| nvention is directed to a wearabl e human noti on applicator,

particularly to a human notion assisting or inducing device utilizin

el ectro-active elastic actuator. BACKGROUND ART [0002] Human noti on
applicator is proposed in Japanese Patent Early Publication No. 2002-48053
which utilizes a nenory shape alloy which deforms in response to heat
generated by application of el ectriSPEQHIEATION giving a stretching or

contracting force to thereby assist a notion intended by a h

However, due to a linmtation to the anount of the displ acerreﬂmmmummgmlmlmnm
response sp&YEARABIE HUMAS MOTION APPLECATORY, the prior ar

applicator is found insufficient in that it is not conpl etely |n rra Th with
an actual need of assisting or inducing the human notion. D SCLOSURE OF THE
| NVENTI ON [ 6 3INTBRL ey i nsufficiency has been reduced in the present

invention which provides an inproved human notion applicator which assures
a qui ck and[@QATi ere@nnmmweoﬂormis;@lr@medmla wyeakable bumaramotioh a hunan

body. The h 1 nvention
i ncl udes a slé ﬁc aag{ap dé k) %ﬁ[g%lﬁrlﬁo%ﬁgﬁﬁhn@%%Ea@gtstﬁﬁﬁ rﬁﬁ@éﬁngody. The
support car ldeemealtllm@an electl-activecelastic getuat@sti ¢ actuator in a
force-transmg tLi i to the part of the human body. The el astic

act uat or |n§ﬂé}é§%§5ﬁh§€@tﬁlﬂ c core and a pair of electrodes on opposite of
the core fofogExeiimanetidryapglidatons!pregesddpy Sasurese. PdieAt EkAGt i C
actuator has a length and el astlcall efornms in the | engthw se direction

to exert a Stublicatiomflor g0ee- 4&95@h‘@h'ﬁ Hiizesptmemosy ghane @t”oléﬂfﬁﬁﬂ as the

d DC

Sour ce for SNSRAciH RSPEASE o hedodRRal by appliciorT it olBFficbTedtfoL D0F o
t he drivi ng ghing al steajehiofy qraooyntragtln@\mbe tocbhene@yassﬂna:mauonamt@ndedm eby

part. - Accor & HEEh B HENRBR A & P iBHL G o dne Al PRI R ci one
2gg tnL ?n]; t ?;d?}sp;ﬂ?équgmeﬁ?d ?hespmse sheddgivenrtenhdotemog) shage aboygithéent and

r _.assi or,.i.nducing, the nption as intended
by the hurmailriof GHJRP 'W@P@P%ﬂ)tpil'si’ g ?'inwgag I3, N0k COMPIGIBIYeNnat er i al
and i s adapigstchavitteah iached n@@almcéststwngarrtmdmmg fge AubidiUindtioaonfi guration
surrounding the part. The actuator is secured to the flexible support so as
to deformelastically together wiwth the support. Thus, the force generated
at the actu HCRS nsnitted to the part of the human
body vvlthou?j gg %ggﬁgstéantlgﬁf\ly E:'\Yn]t-lgr er ed with the support. [0005J The
appl i cat or [80Q@3]efTde aboveinsuificiencyshasoeemradieedrinthe presantdegentiart i on of

t he human e

quant 1ty of e R ot PR NG ol BBPUGE Bhicr ausifbs Bt e
appl i es t he ahi sufﬁgeﬁramolmagfeduepla@ehmrﬁlglmewéparttcd & hememtbaaly. siTgeal so
as to give heforc of s bl.e stre thf&r assi sti 0 ecflneqthe

ot on. | 0GHMANELEIER FPICAEN o AR BBREAHTH tecPrggpnt EYBBHORMF USR8 ppec
with a si gn%hpgeﬁeaﬁméd Wbéhltﬁaftﬁfﬂhteeﬁarﬁofﬁ@@u%éhmV | MheCaligpeet of the

driving DC vo aevari/ random y. In response to the random signal, the
control | er &BHI9%at legst pae &&Qﬁ'&l‘%ﬁ?t"’@n@aéﬁw ﬂPW@t%Gn\ﬁbTQT eRdrapsmifingar i es
randomy su t U h ce to the
appl icator, Q%E'Bﬂttggﬁnﬁgﬁg# ggk%lnan %)éd)} eﬁmég?%ggt %‘Sﬁm F&P];degsa%d

t herefore pudmeledm corenand & pair af Metgrodesrmhappdmteaofl the aode dbit teiceiving @007]

sences & ai (EMING AT otada elRRiai, Tt B Rt hfS siBRolEaRd . e 2

direction sigisticallpdiet@my/p tbe |éﬂ1@thdn5@dtreatbrofo &Xeat emstiedchingforoe toehect or

whi ch activates one of a notion-assistin B@nd a nption-traini ng node
[

gi ven to th Rl Parttea greqterfxtapk aoHIedRYIRg iy VRlaee Ndigasemnt rti® er i s
responsi ve iapplibaiod el incRies! DT véiRigekoiirds thieralfdiNg Bge Bhivingl bege of a
| evel that deforns the elastic actuator In a direction of assisSting the
human not i oNoﬂégﬂ@ﬂ%@léomlfﬂan%hlﬁbtﬁpﬁhe% the drivgarRfde/oltage of yaryiag levels s
responsi ve of a
| evel that gaft 't(')ér]ﬁxlsé%t“ %hgfﬁ&&eﬁfoerrgflu’{ QQ/(?E'Q ﬁg?f\ %t#rg oppo@f&r'{ggt
human noti on bei ng nade VVth this arranbenent, the applicator can be
utilized selectively as a human notion assisting device -2
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or a human notion training device. [0008] In order to nake the applicator
wel | adapted for assisting a joint notion of the human body, the applicator
i ncl udes the support which is configured to be fitted around a joint of the
human body, and includes a notion sensor which senses a direction and a
guantity of the notion being nmade around the joint to provide a notion
signal indicative of the direction and the quantity of the notion. In
response t o behapplied torthsilpmaan patte Accordinglgrthemiastasactuatatréan giye oQick

nasi oting « RORTPRE! 8EYAReh BFtoFaNoh fa T PRk O ool Folu Aaba i 1

assi sting ttwnsmtéﬁtanusmbotﬁ h@tlanm@mﬁdiemtsroﬂadgsmg beirriRind/thd Motion as
configuratign hav rh?/etﬁé engt hwi se axis when fitted around the joint, and
dy IU&&E%

carries a paitengge @ actuators at dianetrically opposite ends of
the tubul ar [so@RCrPrefdtably, trttesu;ﬁ&m twnaeeef'aSﬂeﬁsne rﬁatéri&?ahaqebdéhf&d t%”d
the other at the rear si ] Ol nt. In response noti o S|gna
t he contr ol Ik fitted smundolive psrt, tgn‘eng|aawbutaramnﬂgumtloarwwq1mdmgthehpaEtt o the

d DC I

di rect fon of TSsargefidS srVE 5 e kit SUARPRTE AR AR A que
is ml‘ n COB|SI sogethenwmiith theesuppovtat dmlusothu fdrfﬁé genemldd atsﬂw Fftt@tmbbe and
confortabl e nDtlo i sta t her e controller may be

confi gured tHCHEST H@%ﬁ’ﬁ@?(}‘&%’t%t‘{ %@ H’Flﬂ Pgﬂ‘%h%én%&y @'@‘%ttﬁ@g o%e of the
el astic act upibatstrng |m@ﬁbyéd‘lq/|thhﬁégh9?§he driving DC vol tage of a high

| evel expand|n8$the el astic actuator and at the sane tine applying to

the ot her ell@Q¢%k Hia appigatemis piefafrashtodoclugieragwotion senserwhighhpenses a
contracti ng rt%(ﬂj t

unbendi ng ofrhét;)théﬁ Bfgtlt%{‘h g tmb@@@%%?%ﬁn??rgggé’se%n@rﬂ g?é@ggﬁm8%6&| e
around the JQfmquamilty@tme mationt hdén reﬁmxnsadmtba mQtGMSJgparrmee apptrolder or of

t he present about
L Corse ot (ARbIREhe Bklh OF Pidelbr 4 lf8Letdtind fCHE ABtn S s el %h
t ubul ar T(f:’l onfgige!tree foroe bfisuitable dtr@mg]tmmr:%sﬁtmg drdmipeding tlmlmatlgnnd t hg

t or so. e rt. carrjes, a r of the elastjc actuators each,s ed into
2 band ext endPREl drfiad iins oA SPasoTeiieuaPHEI DA b8 SR G R M ds
extend at didi§redlQjtiner@iat dhidh §Bnéseearah@orh rh@nsaubaw@oﬁmedﬁﬂngms
with each other. A notion sensi nﬁ@rreans is inc in i cat or

appl
to sense and@iagesmrypgdarnRdomy. t reep%ert@stbedenqemla%luthq gentreligit hwi se
axis and a i

