DESCRIPTION WEARABLE TYPE MOVEMENT ASSISTING
APPARATUS, CALIBRATION APPARATUS OF WEARABLE TYPE
MOVEMENT ASSISTING APPARATUS, 5 AND CALIBRATION
PROGRAM TECHNICAL FIELD The present invention relates to a
wearable type movement assisting apparatus, and more particularly to a
10 wearable type movement assisting apparatus for assisting or
substituting for the movement of the wearer, a_ calibration apparatus of a
wearable type movement assist%%sggﬁgl%]tﬁ%f a calibration method for a
wearable type movement assisting apparatus, and modification of a 15
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strength or an elderly persoiavipg deterierated:ounisgular strength.
Therefore, development of various power assisting apparatuses are being
promoted these days for assisting or substituting for movement of 25

such peeple.c@nerof:sush power assisting apparatuses is, for example, a
wearable type mo¥%ment asszilséing?%% %r.agus r(ehfarl%insaﬁ% sémgg/a&eé‘gﬁrgdtype
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(hereimafteraeferred 130 toaswearers Suehdypesof pAGFdFeRtrly to a
Assisting apparatuses include one.thatis developed witha eenfigwafion: ng

including a myoeléectric potential sensor (detecting part) 1 for detecting a
myoetectAERste it SignaPthicSiy ahY ¥88bdiatéd with mtkthfar dttivity
of theweargandAnapparatus of a wearable type movement

assisting apparatus, a calibration method for a wearable

type movement assisting apparatus, and modification of a

15 calibration program.

BACKGROUND ART

Movements which can be easily performed by an
able-bodied person are often extremely difficult to
20 perform for a physically disabled person having lost
his/her muscular strength or an elderly person having
deteriorated muscular strength. Therefore, development of
various power assisting apparatuses are being promoted
these days for assisting or substituting for movement of
25 sguch people.

One of such power asslsting apparatuses is, for
example, a wearable type movement assisting apparatus
(hereinafter simply referred to as “movement assisting
apparatus”) that is worn by the user (hereinafter referred

30 to as “wearer”).

Such types of movement assisting apparatuses

include one that is deﬁeloped with a configuration

including a mycelectric potential sensor (detecting part)



actuator for applying assisting power to the wearer (for example,
non-patent document 1). 5 This movement assisting apparatus has a
characteristic of driving the actuator (e.g. motor) based on detection
results from the detecting part and controlling the actuator by a computer
for applying assisting force (assisting power) according to the will of 10
the wearer. Accordingly, the movement assisting apparatus can apply

assisting force to the wearer based an the will ,of the wearer and. ravgi%e
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with thesmoieneentoftihenweardra 1 Saieanintiile; theaboveadsseriyed an
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a necessary correlation with respect to myoelectric potential signals
emitteyFEhthel\WBaRrs L Fott eStamte By Supplying control signals having

& 20 predetermineg correiationwithaespeet tayanplified detectionssignals

of a myoelectric potential sensor to a driver circuit that controls t_@e hased
actudtBF A5 8ints Myodiechi@Eighls ARt novemsnt coftespohding:
to muscufarcactivitynof-theneardrvaveiae 289usithiegoprelatiomand their

proportion hecomes a certain value. Egyts Decessany.to apply an.assistng
force correspond%g to myoelflgctrlc; signals so as to satisfy such .
relationstips; i ofiferamordis HhidsS theassisling F6re Bighé tndbément 1 of

1@sSisting apparatus satisfiesiacertain d0-refatianship vth-respact tapparatus
myoelectric potential signals, the assisting power applied to the wearer

may 5&SoMeRbd AT br 16 fifteS and’may & MSGInSUSEE
The myoelestrie:potentiat signals enitted by ties 2 weaferare wegkired for

dec"ﬁhgqgggéggﬁ%h%¥ngﬁéta%arer in cooperation with the
movement of the wearer.

15 Meanwhile, the above—-described movement
assisting apparatus generates an assisting force for
satisfying a necessary correlation with respect to
myoelectric potential signals emitted from the wearer, for
example, by supplying control signals having &

20 predetermined correlation with respect to amplified
detection signals of a myoelectric potential sensor to a
driver circuit that contrcols the actuator.

That is, since myoelectric signals and movement
corresponding to muscular activity of the wearer have a

25 positive correlation and their proportiocn becomes a
certain value, it is necessary to apply an assisting force
corresponding to myoelectric signals so as to satisfy such
relationships. In other words, unless the assisting force
of the movement assisting apparatus satisfles a certain

30 relationship with respect to myoelectric potential signals,
the assisting power applied to the wearer may become too
much or too little, and may adversely affect the user.

