1 Portabl-e Movenent Facilitation Device and Method of Operating the Device
5- Background and Field of the Invention This invention relates to a

portabl e novenent facilitation device for facilitating novenent of ‘a linb
and a method of operating the device. io Stroke is a

wor | dwi de and it is common for a stroke patient to mmmml'lm muﬁpper i nb
paral ysis, thus reducing the functions of the upper linb, ,Wth suitable
rehabilitation and therapy, it has been found that Tt i's possible-to-

i nprove or even regain the proper functioning of the upper linb. 15 As a
result, robot t osed to
aid the rehab?ﬁrtgsrei fgﬁﬁ/e %ﬁ\sliéahtsé#c mPgh)'g‘dT)e é ev ctaog(gf\rlgpgfftﬂ‘n& ?ky and
expensive. It is an object of the prese i,nvention to provide a portable
nmovenent 20 facilitation device and a %“Hﬁﬂ 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. Summary of the Invention 25 *000002*
2 In a first specific expression of the invention, there is provided a
portable Buglkapohd badiFieldaifitha Ink@ntioa for facilitati ng novenent of a |inb,
conprising -

. 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 possible 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.

Summary of the Invention
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a hol ding nechanismfor securing to at |least one digit of the linb; at

| east orie flex string attached to the hol di ng nechanism the at |east one
flex string and 5 the hol di ng mechani sm being configured to rely on the at
| east one digit's skeletal structure as a primary mechanical structure for
novenment of the at |east one digit; and an actuating device operable to
actuate the at least one flex string to facilitate the novenent of the at

| east one |gi Piifst Bp&yIRE BXPrRsEIN GPthe M ritiodN e i@ pfdvidedPaportabie 10 Fl ex
string is used in this specification to nean a |ightweight and thin strand

of cord WabeBmiet fAtatiitadAcé P FAMIBRMgIREPEMBARLEa lifid, BBNRIBINg Of the

digit and has the required tensile strength for causing novenent of the

digits of | i ' t L,ng. I | fle ' are
fi shing | & ol ¥ %ﬁ%é‘%%%ﬁéﬁp%@gﬁsﬁ%fﬁé"ﬁ%@ﬂﬁe?"%"P’ B fedst iR 200
pol yester._By using flex strings such as fjshi lines, this results in an
unpr edi ct affﬁ%sﬁmﬂe%fac@dnt@ethﬁhl‘%'dfr@dﬁ‘@ af"ﬁ@’otggr% least ope flgy SNGRNdot ¢ he
device as wel|l as the cost of manufacturing the device. At the sane tineg,
the fi hi nel heldings redsianisiodeeing enrdigired) tot rebndir thendtiigast opakdigd'st hem
suitable for such an application. As described in the preferred

enbodi nent skeldtal stuthiné easmavprimaty fneesHanicel i structaey faremdeesmenbtof theeatan
integral primary nechanical structural support but instead relies on the

di git's skeghstghe alditiahtrsh astubtifg BEVIGBIOpELIBABI SctliateIhE W 18l E onli fldk |
further reduces the overall size and weight of the device. 25 3

string to facilitate the movement of the at least one digit between an unflex

position and a flex position.

10

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

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

15 made of nylon or monofilament; or cords made with polyester.

By using flex strings such as fishing lines, this results in an unpredictable effect
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
20 breaking strength and thus, making them suitable for such an application. As
described in the preferred embodiment, the portable movement facilitation
device does not have an integral' primary mechanical structural support but
instead relies on the digit's skeletal structure as the primary mechanical
structure which further reduces the overall size and weight of the device.

25



Preferably, the actuating device conprises an active actuator operable to
actuate 'the at | east one flex string. The active actuator nay be operable
to actuate the at |east one flex string to nove the at | east one digit
fromthe flex to the unflex position. In the alternative or in addition,
the active actuator may be 5 operable tg actuate the at |east one flex
string to nove the at |east one digit romthe unflex to the flex

posi tion. Pehfaribhgars akitatihf@le¥ficUddrhpasstesh aetivericitialat dstabletassi ve
actuator configured to create a biasing force when the at |east one digit

is noved t [ pq@j LAR; I ihasd nge is
arranged t%CtEngeethte ﬁaet%z;%ét%gs ognttz!ﬂgi Elﬁ?gip %ﬁ%gtcﬁw?g)ﬁ? Jﬂ‘a? %Eéleftﬁex
position. In the,alternativ t he ssive actuyator, may .be . confi ed to-
Create a brAupEBadeihant Mo AEpE R RigVe Bt STROBE s N IRER | o
position; and wherein the biasing force is arranged to urge the at |east
one digit Mﬁfﬁ@qq't&{’-é’bmq alipnative Re "h?@&ﬂ‘kn’ §i3cqt'é6ﬁ.a°ﬁ'~?ﬂ$°r1§'apfg’>%i ve
actuator may be conbined with the active actuator discussed above. The
port able nopenable tof actiiatet theiad teakt vinedlaxestring te mavedbemtileastmeddigiti ngs
adapted to be worn by the at |east one digit, the guide rings being
arranged tfromghiedmflelRdo dhe fleaposition. f| ex string. The use of guide rings
provi de a sinple and 20 econonmic way of guiding the flex string and to

guide the digit between flex and unflex positions. The portabl e novenent
facilitation device may further conprise a flex sensor for detecting

e AU BAT E Ra o RBEBSER  1° 25,
one 4 configured to create a biasing force when the at least one digit is moved to the
10 unflex position; and wherein the biasing force is arranged to urge the at least
one digit from the unflex to the flex position. In the alternative, the
passive 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 flex position to the unfiex position. The

15 passive actuator may be combined with the active actuator discussed above.

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 flex string. The use of guide rings provide a simple and
20 economic way of guiding the fiex string and to guide the digit between flex and

unflex positions.

The portable movement facilitation device may further comprise a flex sensor
for detecting flexing of the at least one digit. The passive actuator may include

25  at least one resilient member arranged adjacent to the back of the at least one



digit. The active actuator may include at | east one notor operable to pul
the at least one flex string to nove the digit to the unflex position or
flex position. The active 5 actuator may include a bobbin for stow ng the
at | east one flex string, and wherein the at | east one notor is operable to
rotate the bobbin to dispense or retragt the at |east one flex string. The
use of the bobbin to stow and/or dispense the flex string reduces the risk
of tanglingqgpf the flex string. to Preferably, the active actuator includes
an encoder ?or encodi ng anount of displacenent of the at | east one flex
string. The at |least one flex string may be selected fromthe group
consisting of: fishing line, nylon string, and polyester string. 15 The

portabl e vement facilitation device further copprjise an ahrasion

Dot cot o | T8 Bele primieriay Mok 4tigapEsne Blator SRerabl ors e ieg "Gevi ce
may further conprise an IR distance sensor for detecting distance of an
obj ect rePng floxsiring leempre thesdigide the HelBex positioger dex PesHios: Aheacku§ be
used to 20 determi ne when to clench the digits to pick up an object. The
por t abl®e nasteaemnmayniriclidead bohbitefor siowing thieiat least coaflex stirg, lsind sensor for
perform ng el ectronyography neasurenents on the linb. The bio sensor may

i ncl ude anwhefsih gioaEleast b9 nrasididpegableve TeRits i bolsisinitb mispehiae gpor t abl e
25 novenent facilitation device may further conprise a controller operable

{ ﬁe5 cont fplact ife ACEHEL &R1SK strifg. FREURA S BB Based Hy/é reading from

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

10  Preferably, the active actuator includes an encoder for encoding amount of

displacement of the at least one flex string.

The at least one flex string may be selected from the group consisting of: fishing
line, nylon string, and polyester string.

15 |
The portable movement facilitation device may further comprise an abrasion
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

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

The portable movement facilitation device may further comprise a bio sensor for
performing electromyography measurements on the limb. The bio sensor may
include an accelerometer for measuring movements of the limb. The portable

25  movement facilitation device may further comprise a controlier operable to



accel eroneter. The portable novenent facilitation device may further
conprise a controller 5 operable to control the actuation of the active
actuat or based on the el ectronyography nmeasurenents. The |inb may be a
hand, and the at | east one digit is a finger or thunb. io The hol ding
mechani sm may conprise a plurality of finger tip holders, with each holder
configured to be secured to a respectivé digit; and a pIuraIity of flex

strings w ¢dhiRfthe BE@%tishdf fise ﬁbﬁéﬁh?@évﬂ;er@ﬁ&ﬁéﬁ é@e%ﬁﬁ?lfﬂfm the plurality

of fingertip holders. 15 The portabl'e moverment facilitation device may
further Cog&félér%n?eg ove for carrying the holding nechanism the at |east
one flex string an the actuating device. The portabl e novenent
facilitation device may be used to maintain and/or 20 inprove condition of
a person's linb and digits, in particular for rehabilitation. In a second
specific exgre55|on of the invention, there is provided a nethod of

oper ati ng ahgmartallle mevement faciifation devise @eay derther eemplise el copdoler whi ch
i ncludes a bio sensor for performning el ectromyography neasurenents on the
25 |inks topenabtehdd mompol siheg adigatxineps dfie 8ctiveecmitvatng based on the

el ectromyography neasurenent; conparing the el ectromyography neasurenent

wi th a thregbabmyagtapHy measurgpesiisenent exceeds the threshold, controlling
the actuating device to actuate the at |east one flex string to flex the
at least one digit. '

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

10 The holding mechanism may comprise 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.

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

device.