X ovi dos o RIS fhe BEIHAINBTIHASYDR yofade il B VBN BAGBHIP subfihat
response to tha@ctwatar axeﬂtgﬂw randomly varying fencegodies applicator,evkishicompels

o hatt oarty RBHEMAT I ot 'ddiertort drfffRrtbre Biokides b Rifsate Ot e
anount s 01;] ttmnmgrclmlgpa??@?gfﬁaﬁlhﬁoappl i cator teggl gpgd \r/v: tnh t he m)t: |Otn
or S tur e (DBBAL I & BrereuBuaraing: eanmeRlor g uHes araitacdon SareaE which |
vol tage 10 idunsegeaRoaisf 4 dtfor!thingiddiat e AR PerLlo3sroVide &

included in the applicator to select one of the progranms for deforning the

actuator in cate&é'pamlmIﬁatlv&eoémee@t%al%rqjghamohnmsandtahée@&tnr\télatpbr can
b ly t Th
ol astic ot CiLaRE of b iniofitfRSsSlingmddd & aTHStotuilifg thote ghRe] The
dielectric dhee:omttroﬂehollhdhemtDtlordassmmmg mosleg ke conttielierds seepansive to

{he- act uat ort8Riresof e 3@t BThhiie B yAERE &a Ve e dHifims 1
def or mat i on, elabti¢ actuatorshectirection cfassisting themhumamnustionpeeinginadelr f ince
with respect to a, cross sect n of thterpﬂeé' el ectric, co i.ncreasing

b
the el ect r o-theimotion HPUH“%W 6"1‘%‘395 ISFESRANSIVE, %%8 CPT gV h a

m ni mum DC valingQfie diVihd DE ¢oI8 @ﬁélwenﬂwaefdfetmﬂqeoawrc d&tué%r infe
dielectric core”of the hollow cylinder may be filled with the interior

el ect rode i rdicgalion afopposing the hurpaaimetiarcbeipg raade.f | Wath this @'fr@ﬂﬁ%ﬂn?nt,t he
I I
opter et ectricelical e i el Bb g hoféH Shabundadlieel |

singl e deformabl e nodul e. [0014] In orded-to bring the actuator |tself wel |
adapted to the contour of the part of the human body, at |east one strand
of the fiber is woven into a knitted structure showing its own resiliency
that is additive to the elastic deformability given to the fiber. In this
connection, the elastic actuator or the fiber can be knitted into a
cylindrical configuration so as to be fitted around the part of the hunman
body The knltted flber of the cyllndrlcal configuration may fit intimately



[0016] Further, the elastic actuator may include the dielectric core in the
formof a resilient sheet having a front surface and a rear surface which

are coated respectively with the el ectrodes. Each of the el ectrodes has a

plurality of flexible pads which are deposited in spaced relation with each
other and are electrically interconnected to have the same potential. Wth
this arrangenment, the electrode can be made to have sufficient flexibility
to fol | ow t log a lesminensticretrainimg devicef the resilient sheet, thereby giving

i d | tyator. [0017 t tjvely) h of
the. el ect r odRQ081s ¥ eier b makadfe 3RlIEASE el aigPlad torasarang e [k al 1y of
voi ds fro makoétigh bhmeeﬁlﬂﬁhh@é@lgfih%xaﬂﬁli%atc{rQHélﬁheé m@&dspor&wmmrsease the

strength of the force exerted he ‘actuator, the actuator can be a

| ami nat e i n CARfigHred {91 be fited WW”C{ adoinkehithe nan Desyenad incdades ameotiamcked
oLeTnat el skl Rt Eao ekl ShE LS BPURBAE dlnd ade ™ ©
resilient diagbend lf'ne:jcxiri’rtdetpromid'eedrrm’nioomilgrmltnedlsamveaobmadileecemn‘n ardfrect i vel y

ith the el ectr i he formof th | yral {.l exi bl he meshed
e ane, -t ieagioa B itfone B BsebFefe He ptbRtishdl RS Rtabll: on so s
to surr ound a;ipdaeaahe dnfnnngBChwhtagetmtiylevéli‘@éfehwﬁgamelela@ﬂic actuabsr ingsenbl y
of the appl &Lﬂoo 0} LL{ g the a uator g@wdbe mechani cal |y _
pre- conpr es ?ﬂ” 8Spisting the RengingLy P Q™Y nechani cal ~spring
force which [OQOQ]dCFdr'SU%chs Dcﬁa%@ﬁﬁ@ %é‘fdlhtvrﬁoﬁ@ﬁ CiPeSRIMpIoR i8Ade to

application of the drivin In this manner, 'the actuator can
have a pref dl¥aceiuliuiarceq lﬁlumtlQiblﬂ%\r‘lﬁﬂﬁ lengthwisgiaxis when fitedaroundéher s

predom nant iR £E W A8l bp e RY O lcRiE 8l difEmel eh§ BoreRE g e

resulting f rcé mal n alo en ende rection
human body. dfdine ttlrbtﬂalpsmppmbabmhtethellengmMMams opefai;thefrsnt Slalemdn‘het he

dielectric ¢ C be PLELCOTRL €53 dt |ve t he nech ni ca pring force.
L0021 ] The BNEHaBeitBAP SERE R FORE S hitashifes uEanstth Shanalhsr®, he
present | nvemhtr@nemsélbctsemwmf her @lastpaceatorfarmhappifes thlek6toitng diRfeg DI i on
of the enboc{lpgg en taken jn iﬁn{a:mctl on, wth the attached draw ngs. -5

BRI EF DESCRI FE eXRandiREthe same elastic aptuatosin pwdiragtion At a
wear abl e th&%&éﬁﬁp'tﬁé bwallmgca.t QhbrHIAG B9 fHRC e Tid tb@midadests iAEpdisiemt of

the present invention, IS a pefspective view of | ectro-active

el astic act uatfbﬂﬂeea@uamdomhmqwnmﬁwps iacsimeeth andssombortabie aatien e

expl anat ory 4 \Qaf\s\{\g éé lustrating the operation of the above applicator; FIG
4 is a block diagram of an electric circuit of the above applicator; FIG 5
is a block doatplarfrurtharstheatontrplier mesdbeachnfigueddb he rdspoediviertotthe above

appl i cator; raphs, respectiyv il lustratin he

oparat on oI siGLfor el dling e s 8 gEAle A8 tiarh A SRR hSRte e
a:)lovet apltO! i ¢hé @rivirg ESV(ﬁt‘h@rtﬂ a9l3ighr|9véloé)®m§iing mmé@md it aoteator and g
illustratin wear abl.e hu icator .in accordance a secon
erbodi ment | Gt The SapiEUBRERRNBA LS Hie ofeGeIaT dctyliod 165 darmaDy: valade

wear abl e hurgi |60 JeQEl @d?rﬁl'acﬁFh?Qf frof éW@S?b&'ﬁdE@c&h&hoﬁféﬂﬁéééistﬁiﬁ)ﬂ@ nment Of
the present invention; Is a schematic view of ke actuat or which

can be uti | ibesdingor Hebending of e jaiak orT hth\MQS’GS]Jﬁ"IﬁMQ@ ge@er@marfatqec vi ew
of a wear abl({bdpﬁé@ Jﬁ&fh%']ofm% ¥ﬁh8{e|:qhgls‘ﬁ%&mce with a fourth

enbodi nment resent ‘rnventli on; I's”a’ bl ock di agram show ng an
el ectric cir[o0it]r yTlmsi apphacaiblomsthemrbseminventi‘drﬁcaliﬁelalsmupbzerptmt| ve view

of a wearabl e ,hunman ian tor cor dapc ifth e odi ment
of the.pr esdRHUFAGEH FRtrR HBBLETo ifdnd FEEHTBSGy.cuf S fus plinbs:
utilized in duppontie\shapptintecd fibuldr @nfigﬂratﬁorﬁﬁa\tlhgraallengtmw’s@faxid”lfb ledove
actuator shown with an insul ation sheath bei ng renpy %

fitted around the torso. The support carries a pair of the elastic actuators

each shaped into a band extending around the lengthwise axis. The two

actuators or bands extend at different angles with respect to the lengthwise

axis to cross with each other. A motion sensing means is included in the
-3-



FIGS. 18 and 19 are schematic views respectively illustrating a packed
assenbly of the actuator which nmay be utilized in the above applicator;

