] 23/ 03+ 2010 14: 10 FAX@O011/ 053 PCT/ES 2008/ 000 365 - 23-03-2010 1
PCRT®BeE o DEVICEAFOR UPPER LI MB REHABI LI TATI ON BACKGROUND OF THE  @011/053
| NVENTI ON 5Techni cal field The present inventi opCTH#92808J00@ 365 ~ 23-03-2010
portabl e device for rehabilitating an inpaired user having
difficulties in executing simultaneous reaching and lifting tasks.
The device is in particular suitable for use in rehabilitation and/or
10 physical therapy prograns for the treét ment of neuro-vascul ar or
nmuscul oskel etal injuries or diseases of the upper |inb. Description

of related art 15HU%$§'§ PE HEPIEFORUPPER LIMBREHABRAPATIONach
year because of upper mg notor inpairnments. Inpairnment can be due

to neurol ogi cal di seases such as stroke (see for exanple the 'Heart

di sease and stroke statisti ¢gpa@dREBROUND!OFTHE INYVENTEONer i can Heart
associ ation and American stroke association), or can be due to

nmuscul oskel etal injuries. In both cases the 20 disease can result in
a decrgased range of notion, mnuscul gecharahfie’t | oss of speed and/ or
reduced coordination of the affected |inb. Physical therapy is known
to be effective in reducing the degree of disability (Nancy Byl et

al ., Neur or ehalphé i fraséntninastione relales Repai portalié . devite 6. repabilitaging 2an

191 (2003); Darlene Healing, Lippincott W./]I . i1 Ki ;

publ i shi ng, 20WBRAIreRHERHt F%"%tﬂ%ﬁglﬂﬁ%fs Fbseég%lgﬁgsmgﬁﬂuq?{%eds&b&%cwgvﬂd

et al., StrokejiRg@kkd8TH Adviceisrin pariculansuitable for use fulehgbilitatior And/ef

rehabilitation putc are obt ai 1 thgs gﬁﬁ&c t ‘N%%g,

pat i el recei 9&?@?%%?‘%&@@%%%& (ﬁiegrteen ?é@‘g’gr?‘%grs 0 tia;.ne.Dr

Physi cal t her amustsloskeietahinjuyieadniliséases & WorRsW lA@spi t al or

speci alized care-centers only. A physical therapist |eads the patient

trough a series of repetitive exercises durin% trai ni ng sessions that
AVENDED SHEET Description of related art

15 Hundreds of thousand of people are disabled each year because of upper

limb motor impairments. Impairment can be due to neurclogical 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 ¢an be due to musculoskeletal injuries. In both cases the

20 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 Repair, Vol. 17, No. 3, 176-

25 191 (2003); Darlene Hertling, Lippincott Willlams and Wilkins publishing,

2005). Recently published research work {Liesbet De Wit et al., Strcke.

2007:38:2101) confirm that better results in tenm 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

I 30 hospital or specialized care-centers only. A physical therapist leads the
patient trough a series of repetitive exercises during training sessions that
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uPdé3 010§ i 1eB% n nunber and duration because of the avail ability@Jf2/053
t herapi sts and cost. Mreover, it is usually diPETHH 2008/088865 tRH8-03-2010
degree of inpairnent at the begi nning of the therapy and to quantify
the benefits of the treatnments due to the |ack of objective
measur enent techni ques. Robotic devices Eave the potential to inprove
this situation. An intelligent robot nmechanically coupled wth the
arm of the patient can be used to hel p the patient carré]i ng o_l%b,
exer tCi ses dﬁr 'bélll% Pglfally%?iﬁd irt ahn‘nbﬁl/L padiMat;rgiggca%@r efa g@‘?&i gy R%
spent in rehabilitation trajning. LSOV Sl al icBf 1S 2sSeff theMdifee o
jsis si. [ ylo '
robot can be uﬁ‘@@.ﬁﬁi é§'§e¢s°HM '%86? o8 g%‘" P% Il'ld al rnrg'nt@gitgélgﬁﬁsrpﬂhe
begi nni ng of t endifkira BY tHeydginramgiot the tinerapy @ QYA .
years for bot hRBERN USRS SPEF L s e T P Do
powered 15 upper |inmb exoskel eton has been devel oped at Uni vérsi ty of
Washi ngton, Seattle, USA as_a IdntibPld PREravs s iskatitay | Aeinteliigent
t ackl e dysf uncfioBREC idﬁV'B‘F?n%ﬁ‘éeéﬁé]gggéng%la@o%*l h i he tjcgﬁgqr&l%%’g@h "
sgiggrche{s at r&ls‘dwhéchﬁ::mny wml@hmﬂg ﬂgﬁgﬁ'ﬂg ab ?;P?;zﬁl ; bge 6d)dtr? e
system OW,.COS : e i iR r bflifationb perigd)r thus
not or recovery%?ﬁ H.?Hﬁﬁtr %&#ﬂsgé@e_éxﬁtlﬁqie._ Tﬁ]e, 20A§IT 3D Sytﬁéeﬁ%g@%
been devel oped idreading thewiree spantUnirebatiitalion raping; NloteQvEt. &
wor | d for ar m oy erept oy hal0La Aikh i 4égiee brhedmgaineisatattng begisking

The ré¥earch i environnents has al so generated a smal |
nunber 25 of cafther bempydycie@ad to mantar iR Are8re$sis- M T- Manus devel oped

in the framework of academ c research at MT, Boston, USA and
Subseae | Bt et R ot Mot i bk b ey
1,2, 3 devices figf pstfiSchilerhRiii doniréicim pordposés [Fod examplebs i Befd pawpad
s b
14: 40: 18. Page geaifd, BSA as a rehabilitation/assistive device to tackle dysfunctions
involving a loss of force in the upper limb. Researchers at Scuola Superiore
Sant'Anna, Pisa, ltaly 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 subsequently
patented (US Patent No. 5,466,213 (1995)) is now commercialized by
Interactive Motion Technology, USA, as the InMotion 1,2,3 devices foruse in
rehabilitation of shoulder, elbow and wrist.

30
Similarly, there is a number of patents submitted in the field. For example,
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Q10131 053 PCT/ ES 2008/ 000 365 - 23-03-2010 Erlandson (U S. Pat. No.
%§§| I |}9 4199(;% descri bes an apparatus and net hod for 0131053

%at’ion at takes advantage .of a roboti y
CPU.Baker (patent No.CA 2 244 358 (2000)) doscPERLE 285%%8@{33?@ -03-2010
wist rotator for the rehabilitation of the wist. Reinkensneyer et

al. (US Pat. No. 5 6,613,000 (2003)) describe a conputer based
systemthat provides arm novenent therapy for patients with sensory
i npai rments that can operate over the Wrld Wde Wb and provi de

personal i zed prograns of therapeutic e i az. et al

No. 2005/ 027sosﬂamso(nzob§) Pateler ﬂb‘@ﬁa?g%of Me 9‘3%8."8%@ aP/'.s

joint rehabili Eﬁlﬁﬂ;f /mogfthgp@keyumté@ oba;mbn&cmmqmtrom/\by d
et al. (U S. 2007/ 00669 e

the rehabil i tam@?ﬂ&ﬂ@féﬂﬁtﬂ%”%éﬁé"‘g 5%8@%095 h ?%o%t eﬁﬁ%{vﬁfg}l
after stroke Of Qi Resr tHS‘r'éHHb‘ﬂﬂéﬂbﬁ' ofdhéWrﬂErFBamH%asme@' ¢trai»rﬁUs$uB?t BNl
clinical trials conducted with bot S._suc S
that tt%e robot Bt Mﬂ%@&%@?ﬁ?& f g @wgeraﬁ%ﬁtella é}%‘;e_pt egl E patsl glmvs
and useful (seg,Jvamepx MBrhsy Brofdients with seﬁemﬁnmipalrmeaistﬂhatﬁa@ aperge
(Dec. 1999), 419-423.

rehabilitation ON%WPS”)’@W%%%%?CS Eoé’ve Eémgg]g%&sig Ogg%rﬂ% S';fﬂ‘é"? Eter‘#g?
prevent it fromybrisad mg:edt@m @.SaPgt NoaPROS/RARFE2NE 200} depaibgna

t ant Th bot t
adopt ed by oar SoRaNEoREdca) HENICH: () iR TeREERGAR 7 ele O EAnACaSY

I's al so’'an |ssue in &%B?
the rofptic de\ﬁaesivéaﬁolﬂan mewlaiddetaal HYA® Fgt.tNe 2097/20RE91BTAL )
"use-at hone” %u@eﬁﬁ%&e&ﬁp e {ehaﬂﬁnfa%? lok gb‘a\vﬁyf(-lrﬂﬁeedjﬁhﬁbﬁfboo&ﬁ'la‘nlon

fact, the deV| s revi ous escri bed can be roughly
classified intaysiwctert mﬁtrebe O(Qﬁ\eémﬁbgkﬁél BRIYBGN- por t abl e
devi ces that can be used to inplenent a nunber of di fferent

rehabilitation prograns given their conplex s ct.ur

nore speci al i zdteaulty fioasstudy ang ghinisal tﬂ%lﬁ&c'f’%‘ Y‘E@f&f"&% 3%’11%%%&

rehabi +s tation AR i taf tﬁé\f@tﬁéﬂc PelRRE approscth kesafe swat debeptes byh
or

speci alTsed devi ces exanp AMENDED SHEE e| ve
on Mar 23, 201@@@%@@@8%6@% r graeple Krebs F‘g Ff%afEQ%A;BOG
014/ 053 (Dec. 1999), 419-423.).

