
in a safe way, through predeterm ned trajectories) displacenent of
the nobile robot on the table surface, so that force fields can be
simul ated. 51l n anot her enbodi ment the nobjle unit does not have
wheel s, but a base that can be dragged on”a pad. The friction between
the pad and the nobile robot base can be varied by choosing the

materials th a of .. Far e le T Tefl o nt s
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means of a sujtably devel oped arnrest device. Qas%{)\g training can
be added in tthe talasugiage, so that force fieldscamhbe sinulaigsodi nent |
Functional Electrical Stimulation (FES) can be added 15to the
capability of the systemin order to inprove therapy. In another
enbodi nent, HEManothertembodimeit tHemopjie unitiddesmet tlags wiaseldebut ddeabel that
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during the rdredlonlan eflanpredehts astaticdrictiorbookffieirnt off0.Ddnear act uat or
can be added to the interface between arnrest and nobil e device al ong
the vertical axis. I'n anot her enbodi ment, a joint position
nmeaggr ement  §yShRGIHeAN eRdOdhERK, aivAst ggohb%ﬂﬁéﬂicﬁ? 610 rbiioeGihbl deviation

moni tor the patient wist, elbow and 30shoul der joints. 10 )
training can be included by means of a suitably developed armrest device.

Grasping training can be added in the same way.

In another embodiment, Functional Electrical Stimulation (FES) can be added
15 to the capability of the system in order to improve therapy.

In another embodiment, EMG monitoring of the upper limb muscles can be
added in order to provide the medical staff with more data about muscle

activations so that the therapy can be adjuystedk accordingly.

20
In another embodiment, EEG monitoring can be introduced to provide the
medical staff with information about the brain patterns of activation during the
rehabilitation.

25 ‘In another embodiment, a linear actuator can be added to the interface

between armrest and mobile device along the vertical axis.

In another embodiment, a joint position measurement system can be
integrated to the device to directly monitor the patient wrist, elbow and

30 shoulder joints.



I n anot her enbodi nent, a 3D position neasurenent system (such as for
exanpl e the Fastrak Pol hemus or Patriot and the i kes) can be
integrated to the device to directly nmonitor the patient wist, elbow
and shoul der joints. In another enbodlneib t he spheri cal wheel s are
equi pped with electrically controlled brakes, so that the effort
required for noving the nobile robot can be controlled

Tousea to vi dbouinet aFemeft; s iorg posVER. MeeSHtpf Aipiah 3@&?}?@8 r

quanti tati velgkafipl@jties Festrak RuNtémus an Rathct Ak ite m(és)Qfantli‘@Mtegfb}ed to
I n anot her enbodi nent, the nobile device is used on adpad The p

can contain 1BRE§Vigetta difiectly manitop igypatient yrist\elpeyvean ifwki?rdﬂ'nb‘-f
the device is 15inferred by the planar position of the device
together with a 3D software map of the pad. These and ot her aspects
of t&e i nventlh@nothérd ertnbodimpmtetﬂe tspbenicsaidvtﬁelsiadateqdzimetdtw'rthfdeetﬁcally

to the embodi nent scri bed her ter | EF DESCRI PT
DA NGo T CPRUBNES Brakas SodBanBerdior HATSCInE MaYNg (s Mapie sgeot can
obj ects and agdvaHimeg Wl becone nore apparent to those skilled in

the art by 25reference to the foll owi ng drawi ngs, in conjunction wth
t he acconpanyi ng :

In another embodiment, there is a set of CMOS or CCD cameras that can be
10 used to video monitor the training movements qualitatively and/or

quantitatively (trajectories and/or angular positions of the limb).

In another embodiment, the mobile device is used on a pad. The pad can
contain zones with different heights. The vertical position of the device is
15 inferred by the planar position of the device together with a 3D software map

of the pad.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter. '

20
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and its numerous objects and
advantages will become more apparent to those skilled in the art by
25 reference to the following drawings, in conjunction with the accompanying

specification, in which:

Figure 1 shows a schematic top view of the portable device according to an
embodiment of the present invention.
30 Figure 2 shows a schematic view of the long side of the device depicted in

figure 1.



specification, in which: Figure 1 shows a schematic top view of the
portabl e device according to an enbodi nent of the present invention.
30Fi gure 2 shows a schematic view of the |long side of the device
depicted in figure 1. 11 Figure 3 shoma1a schemati c bottom vi ew of
the device depicted in figure 1. Figure shows a schematic view of
t he short side of the device depicted in figure 1. Fi gure