FI GS. 20A and 20B are schenmatic views respectively illustrating an actuator
of knitted structure which can be utilized in the applicator of the present
-6 invention; FIGS. 21 A and 21 B are schematic views respectively

illustrating an actuator of cylindrical structure which can be utilized in
t he appl i catapplicator be senes antountsy ehsiraing ofitii@ tarad respe@ivBlaakoutthenat i ¢

views respectively ill.ustrating a .coil.ed actuator Lch can be utilized in
Uhe. apptt cateiotBivsdaxs Hnech POz GuRl pk Bepiodtbaar Wi ehathiEs s, o
actuat or w tprovidps r sthaih sigal indisathvecofthdarmbuin of aie Beralris. | ilA@dspangehe
applicator of the present 1 nventio li:| G 24 is a,schematic view

i |l ustratindoshe étfglﬁ sigpals the ewwpc%fg vYerctodhe plagtic agtuatorsgespedivebnitieat i ¢
! f i el ; \ _
view of an eriv!r@z%g: gé@@tgggﬁgra\ygghe@mn Bf—‘dér%f&l&&lrcﬁmz%mnﬁ hse aRRvie

actuator:; FIGS. . . : rspective views strating an actuator
shaped i nt o agtwatpraitra diieciiomof tpdugingthevdmenniseaof the stnain.i zed in the

licat b o 7A & i .
PPustrat 1 ngoQt 5 RaRE Hoel B SGPlbel W s/ eRRR sebEerafie Yefloterisn e
utilized in prpfermnifoﬂd inaﬁuﬁe wtab?@etqﬂrmgturhlﬁtymﬁ?rogranﬁ t@sp?&timlya o

t . 0 r C or, W sne eclro | can pe
01 zed | n A AREReReuRsiatdg bl DE NAiRER g The senseq oL @nfetn vrew
|11 ustrati nghé Aot heﬂpﬁ?gﬁﬁh’( Selectr id Imelurizevia thBRIppNaaer to Bblect dAeici 2

perspective view of a sti further actuator of a lam pnated structure which
can be util ithe@regramefolsaferrmaing the aciuaonpinaccerdansaewithdhe sglested s, 31 A

and 31 Bis MatrhGe W - M 7 welect rode
that can be @%@%’org?gﬁ’ t}hﬁ"&gﬁ@cé@g%ﬁ% ﬁéa%lwrthn%%%oﬁgﬁ)@ﬁ%ig%{l THE
ENMBODI MENTS osciejstespths.ing now to FIG 1, there is shown a wearabl e human

notion appli r 4 it i I j of. esent

"oventi on’ UREIEE i BsRE SRATal=Y b tedipba BY eFR s g Bad °a D ¢ of
]gzl ectro- a?:t icoensdsERt déhhemifllebgraccﬁ@%of@hnblmw:oyltrrddr:aﬂd tga_ alactrodss on af USﬁr,
or exanple, attached to.clothi of the user or ced i.n a cket of the
Cot g TiriShodd aepelueibon the axteal e Blerir isBaes of Taf RS Chabl o
fabric adaptwslg, m@acfda&éreéhrabegmraalbagutsauﬁgthaé peeféreifed ditabtiodfoft he human
body and i ncl udes fasteners 12 for tightly hol ding the_sugﬁ)r?rt 10 around

the part. TiHefEnationwhileithesleskodes,rar hedivemadargessrasific shrfagmwibe as
shown in Fl : i " ge@{erostrictive
pol ymer act Sgiséeract;tﬁ? ?@tsg?r?%ggﬁgf it)l?e %ﬁ%%ﬁ%gﬁ%\%@%%@%&g{ of an

el ast orer i ¢ glettyoractive forcaof alefgmming dhaactuator alaug dtislleagthewithadminipam  of

flexible el r 6 i f ~ore. i | G
2, the act ujfed‘r\'%%ga& Qgﬁgw%ggo?grés%gﬁﬂg&?@%gtoé%&%f%%edTﬁdﬁéE%&@%rc ﬁ]ré(;f an
elhongﬁt ed Shﬁ&he\lMdlIbwtdw:'ndbeMaydﬁbﬁllﬁcﬁwfhahemt'erioaele}mtrouegnsordl?rrteﬁti 03 of
the sheet. The.electrode 60 is forpned of _a _m xture of carbaqgn ack and a
preci ous netBNMNiZ& Cﬂ,ﬁp‘@%eli %ftgpsfﬁéf'seoprierfle@ﬁycgé‘? QYtes RIeHIOdq 15t ace of t he
pol yner and digralingyd By axiidletiricysHeath.o!l Faithér aqll@edlitye ofileciisrs iwith e t he

pol ymer. Upon receiving a driving DC voltage across, the el ectrodes 60, the
act uat or 50 d|§|e§8’iﬁ)$fé%§Bd“ﬂhb?li@°!(ﬁﬂéR@\%tB§rIﬂ?Oéf!’t?émgl%dﬁ@imq m%ﬂ@%-pand

in the | engt i | i '%%?f‘”! f1al | r are
attracted t o[\;bvg?gpergcﬁhg{ ﬁ%?ﬁﬁ%lﬁgﬁcﬁﬁé& vol %Iggéé?@rtgéﬁeﬁzn%re&gg‘?uat or
50 returns tparbof thienblmdnrmdyi ahieast ore strapdtof Hae §berisrweven iiea knitied ent

to the pol t, [ S ic. def arnati an. i i anal t
the bC vol { AT eddwh A ERARt 1S IS b oidgfic SORIMAEARY 10,
Dﬁ_ vol t age itgivem?ﬁu?e ﬂlﬂelrl.th?:tl&ifsm‘ogn_eomma?ealas‘ttgaaieammittm@figgr vah bage. |n
thi s connect| qQn, e coniro, I 1 S.conti r ar o) L age
appl i ed acr o'ggtt?ﬂéntﬁlaeﬁﬂm@@le%@%q%ﬁ%{] S%ggﬂ%ﬁr?#ﬁ@.ﬂgﬁ Fr’frfﬁog ,egt he
support 10 iﬁurfwhhtb%%rgr ;rﬁne%ﬁt'f&i ﬁB@leoiitﬁbrﬁyliﬁﬂﬁi&ﬂd&:ﬁfigﬂmtmtmay@ilt 50 on

front of the joint a e other on the rear thereof in order to generate a
force of assinimatelytancthediaxiblg ssipparidiae agalpgouscyipdrieal qosfighFAtONQF pose,
t he appl i cat QL. G ﬁﬁé}@ﬁ; J 5+ di sposed inside of the support
10 to cone iﬁtaxdcgagqu;éggs?lf\?a ] earg f{rq‘ma% r??lt'the joint for sensing the
motion of the joint being made. The sermsbr 20 may be a strain gauge,

nyoel ectric sensor, or pressure sensor, and nonitors an instant force
exerted by a thigh nuscle to give an output indicative of the nonitored
result. As showmn in FIG 4, the controller 30 includes a notion anal yzer 31
whi ch anal yzes an output fromthe sensor 20 to determ ne the instant anount
of the measured force as well as the direction of the force, i.e., whether
the knee is bending or unbending. That is, the notion analyzer 31 is
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i ndi cative of the anmount and direction of the notion being nmade at the
joint by the human body. The controller 30 is configured to give the
varying DC voltage across the el ectrodes 60 of the actuator for generating
an assisting force (AF) which is proportional to and is |less than the
actual human force (HF) by a constant amount, as shown in FIG 6. In view
of that the nuscle power is different for individuals, the controller 30 is
equi pped wi t{605]poite fibernay 22 ediledrosieafinesha gisticeddtustonfof ar edindrisal

respectively d f|n|n d|ff rent re ons, b en th m)nltored anount of
the hunan  Seeao PR Pe ME bt einecbais 8P oanBaig force (AD) A
program sel §g0v6] Furtiteri the sleletic hotualis rﬁﬁ?‘irﬁd?udi@th@@re‘lébtﬁ@'c@?é ircfh@ fefmt he
prograns for providing the target value of the assisting force with regard

to the noni thraer&SHWﬁﬁth‘rB%V'('Qtﬁ)froﬂtrﬁ%@éﬁr%%ée% WfoQ?eWQ@Ihe%rtGEQP%? gr am
a regulator réépé&%%ﬁﬁhttﬁe@dé/&m%e%o[)g aeh of 1818 e&r%d@s Ehﬁaﬁ?o‘fm tage

source 38 so as to riving vol t age bei ng ap
act uat or i n flexitdepods rwhmhﬂee depesitecduinospaded rtetat@athaleaehfqthan amappwer