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

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

In a second specific expression of the invention, there is provided a method of
operating a portable movement facilitation device as discussed above, which
includes a bio sensor for performing electromyography measurements on the

25  limb, the method comprising the steps of:



5 The bio sensor may further conprise an accel eroneter, and the nmethod may
further 'conprise the step of: receiving a reading fromthe accel eroneter;
conparing the reading with an accel eroneter threshold and if the

measur enent exceeds the threshold, controlling the actuating device to
actuate the at least io one flex string to flex the at |east one digit. The
device may further conprise a flex sens8r for detecting flexing of the at

| east one gH@ivin éﬁ‘élédlﬁ)rﬁfﬁid?gehmeés‘wi"éﬂh@htCO”D“ se the steps of:
receiving a rea Ing fromthe flex sensor; and determ ni ng whet her maxi num

15 clenchi EcmBar @Exth@“ rﬁmgzece;o{@l s Lﬁ&ﬁ’\'e?\‘t"%ﬂ (PYa thfesAbld SASL if O

digit. The e step o stoppi ng the actuation

o ih, A SRR 45 BT AR

invention will now be descri bed, by vva¥ exanple, with reference to the
acconpanyi g drlaastane flex siingto ﬂPP‘éh?@ !Leasgoae igit’ vi ew of a hand wearing a
portabl e novenment facilitation 25 device according to a preferred

enbodi nent of the invention; 7 Figure 2 is a rear palmview of the hand
and the portable novenent facilitation device of Figure 1; Figure 3 is a
pal m vi ew The tbieséadut raag firtrerpont pdecamavesterimétae, and thiel methodeviage of

Figure 1; 5 Figure 4 includes Figure 4a which is a bl ock diagramof a GU
- modul e of kfMher 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

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

The device may further comprise a fiex 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

15  clenching or maximum flexion has been achieved by the at least one digit.

The method may further comprise the step of stopping the actuation of the

actuating device when the maximum clenching or maximum flexion is reached.

20 Brief Description of the Drawings

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

25 device according to a preferred embodiment of the invention;



portabl e novenent facilitation device of Figure 1, and Figure 4b which is a
bl ock ditagram of various conponents of the portable nmovenent facilitation
device of Figure 1 and which includes a main processor configured to
conmmuni cate with the QU nodule of Figure 4a; io Figure 5 shows the
portabl e noverrent facilitation device of Figure 1 with nmost of the
conponents housed in a glove; Figure 6 dhows t he portabl e novenent

facilitatipgureyiis® RlarpaiHew dfuné Maind dMFiHbatatle RERSAENTRE IkARN
Figure 7 is a block diagram of one of the biosensor nodul es of Figure 6; 15

Figure 8 i : it illustrating a rehabilitation routine for a user
of the po??\g%(lglé)?m%éht facilitation device of Figure 6; Figure 9 is a

flow chart il lusfrating steps to, be performed when waiting f diti
o be 1 ul fFIGES i enPrgt oA qininénbBFd Gl i Pogrole giedaettiiagtifion, <

flow chart illustrati ng steps to be performed when carrying out 20
cl enchi ng @eviee R§EIRIEJut i ne which is used in the flow chart of Figure 8;
Figure 11 is a flow chart illustrating steps to be perforned when carrying

out flexihiguoé 4 incheles Figute da whicbhsia bicokddiagranheffd &lJicimeduleodf tegur e
8; Figure 12 is an enl arged perspective view of the internal structure of a

bobbi n of peartapibomovbment ifsciitativn devide BfrEigu anandbFighire FAYwiecH 3s iss a
side view of the portable novenent facilitation device of Figure 1 shown

separ f; glhxétéﬁo'tbg@b Patrlgf@eviv?ﬁaﬁgio%&a&&s Loz PeMablee nialdmhdhtofackitatte 12
device of Figure 1 and which includes a main processor configured to
communicate with the GUI module of Figure 4a;

10  Figure 5 shows the portable movement facilitation device of Figure 1 with most
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;
15 Figure 8 is a flow chart illustrating a rehabilitation routine for a user of the
portable movement facilitation device of Figure 6;
Figure 9 is a flow chart illustrating steps to be performed when waiting for
conditions to be fulfilled which is used in the flow chart of Figure 8;
Figure 10 is a flow chart illustrating steps to be performed when carrying out
20  clenching of fingers routine which is used in the flow chart of Figure 8;
Figure 11 is a flow chart illustrating steps to be performed when carrying out
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;



bobbin in a disassenbled state. 5 Detail ed Description of the Preferred
Enbodi ment Figure 1 is a side view of a hand 100 of a user or patient
wearing a portable novenent facilitation device 200 according to a
preferred enbodinent of this io invention. It should be appreciated that
the portable novenent facilitation devige 200 does not have a primary
mechani cal structural support and relieS on the hand 100 for structural

support. Imghfd $3Y8Y% side Lisdhbethedsdrtatie A9V mdntTaciligftibheistee PFigugsine 2 i's

a view of the back 106 of the hand 100 and Figure 3 1s a view of 'the palm

108 of the t re. W 1. he portabl e novenent facilitation
P soptaterh oL E& hald: i

devi ce 200° ive gits 102a-102e - four fingers and a
thunmb, a joined by a wist 104. 2Q As it _can be reci ated from Fi gures
13 e pBbEbE SHVERBRY Pechattin GavisiEas 86NBR rd Sitos i theodul o
202, a signal cable 204, an actuating device 205, flex strings 208, guide
ri ngs 210, bebhipinagisaasenired mata.4, abrasion protector 216, ribbon cable
218, IR distance sensor 220, splint 222, a nain processor 300 and a

| anyar & 302. These conponents are shown as block 9 diagranms in Figure 4b.
Each of these conponents will be further described below 1. GU nodule

goz 5 G apbegakbd Psycribfib e of &reP{<fbirgd Frabbdimt®® provides a main interface
et ween

Figure 1 is a side view of a hand 100 of a user or patient wearing a portable
movement facilitation device 200 according to a preferred embodiment of this
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 GUl module 202, a signal cable 204, an actuating
device 205, flex strings 208, guide rings 210, a holding mechanism 214,ﬂ
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 block



the portable novenent facilitation device 200 and a user and allows the
user to- select appropriate settings and types of exercise to perform The
nodul e 202 includes a wist strap 224 (see Figure 3) for strapping the
nodul e 202 to the wist 104 of the user. Figure 4a shows a bl ock di agram
of the GU nodule 202 io and the nodul e,202 i ncludes an I/O port 202a, a
LCD di spl ay 202b, capsense buttons 202¢, a wirel ess transcei ver nodul e

202d, a USRagmints 3938gue BBt ERIch of hedee cdfifonehts PANEYe SUHHYrydéswtibelar gi ng
circuit 202g. The GJ nodul e 202 receives instructions fromthe capsense

buttons 2 I's which uses capacitive sensing technology to receive

sel ections by the user. For exanple, the capsense buttons 202c allow the
user to manual ly adjust tension of each flex strings 208 dependi ng on the
size of the hand 100. The input buttons 202c al so allows manual triggering
of the flexiaon or clenching of any of the digits 102a-102e. These features
ni ght be useflul t &4 W‘@ﬁﬁi?igzqu ation 20 therapist. The LCD display 202b
provi des a visual display to the user to provide acknow edgenent of the
sel ect isonsGeaphical Wserpnterfage (Gidl) snedule 22 pravidad a maiduinte between
information to the user or patient. For exanple, the LCD panel 10 202b may
di spl ay t hiaemortehle afoveneers facitiatibnldevicex20@ aadd asemartd alipwd thdaserdiogi t s
102a-102e. The battery source 202f is in the formof Li-ion batteries to

The Li -1 on har BRTEEHeE S B R oaar o e e 2oy
circuit Zoi%gluld%gneg vﬁ%‘f‘%'irap 224 (see Figure 3) for strapping the module 202 to the
wrist 104 of the user. Figure 4a shows a block diagram of the GUl module 202
10 and the module 202 includes an |/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
15 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 example, the LCD panel



supplied fromthe USB port 202e. In other words, the USB port 202e provides
an‘inlet to supply electricity to the power supply and charging circuit
202g for charging or recharging the battery source 202f, and al so
functions as a data to transfer port. The wirel ess transceiver 202d
enabl es the GU nodule 202 to comuni caje wrelessly with other devices.
The 1/ 0O port 202a provides an input and output interface between the GU

nodul e 202>@pHl nidye d [ e FRANRI 6 e BliGcadeill Roxird aAd0clafclsiRgVst ihe
Fi gures 4a and 4b. 2. Signal cable 204 The signal cable 204 is a nulti-way

cabl e and Of ich is commnicatively coupled to the 1/0O port 202a
of the Cluﬁggﬁﬁpgagég¥@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 GJ nodul e 202.
In addition, the signal cable 204 also carries electricity to power  the

el ect ri cal Ja¢ &atiesnisoureanp8rEds dnvihecieray ef Liton sattaties He PowelatheobUbs 11
3. Hol ding mechani sm 214 In this enbodi nent, the hol di ng mechani sm 214

conpri ses Mmodele 203 @ndi alshother comparents ofdhe e vieech00.sThedeiosr batterias ¢
material such as rubber and is substantially cylindrical to forma | oop
f or recei vamrgrexhaeggxiié ibyethenpdower shpplli gnd £hardifg airt0?2025hasieggsdwer
mat erial of the holders 214a-214e enabl e the hol ders
supplied from the USB port 202e. In other words, the USB port 202e provides
an inlet to supply electricity to the power supply and charging circuit 202g for
- 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 1/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 also carries

electricity to power the electrical/electronic components which are located at the

hand 100.

