1 Portable Movenent Facilitation Device and Met hod of Operating the Device
5Background and Field of the Invention This invention -relates..t.a a .
por.t abl e novenent facilitation device for facilitating novenment of a linb
and a nethod of operating the device. 10Stroke is a nmjor J’m,mmmm dwi de
and it is common for a stroke patient to suffer from uppe Wﬂm si s,
t hus reducing the functions of the uppér linb. Wth suitable gehabilitation
and therapy, it has been found that it is possible to inprove or even
regain the proper functioni ng of the upper i nb. 15As a result, robotic

devi ces SIS s
rehabi | i tat | o'?lr’t hlf%/\,\M? ers'ﬁf} ?'ﬁ@ﬁ%% §szr‘|)ée 0@5’ Iréi"qgttﬁg
expensive. It is an obj ect of the pressﬁ?\ﬂl nvention to provi de a portable

novenent 20 facilitation device and a B8 of operating the device which

provides the public with a useful choice and/or addresses at |east one of
t he di sadvantages of the prior art. 25

5 Backaround and Field of the Invention

This invention relates to a portable movement facilitation device for facilitating

movement of a limb and a method of operating the device.

10  Stroke is a major problem worldwide and it is common for a stroke patient to
suffer from upper limb paralysis, thus reducing the functions of the upper limb.
With suitable rehabilitation and therapy, it has been found that it is possibie to

improve or even regain the proper functioning of the upper limb.

15 As a result, robotic devices to assist with limb movement have been proposed
to aid the rehabilitation. However, such robotic devices are often bulky and

expensive.

It is an object of the present invention to provide a portable movement
20 facilitation device and a method of operating the device which provides the
public with a useful choice and/or addresses at least one of the disadvantages

of the prior art.
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Summary of the Invention 1In a first specific expression of the invention,
there is provided a portable novenent facilitation device for facilitating
novenent of a linmb, conprising a holding mechanismfor securing to at | east
one digit of the linb; at least one flex string attached to the hol di ng
mechani sm the at |east one flex string and the hol di ng nmechani sm bei ng
conrfigured to rely on the at | east one“digit's skeletal structure as a
primary g@;gﬂ@{ygghﬁé (QQIEEH%# for novenent of the at |east one digit; and an
actuatin actuate the at least one flex string to
iofacilitate the novenent of the at |east one digit between an extended
position and a flex position. Flex string is used in this specification to
mean a |ightweight and thin strand of cord which is fl exi_ﬁ?l to foll ow and
accormoddbeat first mpesificnexereseipd af ghe Ryantignhierenis PEYNITSE P RoR@die
strength for causing novenent of the digits of a |linmb w thout breaking.
Exanpl es mbvementfaailithtienx devidenfpy faciitatinghmayemers atha dimb,scamp@siog ayl on
or nonofilament; or cords made with polyester. By using flex strings such
as fishi npidinaatechdmismrfos sbtsrinditcaat leaist edé digibbkthefIfrelbt atdeasteortehflex
reduces the overall size and weight of the device as well as the cost of
manuf act Lgthng attﬂ?aﬁhea\/tbcme WSidingEmeRRBnIsnTEthet Atelebist BhBdidxX SRingexdd hé good
breaki ng strength and thus, nmaKing them suitable for such an application.
As described. in_t i ' p I hack ion
dovi co. adutoig: meafaehT afEgRSERbe 1b DS e | SRR aR el | o0
instead 3 relies on the digit's skeletal structure a pr.i mary

mechani caf'YHYisc 88 r% PR rg%g;rﬁ{g?a r%t{ﬂfggge fq{emB\Y%?‘a%”? Otsfir{s% A G Yht of
the device. Preferably, the actuati ng devi ce conprises an active actuator
oper abl e digit; and an actuating device operable to actuate the at least one flex string to

10 facilitate the movement of the at least one digit between an extended position

and a flex position.

Flex string is used in this specification to mean a lightweight and thin strand of
cord which is flexible to follow and accommodate the movement of the digit and
15 has the required tensile strength for causing movement of the digits of a limb
without breaking. Examples of suitable flex strings are fishing line which is

made ofrnylon or monofilament; or cords made with polyester.

By using _ﬂex strings such as fishing lines, this results in an unpredictable effect
20  since this reduces the overall size and weight of the device as well as the cost
of manufacturing the device. At the same time, the fishing lines exhibit good
breaking strength and thus, making them suitable for such an application. As
described in the first embodiment, the portable movement facilitation device

does not have an integral primary mechanical structural support but instead



5 actuate the at |east one flex string. The active actuator nmay be operable
to actuate the at |east one flex string to nove the at |least one digit from
the flex to the extended position. In the alternative or in addition, the
active actuator nay be operable to actuate the at |east one flex string to
nove the at |east one digit fromthe extended to the flex position. 10
Aduvant ageousl y, the actuating device nﬁy conpri se a passive actuator

conf i gur er%li&%g rt@%éﬁg?g%k@?ﬁ%lgst G 408 E!f@saff’% m&shicStrdbirk vicioved

to the exten erein the g force Is arranged to urge
the at least one digit fromthe extend the f.]ex position. In the

al ternati@‘é@‘e{ ﬁ%d%'? stf@é)vféaltiﬁ'gﬁgtngrw%@@t %ﬁth(?o%\{'%%red to create a biasing
force when the at |least one digit is noved to the flex position; and
wherein the biasing force is arranged to urge the at |east one digit from
the flex position to the extended position. The passive actuator may be
conbi ned Riaferabhe the jactuatinouateyicediconyises aboaetiveTastyaior inerahisy derent
facilitation device may further conprise guide rings adapted to be worn by

t he ats | eastuanenglia@iltast bre Flxdetrinigh Fthdeictige aictwaige tndy bgubgderdbie tat
| east one flex string. The use of guide rings provide a sinple and econom c

way of gubgh Bek {eaf IbgétT c?]ﬁé FBY 'sﬁml:b {PmdvedBetN8esitPrie BBltIRRA thé exand

ext ended positions. e portabl™e novenent facilitation device may

igi - Tl opekengR RN he SerihES] PPadufohelaaiadhald TGy O

digit. Th Irnclu one resilient
arranged adj acent to the back of the at_least one digit. The actij.v
act uat or Eﬁfﬂeﬁ%{“@d@ %uqt@igg agrll%a Qﬁfl%éﬁﬁﬂ 9 WBV%LW? a?'l]eeasitoqee%llgﬁ one
flex string to nove the digit to the extended position or flex position.
The acti v&orcthea@dended tq Hig IRrepesitiobbi n for stowing the at |east one flex
string, and wherein the at |east one notor is operable to rotate the bobbin
10 dispense or loretract the at |east one flex string. The use of the
bobbin to stow and/or dispense the flex string reduces the risk of tangling
of the fl agvehtdgeBusly, the actuating device may comprise a passive actuator

configured to create a biasing force when the at least one digit is moved to the

extended position; and wherein the biasing force is arranged to urge the at least

one digit from the extended to the flex position. In the alternative, the passive

15 actuator may be configured to create a biasing force when the at least one digit
is moved to the flex position; and wherein the biasing force is arranged to urge

the at least one digit from the fiex position to the extended position. The passive

actuator may be combined with the active actuator discussed above.

20 The portable movement facilitation device may further comprise guide rings
adapted to be worn by the at least one digit, the guide rings being arranged to
guide the at least one fiex string. The use of guide rings provide a simple and
economic way of guiding the flex string and to guide the digit between flex and
extended positions.

25



Preferably, the active actuator includes an encoder for encodi ng anount of
di spl acenent of the at |east one flex string. 15 The at | east one flex
string may be selected fromthe group consisting of: fishing Iline, nylon
string, and pol yester string. The portable novenent facilitation device may
further conprise an abrasion protector to be worn by the |linb. The portable
moverment facilitation device may furthér conprise an IR distance sensor for

det ecting-di sta of an ohject.. relative tq_t i -The
det ect ed M e B ERLES B AR Pan it EoBRBRE & B8R EhesT (s
pick up an object. 5 The _portable novenent_facilitatign device. further
conpri se Krsleteciigstexing of fas @bieastens g'gttr Ehﬁé@rséﬁﬁya%a@ﬁ@%mr@a/%% t he
i nb. The bio sensor may include an accel eroneter for neasuring novenents
of the |iableashenpasesiientemenhsrmitarnoss adieaenble hehack ofeleratrenst ogenpri se
a controller operable to 5control the actuation of the actuating device
based on dgigiteadi ng from the accel eroneter. The portabl e novenent
facilitation device may further conprise a controller operable to control
the acfuation of the active actuator based on the 10 el ectronyography
measurenents. The linb may be a hand, and the at |east one digit is a

finger or [ NG; i WB I Ity sPfeddinger
tip hol de;r@!glgvgﬁyﬁge&gé 8&?%‘8?@??@&%&%@?{% toF Béérsa?ééd&de‘gﬁt('t) %ar eeépecti ve
digit; and a plurality of flex strings with each flex string attached to
respect i VQ”SJ@ dfing H'é ’Bpﬁ?a{ﬁ?tcﬁg'gfo ?riw%g%ﬁemcgecﬁwﬂ 1y of flex"SoSibR°TRE
active actuator may include a bobbin for stowing the at least one flex string, and
wherein the at least one motor is operable to rotate the bobbin to dispense or

10 retract the at least one flex string. The use of the bobbin to stow and/or

dispense the flex string reduces the risk of tangling of the flex string.

Preferably, the active actuator includes an encoder for encoding amount of
displacement of the at least one flex string.

15
The at least one flex string may be selectéd from. the group consisting of: fishing

line, nylon string, and polyester string.

The portable movement facilitation device may further comprise an abrasion
20 protector to be worn by the limb. The portable movement facilitation device may
further comprise an IR distance sensor for detecting distance of an object
relative to the IR distance sensor. The detected distance may be used to

determine when to clench the digits to pick up an object.



The portabl e novenent facilitation device may further conprise a glove for
20carrying the hol ding nechanism the at |east one flex string and the
actuating device. 6 In a second specific expression. of the invention,
there is provided a nethod of operating a portable novenent facilitation
devi ce as di scussed above, which includes a bio sensor for performng

el ect romyogr aphy nmeasurenents on the |inb, the method conprising the steps

of : 5recelying_an, e ' SUr ; i t;

o et ony bUF PRrERIC LR PIRBHS RARELATY Hrtn G AP 2 i sensor for
exceeds the threshald, controlling the actuati evi tp. actuate the at

| east onep?'ff‘é'%“'§9r&ﬁ@tr@'BYPgré’BPhtyh@%é?uWeé’ég@tscﬂﬂeH& gf”\t{) Cﬁ? slﬁesemsgrsrg%gor may
further conprise an accel eroneter, and the nethod ma%/ further conprise the
step of: mnsbslevangcselasaaietr) for sheasising: BOVERKIAiS OF the dmtar iThE RAERI@adi ng
with an accel eroneter threshold and if the neasurenent exceeds the

t hr eshol dmaventernd! faciiitatidre deviceamang fddhér eotmpriset aatentrditeraoperabls tone
flex string to flex the at | east one digit. 15 The device may further

conpri se aofirEX e Rehiatiod’ ofl@hgCAadtating eddvie fastleont alreadingofrenditget, and
the nethod may further conprise the steps of: receiving a reading fromthe
flex sens%'elgﬂggg%trer m ni ng whet her nmaxi mum cl enchi ng or maxi mum f | exi on
has been ac?n ve y the at | east one digit. The nethod may 20 further
conprise the step of stopping the actuation of the actuating device when

t he maxi mum cl enching or maxinmumflexion is reached. 7

The portable movement facilitation device may further comprise a controller
operable to control the actuation of the active actuator based on the

10 electromyography measurements.
The limb may be a hand, and the at least one digit is a finger or thumb.

The holding mechanism may comprise a plurality of finger tip holders, with each
15 holder configured to be secured to a respective digit; and a piurality of flex
strings with each flex string attached to respective ones of the plurality of

fingertip holders.

The portable movement facilitation device may further comprise a glove for
20 carrying the holding mechanism, the at least one flex string and the actuating

device.

The portable movement facilitation dévice may be used to maintain and/or

improve condition of a person’s limb and digits, in particular for rehabilitation.



facilitation device for facilitating novenent of a linb. The linb has a
first part and a second part joined to the first part via a rotatable joint
and the device conprises a hol ding mechani smfor securing to the first part
of the linb; at |east one flex string attached to the hol di ng nechani sm
the at |l east one flex string 5 and the hol di ng mechani sm bei ng confi gured
to.rely on the linb's skel etal structufe as a primary mnmechani cal structure

for movengmny sgéoﬁ@%fabi:iﬁ@:ex%r@ss%h.ecfm@ﬁM&wti@ﬁyir@efi@rpr@ﬂgea inGetifod be
second part of the [inb and arranged to actuate the at |east one flex

string to facklitote Lhe RverEn abithed hobcabauliddiestolpall Gligh nt. 10

The portacb[?eér e evi ce nmay her conprise first and
second el ongate suypport nepbers_for. aligning against the first and,second
part of tREUARRA &eﬁs?b@t%%'f%"?ﬁg rﬁ'gﬁtéw(ééf’ BRYNTSASE SRR 1t ween
the first and second el ongate support nenbers, the rotatable joint nmenber

i ncl udi ndirab 1tblegortheg sarepEsing hastieRs@d t o prevent the rotatable joint
menber fromrotating. Preferably, the portable novenent facilitation device
further ceepivirgpanal¢diothyayaphyhmeasuemeall e to control the | ocking
mechani sm The joint controller may further conprise an accel eroneter for

nmeasur i NgcdrpEREt theokldciremyogbaphy metasuremdrt whie aothedstiie arad rit the
Advant ageously, the portable novenent facilitation device further conprises

a guard aﬁw%%gﬁf‘e%é Qe RAGRE tREshBRY, 'hfbRfigehb Aditatid §edEd tél attifedi ng a

sl eeve 25whi enabl es the at |east one flex string to pass therethrough.

8 Th bl facil. [ ' - h [
Li gt ot niedeures Gpepespanego e A FasRrERiah rechani om agai net the

first part of the linb. The tightening device may include an attachnent
device arranged to be

10 The bio sensor may further comprisé an accelerometer, and the method may
further comprise the step of: receiving a reading from the accelerometer;
comparing the reading with an accelerometer threshold and if the measurement
exceeds the threshold, controlling the actuating device to actuate the at least

one flex string to flex the at least one digit.

The device may further comprise a flex sensor for detecting flexing of the at
least one digit, and the method may further comprise the steps of: receiving a
reading from the flex sensor; and determining whether maximum clenching or
maximum flexion has been achieved by the at least one digit. The method may
20 further comprise the step of stopping the actuation of the actuating device when

the maximum clenching or maximum flexion is reached.

It is envisaged that the portable movement facilitation device may be adapted to

facilitate movement of other parts of the body and this forms a third specific

[0
w

expression of the invention in which there is provided a portable movement



5 secured to the at | east one flex string, and a rotatable nenber connected
to the attachnment device and arranged to rotate in response to a pulling
force of the at | east one flex string, the rotation causing the tightening
of the holding nmechanism |o The portable novenent facilitation device may
further conprise a foot sensing systenbarranged to detect novenent of a
foot. Preferably, the foot sensing systemincludes force sensors for

det ecti ng fcﬁiﬁ&tﬁ%eééﬁéétféfj fibél;téfdi}g% sebwerbnt BE of @Ab. THBEiIN 9 MasseMBétngarsy st em

may i nclude a X sensor f ecting flexing of the foot relative to a

| eg connect | WY 0Qt i i t user's
gar't or alkigbaiid B iellds U ARRoAR A 3R UG ol End W8 Rt
novenent facilitation device nay further .co i S i ontroller

ar r anged ?%méﬂﬁ?ﬁlﬁiQ%‘#'@g\ﬂ‘?ﬁ‘qr}%“ffBE)'?e%‘érﬁ%g @'@%@ﬁsﬁﬁﬁnﬁﬂgéﬁ? S a&%?ﬂsltol | er
and the actuating device. It should be apprecjated that therhg?rtabl,e
facilitatpoe fexstoeg fasiachag teftheroldipgv@espapism. ¢he,girigast eng figx,stHieg
adapted for various applications. For exanple, the portable novenent
faciligatbng thevholdimf nidehanism dbaipgcednfigurrdr tes s¢lynomethef imbiseskeletgri se a
further actuating device arranged to actuate a further flex string to

facilitat gtractaRrs @80a PRV hethariibal dtrudiuab st mbhemeot af aw énjboiamd abhe 9
second novenent being in a direction opposite to the novenent of the linb

when act ugbeiRYy ddfed FUBLLMLIRY 158 scRbhATpd® < thatiinh id bitingbaubngs 5

An enbodi nent o I nvention now be descri bed, by way of éexanple,

with referepnc ot acconp, LD I aw i I I S i de
vi ew of aaﬁg‘wge &%%Pmegasg 05&@%%@'993‘9?#%@5? a@fa}l}??g%ngﬁ{ ggwec@ngc%%or ing to
a first enbodi nent of the invention; loFigure 2 is a rear palmview of the
hand and fferqialEiotovenent facilitation

10
The portable movement facilitation device may further comprise first and
second elongate support members for aligning against the first and second part
of the limb, and a rotatable joint member arranged to connect between the first
and second elongate support members, the rotatable joint member including a
15 locking mechanism arranged to prevent the rotatable joint member from

rotating.

Preferably, the portable movement facilitation device further comprises a joint
controller operable to control the locking mechanism. The joint controller may
20 further comprise an accelerometer for measuring movements of the limb in

relation to the rotatable joint.

Advantageously, the portabie movement facilitation device further comprises a
guard arranged to be placed on the rotatable joint, the guard including a sleeve

25 which enables the at least one flex string to pass therethrough.



device of Figure 1; Figure 3 is a palmview of the hand and the portable
novenment facilitation device of Figure 1; Figure 4 includes Figure 4a which
is a block diagramof a . GJ nodule of the 15 portable novenent facilitation
device of Figure 1, and Figure 4b which is a block diagram of various
conponents of the portable nnvenent-fagilitation device of Figure 1 and
whi-ch includes a nmain processor configured to conmunicate with the GU
nodul e of Figure 4a; Figure 5 shows the portable novenent facilitation
device of Figure 1 with nost 20 of the conponents housed in a glove; Figure

o snovs Ufig. RAHEAN fdRYEIRMaclifbidd LRUIRNRSY hfitheh! @ a>tGHehitR

I ncl udi ng bi 6sensor nodul e€s; FI gure I's a I agram o
bi osensor ,mpdul es of Fiqure 6; . . Figure 8 i.s a flow chart illustrating
o Fohabi | F0e BReTaHE it JonGen thedelding TG aye: adwne s, Babeert SERK £ at i on
device of Figure 6; 10 Figure 9 is a flowchart illustrating steps to be
per f or nedimbehhediohtening sleviasnmay; Baldeoapattaghmentdevigs awangeddeds n the
flow chart of Figure 8, Figure 10 is a flow chart illustrating steps to be
per f orsmedsavueed tatheyanigasuone flershing aofd § irotgéatde moermbeaeecovmatted $o tlsed i n
the flow chart of Figure 8; S5Figure 11 is a flow chart illustrating steps
to be peritdrdemheivicaanyidrearyéld to rotate in response to a pulling force of the

at least one flex string, the rotation causing the tightening of the hoiding

mechanism.

10 The portable movement facilitation device may further comprise a foot sensing
system arranged to detect movement of a foot. Preferably, the foot sensing
system includes force sensors for detecting forces asserted by the sole of the
foot. The foot sensing system may include a flex sensor for detecting flexing of
the foot relative to a leg connecting the foot. With the foot sensing system, the

15 patient/user’s gait or walking pattern may be detected or controlled.

The portable movement facilitation device may further comprise a main
controller arranged to communicate with the foot sensing system, the joint

controller and the actuating device.