5 shows a si i fi hree_ dij si,onal view of the.deyic epi.cted,in
ST gure 1. FTabe SahBS S Mo G YleRloPlrel diid iR IR L& L1
accordi ng to RgueNPeHbWRM seheiBfic Mewp oNthd BNG isidof fHeddéAcd debresd t
schematic view of a possible use case of the device depicted in

figure 1. 10Higyi®d.- 8 shows a bl ock di agram of the concept of
concurrent r il g i i h “b? b : : :
orientation cagg’t?l %tgﬁ%?’lvgo S'ﬁfgmégrtﬁ 'é% @H%ew ced.? Q@h\'\? Qﬁghegﬁgv'?%g epicted in
figubes |ike figeftenence nunerals refer to |ike el enents. 15DETAI LED
DESCRI PTI ON (E: THE PRESENT | N\/Eglfl'l ON e )
igure 6 shows a block diagram of a rehabilitation system according to an

embodiment of the present invention.

Figure 7 shows a schematic view of a possible use case of the device

depicted in figure 1.
10 Figure 8 shows a block diagram of the concept of concurrent rehabilitation.

Figure 9 shows the position and orientation calculation of the portable device.
Throughout the figures like reference numerals refer to like elements.
15 , DETAILED DESCRIPTION OF THE PRESENT INVENTION

Referring now to figures 1-5, an exemplary embodiment of the portable
device 10 according to the invention will be described. The portable device,
also referred to in this description as mobile unit or mobile robot, is
20 composed of a device base 14, also referred to in this description as mobile
7 platform with three spherical wheels 16, arranged at the vertexes of an
equilateral triangle, that enable the displacement of the portable device.
Alwayse or Omnitrack or similar commercial ball transfer devices may be
used as passivé spherical wheels. An armrest 12, whereto the forearm of the
25 -user can be fastened, is connected to the mobile platform. An optical tracking
device is embedded into the mobile platform 14 so that the position and

orientation of the device can be computed, while it moves.

The optical tracking device is composed of two optical mouse sensors 18.
30 One of the two sensors is placed in the center of the mobile platform; the

other one is placed at distance L from the center and in the direction of the



Referring now to figures 1-5, an exenplary enbodi nent of the portable
device 10 according to the invention will be described. The portable
device, also referred to in this description as nobile unit or nobile
robot, is 20 conposed of a device base 13 also referred to in this
description as nobile platformw th thre 2spheri cal wheel s 16,
arranged at the vertexes of an equilateral triangle, that enable the
di spl acenent of the t abl e devjce. .way or Omitrack or, simlar.
Commerci al bdha X8 L Buirechel TP ang LL IS g 65p08 BigtisieRca roidlive
wheel s. An arg8sifin heasHhhEhto ThasystsRas Bafbratd® a?%é_’%@f;irﬁ?fﬂ; BEthe use
fastened, is connected to the nobil'e platform An optical tracking
devi ce i s endyvdegting iftio & predetined popitian odmrientaiion. hat t he position
and orientation of the device can be conputed, while it noves.

The optical tracking device is conposed of two optical nouse sensors
18. B0One of RéferrinPnowrsdigure 9, il ReeXp, 1Y) he tiee pbsitiopof the captpall sptical
platform the other one is placed at distance L fromthe center and
in the directSedsoband k& =(Xa,Yqdadheppsition af ke gtharssnsomwith respRaido e
~the two sens ' Y it ¢ r nt . Ty S )
s cal | brat od DOCPRE FaBrehceCtrale GertORld e TR RESTh o RPRY KW
predefined pdsiniPoto @andY axit andosrierfiéd fsertoi hayend axisopdinting ep®ard from

e(Xp, Yp) is.th osition of the central optical sensor an )

SO0 vay i s° the TaB8: tuRofem o PRgtiogeibe Jav%e Abegekiniia t islP.Yp)
ort hggonal r I 8_CSi e il k) i
(o 29 axi s JRLMRLGCAETEN £ ] Uelice 1ahlfe oflrc BngPeas of e Ghmlst with
poi nti ng upwaespdatoid ithenitiablposiion) acan beheomphtedowdint simmplef trignsometric

device at each instapt is_ (X O and th ri t ,on_.of

devi ce (angl O'ma?ﬁ'e'gp'bﬁéaéfr%@()%%piﬁ)n?ﬁit&w\@ge 56@?”“8}65{@/( Xq-
initial posi M) THRExteAsAGTUhRFohIA, 8t BHe? dqUivaMsITBIMm LGS ©F cBiked Sull
For exanple for gax_q-Xp) >0 and (Yp-YQ) El = at,qn(t(Yp- Yq)/ ( XgXp)). The
ext ensi on of orientatioprspace,is evidenhta thegeiskilledrin theaful as, to cover
fuIH5orientation space is evident to those skilled in the art. 15