25



214a-214e to fit snugly around the ends of each digit so that the hol ders
214a- 2t4e are secured to each digit 102a-102e. Each of the fingertip

hol der 214a- 214e is attached to a respective flex string 208 by sew ng
each flex string 208 to a respective fingertip holder 214a-214e. 10 4.
Actuating device 205 The actuating devige 205 of this enbodi ment includes
an active actuator 206 and a passive actuator 212. The active actuator 206

conpri ses si3.sepHaltibghhecthariioms206a- 206f, one for actuating each flex
string 208 (one flex string for each digit 102a-102e and one flex string

for flexi nﬁ!{wg %ﬁbbegném?meomg@;mb%a.%iénfﬁfﬁgﬁmgggestﬁberrﬂagert@ﬁﬁiolae%v are

powered by t attery source Each o not ors 206a-206f is a
multi-turn t qr, ,of m.nj.at.ur | zet erall size e
devi ce 200??g?§%ﬁ8f8ﬁdb8$@gﬂgu§g%gf%gdggéﬁggﬁgF%gf %ﬁ¥k§%t{§ Qaﬂpo%beach
of the nmotors 206a-206f i s noynted on top of, the respective notor's . body.
20 A fl exi %ll"égt%%ﬁb’ Bdrigaldo derma pJeop or&e&@tvrrzg ?é%f%e‘@@&@a‘?ﬁ‘ﬁ%@%‘ﬁ of
the notors 206a-206f and al so the necessary el ectronic/electrical circuits
207 fors t h#02ad0dikee Theoelaatic matpriakobthe heldess @14e214eaenable theeholdets s
206a- 206e are affixed to the flexible board 226 and include a bobbin 206g

for stow np14a@1286 tdifit meoglynaroantdhgtemdsf ofozechodligitise thiakthes holideos 2248- and
an optical encoder 217 12 (see Figure 4b and Figure 14) for converting the

L

214e is attached to a respective flex string 208 by sewing each flex string 208 to
a respective fingertip holder 214a-214e.

10 4. Actuating device 205
The actuating device 205 of this embodiment includes an active actuator 206
and a passive actuator 212. The active actuator 206 comprises six séparate DC
motors 206a-206f, one for actuating each flex string 208 (one flex string for
each digit 102a-102e and one flex string for flexing/unflexing the joint at the

15 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
body.

20
A flexible board 226 made of elastic plastic is used to carry each of the motors
206a-206f and also the necessary electronic/electrical circuits 207 for the
device 200 on the back of the hand 100. Each of the motors 206a-206e are

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

25  dispensing a length of one of the flex strings 208 and an optical encoder 217



300 . The flex string 208 runs froma respective notor 206a-206f and routes
wi a@ the abrasion protector 216 and to the digits 102a-102e. 5 Figure 12 is
an enl arged perspective view of the internal structure of the bobbin 206g
and it conprises a circular inner drum 380 received within a circular
housing 382 with an overall diameter |ess than 20mm The inner drum 380

I ncl udes a cylindrical bobbin core 382 sandw ched between two circular

fl anges 10(s384-iglireadbliamdefigurd a4 pfor domaertingethei larear elispddcdrhentoafitbierflexor e
382. The inner drum 380 includes a central axial bore 386 through which an

axl e shaftgahgous ifth aipﬁa|nré¢?é§er&9@or€sr ebefrans@isth tditse BRAIATpieTEds IO
represent one of the nofors 206a-206f) is inserted therethrough. The

bobbi n cor 8 I ' radi al 3 | w ( not
shoun) | 5 TPQer nEdRR e 488 Tty Reh 4 ropBRLfe gy R oM r B VT (10,
notor 206 so that. as the a shaft  rotate thi al so rotates the inner
dr um 380. &el%q{aﬁ'ﬁn(ﬂr‘)?er?éorﬁ@(a%‘ﬁqH@é‘@gsﬁgzaf{r@ﬁged to be wound around

t he bobbin core 382 with one end tied to an aperture 390 fornmed at one of
the fl anges 384 and the other end of the flex string 208 being arranged to
pass through a housing aperture 392 of the housing 382 and routed to be 20
at t ached t bigare 42pe ani adafgedgeerspectivel dew Fithe-igtedral strusiyse aif kel behblin er .
The housing 382 has a side surface 394 for coupling to the notor 206 and
the side 3064 anrl #96ompebesies crcglantinabr ioum 386 rebeivedhwithinch tinaulax! e

shaft of the notor passes through. Two attachnent holes 398 (only one
shown in FgiiiRg 138 with an overall diameter less than 20mm. The inner drum 380
includes a cylindrical bobbin cbre 382 sandwiched between two circular flanges

10 384 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

hole 388 through which a screw (not shown) is inserted to secure the inner

15 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 to 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

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

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

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

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



with the other one shown in Figure 14) is formed 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
ot or 206 i ncludes the axle shaft 400 which is inserted through a nounting
plate 402 carrying the optical encoder 217, an encoder plate 404 and the
central bore 396 of the housing 382. The housing 382 is nounted to the

mount i ng phigth @hd0thet driee shiphvar ik Figirea 18§ ieviBrihBd ooty lthé hsidat duatdveefdr hol es
398. The encoder plate 404a is made of thin reflective nmetal and includes

radial to §éddnﬂ§ tﬁ@%ﬁgmg%é ahd YhJé“th&'%SSﬁw' o th8afbtae 20y, t he opti cal

encoder 217 encod plate 404 is placed be ween the inner drum 380
and the side surface 394 of the bobbin hou5| ng 382, again to nmaximse the
use of space. The optical encoder 217 is carri ed by the mounting plate 402

and arranged to 15 detect the rqtatio f he_enco Iat ugh an
aperture (n'SPr%Hé\Ahﬁ)‘Str?t@FnW(ﬁhe&Pfg’ g"@ Quist aitac 4%)1t %%ﬁngl

Thus, the rotation of the inner drum 380 is detected by the optical
encoders 21motarn2@Giiircludes theaxielisbpBnddhyvhich de tinearieds gredghrdl mrwpingcenent
of the flex string is determ ned by the processor 300. 20 The passive
finger actplateor402]12anpieg that optcali ercqdere?18uppl gntadeypplate @ldndndt the
actuator 212 actuates based on its structure rather than due to electrical

exci t ati ongedtralt bbre 8B 08 'ﬂ?é‘thodsh‘? 3BPUARY hdLEInP!BBRI BEMdunted nar thew
strips of resilient nmenbers 212a-212e nade of elastic plastic such as

Eglcip(r)]?p%”h@%%nﬂﬁg ﬁ%se%zﬂeﬂ i AfRGr 866 Wi sRAts Riro68K ihdi@hbhilent hofils t he

398. The encoder plate 404a is made of thin reflective metal and includes radial
10 strips spaced angularly for detection or reading by the optical encoder 217. The
encoder 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 members 212a-212e made of elastic plastic such as polypropylene or

25 PVC and placed at the back of each digit (i.e. at the back of the hand 100).



14 Each resilient nmenber 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 nenbers 212a-212e. As expl ai ned above, when
t’he notors 206a-206f actuate 5 the respgetive fishing lines 208, this pulls
the fishing lines 208 and the respective fingertip holders 214a-214e and

creates a [EQl edsiiertPNenBeE 202aDN0e idbided 1dRAIsL AR @xtehdBeMsoditith Whiht S
102a-102e towards the clench position. This novenent causes the resilient

mb 212a-.21: i L \ hi asi i . t
rorber RRHARS AS IO Oup0ne 08 eRee sl - e

urges the digits

iti . lt.. th | Li f ) b he fJishi |.i.
Do b B Shaeh BaBtob.” Bk e A B Bk e LB ThE Rgbigge 207
menbers 212a-212e in order to cause the digits 102a-102e to Iefnch. \When
the not or DesmRys ZIge-¢HMefLeexpliaingd aboxe. herethe n}Oﬁ%rszoﬁﬁ-ﬁ%G | #Gieater0s,

the biasing force of the resilient nmenbers 212a-212e urges the respective
di gi t s s102thel 0espectiset fishing bnest2}edthiwspulisoths fighing linessRBBnand tegur e
3. Each resilient menber 212a-212e also includes a flex sensor 213 (not
shown in rfespectse fifgetipthcleéerss2 it fe anepcreatad atforefulMmeéveyuent dbhef or
detecting the bend of the digits 102a-102e and the flex sensor 213 is

di sposed nggits Q02811038 B0 1Y didite 10281 0B o WEREE e RENRAYYsition. TR
finger nail “of the digit, including one wng flex sensor (denoted as 213a

e e B L e g R
flex Sens-ogia%%w%afoirge nI gacc ) o%r t?\ee rfelsﬁl)én ﬁ'lnesn%erisswr?igﬁfuir gsr ﬁ1de éi%i’ts 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
motors 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 inciudes 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” 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 is reached.