It should be appreciated that the portable facilitation device for any of the above
specific expressions may be adapted for various applications. For example, the
portable movement facilitation device of the third specific expression may
further comprise a further actuating device arranged to actuate a further flex

25  string to facilitate a second movement of the limb about the rotatable joint, the |



flexing of fingers routine which is used in the flow chart of Figure 8;
Figure 12 is an enl arged perspective view of the internal structure of a
bobbi n of a notor which is shown in Figures 2 and 4b; Figure 13 is a
side view of the portable novenment facilitation device of Figure 1 ioshown
separately fromthe hand; Figure 14 sh%ms how t he bobbin of Figure 12 is
att.ached to a notor with the bobbin in”a disassenbled state; Figure 15 is a

front vi e#@ngwp@ﬁ%wwew&%ﬁ IohBbbIRd tGRABT AbYSMRAE OF cdh@gmw a

second e ention; 15Figure 16 is a rear view of

portabl e vene Il us of Figure 15; Figure 17 |s a
schgngtic ?Béf g?yéb%%%g%ﬁagn cd%%roller of the portabl e novenent
facilitation apparatus of Figure 15; Figure 18 is a schematic bl ock
di agram of a notor controller unit of the portable 20novenent facilitation
apparatus of Figure 15 Eloure 19 is an enlarged view of .a strap tightener

of the poBtiebD i i on apparatus of Figure 15; Figure 20

shows operatlo of the strap tightener of Figure 19 when the fastener is
being ¢ightened; 11

An embodiment of the invention will now be described, by way of example, with
reference to the accompanying drawings in which,
Figure 1 is a side view of a hand wearing a portable movement facilitation
device according to a first embodiment of the invention;
10 Figure 2 is a rear palm view of the hand and the portable movement facilitation
device of Figure 1;
Figure 3 is a palm view of the hand and the portable movement facilitation
device of Figure 1;
Figure 4 includes Figure 4a which is a block diagram of a GUI module of the
15 portable movement facilitation device of Figure 1, and Figure 4b which is a
block diagram of various components of the portable movement facilitation
device of Figure 1 and which includes a main processor configured to
communicate with the GUI module of Figure 4a;
Figure 5 shows the portable movement facilitation device of Figure 1 with most
20 of the components housed in a glove;
Figure 6 shows the portable movement facilitation device of Figure 5 further
including biosensor modules;
Figure 7 is a block diagram of one of the biosensor modules of Figure 6;
Figure 8 is a flow chart illustrating a rehabilitation routine for a user of the

25 - portable movement facilitation device of Figure 6;



Figure 21a is an enlarged front view of a knee guard of the portable
novenent facilitation apparatus of Figure 15; Figure 21b is a rear view of
t he knee guard of Figure 21a,; ‘Figure 22 is a close-up view of a knee
joint l'ocking device of the portable 5novenent facilitation apparatus of

Fi gure 15 having upper and | ower segnments coupled via a | ocking nmechani sm
Fi gure 23 shows the | ocking mechani sm bt Figure 22 in greater detail with a

j oi nt 'Oanagpgéég Ciﬁi%t ﬂsweé?érgqmét%ngogﬁe gtd%hgéﬂfémed whéf Ging@ 4ol s a

schematic agram o joirnt controller of the knee joint 10l ocking

device of Figure 22: FEigur 5.sh r of the portable
moverent FRTTL G Bn AR 1SRYE b he MR HRMERG (o5 Foot
Figure 26_is a top view of the foot of Figure 25 i ch shows positions of
force sensi@breidio is 6ffl%éh?6d¥'”§@%‘&s'§?§?@n‘??rﬁ’ P&W@H WFﬁ%§£ﬁy§ﬁ Jite 27
shows a detailed configuration of one of the force sensor units of Figure
26; Fi gureenshing of fiigaes mutinelvénieh is hieed bt e famsbart ohFigwe &i gure 27;
Figure 29 is a schematic bl ock diagramof a foot controller of the foot
sensors syEigane af1 s gufoev 2hartAMkEteatmes staps3©e bé Ipesformied whenpdaaryng out

applications of the portable novenent
flexing of fingers routine which is used in the flow chart of Figure 8;
Figure 12 is an enlarged perspective view of the internal structure of a bobbin of
a motor which is shown in Figures 2 and 4b;
Figure 13 is a side view of the portable movement facilitation device of Figure 1
10 shown separately from the hand;
Figure 14 shows how the bobbin of Figure 12 is attached to a motor with the
bobbin in a disassembled state;
Figure 15 is a front view of a portable movement facilitation apparatus
according to a second embodiment of the invention;
15 Figure 16 is a rear view of the portable movement facilitation apparatus of
Figure 15;
Figure 17 is a schematic block diagram of a main controller of the portable
movement facilitation apparatus of Figure 15;
Figure 18 is a schematic block diagram of a motor controller unit of the portable
20 movement facilitation apparatus of Figure 15;
Figure 19 is an enlarged view of a strap tightener of the portable movement
facilitation apparatus of Figure 15;
Figure 20 shows operation of the strap tightener of Figure 19 when the fastener

is being tightened;



facilitation device when configured to facilitate novenent of different

parts of a person; Figure 37 illustrate a first variant of the bobbin of
Fiqure 12 and which may be used for the first or second enbodi nent; 12
Figure 38 illustrate a second variant of the bobbin of Figure 12 and which

may be used for the first or second enbodi nent; and Figure 39 is a flow
di agram for processing an EMG readi ng bbt ai ned from a bi osensor whi ch may

be used i %E&%g%iéﬁéhnoéﬂ%@%g“qoﬁf@&ﬂi kfiee BuBRA 8F ke EREGE! HblaReAt t he

Preferre i ments is a side vie a hand 100 of a user or
pati ent ar.jng _a portabl venpnt facilitation device 200 according to a
first enﬁ%ﬁ'i“*ﬂgﬁln %cfpa[rﬂ sl‘% %av'@nn?"on. It shoul d be appreciated that the
portabl e novenent facilitation device 20 es not, have a primry

- mechani c'a'f'gﬁtqa&*?dﬁalreémb'ﬁwr@ftﬁﬁdfnﬁélg‘%g@g%ﬂ%e@r?d 100 for structural
support. In this way, a lighter device 200 may be achieved. 15Figure 2 is a
vi ew of thigute@2 0@ olfosehup hviavd of0@ knee [Riguiacking sleyiog efvthd pamabial m 108
of the hand 100, together with the portable novenent facilitation device
200. The handmbo fddisation apdagitts of Fxand0Behavihguipderrayer swandegntdmisrb, and

joined by a wist 104.
coupled via a locking mechanism,;
Figure 23 shows the locking mechanism of Figure 22 in greater detail with a
joint lock cover detached from the locking mechanism;
Figure 24 is a schematic block diagram of a joint controller of the knee joint

10 locking device of Figure 22;

Figure 25 shows a foot sensor system of the portable movement facilitation
apparatus of Figure 15 being attached to a foot;

Figure 26 is a top view of the foot of Figure 25 which shows positions of force

sensor units of the foot sensor system in broken lines;

p—
i

Figure 27 shows a detailed configuration of one of the force sensor units of
Figure 26;

Figure 28 is a side profile of the force sensor unit of Figure 27;

Figure 29 is a schematic block diagram of a foot controller of the foot sensor
system of Figure 25;

20 Figures 30-36 illustrate exemplary applications of the portable movement
facilitation device when configured to facilitate.movement of different parts of a
person;

Figure 37 illustrate a first variant of the bobbin of Figure 12 and which may be

used for the first or second embodiment;



As it can be appreciated fromFigures 1-3, the portable novenent
facilitation device 200 conprises a GUJI nodul e 202, a signal cable 204, an
actuating device 205, flex strings 208, guide rings 210, a hol ding
mechani sm 214, abrasion protector 216, ribbon cable 218, IR distance sensor
220, splint 222, a main processor 300 and a |anyard 302. These conponents
are shown as block 13 diagrans in Figﬁ%e 4b. Each of these conponents wl |

be furt heﬁfggﬁ‘ezggiimf‘sqre{%@'aog\éc&nﬁ&dm%ﬂ ﬁe%&ﬁo%ﬁ&%l 13988 WMERThage

(GUI) nodu provides a nmain interface betwee he portabl e novenent

facili ' devi d ! h I
appr opr  akesd 1ife e SsRod T ed A A Loriorm The modul e 202

includes a wist strap 224 (see Figure 3) for strappipg the nodule 202 to
the wristFigome of ¥n@ f@%ﬁ!asaf?@nf%r BRosRshg & rﬁs'\ﬂ@P%Ji@sm%ﬂeg ST M
modul e 202 10 and the nodule 202 includes an |/ O port 202a, a LCD display
202b, capsieasesdsuvhiohsna0be usgdvin tiee 8638 or seaebdienthodidentse 202d, a USB port
202e, a battery source 202f and power supply and charging circuit 202g. The
QU nodul e 202 receives instructions fromthe capsense buttons 202c 15

whi ch uses capacitive sensing technology to receive selections by the user.
For exanppetaileBDEXPHEDE OFf B PeSRrrddZEmdlodptentge user to manual |y adj ust
tensi on of each fTex strings 208 depending on the size of the hand 100. The
i nput buttons 202c al so all ows nmanual triggering of the flexion or

cl enching of any of the digits 102a-102e. These features m ght be useful to

habi | | ign, h ' di_spl b i d ' I
i <play tBaRR Tosor 4 SR P Hand okt GroaRet e i i or 1o

provi de the status of the GU . ) , ,
movement facilitation device 200 according to a first embodiment of the

10 invention. It should be appreciated that the portable movement facilitation
device 200 does not have a primary mechanical structural support and relies on
the hand 100 for structural support. In this way, a lighter device 200 may be

" achieved.

15 Figure 2 is a view of the back 106 of the hand 100 and Figure 3 is a view of the
palm 108 of the hand 100, together with the portable movement facilitation
device 200. The hand 100 has five digits 102a-102e — four fingers and a thumb,

and joined by a wrist 104.

20 As it can be appreciated from Figures 1-3, the portable movement facilitation
device 200 comprises a GUI module 202, a signal cabie 204, an actuating
device 205, flex strings 208, guide rings 210, a holding mechanism 214,
abrasion protector 216, ribbon cable 218, IR distance sensor 220, splint 222, a

main processor 300 and a lanyard 302. These components are shown as biock



nmodul e 202 or information to the user or patient. For exanple, the LCD
panel 14 202b may di splay the nunmber of the successful flexing and
clenching of the digits 102a-102e. The battery source 202f is in the form
of Li-ion batteries to power the GU 5 nodule 202 and al so ot her conponents
of the device 200. The Li-ion batterles are rechargeabl e by the power
gggply and charglng circuit 202g usi nglpower supplied fromthe USB port

e U |
electr|C|$EBﬁLn¥ﬁﬁ ﬁ'Hé$%§u J%Q%§r§$ﬁgéﬂﬁﬁﬁﬁpw %29 gF%%%gbg?%g or
recharglng t he battery source 202f and al so functions as a data 10transfer
port. The SPWel ess transcei ver 202d enabl es the GU nodule 202 to
comuni cate wirelessly with other devices. The 1/0O port 202a provides an
I nput and out put interface between the GU nodul e 202 and the ot her
conmponents of the device 15200 as shown in Figures 4a and 4b. 2. Signal
cabl e 204 THe si dadl moailee2@®4 is a nulti-way cable and one end of which is
comuni catively coupled to the 1/0 port 202a of the GU nodul e 202. The

other 5 Graphical User Interface (GUI) module 202 provides a main interface between
the portable movement facilitation device 200 and a user and allows the user to
select appropriate settings and types of exercise to perform. The module 202
includes a wrist strap 224 (see Figure 3) for strapping the module 202 to the
wrist 104 of the user. Figure 4a shows a block diagram of the GUI module 202
10 and the module 202 includes an I/O port 202a, a LCD display 202b, capsense
buttons 202c, a wireless transceiver module 202d, a USB port 202e, a battery

source 202f and power supply and charging circuit 202g.

The GUI module 202 receives instructions from the capsense buttons 202c

—
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which uses capacitive sensing technology to receive selections by the user. For
example, the capsense buttons 202c allow the user to manually adjust tension
of each flex strings 208 depending on the size of the hand 100. The input
buttons 202c also allows manual triggering of the flexion or clenching of any of
the digits 102a-102e. These features might be useful to a rehabilitation

20 therapist.

The LCD display 202b provides a visual display to the user to provide
acknowledgement of the selections and/or to provide the status of the GUI

module 202 or information to the user or patient. For exampie, the LCD panel



20 end of the signal cable 204 is coupled to the main processor 300 as
shown in Figure 4b. A main function of the signal cable 204 is to carry the
signals fromand to the GJ nodule 202. In addition, the signal cable 204
also carries electricity to power the electrical/electronic conponents
which are | ocated at the hand 100. 15 3. Hol di ng nmechanism 214 In this
enbodi nent, the hol di ng nechanisn1214léonprises five fingertip hol ders

214a- 214 d o ,nﬁﬂg t4) ' ﬁg%ﬂb r - i

subst ant ieza y csl P'r?gfal ca Pgﬁ*b%k%?athlgoggé%rsﬂlecei Vi %Sdaé‘reggﬁplggyvteﬁend of
t he di gi trfﬁ .ﬁ%;}@%a-1jog2e. The elastic material of the holders 214a-214e

enabl e t HEIRI'de?s VeBaa- 214e to fit snugly around the ends of each digit so
that the holders 214a-214e are secured to each digit 102a-102e. Each of the
fingertip holder 214a-214e is attached to a respective flex string 208 by
sew ng each flex string 208 to a respective fingertip holder 2l4a-214e. 10
4. Act uatThe beitery sop0ce POEf ae tiudhe fgre of éélOZU%aHﬁ”@ﬁit@ rROwedithaefeU!

i ncl udes an active actuator 206 and a passive actuator 212. The active

act uatsor RBBUROPPZ iaBiESalsd tise P enddis raftthe 1eRBA2Q06The hirerf batteriesiat i ng
each flex string 208 (one flex string for 15 each digit 102a-102e and one

flex stri | L pevea stiplyl @hdichatgih§ecileare20dy gt powe) , and
they are %‘%mi%gﬁ%%iﬁgﬁﬁattgry SSUng 202fC. E%{c? (l)f t he [%C m)tgo'!rjs

206a- 206f _i s [ r el i iqyeral |

i ze of tHORBYTHAN B URPET PgRe Ptk He B pbRRI, PRI Ty

rzrg'? o]; 0; gg’%ﬁ@g tcg gﬁpgR/t é’l%,&r%ﬂ? % %ﬁg fpo'vs?erngtﬂj&gh? dan%ncﬁé)rein%f ci"&ﬁt 5858%&' ve
charging or recharging the battery source 202f, and also functions as a data

10  transfer port.

The wireless transceiver 202d enables the GUI module 202 to communicate
wirelessly with other devices. The I/O port 202a provides an input and output
interface between the GUI module 202 and the other components of the device

15 200 as shown in Figures 4a and 4b.

2. Signal cable 204
The signal cable 204 is a multi-way cable and one end of which is
communicatively coupled to the /O port 202a of the GUI module 202. The other
20 end of the signal cable 204 is coupled to the main processor 300 as shown in
Figure 4b. A main function of the signal cable 204 is to carry the signals from
and to the GUI module 202. In addition, the signal cable 204 aiso carries
electricity to power the electrical/electronic components which are located at the

hand 100.

19
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A flexible board 226 nade of elastic plastic is used to carry each of the

nmot ors 206a- 206f and al so the necessary el ectronic/electrical circuits 207
for the device 200 on the back of the hand 100. Each of the notors

206a- 206e are affixed to the flexible board 226 and i nclude a bobbin 206g

for stowmng and 16 dispensing a length of one of the flex strings 208 and
an-optical encoder 217 (see Figure 4b Lhd Figure 14) for converting the

| i near displace ; ing 208 into digital representations for
transm ssi onéton?_ﬂéeld% ﬁr?ggp%@géls%ﬁ 300 . The flex string 208 runs froma

respectiv tor ,206a-206f and.routes_ vi he i tec and
to the di i S StrpRdigast te BRAGBerTallshnt 2sBI BRs DB RAER Rl The
internal structure of the bobbin 206g and it conprises a cifcular jnner
drum 380 P4eiNIde ANENEACE 8 MAfieo hBESRgMBiN Al BHORADVUPEPT Hchiat er

| ess than 20mm The inner drum 380 [ o includes a cylindrical bobbin core
382 sandwscbstdntiatyedindtiesl toi foonlaaooplfantresiieg agesaedivenenceef ihgrdjgitst han
t he di aneter of the bobbin core 382. The inner drum 380 includes a central

axi al bor 80386 00kr qughelsatic Imateriak be tisdaiolders Dim-214¢ lemabie tves halifers
(reference 206 this being used to represent one of the notors 206a-206f) is

i nserted bAgseOWoR snlREy BRRINIthe0sRI P8R ad!S digitnsd Ui tha hokibirg211a-hol e

!
388 through which a screw’(not shown) is inserted to secure the inner drum
380 to th xl e shaft of t r 6 t - f at es,
this al so%r1g?aqrgss%%e&&%e%%g?@#% . 'Aé'?%n‘g?{%h g’? t{wﬁgnnﬁé{t@ g?@ile;r]gi‘lgl 8 1is
arranged tq be und ound the bqobbin.co 82 wi.th aon nd._.f i an
aperture ggéef'%\lgﬁ‘@ah%‘f{%ﬂée%?e‘gwgq%xaﬁ%%% 5@%2’%?1%"'993385@?( Sé'ﬁ,’tﬁgp EB'E{ﬂe f1ex
string 208 being arranged to pass through a housing aperture 392 of the
housi ng 3@resnectivsutingertip hetdeitd1d@netta.o a respective fingertip hol der
214a-214e as explained earlier. The housing 382 has a side surface 394 for
couplimng to the nmotor 206 and the side surface 394 includes a central bore
396 t hrough which the axle shaft of the notor passes through. Two
attachment hgl es ABRiatiagldevivee2edhown in Figure 12

The actuating device 205 of this embodiment includes an active actuator 206

and a passive actuator 212. The active actuator 206 comprises six separate DC

motors 206a-206f, one for actuating each flex string 208 (one flex string for

15 each digit 102a-102e and one flex string for flexing/extending the joint at the

base of the thumb), and they are powered by the battery source 202f. Each of

the DC motors 206a-206f is a multi-turn motor of a miniature size to reduce the

overall size of the device 200. Also, for better use of space, control circuitry 209

for each of the motors 206a-206f is mounted on top of the respective motor's .

20  body.

A flexible board 226 made of elastic plastic is used to carry each of the motors
206a-206f and also the nece’ssafy electronic/electrical circuits 207 for the
device 200 on the back of the hand 100. Each of the motors 206a-206e are

25 affixed to the flexible board 226 and include a bobbin 206g for stowing and



17 with the other one shown in Figure. . 14) is fornmed on the side surface for
securing the housing 382 and thus, the bobbin 206g to the notor 206. Figure
14 illustrates how the bobbin 206g is attached to the notor 206. The 5
nmotor 206 includes the axle shaft 400 which is inserted through a nmounting
pl ate 402 carrying the optical encoder 217, an encoder plate 404 and the
ceatral bore 396 of the housing 382. THe housing 382 is nounted to the

mount i ng &E@%ﬁsiﬂ% ;R{negtuigﬁfl}?{e%f ﬂ%if;%ttmsegﬁyeh{ooaﬁfbdt#&%l ahtagdi®nt hol es

398. The én er a s made eflective netal and incl udes

radi al 10, strips aced-angulgrly for detegti Iy i e tical
encoder 2F#€ [%*ﬁﬁree?igc?@ng'SHg? éaglg% ?%nvﬁq@'ﬁ%gqeo@%ére |5§I%géﬁ1%ﬂg¥)f B#rbu%&gSO and
the side surface 394 of the bobbi n housi n? 382, again to nmaxim se the use
of space. SttRg &9R iiktgl digiialernresantations JPF Ua@spysTAR tRoliist MY Pratess®H2 and
arranged to 15 detect the rotation of the encoder 8I ate 404 through an
aperture 800t Thledlax) stfing 208 mnstframs hspeghiveowtand06a-206tand reites V382,
Thus, the rotation of the inner drum 380 is detected by the optical encoder
217. 191 t hiesabvagion pretstitonenG angd tdithedigitsn, 02spe@2k.and di spl acenent of the
flex string is determ ned by the processor 300. 20 The passive finger
actuator 212 does not require power supply to operate and the actuator 212
actuates based on its structure rather than due to electrical excitation.

0 PRI P ar s B et SRS BRPrfat Gc S eIy
260)2 _SPVSS%ng pér?é: e“d cg;[nptriggs béi Ccﬁrc%{are%%%rdérg'rﬁ[ 380 Feceled %thllar?' Cak c?rfcufarr]e_ hand
housing 382 with an overall diameter less than 20mm. The inner drum 380
10 includes a cylindrical bobbin core 382 sandwiched between two circular flanges
384 of a diameter larger than the diameter of the bobbin core 382. The inner
drum 380 includes a central axial bore 386 through which an axle shaft of one
of the motors 206 (reference 206 this being used to represent one of the motors
206a-206f) is inserted therethrough. The bobbin core 382 also includes a radial
15 hole 388 through which a screw (not shown) is inserted to secure the inner
drum 380 to the axle shaft of the motor 206 so that as the axle shaft rotates, this
also rotates the inner drum 380. A length of the flex string 208 is arranged t_o be
wound around the bobbin core 382 with one end tied to an aperture 390 formed
at one of the flanges 384 and the other end of the flex string 208 being arranged

20 to pass through a housing aperture 392 of the housing 382 and routed to be

attached to a respective fingertip holder 214a-214e as explained earlier.

The housing 382 has a side surface 394 for coupling to the mbtor 206 and the
side surface 394 includes a central bore 396 through which the axle shaft of the

25 motor passes through. Two attachment holes 398 (only one shown in Figure 12



Each resilient menber 212a-212e is biased towards an extended position
whi ch maintains a respective digit 102a-102e in an extended or flex
position - i.e. substantially straight position - this being an initial
rest state for the resilient nmenbers 212a-212e. As expl ai ned above, when
the notors 206a-206f actuate the respective fishing lines 208, this pulls
the fishing lines 208 and the respectiyé fingertip holders 214a-214e and
creates a,hrigef Hihe@e{ﬁ@%m it Mgidileg 30RRmMER2ENt ha ¥R ShAadd Gk S

102a-102e towards the clench position. This novenent causes the resilient

menbers 212a-212e to cojl f LSk e ] of the

resili entsmgrztgem%w%}%gggnﬁﬁﬁ@%ﬁéletaos%ﬁgagq%ﬁﬁ%n{ogot e flex
positions. As a result, the pulling force created by the fishing |lines 208
and the notors 206a- 206f needs to exceed the biasing force of the resilient
menbers 212a-212e in order to cause the digits 102a-102e to cl ench. Wen

t he not or EigRoBd 42 dlestrattschew theebehhini 2969 dv aétashed He thpsmicky 20hekhe0s,
the biasing force of the resilient nmenbers 212a-212e urges the respective
di gi t ss 102@tdr02e6 libtiadebehst e cdredt pO6i Whichsis wsedbditeralghwa mouktiggr e 3.
Each resilient nmenber 212a-212e al so includes a flex sensor 213 (not shown
in Fi gur egjald A0 lcafrmgs e sl eprb8SEMFt i M dntolied pigte4hd4 farid deéecting
the bend of the digits 102a-102e and the flex sensor 213 is di sposed near
or at an d i Li : i - fl ng{ 4L Qf the
digit, inc%ﬂﬁ?n88%%gﬁﬁiégﬁ?%éﬁﬂggﬁgggg%dgﬁgﬁgﬁﬂggég% aq%égegﬁ%ﬁrg%tggand
13, but not shown  in Figure 1) to ect the "w ng" scl r the base of

t he thunbmoﬂnltl'agd%l?te’ﬁ@ i°£?ﬁ%é‘a°tf’6(}ﬁ I%I'at%éew\r%rcgﬂg&%geﬂg%c%@‘i%ahﬁaﬁspI ace.
The flex sensor is configured to deternmne a naxinun1|%g%§_f?r cl enching or
flexi ng oP98hEhe engader plate dadaiymadegoisthin eflestiye mypta IN¢l4dgssradial
enbodi nent, the flex strings 208 conprises six |lengths of fishing |lines
208a- 208f stiipshspemed angyidriydfor dedectissperctéadingrby dhe 20Eeal2B0des 2é3 pFhened
earlier. Five lengths of the fishing |lines 208a-208e are connected to
respecti vencoder plate 404 is placed between the inner drum 380 and the side surface

394 of the bobbin housing 382, again to maximise the use of space.

The optical encoder 217 is carried by the mounting plate 402 and arranged to
15 detect the rotation of the encoder plate 404 through an aperture (not shown)
formed on the side surface 394 of the housing 382. Thus, the rotation of the
inner drum 380 is detected by the optical encoder 217. In this way, the
dispensing direction, speed and displacement of the flex string is determined by

the processor 300.

20
The passive finger actuator 212 does not require power supply to operate and
the actuator 212 actuates based on its structure rather than due to electrical
excitation. In this embodiment, the actuator 212 comprises five narrow strips of
_resilient rh,em_bé_rs 21 2a—21.2e made of elastic plastic such as polypropylene or
25 PVC and piac,ed at the back of each digit (i.e. at the back of the hand 100).