The portable device depicted in figures 1-5 may advantageously be used in a

system depicted in figure 6, which is composed of three principal units: the

portable device 10 uéed to passively or actively support‘a limb against gravity

while allowing unconstrained planar motion, a feedback and computation unit

20 30 and a remote control and visualization unit 60. Moreover, a pad (with a
textured polymer surface or polyester surface or similar) can be used to offer

~ a suitable surface for the motion of the portable de’vicé 10. The pad can

include some specifically designed obstacles or paths or three dimensional

structures where the mobile device can be driven.

25
The mobile platform 14 hosts an embedded processing unit 26 (like a
Gumstix™ module or similar) that has analog input expansion, digital
input/output expansion, and wired/wireless communication expansion. The
analog input expansion accepts signals from the force/torque sensors 13
30 measuring the force exerted on the armrest 12, from the optical sensors (18),

or both.



The portable device depicted in figures 1-5 may advant ageously be
used in a systemdepicted in figure 6, which is conposed of three
principal units: the portable device 10 used to passively or actively
support a linb against gravity while allggdng unconstrai ned pl anar
notion, a feedback and conputation unit 30 and a renote contr ol
and visualization unit 60. Mreover, a pad (wth a textured pol yner

Ui tabre sur A8 i BECeP i nBykg et altnfEt d2uS digped i a Do
can include Sorse sargor thatahbnitcteoeasdnobet\aelis aRls el bA te tWHBERR that
di mensi onal structures where the nobil e device can be driven. 25 The

mobi | e pl at f déetify the planeapaiaipkiodte hereoatalisvifagai Thedorae senser can be
Gumsti X TM MOGifer i3l ALdinb" 82 5aR08% O IHAllhr FEATRTUAD aclid@inbaln
i nput/ out put expansi on, an red/w rel'8ss conmuni cati on’ expansi on.

The &nal og i ouimergiEinmbdociBo@dptisrceitgrilessénsors tonesiridag eTherayoeest can

sensors 13 30Qneasuring.the fqrce exerted on the arntest 12, fromthe
opti cal sens&es_ais%)e,qgéﬂpeﬁoﬂ"ﬂth aléammn%rffe\/é%dmhgﬁ?wflqrh%_ %W%eﬁ'nd
the arnrest Js%léc‘iatﬂgg?wgow &M tre %‘H%Feétobﬁe.théepérﬁéalt ?gigntWﬁggt%’Lfgrce is

forces on the vertic axls and on the two axis that
pl ane par al | epplied ohethabakisomhalarsuestds @lsoTpmwvidedowitls Medep stwapshe other

i npl enented b sing strai.n uges or.signlar technigues as done in 5
commer oi al  pRYBIRTBYaRks 2Oita fetet dre, Rt sl tq Pednpblic Ao vicane
armp@st can be al so equi pped with a danping device that allows for a

limted and sel ectabl e excursion of the arnrest on the vertical axis
when a force Tihe pppableddeyvice Haay senprisehactiataresq2 ifer aravidipg ;an @ssisted

with Velcro r_ot si.m Lar 2 f e h i ;
% e S, of e S A58 e o A Bob B 4 o
actuators 22 cbatrolingvti ngmaestaswightedithovespeet o thet devdceoasee rdndibr
t he nobil e base and actuators 24 for controlling the arnrest height
with respect CPBRIABCRER VRRICBLOECSd/ or conpliance to vertical forces.
15 {he feedback and conputation unit 30 conprises a processing unit
32, a transceiver unit 34 for transmtting data to and receiving from
t he enbedded Tineofeesibanly anu to@utaiost onibGe comnprisés anpracessiadbaiik 32, a
Interface 40t|fa?1[<;c I(lgl\'l {quljt %gf ftop?ra%gr%l |r61lgC léatté) toaaHa eréce5|\cl)i'ng from the embedded
processing unit 26, a storage unit 36 and a feedback interface 40 for
providing the feedback to a user 50.
20 .
The feedback and computation unit 30 provides thervisual and/or acoustic
and/or haptic feedback allowing the patient to act in a virtual scenario by
means of the impaired arm supported by the portable device 10. In one
embodiment the feedback and computation unit is composed of a screen
25 (LCD or other commercial screen) and audio speakers, communicating with a
commercial PC. The PC can acquire data transmitted via a wireless link from
the sensors placed on the portable device 10, or from sensor placed in the
environment, or on the user body, or both. The wireless transmission can be
realised by using the 802.11 protocol or similar (for example WUSB, etc.). A
30 game like software runs on the PC and the user plays in order to perform the