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,
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PCT/ ES 2008/ 000 365 - 23-03-2010 4 US Pat. No. 2007/0021692

deseri bes w:system for performng induced |inb novenents. Hand or @014/053
foot trajectories are recorded by neans of posi PCOPESROSBYE00aAGD +1B3-03-2010
pressure exerted by the Iinb can be recorded. 5WD Pat. No 99161110
describes a systemfor the training of quick reach novenents (feed

forward novenents). The systemi ncorporat4es posi ti on measurenent
(hand, arm joints), EMG neasurenent and feedback to the user.

10US Pat. No. 7,311, 643 describes a portable upper |linb and shoul der
exerci se boar dluasLﬁ.%tp VhESHOIRRTR désciipesadybendior perfoemiph dnduogitlint:

discretely var I riction coefficient. JP Pat . :
describes a syswwamentspéiandr o6 fook AISloBEAE ge@gr&fg gﬁ ﬁg%ééﬁfzﬁg%%n
systemis port%glls%r R d IR YiedBisreBi@Rted by theniimis can bg reduedgmbsi tion of a
grip used by the subject and for measuring the force action on the

gip. The position of the grip does not provide information on the
configyration Q{.gotdiﬁ. Alb"ua/612@) Bedtaibes N sy26m2T 2116 draiting: of isyiskarach

upper I'inb rehabilitation device that l.nclude HER ol ~ekition
position and f Grevemenis {feed 39“‘{3\5% rﬂg‘é‘fm%'?@gr#% %ﬁ%nsp%g@onp
device), and f qrefaaminemansnd, Bim, JointshnEMEqmenssement asd feedhackdo the
table with tracks over which the transportation device can nove.

25 JP Pat, N&$82004008605 describes a |inmb rehabilitation training
apparatus. It provides neans to neasure the force exerted by a linb

on a f1i0xed OIE\/iUCSe Pat. No. 7,311,643 describes a portable upper limb and shoulder
exercise board. It provides means to move a handle in a plane with a
discretely variable friction coefficient.

JP Pat. No 2007185326 describes a system to perform reaching exerclses

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 feadback means. The system requires an
instrumented iable with tracks over which the transportation device can

maove.

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 provide feedback to the user, such as video, sound,
vibration).

30

WO 2008/050297 discloses a training device for patients with physical
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t.ogether with means to provide feedback to the user, such as video,
SOHYels 2010viPRAERPN) . 30 WD 2008/ 050297 di scl oses a training B015/053

device for patients with physical AMENDED SHRET /g5 2B8ReH8OGB & _the 3
EPO on Mar 23, 2010 14:40:18. Page 14 of 53 5 di Sébsl lzitiZs. I't canj]')’e 03-2010

be noved on a surface and has a dedicated drive. Mreover, it is
equi pped with a support shell, on which an extremty of the patient
can be at least partially placed. 5US 6, $55,993 di scl oses an

i nstrument for neasuring kinetic and kinematic vari abl es of

mul tijoint notor tasks, which conprijses: | nk Vi NGl Fi | drfes
connect ed at fdlﬁﬁbf'ﬁﬁﬁﬂt'&“'aﬂagﬂ rj"g%d Hadi %%&Aacrgt ?gﬁl ati gng%({)'%%d adnm
i chusl | g, AL L e e e B agE, L ne i
coupl i ng manspmMQPﬁP%%*%Htp'% of centers of rotation of
two joints of the linb with centres of rotation of two joints of the
| i nkage; means for lL,di.n I i b@iafit S
of fth_e5| i nkage %9'1%%\% #lﬁcgo%&t %’fﬂ’ls&@"ﬁﬁ&f@éﬁ@?ﬂgnﬂﬁa ar .nbﬁia
posi t on oI hat _vbmfs @h enuttjoinh motari tasks, oﬁhucm@ompnm@tg;@ 2%@9; hayingnfour
obj ect o e invention, t.o - i6h bBSLt Afaie the €
enabl i ng the udBks ?Wnc?ﬂ?g@é?&&i&gﬂﬁf %agan@\ﬂé?n]gﬁ?g aﬁ%%atllsar e. wor kspace
SUMMARY OF THE four\&xs%|cbdrtitniEtion deing %\@@mahgpqra"%lhlﬂakﬁ@&ﬁ""@fm?ﬂgs for
i nvention a portabl 2y | b | PANREEHs rfdintamidg Afgnment
provi ded. Favo&PgBl'"Z’ %ﬁﬁ%gmngﬁitﬁgé%'%gﬁﬂgﬁl % depe delnt I(‘jﬂg i “r?s
2-27. fthe port ablcentdes bbwtdtion of dwatiointst fitha dmbrwit aftres,of otatio %Y

difficul ties in, 25 @%aqkias mbdnd foR PRSUMSinG @AREHNG aRfishst ichti dTghe awls
according to t e present 1 nventlion conprises ap. arnrest for uﬁ%eposmon

forearm of t he jeigtsrofAhiliniegn and sreassdl PhigningHaia (RIRERINIANG

arnrest on a S‘brffaﬁféﬁstéﬂe5fliﬁéfbﬁ{t§fﬁf‘me(liﬁmé.ses means for nonitoring
t he novenent of the arnmrest, 1 e the position/velocity/accel eration

and orientation (i.e. the angle of the long axis of 30the arnrest
with raspect tQqtjstsn bbjett &f theaidntiomto provideos simple @ndmosteffedius denicag

enabling the user to conduct reaching movements in a large workspace
SUMMARY OF THE INVENTION

20 Thereto, according to an aspect of the invention a portable device according
to independent claim 1 is provided. Favourable embodiments are defined in
dependent claims 2-27.

The portable device for rehabilitating an impaired user having difficulties in

25 executing simultaneous reaching and lifting tasks according to the present
invention comprises an armrest for the forearm of the user and means for

enabling the movement of the armrest on a surface. It furthermore comprises

means for monitoring the movement of the ammrest, ie. the
position/velocity/acceleration and orientation (i.e. the angle of the long axis of

30 the armrest with respect to its initial position) thereof. It comprises fastening

' means for fastening the forearm to the amrest. It finally comprises means for
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neans-for fastening the forearmto the arnrest. It finally conprises
meS? PO MVENDED SHEET Received at the EPO on Mar 23, 2010 14: 40: B18/053
Page 15 of 53 23/03 2010 14:13 FAX [2016/ 053 PCFIES 2008/6606 Hx-23-03-2010
23-03-2010 6 sensing a force exercised by the armof the user on the

arnrest in a direction orthogonal to the Surface, and nore in

particular for nmeasuring a lifting forcegexerted by the armof the

user. 5ln the device according to the present invention

sinplification and cost reduction are introduced into the de5|${ The
proposed devi cgeﬁgﬁngﬂfdraébxerclmbluyehe atmof thegiseagn dhe aenrest 1 & regtion

device, a frane based deyice, or a devjc D liftibd forbe
Portability isOontheaenahi dtyirfa M&e i dmc%’msfgglga?ﬁgmﬁeeds} %f

speci al rehabi Iekéreédmhb@mehEasdry means of 10nodul arity, The

devi ce according to the present invention, differently fromthe above
described prior art devices, enables the user to_conduct reachlg i
novenems in alh ang alevivek apaurding 2loi fe present inveption gpBification, qqd cos
fastened. The fa t .15 that u r s'gaddé\ﬁ@g Bniadfatiba
the. dovi ce. al| SeucpaR L plien THERRE deSght THE roEoser Ho
novenents, avoigbtilg rabobimstesid efdbeingjaebxast ﬂ@‘ﬂc%ttatf@‘q‘i? ngpﬁeor a

el bow that are cﬁgs i :é'e':’ & %é WCASEN gplﬂég@ p&&;ﬂ,w i tmgaﬁrnﬁd\kedAtMcbrbeva‘arte

time, sensi ng t position an

on an t he fact that
the forearmis dddrasdes dheheewnoéesl’%ﬁé JPB%b"&a'('f@'?tt%? F’Y a'E"F@Eg of
assess,[‘@nt ZOOfméélﬁ’ar&W ee di nensi onal position of the arm

The device according to the present invention, differently from the above
described prior art devices, enables the user to conduct reaching movements
in a large workspace having the foream supported and fastened. The fact
15 that the forearm is supported and fastened to the device allows for better
control of the shoulder training movements, avolding uncontrolied trajectories
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 forearm is fixed to the device, ensures a betier quantitative assessment
20 of the three dimensional position of the arm.