5 fingertip holders 214a-214e with the sixth fishing |ine 208f connected to
a part of the abrasion protector 216 which is near the base of the thunb
102a. The fishing lines are made of nonofilament which has good tensile
strength and is lightweight. 10The fishing |ines 208a-208f are routed from
t he back of the hand 100 via the abrasjon protector 216 and to the pal m 108
of .the hand 100. As it can be appreci ated from Fi gure 3, each fishing line

208a- 208TE£&H“Fesﬁlre;?ﬂ“g1i%§PéPQ? %@gge{iﬁb@ﬁé& tokRd 8 BA Shiibd PSsif6H WHath par t

of the finger on m Si e hand 100 via the guide rings 210 and

is attached. to a corr di } Lp1 14e.. n_the

Im)t ors 2d§3'—n§@8? ?5?35%@%@%%0%%}%26%2’8 ?ghé{tg@%cﬁégﬁgépég?l%§ Ti'%hi ng

i nes 208a-208f, this action_pulls the fishing.line 08a- 208f and. t he
fingerti psuhﬂtmtr%lyzqm%agbtl@eSihﬁmm dniy Beigo can duitiak F‘F‘é?cﬁ%@tiet @ffgﬁarefg%‘tt 0
clench. In this way, the device 200 facilitates novenent of the digits
102a- 102ememhetie 2i2ad2 129 . A9 explaBgddebeyegyhen thermatersa?@63-206f aetuatef
gui de rings 210 and each set is referenced using the reference nunerals
210a- Z210ethe eespeptivel fishiagchnes g2(8, fashpuglls dber fistyng slirees €081 essl tiheg nade
of plastic. In the alternative, the guide rings may be nmade of coils of

the flex gshbBivdBhgeMD hdlBefettseting didgrddibs kessefantioabmemmiase t he
rings aesthetically nore presentable. The first set of guide ring 210a

o oA 844 9ot s M 0P8 SRR eSS 1 oS
that the %%ivg?nern.t ncga?uszelso?hed Oregﬁ)ltenti rmgr%%erh%1%Ugi 28 t8f céip%ntdh'épéoat%g 28
biasing force in each of the resilient members which urges the digits 212a-212e
10 to the flex positions. As a result, the pulling force created by the fishing lines
208 and the motors 206a-206f needs to exceed the biasing force of the resilient
members 212a-212e in order to cause the digits 102a-102e to clench. When the
mo.tors 206a-206f release the pulling force of the fishing lines 208, the biasing

force of the resilient members 212a-212e urges the respective digits 102a-102e

15 to the stretched positions, which is shown in Figure 3.

Each resilient member 212a-212¢ also includes a flex sensor 213 (not shown in
Figures 103 but see schematic representation in Figure 4b) for detecting the
bend of the digits 102a-102e and the flex sensor 213 is disposed near or at an
20 end of the resilient member adjacent to the finger nail of the digit, including one
wing flex sensor (denoted as 213a see Figures 2 and 13, but not shown in
Figure 1) to detect the “wing’f muscle or the base of the thumb. A holder 215 is
used to hold the wing flex sensor 213a in place. The flex sensor is configured to
determine a maximum limit for clenching or flexing of the fingers irs reacﬁed. :

25



Each of the other four sets has three guide rings 210b-210e and each guide
10ring -210b-210e is also strategically placed near respective hinged joints
of each finger 102b-102e. 7. Abrasion protector 216 The abrasion protector
216 is a protective pad made of pol ypropylene or PVC 15 which is used to
prevent abrasion or hurting the hand 100 when the fishing |ines 208a-208e
are pulled. As shown in Figures 1 and ¥ the abrasion protector 216

conprises t porg ; 216b with the first portion 216a w apped around
t he palm ne\z?r? the‘ﬁl%)gg@m%%@?ﬁe t hunb 102a and the second portion 216 is

wr apped around the pal m bear ot he e t roi - 102 Bot h
20 porti of;ﬁ‘sH"ﬁgg? em’t ﬁ%%ﬂéf )ftrir?%%%gét%y%gﬁ%% %%clgﬁﬁth%aogfg fslg‘ﬁrfggrﬁﬁ?%e
first portion 216a which is attached to one of the fishj | i nes 208f for
flexi ng oR08a208fith§AFBI FRUPIRd iRed HaSREFVE MOtPh K148 2% exPlEIRS hi ng
position. The abrasion protector 216 is attached to the flexible board 226
usi ng nyl earliervieive lengtherahthe dishing ings 208=-808¢ arerepnnectrd InERSPESHVE hr ough
the space. In the 25alternative, cable ties or nylon nuts and bolts may be
used. 5 21fiSgeibitbidsreasiaio? 14DWithhiee Bt fiphingdised0& @ nnectedutnteepad of an

el ectronic circuit board which is attached to the abrasion protector 216 at

the rear gfe LBeadigh BrotEreorB 6 WhiRhOGESER theDBaBEOSERFELthiIME F0ZHIaT e
received fromthe GJ nodule 202 via the cable 204, and the other

o TR B8, TS PSR ot ARt

i nstructi

lightweight.

10 The fishing lines 208a-208f are routed from the back of the hand 100 via the
abrasion protector 216 and to the palm 108 of the hand 100. As it can be
appreciated from Figure 3, each fishing line 208a-208f runs from the abrasion
protector 216 and along the central part of the finger on the palm side of the
hand 100 via the guide rings 210 and is attached to a corresponding fingertip

15 holder 214a-214e.When the motors 206a-206f rotates the bobbins 206g to stow
the respective fishing lines 208a-208f, this action pulls the fishing lines 208a-
208f and the fingertip holders 214a-214e inwardly and causes the digits 102a-
102e to clench. In this way, the device 200 facilitates movement of the digits

102a-102e of the hand 100.

6. Guide rings 210
There are five sets of guide rings 210 and each set is referenced using the
reference numerals 210a-210e — one set for each digit. Each guide ring is an

endless ring made of plastic. In the alternative, the guide rings may be made of



The device 200 al so includes a safety mechani sm which stops the operation
of 10 the device 200 by pulling the enmergency |anyard 302. As shown in
Figqure 4b, when the lanyard 302 is pulled, this triggers the processor 300
to stop operation of the notors 206a-206f. 9. IR distance sensor 220 15The
infrared red (I R) distance sensor 220 %f arranged to detect distance of
object (not shown) in front of the palm 108 for the cl enching operation and

it is strabiRObCiel floxP5RiRE tn BREWE BRI rddiR eMheSiing Biciaidst A1fd BRbohakes ftge hand

100. The IR distance sensor 220 transmts the di stance nmeasurenent via a

ri bbon ca L1n processor 300 for the main processor
to procesghg%égg%egggmgﬁ‘loh%p{%%n?dsl?'ance of the patient's palmor hand to

an object to be grabbed by the user. The di stance neasurenent thus all ows
the main processor 300 to determ ne when to drive each of the notors

206a- 206f _(i ndependently or sinultaneously) to flex the fingers 102a-102e
in order Tbe firplesetselr gyidegingh21 B copjrstaes tweopguide riggas 4102 59r theethumbnt 222
has an el ongate shape with a raised end 222a placed strategically at the
cent r es of 10ha goal the 108 guide trings & 10 arenpla2e@ meeax thea tivodpingedbjoirite ofuthat

strap 224 of the GU nodule 202. The raised end 222a thus props up the palm

108 and t frurhiadit Hafustéd @oahar tipyiiderdsds 200a dbhsotsipipete thédarmjingef made
of netal, plastic, wood or other suitable material. 11. Menory Card Sl ot

304 the thumb 102a.

Each of the other four sets has three guide rings 210b-210e and each guide
10 ring 210b-210e is also strategically placed near respective hinged joints of each

finger 102b-102e.

7. Abrasion protector 216
The abrasion protector 216 is a protective pad made of polypropylene or PVC
15 which is used to prevent abrasion or hurting the hand 100 when the fishing lines
208a-208e are pulled. As shown in Figures 1 and 3, the abrasion protector 216
comprises two portions 216a,216b with the first portion 216a wrapped around
the palm near the base of the th.umb 102a and the second portion 216 is
wrapped around the palm bear the base of the four fingers 102b-102e. Both
20  portions 216a,216b fit snugly around the palm and in particular the first portion
216a which is attached to one of the fishing lines 208f for flexing of the
muscles/joint at the base of the thumb 102a to a clenching position. The
abrasion protector 216 is attached to the flexible board 226 using nylon rivets to
form a space for a usef’s hand to be inserted through the space. In the

25 alternative, cable ties or nylon nuts and bolts may be used.



io The novenent facilitation device 200 al so includes a nenory card sl ot
304 (not shown in Figures 1-3 but see Figure 4b) which is configured to be
conpatible with mcroSD nenory cards (not shown) and the nenory cards
provide information for the main processor 300 to process. For exanple, the
menory cards may store various exercise or rehabilitation routines and
based on the 15 selection by a user, the main processor 300 retrieves the
sel ected exercise routine and generates output signals to the various
conponents of the portable novenment facilitation device 200, for exanple to

drive the rr%taors ’\hgi{‘?é%ﬁgﬁoﬁi}%@aﬂex strings 208. The main processor may

al so store ta t rd, for exanple to record the nunber of
successful flexing or clenching of the digits 20102a-102e, 12 sense
but t ons 30Be CRAKE RERCESTOE @r@g %@W@%%%&eﬂ'eﬁﬁof"ﬁemﬁ%ﬁﬁ 9835{)6‘%&'@‘ det ect
whet her the device 200 is being worn by a user or not. Once the processor
300 det ecatachest to'the abtasian ipsoigstari 36t Ak threveae ofobe pelm.hdReataiNat es
t he correspondi ng conponents or circuits. 13.Device Accel eroneter 308 5A

devi ces acprlceseoeBed pBdékdsesahs gigmaty retsxivert&ont the Galh seodide 202t\dashen t he
pal m si de of the device 308 to track novenent of the hand. It should be

appr eci at ggbibhzi4 tded Py effittconfisdndrit@iduen sietes fleX@@nboRCKE3 t diecquesst i on
of the digits 102a-102e based on the foll ow ng neans:

217 and provides instructions to drive the motors 206a-206f.

The device 200 also includes a safety mechanism which stops the operation of
10 the device 200 by pulling the emergency lanyard 302. As shown in Figure 4b,
when the lanyard 302 is pulled, this triggers the processor 300 to stop operation

of the motors 206a-206f.

9. IR distance sensor 220
15 The infrared red (IR) distance sensor 220 is arranged to detect distance of
object (not shown) in front of fhe palm 108 for the clenching bperation and it is
strategically placed between the wrist 104 a.nd the palm of the hand 100. The IR
distance sensor 220 transmits the distance measurement via a ribbon cable
(not shown) to the main processor 300 for the main processor to process and
20 determine the distance of the patient’'s palm or hand to an object to be grabbed
by the user. The distance measurement thus allows the main processor 300 to
determine when to drive each of the motors 206a-206f (independently or
simultaneously) to flex the fingers 102a-102e in order for the user to grab the

object.

o
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10- encoders 217 in the notors 206a-206e whi ch detects the displacenent of
the fishing line. the flex sensor 213 nounted to the passive finger
actuator 212 (at the back of the fingers). The flex sensor enables the
novenent facilitation device 200 to detect anmount of bend or flex when a
finger flexes. 15 current sensors of the notors 206a-206e which allows the
novenent facilitation device 200 to det’ect the | oad the notor is handl i ng.
The notor loading is directly proportional to the anmount of clenching. Mre
of these nmeans will be described later. 20 To provide a nore aesthetic | ook

and for easq of g%@h portabl e novenent facilitation device 200 may
I ncl ude a gIQve 2 conponents such the fishing |ines 208a-208f, the

gui de rings 210a-210e, the resilient nenbers 212a- 212e, d1he fingertip
hol ders 2le-snling, 22Rehapraki sienpatn egane il %h@'%%dziern 22za placedng the

mai n processor 300 etc are housed within the glove as shown in Figure 255.
To use t hetrgtegicalty et theveerine of dloé Ipatrati0fhane the etEIENRZ22R EXIANANS O t he
gl ove 250 and inserts each digit 102a-102e though a glove finger 250a-250e
which s the wrist strap 224 of the GUI module 202. The raised end 222a thus props up

the palm 108 and the hand 100 into a grapping position. The splint 222 may be

made of metal, plastic, wood or other suitable material.

11. Memory Card Slot 304
10 The movement facilitation device 200 also includes a memory card slot 304 (not
shown in Figures 1-3 but see Figure 4b) which is configured to be compatible
with microSD memory cards (not shown) and the memory cards provide
information for the main processor 300 to process. For example, the memory
cards may store various exercise or rehabilitation routines and based on the
15 selection by a user, the main processor 300 retrieves the selected exercise
routine and generates output signals to the various components of the portable
movement facilitation device 200, for example to drive the motors to actuate the
flex strings 208. The main processor may also store data to the memory card,
for example to record the number of successful flexing or clenching of the digits

20 102a-102e.

12. Capsense buttons 306
Capsense buttons 306 are provided on the device 200 to detect whether the

device 200 is 'being worn by a user or not. Once the processor 300 detects that



gui des each digit 102a-102e through the guide rings 210a-210e. The wearing
of 5 the device 200 is detected by the capsense buttons 306 and this is

pi cked up by the processor 300. The user then straps the GJ nodule 202 to
his wist 104 using the wist strap 224 and proceeds to insert a SD nenory
card which contains the various exercise routines into the card slot 304.
The user then selects the desired rehabilitation exercise using the
capsense but 2 . e [ r npt e n splay
2020, wheh PHE deenear it e e | 200LE, e SRR od ey
processor_ 300 coqtrols t he notors 206a-206f to pull the respective flshing
|ines 208eRBBFCUS A UFHSy. For exanple, the desired rehabilitation
exerci se may require bending the index finger 102b five tines at five
second intervals and this would require the main is processor 300 to
control the notor 206b to actuate the fishing |ine 208b by pulling it

agai nst t he 13. asiDayi¢omAceelofornbter&®8r espondi ng resili ent nenber 212b and
cause the index finger 102b to bend. Thereafter, the processor 300 controls
t he nof or A2Q6kcd acesibrsstet BO8HsIdIs®brdvided hehr the tapeer@Bhut{dns omtle i ng
the correspondi ng bobbin 206g to dispense the fishing Iine 208b) and the
passive ZBQ@ Ul SMn8kebee :ﬁfﬁ%@ék Ablentirdeethd Aandndex finger 102b to

t he extended position. a portabl e device 200 has many uses. For
exanpl e, a doctor nmay set up a series of training prograns for the patient
(or user) and store these in a SD 25menory card. The doctor then provides a

rehabilit t|on edul e t ient whi.cC rres onds ni ng
progr am tf%@ngpgr,eq?g@(ﬁ qﬁﬁgﬂle I SRRy {%Cﬁ' 74PN F&'C? féedb ;[Egk% % 304
and sel ect the training prograns according to the rehabilitation schedul e
to carry pasitiohefthedigis 1928s1Grrsbasged Q”ﬁ@%&'@w'ﬂ%@‘%ﬁ ent or user has
conveni ence of performng the rehabilitation at hone w thout 5supervision
of theydoctor encbdeisn2lV irethie atotproR868i206e Whishudetests thesdisalgcemeass
208a- 208f makes the device 200 |ightweight and creates a nmuch small er
device, and yelf tHeafidtifig URexpectedl y has the required tensile strength.
Further, the fishing |ines 208a-208f has the flexibility to foll ow
- the flex sensor 213 mounted to the passive finger actuator 212 (at the
back of the fingers). The flex sensor enables the movement facilitation
device 200 to detect amount of bend or flex when a finger flexes.
15 - current sensors of the motors 206a-206e which allows the movement
facilitation device 200 to detect the load the motor is handiing. The motor
loading is directly proportional to the amount of clenching.

More of these means will be described later.

20 To provide a more aesthetic look and for ease of use, the portable movement
facilitation device 200 may include a glove 250 and components such the
fishing lines 208a-208f, the guide rings 210a-210e, the resilient members 212a-
212e, the fingertip holders 214a-214e, the abrasion protector 216, the splint 222
and the main processor 300 etc are housed within the glove as shown in Figure

25 5.



10 or accommpdate to the bend or flexing of the digits 102a-102e resulting
in a less cunbersone device 200. Even if one of the fishing |ines 208a-208f
breaks, it is relatively inexpensive and easy to replace or repair. Al so,
the use of active actuation using the notors 206a-206f and fishing Iine for
flexing of the fingers together with passive actuation using the resilient
merber 212a-212e for 15extendi ng the d?bits 102a- 102e create a nmuch sinpler
and yet effective novenent facilitation device 200. It should be

appreci ated that, unlike conventional novenment facilitation devices, the

portabl e verre t fagilitation devi 200, does t have a . prinary

nmechani ca LRQ%T% ble Mpvery 3 ﬁgatl%\/ﬁj%‘@c? gp ef %ﬁ’?rt%g gﬁgtgﬁ\%
structure of the hand, in particular the digits 102a-102e or t he device
to carry 3%@ andsinsareteasihsdisit wﬁ%é@??@h@%@ﬁ alguetiingen A2Ra-250% WhIGR t he
digits. This can be appreciated fromFigure 13 which shows the portable
novenent gemieseeam(ﬁlglépéEaﬂ@ZfertbmugirethlmlddQ(mgs 21 a1d1 @anhihecwensigg of
features, the portable novenent facilitation device 200 of Figure 5 further

conpr '§eStHé/@e\ht@Q@0$§6§téméﬂl b $he2 B2p 2&fscabbutidra806 anditgisrie pickedhep byr st
bi osensor nodul e 252 is strapped to an upper arm 110 and the second

bi osensor 9 eWRE @UMMdduie EaZhtPhist RAsi@Fensor s
5 252,26 ag,.eacggﬁg?aggeghté%‘gggﬁ?%rns?gpgctronyograph? (EMG) I\/?Ihl 0?1 detects

firing of nusc m c e
| ocat ?ons E‘f”gtk@ &’l“ﬁf %I[Zg %@%{Séj%ée@sngsg{wseésr{]?ae%@%{hé){]ﬁ:gﬂﬁwg% Io\r/
patient's) intent for exanple, to clench the di , t hu i
i S possi b%@”W%m%lvﬁr‘PH% fisg rPHL@?\?l'BW 88 C[)ﬁlotjfh%(?% ?é‘f&fﬂagn io :
Each of the biosensor nodul es 252,260 al so i ncludes a 3-di nensi onal

accel er onselecty Hee dsistad) raltabdiiationn exercisy -using itae reAnsease sbeonshe0gpper

and | ower arns 110, 112 respectively. 15Figure 7 is a schematic bl ock
di agr agn obasae @f infbenbiiars eispdayedddol the RED display 202b. When the desired

rehabilitation exercise is selected, the main processor 300 controls the motors
206a-206f to pull the respective fishing lines 208a-208f accordingly. For
example, the desired rehabilitation exercise may require bending the index
finger 102b five times at five second intervals and this would require the main
15 processor 300 to control the motor 206b to actuate the fishing line 208b by
pulling it against the biasing force of the corresponding resilient member 212b
and cause the index finger 102b to bend. Thereafter, the processor 300 controls
the motor 206b to release the pull of the fishing line 208b (by rotating the
corresponding bobbin 206g to dispense the fishing line 208b) and the passive
20 actuation of the actuator 212b biases the index finger 102b to the extended

position.

Such a portable device 200 has many uses. For example, a doctor may set up a
series of training programs for the patient (or user) and store these in a SD

25 memory card. The doctor then provides a rehabilitation schedule to the patient



(which is the sane as the other biosensor nodul e 260). The bi osensor nodul e
- 252 includes a biosensor processor 350, LCD display 352, input buttons 354,
RF circuit 356, an accel eronmeter 358, power supply circuit 360, battery
power source 362 and an el ectronyography (EM35 anal ogue circuit 364. The
LCD display 352 provides a display for_the user to see the status of the
bi esensor nodul e 250. The i nput butt on® 354 enabl es a user or therapist to

set the E\Wecrhgés&eeb&n&é)égctfhievwaﬁqi.ﬁ@gprggvérﬁe B gta@iem F. QEerPXS AN thie

fingers. circuit 6 transm ta between the bi osensor nodul e 252

and the GUJI_ 25nodul.e 202 (Vi | rel.es r Lver f .G

nodul e) . Wén%tctaégyntopti\?eqargo%&ﬁ%%ggdpser%ﬁEtOtgg'%ﬁai{}\lég Qr§8€%@§) S%Ed'&]pm y
circuit 360 for powering the biosensor processor 350. The bi osensor

pr ocessor (BYE phabdidation serdule t9 garmyeutihe therephsessiansp i »iRWh4Ne54 and
t he accel eroneter 358 and communi cates the data to the GJ nodule 202 via
the RF ci pslignt @36er Nae denesienat of perferming thengbabiltalionsati hpree ethasdles 366
(see Figure 6) which are placed at strategic |ocations on the skin of the
arm t os des@pérvisisn oothef dédier ontsaihed mddiealoprofessioreadi ngs from t he bi osensor
nmodul es 252, 260 are: a) First biosensor nodul e 252: 10i ) EMGL - EMG readi ng
of the first biosensor nodule 252. 1i)ACCL - accel eroneter vector readings
of the first biosensor nodule 252. b) Second bi osensor nodul e 260

The use of fishing lines 208a-208f makes the device 200 lightweight and
creates a much smaller device, and yet, rather unexpectedly has the required
tensile strength. Further, the fishing lines 208a-208f has the flexibility to follow
10 or accommodate to the bend or flexing of the digits 102a-102e resulting in a
less cumbersome device 200. Even if one of the fishing lines 208a-208f breaks,
it is relatively inexpensive and easy to replace or repair. Also, the use of active
actuation using the motors 206a-206f and fishing line for flexing of the fingers
togvether with passive actuation using the resilient member 212a-212e for
15 extending the digits 102a-102e create a much simpler and yet effective

movement facilitation device 200.

It should be appreciated that, unlike conventional movement facilitation devices,
the portable . movement facilitation device 200 does not have a primary
20 mechanical structure in the sense the device relies on the skeletal structure of
the hand, in particular the digits 102a-102e, for the device to carry out its
functions of actuating the fingertip holders to move the digits. This can be
appreciated from Figure 13 which shows the portable movement device 200

separate from the hand 100.
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15i ) EM=® - EMG readi ng of the second bi osensor nodule 260 ii)ACC2 -

accel eroneter vector readings of the first biosensor nodule 260 c) Robotic
G ove accel eroneter/devi ce accel eroneter 308 20i) ACCO - accel eroneter
vect or ‘readings of the Robotic Gove (if a glove is used, or the device
acceleroneter if a glove is not used)._Each of the accel eroneter vector
readi ngs conprises distance (D), x-y a¥ s angle (Z x-y) and x-z axis angle

(L x-2). 1 )e%héﬁcgﬁf:’lfé‘étpgégwﬁﬁ%lpifnﬁtrébleer%%l@eme%%métigﬂggébﬁe% S08glfe abl e

to communi cate wreless e transcel ver nodu 202d of the GU
nodul e 20 nd this.enabl es. th ' [ : r 1t the
ENG T oadi ARSI DireSl T eI At 2o AR ARy €
nodul e 5 202, which then sends these to the nmain proc or 300 via the
cabl es 200rst Ripsenssh MeduleNtS s @aatrﬁeee&dﬁl,n Hepsr aﬁ@c%% (ir?(ﬁ‘dt %@ a??ﬁmp
nmovenments, the main processor 300 is able to compute accurately and track
t he vect obiogdnsacmiodulead@dO dé strapped tdiasjpveasearent!d2o0Eachefdhe thiesansopart s of
the patient's arm In this way, the device 200 is able to detect the
patieni’' s282260te Loafiguaid wpaforirieleetrbmygeraphy (EMG)mthicmdemctdiiring
bi osensor nodul es 252, 260, the IR distance sensor 220

of muscles’ nerves from the surface of the skin at the respective locations of the

arm. The firing of the muscles represents the user (or patient’'s) intent for

example, to clench the digits 102a-102e, and thus, it is possible to obtain the

user’s intention based on the EMG readings.