rehabilitation tasks. The software also performs raw data collection and user



20 The feedback and conputation unit 30 provides the visual and/or
acoustic and/or haptic feedback allowing the patient to act in a
virtual scenario by neans of the inpaired arm supported by the

portabl e device 10. In one enbodi ment thg f eedback and conputation
unit is conposed of a screen 25 (LCD or f‘her commerci al screen) and
audi o speakers, communicating with a comrercial PC. The PC can
acquire data e S n t r |

on the portab[{e'rerﬁbg@\%h&Ia %ﬁbﬁcsa \rmod’#]%stg)?l\sgbhpié%ﬁcéecg% B?heggﬁgi (?fo%rlf@?lcfs,%ly
or on the usasritterdyoutimeshdbreoVbg ther sdfesaret hasthe ssbilitp toaserxk data to a
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etc.). A 30g I
order to perfffdrdeanhchal rlebéu?%'ri%ﬂv RRksf 'arFH?nét%Fst Rt ef?f‘a’bﬁlﬁétr@w

raw data col l ection and user perfor man e statistics ca tion
and 6ol | ect i dasks/acnesulingdd npedipalsiafy decistanerin thelrakical cb’bteasover t he
software has the ability to send data to a server present in the

medi cal center via a standard Internet connection. The software can

al so recei ve THcRéte QintRAMIENISISiZaoh Wt 60'%s E6RPBSEY l01ld SandhAs PE
according to nedical staff decisions in the nmedical center. The

renot e cont r dhatrab rieanslfor tranemitting andaeteivingniptyewtion &2 tox andi from the

from the fecdpadibck R SbLAAsn 836" Sith B A LEBIR (Rasieh” THE'PC
connection. ThiuwsedObyGhiesmiegashl kytaff FB0 N8 dnoaitors bal f cdiftrdl otheprdhabilitativh
control the rehabilitation procedures carried by patients at hone,

The sof t war e PreeRAUiES Gariied @YP@@Q{ttﬁé‘fshQ"ﬂ‘Poﬂ-hﬁt$C5WVﬁr?d'Mn§Iﬂ9 pRethis PC
clients thr 0%‘3’1?@ |ﬁf&?ﬁ1>éﬂ{>ﬁqrd§ﬂr5"eﬂ1te' Oferkt® tlﬁ’i’oﬁ Wﬁ" eﬂ@{}} el 06n ection to
mat | re gh B ?

privacy. Inf onis sto er nanent rre
limted to, rmesbrdé srkastlen@isdpm\mdyadhiqnmyen eig smcbda ddDSeﬂrﬁaBgmtt BTEN0EES

be al so provide e sof tware ma se time nonitorin
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other informafion useful for the nedical staff to nonitor

r ehabi | i t at i ononitagingi (pdpgkr 64k et a(patsek. 6lag soith/@rermhc@spbvanformhon by

al so use the rr?eoafr%swgf gevera?%;tUIs 70 and can compute and show data statistics and
other information useful for the medical staff to monitor the rehabilitation
training process (block 66). The medical staff can also use the software to set

20 the parameters of the portable devices (block 68).

Now a number of exemplary use cases of the system described herein above
are included as a mean to clarify certain possible uses of the present

invention. Those use cases do not represent limitations of the invention.

25
In a typical scenario the system can be used to administer therapy to reduce
gravity induced lack of coordination in patients with unilateral brain injuries. In
fact, it is known that specifically designed training tasks can help chronic
stroke patients to significantly reduce abnormal torque patterns generations
30 and thus to improve reaching area and velocity of movement execution (Ellis

et al., Muscle Nerve. 2005 Aug;32(2):170-8).