25



determne a maximumlimt for clenching or flexing of the fingers is
rr-eached.: 25 15 5. Flex strings 208 In this enbodinent, the flex strings
208 conprises six lengths of fishing lines 208a-208f with each coupled to
a respective notor 206a-206f as explained earlier. Five |lengths of the
fishing |ines 208a-208e are connected to respective 5 fingertip hol ders
214a-214e with the sixth fishing line 2B8f connected to a part of the
abrasi on pro@pcto¢qgQ§ﬁ, Leingi s near the base of the thumb 102a. The
fishing lines are made of nonofilanent which has good tensile strength and

the hand 1CRHT ETEREMER o1, ﬁ%?ﬁ%@%%&g%@%&grﬁx I Rl e

hand 100. As it cg &tgh aﬁ preciated fromFigure 3, each fishing |ine
208a- 208f £9872PPb Wit eagh reiplnd t‘br%t’@é@‘?ﬁtw?l@oé‘?fdzg@%‘r?@ﬁfheé egpigmad part
of the finger on the pal mside of the hand 100 via the guide rings 210 and

i s att acheeanior.& ke leratps ofithe) fishingdineisp208a-RoBe @re zZonnegtedctoespective
not ors 206a- 206f rotates the bobbins 206g to stow the respective fishing

| i nes 208afirfdtip Hotdess 2duad 4aulvitls thensixth fishing lihe 2€8f 208recteéddb agralt dhe
fingertip holders 214a-214e inwardly and causes the digits 102a- 102e to

cl ench. I niHehiabratioh ptra@cdﬁvzma wiiéh figchddrt fleBas®\WTnBB! theimb N@2@I OfHes 1
02a-1 02e of the hand 100. 20 6. CGuide rings 210
fishing lines are made of monofilament which has good tensile strength and is

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



There are five sets of guide rings 210 and each set is referenced using the
r-ef'erence nunerals 210a-210e - one set for each digit. Each guide ring is
an endless ring made of plastic. In the alternative, the guide rings my
be made of 16 coils of the flex string material to reduce the ring

t'hi ckness and al so nakes the rings aes#hetically nore presentable. The
first set of guide ring 210a conprises two guide rings 210a for the thunb

5 102a andcdilgeoftine flasi stang inigteridil@arediieetha ¢ thdkhebbandvdlsdinmgless fhei nt s
of the thunmb but adjusted so that the guide rings 210a do not inpede the

bendi ng of rinddgedthefitnilQR8re fraeBnfibid he other four sets has three guide
rings 210br-|2c§10e and each guel 20 r% ng 210b-210e is also strategically

pl aced near respective hi nged joints of each finger 102b-102e. 7. Abrasion
protector 216 The abrasion protector 216 is a protective pad nmade of

pol ypropyl ene or PVC_ 15 which is used to prevent abrasion or hurting the
hand 100 whi® 'ffﬁeseft.cmq«@e rnged! O oemppisee tupaide Iregs AastsReithumbyur es
1 and 3, the abrasion protector 216 conprises two portions 216a,216b with

the first posa pod ﬂzq@ao\&t@ﬁ)adgwdOacaretn’a@cqﬂanaammmmbmbaéeomts ohthet hunb
102a and the second portion 216 is wapped around:the pal m bear the base
of the fouthummbet adjLl6u 46 Peat tBetduid@® ripgst2 1@asd@ hoh jraféthe thé bendiglgyofar ound
the palmand in particular the first portion 216a which is attached to one
of the fi sijenBuhbe ®e08f for flexing of the nuscles/joint at the base of
the thunb 102a to a clenching position. The

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 thumb 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 user's hand to be inserted through the space. In the

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



abrasion protector 216 is attached to the flexible board 226 using nyl on
rrivets to forma space for a user's hand to be inserted through the space.
In the 25 alternative, cable ties or nylon nuts and bolts nay be used. 17
8. Main processor 300 The main processor 300 is nounted on an el ectronic
Circuit board which is attached to th 7abrasion protector 216 at the rear
of the palm The main 5 processor 300 processes the signals received from
the GUI nodule 202 via the cable 204, and the other conponents such as the
fl ex sensors 213, encoders 217 and provides instructions to drive the

not ors 206a- 306f . e pAsidsesr 368 al so includes a safety mechani sm which
stops the operation OP 10 the devi ce 200 by pul I'i ng the energency |anyard
302. As shgwn in Figu en the | anyard 2 1.5 hi riggers
the procesth mUp RECESRl IR S gy Bl TR Rt iard ol I

di stance sensor 220 15 The infrared red (IR) distance sens? 220 is |
arranged t3RREEc0 dneRBBIOBT PrAtesteE 2 (et BRolRA oh the Ralmes e dndiRl m 108
for the clenching operation and it is strategically placed between the

wri st 504 prodessor 368 prosesserctheasignalsoeceivedifrm dhe GEdicmodulesi2 vizgthe
transmts the distance nmeasurenent via a ribbon cable (not shown) to the
mai N pr ocesde MOahdrthéhﬁheﬁbombnea&ssmch asthedesssarubre 218eeacodes t he
di stance of the patient's palmor hand to an object to be grabbed by the

user. The 34 BLANGPVIESS INSHIBGNS G IHWhotdis 2Biapggrocessor 300 to
determ ne when to drive each of the notors 206a-206f (independently or
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 pulied, 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 the palm 108 for the clenching operation and it is
strategically placed between the wrist 104 and the palm of the hand 100. The IR
distance se.nsor 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.

25



simul taneously) to flex the fingers 102a-102e in order for the user to grab
t-he object. 25 18 10. Splint 222 The splint 222 has an el ongate shape
with a raised end 222a placed strategically at the centre of the palm 108
~and the other end 222b extending to 5 the wist strap 224 of the QU

rfodul e 202. The raised end 222a thus prgps up the palm 108 and the hand 100
into a grapping position. The splint 222 may be nade of netal, plastic,
wood or other suitable material. 11. Menory Card Slot 304 1o The novenent
facilitation device 200 al so includes a nenory card slot 304 (not shown in
Figures 1-3 hgt sepiihtgepe 4b) which is configured to be conpatible wth

m croSD menmory cards (not shown) and the menory cards provide information

for the majp, PEglirt *295 QY ér‘?agbﬂg‘f? S sHapk m%l ais tg%e dHaM20%a %?e{c%g ey

store vari ouS €xercrse or reh atlon ro nes an based on t

sel ection r,oces ves t Xerci se
out i ne. arthaiBaRly ot Wit eRRe of i paRT 00 CL o Boriah e iner
portable novenent facilitation device 200, for exanple to drive the notors

to act at ethenarististesp 224 iohdhe &84 modelendda Tharised enged22a hysqrepe Ugat a t o

the nenory card, for exanple to record the nunber of successful flexing or
cl enchi ng ibe palen H0gend thehand2H01bte 2 drappidgpesitian. bile splint 22@ 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 mémory 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 exémple 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



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 19 a user is wearing the device 200, it then activates the
correspondi ng conponents or circuits. 13. Device Accel eroneter 308 5 A
device accel eroneter 308 is also providgd near the capsense buttons on the
pal m si de of the device 308 to track novenent of the hand. It should be
appreci at el tibert i$ hevearimgmthe dendcd 1 200, dn tHeni aetiv2i€s t thec kortdspongivgi t i on
of the digits 102a-102e based on the follow ng neans: 10 - encoders 217 in
t he not or scaiipangRE®r itcGits, det ect s the displ acenent 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 ampunt of bend or flex when a finger flexes. 15 -
current sensqrs of. the nthrs 206a-ﬁ 6e which allows the novenent
facilitation devi QSO CE'BEBEE B8 | oad the motor is handling. The notor
|l oading is directly proportional to the amount of clenching. More of these
means i | | Atevisssa¢saiergmeler 308 i alse Wmﬂ%n%arnﬁ?ﬁéiaé’é%ﬁ%%%toﬂécﬂ@ ted for
ease of use, the portable novenent facilitation device 200 may include a
gl ove 250 palmh sided e devica 398t thdracki mavement akthededwl 208f, the gui de rings
210a-210e, the resilient nenbers 212a- 212e, the fingertip hol ders
214a-214e, the abrasion protector 216, the splint 222

It should be appreciated that the movement facilitation device 200 tracks the
position of the digits 102a-102e based on the following means:
10 - encpders 217 in the motors 206a-206e which detects the displacement
of the fishing line.

- 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 handling. 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.



and the main processor 300 etc are housed within the glove as shown in
Figure '25 5. 20 To use the portable novenent facilitation device 200, a
user puts on the glove 250 and inserts each digit 102a-102e though a gl ove
finger 250a-250e which guides each digit 102a-102e through the guide rings
Z10a- 210e. The wearing of 5 the device 200 is detected by the capsense
buttons 306 and this is picked up by the processor 300. The user then
straps the GU nodule 202 to his wist 104 wusing the wist strap 224 and
proceeds to insert a SD nmenory card which contains the various exercise

routines iifQskhfeGRirtibid RoveMient Fasiitatioh d 266! ggl%%r Pg{% &??ngé gﬂnve

rehabilitation exercise using the capsense buttons base

informatio isplayed on th i ay, 202b. Wen .t he ir .

habi i ¢ 2230 BxBeers Fach el To il = 1088 bdr 4885 AHe: whieh he
notors 206a-206f to, pull the respective fishing |lines 208a-208f .

accor di ngl Uldeseach 1@2a+1Qge daquabdhe avids rings el Ba-230er dheaverting qui r e
bending the index finger 102b five tines at five second intervals and this
woul d riequthecdevice 280 is deteptastioy e camaense udionsci06 ard this irpigksh updy
actuate the fishing line 208b by pulling it against the biasing force of

t he corr esthenpiiocgss@s800.eTite neab eer? $Rhps dhel Glduavdule 20Rdexhis iwrier10402b to
bend. Thereafter, the processor 300 controls the notor 206b to rel ease the

pul | of th@siﬁgsﬂﬂie_”ﬂribi B8ag 08 @R pRIRIEIROtD fifsertCar SBS R ek abRhr2069

to di spense the fishing |1 ne 208b) and the passive 20 actuafion of the

actuator 21gh ages vhfisud R6Kidd ?gﬁﬁne]soa'ﬁottﬂet J:Eardeé%? @63.‘1 Theoﬁéélj fHn
selects the desired rehabilitaﬁon exercise using the capsense buttons 202c