10
Each of the biosensor modules 252,260 also includes a 3-dimensional

accelerometer (not shown) which tracks x-y-z axis movements of the upper and

lower arms 110,112 respectively.

15 Figure 7 is a schematic block diagram of one of the biosensor modules 252
(which is the same as the other biosensor module 260). The biosensor module
252 includes a biosensor processor 350, LCD display 352, input buttons 354,
RF circuit 356, an accelerometer 358, power supply circuit 360, battery power

source 362 and an electromyography (EMG) analogue circuit 364.

The LCD display 352 provides a display for the user to see the status of the
biosensor module 250. The input buttons 354 enables a user or therapist to set
the EMG threshold to activate the device 200 to flex or extend the fingers. The
RF circuit 356 transmits data between the biosensor module 252 and the GUI

25 module 202 (via the wireless transceiver 202d of the GUI module). The battery



enabl es the device 200 to neasure and track the distance of the patient's
palmor hand to an object to be grabbed by the patient. The di stance | RO

al so 15 provides an indication of the intention of the patient since a
nearer di stance woul d suggest that the patient intends to grab the object
as conpared to a further distance. Theﬁgistance measurenent al so aids the
mat n processor 300 to know when to conttol the notors 206a-206f to flex the

o S RS AR ol eyt sk becatiests ptenioe

t he bi osehsor t I stance "sensor 220 provi de neans

for determ njng whether cert gj ndi.tions ar | Sk4 re . mai n

pr ocessorth%%'ogSHWroP%ocf”ﬁ%ornglé@T i’ﬂ@%@ggﬁﬁ%}r Q@C%%%cha%ée&%ﬁgg%s%seﬁi'h Siisl nes
208a-208f to flex the digits 102a-102e. The c n(?]i@ti ons, are %eg i bed by a
25medi cal fosr 8x@mpleantiPms e iBRUE BUIRRS; ﬁﬁﬂa@ﬂ‘gnt hECSPICEIMe e é%r?'b i ng
process is 29 done on a nedical tablet 1000 and the output of the

scri pti ngcpmouessates tihd datactonitiet Goh medule202wia te RE elesil fddde RMép
external menory and inserted into the card slot 304 for access and

pr ocessi ngnfvgliBeifdaithay ess skin Sledtrodés 388qued Figumeedf whivbdarehalacédie mai n
processor 300 and the biosensor nodul es 252,260 each has a recordati on node
whi ch al | 9Y‘§tréﬂé§idjl§€étiér% SRPASIERINGT thel @ t&XHRAEEITRINGRfERBMiuscléwe EMG
readi ngs, accel eroneter readings and IR sensor inputs to achieve this ideal
exerci se novenent may be upl oaded to the nedical tablet (preferably
wirelessly, via the transceiver 202d). A therapist may then use 10t hese
Loah 195 3RS SUBU Ralihgs o e BiesSH Rodufdl 282 9abHe! e condition

a) First biosensor module 252:

10 i) EMG1 — EMG reading of the first biosensor module 252.
i) ACC1 — accelerometer vector readings of the first biosensor moduie
252.

b) Second biosensor module 260

15 i) EMG2 - EMG reading of the second biosensor module 260
i) ACC?2 - accelerometer vector readings of the first biosensor module
260

¢) Robotic Glove accelerometer/device accelerometer 308
20 i) ACCO - accelerometer vector readings of the Robotic Glove (if a

glove is used, or the device accelerometer if a glove is not used).

Each of the accelerometer vector readings comprises distance (D), x-y axis

angle ( £ x-y) and x-z axis angle ( £x-z).

o
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The condi

nmedi cal professional

person's

Rel'ati onshi p between the threshold val ues and the readings,

tion script includes threshold values which my be set by a

15 nornmal usage of a hand to clench or flex the fingers.

ACCO, ACCl, ACC2, and IROis based on the follow ng notations: G eat

t han: >
The rel at
oper at or

Less than < 20 Greater or eqgthal to: >= Less than or equal

OR3P OELARRR LB b%é’ér{gg% &\@dgl‘%;i%f,gg%?Sua'ﬂlé'%%&@%%k%%

enote b es

EMGL, EMZ,

er
to:
ng
of

and the threshold val ues are derived based on a nor nal

<=

condi t t [ 1 be d d. ' I
" bel o'w°2wééieh§u Wik IR SEnseRer TBuiE.20Ra of the S hBdS 2! M It Tabi

10

15

enables the biosensor modules 252,260 to transmit the EMG readings
EMG1,EMG2 and the x-y-z arm movements ACC1,ACC2 to the GUI module
202, which then sends these to the main processor 300 via the cables 204.
Based on the EMG readings ACC1, ACC2, ACCO and the arm movements, the
main processor 300 is able t6 compute accurately and track the vector
(direction and distance) displacements of the different parts of the patient's arm.
In this way, the device 200 is able to detect the patient’s voluntary actuation of

the fingers.

In addition to the biosensor ﬁodules 252,260, the IR distance sensor 220
enables the device 200 to measure and track the distance of the patient’'s paim
or hand to an object to be grabbed by the patient. The distance IR0 also
provides an indication of the intention of the patient since a nearer distance
would suggest that the patient intends to grab the object as compared to a
further distance. The distance measurement also aids the main processor 300
to know when to control the motors 206a-206f to flex the fingers 102a-102¢ in

order for the user to grab the object.

The use of the biosensor modules 252,260 and the IR distance sensor 220
provide means for determining whether certain conditions are satisfied before

the main processor 300 controls the motors 206a-206f to actuate the fishing

- lines 208a-208f to flex the digits 102a-102e. The conditions are prescribed by a

medical professional such as a rehabilitation therapist. The scripting process is



fishing |ines 208a-208f should be actuated to clench the digits 102a-102e.
Table 1 It should be appreciated that it may not ‘be necessary to use al
the inputs as conditions to trigger the flexion or clench. 10 A second
exanple relates to a condition script for flexion of the digits 102a-102e
and this is shown in Table 2 bel ow -0 Condition Line 1

done on a medical tablet 1000 and the output of the scripting process is the
“condition script” which is downloaded in an external memory and inserted into

the card slot 304 for access and processing by the main processor 300.

5 It should be mentioned that the main processor 300 and the biosensor modules
252,260 each has a recordation mbde which allows the user to capture an ideal
exercise movement. The EMG readings, accelerometer readings and IR sensor
inputs to achieve this ideal exercise movement may be uploaded to the medical
tablet (preferably wirelessly, via the transceiver 202d). A therapist may then use

10 these readings and inputs to design an exercise regime using the condition

script.

The condition script includes threshold values which may be set by a medical

professional and the threshold values are derived based on a normal person’s

—
wn

normal usage of a hand to clench or flex the fingers. Relationship between the
threshold values and the readings, EMG1, EMG2, ACCO0, ACC1, ACC2, and
IR0 is based on the following notations:

e Greater than: >

e Lessthan: <
20 e Greater or equal to: >=

e Less than or equal to: <=

The relationship between the readings is defined by using the following

operators:

>
.

)
A



ACCO. D>10cm AND x-y > 300 AND Z x-y < 320 AND Z x-z > 250 AND Z x-z <
270 Condition Line 2 (EMGL <4 AND EM=2 < 4)

30
e« AND

e Group — denote by brackets

Two examples of a condition script will now be described. A first example is
s shown in Table 1 below and this includes conditions to determine whether the

fishing lines 208a-208f should be actuated to ciench the digits 102a-102e.

Condition Line 1 ACCO:
D>10cm AND
Zx-y >25° AND £ x-y <35° AND

ZX%-Z>45° AND /£ x-z < 55°

Condition Line 2 (EMG1 > 2 AND EMG2 > 2)
Condition Line 3 IRO < 5¢m
Table 1

It should be appreciated that it may not be necessary to use all the inputs as
conditions to trigger the flexion or clench.

10

A second example relates to a condition script for flexion of the digits 102a-

102e and this is shown in Table 2 below:

Condition Line 1 ACCO:
D>10cm AND
Zx-y >300° AND £ x-y <320° AND

ZXx-2>250° AND £ x-z <270°

Condition Line 2 (EMG1 <4 AND EMG2 < 4)

Table 2



Table 2 31 An exanple of using the novenent facilitation device 200 by a
patient to performrehabilitation will now be described using the above
condition scripts and based on a rehabilitation routine shown in Figure 7.
Basically, the routine 5 requires the patient or the user of the novenent
facilitation device 200 to undergo cl epching exercises foll owed by flexing
exerci se of the fingers. As explained g ove, the conditions scripts of
Table 1 and Table 2 are | oaded fromthe nedical tablet 1000 and stored into
a SD nenory card and the card is inserted into the nmenory card slot 304

prior to knee?(ér%ﬂe %% l}sri]r(?g rtﬁg%io%%aewt Oﬂcﬂipd’tBHt Bgﬁce 200 by a patient to
perform rehabilitation will now be described using the above condition scripts

and based on a rehabilitation routine shown in Figure 7. Basically, the routine

5 requires the patient or the user of the movement facilitation device 200 to
undergo clenching exercises followed by flexing exercise of the fingers. As

explained above, the conditions scripts of Table 1 and Table 2 are loaded from

the medical tablet 1000 and stored into a SD memory card and the card is

inserted into the memory card slot 304 prior to the start of the rehabilitation

10 routine.

At step 802, the processor 300 determines whether sensor conditions for
clenching is fulfilled or not and this step is further elaborated in Figure 9. At step
902, the processor 300 interrogates the condition script of Table 1 noting that
15 Condition Line 1 requires the ACCO readings. The processor 300 then proceeds
to step 904 which directs the processor 300 to obtain and compute the readings
from the sensor to obtain the readings for ACC0. When the readings for ACCO
are computed, the processor 300, at step 906, compares these readings with
the conditions set out in Condition Line 1 of Tabie 1. If the conditions in
20  Condition Line 1 are not fulfilled, the processor 300 branches to step 904 again
to obtain and compute new readings for ACCO before proceeding to step 906
for the comparison. If the conditions are not fulfilled, the hand 100/digits 102a-
102e would be at a previous stage of the exercise since the exercise cannot

proceed.



At step 802, the processor 300 determ nes whet her sensor conditions for
clenching is fulfilled or not and this step is further elaborated in Figure
9. At step 902, the processor 300 interrogates the condition script of
Table 1 noting that 15 Condition Line 1 requires the ACCO readi ngs. The
processor 300 then proceeds to step 904 which directs the processor 300 to
obtain and conpute the readings fromtie sensor to obtain the readings for

o V\he/ﬂ‘Férh e{gﬁ@@%ngﬁ é”cdﬁ%n@rﬁew&p Linde RIrecesmen, IR0, main step

906, conpa se teadings wtht onditions set out in Condition Line

1 of Table 1. diti | ed,
the pr ocdSeBrsSmsG il el FBPeILd QaRapirsRaobiicn solRbntgkel Whicrl
readi ngs for ACCO before proceeding to step 906 for the conparison. If t he
condi ti orgigrifies g end afithe sgrirt erthﬁa‘%Fd'pI(ﬁ@;r(H?bist ROt @ptgCiegs IQBIAESER at a

previ ous stage of the exercise since the exercise cannot proceed. 3"
After step0®@besibfackhe stepddQ2 tmseard theomext liog orhqs)@dmoaﬁeofff{huefmndéwpn t he
mai n processor 300 goes to step 908 to detect presence of a script marker
whi ch ssi aetirft &F Thisleend.ef Cohditisnrliipg .2 WhitheegoireptthesEME! asdnioMG2
detected, the processor 300 goes back to step 902 to read the next |ine of

condi tiong@ r]g&ﬁ'h‘&%n@t &, &ﬁé'rﬁém%’érd&é@é& 400 oBtaik®aAH tdodipUtesehe whi ch
e and E readlngs hus

requires th at step 904, the main processor

390 ontal gy 888}3‘@&%&1};3% ARG g%%)cgg%b% FAIT b RBEDHRS RRROT S

252, 260. n process roteeds to conpare the

conputed EMGL and din vmththethre dition
Li ne 2. Prqcﬁés%ro%&il}/t%r%%ecgrt@ ‘ﬂ%?p"i'@ & ‘f?TPﬁét&dkgB‘g% a”ﬁ%"'ﬁgﬁr rﬁé%dr 0 %ssor
300 goes back to step 904 to obtain new EMGl a EM= val ues and this | oops
until thewdbnittiet tymsholds Garssitt eWnin. Ceaditiogy é'rseat% dJf ithey canditians are &%hat i ve,
it is envisaged that all the readings (eg. ACCO EMizl, EM5 2) may be read
at theo saffillddyrmgat ctheoinairatpescessne S0t goes paak tot ﬁpp%@s ta ®bigie mawe
conditions in Condition Line 2 are satisfied, the routine goes back to step

902 to obkEpim1 GRAEM®G? vhiuee ahdMhis lodpeauntilaRe tdoeditidBsval Cendifidre Limel 2
processor 300 next proceeds to steps 904,906 and if the condition in

Condi ti on ti ciniabiaf tha¥88dhBS (BgoRETHr 300
to st ep 88'? E?tn%be%gs lmﬁegﬁ@ﬁwét%, ke R RA ihbs (8§
EMG1, EMG 2) may be read at the same time which obviates a need to repeat
step 902.

15
When the conditions in Condition Line 2 are satisfied, the routine goes back to
step 902 to obtain Condition Line 3 which requires the IR0 value. The main
processor 300 next proceeds to steps 904,906 and if the condition in Condition
Line 3 is met, the routine ends and this takes the processor 300 to step 804 of

20 Figure 8.

Since the conditions in step 802 are satisfied, the rehabilitation routine instructs
the main processor 300 to perform the clenching of the digits 102a-102e and

this step is further explained in the process steps of Figure 10.



Since the conditions in step 802 are satisfied, the rehabilitation routine
instructs the main processor 300 to performthe clenching of the digits
102a-102e and this step is further explained in the process steps of Figure
10. 33 At step 1002, the notors 206a-206f are started and at step 1004,
the processor 300 sets the first notor_206a as a current notor to check
whet her the first motor 206a fulfils cbnditions stated in steps 1006 to
1016 by t i t 1k ISl | 4 ) e I<SHF Ng
ime 205 T3, T2, e FR S8 e e Ao 1 e DR S, 512
and the digjt 10Q02a starts t end. The i 0Cessor e 0 step
1006 to ciltbiesdghemoRs PP astuenBitel L EReR e SR B aeL) g
of the nmotor 206a is detected by the currené éensor 4& the notgr 1Q 206a
and the v6zsfulfils ; penditippenstaiethsir sipes 1 480Gk 1916 nky rrﬁFtHaBF‘%c or
300. Loading of the notor 206a determ nes whether the notor would stall or
not and tduwrdspadiding fishidg dieet208ap Mépe thefishing dinerkdSismaiwated, tisaets ng by
the digit 102a. This is because as the digit 102a cl enches, resistance
exper i enc@ebyortdpomliy fing6mip sldengesa aftettreedigit t0Rze siastsciauisertd. bjhée he
digit (which are not 15 functioning properly) and the biasing force of the
resilient EMBESSs3b2B00! thenf §hes RIMBLE£AB0B. to! BEteRt Mctterf PleCfrst hestbed by
the motor 206a 1s not able to overcone the resistance, the notor 206a woul d
stall, ang.the [ren unni ng through the notor 206a woul d peak. This peak
i s det ectg%é'ﬁft%ﬂﬁ%g §Bb?gnt sensor in the notor 206a which communicates this
to the main processor 300 and the 20 process junps to step 1010 which stops
the actuation by the notor 206a. Once the first notor 206a is stopped, the
process goes to step 1018 to determne if all the notors 206a-206f have

st opped ambeistalieg oftthe petarelfaitddetectehdy, theneUrFREcanNso iimie tetef ep
1014. 34 |f at step 1006, no stalling of the notor 206a is detected, the
fl ow gwes206a sinepth&0dBués ofifihe kutrest semsorpareckesdbacis 09 thie mainipiesessioet her
maxi mum cl ench is detected based on the readings fromthe flex sensor

213( | ocat gdoW 444§ Df tes MdtenLoeE aeirmideavhete theasbtog woldstali erfriotx
sensor is configured to be 5 inversely proportional to the clenching which

means thaEnH‘%EW%iﬁbqg%éﬁlmaﬁgﬂﬁht‘éﬂté @R SICLIHIG g theadlghg Trom

the flex sensor IS a e mninmumis maintain for nore

e A R UL T PR
the prOCe?nsotgpezs(mgoin%treeapselsq1'Iohe resistance is caused by the digit (which are not
15 functioning properly) and the biasing forcé of the resilient members 212a. If, for
some reason, the pulling force created by the motor 206a is not able to
overcome the resistance, the motor 206a would stall, and the current running
through the motor 206a would peak. This peak is detected by the current sensor
in the motor 206a which communicates this to the main processor 300 and the
20 process jumps to step 1010 which stops the actuation by the motor 206a. Once
the first motor 206a is stopped, the process goes to step 1018 to determiné if all

the motors 206a-206f have stopped and if yes, the process ends. If not, the

process jumps to step 1014.



10to stop the correspondi ng notor and subsequently to step 1018. If the
maxi mum cl ench is not detected, the process goes to step 1012 which checks
a maxi mum count of the notor encoder 217 of the first notor 206a. As

expl ained earlier, the encoder 217 measures the amount of rotation by the
15 notor 206a and enabl es the main processor 300 to determ ne the anount of
di spl acement of the fishing line 208a.31n this enbodi ment, the maxi mum

i shi ng 1S ed008; ?‘%é@%ﬁ%ﬂﬁ%ﬁ%@%ﬁ%E%@giﬁgﬁﬁﬁ“’éﬁ%ﬁ%é@%
app i oat | P05 MBNPTOESRIn DiCPacae! CHBBEEDRE o NPC N NBLBEEY S ep

1012. The nmi n processor 300 checks the encoder for the anmount of

di spl acendetectstd based i @mithg raasiropdman the fiee sensebed!tlozatast ddths the

di spl acenent of the fishing line to be greater than 10cm this causes the
process t egiient eeember 2118p).1006 rebdinly Fowmpthet flex sensers sondnfiguradttorbe06a.
35 If the maxi mum count is not reached, the process goes to step 1014 to

check é"hem@FséW?r@Mrﬂbnélstd ke IcRsichivy evhich nigdins tHati maksnurat cleadte ipr ocess
goes to step 1016 which sets the second notor 206b as the active notor and

t he procegqﬁéibf%@ t® 5 §Ba %2 \flﬂeﬁ etlﬁ%aPeéd?ri\% foH HEMRx1988:dr0isl@tda S5 If

at step 1 motor Is t ast notor, en the process junps to step

1004 which.sets the [rent tor the firs t et her
the condi PIQAYIM, gn¢ ﬁﬁ?i'r‘\”é’a%bﬁ F%ag'ﬂt&'l}feé{ tnoé éggiﬁlnaéggﬁ}%glyﬁgﬁghgggps in
Figure 10 pro_?,oses actuating the . .

conditions are satisfied, the main processor 300 considers that the maximum

clench position is reached. When this happens, the process goes to step 1010

10 to stop the corresponding motor and subsequently to step 1018.

If the maximum clench is not detected, the process goes to step 1012 which
. checks a maximum count of the motor encoder 217 of the first motor 206a. As
explained earlier, the encoder 217 measures the amount of rotation by the

motor 206a and enables the main processor 300 to determine the amount of

—
i

displacement of the fishing fine 208a. In this embodiment, the maximum count
is set to 10cm which means that the maximum displacement of the fishing line
does not go beyond 10cm. Needless to say, other values of maximum count
and maximum displacement may be selected depending on application. The
20 encoder 217 includes a counter which is reset at step 1012. The main
processor 300 checks the encoder for the amount of displacement of the fishing
lines 208a. If the encoder 217 detects a displacement of the fishing line to be
greater than 10cm, this causes the process to proceed to step 1010 which stbps

the corresponding motor 206a.



notor individually to give flexibility to the therapist to activate one or
nore notors. This is to allow the possibility of doing therapy |ike picking
a pencil with 3 fingers (pointer, mddle and thunb to grip pencil while
ring and pink fingers in clench position). However, it is envisaged that
the notors 206a-206f nmay be 15actual |y sinultaneously. Upon conpl etion of
the process of Figure 10, the routine Yoes to step 806 of Figure 8. At this

step, a fl.qw sim.lar to that of Fi e i cut b i

exeout | ngl'tHe TEBHAIET GRuBER PRl ol it bioqR S e o el IF £ R ey, ¢
is 20 executed. |n other words, at steps,K 904 .and,é 906, the main processor
300 det er WREENIABIARIT ihEhedastimqteher Pﬁe‘%* '%lr’i‘&t’égﬁcﬁrppﬁﬁs QPﬁERQ sgqep Tabl e
2 are fulfilled or not and if they are fulfilled, then the routine goes to
step 808 0®1Givehick setbtha secap 8B8or 2ABbp2E then aclivRisrqjoe andHbesresags
rehabilitation routine which is to flex the fingers, and the general
actions ofunspeto 8189 #0086 tolrepsat thiscaind stefisglO08 11016 it can be appreci at ed,
the steps 1102,1104,1106, 1110, 1112,1114,1116, 1118 are simlar to the steps
1002, 1004, 1006, 1010, 1012, 1014, 1016,1018 of Figure 5 10, except that
instead of clenching, the exercise in Figure 11 is the flexion of fingers.

Thus, the i i I her
descr i pt i et o0l EGHOGr IS tHEESE rRRphIREH HBloc e RS RS 0 B 00 Th0s
of Fi gurewll*n(l)chbustets]c %e dc:eutrree(%u Irggtor to the first motor 206a to check whether the

conditions are fulfilled.

10 It should be appreciated that the steps in Figure 10 proposes actuating the
motor individually to give flexibility to the therapist to activate one or more
motors. This is to allow the possibility of doing therapy like picking a pencil with
3 fingers (pointer, middie and thumb to grip pencil while ring and pink fingers in
clench position). However, it is envisaged that the motors 206a-206f may be

15 actually simuitaneously.

Upon completion of the process of Figure 10, the routine goes to step 806 of
Figure 8.At this step, a flow similar to that of Figure 9 is executed but instead of
executing the condition script of Table 1, the condition script of Table 2 is
20 executed. In' other words, at steps 904 and.906, the main processor 300
determines whether the Conditions Line 1 and Condition Line 2 of Table 2 are
fulfilled or not and if they are fulfilled, then the routine goes to step 808 of Figure

8.