{SDLE 4 neugBRU efSonSenttol B SbSarhE oBRNGR? A4 Aopilighe
e)h actly t] he tlaeteleadt[duﬂman Be meadd tdF[p]avaﬁpﬁrbmm ﬂefmbﬁtct;Gto followhthehresdiennst r a]t es
t he synchronpys relati et wee e [ muscl e force representagtive o
the human { Sitarasn affheesiBot sheeh Wiy SNED ayed s beney thite

assi sting foiksle @latBpt h var| es within one cycle of a walking step. The
vari abl e DC vol t age source is accommpdated within a controller housing
40 t oget her [QP17I t/NEerQﬁl'YQJM, wh elitne; electpdrscisahapediindhaéeizobas 50 by way

of a cable ort.
El ectrical éb]ennec Ion ﬁ%'&%k%l%ﬁﬁdsﬁ ﬁhk ghgc e&[-%arés]ﬁ%%ki%?e made
t hrough el ed0018hl In;prdentnrmcraasettheﬁdmgmm ofthe farée ekeded bydheiaciisatof,0024]

g et on ofMEREsRT Fa7 Be X bt ML SRRINT B BleRs B EeRencin on

one of the eeté@tﬁdd&§a@staek@dlabématé|9 véitrpapilralityaafithe chiéleoticadores eabk

vol tage defin d ? sel ecte r ram That is, when the sensor output

i ncreases adnah the rasilie MPERS: s bending fromthe position of FIG
3A to that DOFQ]GV\ﬁtBn th@%c@hatéﬁfs' &?nﬁ@é&?bﬂhe&’ésﬂr@ht M@l&ﬁrré‘sﬁ\é’ei 6batdll tO
energi ze the act'uator 50 on front of the knee, and deenergi ze the

rear actuat di opmlt@owéaqe@rmier@oftrﬁépth@ty wﬂh dhe @reqtrm)dann the ferem OBthe

assi sti ng t I or
output daor Sl Axiofe pade B UMmeLhey in@iitalfe, tho BB o BERHAREATALS

di recti on sel eyirgiricabcanfiguraties solas toviurungistheparhet thiezeumae bodyr act uat or

2ot antor r oSABE) BRIt R HssRTMIE bhine Brel RSy TRPadG [ron o oo
ol T red o ooED) rﬁ“"g'ﬁé"t B B P O s g
Phe horan! nRaEiaEaFectels 1o Biaic & fsehatichl S folge Wi & Sdifies "

provide a ”th@ve@tﬁ@'aéﬁvé‘ﬁ)r%@%nfeﬁéteﬁQﬂ@d;@dli'cﬁﬂoﬁ b@tt@dhﬁhgfmf\/@ltﬁgeandna
notion-training node for generatin osrn force, and includes a node

sel ector 37 thamgéneatthagcwéowan ﬁevmg ren@fhdtrﬁ@tl%pf deformatiandy node
is selected y t o the
above ot one tfe ElatGRaSRrAS dtedomiiihy dAbrRcSRIRT HEARARIMES | 0,
di recti on ofvditagei therehy exeiting thieaesulingjforaet mainiyatongl the inteheledi ng, and

vice versa. [.00 he f h nt ro| | h

provi ded but‘{i 8?{-‘5%}114{9{8% p%tg @%H@f"ﬂé&sﬂ@g @hdﬁ rPéJ(?gS%)%qQé%Ie(gEoec{/%?ﬁas a
di splay 46 feppdsite siefareseard thedielactdcidoee pan dieapre-¢dipréssed to giveothed t hat
when bendi ng or, unbendi n he joint, one of the actuators is caused to
expand whi | gNERBARICAEFPT. €®r is caused to contract fromthe expanded

condi tion, t[b@??PWH@é(@hﬁe'sﬂﬂ o%ércdtﬁéctﬁ@r'ﬂ @%ﬁedd’ﬁdaﬁ!r@b otiet herefore
enhanci ng the performance of the applicator. However, it is equally

possi bl e t o Rreseshinyestien sdl bac@ﬂeanteh@ppar@nt frgnu@edpll@wmq dﬁsqnpfn@ﬂ of
expanding it t

required mrtgbrbrﬂﬁgﬁ“m]%rﬁs Wﬁk@ﬁ%b&@uﬁ@ﬁ?%g}ﬁm thEen I rqbaﬁr.gw%%]

Furt her, aIthough it is preferred to drébose t he actuator 50 on the inner
surface of the support 10 for direct force-transmtting contact with the
part of the human body, the actuator 50 nmay be incorporated in the support
10 or even outer surface of the support, provided that it keeps a
force-transmtting relation to the part of the human body through the
support. [0029] As shown in FIG 8, the support 10 may be provided with two
sensors 20 spaced along the Iength of the support and are utlllzed to glve
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[0035] It is noted that the above controller 30D can be utilized in the
previ ous enbodi nents, instead of the controller 30 showmn in FIG 4, such
that the actuator generates a randomy varying force that is applied to
bend or unbend the joint, inducing the counter-action by the human body for
a training or rehabilitation purpose. [0036] FIGS. 15 to 17 show a fifth
enbodi nent of the present invention which is identical to the first

enbodi ment except for use of actuators 50E each in the formof a fiber

havi ng a di i tonmeric polymer into a holl ow
cylinder. T%@éb&rﬁ%@ﬁé&oﬁﬁﬁﬁﬁm a mxture of carbon black and
a precious rmacal i bl fetbpedtive deansirF@daldblehuasai edtion dppticatreni or and
exterior surfaces of the hollow cylinder and are given flexibility

! ( ! g .
sufficient tascPElans® Wil adirgkembodisnentiithe presentiaventianow cyl i nder. Thus,
the -12 a @W&iﬂ i R gt i i HON in
proportion ?;:)Ie?ﬁgé Iag\%FE(é) theeﬁlrﬁ\sléidng@&ﬁvdoqﬁy ggﬁa ébtel ngtné’(p?gﬁrg%%? ﬁaé e
el ectrodes adbe&abohe applieatosict uat ors 50E are arranged in an array and are

secured to f ' |, . [ . al [l jtting
relation toq:tlﬁ?rg B%? %H%P%twg %@E@?étg’w]ev@@tsjg@%@'@ggea eee}g{'(g'ﬁ)ﬁ'ieaS%%
connect ed i rappticatidrel with each other across the DC voltage source 38E to
si mul taneou% gformin accordance w h’h an output from a gon roller 30E
navi ng an_ amloddne HaeK A han eieclin tht ¢1be AHoVEIRPRIBRA enbod nent
I'n order to mEPEqsta BIBEKk BldRantlligstattiLa féédbdokbratd URlLesd methecalesld | cal
connection with an environment, each outer electrode 60E is surrounded by a
di el ectric APPIEAIOSPE. Sensors 20E are disposed interiorly of the support
10E for the [ ' F i |

enbodi ment . Iﬁﬁagtshéeg@(??u&gte Lﬁ? épﬁ%‘?&%ﬁdeé&??g@‘rlﬁlgit{ﬁ; o@?%égatc')%'?gg me é%?\r/eode IS
given a | ar ggpplipatarfic surface with respect to a cross section of the

dielectric SQ a Lacr e | ectr Q- ive force of deform ng the
act uat or fofﬂgﬁi'giaei?rts%é\%r\?e ﬁ%ﬁ'v%ftt\angtﬁoggrﬁrp?ﬂ"%{ﬂrpomr requi renent.

Al t hough t heFIGS. \9A and 98 arsbsuhematic vibweTebpectvelywilustrathiig a wedlable
structure, the actuator mal%@be Jornmed, into ,ﬂasolid truct‘%re in \{\Qich t he
center bore NUNR MelPnapplicafor iRidogordance uity g sacopd epRodimentpiithe s
advant ageousyrbgént iadesticly) a dianeter of the fiber actuator. [0037] As shown
in FIGS. 18 and 19, the fiber actuators 50E may be packed together to form
a singl e actfil& dP isaRerepaplivenview afa wearahle humans migtienanplicataldh t o gi ve

an enhanced %%@1& lternatively, as

shown in FI .ogg%ﬁéaén\yhg@Erthhégﬁg(ﬁﬁig?éemwmgﬁgacéte&%t or |8 'may be woven into

a knitted stFiG:tdrie arsohemptic vewvaf a likd acteator whiab cas beddiilizedeinttbet he

el astic defo il iven to the fiber actuator. Since the knitted

structure i tétgﬁ% %éé}ég%a{" preference direction of deformation, the

el ect r o- act i MiGSlefDanatiBareachehatic ew ofcd wearble auntan motionspplicator gui ded

al ong the preference dlhec ion so aa, to effectivelrﬁ.and efficiently deform
ﬁhﬁ‘é@'&’@bi’ ! i

t he act uat or@GROTEaNGe Wi ment of 1he RERSPINEIHO N from t he

unener gi zed ERNGistis@bletk didgrarPéhdwing s eRefr dirdite? bfltHd Ao applieatdB.
Thus knitted actuator can be forned into a plan sheet secured to the

support or i 18 isiacRerspecliveview ol weasaklediumar maliearapRligatonifen f or ned

into the pl : 0 I ¥ 40 the
above- nenti gélbe gﬁﬁb%edwgrf@-%wo@ﬂg\?\ﬁgﬁ frﬁ{%l'—qr(e_‘g.éhﬂllwgﬁn%{! and 10. Wen
formed into Fi16isa\perspdativactemtod ancaniuater biizediin thezalwbvienapplicatomodi nent

o even uti 1TEed 75 oA et e AppER asRARESHORR sbh & ey &P
case) the sughmith beivg lemeesd;gned sinply for attaching the sleeve actuator
to the part As shaown in FI when t ct uat or