The mycelectric potential signals emitted by the



proportional relationship between myoelectric potential signals and
muscular strength corresponding to the myoelectric potential signals
differs depending on each 5 individual. Moreover, the electric resistance
value of skin is not constant even for the same person depending on
his/her daily condition. Accordingly, there are many cases where the
myoelectric potential signals and the muscular strength generated
accordin%to the m oelﬁctr'ic 10 potentjal si%nals are r)ﬁ%t constant. fhe
Theréforé Fhe® Movement assis ijﬁ(é aspl%r% U5 is instalféd With & so-called
calibratiopcapparatis forledrrectiig a doritralled varatleciithaaspeenta.al
an actuator fy muktiplying the,variahle by, a.pradetsmined cogfficient

(parameter) to obtain a 15 control signal. More specifically, a calibration
appafatus s prsvideaTorassdeiatingnnydefbtiic PotefRaNSighaILangach

assisting forca,with a perai Jelationshin and perfarmingcorrectionby o
using a coefficient (parameter) in a case where the movement
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configiredrercarsedtya ceontialiechvariablechyldbtdigingtimyoelecticmany
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(parameten)inractordagcsd it e etresporiaiig delstioRBRipriefes T ric

1he logd:and the mygelectric potential sighalsnin a case where.the he
calibration apparatus changes the load applied to the wearer step by step

and 36VFBRTESIAESEHER StRERAR 1 te WearBF fSrdsthigrialanciy the Lo
load ineaahr-step;thacadibeation Apparattisseati agsaciate myddledtricariable

f}igengl%%%d assisting power to establish g ceftain selationship based on o 1y
a predetermined coefficient (parameter) to obtain a

15 control signal. More specifically, a calibration
apparatus is provided for associating myocelectric
poctential signals and assisting force with a certain
relationship and performing correction by using a
coefficient (parameter) in a case where the movement

20  assisting apparatus is worn by the wearer. This
calibraticn apparatus is configured to correct a
controlled variable by obtaining myoelectric potential
signals generated when a certain amount of load 1s applied
to the wearer and deriving and changing the above-

25 described coefficient {parameter) in accordance with the
corresponding relationshlp between the load and the
myoelectric potential signals.

In a case where the calibration apparatus
changes the load applied teo the wearer step by step and

30  provides muscular strength to the wearer for
covmterbalancing the load in each step, the calibration
apparatus can associate myoelectric signals and assisting

power to establish a certain relaticnship based on the



corresponding relationships between the load and the myoelectric

potential signals of each step. As a method of changing the load applied

to the wearer step by step, there is a method of preparing poises 5 of
various weights and exchanging the poises whenever a surface

myoelectric signal is detected, or a method of connecting a coil spring to

the leg of the wearer and changing the amount of expansion of the coil
spring step by step. 10 With the movement assisting apparatus incLL{ging

a caliBPAHGiT BRI TeiAG tRESE TREHITE fifbet é‘trrﬁ%%té%}?m =he T
signats;andassistingpewter ican ke geliahly cdssectatedtby a certain
relationship according to_necessity. Accordingly, the isting ferc

applied to 15 the v%’g’afaerméaa{%gg pc?)gvg%taenog%%l gtélgo?n%r%ga téag Ir1‘;r(11u3"c do;: ?oothe
little. Mem:PateritDobumertl: TdkareNakai SIEIGeRY PEebFhFpaId Ry poises

Kawagpoto.and. Yoshiyud.Sankal, eyelopmentqiLower 20 Assisiver a
Leg for Walking Aid using EMG and Linux," Second Asian Symposium on
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17-18; 2001 RISGLOSURE G INVENTION: 25 RROBIEM FE:BE: and
SOLVED BY THE_.INVENTION Meanwhile, as defcg?edcgggve t?;?n ste
abov& GESEre d-RfovEMERt aSsising Apparatud is configured B RAve 3P

myoetectrc pptential sensor directly adhered to the skin of the wearer

Ad detect surfacemypeleciric 30 potential through the. skin.Since;the; vding

value of electric resistance may differ or change even with the same ,
persof Eaeiter foriexampRe Vi oTF i the-haREr e pBSHidn Gty fifd- eCtrc

myoelectis, potential senser ot changesofhysisalrd candiions it isbly
necessary to perform the above-described, . :
associated by a certain relationship according to
necessity. Accerdingly, the assisting force applied to
15 the wearer can be prevented from becoming too much or tco

little.