The device is designed for elbow and shoulder training, but can also be used
for wrist and grasping training by adding specific modules. The number,
duration, intensity and type of training session can be controlled by software
25 funning on the central processing unit of the device, The networking
capabilities of the device according to a preferred embodiment of the
invention enable its use in tele-rehabilitation environments, where the user
" and the physiotherapist are not in the same place, but the physiotherapist
can monitor and change the rehabilitation program parameters at any time
30 when it is required.
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The device is designed for el bow and shoul der training, but can al so
be,usedof0fs -4 kg and grasping training by adding specific nodul esggq7,0s3

The nunber, duration, intensity and type of trai;@i—y’gb §§§§.@@O(\3€§3 9?3_03_2010
controlled by software 25 running on the central processing unit o

t he device. The networking capabilities of the device according to a
preferred enbodi nent of the invention enable its use in

tel e-rehabilitafion environnents, where the user and the
physi ot herapi st are not in the same place, but the physiotherapi st

e 0uhen |t in terieqapitaten e pasoELisEAoRistE; WA SEREA LY Mearur
i i . rv
23, 2010 14:404kBq J?@élécéb@diﬂ? e Frasant inventinals ralated ito the AssegsmeR
of the problens, ichigs ed b | r SinBehi

0 cuf’rS 8¥%‘f’é‘ﬁ'°¥% nol[?ﬁﬁé a@geﬁ' P BY: CRnBRRAT SinBeyids

the present inaBdttresiment essnent and treatnent  of

dysfunctions of,ctfnihesidet abductive aat eihaveflexigmaetyrtes hehgaaight of the

shoul der abduction, and el bow f| exi tJ e ey irfividpgs 5

Vinb i Bsel T, CHGniels Gramie aﬁ??‘%ﬁ?‘@erﬁ?ed'%?"ejg’éﬁ‘f'%”éf‘*??ﬂﬁ it ad

i ndi vi dual s pr gséuehting abhoraraindrque patiernpaenasatinge MR 3 .a'f\%ﬁeﬁ%'bh‘%?‘

i npai red subject tries t Bkdtaghd gravi

fer) ly conpenjsaﬁ'éesctﬁereapl?;\§}’{%?g@ﬁ ﬂ{g? %ﬂ{yt rfaooﬁ?én%ef tﬁ?gngr feachi g;;w::

movenent is unigetiggbh theakrhly, ished redching mayamenbswninteRagaly §9HRled wi

prevents the subject f ' i rigRviegeiht reacting
AL F bR B i s B S, i e e e

nat ural way. nmonstrat ed that notor | earnin
capabiigty i s shovement 68ennaiusalcwaynNeverthelpss: jtals; Qﬂ?g‘?ﬂﬁﬁ‘ﬁ ik Jgtor

permt to regai a,ﬁingvd;aﬁa{,m?ﬁgs %ﬁ“gﬁﬁgfﬁ‘gh%fbm stedieLpatientsaticht ebuld\permit

activation (EII'Ts e 005 Aug. 3 L L20- 8
means of thfa prte gegain arvemws: upetionak pafterp ot & ﬂ“‘B@??Qﬂ?ﬁﬁ%ﬂiaéﬁYaﬁPS“ (EnSet
novement s havi %"Wﬁc@rﬂgﬂm@gsm@m:ﬂﬁwegree of lifting force

r

he/ she can exe nmeasur ed, preferably by neans of a force sensor. In
a preferred enbodi nent the subject is also provided with a feedback
about e positgpnmant afi R arésemt onvétiont ar sabject et eerfome fsachingg

force exerted. ?ﬁ/shec n .20 then engage j c o ihd kdrhd Bat
novenents in or’HEYe"f'?Pt%%@&‘H%Iﬂi’%ﬁ"gg pﬁeﬂgnér g%r%ﬁ% gﬂﬁflﬁé fg&rséi]r? o
scenari o that cedh erisedsired; prafaralily dyhpeana ot aifora|senseo i aypreterred

correct el bow shoul der ner di BVIHHHI ol D febd it
posi tion can beerﬂgcéigm?ﬂf%&ﬁlﬂglﬁ%? H@%@gr ees @?ﬂ ? rf%%ﬂ%%k;yr?egt mg(rjr%‘a-slmiolr(le
scenari o di spl aysilonentatidrCaF therformammThng of the lifting Jacegrergs: ﬁe’sugé'@n

begi nnlg of t nEah eRaBed I AeTRg BRI RovHHS T pfEBFIL Bt e Fe

ron“traini and to effectlégl PI‘.O\‘\i.qﬁ‘
training. Moreotasks represented in ta vistugt renase 0abican e Uk Jéé i nisiner
articul ated rob\%‘ﬁﬁ&{gl A ErySof diveh/dHRukier spRdries] Rueakdrmple lifting
tral ni

provi des a devi ce an ng and neasur engent t hods, to trai

or/and sel f -t r afanceamnt pesifian canhg ysedte Ny SReRsPr ftRedam 'Brl}" game-

AVENDED SHEET  Rjgel i ishlaedr BR PICHRErath, THE Ghd iveftckBcarrg esed to
0 25 provide a quantitative assessment of subject condition at the beginning of the
rehabilitation training and ta effectively provide training. Moreover, this result

is achieved avoiding the use of articulated robots or cable suspended

orthoses.

30 The invention provides a device and training and measurement methods to
train orfand self-train and assist individuals having neurological or
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museod askeletalragli sorders that result in the partial |loss of the @018/053
ability to nove upper extremties. The device ppreff¢esR0OPL/600HBE ar23-03-2010
al lowi ng different degree of system conplexity/functionality to be

achi eved, 5In one of its enbodinments the device is a nobile robot of

| i ght weight and small size that is opergted on a table (or any other

| suitable surface). The robot is equi-pped®with a base platform having

i spherical wheels or regular wheels. An arnrest is nounted on the base

| at f wh h j sTofcthe abiligsio meve
goﬁ;eg{ (Td tgrte nglsglgﬁgeél%tggtg'isérgé{shelg?ﬂe?gﬁilﬂtl'fe%sﬁ'ﬁﬂlﬂbss arabiiigs

0 h it h.
base can be selgpdrasktiemities: Thg sleyice M@E@Pafr'ﬁ?' Pfgg"l ﬁﬁgllﬁwﬁeﬁégét\/%‘%r%%e
i s equi pped wi %Bg%gé@%h@i%gﬁ%ﬂ&%i@ﬁ%éémieﬁﬁ. | east the forces
on

exerted by the vertical axis can be neasured and
recorded. The nobile base is equi pped with sensors, |ike oRticaI'

tracki sensons. L hati-enabb@imeli® MBnidvizei i8G afobile robot of light weight and

posi ti oh/ vel oci'?i‘?f'acce eration of the r obot LdyS
arnrest. The fasalirsize) thasdsSPetated Qgtae%ﬂ%%??rhﬂnfgﬁ‘ggg %& ogtsﬁfga%éf)'rrrﬂe“sat

are sel ected fromet. fpl With gMedser alfdrie haying repherital vhselscel egular
and 3D printed rgtﬁﬂécclgfeé@ﬁ o

S "adapted to, single user .f r . '
f eedback i nterﬂ’d@&!s-tﬁfpﬁﬂﬁqug iS5 MAUE ?%#%%ﬁaf%&l%ﬁe@‘égﬁg?o‘f#r :,r:.\n
D b0 or LA MU feleaith e amubak boomettyd 4 epomtaen s O e
syst em@qui ppechelgitt it rﬁﬂ%‘g& F'??gé’?ﬁﬁ {Q{-. %e-rs?lgr ageiﬁﬁn'liat? angr a smhe
Wi reg/ wirel essd@gjguwmu@miymmippgmwﬂh oroe/targue e8nRER 80 %‘bgttaﬁﬁa t;rdl
can be operated by the patijents. i ; Sep BETEd
that renotely Jﬁfﬁ?ﬁn‘?’@gg sbmrﬁ%u?%galr%g c}éta‘{egtbéﬁsag@g% n,et(a\/voﬁk "
protocol. This radsidetiaTye aysbilenbase eequiprad Wihrensetsy kg qpigRlUgcking

or oper - Sof {ar oo AT Ak A R B R At enl.
by t hegobot dgmbpg.ah#dlhegmb"ﬂ e ?‘?‘fﬂ*‘-sﬁﬁ%i et;;saﬁsm _ﬁE%r ﬁ%ﬁ'&%ﬁ
establishing the IALL kalihdenGestOhrd BBRE{UE fromatite (gromprufl Melgats .
provenent W tﬁiﬁ%&iﬁé&éﬁ@, a Jeasurenent. Rl Nad, (RY, NGRS Ak
shape. A feedback interface, typically a video screen (but video, audio,

haptie, or a combination of these could be used), is provided so the user can

20 monitor his/her own activity. The device is part of a system equipped with a

processing unit, a storage unit, and a wired/wireless communication unit.

The robot is designed so that it can be operated by the patients. An auxiliary
system may be provided that remotely communicates with the robot frough a

25 network protocol, This auxiliary system is designed to be used by medical
staff and provides processing and data storage means together with proper
software to analyze and interpret the data collected and sent by the robot
during the rehabilitation sessions.