20t he paraneters of the portable devices (block 68). Now a nunber of
exenpl ary use cases of the system described herein above are included
as a nean to clarify certain possible uses of the present invention.
Those use cases do not represent Ilnltatlgns of the invention. 25 In
a typical scenario the system can be used®t o admi ni st er therapy to
reduce gravity induced | ack of coordinatlon in patients with
uni | ateral br iLnjuries. In fact, it is hat ecific

desi gned 1 r ariRgbadR B sefay dhe digtieRe f SREaAR Ui Bhte, o8er where
si gni fi cant| yhig/RekieendiBbAoaw bé @v@%té@ﬂo&%@én@%ﬂ%é%r@?@séﬁﬁ@ efrUkhe
to inmprove reaching area and vel ocity of novenent execution I1is et

al ., Miscle Nefpuaationoscordgd 39 sored 70-wyve as3 refetensiend\ftes thweyaluatlon

cond: 1 on canbanedepL, st Bhbbf b WikrbP b T potides e vsiem
i nfosnati on rseftaadedadcordinglye d heopatiint €ansthen ef pstroced o hew tohgse the
evaluation, the nedical staff chooses a therapy program and

configures t IS¥SEN PEPREIYs dhenaiaslical staft alsegliscideshavhelhercthe patient ibgquld
be inst t
Al o dect des Lol ot e FEie ard RREIF STIRAHS Houlitie S5 idthe R Ebiinue

center or he/tls@dhempdetble tlaerportalfma deviceorWheneatt hemeh@r sgyenvint thet bare
portabl e devic even in the car

th
Dot ant can sBtes) 14 patieRorEn SeEor: ME xarHEes SR theraad o gnstant
assigt ance andsitsnhder fed ﬁ@pt‘b@?e?ﬁcé??%ﬁﬁbﬁﬁor@@%hﬁit&ly% fHeem@Bfiaf ataff

staff who can adjust training exercises according to the inprovenents
in patient covdi cammdjust tedining exertisgaiaecardinghid éheigmprpvemenisin eatient
t he user 50 aéal .éR”f ortably in 15 front of the table 110 whereon the
portabl e devi®@ 1 is placed. A specific pad 120 may be used

dependi ng on the inplenentation. He/she fixes the fore arm 140 of t he

inpaired armto the arnrest_by neans of strap belts or aé
fast eni ng sy4esAgWin faurey. whée dsingcthe dﬂ‘écgm SISPE AR § efwrnf@rtably in

turped on an%hf oP ¢ 951fE ‘Ffd(/vh BRESH e BBk {aﬁasel%%?@a A%pecific

perform 20 si e task e a ca
conpl eting splaﬂ tﬂmmyibé u@d Ueaemdmgtdreﬂse/ahpmdtbtlmml It-le/@he fixes the
':)(r)g: P: gg igg?cl)rg,narm 12 ofqtﬂefign%gllrte Pno ﬁ1be| gmcmireevslt %?/ r%e!arr?s of strap belts or
any other fastening system provided by the device. The system can then be
turned on and it performs self checks and may ask the patient to perform
20 simple task to complete a calibration phase. After completing self-check and
calibration the system will initiate the training session, starting from the

portable device’s initial position 130.

In a typical scenario the feedback and computation unit 30 comprises a video
25 screen (LCD or other) and audio speakers that are connected to the
processing unit 32 receiving data from the portable device 10. The video
screen and the speaker present the user with an interactive game he has to
play to perform the training task. The portable device 10 acts as the input
device for the game.
30 '

Moreover, the system could be-connected to a specifically designed server



In a typical scenario the feedback and computation unit 30 conprises

a video 25 screen (LCD or other) and audi o speakers that are

connected to the processing unit 32 receiving data fromthe portable

device 10. The video screen and the speaﬁﬁ{ present the user with an

interactive gane he has to play to perfo the training task. The

portabl e device 10 acts as the input device for the gane. 30 16 100
users can carr

enabling gro her . In this ever al
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others, and canpet sade 6k abesRtecinfsmiaibh 6h thBeattiailynbnNdhe othérs, and
gr oup therapy could take the formof an on-line CRPG (online conputer

rol e playi ng c9arste 6F collairmele anbaitwéthe Wainingl ayer onl i ne
rol e-playing gane). Figure 8 depicts a bl ock diagram of such a
concurrent rehabilitation concept. Inpaired users U 1l...n utilize
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In this way several training modalities became available:

15 (1) The user can be connected to a “virtual rehabilitation center" (maybe
inside an Internet-based virtual world like Second-Life or others) and follow
the instruction of a therapist together with other users; |
(2) The user can carry out the rehabilitation task as a part of a team game
with other users that are also training; '

20 (3) The user can play a game together with non-impaired people that use
conventional input devices in order to interact in the game. All those
modalities have the potential to introduce a “recreational”" or “fun” dimension
into the rehabilitation routine that can improve the acceptability and the

outcome of the therapy itself.