10 based on information displayed on the LCD 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



Such a portabl e device 200 has many uses. For exanple, a doctor may set up
a ‘serieés of training prograns for the patient (or user) and store these in
a SD 25 nmenory card. The doctor then provides a rehabilitation schedule to
the patient 21 which corresponds to the training program The patient or
user loads the nenory card into the cajd slot 304 and select the training
progranms according to the rehabilitati'on schedule to carry out the therapy

sessi ons. ich ¢&rPeegondshe that irgiRingdprogreim.hArecpatiaiti enasenfiopds fthen ng
the rehabilitation at hone w t hout supervi sion of the doctor or trained

med cal PUAGARA Qrd I8 tHS Rafd sldt olangnd 8RR ao@gﬁgmia Shsl Acoigngee 200

| i ght wei ght "and”™ creates a evi ce, etp, at her

200 2061 Rubr R AR SchBuie & S s oik B eant Hhiddhe ADSRaTEAG o "°°

flexing of the digits 102a-102e resulting in a |ess cunbersone devi ce 200.
Even i f orRatisnt ORESE] Bas ﬁgnwm%@cezeﬁaeri@%wnsrt@%lz%bab'i'tﬁﬂpe at BRI wﬁwt

i nexpensive and easy to replace or repair. Al so, the use of active

act uat ison supengsioneofitbe closta? @8 Arapmst medical ipstfieagioni ne for flexing of the
fingers together with passive actuation using the resilient nenber
212a-212e for 15 extending the digits 102a-102e create a much sinpler and
yet effective novenent facilitation device 200. It should be appreciated

that, unlitge GRRyeRtAdHi®d (MRLETBBA-208¢1 hhkad ith8 E8WEES €200 |f§ha~élghtt ablde
novenent facilitation device 200 does not have a primary 0 nmechani cal

et e Rl 30SF SHRTRUNER LRGPk Epaksicial pit W HiRieh |
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
together 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, uniike 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.

25



functions of actuating the fingertip holders to nove the digits. This can
be ' appreciated fromFigure 13 which shows the portable novenent device 200
separate fromthe hand 100. 25 22 To enhance its features, the portable
novenent facilitation device 200 of Figure 5 further conprises two

Bi osensors nodul es 252,260 as shown in J gure 6. The first biosensor
nodul e 252 is strapped to an upper arm 110 and the second biosensor nodul e

260 is strhpeatiahce its feawarestine pdrableanibveienbeadilitassndevise 20054, Fglrear e
confi gur ed to perform el ectronyography (EM5 which detects firing of

muscl s’ nefyefer diMdAdYS Hiy 5|6§é’n§8rstr1'i'8dl§155'?52tzéd‘§s Eﬁéﬂﬁ? FYGurb ¥ atHeons  of

the arm The firing of the rrusc es represents the. user (or patient's)
intent for ﬂ;@l 2
possi bl e t%rsg)bst al ngthoocdl r S | n%é%é‘?é(%§%;a%egpé%r2(§ﬂgaﬁﬁtba?§a@| n%eséonijo Each
of the biosensor Ies 2,260 a I ncl udes a .
accel er orre?'@?e'?‘?ﬂftmg &a{'ﬁ Etﬁa?ﬁ’%fiﬁ% alowes arm %‘F%gégaéﬁf gh%mb'ocsﬁé‘sﬁ’ﬁper
and |ower arms 110,112 respectively. 15 Figure 7 is a schematic bl ock
di agr arh of 22h&68fare |¢@nﬁgwgédgmerﬁmwlégtrgmog(amhydﬁl\ﬂ@) whichsdetectediringe
ot her bi osensor nodul e 260). The bi osensor nodule 252 includes a bi osensor
processor GhfustiEd nkryps fpnBHRE sunfee obihtet skirs aB8w, resBEciive owatiods 6f then
accel eroneter 358, power supply circuit 360, battery power source 362 and
an el ect r ogwe9TABNIriNd-\dP) thanal REIEs eépreidbhts3fife 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 unflex the fingers.
The RF circuit 356 transmits data between the biosensor module 252 and the

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



20 The LCD display 352 provides a display for the user to see the status of
the biosensor nodul e 250. The i nput buttons 354 enables a user or
therapist to set the EMG threshold to activate the device 200 to flex or
unflex the fingers. The RF circuit 356 transmts data between the

Bi osensor nodul e 252 and the 25 GUI nodyle 202 (via the wreless
transcei ver 202d of the GU nodule). The 23 battery power source 362

provi des pmatiry tpowdresquoee r362uppiwdes powiet t3ahe fmowerpswpply mircutie3afl &ensor
processor 350. The bi osensor processor 350 processes inputs, for exanple,

from t he igyndridgHhettiosSr<bratdcdsvdr 350¢ TR WiBsisod pPoctitdor 680TPIOLESeeS t he
data to the GUI'J@erduI e 202 \E/F?a the RF circuit 356. i?’%e EMG Smgal ogue

circuit h%ﬁgca{ I?cgns gﬂpl?h @L%ﬁﬁpﬁfﬁut‘té%ﬁh oeth@ac‘f’é‘.'@l&rt}n?eftgr ﬁé‘%‘ﬁﬁ at

strategic In o e arm tECt Iring o nmuscl es.

Ef‘ﬁsgﬁéﬁftqpisﬁﬁfb“ fh%.?'?iét?ﬁgﬁfeaws‘” Rt yadneiFte orFULpos) Sas i

nodul e 252. ii) - accel eroneter vector readlngs of the first biosensor
nodul e 5 2@8'%9%5@6%& hgs dRreesein wiralinosessitt 9o Fianre 6) whigh Ae@lasgdof t he
second bi osensor nodule 260 ii) ACC2 - accel eroneter vector readings of the
first bi osirsiategiodedationsem bp skibot the anviedelestiiinmatthermussiese

accel eroneter 308

The output readings from the biosensor modules 252,260 are:

a) First biosensor moduie 252:

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

b) Second biosensor module 260
15 i) EMG2 — EMG reading of the second biosensor module 260
ii) ACC2 - accelerometer vector readings of the first biosensor module

260

c¢) 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).

25



20 i) ACCO - accel eroneter vector readings of the Robotic Gove (if a

gl ove i s used, or the device acceleroneter if a glove is not used). Each
of the accel eronmeter vector readi ngs conprises distance (D), x-y axis

angle (L x-y) and x-z axis angle (L x-z). 25 24 As explained earlier, each
Bbi osensor nodul e 252,260 is able to co nicate wrelessly with the
transcei ver nodul e 202d of the GU nodule 202, and this enables the

bi osensor A®@xpREnetbdarne®, ach biskdisbr Inhed HY2526260 g aibld=iCtomhiniaae t he
X-y-z arm novenents ACCLl, ACC2 to the QU nodule 5 202, which then sends

these to tpeBL WHPGES Jhsttlel ioddis A BF ROGUI FREER 202! BRdTME

readi ngs A n e arm novenents, mai n processor 300 is
able to co te accurately and track ctor lregti i nce)
di spl acerre%? I%Sf ebd‘%sf%ré%nﬁ"%{é' % %&?ﬁ@ Loatﬁr%r&%h@ g’remoémﬁq'te%fj? Y,

t he device_200 | ble to detect the patient's volu r ct lon .o I 0
the fi nger%MthEAfg? @anentheox e %%mwe%d‘tﬁééfégé?z‘)éot etfg‘ghlrﬂogP& ance
sensor 220 enables the device 200 to neasure and track the distance of the
pati ents s ,nwhish thendsensisathassj tecthe onaie proasssar 3RO tviee thracables. 20he

di stance I RO al so 15 provides an indication of the intention of the patient

since a neBased dnthafmMG readingssAQGes ACGCAHIACEE qrad thenarm niavedserits, theab t he
obj ect as conpared to a further distance. The di stance neasurenent al so

ai ds the ngjath Rreesssor’ 3800is bRIKRBVcHRRUtd OacRifthteB) drite trikOKfe ARA0r206f
to flex the fingers 102a-102e in
(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

10 the fingers.

In addition to the biosensor modules 252,260, the IR distance sensor 220
enables the device 200 to measure and track the distance of the patient’s palm
or hand to an object to be grabbed by the patient. The distance IR0 also

15 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. fhe distance measurement also aids the main processor 300 |
to know when to control the motors 206a-206f to flex the fingers 102a-102e in
order for the user to grab the object.

20
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

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



order for the user to grab the object. 20 The use of the biosensor nodul es
252,260'and the IR di stance sensor 220 provide neans for determ ning

whet her certain conditions are satisfied before the main processor 300
controls the notors 206a-206f to actuate the fishing |ines 208a-208f to
flex the digits 102a-102e. The conditio%§ are prescribed by a 25 nedi cal
prof essional such as a rehabilitation tfierapist. The scripting process is

25 done ogorfe Wadh GAbdicabtadliet1IE0D and tHeeootplpuf thé Schipting prpteswispthecess
is the "condition script” which is downl oaded in an external nenory and

inserted i %8&@'393&@?] ﬁié:ﬂ%%ﬁl@édé’&‘ﬁ?%ﬁ ék'f@rn@f RISy EhPIhsRBd RO

processor be nmentioned that the nmain processor 300 and the

o oersor BB S30h 2P SRR R AR PR o

accel er onet er readi ngs and IR sensor inputs to achieve this ideal exercise
novenment nay be upl oaded to the nmedical tablet (preferably wirelessly, via
the transceiver 202d). A therapist may then use io these readi ngs and
inputs 1o Hebgld b mardionied dhatetienmainspragesser 3handitbe biasanispt morées
condition script includes threshold val ues which nay be set by a nedi cal

pr of essi on252 260 ddoh Hdy @ séadrdation wesdeawhiatheaillovedtheassst torcaatureraraideal
person's 15 nornal usage of a hand to clench or flex the fingers.