Non-Patent Document 1: Takao Nakai, Suwoong Lee, Hirocakl
Kawamoto and Yoshiyuki Sankail, “Development of Power

20 Assistive Leg for Walking Aid using EMG and Linux,” Second
Asian Symposium on Industrial Automation and Robotics,

BITECH, Bangkok, Thailland, May 17-18, 2001

DISCLOSURE OF INVENTION
25 PROBLEM TO BE SOLVED BY THE INVENTION

Meanwhile, as described above, the above-
described movement assisting apparatus is configured to
have a myoelectric potential sensor directly adhered to
the skin of the wearer and detect surface myoelectric

30 potential through the skin. Since the value of electric
resistance may differ or change even with the same person
due to, for example, deviation in the adhered position of

the myoelectric potential sensor or changes of physical



correction (calibration) each time the movement assisting apparatus is

avarp: Therefore; theiwearer isstoxeed to, pgdorm complicated pracedures s peq
whenever the movement assisting apﬁaratus is worn by the wearer, for

Exahipte;if a ¢&det of the abtve-dedchbed-Balibration ThethBast assisting

#Xchanging paises wb differenhweights er, attaeking.a goi: spring andrced to
%3@%@8‘919 th%%‘movn%gfa%pami%‘ ofthe coil spring step by step. With o
he conventional calibration mgfﬁoccfls, the procedures reguired for an ’
ddividoanweatdr 30 pererm Scalibtationbedomercamplicatéd Thisaople, in

only reguires & congiderable apaaunt of time.for finishing the calibration, 1, 4,
but also places an unnecessary burden on a weak-muscled wearer.

THELR T84S ServE Asun GHstdBE36 putigdhe Smbvemeht assisthg coil

apparatus:intd praetical wse and peopulatizing thesmpyement.assistinge coil
a%)Paratus. Thergfore taking the above-described situation into

R n%‘%%rast}:o%? the' embodiments of the present invention seek to address

the abdvé-desciibed problaras by correctings pakameters thatwobldds,  the

seduseithehurdenofithe wearer when performing.calijation, MEANS ., £,y

FOR SOLVING PROBLEM In order to address the above-described

DROBIBRTST 8 eRbOdRerts BPth sregdnt iMVehtion ffclugBte requires a

foltowidg. dataceordancetwitit a firstaspeet of the present davention; theteion,

1{i)sﬁ Erogiggg a eaarable %/rpe l511(;{)1v@eénent assis})igg <%I[laarglltlus includi
[

d ng a
5 fluscled
detecting part for “detecting 3 biosignal from & Wearer, & movement. o=@

@ssisting Wedriy deviceineluding’a deving source fercapplying mudhiving the
foree-dathe weatersand,a copirglpart for copfrolling the driving sourge.to ;4
generate an assisting force according to a detection signal detected by
magularlzlng the movement assisting apparatus.

Therefore, taking the above~-described situation into
consideration, the embodiments of the present invention
seek to-address the above-described problems by correcting
parameters that would reduce the burden of the wearer when
performing calibration.

MEANS FOR SOLVING PROBLEM

In order to address the above-described problems, the
embodiments of the present invention include The
following.

In accordance with a first aspect of the present
invention, there 1is provided a wearable typs movement
assisting apparatus including a detecting part for
detecting a biosignal from a wearer, a movement assisting
wearing device including a driving source for applying a
driving force to the wearer, and &a control part for
controlling the driving source to generate an assisting
force according to a detection signal detected by the

detecting part, the wearable type



detecting part, the wearable type 5 movement assisting apparatus
rehasaeterizegddey eamprsiagy acatineation pad doedetesting-the biggignal : ng:
corresponding_ to the driving force lied as a load from the driving, |
asourgeggr]ig Egﬁiﬁogna cor}rDéj(gi%n va%%?basegztec")tﬂ'rﬁi3 Ctﬁé%%tectég‘ %igngf? jpstonel

mWMaSecMambhmefmewtamémm,aMerg isload from
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detecting part for detecting a biosignal from a wearer, a movement
ARisting=weafing tevieé including a driving source for applying a driving
force tothexweared-and:a eantrol partfercontrollingthe daving:seUIcetsent

generate an assisting force according to a detection signal detected b
S orbEeig pAR-the weraBiE Bpe RiovemeAFASSRinG apparawES ement

mmen@d kwpgmnpﬁsiﬁg: aﬂoadlg:enggatin@ parifoeapplying apart  for
qeedetermined diiving;force fram the driving source.as an external farce . 5,

when the movement assisting wearing device is worn by the wearer; and

WE TheticEValGe setlifig pattfor gendfdting & paraiieter fora aprplying a
cajeuiation process executedkin accordance with the detegtion signakby sor
the contrﬁl,part ar;%settirégf the parameter as a correction value for the

Wearer in ehfbodittents of the Prei8hE invention, 1iére’is providedfig + St 1nd
fwearablertypemiovement assistingrapparatus characterized scthatthéey the

&@@Q_@Eifﬂgoar%@% Inclyde.a databasg storip %?eco%s&gﬁgiﬂcg. assisting
relationship between the detection signal detected by ﬁ1e etecting part
HiPd ccontrol Sigridl F6recortrolling thecaiiviag Sédirge, whetsindthe epatrsl- 119
partcorreets the contiel signglstgred inthe-database agcordingdo thesr, the
S e et by e o e S Pl en the movement
assisting wearing device is worn by the wearer; and a
correction value setting part for generating a parameter
for a calculation process executed in accérdance with the
detection signal by the control part and setting the
parameter as a correction value for the wearer.