25
In a typical situation, the training involves the execution of a reaching
movement combined with an arm lifting (shoulder abduction). The user has
his forearm fixed to the portablé device 10. The device is free to move on a
table surface. The reaching movement causes the device to move on the
30 table with the position sensors 18 recording relative position and orientation

of the portable device 10 and thereby of the armrest 12 and the forearm



conventional input devices in order to interact in the gane. Al
those nodalities have the potential to introduce a "recreational" or
"fun" dinension into the rehabilitation routine that can inprove the
acceptability and the outcone of the thergpy itself. 25 In a typical
situation, the training involves the exeéZtion of a reachi ng novenent
conbined with an armlifting (shoul der abduction). The user has his

on o tabl e spraned WREHCRLE REESare e S3eERHh FRL bhobETeL BBt e
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arnrest 12 arfRXamidefahnaimal synergies clrvglanest after a strakey plevgrthelgss, the
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deveboped af tabligad ¢ littkise aMaweighie! ess, the arnrest support wl|

allow himto counteract those synergies since he is not 5obliged to
lift the armweight. In this sinple case the arnrest 12 has a fixed

position Wt hyie&P gqmd trvahl i S i
shoul der abdggttﬁ%ngtﬂ P :!1% g:ia%g.thhe rg?{égégqxéglpfaggl(@gyl t ﬁtcla&?cwfgaﬁéh%%%! Ebh,([ahe
arnrest i s nonobiter basdyhathallows for isemstiicsshidilder andieddidadraining. tMhe force

arnrest-to-nmohile-hase connection, Thus, the user n neasure his

o ogr esses. | REHBID; e (ror PR RGeS LM ARITa 10t For T oy seheors 13
reagbi ng NOVIMEHEJJRRL A6 @hB Carirbbt-1oemabilé:bhSe TRANBCHGE! FRGS 1Bk U® can
force neasured by the force sensor. In the ideal case, the user

shoul d be ablreeasyrediiplrsegregssappdhe abiltyvefi lifting dhe rarm ahilewpeferming a
performng t h@aélﬁﬁéj %5\%$Wbeéa%se he will be able to see a decrease of the force

measured by the force sensor. In the ideal case, the user should be able to
completely support the weight of his arm while performing the reaching task.
15
In more complex cases the vertical displacement of the armrest with respect
to the base can be controlled by a damping system, or can be assisted by
some actuators, so that more complex rehabilitation patterns can be
implemented.
20
In any case, the position, orientation and force measurement constitute
inputs that can be used to interact with game-like training software. The
software can be very simple, like a 2D game. For example the user moves in
a simple labyrinth by using the position and orientation of the forearm while
25 accomplishing tasks by trying to lift the arm (overcome obstacles, reach for
hanging bonus points, etc.). In more complex scenarios, the device can be
used to interact in a multi-user online game and/or an internet-based virtual
world, with other impaired users or with able-bodied users. In this way the
~ social and recreatiqnal dimension added to the rehabilitation training could

30\ speed it up and/or make it more effective.



In nore conpl ex cases the vertical displacenent of the arnrest with
respect to the base can be controlled by a danping system or can be
assi sted by sone actuators, so that nore conplex rehabilitation
patterns can be inplenmented. 20 I n any cige, t he position,
orientation and force nmeasurenment constittte inputs that can be used
to interact with gane-like training software. The software can be

Sbyrinth by oS ger RNy, i3 ARARCRISHBIE SR, pOBiEed, TSy @Rl the

25 acconpl i shiragingasf®i foyeddidig ﬂ@sb@ptldnf sutth @luatratide vad clesEripist ael oe
reach for hangi ng bonus points, etc.). In nore conplex scenariogs,  the

devi ce can bé>°0§k§’G"be il réF')ﬂ%tOﬁQ?(eé"mﬁM angdwt resirichee; g@ﬁemé(ﬁﬂ"ﬁflﬂ iy Aot
i nternet - basggl; drtb%ﬁé d‘f&ré&d hgdm‘gﬁg i mpaired users or with

abl e-bodi ed users. Inthis socl al and recreational dinension
adde8 to the rehabllltatlon tralnlng coul d 303peed it up and/or make

it nore effectjve. 18 Wiile the invention h en illustr
descr bed | nQIBEG arBHopheloq iR diEaoSHHl STBPOIRERE etk bepengRrstagipnd
illustration gmété&e@f'fﬂdgé SN f the, é’r?:r? fé?dtlé afle! dl+:H§§d F?abeﬁor‘Prfrom a