10 the maxi mum fl exion at step 1108, the maxi mum val ues of the flex sensors
are required, instead of the m ninum val ues. When the maxi nrum val ues are
reached and do not change for nore than 250ns, the processor 300 woul d
regard that the maximum flex position is reached. 15 Wen the nmaxi num
flexion is detected, the notors 206a-206f are stopped, and the process goes
to-step 810 of Figure 8 to determ ne wiet her the number of cl enchi ng and

f1 exion 'ﬁt %%bﬁ}dé?ﬁe%atﬂeﬁ?ﬁa&@@&e@ tR8WAcBhd fehiBilitalidhSoGaNa Hich @ U 1S

det erm ne e erapi st dependi ng on the requirenent of the patient,

?—2?” 3 lingg’??*{esﬁirfgc%rr%giﬁﬁi@%b%gﬁaéﬁ@ﬁ% %55%%[535% Ble ARSHRER Colrs ?qﬁﬂuh?er
{ne rest B NG B @PBIERAITCNaTBRS 1404; idel 10608 1A 1440 Tdntrio 1hid

counter value is reached at step 810 and then the exercise routine ends.
37 As it amnsibdlagpprtbeisiers 1008rh00He A661@10.1A2,48V4nd AT 61848 ¢t Bigusm
devi ce 200 enabl es detection of the intention of the patient and based on
t he i ng ent 0 ,08xceps that inskeadpef tienthing, #ud eaeisehin Figugers isrtha feliomtodr y
manner. Further, by using the patient or user's skeletal structure as the
primary nﬁ@ﬁ@r@i GHusS YRS tstéss tn ARG 1 at wolRl BeEMidarbtdolebdsed tan théi s
greatly reduces the conplexity and size of the device 200. Broadly, the
devi ce 30Q_x : i ; have three subconponents - (i) robotics,
(i) readg%@%}ég?:g%rﬁé}@ ‘?ﬁ%@g{é ??'o provi de bi of eedback - which is achieved
by the biosensors 250,260) and (iii) navigation of the fingers and hand
(via the biosensors 250,260, acceleronmeter and IR sensor 220). As a
10result, the device 200 is able to pronote or enhance l\ka}g‘o-regr ani sation
and nat ur Stemai ARIof Figyer 1 hrarrasprRNdfoiveriert LO8piioEre 40 hut fog %'%Ct'vgew of
a portable novenent facilitation apparatus 2000 according to a second
enbodilorentheomaxireuimflexion @b stemd 168 ¢heenagimum yvalues ofitheViaxs@tsarpare
portabl e novenment facilitation apparatus 2000 of Figure 15. The portable
nmovenent fré’e%‘dil*éd, ainsh P athet wEniAlin vsluesnfWpen etthet emdxtmusedahigd aael ower
limb 3000 of a human body. The portabl e novenent apparatus 2000 includes a
| eg myenﬁéﬁcﬁéﬂcbhgt@é 'JRﬁ' @%E\E@efo?]rﬁgré‘ﬂﬂ’arﬁ 250fis, IRB SO CEYSIresn@ Il not

15 and 16,

shown in Figures _ t see Figure 26). the |'eg novenent

facilitation i 2100. I el t for carrying a main
controll efe%rgiﬁgﬁﬁea'%%&r}é%J%%ﬁfb&ﬂlogr'gurﬁlafm ' 2106 which is
comuni catively coupled to the main controller 2104 via a conmuni cations

and power cable 2108. In this enbodinent, the main controller 2104 and the

15 When the maximum flexion is detected, the motors 206a-206f are stopped, and
the process goes to step 810 of Figure 8 to determine whether the number of
clenching and flexion is more than or less than a counter value. This counter
value is determined by the therapist depending on the requirement of the
patient, and likewise is scripted into the condition script (although not shown in

20 Table 1 or 2). If the number of clenching and flexion is below this counter value,
the flow goes back to step 802 and this is repeated together with the rest of the
exercise i.e. steps 804, 806, 808 and 810, until the counter value is reached at

step 810 and then the exercise routine ends.



38 2106 are secured to the belt using VelcroTM and the belt 2102 is secured
to a thigh 3002 of the lower |inb 3000. The nmain controller 2104 provides
power to the MCU 2106 via the 5 communications and power cable 2108 and is
a central "brain" for coordinating between various devices for exanple,

bet ween the portabl e novenent facilitation device 200 of the first

enbodi nent and the foot sensor systenf?SOO of the second enbodi nent. The

mai n cont I 4 j I j RRR rial
Wth | podf Ehg depieR B oy R AR, R RGN SR BB AR i n
controller 04 ich includes a mgcrocontroller 1700 conf.igured to
interfacee'?/ﬁﬁﬁs 93{9@%‘)@7’8%}6 Q‘g@rbmoﬁﬂﬂ&ﬁar@n&anﬁaqste Ocpf@%o'b%i] t@gOG, power
circuit 1708, charger circuit 1710, wirel ess conmuni cation nodule 1712 and
SD card shesistithe patis teeaciugtertbedinagra ina votpkanyamaneen fUbtheEo%4949al so
includes a battery source in the formof a Li+ rechargeable battery 1716.
As shown fhe gatignt er GiZer's bicelbtal strugtutd 86 the evintary meokaniea sviPpert tdevi ces

(such as the MCU 2106) via the plurality of ports 1706. For exanple, Port 1

of the pltgatitbyn&berment &f théQfigitss thisupbatl tadudee thEdoRiiéxigrahgeimeroff rom:
the battery 1716 is transmtted to the MCU via the 20 conmuni cati ons and

power cabire GAds 90h Cirdf: RO YELRE 30D fbel coridige @aanarivedhfeabib-1710

enabl es a user to charge t'he rechargeabl e battery 1716. Power fromthe
battery 1716 is al so,.transntt. . i.reui - \ahi rovi des
the nicr OE%’HPPB?'%EQ’F gﬂgiﬁg)oi'gau{'"?g%"’tch%é ?%8%’9‘1@&‘5@ (t?%bhopyﬁéa:? l@%@ﬁgi n
controller 2104. 39 The plurality of po 1706..1s configured.to

communi caWwdigh 'ﬁraqhe%@m&@ %?%?g%ﬁgéﬁoﬁcgra@ds@@waé’égqug ¥ HEB™Si a Port
1 and data or information received fromthese notor controllers are

t r ansf er r add thandi{ziantheriesensass 2602600 aceelergruetai@ndgRozanssr #g0drATant r ol
signals fromthe mcrocontroller 1700 are 5 transmtted to the notor

contr @b | erssult, the Hevipé 208lis tapleofo pronmate bf @hhaacadieratreoegamiisation and ors f or
exanple. Simlar to the MCU 2106, the comuni cation to other notors

cont rol | engy RERndrhal fikGEPERd HRMAUADG&hEARS and power cabl es.

Figure 15 is a front view of a portable movement facilitation apparatus 2000
according to a second embodiment of the invention, and Figure 16 is a rear
15 view of the portable movemen.t facilitation apparatus 2000 of Figure 15. The
portable movement facilitation apparatus 2000 is configured to be used with a
lower limb 3000 of a human body. The portable movement apparatus 2000
includes a leg movement facilitation device 2100 and a foot sensor system 2500

(not shown in Figures 15 and 16, but see Figure 26).

The leg movement facilitation device 2100 includes a belt 2102 for carrying a
main controller 2104 and a motor controller unit (MCU) 2106 which is
communicatively coupled to the main controller 2104 via a communications and

power cable 2108. In this embodiment, the main controller 2104 and the MCU



The LCD 1702 provides visual display for the user and the keypads 1704 10
function as an input interface for the user to control the main controller
2104. For exanple, together with the LCD 1702, the keypads 1704 allow the
user to select different options provided by the main controller 2104 and
to configure various settings. 15 The w rel ess comuni cation nodule 1712
enabl es wi rel ess comuni cation between3the main controller 2104 and ot her

o e A8 WGP S A @R Ga [o

t he bi osensor u Irst e Iment. Signals received by
the wirelgs ,cation . .nod 1712 are comuni cated to the

i crocont&‘&ﬁ'l g&%?)g’ef BWQFUH}Q}]@(bg%Oprocessi ng. The SD nenory card 1714 is
used to provide exercise or rehabilitation routines to the main controller
2104 simlar to the purpose of having the nmenory card slot 304 of the first
enbodi ment. The m crocontroller 1700 may al so store data on the SD nenory
card 1714The4@ndihe coniralleror 104 | provie®4 pawehdpe ithel ddeY K21oz2da 1718 for
provi ding the user with audio cues or alarns. 5As nentioned earlier, in the

seconds enpesimBtatidnieartrpoweprhble £ €08 2ha4s cocentralcatain” furtdoordiaatifit) 2106
via Port 1 of the plurality of ports 1706. Just |ike the main controller

2104, the %@é RRURvIcEsTBEE SkarBR, MBERTdeH et IhdrBAe r MovBmenti gur e
18 is a sg erraet?} g\ﬂﬂ ock divagrsam of t?{ﬁgl\/ﬁlu 2106 and i[pincl udes a notor

m crocontfoller 1 I . ' hS
connect ed‘cch't?tﬁ%n §§}%ﬁ§%@aﬁﬁgkg'r F\gﬁ%%\/?gﬂ getg%l@rtrﬁ&ét Sh%%gf\é?ft%%&?%cl udes
power circuit 1804 for draw ng the power recejve rom t he comuni cati ons
and power Ot 4R¢ eSeP08 ?Eg’ogl"ﬂgﬁtdeﬂh%ymﬁﬁb CBH&PQ‘?rygibQG'”(‘}liucféﬁean‘é? roifer
control l er 2104) via the data and power port 1802 and for providing the
requi red housiagemaes ef ABSomatrriatwity IRf4cadieent rol | er 1800 and the ot her 15
conponents to operate the MCU 2106. It should be appreciated that data

recei ved fromthe data and power port 1802 is transferred to the notor
m crocontrol l er 1800 for further processing. The MCU 2106 further includes

a notor dpEigge 1806 ardcheaedid BloeRNHI=rampetdhéndairoicahiroerd21@4twisiohof a
DC notor 1808. The notor 1808 is arranged to control a storage bobbin (not

Thevt 0 g KORERBIE, (06 s b i oo g, o
stow and ‘i'<'<a§8§é‘§ e1 7%4', ean ﬁuhraﬁtfy 8f fploes %6&3,”%0%%%0cir%%1?t21708., charger circuit
1710, wireless communication module 1712 and SD card slot for a SD memory
15 card 1714. The main controller 2104 also includes a battery source in the form
of a Li+ rechargeable battery 1716. As shown in Figure 17, the battery 1716
provides power to other devices (such as the MCU 2106) via the plurality of
ports 1706. For example, Port 1 of the plurality of ports 1706 is coupled to the
MCU 2106 and power from the battery 1716 is transmitted to the MCU via the
20 communications and power cable 2108 which is connected to Port 1. The
charger circuit 1710 enables a user to charge the rechargeable battefy 1716.
Power from the battery 1716 is also transmitted to the power circuit 1708 which

provides the microcontroller 1700 required voltage levels to operate the main

controller 2104.

2
w



41 The MCU 2106 includes notor current sensing circuit 1810 and an encoder
1812 electrically coupled between the notor 1808 and t he notor

m crocontroll er 1800. The notor current sensing circuit 1810 is arranged to
provi de current feedback of the notor 1808 to the microcontroller for
exanple, to detect if the 5 notor 1808 is stalling (simlar to the current
sensor of the notor 106a of the first ghbodinent) due to resistance

experi enc - | ¢ . : - i r ed to
o ovi do. r DHRBIAY ST TOSRS cOMilrpa o AR St e B a0
nmotor m crogontroller 1800. MCU 21 I ihel . .

accel er On%qrﬁ;oqlfagugia@sat%gd\/ls& ég Qgpvéa f;ﬁrgchﬁiﬁggan ? B?rﬁﬁén%l‘@grrecelved

m crocontroll er 1800. The 3D accel eroneter is c%nfi gured to pr '(ge t he
mot or i cre@othiass maton gootrallens areatiansierrsd daqthe HE&@@FOBWIE‘Rt iﬂ) fOhnd
magni t ude of novenent of the |l ower |inb 3000. The 3D gyroscope 1816 is
conf i gur eflirther ppmdessing- axi soaXply sigdal® dscm) theot midroeoniraliees 17601 arge

| ower Iinmb 3000. Generally, the MCU 2106 is arranged to actuate the flex

strings 2¢ifsRitkd by thelheast ronabllést viactianglurbity fdfeporss ri706 1 20tuatd 2
according to commands received fromthe main controller 2104. Based on

these conyagigsed hhGtoMkbriaAN8. BifNade arPMIDiRNS, iths CoHfrhiMREtG® telr i ve

the notor 1808 to actuate the rotation of the storage bobbins to facilitate

he. degr st iR SentpBBe A7 g hfel REF R e R B pd b Co0BR S oy ™

the 3-D accel eroneter 1814 and the 3-D gyroscope 1816 and comruni cated to
the main controller 2104 for further 25processing. 42

The LCD 1702 provides visual display for the user and the keypads 1704
10 function as an input interface for the user to control the main controlier 2104.
For example, together with the LCD 1702, the keypads 1704 allow the user to
select different options provided by the main controlier 2104 and to configure

various settings.

15 The wireless communication module 1712 enables wireless communication
between the main controlier 2104 and other devices such as a personal
computer or biosensors (not shown) similar to the biosensor modules 252,260
of the first embodiment. Signals received by the wireless communication
moduie 1712 are communicated to the microcontroller 1700 for fudher

20  processing.

The SD memory card 1714 is used to provide exercise or rehabilitation routines
to the main controller 2104 similar to the purpose of having the memory card
slot 304 of the first embodiment. The microcontroller 1700 may also store data

25 on the SD memory card 1714.



Referring to Figure 15, the portable novenment facilitation apparatus 2000
further includes a linb harness 2114 having side supports 2116, upper
support straps 2118 for securing the linb harness 2114 to the thigh 3002 of
the lower 5 [inb 3000 and | ower support straps 2120 for securing the linb
harness 2114 to a leg 3004 (i.e. portion between knee 3006 and foot 3008 of
the lower |inb 3000). The linb har ness*%2114 i ncl udi ng the upper and | ower
support straps 2116, 2118 are preferably nmade of bio-safe nmateri al
especially the portion which may be in direct contact with the skin of the

linb. 10 The | ower suppo t.raps 2120 include a [ stra i r 2122
and Fi gur £ §3ig cé)ﬁ‘?ré’ﬁg’é%é)gg f\}'i%g%\'; IBFludRs < Pﬁf)ert?%m?{eﬁmﬁ% H?@Plggﬁre 15.
The strap tightener 2122 includes two side plates 2124,2126 each having an
engagenenwitt lagdi2¢Pss gnalarmsr securing to a part of the | ower support strap
2120 formng 15 part of the |inb harness 2114. Each side plate 2124, 2126

al so has an upper and | ower guide slots 2128, 2130, 2132,2134 and a central
engagenent aperture 2136,2137. The strap tightener 2122 further includes a

suppori fAanmeatisBed’ &rréabhytheadecadti @mipddiniant, tie aeaivl onthsllerng104p and
bottom frame nmenbers 2140, 2142 and a spine nenber 2144 traversing and

i nterconn [ ; d f rtsEAFE Qfust he top
and bottoﬁ(? 'F‘g%‘éé%%ﬁbw@?‘smzé&"%?igegﬁ%ﬁ?ﬁﬁzgﬂ%%ﬁyﬁﬁ 23126 usiur?g
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IP54 rating. Figure 18 is a schematic block diagram of the MCU 2106 and it
includes a motor microcontroller 1800 coupled to a data and power port 1802
10 which is connected to the cqmmunications and power cable 2108. The MCU
2106 inciudes power circuit 1804 for drawing the power received from the
communications and power cable 2108 (as provided by the battery 1716 of the
main controller 2104) via the data and power port 1802 and for providing the
required voltage levels to the motor microcontroller 1800 and the other
15 components to operate the MCU 2106. It should be appreciated that data
received from the data and power port 1802 is transferred to the motor

microcontroller 1800 for further processing.

The MCU 2106 further includes a motor driver 1806 arranged to control speed
20 and rotation direction of a DC.motor 1808. The motor 1808 is arranged to
control a storage bobbin (not shown in Figure 18) which are structurally similar
to the bobbin 206g of the first embodiment. In other words, the storage bobbin

is arranged to stow and dispense a length of a flex string 2110,2112.



5 The spine nenber 2144 includes a centre slot (not shown) for connection
to a rotatable circular plate 2146 using a screw, washer and nut set 2148
to enable the circular plate 2146 to be rotatable about a central axis of
the centre slot. The circular plate 2146 includes a plurality of connection
apertures 2150 spaced equidistantly around the circunference of the
circular plate 2146. As shown in 10 Fifure 19, two of opposi ng connection

apertures_21 f.t | urali oyl e ]y b ur re
movably oANRTHEf 2208 ROk Mot bint b AR SRLASI APk 8R ket T,
and a second_| i nkage nmenber 2154 whpse secaond _ends are in turned novably
coupl ed téﬁ%@‘%ﬁ‘%ﬁ@/&%&ﬁ%%@ﬁ%ﬁ eéﬁa%é%@ﬁta'&f)m mpéorﬂ%?%rggﬁlgf t he
side plates 2124,2126. 15 The novabl e connection between the first end of

t he second8PPnikhgemetarbewrrontsgensiag tqicudi 181 iy aprangedoton rewdde i m@Nknob
2156 for connection to the flex strings 2110,2112. The knob 2156 incl udes a

| oop Wi t hfeedbaickloftthel motort 1898f toethesmidrogsntrdiles fooerentplents deedkeiédhe he
second end of the second |inkage 20 nenber 2154 and the side plate 2126,

bet ween t hgothi § 808 @Nstafingt (Benidritsithd icokeaessmstharf tRd pRotand06hef the firstar
pl ate 2146 (via the connection aperture 2150a), and between the second end

of the fir J; : ; i hpg rther
screw nueT N STHOUE B Rsiance Steliet RE R BLR S S R SE I STTR
coupled to the kn 2156 _and when t.he f] ex [ 0 [ | lced (as
expl ai ned eé‘&?ﬁ?re?gP%H:‘ eBAPes? t%fpr?‘ﬁ'ge@??fégf?gﬁﬁga#&sﬁc'i Reged%ﬁgg 35156 in
the direction of the Ful |, and causes  the ig@ and bottom support nenbers
2140, 2142 the MAtpHE80& foythe moly Mk rdRlIg 48@% 5 2124, 2126 and causes the
circular plate 2146 to rotate anti-clockw se (using Figure 19 as reference)
so that the knob 2156 is noved to a new position shown in Figure 20. In
this way, this causes the | ower support strap 2116 to be pulled inwardly

(as shewn The MCOVE!0B8AxIsanidhcludes, a 3Dy lateaierdrhetdr ol&id angpoBD gyrasesp@120 to
the leg 3004. 10 In the second enbodi ment, the belt 2102 al so includes an

upper st rapqg ghlsBar (218 BbidiChiiErakbbitrslich 1800t TheheDl avesiefdmatertisghener
2122 and thus, it operates in a simlar manner. The upper strap tightener

2123 al ' Ul [ - ' 4 : b

cirout ar A BUBERE SO GH AR HoBg Ao AR 180 Wik i (Ko AREe.

The fl tri . 2110, 2112 di f t h bobhi f

2106 1 5 ;2465 SRR SRR aRerme oS! e (i IRE - 04 AE 1 over
strap tightener 2122 and when the MCU 2106 retracts ar pukl s the flex
strings 21mesacre 18 Heiskantiovged i prVidRI3@XIs Re YMNY 2BX6S) tPtatiem apgles

facilitated by the circular disc) and this tightens the belt. 20
15 of the lower limb 3000.

Generally, the MCU 2106 is arranged to actuate the flex strings 2110,2112 by
releasing or retracting the flex string 2110,2112 according to commands
received from the main controller 2104. Based on these commands, the MCU
20 2106 provide appropriate instructions to drive the motor 1808 to actuate the
rotation of the storage. bobbins to facilitate movement of the lower limb 3000.
The movement (such as MCU orientation, and the degree of displaced position)
of the lower limb 3000 is picked up by the 3-D accelerometer 1814 and the 3-D
gyroscope 1816 and communicated to the main controller 2104 for further

25  processing.



The portable novenent facilitation apparatus 2000 further includes a knee
guard 2160 and Figure 2la is an enl arged unassenbl ed front view of the knee
guard 2160 and Figure 21b is a rear view of the knee guard 2160 of Figure
2la. The knee guard 2160 includes a knee pad 2162 and a joint strap 2164
attached to the knee pad 2162. The joint strap 2164 is nade of anti-slip
material, 45 especially, the portion 6t the joint strap 2164 which is in
contact with the skin, to prevent slippage of the knee guard when in use.
The knee pad 2162 is arranged to be |ocated over the knee of 3006 of the

| ower |i 000 and the joLnt, str 64 | 3 and
secur ed Pg&gqrﬁeg @si&ﬁ%“"@ 8/51 é?%ﬁ}?&rﬁé ﬁhoé’gﬂgﬁefgrﬁé@#@% lr}%toéggtﬁlsngeﬁges a
|l i ne guide 2166 di sposed on the knee pad_216§. The Ii%g %gide 2166 incl udes
a sl eeve fuitherdnelufgs arlire harmesgs21 it having Sigeisypeons 1 191 ¥PPep syarart
through to maintain the flex strings 2110,2112 in appropriate %osi tions
when act ustraps 2108Her sectritg therimbnbatnesac? 114 & thenthigh A082uf thedowsrso

i ncl udes a knee joint |ocking device 2168 which includes two side braces

2170, 2472 @sS3q00 bndfowsesspstet stapo 2t 20Xdl 6curdvmn et kabtiarnespadt 4 e
| ocki ng mechani sns 2174,2176 - see Figure 16. The two side braces 2170, 2172

are arrangedqoso®d (18! psitidR Bétwied kewer3gosTanddes: audsesicihesiodrrbirmpbe
2170, 2172 inCludes an upper segnent 15 2178,2182 and a | ower segnent

2180, 2184 . S i LEP iV qu.{(i
mechani sm3§§§54]e@i§g"ﬁbzh% oes%-pggﬁe/i@g\}ggm% w&éﬁfﬁ’ggﬂ oln éorc%jd g dée’\fl}lggg 2168
is illustrat in Figures 22 and 23 show n ne,of the,l gcking mechapi sns
2174, one 2316 HAB e ELgR Tade oF BRA U RE Rl Aree T Bl A b el N o o
the side braces 2170. Both | ocking nechani sms 202174,2176 are structurally
sinilar ampybed direchaamtactythsiterskinp &hthe bmexpl ai n one of them Both the
upper and | ower segnents 2178, 2180 includes a flat planar nenber and the
upper 1segnent 2178 is arranged along the side of the thigh 3002 so that a
| engt h of the upper segnent 2178 runs substantially parallel to the |ength

The lower support straps 2120 include a lower strap tightener 2122 and Figure

19 is an enlarged view of the strap tightener 2122 of Figure 15. The strap

tightener 2122 includes two side plates 2124,2126 each having an engagement

slot 2125,2127 for securing to a part of the lower support strap 2120 forming

15 part of the limb harness 2114. Each side plate 2124,2126 also has an upper
and lower guide slots 2128,2130,2132,2134 and a central engagement aperture

2136,2137.