Rel ati ons heiaerleﬁstevmaoeﬁuaﬂt tTHELE WG feddthygSaciierbhfeteersidiass afdiR sehbR,
ACCO, ACCl, ACC2, and 1RO is based on the follow ng notations:
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
15 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:



G eater than: > Less than: < 20 Geater or equal to: >= Less than or
equal to: <= The relationship between the readings is defined by using the
following operators: 25 OR 26 AND Group - denote by brackets Two
exanples of a condition script will now be described. Afirst exanple is 5
shown in Table 1 below and this includeg conditions to detern ne whether
the fishing Iines 208a-208f should be actuated to clench the digits

102a- 102e. Condi tei OAND Nne 1 ACCO. D>10cm AND L x-y > 25 AND L x-y < 35 AND
L x-z > 45 AND L x-z <55 Condition Line 2 (EMGL > 2 AND EM=2 > 2)

Condi tion Line 3 IRbeﬁuﬁfdeﬂB eepébéck%@m d be appreciated that it may not

be necessary to use a conditions to trigger the flexion or
clench. 10

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

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

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

£x-z>45° AND £ x-z < 55°

Condition Line 2 (EMGH1 >> 2 AND EMG2 > 2)
Condition Line 3 IRO < 5cm
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

£ x-z>250° AND £x-z < 270°

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

Table 2



A second exanple 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 L x-y > 3000 AND L x-y < 3200 AND L x-z > 250 AND L x-z < 270
Condition Line 2 (EMGL < 4 AND EM® < 4) Table 2 27 An exanpl e of using
t"he novenent facilitation device 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 novenent facilitation device 200

to under %gn c%%{g,lqajgngf %ég{g\clgﬁ&t é&érhé?ﬁ\?@'a&h‘cafi&ﬁxdéi@c@&@bcbgea Hatldh to

fingers. al ned e conditions scripts of Table 1 and Table 2

o | adechdd BBt Ay 5o, B0 ARG BHETEF A8 AR BiMsCET,

of the rehabilitation i0 routine. At step 802, the_processor, 300 .
det er ni nes2WheaRed ofeR J8PakiliadPpirgrine Oe"@l BnEigurR 7 @alsiﬂaﬁ)”l thed™3ttingot  and

this step is further elaborated in Figure 9. At step 902, the processor
300 i ntser riegaires theepaiigtdi o die sser mf e mavesantniacilisgtiamaevice 28@diot i on
Line 1 requires the ACCO readi ngs. The processor 300 then proceeds to step
904 whi ch uhdergbsclehehipg omessises Iolowed oty diexiran éxemigeuoé thaefingeaad Ags
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 précessor 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 Table 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.

25



fromthe sensor to obtain the readings for ACCO Wen the readings for ACCO
aré conputed, the processor 300, at step 906, conpares these readings with
the conditions set out in Condition Line 1 of Table 1. If the conditions in
20 Condition Line 1 are not fulfilled, the processor 300 branches to step
904 again to obtain and conpute new regdi ngs for ACCO before proceeding to
step 906 for the conparison. If the conditions are not fulfilled, the hand
100/ di gi t sAft€¥2atepl 926, \ifo thel doadiiona of Eadnditiorsilinge Tofare Hulfileadr e endinnce
the exercise cannot proceed. 25 28 After step 906, if the conditions of

Condi ti on doBEssbras®n gekkitbl &dp Y08 torridiect AireeeR6® lof I EchstematiersivRigh908 t o
detect presence of a script marker which signifies the end of the script.

|f the SCf%@@iﬁ%&r@@np%ﬂ% Péﬁb@g@ﬁe,s&r#ﬁ@ rﬁéte’r%sr%_défé)&eg e Praeksé& step

0
902 to rea e next line of conditions of the condition 5 script of Table
1i.e. Congition Line 2 i qui r t he EMGL an [ [ . Thus,
at' step ooi0 pigs hatk B eecly Bltrrd e i Ui of SpitiEs JrRe hiBiohd B
readi ngs fromthe_bi osensors 252,260. At step 906, the i&‘n %rl é%r ‘300
proceeds t¥PéRial@lent iGorfpRAdECEMIRS %wmr%w%%@ ilt ‘ffc@ﬁ
thresholds a set out in Condition Line 2. If the conditions are not io

ful filled, reagiigs, Thus, abster Rk dke GraiBauogRRSoT BKORtgiIns: apf gompltesotheai n

new EMGL and EMX val ues and this |oops until the conditions in Condition
Line 2 areMGt aadliEMG2I reatiimgsatdrarthatbiosensots 2522600 sagep 906Gt thalrhainhe

readi ngs (eg. ACCO, EMGL, EMG 2) may be read at the sane tine which
obvi at es apRRedsdrO30(EBReeds to compare the computed EMG1 and EMG 2 readings
with the thresholds a set out in Condition Line 2. If the conditions are not
10 fulfilled, again, the main proéessor 300 goes back to step 904 to obtain new
EMG1 and EMG2 values and this loops until the conditions in Condition Line 2
are satisfied. In the alternative, it is envisaged that all the readings (eg. ACCO,
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 IRO.vaIue. 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.

25



step 902. 15 When the conditions in Condition Line 2 are satisfied, the
rroutine‘goes back to step 902 to obtain Condition Line 3 which requires
the RO value. The nmain processor 300 next proceeds to steps 904,906 and
if the condition in Condition Line 3 is nmet, the routine ends and this
t‘akes 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 A0&epol (O, s Mditre 206206Mareoétattbe atidgatt stef R84 | heepmudssdrhi s
step is further explained in the process steps of Figure 10. 25 29 At step

1002, the s@ Q&6 tRBGRst4R6lor 208aSdhs cBfrenl fhotdr Bt dHeckOMethbhgedfirgEedier 300
sets the first notor 206a as a current nptor to check whether the first

o6 corr odd ke, SRANORLNSAELET et 0% RO 1B Sadliaifd el N0

the corresponding frshin fishing I1he

actuated, this | t.he . di f. N l.d 212 d t

S 0 SO SR Be RO B IS U8 A5G B88 Ul o

to detect whether the first notor 206is stalling or not. The stalling of

the notor heseorespesding Bageriptden2l 2a@ansctheddigit il Q2qestage dp bend- Jd€a and

the val ues of the current sensor are feedback to the main processor 300.
Loadi ng of miglire pnatessoP 364 tienegoes s steetife6 todetaot whethsulthe Jiral maoder not
and the loading is directly proportional to the anount of clenching by the

digit 206is stalling or not.

The stalling of the motor 206a is detected by the current sensor in the motor
10 206a and the values of the current sensor are feedback to the main processor
300. Loading of the motor 206a determines whether the motor would stall or not
and the loading is directly proportional to the amount of clenching by the digit
102a. This is because as the digit 102a clenches, resistance experience by the
motor 206a increases. The resistance is caused by the digit (which are not
15+ functioning properly) and the biasing force 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 2063 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.



102a. This is because as the digit 102a cl enches, resistance experience by
the notor 206a i ncreases. The resistance is caused by the digit (which are
not is functioning properly) and the biasing force of the resilient nenbers
212a. If, for sone reason, the pulling force created by the notor 206a is
not able to overcone the resistance, t not or 206a woul d stall, and the
current running through the notor 206a woul d peak. This peak is detected

by the curKenistene0s, no tillveg G MAi6A2064 ¢ derEtad)ithatiosy §bes té etdphe
mai n processor 300 and the 20 process junps to step 1010 which stops the

act uation byog e wHKPhe R ptesof B60 detemifBE WhethamasisiAPgEch e

process goes to step ermne i the nmotors ave
st opped ang j f , e _prpocess ends, |f .not, the r S _jpunps .t o, step
Tora g0 restot BestoaR MR e fignoeHictaesr8boaatpga il BbEi the
flow goes to step 1008 i Lch the maj n processor 300 determ nes whet her
maxi mum cl &sdent gneragﬁé@t@a%%ae ”Ehgéome*é‘&i fﬁ@ésﬁ'ﬂ%‘.?ﬁ iSheonfioskes dA s
213(located with the resilient menber 212a). The reading fromthe flex
sensor is iwatdelumsaperdonal ® thesslenehing whighr mesnsl thad magnure aémnclyisavhi ch
means that maxi mumclench is considered to be reached when the reading

fromthe ftensidenesloto il atachedrniwherurthearehdine fromi tmenfles sensuraisnet & or
nore than 250ns. Wien these conditions are satisfied, the nmain processor

300 consi dgfisinfuMt ah@ehEBIINTHIM & @RaRrRl for FRofeStHapR256Ms. YIREN thdse
happens, the process goes to step 1010 io to stop the correspondi ng notor

d b . | : I . . oh
Spoczgssggg@qlg&ﬁgﬁé%‘é%ﬂ%ﬁgﬁ %ahhﬁré@e?%%m’?&be @dﬁ%ﬁhéé tASE tHEHREEREm the
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
15 motor 206a and enables the main processor 300 to determine the amount of
displacement of the fishing line 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 stops

the corresponding motor 206a.



checks a maxi num count of the notor encoder 217 of the first notor 206a. As
expl ai ned earlier, the encoder 217 neasures the anount of rotation by the
15 notor 206a and enabl es the main processor 300 to determ ne the anmount of
di spl acenent of the fishing line 208a. In this. enbodi nent, the maxi num
¢ount is set to 10cm which neans that {he maxi num di spl acement of the
fishing line does not go beyond 10cm Needless to say, other values of

maxi num caétiie nendmaBx coumt igi rigil reach@d\t thesyrokess gbestte dstele dOn di togctastk
application. The 20 encoder 217 includes a counter which is reset at step

1012. The pRéther RORRRSP[s t%QQachﬁfélfér 6rhﬁote'i‘[ci‘t"‘i"seﬁof Phe PAEcAIRYBYs & step

di spl acenent of the fishing |ines 208a. t he encoder 217 detects a

i sl acereftsedly e s s L el e Do @%@%@ra&mnm%?o% of e pigags e

process to proceed the corr espondi 206a.