30 For the purpose of establishing the nitial degree of impairment and to
monitor patient improvement with the therapy, a measurement methgd may
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i mpl ement ed. The nmethod relies on the nmeasur eme?QTAIR 0RO BGS0f 23-03-2010
t he novenent of the nobile base of the robot and of the force/torques

applied by the user on the arnrest. 5The rehabilitation training

met hod takes advantage of software that jnteractively instructs the
patient about the task to carry on by ustng .the nobile robot. The
patient continuously receives feedback about his/her performance in a

oo oo ded rond i S RieCheastrerizat pad frecarding odfn
be decided re gp@e@%ﬂ%g.r 4 Nethy® fels

t taff d/ t | t
user peifor narthe.mﬂm'nemingﬂeﬁt(;:nwggﬁ ;ﬂgﬁﬂifa@@ %Bﬁgﬁa,&g%'eﬁ?g%%w{ﬁgs °
nmbodi t ' [ i nt ted b dd- t
enmpodi men pre%épfﬁgﬁﬁiﬂﬁﬁﬁﬂgwe%ﬁﬁm% integrated by add-ons to

extend its fun I n one enbodi nent, actuators can be
added to the nobile base In order to introduce an assisted (the user

initiates the e - t hsi trRahbe| ko eadvamtagen afospfiware ithagt
or actPve (the@%s'@%ﬁlg}%ﬂggs tlﬁgﬁaser rra(gthn asﬁiggog?%yo B{'Q@Hﬁhg"e
predet er ni ned inkexpelvelyr netyctytop patisifeanoulihe {2 PPy Y Bhot on 2
the table surfageis Sehdthathe’ pagent! ealtidaowsin reeeisisnitarbadk aasHbisher
according to an a‘terna’give enP_oE?i nﬁnt t he portable device is used to
passi vel y supppefformeace 8} §PHLT PIPTAAYE 98N Senbodi ment t he nobil e unit

does not have wheels, but a base that

10 The type of exercise to be performed can be decided remotely by care center
staff and/or constantly adapted to user performance.

The complete system may be modular, 0 tl_ae embodiment previously
described ¢an be integrated by add-ons to extend its functionality.
15
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 complete it) or active (the system drives the user arm, in a safe
way, through predetermined trajectories) displacement of the mobile robot on
20 the table surface, so that force fields can be simulated. However, according
to an alternative embodiment the portable device is used to passively support
the forearm.

In another embodiment the mobile unit does not have wheels, but a base that
25 can be dragged on a pad. The friction between the pad and the mobile robot
base can be varied by choosing the materials they are made of. For example
' Teflon on Teflon presents a static friction coefficient of 0.04.

in another embodiment, wrist pronosupination or radio-ulnar deviation
30 training can be included by means of a suitably developed armrest device.
Grasping training can be added in the same way.
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25 can be dragged on a pad. The friction between the pad and the

molsv ¥ 20 i0btit: 1HAs% can be varied by choosing the materials they arel@020/053
made of. For exanple Teflon on Teflon presents BCSYES 2008/0Q0i3&H ~ 23-03-2010
coefficient of 0.04. In another enbodi nent, wist pronosupination or

radi o-ul nar deviation 30training can be included by neans of a

sui tably devel oped arnrest device. C?aspi@gtraining can be added in

the sane way. AMENDED SHEET Received at e EPO on Mar 23, 2010

14:40: 18. Page 19 of 53 23/03 2010 14: 15 FAXZ020/ 053 PCT/ ES 2008/ 000

365 - 23-03-2010 10 In another enbodi ment, Functional Electrical

Stimulation (FES) can be added to the ¢ hi g, . '
order to inproveaud\mfmbo@ﬂﬂ"taﬁ%‘ﬁ'gﬂa@ggw ﬁ“‘ﬁ;ék?éqﬁ%%ﬁ%'fﬁéa‘é
the upper |1 mbyJisclpspiiyir i adedid aer dmpravethensoye. t he medi cal
staff with nore data about nuscle activations so that the therapy can

be adj usted accordingly. I n anot her enbodi ment, EEG nonitoring
cgn Pe tsihnt [) odyq?,pgn%t?epéﬁmbgimwpgzmenmdhmln_gsﬁfathé uppe%nl;hz;mwms i%wze
abou e brain patterns of activatian | Ut ORusdd
anot her enbodi Agfed “31OF‘?q{ethpr&%‘ﬁﬁgbﬁrm%‘g#’b%ggmdﬁﬁo Jpte %ﬁ% erface
bet ween ar n esiye@RlioR® Bb tifat dRythempglican petddiusied acensdingiyi s. 15 I n

anot her enbodi nent, a joint position neasurenent system can be

integrated to the device to directly nonitor the patient wist, el Row
and shoul der | o Bhsther embodiment, EEG monitoring can be intraduced to provide the

10 medical staff with information about the brain patterns of activation during the
rehabilitation.

In ancther embodiment, a linear actuator can be added tq the interface
between armrest and mobile device along the vertical axis.

15 .
In another embodiment, a joint position measurement system can be

integrated to the device to directly monitor the patient wrist, elbow and

shoulder joints.

20 In another embodiment, a 3D position measurement system (such as for
example the Fastrak Polhemus or Patriot and the likes) can be integrated to
the device to directly monitor the patient wrist, elbow and shoulder joints.

In ancther embodiment, the spherical wheels are equipped with electricaily
25 controlled brakes, so that the effort required for moving the mabile robot can

be controlled.

(n another embodiment, there is a set of CMOS or CCD cameras that can be
used to video monitor the training movements gualitatively and/or
30 quantitatively (trajectories and/or angular positions of the limb).
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201 n .anot her enbodi nment, a 3D position neasurenment system (such as
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integrated to the device to directly nonitor tIPETRESIZTUSARO0SI6S &l HDVD3-2010
and shoul der joints. I n anot her enbodi nent, the spheri cal

wheel s are equipped with electrically 25control |l ed brakes, so that -
the effort required for noving the nDbin robot can be controll ed.

I n anot her enbodi nent, there is a set of'\cMoS or CCD caneras that can
be used to video nonitor the training novenents qualitatively and/or

30 titativel ' . | : i tol af Thdnead icap) .

LS LY Al i e s s

of 53 11 In agwitdinrzoessodimdiferent heightmine YRIUFR Pt LG 5ad.

The pad can co.n;%%@_@qns;tmaggoghaﬁ 8f BiBldebiRl Wtatherhith & @Dt scitwlare map
2 ice TS 1n

position of th rred by the planar position of the
devi ce toget heof thephda 3D software map of the pad. These and ot her
aspects of the invention will be apparent fromand elucidated with

referece to the enbodi nents descri bed hereinaft BR ﬁgﬁlP ON
OF THE DRAW NGBhdiee andyeier BPsetS| ob ang apyeittod il ?teoghg"l’;{ﬁhﬁ its ahid

numer ous obj ecgﬁlcﬁg%d%{m@?é%m Withé elodimentodescipedbeneinafier. t hose
skilled in the art by reference to the follow ng drawi ngs, in

conjunction with the acconpanying specification, in which: 15 Figure
1 shows a schematic top VigRIEFIDESERIPTIONORTHEDRAWINGS di ng to an
enbodi nent of the present invention. Figure 2 shows a schematic view
of thdOl ong side of the device depicted in figure 1, 20Figure 3 sho
a schematic botyhaMnvérienofill be Hetercendeegtpod eahd rifsf nynewus objesty and 4

shows a schematic view of the sho i t e 15l SRIELE Rh Cthedart Nby
figure 1. Fi guPEvanagrs il bﬁcﬁﬂgl Hog%_ Eﬂ:ﬁ)ragéemdil‘:bmensi onal view of th

devi ce depi ct egefefenth dorthe Tollowing drawings, in conjunction with the accompanymeg

specification, in which:

15
Figure 1 shows a schematic top view of the portable device according to an
embodiment of the present invention.
Figure 2 shows a schematic view of the long side of the device depicted in
figure 1, A

20 Figure 3 shows a schematic bottom view of the device depicted in figure 1.
Figure 4 shows a schematic view of the short side of the device depicted in

figure 1. ’ .
Figure 5 shows a simplified three dimensional view of the device depicted in

figure 1. .
25 F?gure 6 shows a block diagram of a rehabilitation system according fo an
embodiment of the present invention.
Figure 7 shows a schematic view of a possible use case of the device
depicted in figure 1.
Figure 8 shows a black diagram of the concept of concurrent rehabilitation.
30 Figure @ shows the position and orientation calculation of the portable device.

AMENDED SHEET
Received at the EPO on Mar 23, 2010 14:40:18, Page 21 of 53



! 25Fi gure 6 shows a bl ock diagramof a rehabilitati on system accordin
|t 2%4F etM9oth MEMtX of the present invention. Figure 7 shows a schemafd %&2/033
| view of a possible use case of the device depi cPel/En200§ee0B65 ~23-03-2010
Figure 8 shows a bl ock diagram of the concept of concurrent
rehabilitation. 30Figure 9 shows the position and orientation
cal cul ation of the portable device. AMVENDED SHEET Recei ved at the EPO
on Mar 23, 2010 14:40:18. Page 21 01 53 2 Throughout the figures
| i ke reference nunerals refer to |like elenents. DETAI LED DESCRI PTI ON .