The strap tightener 2122 further includes a support frame 2138 preferably made
20 of plastic or acrylic having top and bottom frame members 2140,2142 and a
spine member 2144 traversing and interconnecting the top and bottom frame

members 2140,2142.

Ends of the top and bottom frame members 2140,2142 are coupled to

2
w

respective upper and lower guide slots 2128,2130,2132,2134 of the side plates



46 of the thigh. Likew se, the |lower segnent 2180 is arranged with its

| ength substantially parallel to the length of the | eg 3004. The | ocking
mechani sm 2174 is arranged next to the knee 3006 so that the entire
arrangenment of the upper segnent 2178, |ower segnent 2180 and the | ocking
mechani sm 2174 mmcs 5 the nmovenent and function of the thigh 3002, the
| eg 3004 and the knee 3006. As it can te appreci ated, the relative angle

bet ween t &g?%‘ég L?rsggﬂ's%e\%y rLBRd | AUEseRePTBB! 12 kBRbles thE] SiRdiRG! ©

t
about the |'oc chanism 2174 which mmcs an operation of the knee

Lhe'| g SbexoRRa BERROAGHS Sk BlerbRia P4 ARPS ang T, 4pd bR RS 10°F

joint lock cover 2186 and Figure 23 illustrates internal conponents of the
| ocki ng nBERRArS 1206844t h the joint |ock cover 2186 detached. The | ocking
mechani sm 2168 i ncludes a gear arrangenent 2188 which cooperates with a
correspondi ng gear nechani sm 15 arranged (not shown) in an inside face of
the joint | ock cover 2186. The gear arrangenent 2188 is thus arranged to
mesh w t hThdephry Frespiserd? iy geiudees entsnsiot (ncthehokmadol combedtmrkiong
device 2168 ano i ncl udes an encoder disc 2190 nounted next to the gear

ar r angemepatg @C'r?élﬂalaﬁla?@tﬂmf@'uﬁrgl%@dﬁfreall,%sﬁl@? et atdat @128 ot aiatsiaal

novement of the gear arrangement 88. The knee joint |ocking device 2168
e e RSSO g B SRt o cbeaR e
ERREERTEE R ( H R r ot A R VAL S
equidistantly around the circumference of the circular plate 2146. As shown in
10  Figure 19, two of opposing connection apertures 2150a,2150b of the plurality of
connection apertures 2150 are movably coupled respectively to first ends of a
first linkage member 2152 and a second linkage member 2154 whose second
ends are in turned rhovably coupled to the corresponding central engagement
aperture 2136,2137 of the side plates 2124,2126.
15
The movable connection between the first end of the second linkage member
2154 and the circular plate 2146 is via a knob 2156 for connection to the flex
strings 2110,2112. The knob 2156 includes a loop with a latch to lock the flex
strings. The connections between the second end of the second linkage
20 member 2154 and the side plate 2126, between the first end of the first linkage
member 2152 and the circular plate 2146 (via the connection aperture 2150a),
and between the second end of the first linkage member 2152 and the side

plate 2124 are using further screw, nut and washer sets 2158.



encoder 2192. The joint controller 2196 is attached to the upper segnent
2178 of the side brace 2170 and a schematic bl ock diagram of the joint
controller 2196 is illustrated in Figure 24 and it should be appreciated
that this is broadly sinmlar to the schematic bl ock di agram of the MCU
2106. 5 The joint controller 2196 includes a joint mcrocontroller 2400
coupled to a data and power 1/0O port-Z%bZ arranged to be connected to a

further GRTUALCRLY SRfRNSH ROYSS %e%g{p?e@ 198né 38R LD 956 @hd2&haR%Ah&3exhi ch

inturnis co one o urality of ports 1706 of the main

controller .210 igure 17). 10 [Th L 119 I ed to
Foint “cortiaet a1 ' ienar F rRurE s shelalTed sy duEo Moy Tt MG 9

requi renents to the joint_mcrocontroller %400 and for o erg%i gg t he, j oi nt
cont r ol | ehispmoges |the knoke2 V2 in tiors direglon Gf Abe qly ABA) caYseedBe PR AR%hc udes
a joint controller 15 notor driver 2406 (and if the joint controller 2196
uses a sdbaitosh ds@ipportir ngnmoersh@1464142r rtangldrentela#dveg tot Hieh side wplatepe a
sol enoid driver here) for controlling when the |inear notor 2194 | ocks the

gear arr angenente 2hBchlisys thas aircolgr piatet DU4G ltoabtate hantkoleekBi3@6(usTig | oi nt
controller 2196 further includes linear notor current sensing circuit 2408

to provi deggrd Menhsfeesianek) k8 Hae thei Kiol?2186CikosVeHold arnddOfbditoriet ect
if the linear notor 2194 is stalling, and a joint controller encoder 2410

to provi dgbc{\,grﬁj}{r Igrg{bgj? %ggﬁ%iggrgamﬁfstéaq%efsecﬁg%ﬁér Qlippdle siraE 913806 B the

joint mcroC vement of the knee and to provide this
information to the joint mcrocontroll 24 The j.0I ol 196

al so i ncl %@@OQW%FM (a(?‘o?ncf rl‘I%é(ra%@”@ﬁ%é8B§3h%ﬁ’1’99¢t8pggg§g@&\grn%uéé%rﬁi s
rotation angles (X, Y and Z axes) of the knee and comunicating these to

t he j oi ntsthars 3tdnte B4 leg IUWO. The joint microcontroller 5 2400 processes
this information, together with instructions fromthe main controller 2104
and generates appropriate controls to the notor driver to control the

| inear notor 2194 and in particular to prevent operation of the |inear

mot or 219 Wi §dtdnd &hbedimersg, i beltR10halswricludes av upper Stoaw tightegreent
2180 of the brace 2170 relative to the upper segnent 2178 of the brace

2170. Wthy é@%t&@gﬁlﬁ;ﬂﬁﬁ%ﬂ& vl stap fishedier 20r anetris? Rloperategned

securely to the via the upper support straps 2118 and the | ower

e o RDa i S A T RAEE A0 G} et
el b e e Rt iouler %3 2128%AP L McL"S1b6' @ Ve
15 mounted to the circular disc. The flex strings 2110,2112 dispensed from the
storage bobbin of the MCU 2106 is tied to the upper strap tightener 2123 in the
same way as the lower strap tightener 2122 and when the MCU 2106 retracts
or pulls the flex strings 2110,2112, the pulling force causes the MCU 2106 to
turn (as facilitated by the circular disc) and this tightens the belt.
20
The portable movement facilitation apparatus 2000 further includes a knee
guard 2160 and Figure 21a is an enlarged unassembled front view of the knee
guard 2160 and Figure 21b is a rear view of the knee guard 2160 of Figure 21a.

The knee guard 2160 includes a knee pad 2162 and a joint strap 2164 attached

1~
w

to the knee pad 2162. The joint strap 2164 is made of anti-slip material,



15t he upper segnent 2178 al so nmeans | ocking the knee 3006 (i.e. the

rel ative positions of the thigh 3002 and the | eg 3004). The flex strings
2110, 2112 extend fromthe storage bobbins of the MCU 2106 through the

sl eeve of the knee guard 2160 and is attached to the knob 2156, 213 which
has a | ockabl e hook as explained earlier. As nentioned earlier, the MU
2106 controls the displacement or retrattion of the flex strings 2110, 2112.
The fl ex [ I : ST t I i +0f okt St
enbodi mere e Do ER A e SEEE 2B Rch i EPRISEPRIAIG SR 1S

pol yet hyl ene (UHMAPE) fibre. 49 In the secand enbadi ment, th abl e
novenent 'Prz?é’leh S4PP8 eaﬁgﬁ?%t'ﬁ‘seez@éféré;ﬂ%e'? g Hﬁ%-s%ief”ga?és%%‘fof‘%g/é? em
2500 and this is shown in Figure 25 (but not in Figures 15 and 16) which is
attached aGarged tode '9oeEdbpventhg kire of 30963000t %"Y%t'l“&? 002 i e 15.
The foot sensor system 2500 is arranged to detect 5 orientation and

posi tion jointt steap at643 Bean argural ithe kree §606card sevusedrdogether aiging nai n
controller 2104 to enable the main controller 2104 to coordinate with the

ot her subygiss®sTHeek@ee GhardVEi6E ¥0Bhert inelydelsnd linejuidd Pe66 HgMsedoogui de
the user or patient to have a proper leg gait novenent. o The foot sensor

system 2500 (Rgé W3gS21dY ephd ﬂhé%m%eeuﬁbmgea@%ne@@%@@ﬁomgwrﬁ@h to an

i nsol e 2508 of a shoe so that the force sensor units 2502, 2504, 2506

contacts the. s f t LTd - f.Qr nsor
units 2503%‘%@%%@%&5%%%‘18? fﬁzet?sﬁ)%%};eth goo%fa{g"t’ tﬁ@% ﬂggn%QE gt he
front sol(é i&]zi) gf. t he foot 3008 andr'%he tthi{d force sensor unit 2506 are
15ar r anged 1 6f-&11¢ I ROBrPTEB HOSKOPRNNGR 2XYAEHt s t he heel 3012 of the foot
3008, as shown in Figure 26. Each force sensor unit 2502, 2504, 2506 is
structurally simlar to each other and one of them 2504 is shown in greater
detail in Figure 27, and Figure 28 is a side profile of the force sensor
unit 2504Tok portable rAdvembet fanilieticre @pparatns t200M04lsoniclcludies a kheedeint

resi stive sensor 2504a having a flat and flexible body having a first face

for adher iqikidP detieei 198 whdhOMclRlcd. tweskide rdBesimegomr1Ae(=y pdiofand a
second face arranged to carry an acrylic pad 2504b. The acrylic pad 2504b

i's arrangedid Qué:&g‘géggq1GE‘)hWﬁec"?écE]g&"ﬁ%ﬂrﬁc‘ﬁvgfloém@%fﬁ?@éhéﬁé}ﬁsizﬂ 7uhe pase of

this sensor uni Isist sol e 3010 of the foot 3008) and

the for Cesggsﬁrghreed‘lg.nThe two side braces 2170,2172 are arranged on either side of

the lower limb 3000 and each side brace 2170,2172 includes an upper segment
15 2178,2182 and a lower segment 2180,2184 connected to the upper segment
via the respective locking mechanism 2174,2176. A close-up view of the knee
joint locking device 2168 is illustrated in Figures 22 and 23 showing one of the
locking mechanisms 2174, one of the upper segments 2178 and one of. the
lower segments 2180 of the side braces 2170. Both locking mechanisms
20 2174,2176 are structurally similar and thljs, it would be sufficient to explain one

of them.

Both the upper and lower segments 2178,2180 includes a flat planar member
and the upper segment 2178 is arranged along the side of the thigh 3002 so

25 that a length of the upper segment 2178 runs substantially parallel to the length



50 the acrylic pad 2504b is thus detected or picked up by the force

resi stive sensor 2504a. The force sensor unit 2504 al so includes sensor
out put strips 2504c for outputting detected force to wires 2510 for
transnmssion to a foot controller 2512. 5 Figure 29 is a schematic bl ock
di agram of the foot controller 2512 and this includes a foot
m-erocontroll er 2900 coupled to a f oot *¢ontrol l er data and power

communi caly o AL 13RAse [BFe qewg}l{% LANS186TE 98504 VAt FRIRMGO

communi ca one of t plurali of ports 1706 of "the nmain controller

2104 i o0 (see Fi e 17) Via _another j [ - 14

(see Fi qustossaytiihpar il Tnd Pglf o SRR o0 P I ERBREh TR E 2R 2 1y
the foot controller data and power communications port 29020& t he
ni cr ocont isoalranged oexhivdthsolise 599@1%3"%6%@”@5&)?8’32‘9?&‘%@ ﬁ'&%h’&pleéd to
foot controller power circuit 2904 and just |ike the other power circuits,
the foot segteat P478ptomer segmentu?18Q a0 the lackiaggaechanipiodi 4& mimaics

required power to the foot mcrocontroller 2900 and for operating the foot

cont r o} | efhembyemEre ahagtintwit sithbehigh53aDd, ticd ledr3004h are theoknee SO0SOr

conditioning circuits 2906, 2908, 2910 comruni cati vely coupled to the foot
m crocontroll er 2900 and 20 for interfacing with the three force sensor
units 2502, 2504, 2506 via the wires 2510. Specifically, the force sensor

ConS, ves NROKERRCH P Bnd R A SanoRL R0 8 Spovesiment erg,onel
(o dot or menE BeawesReTBtont BB adgoBn ADRAr e: BeRPavimee ey sthe for
3008 has lw%wri]gﬁcriniomri]cé gﬁ ogpre?gt?odri of the knee joint. The lower segment 2180 and the
10  upper segment 2178 thus move when the leg 3004 and thigh 3002 moves. The
lowelr segment 2180 is attached to a joint lock cover 2186 and Figure 23
illustrates internal components of the locking mechanism 2168 with the joint
lock cover 2186 detached. The locking mechanism 2168 includes a gear
arrangement 2188 which cooperates with a corresponding gear mechanism
15 arranged (not shown) in an inside face of the joint lock cover 2186. The gear
arrangement 2188 is thus arranged to mesh with the corresponding gear
mechanism.
The knee joint locking device 2168 also includes an encoder disc 2190 mounted

next to the gear arrangement 2188 and an optical encoder 2192 for detecting

20  rotational movement of the gear arrangement 2188.

The knee joint locking device 2168 includes a solenoid or linear motor 2194
operable'to lock the gear arrangement 2188 and thus the knee 3006. The knee

joint locking device 2168 further includes a joint controller 2196 arranged to

188}
w

control the linear motor 2194 and for receiving feedback from the optical



51 The foot controller 2512 also includes a foot controller 3D

accel eroneter 2912 and a foot controller 3D gyroscope 2914 which are
simlar to the 3D accel eronmeters and gyroscopes di scussed earlier except
that this 5 accel eroneter 2912 and gyroscope 2914 are configured to detect
the orientation, magnitude of novenent and rotation angles of the foot
3008. The foot controller 2512 further?’includes a flex sensor CIrCUIt 2916

arranged to int c f %ﬁt apt flex
resistive %C@H%?Elbg jgggé sggn ?lg%rrﬂ)éz%gg SEhQ' {eongee%psor Cl cwt 2916 IS
arrangedto convert ana nal s,receiv mthef t Il |ve
sensor 25%f6theosigp frese éf‘&] g ?oSFhSPE??l&ssf%ﬁg (ﬁ?grt% Off ? Jfﬁrﬁ C&E‘g Eol | er
2900. In this way, the foot mcrocontroller 2900 is able to determ e ankl e
bendi ng a&‘gQGelSdléu%tcat@d ipyFiguee 24 @ndrit skoplsshbe @ppeecialrd ghabthig is bep
illustrated in Figure 25, straps 2518 and Vel croTM are used to secure the

f oot contginlilbeto ﬂ'&lﬂzh@naﬂitebrbobkjiamdmmbthbd\dCUEé&G.r esi stive sensor 2516 at
an angl e between the top of the foot 3008 and calf of the | eg 3004. 20The

foot ngcrocontroller 2900 is arranged to process signals received fromthe
foot controller 3D accel erometer 2912 and gyroscope 2914, the force sensor

condi t1 ONYRG @bt 8&Htfale%%@6%ﬁ%d%§%0 offtnidiGcdrtRic 2280 cdtipledtlid a 43t and

relaythese orrralon e naln contro hat the main
con ol 1 108 PR GBI 1, P00 6L WG RER s

and power cable 2198 (see Figures 22 and 23) which in turn is connected to

one of the plurality of ports 1706 of the main controller 2104 (see Figure 17).

10 The power is similarly transferred to joint controller power circuit 2404 which

provides required power requirements to the joint microcontrolier 2400 and for

operating the joint controller 2196.

Like the MCU 2106, the joint controller 2196 also includes a joint controlier
15 motor driver 2406 (and if the joint controller 2196 uses a solenoid for driving the
gear arrangement 2188, then it will be a solenoid driver here) for controlling
when the linear motor 2194 locks the gear arrangement 2188 from rotating and
thus locks the knee 3006. The joint controller 2196 further includes linear motor
current sensing circuit 2408 to provide current feedback to the joint
20 ‘microcontroller 2400 to detect if the linear motor 2194 is stalling, and a joint
controller encoder 2410 to provide rotational speed and position feedback of the

knee 3006 to the joint microcontrolier 2400.

Further, the joint controller 2196 includes a joint controller 3D accelerometer

25 2412 for detecting 3-axis orientation (X, Y and Z axes) and magnitude of



To operate the portable novenent facilitation apparatus 2000, the user (or
patient) puts on the linb harness 2114 with the side braces 2170, 2172

al i gned al ong the sides of the thigh 3002 and the | eg 3004 and the belt
2102, upper support and | ower support straps 2118,2120 strapped to the
respective parts of the lower |inb 3000 as shown in Figure 15. Further, the
knee guard 2160 is arranged with the ktee pad 2162 on the knee 3006 and the
joint str £ : i er
L1 arl y e8] R FiTERG T pho by vk B lEn 98 RN nicr St
necessary nd_t he shoes w.th_ipnsoles provided.with the foree sensor units
2502, 25042 408D ThevieRt ERBTPlies 24P 752 'Eﬁ'fﬁ,e% 1‘120'8{ tCSEPTB%e’t ClaX %r%SE‘S%%
tightener 2122 and 15 passing through the sleeve of the |ine quide 2166,
the user 2414dersdeiecting Jraxis LIAtDEANGICD (84 YaAN@ e @XPsk OF Hi *NESF B8R hi s
rehabilitation programre which may include assisting the user to go through
a series chmwalricatomgr these iedhe peinhapsrosdntroliere24@0.pl e jqpairraldre¢oriegii@rbar s.
In such a case, the main controller 2104 would instruct the MCU 2106 to
retracy thgod! srocebsédanis2idBrrRaien atshdthes with pobirictpractioon thet atais t he
circular plate 2146 to further tighten the | ower support straps 2120 and

furth ' i i i f
urt her pg&%@%gr%m%;n&rhgge%%éé gg;e]ro%}é@e 2datolsi thithe hhdtol BEve0@Acaibif oot

3008 abov t 1s detected by the accel eroneters and
gyr oscopes of. the 6, the jaint._cpn | er a

control | eﬁwezgrﬁararng/%# r%‘gﬂoﬁ ARddn fd@g%l‘g%rk%dé'\t/es)ceggp pt(z'J ﬁazﬁ)rpalgﬁthtggﬁ}e‘;aoﬁf%tror 53
2104 is able to detern ne .the position and ement of the | 0 and t he
foot 3008271BAMCRAN LTIRSE it JaFk thy Pes @&éﬁ%%%?e%ﬁ‘e%gg%@rogéP?ate
time, the main 5 controller 2104 rel eases theagull of the flex strings
2110, 2112 bbgcedRdperrsiatiyeoto the eapengepmartie?! 1% pfihe dragh 2 170e Wik thigs
fromthe storage bobbins and this enables the I eg 3004 to nove towards the

groundy Waescd De70 ¢arid 330&heedther bratea2t72)i strapped spawuely,totthé owsr lpnbked up
by the force sensor units 2502, 2504, 2506 and this information is rel ayed by

the foot' ¢RNHLLpsEr Kpbert Strddie2 1f8mBha thenéwer sespcH 8fapoL1Lhetheexdperct i on
or perhaps to nove the other lower linmb. As it can be appreciated, just
ke the Tlr8le §3198! JFRRAL brhb& 29618 Rli§nER Ut apped to the thigh 3002 and

the lower segment 2180 of the brace 2170 is likewise aligned and strapped to

the leg 3004 and locking the relative positions of the lower segment 2180 and

15 the upper segment 2178 also means locking the knee 3006 (i.e. the relative

positions of the thigh 3002 and the leg 3004).

The flex strings 2110,2112 extend from the storage bobbins of the MCU 2106
through the sleeve of the knee guard 2160 and is attached to the knob 2156,
20  which has a lockable hook as explained earlier. As mentioned earlier, the MCU
2106 controls the displacement or retraction of the flex strings 2110,2112. The
flex strings 2110,2112 are similar to the flex strings of the first embodiment and
may be made of nylon or ultra-high-molecular-weight polyethylene (UHMWPE)

fibre.

(8]
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facilitati on apparatus 2000 al so makes use of the skeletal structure of the
limb 15 3000 of the user/patient as the primry nechanical structure to
cause the novenment of the linmb. In this way, this reduces the overall size
and wei ght of the apparatus. The operation of the portable novenent
facilitation apparatus 2000 may t hus be considered as "puppetry" since the
appar at us 2000 does not have a primary4fechani cal structure to support the

appar at us|n2%$0 % r}dagﬁué%ﬁoﬂnéﬁfégibé rf?a{&l% AfoWsRLAPALY e oréa@é&laﬁséabooo

structure at1on ap arat us

flexible and i be used wth th rta rmverrent f CI|I evi ce
200 of . HESPinSUIEY BAaPhERSR VA (gLW? oSO indyigies 45 ?Lﬁé‘q
apparatus 2000 may be used with 25bi osensors (simlar to the bi osensors
used in tineFigures 18mngd] Benbichtis atiecaed toghe ingd JRREIPHEY lewesdimzB8@0part s
of the lower linb 3000 and the EMGS readi ngs processed by the main '
control | eflugttéiedt m &iiret 15 Thet foot nensoe rdystémt 280Qiserarrgnged ta kietedie
first enbodi ment. 5Further, the portable novenent facilitation apparatus

2000 MY BReR@Nbh HHEShSiRtn BEMcHooPBIBB T brovitfe tHerddiedieddntdrRiaibs tef t he
body and this nmay involve adding nore MCUs 2106 or other controllers or

straps et ﬁ'meaﬁ}si v cgﬁﬁahé}l 5104 ttﬁ eni3BIPtHY fdih eoPtrolef E%O&‘KQQ}O%FdIf\Qfe RRAN

controll er w t hout oot sensor system 2 ) npl ary

applicati elllustrate Fi 6. Fo e n_FEi,gure
30, whi chiT AHTET SHb-EYRiRMs<e: h&n@fﬁ}g? hih%g%' il Sfeght(?\/\?\u'fj bri ef
only for ease of |IIustrat|on) may be configured to allow for the patient's
hi p~ cont r B1e gsereor patisat émn! aé@(?é?fgpﬁhleg SRIEMPYPMEN: external rotation). In
this case, the apparatus 2000 is worn at the thigh 3002 and | ower body
regi on of the body 4000 and the belt 2102 is worn at the | ower body region
with the
10  The foot sensor system 2500 includes three force sensor units 2502,2504,2506
secured to an insole 2508 of a shoe so that the force sensor units
2502,2504,2506 contacts the sole of the foot 3008. Specifically, two of the force
sensor units 2502,2504 are arranged on the insole 2508 so that they contact
the front sole 3010 of the foot 3008 and the third force sensor unit 2506 are
15 arranged on the insole 2508 so that it contacts the heel 3012 of the foot 3008,

as shown in Figure 26.