f the h body. 1 A h
SOE 15 boni t GBS nTe ARIIRBPScE MR YO HE ARsp e MsBCUHStEE & RAKERdS o
| ongi t udi nal a%ﬁge&f'?ﬁé‘ a%iué@ﬂﬁ}éﬂ%h?%e' @iiged Wiﬁ@hb@@&{)ﬁﬁé’ﬁoﬂq uat or

can have an IncreaSed anount of elastiC deformation along the |ongitudinal
axi s upon beFlaS.c20A gnd20B are sehematicviews respegiively dlostipting anratuates ofhown
in FIG 22A .t fi q L i I i cal shape
for surround¥ﬂ§59ﬁg%§gygqgﬂeﬁ%én%%ﬁgﬂﬁggggﬁﬁ%hgﬁﬁgﬁgtgfgggﬁhkﬁg{cyIinder
increases its dianmeter as a consequencéﬁﬁ the fiber actuator expanding in
the circunferential direction, as shown in FIG 22B. Therefore, the coiled
actuator can be best utilized in the enbodi nent of FIG 12. [0040] FIGS. 23
and 24 show an actuator 50F of configuration which is different fromthose
di scl osed in the above but can be equally utilized in the applicator of the
present invention. The actuator 50F is conposed of a flat dielectric core
51 F made of an elastomeric polyner and a plurality of flexible pads 61

o o M. o o o o " o o ~—a p— o o A ™~ o




in the applicator of the present invention. The electrode is nade of a
conductive wire shaped in a nechanical spring and is secured at its

| engt hwi se ends respectively to the opposite |ongitudinal ends of the core
51 K as being conpressed in the length direction. Thus, the actuator is
given a preference direction of deformation in which it is spring-biased,
adding a resulting nechanical spring force to the electro-active force
gener at ed f riioverttiom; di el ectric core upon receiving the driving DC voltage

and t herefor n mount of the total for mat i on

rCtuator. adiRnalA ftBeh e Sehemamisfows resrantiondinglialing AR achaorof

i ndi vidual fopadni@n stuetlresatich@afite WilldedriRYRE dp gﬁcétB?oPﬂﬂat plsept the
applicator and the structure of the actuator can be suitably conbined to

present nodilfYeI8ionons which are al so within the scope of the present

I nvention. folA npri si ng:
a support aﬂpt e% todbl\%ﬂ’:r5 r?é\gﬂgrﬂ%\g@k/ger@@b %ﬁ\tlér)rgm%?@tmg '(laéz;d;t one

el ect r o- act iactuatbawtich can batwitizedin tlmjamhmmfstbpgmesemtnnaennon

2t uat or 1 ndlGuPAd® 2 RH R PP e’ BsheBh iyt g biFaly SEReRB nadS b GLFRA ¢

of sai d cor &ef gtilizeddRithe la@pﬁcgtbrmfﬂg; pesent tnacgﬁu@;hrer eacross, said elastic
actuat or havi a? a length and el asﬁ".lj cal |y expandi ng in the | engt hw se
direction afd® RéieAscoesaicyiay i %tf‘?t@tgc@ﬂ ﬁ@cmfr IECYIgy . ’“beﬁ Wateft t he

human body tgGa Qﬁ@ﬁtﬁheﬁﬁtﬁ'\he@%f éﬁ]lﬁ!’lé élé&ﬂ'o@@mbﬁ%ﬁ Bé’ﬁ\'b@?ﬁcﬁ'ﬁteoa DC

vol tage source or providing said tage; a controll'er which
appl i es sai dn#he abaye BCtugdot age of varyl ng | eveI s to said elastic actuator,

ther eby genqHIald, i sal@o KR Mo TRILARIVALIEH MMt gl BEL AR bl Inge! ¢

part of the human weara uman no cator as

forth in cl aoylhdrmabcmfrgwatlmh whmmcan be utitided @f the appi}odbcbteofrmtaq:rreaemand

i s adapt ed to bei fitted around said part of the human body to give a

t ubul ar conf'f ¥V on surroundi ng said part, said actuator being secured to

sai d suppor tFI&S., EES’A@n@'ﬁ?l@fé&h@ﬁﬁ“@ﬁdtﬁ\g@ﬂﬁﬁé@racmdtbr G@thth pooritéd 3. The
wear abl e hurran notion, applicator as set torth in claim1, further

i ncl udi ng: #leeedmwbisisean hpiutiized inthe applisatepidhe prpsedpYedforthe hunan
Bg?%gagg dpr PIEH98 i8 aPurspactiVeindly dHdtRér ¥Qusiordvith'aRtédnedPéletttedaDt i on
which can be utilized in the applicator of the present invention;
FIG. 29 is a plan view illustrating the meshed electrode of the above
applicator;
FIG. 30 is a perspective view of a still further actuator of a laminated structure
which can be utilized in the applicator of the present invention; and
FIGS. 31A and 31B is a schematic view of an actuator with a pre-compressed

electrode that can be incorporated in the above actuator.

DETAILED EXPLANATION OF THE EMBODIMENTS

[0022] Referring now to FIG. 1, there is shown a wearable human motion
applicator in accordance with a first embodiment of the present invention.
The applicator includes a flexible support 10 carrying a pair of electro-active
elastic actuators 50, and a controller 30 carried on a user, for example,
attached to clothing of the user or placed in a pocket of the clothing. The
flexible support 10 includes a main body 11 of a stretchable fabric adapted to

be fitted around a part such as a knee joint of the human body and includes
-7 -



said controller, in response to said notion signal, applying said driving
DC voltage of a level specific to said notion signal. -17 4. The wearabl e
human notion applicator as set forth in claim1, further including a signal
generator which generates a random signal indicative of the driving DC

vol tage varying randomy, said controller applying to said elastic actuator
the driving DC vol tage which varies randomy in accordance with the random
signal . 5. Tagteners tdfer tigh‘tb{rho’rdin'gdheaspppbddtu)arowdsthe praot. t ﬁrhenmaimi m 1,

furth I h t

bei ng ade. SORA e ERMGRRATRE 8 siglecth BAREG & ShafRobdoctof ThRe "
direction OfactlimmTBOIl@genémllgi koo &3 they elecrestictige @ommenoabtaawrﬁndng node
and a notion-trainin sai d nption- a5|st|ngll such that said
controller, qompc&e[gd%s%dteiecggpgom PLORagmoLag Sias O@WE yamgr gv¢hARg DC

vol tage of adiediabliflerdaids oﬁ@lgk@é%air'&fgagﬂ@b otiies 6 b epbegitef

assi sting the notion bei ng nmade sal d not i training
mode bei ng Suclecenaf thacares orAs Slllq)\&h in Fﬂﬁr%slbere@@ator 5Qiaf thie peesendn si gnal ,

d f f
gives a1 SAAqImIELY B PR ANl A BhndBel MRt o B hiodeL vot O
appl i cat or felrsgewed ind thiclorgess dsnelcaon@rf th@sheetactTdheaelestlrode Gofllssfoanrréled %
t t t :
hear 2l o Uk ShcaBan Atk A HeblopsmaH e unihiS Gensretd ar o
support is @apdEOnthe Barfaté of therpolyhtbrariddisHiver fIélellltsuf@fbllan elia%'tld

applicator inhcluding a notion sensor which senses a direction and
quantity of deferMaiaroef tedulumesi dUpen rﬁecelwnsra)dnwagzp%pﬂtage@cgqﬁaﬁ the

indicative Qiedihbuet 66Ghk Hrtda8r 50%s QHAPrédsedh thB&nERhES direction to
resiliently expand in the length and width directions as a result of that the
electrodes are attracted toward each other. When the DC voltage is removed,
the actuator 50 returns to original dimensions, i.e., contracts by resiliency
inherent to the polymer. The amount of this elastic deformation is
proportional to the DC voltage. Thus, the actuator 50 can expand to a
greater extent as the DC voltage increases and therefore contracts with
decreasing DC voltage. In this connection, the controller 30 is configured to
vary the DC voltage applied across the electrodes 50.
[0023] As shown in FIGS. 3A and 3B, the support 10 is fitted around the knee
joint with the one actuator 50 on front of the joint and the other on the rear
thereof in order to generate a force of assisting the bending or unbending of
the joint. For this purpose, the applicator includes a sensor 20 which is
disposed inside of the support 10 to come into contact with the skin around the
joint for sensing the motion of the joint being made. The sensor 20 may be a
strain gauge, myoelectric sensor, or pressure sensor, and monitors an instant
force exerted by a thigh muscle to give an output indicative of the monitored
result. As shown in FIG. 4, the controller 30 includes a motion analyzer 31
which analyzes an output from the sensor 20 to determine the instant amount
of the measured force as well as the direction of the force, i.e., whether the
knee is bending or unbending. That is, the motion analyzer 31 is cooperative
with the sensor 20 to define a motion sensor which provides a motion signal