25 31 If t he nma not che cess oes to step 1014
to check H@rSt?ﬂgBhé?%FGW%aﬁttW§ qné‘ HQP%B? 1@32 g is not, ltohe

process goes to step 1016 which sets the second notor 206b as the active
notor &nd the process junps to step 1006 to repeat this and steps 1008 to
1014. 5 If at step 1014, the notor is the |ast notor, then the process
junps to sif epstepo01dihe matet is thedastumotort thent the processejuiipssto stepoi00206a t o
check whether the <conditions are fulfilled. 1o It should be appreciated
that the syhRigh sétsHH@UEArrdht PiciBP IS thactitg®timbbrtP®6a to check whether the

conditions are fulfilied.

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, middle 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 simultaneously.

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.



notor individually to give flexibility to the therapist to activate one or
Ror'e nbtors. This is to allow the possibility of doing therapy |ike
picking a pencil with 3 fingers (pointer, mddle and thunb to grip penci
while ring and pink fingers in clench position). However, it is envisaged
that the notors 206a-206f may be 15 acfual Iy simultaneously. Upon

conpl etion of the process of Figure 10, the routine goes to step 806 of

Fi gure 8. Aht $1eps808, @Re patibhuh@ergokalthé Getbad rehalbili@gtior rufire wrishiised but
i nstead of executing the condition script of Table 1, the condition script

of Tabl e ndoyROufyre iitlind deflPaciiidar @b 868 AR A0drare Hl8guid 1 mai n

processor 300 det’erm nes ther the Conditions Lin Ition Line

2 of Tablej 2.are , fulfill net _a i f j t.he
Fout i ne. o Menhe doetssird Ahg reps 803 1AM ia 2 e 4By
under goes the second, rehabili iLQn. routine I s, t |l ex_the fingers,
ond 't ho geRld SigEds g Shapesd ol 188 ek td fhahTan T s of Fiowe”: |
can be appreciated, the steps 1102,1104, 1106, 1110, 1112, 1114, 1116, 1118 are
si mi | ar5 t 01@,hexcspé tratioszadwf4ciendsngotte exareiseoindriguce 8 1s 1ise diexivingofr e 5
10, except that instead of clenching, the exercise in Figure 11 is the

f | exi on offinderag@hss, Tease, stdpssim Figeps 11 Wwoudrlee indepstbdd beasedd enstheod
based on the earlier description of Figure 10. Step 1108 of Figure 11

cor r espondsariier 86&RiptiBASf Figdreowy.e 10 but for detecting io the nmaxinum
flexion at step 1108, the maxi mnum values of the flex sensors are required,

instead of the m ni mum val ues. Wien the naxi mum val ues are

Step 1108 of Figure 11 corresponds to step 1008 of Figure 10 but for detecting
10 the maximum flexion at step 1108, the maximum values of the flex sensors are
required, instead of the minimum vélue_s. When the maximum values are
reached and do not change for more than 250ms, the processor 300 would

regard that the maximum flex position is reached.

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 fiexion 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.



reached and do not change for nore than 250ns, the processor 300 woul d
redard that the maxinmumflex position is reached. 15 When 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 whet her the nunber of clenching
and flexion is nmore than or |ess than ajcounter value. This counter value
is determ ned by the therapist depending on the requirenent of the
patient, akgliticakéw sppresiated frptrethei atiave, e omventand faclitatipn desicelidgh not
shown in 20 Table 1 or 2). If the nunber of clenching and flexion is bel ow

this countgiabled Ystectibh of tHeivtaR» d¥aRk pabieht Sid BAZe@ oA thBiimtehtion,epeat ed
together with the rest of the exercise i.e. steps 804, 806, 808 and 810,

until the : [ t i

rout ne en%%.*f%@é P R e e o R e o
acilitatign devi 200, bl det ect | f 1 ' ' [

and based 18R RNt i v SRl St S Bl Plimef o' BBl Seot W oers T o

vol unt . Further, b i t he patient ' kel et al

STruct dr & BeIEe meYaTEPY Grdohslaiians appitroccss fis FoPIEHES RBIGHENPT of 1t he

digits, this greatly reduces the conplexity and size of the device 200.

Broadly, tthe deidec20@droadly, the devise $00suay bernpnsidened o bave thierssRent s -
(i) robotics, (ii) reading patient's intent (to provide biofeedback - which

i s achi evesbripondis bi @oebsiits (Rp@adad) patishtls intent (evwrgaidedsiofeledbhek i nger s
and hand (via the biosensors 250, 260, accel eroneter and IR sensor 220). As

a i 0 resul\yhichhg a8Ritves b¥AHe biostisBrd 2502809 hAd ¢iii) ABYIRESN of the fingers
Ner o-reorgani sation and “natural/normal finger and hand novenents.
and hand (via the biosensors 250,260, accelerometer and IR sensor 220). As a
10 result, the device 200 is able to promote or enhance Nero-reorganisation and

natural/normal finger and hand movements.

The described embodiment should not be construed as limitative. For example,
the GUI module 202 of the described embodiment uses external memory (via
15 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 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.
20
In the described embodiment, the passive actuator 212 is used to create the
biasing force to flex the digifs 102a-102e to the flex positions, and the active
actuator 106 is used to actuate the fishing lines 208a-208f to move the digits
102a-102e from the flex positions to the unflex positions. However, the

25 arrangement of the active actuator 206 and the passive actuator 212 may be



The descri bed enbodi nent should not be construed as limtative. For
exdnple; the GJ nodul e 202 of the described enbodi ment uses external
menory (via 15 the external nenory card slot 304) for providing the
various training routines but it is envisaged that the routines may al so be
stored in an internal menory, such as @n internal menory of the processor
300. The training routines stored in the internal nenory may be updat ed,
revi sed orsvisppid drmedifidée atSBdpgly. FozBampie, 4 patsiee deticatob@odt shbadi),ment |

t he passive actuator 212 is used to create the biasing force to flex the

di gi ts 102gmligPeo tthat hRell! X tROSIddsh/as achlMiort P§2a¢td\ Be @Sddiabredftbal S
used to actuate the fishing |ines 208a-208f to nove the digits 102a-102e

fromthe fl.ex L - unfd |t i - .
arrangenen 'S%'P Bﬁﬁtééag{]lﬁ\rf%eog%]ggtﬂgn(%GPQ%I%E@éﬁgﬁgl \égg'&n u%?%r%ﬁﬂ IVr(?ay be
34 swapped, or di fied accordin . For exanmpl a passi act uator (not
Shown) P siualer TR sein £ SR ke pESE S RERCT e BoREHSY 2y Biti¥iley 1o
create a biasing force to urge the digits 102a-102e to the unflex position
and an Sact #stdatesgttachirpent meansnhsveh) asdian piings 248 de mawr the digits agfave
actuator 206, is used to 5 actuate attachnent neans, such as flex strings
208, to noiRRe fromdthg upflax pasitivode the diaxt pesiiiorn.| loxsuyshsan aoangeneans, theex
position. In such an arrangenent, the passive actuator may al so be a
resilient padsild actudtorthagiaisd 15 bi eshight nictallie st pidstitastrip dut e restfdigbe

position (e.g. clench position) and may be arranged adjacent the palm side
of each ofjstifig (Hftk! Sosiita(d g2 lentASHAid)Catf Wit BE dFfahgdV&diAcent the
palm side of each of the digits 102a-102e. The active actuator may have a
10  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 actuated to move

the digits 102a-102e from the flex positions to the unflex positions.

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

between the flex and unflex positions.

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 abpreciated-that
20 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
hand 100 is.used as an example of a limb. However, the movement facilitation
device 200 may be used to improve the function of a leg or foot and the
movement facilitation device 200 is adapted to be used with the toes instead of

25 fingers.



io simlar configuration as the actuator 206, but the flex strings 208 are
arr'anged along the fingernail side of each digit 1 02a-1 02e in order to
be actuated to nove the digits 102a-102e fromthe flex positions to the
unfl ex positions. Instead of using a passive actuator, it is also envisaged
tthat there are 15 advantages in using active actuators for the novenent of
the digits 102a-102e between the flex @and unflex positions. In the

descri bed 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 20 g ol diaerBaa dhhBbdiniEh 8 RALEAS 21 LPEYeBEfecDlo ShaRLIGAOOUY! ¥

depending on the intention o e patient or training regine. I'n the

descri bed g i i ' . i

Hovever TG yaRars JeIE e RaBed iRl 4 285 8 19, SLEMRLGS! SBrie e ¢ ne
function of a leg or foot and the novepent facilitation device ZOO IS
adapt ed t ofigerasbe daviee £AE maebeadaptasitiaobe seguredigdnese ggected fngers,
descri bed enbodi nent, the holders 214 are secured to each digit of the
hand. Howeard noi wllicf teingajedanthas a mesultdbe dgvice2900nay e efiaptest tosone
of the fingers, the device 200 may be adapted to be secured to those
af f ect ed fiaciitate mébvemeninaftatdéastainetfirggeri ngers, and as a result, the device
200 may be adapted to facilitate novenent of at |east one finger.
Dependi ng on accuracy desired, it is envisaged that it nay not be necessary
to use two bio sensor nodul es 250, 260 and instead one may be used in

certain | Beﬁgmjihﬁ%tri 88uracy 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

10 applications.