exenpl ary an restrictive; the |nven I on | not limted to
di scl osed emsmtlyrrehttbe dlamng&atheatdnsmluswe, ahd mesappsedledarmmsrrelnt the
can be unders ood ,ect ed. b|¥g t hose ski
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1. Portabl e device (10) for rehabilitating an inpaired user having
difficulties in executing sinmultaneous reaching and lifting tasks,
conprising: 5an arnrest (12) whereto the forearm of the user can be
fastened neans (16) for enabling the nnxgnent of the arnrest on a
surface, neans (18) for nonitoring the mvenent of the arnrest and
means (13) for sensing a force exercised by the armof the user in an
orthogonal direction to the surface. %ﬁ ﬁw Port abl e devi ce according
to claim1 wherein the neans for enabl hé ﬁe novenent of the arnrest
are spherical wheels or regular wheels. 3. Portable device according
to claim1l wherein the neans for enabling 15the novenent of the _
arnrest consilst ofPoitableyt deydee (¥t faramehabilitalipgeanoimaaise@d p3er)having
4. Portable Al ' t cedir ' - i
corpr s ng. atgd8eS i S iRal B4 &us FBRBEAH G AUE: combHER:

novegent or 20act iav]_earnwema? whebetoRRé feriebemds \the asaceht be fgstétedny
of clains 1-3 conprising at [east a braking systemfor controlling

the novenent. 256. B¢ fareanapding s Mavegrans ohtlye afmiestop Lesutaory
chai e e n LSRN Y R g RO B e o O
- means (13) for sensing a force exercised by the arm of the user in an
orthogonal direction to the surface.
10
2. Portable device according to claim 1 wherein the means for enabling

the movement of the armrest are spherical wheels or regular wheels.

3. Portable device according to claim 1 wherein the means for enabling
15 the movement of the armrest consist of a flat base that can be dragged on a
pad (120).

4. Portable device according to any of the preceding claims further
comprising at least an actuator (22) for providing an assisted movement or

20 active movement.

5. Portable device according to any of claims 1-3 comprising at least a

braking system for controlling the movement.

25 6. Portable device according to any of the preceding claims wherein the
means for sensing a force exercised by the arm of the user comprise at least

a force sensor.

7. Portable device according to any of the preceding claims wherein the
30 means for monitoring the movement of the armrest are adapted for

‘monitoring the position, and/or velocity, and/or acceleration, and/or



7. Portabl e device according to any of the preceding clains wherein

t he 30neans for nonitoring the novenent of the arnrest are adapted
for nonitoring the position, and/or velocity, and/or acceleration,
and/or 20 orientation of the arnrest, ag& conprise at | east one

posi tion sensor. 8.Portable device accorfitng to any of the preceding
clainms further conprising a base (14) providing the neans for the
notion of the deguce Fnd sur&gce dthe arnrqﬁt g}Zé being connect ed
to the devi c&"FREIONOTGE Bpireslfidd FAMRISSAIGR RYS PSEPL Sango"
conpri sing m@ns fRYrtdblei idd&acabraigg ttoabngi dff eieerprebadiggt slaihd Hurther
respect to the device base. 10. Portable device according to claim38
wher ei n t he Homiing g bagei(pprarovising thexmeagder the ra@tmpgthe(mlw epa

controlling t S i i t Vil base.
11. Portable g&'gf\??ég{hgcécrgﬂ glétg@é? )é‘eﬁﬁgaciroﬁ%(é%get%gp% la]t%t\{g:%aBrér%’reéést can
rotabe freely, or by neans of controlled actuators along its

principal axis in _order to 1l5accommobdate for forearm .
pronat i on- suf- nat iFGHtakis, dpwiseaccording to claim 8 comprising means for fixing the

armrest at different heights with respect to the device base.

10. Portable device according to claim 8 wherein the armrest is equipped
10 with at least an actuator (24) for controlling the armrest height with respect to

the device base.

11. Portable device according to claim 8 wherein the armrest can rotate
freely, or by means of controlled actuators along its principal axis in order to

15 accommodate for forearm pronation-supination movements.

12. Portable device according to any of the preceding claims further
comprising fastening means for fastening the forearm to the armrest, wherein
the fastening means are selected from the group of: Velcro straps, pneumatic

20 bracelets, 3D printed bracelets or clips, deformable fixation clips.

13. Portable device according to any of the preceding claims further
comprising joint position measurement means for directly monitoring the

patient wrist, elbow and shoulder joints.

25
14. System comprising a portable device (10) according to any of the
preceding claims and a feedback and computation unit (30), comprising a
central processing unit (32), a storage unit (36), a feedback interface (40)
and a wired or wireless communication unit (34).