-8-



said controller, in response to said notion signal, applying to the elastic
actuator the driving DC voltage of a level deform ng the elastic actuator
in a direction of assisting the bending or unbending of the joint. -ie 7.
The wear abl e human notion applicator as set forth in claim?2, wherein said
support of tubular configuration has a |lengthwi se axis and is adapted to be
fitted around a joint of the human body, two said elastic actuators being

di sposed on indigate ptthe gmeppband direetinn of theanationbeing mademtrthe joiotiby sai d

| engt hwi se L By ok spﬂﬁ_[p e fr ear, Si he joi nt,
respectivel 3% @gbﬁ?ng&@@i d g@ﬁ%neic%d]u'gt‘%’lnﬂgg{é?\d;%sélggItpélyg&ﬁ?ﬁbs%i d
driving DC wolthggacedssiiheyelactrodese60 of thal aejuatordat generatingdamegssis i on
sensor whi ch_sen direction.and.a antity of ghe rmtnigon ar uﬂ,gg sai d
oIt to pr QORBUAD) MFD I BlanRaoiTa] of e S e inghahd acli R ah oA

J

quantity of (HF byrd tomstast aaolint s Swh RORIG.@.! an.vié ai d
noti on si gnél ,F?sglmia(_:ti ng oneoo_f_ sz?i d elastic act u_atV(IJr\g d;ﬁzagﬁgm?%éét her et o
t he drivi ng POwerds ditpseat fos individpalsy g epmigoltaiSGigRaupred WHhPOWEbr in a
di rection of {5 {0\ ' FHP\G% i WelMo

wear abl e hurﬁ%@ésrgoéts?vgnw‘a%gﬁéggP g]rrﬁgtgqggﬂ 8Qort ﬂ?s Sf'g.eﬁdﬁ'ﬁ%‘e?@ﬁeﬁg@zi d
control | er, relatioes petween the mianitoned amaingobthe bamantforcengif anchadargedst i c

actuators an | i her. i riyi t f ' | I
apandi ng « RE' e 5 268RIRAT0ER GFL A Bona $BlddoreRls ellARuntHS, e

ot h]‘?r el ast ioanaoguaso to 3_aie_zbt dnf\dfluge B_Qagr_ahfsaf@eh pﬁébvidig_thWeHSr‘gét t\)/alcug d)fﬂhb} ngh
it froman expanded condjtion for assistjin e bepdin unpbendi of the
oint o TRSSRURAABIE WiivisOack RS aman e stima ke tuFln Iracaoianes
wher ei n sai Qyiti/fHeCsdleSed P8 gFath Uk #6g@attri daedbbAas 'P@%iv% 4 @BAfrbVsigRals £ and
is adapted to be fitted around a torso of the human body, two sard elastic
act uat ors baafigblaBPGr altage splrge $8p30as taMarydhedrving B veltageabeingd

o o0 8 e ERBASND SRR PN et PR ST ¢ 1

ot her, -19 thepiowvexpabledd, @s showwruih Rl 15y td oeg W atesihegdniviag OCwokdgesenses

amounts of With this result, the assisting force (AF) generated by the actuator can follow
exactly the actual human force (HF), as shown in FIG. 7, which demonstrates
the synchronous relation between the thigh muscle force representative of the
human force (HF) and the actuator output representative of the assisting force
(AF) both varies within one cycle of a walking step. The variable DC voltage
source 38 is accommodated within a controller housing 40 together with the
switch 36, and is connected to the actuators 50 by way of a cable 41 and a
detachable adapter 42 at one end of the support. Electrical connection from
the adapter 42 to the actuators 50 are made through electrically conductive
threads or the like flexible wires.
[0024] The motion signal is also fed to a direction selector 35 where the
direction of the monitored human force is acknowledged to determine which
one of the actuators 50 is enabled to expand by application of the DC voltage
defined by the selected program. That is, when the sensor output increases
as a result of that the knee is bending from the position of FIG. 3A to that of
FIG. 3B, the direction selector 35 activates a switch 36 to energize the
actuator 50 on the front of the knee, and to deenergize the rear actuator,
thereby expanding the front actuator in a direction of assisting the knee
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strains of said torso respectively about said | engthw se axi

s as well as a

hori zontal axis perpendicular to said | engthw se axis, and provides a
strain signal indicative of the amounts of the strains, said controller, in

response to said strain signal, gives to said elastic actuat

ors

respectively the driving DC voltages of varying level in order to

elastically deformsaid elastic actuators in a direction of

reduci ng the

anount s of thending.aiWhile@n theethexhaid,evimemthe sensayrouipyt dlemeaseai%n set

forth in cI erej i roI ncl

plurality o °5FP8BP%”9%E%@&H’%’}PL g}ﬂ W%L{ﬁgg’%ﬁ{'gg §l£°i sal d
driving DC \whivats the M&h%&ﬁdnét‘g@lﬁih‘éﬁe@f achatomnso and téétle(én@ﬂ@té ¢the er
al so inducing a prog{ram sel ector which selects one of said prograns for

def ormi ng sdiAnt@ckiAPEdQcingsely expanding thirras agtyaior Fr assis

€pr ogram

11. The wean#yeRd BtigRt i on applicator as set forth in claiml, wherein
said elastic act uator conprises at | east one fiber each corrgosed of said
p

di el ectri c d0P25Joflnadditiarote asaistingethegaint sastivrethe appticatoy
respectively

The wea.r abl eerﬁﬂ%%ﬁ]eerpgté%grp eaﬁt&zfe@r}ﬁ 3}%§§E@fﬁ?ogp Wﬁ%ﬁ g‘

Pespresent

ﬁg}#ﬁgt&en sai d

di el ectric doree opddieg te homanymomm For this pegoset the)omtocbllesrzamisel ect r ode

to give a solid structure to

appl i cat or d4OGEAMMEAA HVHV'&’Paﬁ mo_’ﬂ?n Wﬁ@gmga.@ %’E?rﬁﬁngﬁ

nman noi,

o8 #ASSHIPT ounds

sai d el ectr ggreland BInEtIGI-trafiiifd At for FRNBratirk] Bt dpposhty force 28nd
includes a mode selector 37 for selecting one of the modes. When the

motion-training mode is selected, the direction selector 35 acts in an opposite

sense to the above motion-assisting mode, i.e., to activate one o

f the

actuators in a direction of bending the joint when the joint is actually

unbending, and vice versa.

[0026] On the front of the controller housing 40, there are provided buttons

44 for selecting the modes and the programs, as well as a display 46 for the

selected mode and the program.

[0027] It is noted that when bending or unbending the joint, one
actuators is caused to expand while the other actuator is caused
from the expanded condition, thereby developing a force couple

of the
to contract
about the joint

and therefore enhancing the performance of the applicator. However, it is

equally possible to use only one actuator on the front side of the
expanding it in order to assist bending the joint since the human
more power when bending the joint than unbending it.

joint for
is required

[0028] Further, although it is preferred to dispose the actuator 50 on the inner

surface of the support 10 for direct force-transmitting contact with the part of

the human body, the actuator 50 may be incorporated in the support 10 or

even outer surface of the support, provided that it keeps a force-transmitting

relation to the part of the human body through the support.

[0029] As shown in FIG. 8, the support 10 may be provided with two sensors

20 spaced along the length of the support and are utilized to give an average

of the monitored results or to obtain reliable human motion data.
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14. The wearabl e human notion applicator as set forth in claim1ll, wherein
a plurality of said fibers are packed together. 15. The wearabl e human
notion applicator as set forth in claim1l, wherein at | east one strand of
said fiber is woven to nmake said elastic actuator into a knitted structure
having its own resiliency that is additive to the elastic deformability
given to said fiber. 16. The wearabl e human notion applicator as set forth
in clai m15,[008@) &S Alard 98 shovaatsexpod dmsbodinment of itme preasernjzlirivedrtiboal

i m 16 v D GodEaLe neLd e PRI TR AT By O ol DA o

inti mately dor assistisgangfor tratin Ihéflﬁ epetiont o Caehdimged @b tise gbdverlérl cal
configuration and is pade fl exi The wear abl ﬁéhumn mpti on

appl i cat or YO¥IGEdrQst e Rajmcang Q‘SS'%J%P%"‘B’&'HW@ WOi PRSI BETUArS
cylindrical smfiphésy hé’t‘ﬂ:a&%'dﬁeﬁtﬁér@dé’bfﬂ@ﬁarﬁ aﬁé‘éfécm 'donh@cfeR ihi tted

around the part of the human . The wear abl e human rrgtlon appl i cat or
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[0031] FIG. 10 shows a third embodiment of the present invention which is
designed to reduce distortion about a spine of the human body and includes a
cylindrical torso support 10B wrapped around a torso of the human body.
The torso support 10B is made from a flexible material and carries a pair of
like actuators 50B which are shaped into bands extending circumferentially
about a lengthwise axis of the support and crossing with each other on back of
the support. Also carried on the support 10B are four sensors 20B which are
provided respectively at portions corresponding to the opposite ends of each
actuator 50B so as to obtain amounts of strains of the torso respectively about
the lengthwise axis as well as about a horizontal axis perpendicular to the
lengthwise axis. The output of the sensors 20B are processed by a like
motion analyzer as utilized in the embodiment of FIG. 4 to give a strain signal
indicative of the amounts of the strains. A like controller is included in this
embodiment to give the driving DC voltage of varying level in response to the
strain signal so as to elastically deform one or two of the actuators in a
direction of reducing the amounts of the strains, i.e., the distortion of the torso.
[0032] FIG. 11 shows another actuator 50C of a laminated structure which
may be utilized in the applicator of the present invention. The actuator 50C
includes a plurality of sheet-like elastic dielectric cores 51C and a plurality of
flat flexible electrodes 60C which are stacked alternately. Every alternate
electrodes 60C are connected to the same electrical potential such that all the
dielectric cores receive the same voltage difference to deform uniformly.