OF THE PRESENTy }}Mgh%mé REare Mike Rgerente hombrajuireler to liks elemesisenpl ary
enbodi nent of the portabl e device 10 according to the invention wl|
be described. The portable device, also referred to in this
description as nobi | pETAILED DESCRIPTIONIQR THEPRESENE HMVENTIONvi ce
base 14, also referred to in this description as nobile platformwth
t hree spherical wheels 16, arranged at the vertexes of an 10

equi | atgeral tripaRéHiAg ridwito digakise 1:3) cardiespinplasyrembagimentcoh e geftaple
devi ce. Al wayse or itragcic,or sl ' BiS @dvice,
devi ces may be d&%‘@@ﬁ"’“{?&ﬁ‘@i‘%g’ @'ﬁﬁé{rﬁl'{c@b @ﬁ%&bﬁeﬁﬁiﬁ% eésc{riﬁ‘l‘é‘é,c .
wheret o the formay fefefrel i (rs dhiscdesdription sase meabile| unit S nEopilgy TeBot I8

nobile platform An optic ' [ | gé&ksdrintion b enobile
nobi | e pl atfor |ﬁ°T4’°§8‘§)Pt13?dle¥%é%%§%ﬁ9f gﬁ,ﬁgﬁ%ﬁ%gf?ﬂéﬂﬁt i orl;m(;f t he >

devi ce can be atfunedith ihideespherieal wbheetsn6.0pT3 at e VRgeXRs, pLan
i s conposed of t [ Rplscb@ehf of Mige tpantablendevise.
is plated in tﬁ@\a@%‘%ﬁgrﬁ%’%glgﬁg’%&%ﬁﬁé&%@aﬁ 8rir;}3 ?rﬁ ot erp&gtne IHﬁ e
placed at di st adwayse br Emnitrack: ensissilas remmerciak ball tapsiep deyices fian §
oot e posi ¢ 1R i e B e e
begi nni ng of t hisensan by faatensdnis QQ““P%E’Q?%FMPﬁ?e@aﬁ% .h?\oor#t 'an{dfrmkmg
orientation. Ref&idd ROemBEEded fntdWie nibbilefplitfarm (Xmo tha} the posiion and
position of the central ﬁ%&hcal 25 sensor tand lﬁ (Im K&) is the
posi ti b of t heorignkationst fieeviga F R EIRRUed WIS 'PPY S onal ref erence
frame centered in the initial position of P (Po), X axis fromP to Q
and Y axis and griented.so .to have . ' =] he18.
tabl e surface, %HP???@“&&%‘P? i%ﬁ’cgflétcﬁﬁp%gg?gg%?%ggcﬂ Iﬁfte;ﬁ‘%ﬁs?s
(Xp,Yp) and t hepaeidtnhatwosensors lie plasedde tesgnter 6f thenmabile platier: gie
the arnrest wth, 30respect | LS. 0l b [y & fHHeedifsBn lof the
With sinple tri&gﬁf)ﬁ%? % @acécpaf distanbd i f&mﬁﬁ’é%ﬁ@f‘én Id e
20 long axis of the armrest. The reading of the two sensors provides a refatv
position measurement, The system is cafibrated at the beginning of the use

by putting it in a predefined positicn and oriantation.,

Referring now to figure 9, if P = (Xp, Yp) is the position of the central optical

25 sensor and Q 2 (Xq.YQq) is the position of the other sensor with respect to the
' orthogonal reference frame centered in the initial position of P (Po), X axis

from P to Q and Y axis and oriented so to have Z axis pointing upward from

the table surface, then the position of the device at each instant is (Xp,Yp)

and ihe orientation of the device (angle of the long axis of the amrest with

30 respect to its Initial pasition) ¢an be computed with simple trigonometric
formulas. For example for (Xg-Xp)>0 and (Yp-Yq)zo. R= atan{(Yp-Yq)/{ Xg-
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22 of 53 13 Xp)). The extension of this forrruliam- S?é@ﬁp(ﬁggb a_I?@t__O3_2010
fornmulas, to cover full orientation space is eviden 0 ose skilled

in the art. The portable device depicted in figures 1-5 may

advant ageously be used in a 5 systemdepicted in figure 6, which is
conposed of three principal units: the gértable device 10 used to
passively or actively support a |linb against gravity while allow ng

unconstrai ned planar nmotion f k sl o givepfil a
remot e cont r ol XpMdRA %ﬁmﬁ'%?%ﬁefg%ﬁ?@g&%qﬂ%‘r eguveie,ﬁa pad (with a

textured pol yngamationaspace s duident & thoss skilletio the adi ni | ar) can be used
to offer '10 a suitable surface for the notion of the portable device

10. The pad can include sonme specifically designed obstacles or dpat hs
or three di menshepatalié duvitedepiciedén Bgurae 1ribmiaY adwanipgeouslyPeieedn a

driven. The nobile platfo e,%nqu,g h&igalumits: @
(like & 15 eméﬁtﬁ“;‘ﬁ*ldeﬁb“&?ﬁ @'i‘ﬁ"%??n“ﬁ‘;‘??st at hgg ogﬁgﬁgﬁ%ﬁhéﬂl t' cavit
eXpaHS!oni_di gbbrmdblé devitd d0uped tepassivelysn ackYRlY SHARAEY ﬁgm él‘gz 9 m‘i
conmmuni cati on expansi an ; o4 rptaiiorad
fromthe force)”f'@? a@"E%Hg%}?ngﬁ%gkang%dsﬁwﬁéﬁﬁ efé?gra%% exerte’():l 8"tw‘fﬁ%
arnrest 12, fr@tandea cemoteatontrohsedt yispalization uni G0, MAFBEYPr A £ad Wi

enbodi ment of {h i g urrassit S e besande offer
force sensor tﬁeﬁlrrgr%#%}esrtspﬁa@&?ﬁowe u

th ti i d
axi o ot | denti Sitablecsyfasaciopdha N ® BREIGRI Gavar 0y PE AR A
force sensor can,he Lymé §H§aﬁﬁﬂr Riesighbd Gbstatis rorgmityeer thres dimensional

t echni ques as done 1 n comrercial products (ATL force/torque sensors
or sinilar). Tistruethipseshere the Mobisdey 0E&84 wi th a danpi ng
devi‘ce that allows for a [imted and sel ectabl e excursion of the

The arnrest | THPsEOBRRRRIEIAIE ool AroupPufild sréikeffi! I 28 ke a

nmeans g to fagignstixive padilendt Siraitan) tthatt has mtqg_imi gg:_angmhé:hgital

Moverent or  actRUSHBULASHENT- (418 REaelsas LRRIMAAnAOERRS0R, The

AVENDED SHEET ReeiigvingubbxpansidiPareeptavaignals, fror ithe farcederage §engarsy3s

of 53 measuring the force exerted on the armrest 12, from the optical sensors {18),
or both. | S o

20 In ane embodiment of the device, the armrest 12 is equipped with a 3DoF

force sensor that monitors forces on the vertical axis and on the two axis that

identify the plane parallel to the horizental surface. The force sensor can be

implemented by using strain gauges or similar techniques as dene in

commercial products (ATI forceftorque sensors or similar). The amrest can

25 be also equipped with a damping device that allows for a limited and

selectable excursion of the ammrest on the vertical axis when a force is

! applied on that axis. The ammrest is also provided with Velcra straps or other

similar means 20 to fasten the patient's arm ta the mobile device.

30 The portable device may comprise actuators 22 for providing an assisted
| movement or active movement of the mobile base and actuators 24 for
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cof¥PORPING t'RE44r nrest height with respect to the device base and/@?*/053
conpliance to vertical forces. The feedback andPEdpuRAOBIAONES 3023~-03-2010
conprises a processing unit 32, a 5 transceiver unit 34 for

transmtting data to and receiving fromthe enbedded processing unit

26, a storage unit 30 and a feedback intggface 40 for providing the

feedback to a user 50. The feedback and conputation unit 30 provides

t he visual and/or acoustic 10 and/or haptic feedback allow ng the

patient to act goptréling rthelanrrestnheight withmeespecbitot the Heyee r leapey @pffor

supported by theﬂﬁ)rta | e ﬂfg\é@ceeéo. I n one enbodi nent the feedback
and conput at i offPOHYE" 0N 8tF%8f a screen (LCD or other conmerci al

screen) and audi o speakers, comrunicating with a commercial PC.  The

PC can acquire _data transm Vi kel iddaka fredBssikg dME32, a
sensors pl aced-&ﬁ %ﬁgbzbc&r r%({)%%l%ﬂtéd\?ﬁ%@ Ijfrg,:ﬁjo‘réélﬁ|""lc')érﬁ%s_%_rﬁsor sgﬁqgced i ra
the eng r onmenttrangceivar unite34 foe trabsndiftingdath de Bnd Tereiving Epastbe embedded
transm ssion can_b al i ' ea80hdlh ReRbago!intefacd W0l for
(for exanple mﬁé@e%gﬁgyﬁé?ég?[nes@?% "}sd(i){f ?élare runs on the PC and the
user plays in qroddingthepieedacitolscdisesfiBbilitation tasks. The software
al so perforns raw data collection and user 20 performance statistics

cal cul ation and col |l ection by neans of purcgose_ldé Wéi t{en roﬁljllti NS ot
Moreover, the SOfe feedbadiaand Bempwiation wnit 30 proidgs the Mpual apd/gr acoustic

presentoin the JiRglplot qabdisack] dodirky edpitint 16 ektel acnaaictdenario Tye

software can al so receive new sets o0 arapeters tq ne_t.he

Johabi | i tati on Meaksoh e inRaied, g sYpated by the d’é’&abtéo QVirs, 10, dn one
nedi cal cent er.gmBodifient’ B@0fcedsAuk 46d camputation alnitziatdonmpased tof6 stesen
conposed of a standard PC that has neans for.transm.tti . :
recei vi ng i nf orlrB Pty @@%&‘J?%?ﬁ@r?é‘dr%@b%%éﬁﬁ'ﬁd5‘%’@&%‘3@ g{"?%wuh 3
unit 30, such asormfiefcd PCOThe PO eachdquire dHt trafmitted wincaiwirgless nk from
medi cal _staff 80 to nonitor .and,cont abj 41 | ;
30pr ocBur es catg?isé’ﬂs% PE%?Pe‘H} E‘%‘E”ﬁ?@’k@e?’%ngﬁ tgéjgéépgﬁrnflﬁgedo in the
‘this PC gat her serivirboment, opon theouseriodyher kith.eFheswireiess transmiseing cpphed
connect i on to AYENDED, ST o663 P frobbeol BF Gk G6r Mpimdia B etc.). A