Each force sensor unit 2502,2504,2506 is' structurally similar to each other and
one of them 2504 is shown in greater detail in Figure 27, and Figure 28 is a side
20 profile of the force sensor unit 2504 of Figure 27. The force sensor unit 2504
includes a force resistive sensor 2504a having a flat and flexible body having a
first face for adhering to the insole 2508 (e.g. using adhesive or Velcro™) and a
second face arranged to carry an acrylic pad 2504b. The acrylic pad 2504b is
arranged to contact a part of the sole of the foot (and in the case of this sensor

25 unit 2504, this is the front sole 3010 of the foot 3008) and the force asserted on



15 |l ower support straps 2120 secured to the thigh 3002. The apparatus 2000
i ncludes the MCU 2106 arranged to actuate the flex strings 2110,2112 and a
second MCU 2918 arranged to actuate a second set of flex strings 2920 and
the arrangenment of the flex strings 2110,2112 is such that if the flex
strings 2110,2112 are retracted in the_direction A and the second set of
flex strings 20 2920 rel eased in the ditection B as illustrated in Fi gure

30a, the ﬁ%%@f%‘ﬁa@@@ﬁé?ﬁ%‘j&?%&%@ 5%@@{32%%% bRl siRivBRERsbR t he

direction e ot t he actuates the flex strings

2110, 211 be~re Lot } I :

act uat o5 ISR IFTEERenrSt bf 28bAEAE MR ool AP bR E e i on o
as shown in Figure 30b, this causes ég$ tpigh 55 to npve jn . the direction
D. Thus, WPUHpGafgiareddomse O drgst 6071 o/OEXERTSMIESIPREY, Ry tmtﬁﬂi‘ér.o”ﬁﬁ t he
exanple of Figure 31, which conprises Figures 3la and 31b, the 5 apparatus
2000 is adapd.ed to be used to nove the |leg 3004 (or calf) of the lower linb
3000 which may correct the user's gait pattern. Simlarly, the apparatus
2000 iss expanded to include the MCU 2106 and the second MCU 2918 with the

| ower support straps secured to the leg or calf region in a way that when

the flex piglkdg®D %l E0sHemalis bisdikuaiRfaRy of fite W&t 23Afolled 2512 arid tist he 10
di rection and the second set of flex strings 2920 to be rel eased by the

second M gl 4 'ftgﬁgﬁigp&{o‘?l : illQP%&O@%o%Bﬁﬁf;tohél]f@t%ﬁ?roﬁ%@?%%hﬁdeggwépp4 | s

caused to nove in ITection e rection o strings
are reversed i.e. the flex ings 2110, 2112 .rel eas i the direction B
2nd the. sceomricatale pel28bs; 138 Zatunaptirels FIEedR nerfaied i8n A
illustrated in Figure 31b, the leg 15 3004 is caused to nove in {he

di r ect i oncEMEppBGRteavith opaofdhe Slirality @f Ports {1 KP8 ofdlye maie cepFerat 4402000
enabl es the user to control the novenent of the knee (for exanple, flexion
and ext en&SeenfFiguhe ddgNiat arotbpe camimunicatigng anc govier ¢ablsedsl hsaehEigurex
strings of the apparatus 2000. 20 The apparatus 2000 may al so be confi gured

to exerci 28).t Datamyearditfrerh tHee neaikl eodBdlter( 2164 i§ ociarmeiedeby )thanfbdthi s is
shown in Figure 32 which conprises Figures 32a and 32b. Simlar to the

above, theoMeblietlffa e Sdirers@ramdnatiod bdriczouzeiathe rhrdidrtrdiBe26bex
strings 2110,2112 in the direction A as shown in Figure 32a or to pull the

d f [ 0. dj ' j ' 32b
o cause £RG ROMEr 4BbL S ReBRE S RAT4T I SRR £ roRRVepfRnLr oSl ©
circuit 2904 and just like the other power circuits, the foot controller power

15  circuit 2904 is arranged to provide the required power to the foot microcontroller

2900 and for operating the foot controller 2512.

The foot controller 2512 includes three force sensor conditioning circuits
2906,2908,2910 communicatively coupled to the foot microcontroller 2900 and
20 for interfacing with the three force sensor units 2502,2504,2506 via the wires
2510. Specifically, the force sensor conditioning circuits 2906,2908,2910 are
arranged to convert analog signals received from the force sensor units
2502,2504,2506 into digital signals for processing by the foot microcontroller
2900. These signals are useful to determine positions of the foot 3008, in

25 particular whether the foot 3008 has landed on the ground.



Such exercise allows the patient to exercise his ankle (i.e. dorsiflexion,
pl antarfl exion) for the correction or conpensation of the patient's gait
pattern. The apparatus 2000 may al so be used with the upper |inb 3016 for
exanple to 5 rehabilitate the patient's shoul der 3018 novenent with respect
to the torso 4000, as shown in Figure 33 which includes Figures 33a and
33b. The belt 2102 is adapted to be wot'n near the shoul der 3018 adj oi ni ng
the torso 4000 and the | ower support straps 2120 secured to the upper arm
In this manner, the shoulder joint is exercised by the shoul der being

e b Sl G54 B, oA 0 gl 2512

directions A or B as shown in Figures 33a and 33b. The apparatu 2%%(?) may
al so be adagtadfaad aeREOLEr Shbrg¥EPFEORF229 1 Avhigh tabetﬁgﬁlﬁf)p@ Pm

shoul der 3018 at the joint of the elbow 3022 in the directions K and L as
shown i n &teplerendstershi @ndi nglyubespes gudissussed amdritb. excemi gthad 3thds
illustrates the flex strings 2110,2112 being actuated by the MCU 2106 to

retracy i geddisrothdt8Et 2O Aahtti hhrdskepseond see ebnfijuredsttoi deter92the
released in the direction B) to cause the |ower arm 3020 to nove in the

direction haYd& oPAR vEReHS bhatretatiohears e beithesbopBoBs ex string
2920 bei naﬁ?’\é@ﬁgﬁ’f’gﬁgf‘n d]&?ect ivon A with the flex strings 2110,2112 being

released in the 20 direction B to cause the lower arm 3020 to nove in the
direction L. In this way, rehabilitation or exercise of the patient's el bow

3022 may be perfornmed with the | oner arm 3020 caused t e int
direction'8g fPﬂteC%l’PtF‘g{ﬁé %z;ng"ﬁb.er Kédlé‘%%ﬁ/\ﬁsf?% ?‘?Wec'r%? %ﬁcﬂ"f"ﬂ%‘?@&%s

Fi gures 35a and 35b, the apparatus 57 to be worn on the |ower arm 3020 and
confi guri igerface botvesers theptaat micranestrallen 206@ @ndha faat figx FasifiiveranNSCat t he
pal m area 3024 and pulling or relaxing the respective flex strings

2110, 2312 28980stbuBigueeis25)g fThe fiext rseBBaY cirouittR6 s Eivangiedetst iconvert
arrows Mor N depending which direction A or B the flex strings 5are

retract ed gnldd 18k als trBEeidB@ Hom Hie RRPBeRRYsiBEVE sohd@ TG toatigitaiesigrmalgor r ect
the patient's
for processing by the foot microcontroller 2800. In this way, the foot
microcontroller 2900 is able to determine ankle bending angle detected by the
foot flex resistive sensor 2516.
15
As illustrated in Figure 25, straps 2518 and Velcro™ are used to secure the foot

controller 2512 to the foot and the foot flex resistive sensor 2516 at an angle

between the top of the foot 3008 and calf of the leg 3004.

20  The foot microcontroller 2900 is arranged to process signals received from the
foot controller 3D accelerometer 2912 and gyroscope 2914, the force sensor
conditioning circuits 2906,2908,2910 and the flex sensor circuit 2916 and relay
these information to the main controller 2104 so that the main controller 2104
can control the operation of the other components of the portable movement

facilitation apparatus 2000.

r
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back posture as shown in Figure 36. In this case, the apparatus 2000 is
configured with the upper support straps/belt 2102 worn at the torso region
near 10 the two shoul ders 3018 and carrying the MCU 2106 and the second MCU
2918 and the | ower support straps 2120 adapted to be worn around the wai st
of the user. \Wen actuated, this enabl es tilting or straightening the
patient's posture by approprlately r el ¥asi ng or pulling the flex strings
2110, 2112, 2920 which al so works the patient's spine. 15 The descri bed
enbodi nents shoul d not be construed as !imtative. For exanple, the GU
nmodul e 202 of the first enbodi nent us%cﬁ fjernal {m ﬁ &ﬁ\! ﬁlthe eg f:rnal
menory caf® eResplesdag mosa SUPYRmRENt fREIEHPR APRATAUS ABPT oINS WEETH] i
envi saged that the routines may al so be stored in an internal_20 nenp

‘such as apatientpputs oméme fignbohatness Hddewlbthaeile braces 2l 10AL 4 6“@”%5
stored in the internal nenory may be updated, revised or deleted via the
USB port 21848 thensitibe dfithetthizmb 800 2remi, tftehkegp&@@nﬂ \amdathteubelb 21922 uppensed to
create the biasing 58 106 is used to actuate the fishing |ines 208a-208f
to move tE%%Mbhé 1308~ OsH Ktraps tha sfd @0 gespiddrstHeordshectvd pads df

positions wever, the arrangenent of the active actuator 206 and the

- passive agtl FOR,Q% ?niqabs%om WFI%{FGWI FuRHeR RGO MardFQﬂ6@>1§Wp| e,

a passive ac siml to 5 that 'used as The passive

1028,102¢ 21N 55 Siob el B30 i Phe B8, VS B0t rk  eeo il

S|mlar to that used as the active actuator 206, is used to actuate

at t achnenglseesirappesifisminaroyndthg knegyd0%s, to nove the digits 102a- 102e
fromthe extended position to the flex position. In such an arrangenent,

t he passive 10 actuator may also be a resilient netallic or plastic strip
but its rest state is the extended position (e.g. clench position) and may
be ar ngngquheadiaic sindilaripepyral on sheldoof seasdr ofstene280@i(ose Td2eadiddeot The
active actuator nmay have a simlar configuration as the actuator 206, but

the flex a t oRltRathe Rréle sehsepamidi gi t
102a- 102e§fe%b§953’gf%d hge g@?ggg@gﬁ ﬁ)ﬁlﬁg%emtgwgb?wl gits 1(52a 10§e fr(IJm t he

fl ex posi tj5%5,52§0%,§§'(%,e>(t ended positions.

With the flex strings 2110,2112 attached to the strap tightener 2122 and

15  passing through the sleeve of the line guide 2166, the user selects oh the main
| controller 2104 an exercise routine for his rehabilitation programme which may
include assisting the user to go through a series of walking routines, perhaps

with the help of parallel hand bars. In such a case, the main controller 2104
would instruct the MCU 2106 to retract the flex strings 2110,2112 and this

20  puiling action rotates the circular plate 2146 to further tighten the lower support
straps 2120 and further pulling of the flex strings 2110,2112 lifts the leg 3004

and foot 3008 above the ground. This movement is detected by the
accelerometers and gyroscopes of the MCU 2106, the joint controller 2196 and

the foot controller 2512 and from these feedback devices, the main controller



I nstead of using a passive actuator, it is also envisaged that there are
advantages in using active actuators for the novenent of the digits
102a-102e between the flex and extended positions. 20 In the described
enbodi nent, in particular the flow charts of Figure 10, the digits
102a-102e are actuated one at a tine but it would be appreciated that nore
than one digit may be actuated togethef?or sinultaneously depending on the

the hand 206" 1S 5pEEl Gering I Pobfieh S Tro kel FeRL A £aRE e

facilitat{'pon 968 device 200 may be used to inprove the function of a |leg or
foot and ¥©RE3fABYenent facilitation device 200 is adapted to be used with
the toes instead of fingers. 5In the described enbodi ment, the hol ders 214
are secured to each digit of the hand. However, it is envisaged that in a
case of loss of function of sone of the fingers, the device 200 may be
adapt ed t Babed oecarmetmab gaitosfea piefsan edlkinggetr sn appiopoatealimepthe hin
fingers, and as a result, the device 200 nay be adapted to facilitate

movenent géntedlidr BT REaddsnberpulllof Prpfedistithge AIT;01 42 byddispermsing iok i S
envi saged that it may not be necessary to use two bio sensor nodul es 250,

260 and i I : @y |+ b . i iage
bobbi n of T g e e e A e P e

first enbodinent, It | d reciaged th Y
St uct ur 8hHRpeIRe Jbed U0k BOGIRNERISHE oY, P ol LRI Bakes, ; an
of the
contact with the ground, this is picked up by the force sensor units
2502,2504,2506 and this information is relayed by the foot controller 2512 to the
10 main controller 2104 for the next action or perhaps to move the other lower

limb.

As it can be appreciated, just like the first embodiment, the portable movement
facilitation apparétus 2000 also makes use of the skeletal structure of the limb
15 3000 of the user/patient as the primary mechanical structure to cause the
movement of the limb. In this way, this reduces the overall size and weight of
the apparatus. The operation of the portable movement facilitation 'apparatus
2000 may thus be considered as “puppetry” since the apparatus 2000 does not
have a primary mechanical structure to support the apparatus 2000 but instead

20 relies on the user/patient’s skeletal structure.

The portabie movement facilitation apparatus 2000 is very flexible and it may be
used with the portable movement facilitation device 200 of the first embodiment
or with other devices. For example, the apparatus 2000 may be used with

25  biosensors (similar to the biosensors used in the first embodiment) to detect



bobbin of Figure 12 and this first variant bobbin 3700 has a bobbin core
3702 and flanges 3704 and structurally, the first variant bobbin 3700
is simlar to the 20bobbi n 206g of the first enbodi nent. However, the first
vafi ant bobbin 3700 includes an additional divider 3706 between the flanges
3704 and this enabl es di spensing and vg nding of the flex strings to be
controll ed using a single notor. Flgure 38 shows a second variant of the

bobbi n Of%lﬁ@%&%l a?@@le%?éipﬁgrts@@ thé'%WQ?ﬁn’IbV\QO(D@bh@rtﬁe:ﬁQ@} AsHiingdi ch

are usef to prevent tangling of the flex strings when di spensing or

stowing th H§§rdto

di spense pa[g?%éspe)écg}'\rspég?ﬁaé'?( c?hrﬁﬁ@r‘@%@%t@%%glsgg}ﬂlhl u?ﬁ rﬁgﬁl n Figure 38 and
t hus, dlspenI t?\ ret 81|o of each flex string 3806,3808 5 may be
control | éHSE@ﬁ‘a St Eﬁ&e’& g9M¥pendently. In this way, only a single bobbin
is needed to control two strings and this also prevents tangling of the
flex strings. The second enbodi nent may al so include biosensors just |ike

t he bi osensor io0o nodul es 252,260 of the first enbodi nent. The bi osensors
may then bethsethd pootabls mdseerd ddcitigetionoapparaties 200Q rbgy bleecardigured
controller 2104 to detect firing of the nmuscles so that the apparatus 2000

may be usfd dse assitfdr pdies ohttied drdiynow fotRist obthd bedysatd thisenaMimvareali ngs
may be processed in a simlar way as described in the first enbodi nent. 15

Al so, thea@gﬁ%ﬁp Fafl RASUS FOI0600t BiHrRiaRaEs br @ﬁ?épgeetﬁré%c%sﬁﬁéis@@ Wit the

r eadi ngs re accurate. For exanple, the EMS readi ngs may be subject to

L s e RSO RPaP B3RS 17Ra s e Blai] RRERTEP 1 Bl ot oLk ot Qerltl 0

processed rocessor of ~'t rst od| or the

system 2500. Exemplary applications are illustrated in Figures 30-36. For
10 example, in Figure 30, which comprises Figures 30a and 30b, the apparatus
2000 (shown in brief only for ease of illustration) may be configured to allow for
the patient’s hip control (i.e. flexion, extension, internal and external rotation). in
this case, the apparatus 2000 is worn at the thigh 3002 and lower body region
of the body 4000 and the belt 2102 is worn at the lower body region with the
15 lower support straps 2120 secured to the thigh 3002. The apparatus 2000
includes the MCU 2106 arranged to actuate the flex strings 2110,2112 and a
second MCU 2918 arranged to actuate a second set of flex strings 2920 and
the arrangement of the flex strings 2110,2112 is such that if the flex strings
2110,2112 are retracted in the direction A and the second set of flex strings
20 2920 released in the direction B as illustrated in Figure 30a, the apparatus 2000
is configured to actuate the thigh to move in the direction C. On the other hand,
if the MCU 2106 actuates the flex strings 2110,2112 to be released in the
direction B and the second MCU 2918 actuates the second set of flex strings

2920 to retract in the direction A as shown in Figure 30b, this causes the thigh



20mai n controll er 2104. The further processing suggested in Figure 39 may
be carried out by a processor of the biosensor. As illustrated in Figure
39, at step 3900, the EMG reading vi is first processed to renove the DC
of fset of the EMSG readi ng based on the follow ng equation: 61 where is
the raw EMG data value; d is a previous processed EM5 data value; D,: is
a processed EMG value with current dc Of fset renoved. 5 Next at step 3902,

Do is reciifbedid thd §ROMRBADY TAGs CHIPANSAIL2060 & SdfRednd dxdratdehe Wor ds:
thigh 3002.

In the example of Figure 31, which comprises Figures 31a and 31b, the
5  apparatus 2000 is adapted to be used to move the leg 3004 (or calf) of the
lower limb 3000 which may cdrrect the user’'s gait pattern. Similarly, the
apparatus 2000 is expanded to include the MCU 2106 and the second MCU
2918 with the lower support straps secured to the leg or calf region in a way that
when the flex strings 2110,2112 is actuated by the MCU 2106 to retract in the
10  direction A and the second set of flex strings 2920 to be released by the second
MCU 2918 in the direction B as shown in Figure 31a, the leg 3004 is caused to
move in the direction E. When the direction of the flex strings are reversed i.e.
the flex strings 2110,2112 released in the direction B and the second set of flex
strings 2920 are retracted in the direction A illustrated in Figure 31b, the leg
15 3004 is caused to move in the direction F opposite of the direction E. In this
way, the apparatus 2000 enables the user to control the movement of the knee
(for example, flexion and extension) through the operation of puliing or

dispensing the flex strings of the apparatus 2000.

20 The apparatus 2000 may also be configured to exercise the movement of the
ankle 3014 (i.e. foot movement) and this is shown in Figure 32 which comprises
Figures 32a and 32b. Similar to the above, the MCU 2106 and the second MCU
2918 cooperate to pull the flex strings 2110,2112 in the direction A as shown in
Figure 32a or to puﬂ the second set of flex strings 2920 in the direction A as

25 shown in Figure 32b to cause the foot 3008 to move in the directions G or H.



= | DI Vo is classified as a Type 1 EMG signal or waveformand this may
be used to 10provide a clearer indication of the intention of the
patient/user as will be el aborated bel ow. At step 3904, the noving average
of Vo is calculated based on: """+ F(711 (2) 15 where -4, is the averaged
output; n is the current stage; mis 6the nunber of accurnul ation for the
average; I;Intis the current input; 1% the previous (n-m stage of the

input. Theyeaf LalreisAN alicwh RO &Rt 2o ExRRiSOORisP@BRRE QNe. dorsiflexion,

plantarflexion) for the correction or compensation of the patient’s gait pattern.

The apparatus 2000 may aiso be used with the upper limb 3016 for éxample to
5 rehabilitate the patient's shoulder 3018 movement with respect to the torso
4000, as shown in Figure 33 which includes Figures 33a and 33b. The beilt
2102 is adapted to be worn near the shoulder 3018 adjoining the .torso 4000
and the lower support straps 2120 secured to the upper arm. In this manner, the
shoulder joint is exercised by the shoulder being caused to move in the
10 | direction of the arrows | and J when the fiex strings 2110,2112,2920 are caused
to be pulled or released in the directions A or B as shown in Figures 33a and
33b. The apparatus 2000 may aiso be adapted to move a lower arm 3020
relative to the upper arm or shoulder 3018 at the joint of the elbow 3022 in the
directions K and L as shown in Figure 34 which includes Figures 34a and 34b.
15 Figure 34a illustrates the flex strings 2110,2112 being actuated by the MCU
2106 to refract in the direction A (with the second set of flex string 2920
released in the direction B) to cause the lower arm 3020 to move in the direction
K whereas Figure 34b illustrates the second set of flex string 2920 being
retracted in direction A with the flex strings 2110,2112 being released in the
20 direction B to cause the lower arm 3020 to move in the direction L. In this way,
rehabilitation or exercise of the patient’s elbow 3022 may be performed with the

lower arm 3020 caused to move in the direction of the arrows K and L.

As shown in Figure 35, which includes Figures 35a and 35b, the apparatus

25 2000 may also be adapted to exercise a wrist 3026 by configuring the belt 2102



=Li er.3) where 62 | is a processed EMG output; n is current tine; m
Is wdth of a "noving wi ndow' as defined by the integral range n to n-m 5
Ais the input from previous stage. The processed EMG output | is
considered a Type 2 EMS signal or waveformwhich is an anplified val ue of
the initial rawreading and thus, it can be nore accurately processed. 10
The Type 1 EMG wavef orm and Type 2 EM3® avef ormis each associated with a

respect | v 4d | ggenn e el dh |3626aa[?ﬂ{&?Fﬁc?‘?frm@fthg%\nep_%@ﬁpc;ﬁ 2fepd 8084 2

wav ef OI‘ITS € waver or ns rosses e respec Ive

t hreshol d S represents . .a gqod d| cati hat th atient has.a clear

i ntenti onEQ"‘(‘i1 gﬁ iS\tféget'thpﬁQr ﬁﬁ?\:lp@ f%?eae;gg?r%l Ad tp ar a[equwc% ttP%r

whi ch the 15 biosensor is detecting. On the other hand, if the paraneters
fall bel otesphRetivyedpsstings 2%?%@%4’2%@20. thusreausingsthe pplanPOR4| tﬁdF@é?l"Ebn t hat
the patient intents to rest his/her nuscle/linb. In this way, is able to
det ect t hthepditéation of amdwes M on Nndependingrwilyich 2ibdatiomd\ aoky thalfqu slgpgsi bed
the invention, it should be apparent to one of

5 are retracted.

Further, the apparatus 2000 may be configured for use to correct the patient’s
back posture as shown in Figure 36. In this case, the apparatus 2000 is
configured with the upper support straps/belt 2102 worn at the torso region near

10 the two shoulders 3018 and carrying the MCU 2106 and the second MCU 2918
and the lower support straps 2120 adapted to be worn around the waist of the
user. When actuated, this enabiles tilting or straightening the patient’'s posture
by appropriately releasing or pulling the flex strings 2110,2112,2920 which also
works the patient’s spine.