[0033] FIGS. 12 to 14 show a fourth embodiment of the present invention
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each of said electrodes conprising a plurality of flexible pads which are
deposited in spaced relation with each other and are electrically

i nterconnected to have the sane potential. 21. The wearabl e human notion
applicator as set forth in claim1, wherein said elastic actuator has said
dielectric core in the formof a resilient sheet having a front surface and
a rear surface which are fornmed respectively with said el ectrodes, each of
sai d el ect rmghb@daggsadm@mmm@s&grﬂg attian foca awert lindb of e Abmaravi ng a

Puman ot i orPoiipAie AT e aloRE et fRitor) 468 e arBBng YO8 K BT
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flexible, S%Lﬁf&b@%éw@tﬁ/eﬂ“ﬂltﬁ%ﬂlbﬁ% BleRtrodks. CWhé&uB@léFﬁc’c%ﬁS@Bd
alternately. . The wear ab human noti on agplcatlon as set forth in

cl ai m 20, mp@nﬁssrauacraélaégtrp@tmugan deceivingHhpdacreasimgadriving B4 velage
configurati ofy.§0s él%cﬁUfjé%‘éﬁg dolfrabf 4s Orl{)?"\(&&fﬁéﬁgq%?%segd' THEE it is.

wear abl e human notion app atron as se Viher &1 1 '58i d
el asti c act uaade 10 sepdatgetherating anatyélbaslingceaprnfg fpucapplied to e bower

surround the, part.of the bod 25. The arapl e human noti on
2ppl § cat or Jehap i puran beideh 8l A Fessedng AOMoR IR, Lt or 1<
nmechani cal | jops4t Wh@p@@osé hieecdrardllie BOBrindiudestd Rihdotn Bighduce a
mechani cal spring faorce which is additive to the el ectro-active force

gener at ed bydangsates S8R-whichroeneratase mrndam gignal velieh igfedtbrougicavear abl e
human not i Or}nél?iBhéF@fBrto %Svo‘i%gg cT%nté?a{dF 48D yﬁbﬂe tH§igRANsSFHolesd&rfio 0des

are nmechani cally pre-conpress I ve sal
provide the drlvmg DC voltage of a suitable level to be supplied to the actuator
50D from the DC voltage source 38D.  The controller 30D includes an
adjustor 49D which causes the multiplier 47D to adjust the level of the
resulting DC voltage for varying the massaging strength. Although the
present embodiment utilizes the random signal generator 39D for randomly
varying the strength of the force being applied to the human body, it is equally
possible to apply a definite pattern of the varying DC voltage or to
intermittently apply the constant DC voltage in order to repeat expanding and
contracting the tubular actuator 50D for massaging the lower limb.
[0035] It is noted that the above controller 30D can be utilized in the previous
embodiments, instead of the controller 30 shown in FIG. 4, such that the
actuator generates a randomly varying force that is applied to bend or unbend
the joint, inducing the counter-action by the human body for a training or
rehabilitation purpose.
[0036] FIGS. 15 to 17 show a fifth embodiment of the present invention which
is identical to the first embodiment except for use of actuators 50E each in the
form of a fiber having a dielectric core 51E made of an elastomeric polymer
into a hollow cylinder. The electrodes 60E, each formed by a mixture of
carbon black and a precious metal filter, are dispersed in or coated on the
interior and exterior surfaces of the hollow cylinder and are given flexibility
sufficient to follow the elastic deformation of the hollow cylinder. Thus, the
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order to give an enhanced force to the part of the human body.
[0038] Alternatively, as shown in FIGS. 20A and 20B, the single fiber actuator
50E may be woven into a knitted structure having its own resiliency that is
additive to the elastic deformability given to the fiber actuator. Since the
knitted structure itself gives a preference direction of deformation, the
electro-active deformation of the fiber actuator can be successfully guided
along the preference direction so as to effectively and efficiently deform the
actuator of knitted structure in the intended direction from the unenergized
condition of FIG. 20A to the energized condition of FIG. 20B. Thus knitted
actuator can be formed into a plan sheet secured to the support or into a
sleeve surrounding a part of the human body. When formed into the plan

sheet, the actuator can be well utilized in the above-mentioned embodiments
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shown in FIGS. 1, 8,9, and 10. When formed into the sleeve, the actuator
can be best utilized in the embodiment shown in FIG. 12. The sleeve
actuator can be secured to the tubular support or even utilized to form a major
portion of the support. In the latter case, the support can be designed simply
for attaching the sleeve actuator to the part of the human body. As shown in
FIG. 21A, when the actuator 50E is knitted into a sleeve of which diameter
becomes less towards a longitudinal center than at the opposite longitudinal
ends, the actuator can have an increased amount of elastic deformation along
the longitudinal axis upon being energized, as shown in FIG. 21B .

[0039] Further, as shown in FIG. 22A, the fiber actuator 50E can be coiled
into a cylindrical shape for surrounding the part of the human body. When
energized, the cylinder increases its diameter as a consequence of the fiber
actuator expanding in the circumferential direction, as shown in FIG. 22B.
Therefore, the coiled actuator can be best utilized in the embodiment of FIG.
12.

[0040] FIGS. 23 and 24 show an actuator 50F of configuration which is
different from those disclosed in the above but can be equally utilized in the
applicator of the present invention. The actuator 50F is composed of a flat
dielectric core 51F made of an elastomeric polymer and a plurality of flexible
pads 61 disposed on opposite surfaces of the core 51F. The pads 150 on
each surface of the core are joined to have the same electrical potential and
define an electrode 60F. The pads 61 are circular and arranged in an array
so as to be evenly spaced along a length and width of the dielectric core.
Upon being supplied with the driving DC voltage across the electrodes, the
actuator 50F is caused to firstly expand substantially equally in the length and
width direction with attendant deformation of the flexible pads 61. In order to
give a preference direction of the deformation, for example, in the lengthwise
direction, each pad 61 may be configured into an ellipse having its major axis
aligned in the length of the actuator 50F, as shown in FIG. 25.

[0041] FIG. 26A show another actuator 50G which is shaped into a cylindrical
configuration having a diameter smaller towards the axial center than at the
axial ends. The actuator 50G includes a dielectric core 51G made of an

elastomeric polymer and shaped into the cylinder. An array of flexible pads
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dlrectlon W|th an attendant deformatlon of the flexible pads 61, as shown in
FIG. 26B, upon being energized, and contracts as the driving DC voltage
decreases. The cylindrical actuator 50G can be best utilized to wrap the part
of the body in order to repeatedly stretch the whole circumference of the part.
[0042] Instead of using the flexible pads, each electrode 60H may be
perforated to have an array of voids 62, as shown in FIG. 27A, so as to be
given sufficient flexibility in the length as well as width direction of the actuator.
The actuator using thus perforated electrodes on either side of the dielectric
core can also expand firstly in the length and width direction substantially
equally, as shown in FIG. 27B, in response to the driving DC voltage being
applied across the electrodes 60H.
[0043] FIGS. 28 and 29 show a sheet-like actuator 50J having a pair of
electrodes each defined by a meshed membrane, which may be utilized in the
applicator of the present invention. The actuator 50d is composed of the
elastomeric polymer sheet forming the dielectric core 51J and the electrodes
60J of the meshed membrane on opposite surfaces of the core. The
electrode 60J of the meshed membrane 60J is formed by a plurality of
conductor lines intersecting with each other, as best shown in FIG. 29 to be
given flexibility sufficient to follow the elastic deformation of the polymer or the
dielectric core 51J. Thus, the whole actuator 50J is permitted to expand and
contract smoothly to a large extent upon being applied or removal of the
driving DC voltage. It is noted in this connection that the actuator with the
meshed membrane electrodes may be shaped into any other suitable
configuration, for example, into the cylindrical configuration.  Further, more
than two meshed membrane electrodes 60J may be stacked alternately with a
corresponding number of the dielectric cores 51J to form an actuator of a
laminated structure capable of generating great stretching and contracting
force, as shown in FIG. 30.
[0044] FIG. 31A shows a further applicator 50K with a pre-compressed

electrode 60K on either side of the dielectric core 51K, which may be utilized
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rdv7 10@®! 108@he ppplcator of the present invention. The electrode is made of a
conductive wire shaped in a mechanical spring and is secured at its
lengthwise ends respectively to the opposite longitudinal ends of the core 51K
as being compressed in the length direction.  Thus, the actuator is given a
preference direction of deformation in which it is spring-biased, adding a
resulting mechanical spring force to the electro-active force generated from
the dielectric core upon receiving the driving DC voltage and therefore
assuring a large amount of the total deformation made at the actuator, as
shown in FIG. 31B.