14: 40: 18. Page .
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 performance statistics caleulation and collection by means of purposely
written routines. Moreover, the software has the ability to send data to a
server present in the medical center via a standard Internet connection. The
software can also receive new sets of parameters to tune the rehabilitation
tasks according to medical staff decisions in the medical center.
25
The remote contro! and visualization unit 60 is composed of a standard PC
that has means for transmitting and receiving inforration 62 fo and from the
feedback and computation unit 30, such as an Intemet connection. This PC
is used by the medical staff 80 to monitor and control the rehabilitation
30 procedures carried by patients at home. The software running on this PC
gathers information from all the clients through an encrypted connection to
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pr:es@r ¥Qopatisepdy S privacy. Information is stored on perrnanent @025/053
menories such as, but not limted to, hard-di skgT/ASCiGs fonokees - 23-03-2010
system and a UPS system can be al so provided. The software may be
used for real tine nonitoring (block 64) of a patient. The software
can display information by 5 neans of several GUIs 70 and can conpute
and show data statistics and other infortation useful for the medical
staff to nonitor the rehabilitation training process (block 66). The
medi cal staff can al so use the sof ; FEHeR e
portabl e devi CB@S?%'POE?}'E@%P"YG V\{/E"!315?'{!1.‘:%“l rgrissggor%&):?nng ary us{e%(‘:a;é%ﬁs of
the system desgidrbss thatrmithindledvio, hari-disks. v datacbackupyBters 284 & PP
certain possible uses of the pres ' ' farSrRal Githe
not represent FYsﬁ?’f‘a‘f'qrb&?? Blﬁot‘?év'ﬁ%{’/e*gﬁ%(?r%wiﬁ? ﬁ%%ﬁ_c‘gﬁ%@scenam o the
system can be peatdoiny tdodknB4ytafra patisripyhe sofwargc@nidiselay yiernation e d
| ack of coordination.in ' | ' Bl R daBi statistics 4
fact, Pt is knmﬁﬁ“?ﬁétseﬁ@U‘@%ZPYg’yﬁﬂ‘é%?bﬁ@B trat?dﬁi‘&l?fb taﬁks n.help
chroni c strokeofhet iimfotreation ssafuii for dhetmediea wiefé t‘éﬂﬂ@%’ﬁ’élt ?dFé%El'tat“’
patterns generations t HiRhcdl Safta if8 doftwhiedo tsgt
of novenent exgé'ﬂ{ gﬁ{sg%ﬁ‘p*éﬁ‘étbg’arrﬁ? I\/pscllg Ner@?%%& Aug;
32(2):170-8). Sewaremetenyof hemortablesieniaes Plog4RBlpatient is initially
in the care center, where his/her condition can be eval uated by neans
of the proposed system The information regorded, is stot

as a rif er ence Nonfa sumbpeofaxempiaTy 3¢ C23Rs SHilR B&teT tdg??nb%%oﬁg%'gé %é?f\?e
t herapy progr agpanshiGiud b8U4 GRedrh o Salarify raestalnt pessible assesr of iyl ypresent

patient can then be instructed on how.to use.th S erly.
The nedical st #ventignd: h&é@i‘ﬂ%@%?é{]“rf&t r?msﬂﬁﬁ'm@ﬁﬁér?h%aiﬁ%mg?@%'t he
therapy in the care center or he/she could be sent hone to continue

e e S 58 el e e

care center) t hea exerclses w tI'he need
of congg ant asgralitgneiuced dadkicf cpordiration icpatiepts wilnpnilgtesal hraiRoRiErcs. iy

th di cal staff 30 i ust. i ni | - ;
the i mpr overandact | Pocnof hEKHFcal REBpE 1Rid PRS G RepKhireric
EPO on Mar 23, sBoké patentd td Signifiegety>@duce shnomil feraue sakeing gangmtony
whi | ing th i cp i ¥ oV Réculibn (B
bl 6 110 aher 267 5 B, kol Baghla Brde P RIS rlovsert Sbo fon Bes

tabl e. 110 wher e porta aced, A specific pad
120 may be usedtdbgdustiobene. 2AR5 AugSERATS®on. He/she fixes the
20 According to this scenario, the patient is initially in the care center, where

his/ner condition can be evaluated by means of the proposed system. The
information recorded is stored to serve as a reference. After the evaluation,
the medical staff chooses a therapy program and configures the system
software, accordingly. The patient can then be instructed on how fo use the
25 system properly. The medical staff also decides whether the patient should
start the therapy in the care center or he/she could be sent home to continue
the therapy with the portable device. When at home (or even in the care
center) the patient can perform the exercises without the need of constant
assistance and his progress can be monitored remotely by the medical staff
30 who can adjust training exercises according to the improvements in patient

condition.
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5 forée arm 140 of the inpaired armto the arnrest by means of strap

beta/¢2 @picamy. 1otFher fasteni ng system provi ded by the device. The @ 026/053
system can then be turned on and it perforns sePCT¢heek®SINAOBES asd3-03-2010
the patient to performsinple task to conplete a calibration phase.

After conpleting sewcheck and calibration the systemw Il initiate

the training session, starting fromthe % portabl e device's initial

position 130. In a typical scenario the edback and conputation unit

30 conprises a video screen (LCD or other) and audi o speakers that

are connected to the processing unit 32 receiving data fromthe

portabl e device 10. The video 15 screen and the s ﬁﬁ“? g’g %‘pﬁ
user with an |msesmmmé"ggeﬂr3 whileh ysing dhey Agyice H‘ep §qr sn‘éorf' PRY NG
task. The po”z@bfo% @1@%&@% fhB§pdriaBlet délﬁdé 46 i placotieAgmpesific
Mor eover, the

be connected to a_ speci aII 8% Cthe
server 20 100 @adb13mmagrhﬁ1|95¢d1§ﬁa?ﬂﬂm9 AN ithe dm es“ 'é’PaF‘ %r@gcan
carry qut trai %,@%{m wsfgfy%co ﬁanreaanhe@w@rmrésobmem afrsttapebelts or

activity of the others ete or |.abor at e

training. The giﬂw%hel‘fféﬁ&p'?gédﬁ'ﬁﬁ' P‘&N@egﬁ’é!tﬁ ARYISe- E’ﬁe ﬁs‘%’f‘ﬁ%‘" a& be
(oln![ [ nF conmput ﬁﬁ mead drPhfd i lggﬁdmsgﬁrfeahe@gs W sk dise patignt to&lgerform
mul ti pl ayer online role-playi de

di agr am of sucﬁ'@ﬂ'@dﬂ%hmplﬁ*%ﬁwr?t b% é)o{ﬁéléhr% ér)éeﬂg ict e
U 1...n utilizgbReoPané @&tamwwﬁhem tﬁrestranlngdsessm 9¢1ﬁé'"9 fom the
| abel ed ' honme or car e cent ired users NU 1...n use

commert@ al i nplROr@RlE davices IBWQW%%E’“ Uboards, etc.). Medical staff

in the 30care centers 90 utilizes the part of the system described in

Figure 6 and | gbel ed 'care t N n'ﬁﬁﬁ%’(}‘&%ﬁkeé aaldaao
Vir 2320100 givbigalsperal e Tkedndcks WebmpyeR
'([)II:]aI nlr?gdrr:)dal |§¢xm-![ ecBner ;Elzmr) a#nde audio spegkeys Tl;*ﬁs,f \ggrc%gé%g‘é o the
connected to a "vir
ﬁ&%l \A@?F}g ﬁellgﬁﬁ,ﬁgeconjf‘dﬁﬁ fhe poRBYRSIdvicd 96, The v:deo

| nt er net - based RPFY fe or ogthers) and fol) ow
5the i mStructi oscredn and ther spsiaker piegentiibe uspt with ap datelactive game he has)to
The user can cgy 2By 1 ?‘é{fﬁ#ﬁ tﬁét}éiﬁlmg izaki Pre paRkpIBevicRT0 abls s theainput
game with other at are so training;

dewoe for the game.

Moreover, the system could be connected to a specificaily designed server
20 100 enablmg group therapy. In this way several users can carry out training
at the same time, receive information on the activity of the others, and

compete or collaborate as part of the training.