30

15.  System according to claim 14 wherein the feedback and computation



12. Portabl e device according to any of the preceding clainms further
conprising fastening neans for fastening the forearmto the arnrest,
wherein the fastening neans are selected fromthe group of: Velcro
straps, pneunatic 20bracelets, 3D printeg bracel ets or clips,
deformabl e fixation clips. 13. Portable devi ce according to any of
the preceding clainms further conprising joint position measurenent

Toints, o it (30) 84liBbed for RERERTR x5UaT or ABBRE. AR eblE aiBact

accordi ng to griycerhbinagionlof@fstieng cl ains and a feedback and
conputation unit (30), conprising a central processing unit (32), a
storage unit (36), a feedback int erface (40) and a wired or wrel ess

ti i i |
visual or acSier st pectd o Bl PATOL' RO AP FERPRALE Bne
16. System amnmlltatjpri Gumtl (aomlslzadaptécs fam;aroezumng mae fusedbmdk annitéractive

conputation unit I’OVI din user wt

d f
interactive &MReLd 3%8 %Ya ggt eq;‘forgﬁrp Heirag Qn@ rRy mq@@stq}stﬁgaprtable
means of the M@h@r&&ﬁl%%ﬁ%ﬁﬁﬁs@t@c%& forearmis attached. 17.
n

The system accor g to any of e clains 14-16 wherein the system
10i s adapted to be used for group therapy where the user can corrpete
or coll aborat t.lh oth users.on.a

st om aoooe e ek En SoPuRg 1 Ay B AT 14116.whe i g System

adapped to bes %Pﬁé‘d @@' BeO uded 36t @‘Bo@;?rth{@ﬁapf/mﬁéref fHe u@éﬁrcéﬁtd:diﬁpé‘fet&'
a 15mul ti-user online ganme and/or an internét-based virtual world
collaborate W|th other users on a training task.

18. The system according to any of the claims 14-16 wherein the system
is adapted to be connected to a gaming server (100) for interacting with a

15 multi-user ohli_ne game and/or an internet-based virtual world.

19.  System according to any of the claims 14-18 further comprising means

for providing Functional Electrical Stimulation (FES).

20 20. System according to any of the claims 14-19 further comprising means

for EMG monitoring of the arm muscles.

21.  System according to any of the claims 14-20 further comprising means

for EEG monitoring of brain patterns of activation during the rehabilitation.

25
22. System according to any of the claims 14-21 further comprising a set
of low resolution CMOS or CCD cameras for video monitoring training
movements of the arm qualitatively and/or quantitatively.

30 23. System according to any of the claims 14-22 further comprising a pad

containing zones with different heights.



19. System according to any of the clains 14-18 further conprising
means for providing Functional Electrical Stimnulation (FES).

2020. System according to any of the clains 14-19 further conprising
means for EMG nonitoring of the arm nuschgs. 21. System
according to any of the clains 14-20 further conprising neans for EEG
nonitoring of brain patterns of activation during the rehabilitation.

25 22. Syst eZH.aC%Vs@érﬂgaééerLr‘lpi fo?i;] ahReoﬂoljﬂ c;'ﬂﬁé:a[i)ﬁa@' P4-2BUfriMer correlgrising a

conprising a set of |ow resol canmeras for vid
moni t ori ng t rremotégontsokardchvisuafization amitn@)dbi heatised by mediceal staff (80) to
gquantitatively, .22 4. Syste cording to any of. the clains 14-23
furt her - comprT@niey” anfic srtSk SRbAGHERL " receefids b1 hofiafs” cBlprEb g e
used by nedi grbcsdsakfwhiBR)hdstmBEBAS (67) f@ﬂﬂaﬁ@rﬁ&ﬁ%aﬁ@h@&éihhg Fhfofation to
procedures of patients conprising a processor, i ch has neans (62)
for Pransni t tansgremdhe &eedhackgndeanputetion und (884 from t he f eedback
and conputation unit (30). 25. System according to claim24, wherein
the renote control and visualization unit (60) conprises neans (68)
for setting @& andystemobcemuliraplte dewhced, wRéreirbythterermoteoradintgl tand
claim?24 or 25 wherein the neans (62) for transmitting and receiving
i nf or mat i on SURIEAYGTHMNH 40P b CORRICEEN NRBIPp (PB) ifoh SHHiNG (PRIRMELEs aff
encrypted conppchidfevices.
10
26. System according to claim 24 or 25 wherein the means (62) for
transmitting and receiving information to and from the feedback and

computation unit (30) use an encrypted connection.