[0045] 1t should be noted that the individual features disclosed herein with
regard to the control of the applicator and the structure of the actuator can be
suitably combined to present modifications which are also within the scope of
the present invention.
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1. A wearable human motion applicator comprising:
a support adapted to be fitted on a part of a human body;
at least one electro-active elastic actuator carried by said support in a
force-transmitting relation to said part of the human body,
said elastic actuator including a dielectric core and a pair of electrodes on
opposite of said core for receiving a driving DC voltage thereacross, said
elastic actuator having a length and elastically expanding in the lengthwise
direction and therefore exerting a stretching force to said part of the human
body to a greater extent as said driving DC voltage increases,
a DC voltage source for providing said driving DC voltage;
a controller which applies said driving DC voltage of varying levels to said
elastic actuator, thereby generating a varying motion-inducing force to be

applied to said part of the human body.

2. The wearable human motion applicator as set forth in claim 1, wherein

said support is made of a flexible material and is adapted to be fitted
around said part of the human body to give a tubular configuration surrounding
said part,

said actuator being secured to said support so as to deform elastically
together with said support.

3. The wearable human motion applicator as set forth in claim 1, further
including:
a motion sensor which senses a motion of said part of the human body
and provides a motion signal indicative of a quantity of the motion being made,
said controller, in response to said motion signal, applying said driving
DC voltage of a level specific to said motion signal.
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including

a signal generator which generates a random signal indicative of the
driving DC voltage varying randomly,

said controller applying to said elastic actuator the driving DC voltage
which varies randomly in accordance with the random signal.

5. The wearable human motion applicator as set forth in claim 1, further
including:

a direction sensor which senses a direction of a motion being made at
said part to provide a direction signal indicative of the direction of the motion,

said controller providing a motion-assisting mode and a motion-training
mode, said motion-assisting mode being such that said controller, in response
to said direction signal, gives said driving DC voltage of a level that deforms
said elastic actuator in a direction of assisting the motion being made by the
human body, and

said motion-training mode being such that said controller, in response to
said direction signal, gives said driving DC voltage of a level that deforms said
elastic actuator in a direction of opposing the motion being made by the
human body.

said applicator further including a selector which activates one of said
motion-assisting mode and said motion-training mode, selectively.

6. The wearable human motion applicator as set forth in claim 1, wherein

said support is adapted to be fitted around a joint of the human body,
said applicator including a motion sensor which senses a direction and a
quantity of the motion around said joint to provide a motion signal indicative of
the direction and the quantity of the motion;

said controller, in response to said motion signal, applying to the elastic
actuator the driving DC voltage of a level deforming the elastic actuator in a
direction of assisting the bending or unbending of the joint.
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7. The wearable human motion applicator as set forth in claim 2, wherein

said support of tubular configuration has a lengthwise axis and is
adapted to be fitted around a joint of the human body,

two said elastic actuators being disposed on diametrically opposite ends
of said tubular support about said lengthwise axis in correspondence to the
front and rear sides of the joint, respectively, each of said elastic actuator
being supplied with said driving DC voltage of varying level,

said applicator including a motion sensor which senses a direction and a
quantity of the motion around said joint to provide a motion signal indicative of
the direction and the quantity of the motion being made;

said controller, in response to said motion signal, selecting one of said
elastic actuators and applying thereto the driving DC voltage of a level
expanding the same elastic actuator in a direction of assisting the bending or
unbending of the joint.

8. The wearable human motion applicator as set forth in claim 7, wherein
said controller, in response to said motion signal, selects one of said
elastic actuators and applies thereto said driving DC voltage of a high level
expanding the same elastic actuator and at the same time applies to the other
elastic actuator said driving DC voltage of a low level contracting it from an
expanded condition for assisting the bending or unbending of the joint.

9. The wearable human motion applicator as set forth in claim 2, wherein
said support of the tubular configuration has a lengthwise axis and is
adapted to be fitted around a torso of the human body,
two said elastic actuators being secured on said support and each
shaped into a band extending around said lengthwise axis, two said elastic
actuators extending at different angles with respect to said lengthwise axis to

cross with each other,
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said applicator including motion sensing means which senses amounts of
strains of said torso respectively about said lengthwise axis as well as a
horizontal axis perpendicular to said lengthwise axis, and provides a strain
signal indicative of the amounts of the strains,
said controller, in response to said strain signal, gives to said elastic
actuators respectively the driving DC voltages of varying level in order to
elastically deform said elastic actuators in a direction of reducing the amounts
of the strain.

10. The wearable human motion applicator as set forth in claim 3, wherein
said controller includes a table storing a plurality of programs respectively
assigning different levels of said driving DC voltage to the sensed quantity of
the motion,
said controller also inducing a program selector which selects one of said
programs for deforming said elastic actuator in accordance with the selected
program.

11. The wearable human motion applicator as set forth in claim 1, wherein

said elastic actuator comprises at least one fiber each composed of said
dielectric core of a hollow cylinder and said electrodes disposed respectively
on the outer and inner surfaces of the hollow cylinder.

12. The wearable human motion applicator as set forth in claim 11, wherein
said dielectric core of the hollow cylinder is filled with one of said
electrode to give a solid structure to said fiber.

13. The wearable human motion applicator as set forth in claim 11, wherein
a dielectric sheath surrounds said electrode on the outer surface of said

dielectric core.
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14. The wearable human motion applicator as set forth in claim 11, wherein
a plurality of said fibers are packed together.

15. The wearable human motion applicator as set forth in claim 11, wherein

at least one strand of said fiber is woven to make said elastic actuator
into a knitted structure having its own resiliency that is additive to the elastic
deformability given to said fiber.

16. The wearable human motion applicator as set forth in claim 15, wherein
said elastic actuator is knitted into a cylindrical configuration.

17. The wearable human motion applicator as set forth in claim 16, wherein

said elastic actuator of cylindrical configuration fits intimately on said
support which is shaped into an analogous cylindrical configuration and is
made flexible.

18. The wearable human motion applicator as set forth in claim 16, wherein
said elastic actuator of cylindrical configuration defines a major part of
said support to be fitted around the part of the human body.

19. The wearable human motion applicator as set forth in claim 11, wherein
said fiber is coiled to define said elastic actuator of a cylinder
configuration.

20. The wearable human motion applicator as set forth in claim 1, wherein
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said elastic actuator has said dielectric core in the form of a resilient

sheet having a front surface and a rear surface which are coated respectively
with said electrodes,

each of said electrodes comprising a plurality of flexible pads which are
deposited in spaced relation with each other and are electrically
interconnected to have the same potential.

21. The wearable human motion applicator as set forth in claim 1, wherein
said elastic actuator has said dielectric core in the form of a resilient
sheet having a front surface and a rear surface which are formed respectively

with said electrodes,
each of said electrodes being shaped in the form of a perforated membrane
having a plurality of voids for making the electrode flexible.

22. The wearable human motion application as set forth in claim 21, wherein
said elastic actuator has a plurality of said dielectric cores each in the

form of a resilient sheet, and a plurality of said electrodes each being in the

form of a meshed membrane having a plurality of voids for making the

electrodes flexible,

said electrodes and said dielectric cores being laminated alternately.

23. The wearable human motion application as set forth in claim 20, wherein
said elastic actuator is shaped into a cylindrical configuration so as to
surround the part of the human body.

24. The wearable human motion application as set forth in claim 21, wherein
said elastic actuator is shaped into a cylindrical configuration so as to
surround the part of the human body.
-22-



10Z 10% & ()-Y 1048 & ()-10% & ()-3 10% & ()-!; 10%/& ()-yS9-10% & () -
Normal " "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph FontzJ#-j 4q<=FOXb$| uWb] gk7BHOU xhou<$gst uvwxyz{| } ~Yt

D@ ) 0104i 7: q?>I V[ Lhs{{i 4 : ATei bg6Ti nes New RomanAri al Couri er New'h Root

Ent r yWor dDocunent a " #$9&' () *+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

25. The wearable human motion applicator as set forth in claim 1, wherein
said elastic actuator is mechanically pre-compressed in one particular

direction to produce a mechanical spring force which is additive to the

electro-active force generated by the application of said driving DC voltage.

26. The wearable human motion applicator as set forth in claim 1, wherein
said electrodes are mechanically pre-compressed to give said
mechanical spring force.
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