The group therapy could take the form of an on-line CRPG (online computer

25 role playing game) or MMORPG (massively multiplayer online role-playing
game). Figure 8 depicts a block diagram of such a concurrent rehabilitation
concept, Impaired users 1U 1...n tilize the part of the system described in
Figure 6 and labeled “home or care center’. Non-impaired users NU 1...n use
commercial input devices (joysticks, keyboards, efc.). Medical staff in the

30 care centers 90 utilizes the part of the system described in Figure 6 and
labeled “care center.
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(3) The user can play a ganme together with non-inpaired people that
usgs,6PRYRNI4.9naky | Nnput devices in order to interact in the gane. I(,Q?,o\.-,3

those 10nodal i ti es have the potential to introd Higanals
or "fun" dinension into the rehabilitation rout ?ﬁgﬂfasn 96§ﬂ5@6{36% 3 03-2010

the acceptability and the outcome of the therapy itself. In a typlcal
situation, the training involves the execution of a reaching 15
novenment conblned with an armlifting (shbul der abduction). The user
has his forearmfixed to the portable device 10. The device is free
to nove on a table surface. The reachi ng novenent causes the device
to nove on the table with the position sensors 18 recording relative

posi tion and oqﬁﬁm@é @éhe@éiﬂahﬁngimbualmeebeeaﬂneevadﬁ%d t hereby of the
arntest 12 and t

forearm Ofaste t he ] rC ymayibe e
user will not KB %B¢ &SeHeaR o?'?ﬁ"teﬁ ogl 8@@9%%]{&)?1}&2%9 @%e ﬁm y
reachi ng corr egidige %Hﬁt@uiet—baéem dctealtmﬂd)hk%ﬁﬁmdeuﬁ)ﬂ%?ﬁﬁls ?F 3?'&%5
devel oped after, a s support w | |
allow imto céhlﬁﬁt“é P"tqigiﬁgébﬁg g?@serglﬁﬁgg{é@g?% not .o
lift the arm quptlﬁe uddr ¢am ta\rrysom 'dtplrehahilﬁéﬂﬁfh'@sbﬁﬁ%gﬁ Hggmagame
fixed position tl c%{ e base that allows for
i sonetric shoul%‘r 5 d‘ﬂf’%ﬁ A ral ni ng he force exerteg %nﬁ'
forearm on the (ay Thesiser sampievt digacebipgetier I BOTUTRASE %p 2423
into the arnrest 88%’%“'62\9! u‘f‘pulP c%gnihe%&!é?”to Tt tlﬂilethusymeandl those

30neasure his €s i'n abi

| i ft "
perforfgng a r eaod!altlgs hgweetrQrQotg@tqgé@pS@¥rﬁaugﬁ 1Ia|"ralgn @ ?F %Wl%ﬁnSlon

decr ease of tth’tf ‘#MEN%Q,., Iﬁe&emq&npfovéhme%eptabm apg, the
2010 14:40:18 ag 3 2010 14:19 FAX 0028/ 053 PCT/ ES
2008/ 000 365 - @80@88 ofthe therapy 'fsel

In a typical situation, the training involves the execution of a reaching
15 movement combined with an arm lifting (shoulder abduction}, The user has
his forearm fixed to the pariable device 10. The device is free to move on &
table surface. The reaching movement causes the device to move on the
table with the position sensors 18 recording relative position and orientation
of the portaib!e device 10 and thereby of the ammrest 12 and the forearm
20 fastened thereto. In a typical case the user will not be able to perform the
shoulder abduction plus the reaching correctly without help due to for
example abnomal synergies developed after a stroke. Nevertheless, the
armrest support will allow him to counteract those synergies since he is not
obliged to lift the arm weight.
25
In this simple case the amrest 12 has a fixed position with respect to the
mobile base that allows for isometric shouider abduction training. The force
exerted by the forearm on the armrest is monitored by the force sensors 13
embedded into the armrest-to-mobile-base connection. Thus, the user can
30 measure his progresses in the ability of lifting the am while performing a
reaching movement because he will be able to see a decrease of the force
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18 nmeasured by the force sensor. In the ideal case, the user should

be2xbt ecto1comphet el y support the weight of his armwhile perform rfép2s/o53

t he reachi ng t ask. I n nore conpl ex cases tBETYES POOR/000 365 - 23-03-2010
di spl acenent of the arnrest with respect 5to the base can be

controlled by a danmpi ng system or can be assisted by sone actuators,

so that nore conplex rehabilitation pattqéns cart be inplenented. In

any case, the position, orientation and force neasurenent constitute

10 inputs that can be used to interact with gane-like training

sof t vv?r e. hThe ?-:?éésY}?édebfﬁ'ﬁa %é@?ﬁéof‘“mﬁdeﬁi kssen tDugEmshouiEdbe able ta
exanpl e the user noves 1n a sinple rinth by usi t

and ori ent at i orcootrlately SFJBP@'&WHngmté’?géc%ﬁbwg"%ﬂg’@g@x@gﬁyﬁﬁ@ t%gk't 0
lift the arm (overcone obstacles, reach for hangi ng bonus points,
etc.). In nore conplex scenarios, the deyice can 5 .
interact in a roimaresoBlENEISEE t@%@&?ﬂd&‘ﬁa%ﬁ‘%?ﬁ e?mﬂgés*gv h\?ﬁers Pec
wor | d, i Lh ot igiind Gagd e Beseuirroned byt dmbiegiaydioey arsianshe Rapistad by
way the social and recreational di nension e : r%é | At ip@n
training coul d SoFE@RYEtRSS) a"f?d/ﬂ%% e ??mﬂg’?e%g%&g{g?ﬁ‘/e. ile the
i nvention has hggRmdriewtrated and described in detail in the

drawi ngs and foregoi ng description, such illustration and description
are to be considered illustrative or exenplary and not restrictive;
the invention ig chi@ thRd phsitioi eoriirsations eod datsed measurement qoRstitute
variations to the disc)osed enbodi A D I ,taqq,qiggaﬂware_ The
ef fect 88 by tthB”t‘s‘l{tﬁ?% Ea“ﬂﬁ—‘ Pﬁ%djggﬁﬂlé%dé?z}gt crﬁ%gﬁ% Ee clai med .

i nvention, fronscfiwaredsn bé vehesiopianikes 20 gamel Resjexample thg (et meves in

appended cl ai ns, 8@% Eaf‘b(#h@ é&g g?ikgglaé?ggtic;ﬁ QAP bHEMAEON BPafE fafdarm while

excl ude other &f _ 1e indefinite art|bc4ae "a oh
"an" does not eamdompliskzingitasks! byt trying,te {iih 4 20 §PvreRIEg obgiacssy rach PR
may ful fill heyJungl boRs BinBCURIRIn Mdhaeofpled @fbnaiiod, e dealoaan Tee
mere fact that cCe n-nmeasures are recited in mé}ual l'éted' ftj er el iy al
' AVENDEBSSHEET Rasssi tpdntesactim@ mpiti-usar aline;game @ig/of njpteinethagsd Vil
of 53  23/03 2Qdfy Wit StHeimBaied OBets or with able-bodied users. In this way the
social and recreational dimension added to the rehabilitation training could

speed it up andfor make it more effective.

20 While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description are to be
cansidered illustrative or exemplary and not restrictive; the invention is not

limited o the disclosed embaodiments.

25 Other variations to the disclosed embodiments can be understood and

effected by those skilled in the art in practicing the claimed invention, from a

study of the drawings, the disclosure, and the appended claims. In the

claims, the word "comprising” does not exclude other elements or steps, and

the indefinite article "a" or "an" does not exclude a plurality. A single

b 30 processor or other unit may fuffill the functions of several items recited in the
| claims. The mere fact that certain measures are recited in mutuaily different_.
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PCT/ ES 2008/ 000 365 - 23-03-2010 19 dependent cl ai ns does not

i ndjat@oet hato asxconbi nati on of these neasured cannot be used to  @o2gs/053
advant age. A conputer program may be stored/di sgaT gt B@sb®odn ses5t-abkep3-2010
medi um such as an optical storage nediumor a solid-state nmedi um
supplied together with or as part of other hardware, but may al so be

5 distributed in other fornms, such as vig the Internet or other wred

or wireless tel ecomruni cati on systens. Aﬁv reference signs in the

claims should not be construed as |imting the scope. 23/ 03 2010

14: 20 FAX 2030/,053 PCT/ E : : 20l Adkion26F thkée Meakured
Portabl e devi cgeRefﬁfﬁrg'?ﬁF%ﬁg% ﬁ?‘?gtﬁ?%tge talt-%gi&'rrpai ré% user, having. . .
difficulties igarewoebaiiseadtcadrantanseHEommaianuregaan@ay pe st ’f’ﬁgﬁ’é‘?e
conpri si ng: anﬁ@\ra%@%kée(n @Wrﬂcheﬁg oh %ﬁ&.qm@g@ rh&dlim or arealidsstafd)

for enabling t he arnrest on urfage ans (1 or
moni toring t hemediuemevnplied tegriherwithear asahrrt Pré‘%fﬁ%r 'Q"’Yg)"é'fegsf"g@ﬁé Fﬁsé éle

force exerci Seﬁis{%uiéaem%tﬁ@ﬂfmﬁé‘,%uﬁﬁ @5 vid tH In@rhdtagaisdr wiradeat wiosleso
t he sulrface, characterised in that

t he portable 10 device (.1
further conpri telecommuricatiog SYSIERS. m)reéfﬁncpggrﬁdp i Fialng %)'}Og{]ﬁ ot Be
the arnrest angd,idnfcfials iiihgMa’eopel3) for sensing the force are
adapted to neasure a lifting tforce exerted by the armof the user. 2.
Portabl e device according to claim 1l wherein the nmeans for enabling
15t he novenent of the arnrest are spherical wheels or regul ar wheels.
3. Portabl e device according to claim1l wherein the neans for
enabling the novenent of the arnrest consist of a flat base that can
be dragged on a
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pad (120). 20 4. Portable device according to any of the preceding

cl &Pk 29 \9r t4iét Fédnprising at | east an actuator g22) for providing &P30/053
assi sted novenent or active novement. 255. PortabBCé/Ee¢008/800aah ng3-03-2010
to any of clainms 1-3 wherein the portable device is used to passively

support the forearm 6. Portable device according to any of clains

13 conprising at | east a braking systen1%3r controlling the novenent.