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.



Havi ng now fully described the invention, it should be apparent to one of

erdinary skill in the art that many nodificati ons can be nmade hereto
wi t hout departing fromthe scope as clained. 36 CLAIMS 1. A portable
novenent facilitation device for facilitating novenment of a |inb,

Conprising 5 a hol ding nmechani sm f or se%uri ng to at least one digit of the
linmb; at |east one flex string attached to the hol di ng nmechanism the at

| east one flex string and the hol di gLAB$ani sm being configured to rely
on the at least one digit's skeletal structure as a primary nechani cal
structure for novenent of the at |east one digit; and 10 an actuating

devi ce operable to actuate the at |east one flex string to facilitate the

novenment of the,at lLeast one digitl .between a . ition. and fl ex
posi 1 on. b A Achertdine moveneh! pallBPReI A Ja HaBis bR EE o £l 1,
wherein the 15 actuating device conprises an active actuator operable to
actuate the at "MBaS?MBAENG| ex string. 3. A portable movenent facilitation
device according to claim2, wherein the active actuator is operable to
actuat & t he at adeilingmedhasism fori saguriogrioaé leasd onredigit afdbelimbhe di gi t
fromthe flex to the unflex position. 4. A portable novenent facilitation
devi ce accordi ngt teast lbaenfiek stwingrattacHedeto thet holdirae mexchanising, thpeatabhst t o
actuate the at least one flex string to nove
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 unflex

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 unflex 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 unflex to the flex position.

25



the at least one digit fromthe unflex to the flex position. 25 37 5. A
por't abl & novenent facilitation device according to any of claims 1 to 3,
wherein the actuating device conprises a passive actuator configured to
create a biasing force when the at |least one digit is noved to the unflex
Bosition; and wherein the biasing force37i s arranged to urge the at least 5
one digit fromthe unflex to the flex position. 6. A portable novenent

facilitati®n dexipeptadeeioden@nt tadilitation deviveeiczorlibgeo apglof2ldimg 1drevd.ce
conprises a passive actuator configured to create a biasing force when the

at | east one d!whéréimrﬁ@ée@a&iﬁ?td&iéﬁ é‘deﬁ§é§ hYhssRdadifatioRfiguiddeto

biasing force is arranged to uFge the at |east one digit from tThe flex

iti toth I : L tion. LB idigati devi
Bocordimng o ol ARG S ERTp bfRmien HESAR BERGTT OB b (8 WfbT o
the at |east one flex string to nove 15 the at |east qne di g['t fromthe
unflex to the fFP%'éét'%s?’?ci yierein the biaping r?ﬁ)\%ﬁgﬁf‘g?ggf’lq@ﬁt hSr?td%?tce

according to claimany preceding claim further conprising guide rings
adapt ed t o be wonedigjt frore the unéaxto thendlexipgsitiont he gui de rings being
arranged to guide the at |east one flex 20 string. 9. A portable novenent
facilitation device according to any preceding claim further conprising a
fl ex sensor for detecting flexing of the at least one digit.
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 unflex 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 unflex 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.

25



25 38 10. A portable novenent facilitation device according to claim5 or
@, 'wherein the passive actuator includes at |east one resilient nenber
arranged adj acent to the back of the at | east one digit. 5 11. A portable
novenent facilitation device according to any of clains 1-4 and 7, wherein
t’he active actuator includes at |east ope notor operable to pull the at

| east one flex string to nove the digit to the unflex position or flex

position. 1@ 12A ponableaovenmarentxtiliththon |ddvidd arecdriing etoactaimdisngrt®, cl ai m
11, wherein the active actuator includes a bobbin for stowing the at | east

one flex stringherid Bepsidivd Nettddtol AASILIES CatTRicRY drfe PBSiliah tdrbsot at e
the bobbin to dispense or retract the at |east one flex string. 15 13. A

portabl e roverreqt.{ 4o} LEEALAOR HEYAR RROLAING: bR of claim 1-4. 7.

11 and 12, wher ve ac inc oder for encoding
amount of displacenent of the at |east one flex string. 14. A portable
novenent facilitation device according to any preceding 20 claim wherein
the at least one flex string is selected fromthe group consisting of:
fishing |iht, nflraTtahleimeveranat fasilijaliare deyice; a@orglsg R 2Ry Ohislaimsoiehent
facilitation device according to any preceding claim further conprising an
abrasi on prot ecand 7 ovhizzeinothe activehactuaton.incdede9 at least one motor operable

to pull the at least one flex string to move the digit to the unflex 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.

25



16. A portable novenent facilitation device according to any preceding
eldim further conprising an IR di stance sensor for detecting distance of
an object relative to the IR distance sensor. 17. A portable novenent
facilitation device according to any preceding 5 claim further conprising
d bio sensor for perforning el ectromyogyaphy measurenments on the linmb. 18.
A portable novenent facilitation device according to claim17, wherein the

bi o sensor1é.ncl Adpsristile apRekbaehtefaellitdtin Meekd iatgortdvg tenkAy OprecdBirighe
limb. 19. A portable novenent facilitation device according to claim 18,

further conprighmg farth@PE6RIpHSH IRRli&ahCe %ﬂ%ép*ortd&e&ﬁ{w&%ié?ﬁeoé\f the

actuating device based on a reading fromthe accel eroneter.” 15 20.

port abl e noveng tLitation dew ce _according to claim17, further
conprising a co%ﬁ P%’I%f%téfel%tbveertzggpgq%oac'ﬁtgﬂfﬁ&en?ﬂg actuation of the active
actuator based on the electro gy aphy,. neasurenents. 20 21. A portable
moverent 1 5% | iAaPIRPIRCTIVEMERE RGIHRI T, JeipenPREatsing tochaY hesRERG n ¢ he
limb is a hand, and the at |least one digit is a finger or thunmb. 22. A
por t ablse noveneglaim,aitirther gomptising, ackio azansodifagy pegormingpelestdinygaraxmhycl ai m

wherein the hol ding nechani smconprises a plurality of finger tip 40
hol ders, wi th eaehstnenknts corthedimmbed t o be secured to a respective digit;

18. A portable movement facilitation device according to claim 17, wherein

the bio sensor includes an accelerometer for measuring movements of

10 the limb.

19. A portable movement facilitation device according to claim 18, further
comprising a controller operable to control the actuation of the actuating
device based on a reading from the accelerometer.

15

20. A portable movement facilitation device according to claim 17, further

comprising a controller operable to control th.e 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.

22. A portable movement facilitation device according to any preceding

25 claim, wherein the holding mechanism comprises a plurality of finger tip



and a plurality of flex strings with each flex string attached to
respectfve ones of the plurality of fingertip holders. 5 23. A portable
novenent facilitation device according to any preceding claim further
conprising a glove for carrying the holding nechanism the at |east one
flex string and the actuating device. ig 24. Use of a portable novenent
facilitation device according to any preceding claimto maintain and/or

i nprove condi tileslidefs, aviheescinhslder onfigorkdiiogbé Secdfed th avthpeactive digier at i ng
a portable novenent facilitation device according 15 to any preceding
claim the deviggqincluding a bio sensor according to claim17, the nethod
conprising the steps of: receiving an el ectronyography neasurenent;

conparing the e"J:\ gﬁ.}srgmoqﬁ]&p&%n %Hrw?%%ingaatfﬁhgﬁq !rgsgéﬁgiviefonetshe

measur enent exce reshot'd, contro he actuati ng vice 20 to

actuate the at |geast one, fl stri to flex the at |east one digit. 26. A
nmet hod accor di n%fet?'ﬁ R{‘F@iﬁm@cgﬂ%@ Bglﬁieﬁre bi o sensor further conprises an

accel eroneter according to claim 18, and the nethod further conprises the
step of5 25 receiving a reading fromthe accel eroneter; 41 conparing the
reading with an accel eroneter threshold and if the

23. 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.

10 24. 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.

25. A method of operating a portable movement facilitation device according

15 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

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

26. 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

25 receiving a reading from the accelerometer;



measur enent exceeds the threshold, controlling the actuating device to
act'uate*the at least one flex string to flex the at | east one digit. 5 27.
A nmet hod according to claim?25 or 26, wherein the device further conprises
the flex sensor of claim9, and the nethod further conprises the steps of:
receiving a reading fromthe flex sensqgy; and determ ning whether maxi num
cl enching or maxi mum fl exi on has been achieved by the at 10 | east one
digit. 28. A netdmwparug dhdi repding civih na 7 acéeletdmeeter dinpeshwildhgandef sthep of
stopping the actuation of the actuating device when the maxi mum cl enchi ng
or maxi mum f | exe@suretndrtasieedds ¥8e threshold, controlling the actuating device to

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

5 27. A method according to claim 25 or 26, wherein the device further
comprises tlhe flex sensor of claim 9, aﬁd the method further comprises
the stepé of:
receiving a reading from the flex sensor; and determining whether
maximum clenching or maximum flexion has been achieved by the at

10 least one digit.

28. A method according to claim 27, further comprising the step of stopping
the actuation of the actuating device when the maximum clenching or
maximum flexion is reached.

15