15
The described embodiments should not be construed as limitative. For
example, the GUI module 202 of the first embodiment uses external memory
(via the external memory card slot 304) for providing the various training
routines but it is envisaged that the routines may also be stored in an internal

20 memory, such as an internal memory of the processor 300. The training
routines stored in the internal memory may be updated, revised or deleted via

the USB port 202e.

In the first embodiment, the passive actuator 212 is used to create the biasing

[N
w

force to flex the digits 102a-102e to the flex positions, and the active actuator



ordinary skill in the art that many nodifications can be nmade hereto

W t hout departing fromthe scope as clainmed. 63 CLAIMS 1. A portable
novenent facilitation device for facilitating novenent of a |inb,
conprising 5a hol ding nechanismfor securing to at |east one digit of the
linb; at least one flex string attached to the hol ding nechanism the at

| east one flex string and the hol ding chani sm being configured to rely on

the at | eﬂﬁ) |s°&§’edjtcgbétu%}é'ff?é ﬁérﬁh?%égcﬁosraez@@f 18 rAbLEBY dIJRE hAIPILAO2e

structure r novenent o he at Teast one digit; and 10an actuating device

bl
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2. A t t I d
(he 15act (81 PRSIGRRIOT A PRGShEPREYYS SALTOR 41 G D61 BEBPal Bhi e t he

at | east one flex strlm]:)
modified accordingly. For example, a passive actuator (not shown), similar to

5  that used as the passive actuator 212, may be used to create a biasing force to
urge the digits 102a-102e to the extended position and an active actuator (not
shown), similar to that used as the active actuator 206, is used to actuate
attachment means, such as flex strings 208, to move the digits 102a-102e from

" the extended position to the flex position. In such an arrangement, the passive

10 actuator may also be a resilient metallic or plastic strip but its rest state is the
extended position (e.g. clench position) and may be arranged adjacent the palm
side of each of the digits 102a-102e. The active actuator may have a similar
configuration as the actuator 206, but the flex strings 208 are arranged along
the fingernail side of each digit 102a-102e in order to be actuéted to move the

15 digits 102a-102e from the flex positions to the extended positions.

instead of using a passive actuator, it is also envisaged that there are
advantages in using active actuators for the movement of the digits 102a-102e

between the flex and extended positions.

20
In the described embodiment, in particular the flow charts of Figure 10, the
digits 102a-102e are actuated one at a time but it would be appreciated that
more than one digit may be actuated together or simultaneously depending on
the intention of the patient or training regime. In the described embodiment, the
25 hand 100 is used as an example of a limb. However, the movement facilitation



3. A portable novenent facilitation device according to claim2, wherein
the active actuator is operable to actuate the at | east one flex string to
nove 20the at |least one digit fromthe flex to the extended position. 4. A
portabl e novenent facilitation device according to claim?2, wherein the
active actuator is operable to actuate the at |east one flex string to nove
the at least one digit fromthe extend® to the flex position. 64 5. A

Poer 2P e JRYGR0, PR B! Ae@odRIbEEe GROTHAIBN' 8 AedlorSodt hdl e 3

wherein the actuatin evice conpr S a passive actuator contfigured to

create a biasin orce.when th {. | east e digit, i ved to the extended
posi t i on;mﬁﬁﬁmﬁ/%%%%"ﬁatﬂ%gﬁ}”&?i Tso?cg%‘)tfegqapreaﬁﬁee%wfstgqﬁﬁgge? Héstt%%q % east
one digit fromthe extended to the flex position. 6. A portable novenent
facilitatfingerglevi ce according to claim4, wherein the actuating device
conprises a passive actuator configured to create a biasing force when the
at least one digit is noved to the flex position; and i owherein the biasing
force is arranged to urge the at least one digit fromthe flex position to

the ext engleghensddriben- enfbodinistit! &ld Rolkieyrs Pr Ut arbagddurédttd @acHelibic of alseor di ng
to claim3 wherein the active actuator is operable to actuate the at | east

one flex ﬁéﬁd.r\-g% QVéF‘?‘ﬂqts ﬁ’\/kek%r%td 8§ aHRebbks of AMdtidn PImEeA the the

fl ex position. A por venent facilitation device according to

| ai . : | ai ¢ h . ) ) b
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at least one flex strin

. 9. Aportable enment. facilitatjon deyi
accor di ngab% n&ﬁ@”p‘?fe%@dgrﬂ@erél aNh 3R fﬁ@ﬂgﬁ%ﬁ%'ﬁﬁ?@d maé&bé ecﬁ?
detecting flexing of the at |east one digit.

facilitate movement of at least one finger.

10
Depending on accuracy desired, it is envisaged that it may not be necessary to
use two bio sensor modules 250, 260 and instead one may be used in certain

applications.

15 The storage bobbin of the second embodiment may be the same as the bobbin
206g of the first embodiment. It should be appreciated that other alternative
structures may be used. For example, Figure 37 illustrates a first variant of the
bobbin of Figure 12 and this first variant bobbin 3700 has a bobbin core 3702
and flanges 3704 and structurally, the first variant bobbin 3700 is similar to the

20  bobbin 206g of the first embodiment. However, the first variant bobbin 3700
includes an additional divider 3706 between the flanges 3704 and this enables

dispensing and winding of the flex strings to be controlled using a single motor.

Figure 38 shows a second variant of the bobbin of _Figure'_12.'The'sec0nd

3]
w

variant bobbin 3800 is similar to the bobbin 206g of the first embodiment but it



65 10. A portable novenent facilitation device according to claim5 or 6,
wherein the passive actuator includes at |east one resilient nmenber
arranged adj acent to the back of the at |east one digit. 511. A portable
novenent facilitation device according to any of clainms 1-4 and 7, wherein
the active actuator includes at | east one notor operable to pull the at

| east one flex string to nove the digi®¥to the extended position or flex

position.. 1012. A por I facili ' ' di | ai m
11, vher dricpRs MBIV, Sp0R B Wallcale SLER, BRSHE (AR e, St
one ex string, and wherein the at |eas} one.not I s operable to rotate
the bobbi$iripgs 'L%bgés@%‘ﬁ'”rgeﬂ g Fat e BEnG, &an BBl Fich 1P 5
portabl e novenent facilitation device according to any of clains 1-4, 7, 11
and 12, vbB(2:B804 hee ueed iedispenae &r rqsﬁ@?ﬁ%ﬂeéﬁtré\%ﬁéﬁ@%@ ag st amount
of displacement of the at least one flex string. 14. A portabl e nobvenent
faci | i t atinoRigdesy i38eand ¢husli digpensiagyopretcaationgoeachifiex sirage3dNa, hd0&t
| east one flex string is selected fromthe group consisting of: fishing
line, nylQnysheidhtrohed saparasdigrard ihdgpendently. In this way, only a single
bobbin is needed to control two strings and this also prevents tangling of the

flex strings.

The second embodiment may also include biosensors just like the biosensor
10 modules 252,260 of the first embodiment. The biosensors may then be used to
obtain EMG readings for processing by the main controller 2104 to detect firing
of the muscles so that the apparatus 2000 may be used to assist the intended
movement by the user. The EMG readings may be processed in a similar way

as described in the first embodiment.

Also, the EMG readings (for both embodiments) may be processed so that the
readings are more accurate. For example, the EMG readings may be subject to
further processing based on a block diagram of Figure 39 prior to being
processed for example by the processor 300 of the first embodiment or the
20 main controller 2104. The further processing suggested in Figur.e 39 may be

carried out by a processor of the biosensor.

As illustrated in Figure 39, at step 3900, the EMG reading v; is first processed to
remove the DC offset of the EMG reading based on the following equation:

25 D.=d.+ x{r.— d.} (1)

= = c



15. A portable novenent facilitation device according to any preceding
claimfurther conprising an abrasion protector to be worn by the linb. 66
A portabl e novenent facilitation device according to any preceding claim
further conprising an IR di stance sensor for detecting distance of an
object relative to the IR distance sensor. A portable novenent facilitation
devi ce according to any precedi ng cl ai® further conprising a bio sensor
for perforpl el ectromyography neasurenents on the linb. A portable
novenent tacilitation device according to claim 17, wherein the bio sensor
i ncludes an acce| eroneter for neasuring novenents of the linb. A portable
moverent factlit St &3, M&ad%@c"@i‘ﬂﬁ’ng to claim 18, further conprising a
controller operable to control the actuation of the actuating device based
on a readi nge f Fons ahpgediovelpeoanssed EME gatatvailes novenent facilitation
device according to claim17, further conprising a controller operable to
control the actuad kproeésIdicEMA valae anthuativentods effsatmetriored| ect r onyogr aphy
nmeasurenents. A portable novenent facilitation device according to any
preceding claim wherein the linb is a hand, and the at |east one digit is
a finger or thunb. 67 22. A portable novenent facilitation device

accor di ngNegt anstepr3gox]iDygs céetified tohrenmive ameAlotahpgnengabartitaim Coamd i ses a
plurality of finger tip holders, with each hol der configured to be secured

to a resppehihupwiirgdt: and
i =10,
V, is classified as a Type 1 EMG signal or waveform and this may be used to

10 provide a clearer indication of the intention of the patient/user as will be

elaborated below.

At step 3904, the moving average of V, is calculated based on:

I'rot'.";—.v:'-.'r + T’;.-:(.!'.-—.‘.'.:—:L‘- + I‘r::n'.v:--.v:z—:‘b + o+ I'::n'_.":—:.i + I';;n'm

- M
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15 where
e . is the averaged output;
¢ nis the current stage;
e m is the number of accumuiation for the average;
e semis the current input;

20 e Vam_miis the previous (n-m) stage of the input.

Thereafter, A, is integrated at step 3906 based on -

KA (3)

where



5a plurality of flex strings with each flex string attached to respective
ones of the plurality of fingertip holders. 23. A portable novenent
facilitation device according to any preceding claim further conprising a
gl ove for carrying the hol ding mechanism the 10at |east one flex string
and the actuating device. 24. Use of a portable novenent facilitation
devgpe acco;ding to any preceding claithto nmaintain and/or inprove
condition o : ' i itgits. 15 25. A nethod of operating a
port abl e nnﬁeﬁggg{5@@???%%E$gﬁqg®@#be according to any preced?ng cla?nl t he
device including a bio sensor according to claim17, the nethod conprising
the steps of* eCEUNEMGIBR el ect r omyogr aphy neasurement; 20conparing the
el ectromyography nmeasurenent with a threshold and if the nmeasurenent
exceeds t he ot hmeishwidth ot arfmaling minddwe’ as definea dydbeiivteara raggaa to the at

| east one flex string to flex the at |east one digit. 68 26. A nethod
according to cpai m 25, wherein the bio sensor further conprises an

accel eroneter according to claim 18, and the nethod further conprises the

step Osf e Ais the input from previous stage.

The processed EMG output | is considered a Type 2 EMG signal or waveform
which is an ampilified value of the initial raw reading and thus, it can be more

accurately processed.

10 The Type 1 EMG waveform and Type 2 EMG waveform is each associated with
a respective trigger threshold. If a parameter of both Type 1 and Type 2
waveforms, such as the waveforms’ amplitude, crosses the respective
thresholds, this represents a good indication that the patient has a clear

intention to activate his/her muscle (for example, to move a limb) for which the

—
h

biosensor is detecting. On the other hand, if the parameters fall below the
respective thresholds, it provides a clearer indication that the patient intents to
rest his/her muscle/limb. In this way, it is able to detect the patient’s intention

more clearly.

20 Having now fully described the invention, it should be apparent to one of
ordinary skill in the art that many modifications can be made hereto without

departing from the scope as claimed.



receiving a reading fromthe accel eroneter; 5conparing the reading with an
accel eroneter threshold and if the neasurenent exceeds the threshold,
controlling the actuating device to actuate the at least one flex string to
flex the at least one digit. 27. A nethod according to claim?25 or 26,
wherein the device further |oconprises the flex sensor of claim9, and the
met hod further conprises the steps of:6%eceiving a reading fromthe flex
sensor ;. and det erm ni ng whet her maxidgpugjgenchi ng or nmaxi mum fl exion has
been achieved by the at | east one digit. 15 28. A nethod according to claim

27, further conprising the step of stopping the actuation of the actuating
devi ce when the nmaxi mum cl enching or maxi num flexion is reached. 29. A

portabl e novenent facilitation device for facilitat]. novenment of .a |inb,
the Linb havinf Bomtablg: mexpmeshdagiittdiopngeyise o Jﬁﬁh{}%ﬂe ‘E‘Hée‘?‘ref‘gt"fp%rt vi a
a rotatable joint, the device conprising

limb, comprising

5 a holding mechanism for securing to at least one digit of the limb;
at least one flex string attached to the hoiding mechanism, the at least
one flex string and the holding mechanism being configured to rely on
the at least one digit's skeletal structure as a primary mechanical
structure for movement of the at least one digit; and

10 an actuating device operable to actuate the at least one flex string to
facilitate the movement of the at least one digit between an extended

position and a flex position.

2. A portable movement facilitation device according to claim 1, wherein the
15 actuating device comprises an active actuator operable to actuate the at

least one flex string.

3. A portable movement facilitation device according to claim 2, wherein the
active actuator is operable to actuate the at least one flex string to move

20 the at least one digit from the flex to the extended position.

4. A portable movement facilitation device according to claim 2, wherein the
active actuator is operable to actuate the at least one flex string to move

the at least one digit from the extended to the flex position.

3
>



a hol ding nechanismfor securing to the first part of the |inb;

at least one flex string attached to the hol ding nechanism the at | east
250ne flex string and the hol di ng nechani sm being configured to rely on 69
the linb's skeletal structure as a prinmary nechanical structure for
novenent of the |inb; and an actuating device for securing to the
second part of the linb and arranged t% actuate the at |east one flex

String to,faci kika6id o, BRMEERTLIiRA0N diRidd Sheciidliotdy S1RlahRbl doladi nt .

30. A portabl e rffovernent fac I on device according claim?29, further

conprising first and second. el opgate suppor nbers _for L O i nst
the first and ‘é’éﬁmtrﬂfhﬁf&gpngﬁg&l’?%? ﬁ'&eg arnﬁ?%sﬁ\éeoﬁgﬁiaéﬁjn}f&ﬁ@g%?q?o
arranged to connect between the first and second el ongate suppart nenbers,
the rotatabl e §f6RIR ardrdeng i fREGuAVRR) éhpoéw?ﬁ‘ﬂn%'éq’laﬁiggrﬂ?aﬁ‘\ogﬁae@ the
prevent the rotatable joint nmenber fromrotating. 31. A portable novenent
facilitati on dextendedqositidinngntovierainti3 bfasindhérca be ermpnosd ig Lige dhat
controller operable to control the |ocking nechanism 32. A portable
nmoverment faci | 4t labhb0ondl@\itfroraane resiarg édbtocthai frex3dositidrer ei n t he j oi nt
controller further conprises an accel eroneter for neasuring novenents of
the linb in relation to the rotatable joint. 20

6. A portable movement facilitation device according to claim 4, wherein the
actuating device comprises a passive actuator configured to create a
biasing force when the at least one digit is moved to the flex position; and

10 wherein the biasing force is arranged to urge the at least one digit from

the flex position to the extended position.

7. A portable movement facilitation device according to claim 3 wherein the
active actuator is operable to actuate the at least one flex string to move

15 the at least one digit from the extended to the flex position.

8. A portable movement facilitation device according to claim any preceding
claim, further comprising guide rings adapted to be worn by the at least
one digit, the guide rings being arranged to guide the at least one flex

20 string.

9. A portable movement facilitation device according to any preceding claim
further comprising a flex sensor for detecting flexing of the at least one

digit.



33.. A portable novenent facilitation device according to any of clains
29-32, further conprising a guard arranged to be placed on the rotatable
joint, the guard including a sleeve which enables the at | east one flex
string to pass therethrough. 70 34. A portable novenent facilitation device
according to any of clains 29-33, further conprising a tightening device
operable to tighten the hol di ng mechanfsm against the first part of the

|1 . S35y Pogt ghl G, EOXEIRM Bl dikh@h IR | SR AGRET 1 ik 1 B 34,

wher ei n t%e ti'ghtening ce | es an attachnent vice arranged’ to be

secured to the at lLegst one.flex strin n rof at r cted
to the attachﬁﬁﬁ?r%aﬁEepaﬁv%qué‘rﬂ%@B 'ﬁghﬂ%gga?% I Sqr@i%grﬁg@gpg né&%&fg ing
force of the at |east one flex string, the rotation causing the tightening
of 10t he hol di aigangechadiesant tosthebaskrafdpeat iRRsd #BRtdigikci | i tati on device
according to any of clainms 29-35, further conprising a foot sensing system
arranged to detect novenent of a foot. 15 37. A portabl e novenent
facilitation device according to claim 36, wherein the foot sensing system

i ncl udes {prceasgisable roverdeneidiltgtidmrdmiceaasesrtiedy ty ahheofsdbienofi-4 he
foot. 2038. A portable novenent facilitation device according to claim36 or

37, wherein thgnd G0lyRABH e SYRCRABMUABRIS dta¥asEoROmdier ofietAé] ng
flexing of the foot relative to a I eg connecting the foot.
to pull the at least one flex string to move the digit to the extended

position or flex position.

10 12. A portable movement facilitation device according to claim 11, wherein
the active actuator includes a bobbin for stowing the at least one flex
string, and wherein the at least one motor is operable to rotate the

bobbin to dispense or retract the at least one flex string.

15 13. A portable movement facilitation device according to any of claims 1-4, 7,
11 and 12, wherein the active actuator includes an encoder for encoding

amount of displacement of the at least one flex string.

14. A portable movement facilitation device according to any preceding
20 claim, wherein the at least one flex string is selected from the group

consisting of: fishing line, nylon string, and polyester string.

15. A portable movement facilitation device according to any preceding claim

further comprising an abrasion protector to be worn by the limb.



71 controller arranged to communicate with the foot sensing system the
~joint controller and the actuating device. 40.A portable nmovenent
facilitation device according to any of clainms 29-39, 5further conprising a
further actuating device arranged to actuate a further flex string to
facilitate a second novenent of the |inb about the rotatable joint, the
second novenent being in a direction oﬁbosite to the novenent of the linb

when act upf ed RypBHSbI@CH%nﬁ'&wtdf‘é/d'ilﬁ&iorq-odevice according to.any preceding

claim, further comprising an IR distance sensor for detecting distance of

an object relative to the IR distance sensor.

5 17. A portable movement facilitation device according to any preceding
claim, further comprising a bio sensor for performing electromyography

measurements on the limb.

18. A portable movement facilitation device according to claim 17, wherein
10 the bio sensor includes an accelerometer for measuring movements of

the limb.

'19. A portable movement facilitation device according to claim 18, further
comprising a controller operable to control the actuation of the actuating

15 device based on a reading from the accelerometer.

20. A portable movement facilitation device according to claim 17, further
comprising a controller operable to control the actuation of the active
actuator based on the electromyography measurements.

20

21. A portable movement facilitation device according to any preceding

claim, wherein the limb is a hand, and the at least one digit is a finger or

thumb.
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22.

23.

24,

25.

67

A portable movement facilitation device according to any preceding
claim, wherein the holding mechanism comprises a plurality of finger tip
holders, with each holder configured to be secured to a respective digit;
and

a plurality of flex strings with each flex string attached to respective ones

of the plurality of fingertip holders.

A portable movement facilitation device according to any preceding

claim, further comprising a glove for carrying the holding mechanism, the

at least one flex string and the actuating device.

Use of a portable movement facilitation device according to any
preceding claim to maintain and/or improve condition of a person’s limb

and digits.

A method of operating a portable movement facilitation device according
to any preceding claim, the device including a bio sensor according to
claim 17, the method comprising the steps of:
receiving an electromyography measurement;
comparing the electromyography measurement with a threshold and if
the measurement exceeds the threshold, controlling the actuating device

to actuate the at least one flex string to flex the at least one digit.
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26.

27.

28.

29.

68

A method according to claim 25, wherein the bio sensor further
comprises an accelerometer according to claim 18, and the method
further comprises the step of

receiving a reading from the accelerometer;

comparing the reading with an accelerometer threshold and if the
measurement exceeds the threshold, controiling the actuating device to

actuate the at least one flex string to flex the at least one digit.

A method according to claim 25 or 26, wherein the device further
comprises the flex sensor of claim 9, and the method further comprises
the steps of:

receiving a reading from the flex sensor; and determining whether
maximum clenching or maximum flexion has been achieved by the at

least one digit.

A method according to claim 27, further comprising the step of stopping
the actuation of the actuating device when the maximum cienching or

maximum flexion is reached.

A portable movement facilitation device for facilitating movement of a
limb, the limb having a first part and a second part joined to the first part
via a rotatable joint, the device comprising

a holding mechanism for securing to the first part of the limb;

at least one flex string attached to the holding mechanism, the at least

one flex string and the holding mechanism being configured to rely on
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30.

31.

32.

33.

69

the limb's skeletal structure as a primary mechanical structure for
movement of the limb; and |

an actuating device for securing to the second part of the limb and
arranged to actuate the at least one flex string to facilitate the movement

of the limb about the rotatable joint.

A portable movement facilitation device according to claim 29, further
comprising first and second elongate support members for aligning
against the first and second part of the limb, and a rotatabie joint member
arranged to connect between the first and second elongate support
members, the rotatable joint member including a locking mechanism

arranged to prevent the rotatable joint member from rotating.

" A portable movement facilitation device according to claim 30 further

comprising a joint controller operable to control the locking mechanism.

A portable movement facilitation device according to claim 31, wherein
the joint controller further comprises an accelerometer for measuring

movements of the limb in relation to the rotatable joint.

A portable movement facilitation device according to any of claims 29-32,
further comprising a guard arranged to be placed on the rotatabie joint,
the guard including a sleeve which enables the at least one flex string to

pass therethrough.
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- 34.

35.

36.

37.

38.

39.

70

A portable movement facilitation device according to any of claims 29-33,
further comprising a tightening device operable to tighten the holding

mechanism against the first part of the limb.

A portable movement facilitation device according to claim 34, wherein
the tightening device includes an attachment device arranged to be
secured to the at least one flex string, and a rotatabie member connected
to the attachment device and arranged to rotate in response to a pulling
force of the at least one flex string, the rotation causing the tightening of

the hoiding mechanism.

A portable movement facilitation device according to any of claims 29-35,
further comprising a foot sensing system arranged to detect movement of

a foot.

A portable movement facilitation device according to claim 36, wherein
the foot sensing system inciudes force sensors for detecting forces

asserted by the sole of the foot.

A portable movement facilitation device according to claim 36 or 37,
wherein the foot sensing system includes a flex sensor for detecting

flexing of the foot relative to a leg connecting the foot.

A portable movement facilitation device according to any of claims 36 to

38, and dependent on claim 31 or 32, furtherr.g':.omp_r_is_ing a main
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40.

71

controller arranged to communicate with the foot sensing system, the

joint controller and the actuating device.

A portable movement facilitation device according to any of claims 29-39,
further comprising a further actuating device arranged to actuate a
further flex string to facilitate a second movement of the limb about the
rotatable joint, the second movement being in a direction opposite to the

movement of the limb when actuated by the actuating device.