30 7. Portable device according to any of the preceding clains

wherein the AMENDED SHEET Received at the EPO on Mar 23, 2010

14: 40: 18. Page 30 of 53 23/ 03 2010 1eLAMSAX QL031/ 053 PCT/ ES
2008/ 000 365 - 23-03-2010 21 neans for sensing a force exercised by
the armof the user conprise at |east a force sensor, 8. Portable

devi ce accordi Ag t opghaplef dédiee KMOE et Nghabilitatisg védrer igipaireth eus:r bayisg
for monitoring the nmovenment of the arnrest ar idigd:i ng
the position, d&iffiputies/peyesyting sﬁﬂ@’%‘@ﬁ%%@@?@t@@ﬁﬂ@ﬂgé@; ngﬁ?ggtnﬁ%n

of the @rnrest mh.erghanm%t?lzbm&rﬁfmmmfdbéumd as the angle of the
|l ong axis of the arnrest w

conprise at |east- omeaps$l®) if%rérggﬁleg%\_etlg@}én?er{t%!f{Heaelrn'!qgsi'orn' SlrizR8d
- means (18) for monitoring the movement of the armrest and
- means (13) for sensing a force exercised by the arm of the user in an
orthogenal direction to the surface, characterised in that the portable
10 device (10) further comprises fastening means (20) for fastening the
forearm to the armrest and in that the means {13} for sensing the force
are adapted to measure a lifting force exerted by the am of the user.

2. Portable device according to claim 1 wherein the means for enabling
15 the movement of the armrest are spherical wheels or regular wheels.

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

20
4. Portable device according to any of the preceding claims further
comprising at least an actuator (22) for providing an assisted movement or
active movement.

25 5. Portable device according to any of claims 1-3 wherein the portable
device is used to passively support the forearm.

6. Portable device according to any of claims 1-3 comprising at least a
braking system for controlling the movement.

30
7. Portable device according to any of the preceding claims wherein the
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9. Partable devi ce accor di ng to any of the preceding clains further
coiypsd sémgisazdame (14) providing the nmeans for the notion of the ®@osis0s3

device on a surface, the arnrest (12) being conper!mh008}HE0 386 €23-03-2010
base. 1510. Portabl e device according to claim9 conprising neans for

fixing the arnrest at different heights with respect to the device
base. 11. Portable device according to ¢claim9 wherein the arnrest
I's equi pped with at | east an actuator (2 j for controlling the
arnrest height with respect to 20t he device base. 12. Portable

devi ce accordin H%EB F%}%gg?g V\Q?Jee% ity BY {HeSsthn &ahe LStAddtnpriseedt YeasPr

by neans of co A '5re ong Its principal axis in order to
accomodat e f oa foepaansorpr onat i on- supi nati on novenents. 25 13.

Portabl e device according to any of the preceding clains, vvherei n the
fasteni ng neans are selected fromthe group of: Vel tr in th
pneunatic bracél et sPouﬁbl@ﬂewce@le’d@GItét@Y&f thg PRS: 'B@Ffﬂ‘ rein the

fixati clips, gé?, rPRdnfBky dRY T MBvERERT @F Nliet armarayt airet bmmed for
pr ecedi*ng cl ai LS

Ker conpri sin jOInt p05|t|on sure
for directly rrmnmtonmmghﬂ PRSIt F gelocity aE&, HSHE%E

23, 2010 14:40: }%{_ﬁﬁﬂ%%& él-%gf’tﬁeon@ﬁ(a@&'l %Qﬂéﬁnéda&lhﬁﬁ@léi:ﬂ&@/l&@axls

PCT/ ES 2008/ 008 5Eh 0 atient wist, elbow

shoul der j oi nt ©f the armrest with respect to its |nmal posut\c/\clirn and compnse &qeast ohe
position sensor.

10
9. Portable device according to any of the preceding claims further
comprising a base (14) providing the means for the motion of the device on a
surface, the amrest (12) being connected to the device base.

15 10. Portable device according to claim 9 comprising means for fixing the
armrest at different heights with respect to the device base.

11. Portable device according fo ¢claim 9 wherein the armrest is equipped
with at least an actuator (24) for controlling the armrest height with respect to

20 the device base,

12. Portable device according to claim 9 wherein the armrest can rotate
freely, or by means of controlied actuators along its principal axis in order to
accommodate for forearm pronation-supination mevements.

25
13. Portable device according to any of the preceding claims, wherein the
fastening means are selected from the group of: Velcro straps, pneumatic
bracelets, 3D printed bracelets or ¢lips, deformable fixation clips.

30 14. Portable device according to any of the preceding claims further
comprising joint position measurement means for directly monitoring the
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15. System conprising a portable device (10) according to any of the
preeeedeng wlai psx and a feedback and conputation unit (30), conpri sivg2/053

a 5central processing unit (32), a storage unitpPCBMS 2a08peobads - 23-03-2010
interface (40).and a wired or wireless comunication unit (34).

16. System according to claim15 wherein the feedback and conputation
unit (30) is equipped for inplenmenting visual, or acoustic, or haptic
f eedback, 10or a conbination of those.: 22 System according to claim
15 or 16 wherein the feedback and conputation unit (30) is adapted

for providing t?‘ﬁ%ﬁﬁﬁ%%‘%&%éﬂm&%ih&? game to be played for

per form ng theP means“of the portabl e 15device
whereto his/her forearmis attached. 18. The system according to any

of the claims }5- 178%@&%6}&%?@5&%3'@ @dﬁgtﬁqdya@c&eirfg_stbdaﬁprof the
group therapy ere € user can conpete or col] aborate th ot her
users on a traiprécegingagiimsand @ fepdbacky, apd seRPURIGN Ht: G0 KPIRNSITG. 3
I e L7, "IERFAbrbbSRYS LA, 3tabiagg Urk (36), 09 it ilterface (40)
gami ng “server or Interacting with-a nul.ti-user online gane
and/ or an i nt empd-sdisediorwireless peicatiomignt @9kt em according to any
of the clains 15-19 further conprising neans for providing Functional
Electrical Stimulation (FES).  21. System.accor

claims 15-20 f d6t heBYHBMAGCEIiNG IgA f1§r“’tf:q9ﬂ“ %?%%ﬁ%gé?%%@ngﬁﬁ%n

muscl es. 30 22-unﬁ\ﬁ/@nggﬁgaé&fdi%blénﬁiﬂingfvisuhleochedusﬁc.]d?mptit feechack,
conpri si ng neans NDE

DED ?%%Recei ved at the EPO on Mar 23, 2010
14: 40:18. ~Page 052 Gombination M 19820010 14: 21 FAX

17. System according fo claim 15 or 16 wherein the feedback and

computation unit (30) is adapted for providing the user with an interactive

game to be played for performing the training task by means of the portable
156 device whereto hisfher foreamm is attached.

18. The system according to any of the claims 15-17 wherein the system
is adapted to be used for group therapy where the user can compete or
collaborate with other users on a training task.

20 .
19. The system according to any of the claims 15-17 wherein the system

is adapted to be connected to a gaming server (100) for interacting with a
multi-user online game and/or an internet-based virtual world,

25 20, System according to any of the claims 15-19 further ¢comprising means
for providing Functional Electrical Stimulation (FES).

21. System according to any of the claims 15-20 further comprising means
for EMG monitoring of the arm muscles.

30 _
22.  System according to any of the claims 15-21 further comprising means
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a033/.053 PCT/ ES 2008/ 000 365 - 23-03-2010 23 for EEG nonitoring of
brais pabtarssepf activation during the rehabilitation. 23. @033/053

System according to any of the clainms 15-22 furpdTe/ELRODR)GOOE6ES S€8-03-2010
of low resolution CMOS or CCD caneras for video nonitoring training

5movenents of the armqualitatively and/or quantitatively. 24.
System according to any of the clains 15-23 further conprising a pad
containing zones with different hei ghts.21025. System according to
any of the clainms 15-24 further conprising a renote control and

vi sual i zation @Hﬁé ?f%t%rﬁﬂgg& Bfgiﬁg)a’&&mg%‘i' %Eﬁ}atiéﬁ Alifing o) rehabilitatio. or

and control re ocedures of patients conprising a
processor, which has neans (62) for transmtting and receiving

information to_and fromth t4atd t borty et

26. System accagdi n%ys? C ?r%ﬁ%@%e%ﬂ%%%gggnﬁ,%ﬂggnt [Oﬁ@;ngd. .e

V} sual i zgltiog ofhilow (1@8PlutiamBMOSs o mraﬁof;rgf {9 FPar \A}]“‘&"lg

of portabl e devic 0 | afively.25 or 26 erein
2! 5 WeBrep & ine Y YOAUERRY o dantlotiet

the ne ransm ceiving information to and from
ithe feedback and conmputation unit (30) use an encrypted connection.

g AMENDED SHEET Bacel e adcBRindte 4y dftfe di2imE5QaldrtHer cinprisingoa Bad
0
containing zones with different heights.

10 25. System according to any of the claims 15-24 further comprising a
remote control and visualization unit (60) to be used by medical staff (B0) to
monitor and control rehabilitation procedures of patients comprising a
processor, which has means (62) for transmitting and receiving information to
and from the feedback and computation unit (30).

15
26. System according to claim 25, wherein the remote control and

visualization unit (60) comprises means (68) for sefting parameters of

partable devices.

20 27, System according to claim 25 or 26 wherein the means (62) for
transmitting and receiving information to and from the feedback and

computation unit (30) use an encrypted connection.
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