In embodiments of the present invention, there is
provided the wearable type movement assisting apparatus
characterized 1in that the calibration part may include a
database storing a correspending relationship between the
detection signal detected by the detecting part and a
control signal for contrelling the driving source, wherein
the contrecl part corrects the contreol signal stored in the
database according to the correction wvalue set by the
correction value setting part.

In embodiments cof the present invention, there is

provided the wearable type movement assisting apparatus



In embodiments of the present invention, there is provided the wearable

dype-movemert assisting appanatusi6 characteyized,in thatthe deteeting. 1 on
ggrt m% be adhered on the skin of the wearer and detects a myoelectric

potentiat of e WeBrér s the Bidslghat fiémbaditénts 6FthelpreBafential

ddventienythere is grovided the weanalile type movement assisting

apparalys charagierizeddn that the moyement assistingwearing device
may include a waist belt, a right leg ass%tlng part provide at the right

R BeBW the ®aistseltand atlefdegrassistiag part providedat theleftratus

side-belowr the waist helt,wherein-the right leg.assistingpartand the left . .
le assistin%%})ar,t includes a first frame extending downward in a manner
e

%%bSﬁin& WAISTHSE afseddnd frarhé ktendingtdGiWiward fromthésting
diestframe,d dhitd framerexteniding dewawats:-from the.secendsframme;a, and
oyrth-frame onwhich.a battom side of the foot of the_wearer is placed . .
%n%%gviag at \g ofvee:?iL tél%d 5 th!é third ‘?r‘adr%g, afirst j%lent fn?ér%pogég © below
‘Yetwebn' & Towet ehd of s Sirst fiamte and an upper endlsofthé secomdbt and
frame, ;and-a secgnd jeint interpgsed between a lqwer end.of the second:
frame and an upper end of the third frame. In embodiments of the present ;
TAveTtion” thef 18 Provided'the wHrabIe typePriovenent adsistitglst beit,
apparatus. characterizedeindhatithe firstjaintimay he previded ata leveke, =

in height,of the hip jaint of the wearer, wherein the seco
{ﬂ%tgg %EE%W@ %xtenlgilln dl_own%aérﬁei% O§ f%d

r
joint is provided at a level matching g 1t’%%“thg}ll<eneeE"J%Ciw’rﬂn the" =™ @

yeeErer: Inf smbodifentstof the present nventionidheré istprovileditheof the
W@l@leﬂxp%M@megﬁésgj%aeraa@@sacmaé@%tﬁrié%iné?at;%@rSEm;rd
driving source may be provided in the first joint for transmitting a driving 7
frameg, a first fjoint interposed between a lower end of the
first frame and an upper end of the second frame, and a
second joint interposed between a lower end of the second
frame and an upper end of the third frame.

In embodiments of the present invention, there is
provided the wearable type movement assisting apparatus
characterized in that the first Jjoint may be provided at a
ievel matching the height of the hip joint of the wearer,
wherein the second joint 1is provided at a level matching
the height of the knee Joint of the wearer.

In embodiments of the present inventicn, there is
provided the wearable type movement assisting apparatus
characterized in that a first driving source may be
provided in the first Heint for transmitting a driving
force for rotating the second frame, wherein a second

driving source 1is provided in the second foint for

transmitting a driving force for rotating the third frame.



force for rotating the second frame, wherein a second driving source is

provided indhe secend joint for trapsmittingasdriving forcefor rotatingthe ;5
third f.r%me. 7 In embodiments of the present invention, there is provided

R Wearablefype fovertent assitinig AFFATATS" charactérzein this ©a tus

the: first @adiseeond drivingtsotiieest nay: include sxcangle sensanfer sources
ecti joint .Jn accordance with a third aspect of the present

R iontion. e . preiten 3 Salraton At ST edlSHe npe e

movemént assistitpapparatas for gerfoiring cafibration wienéVer apresent

weaterwears a movement assisting: wearing devicg.nclyding adriving ¢ -
source generating an assisting power corresponding to biosighals from

e Vi&arer by BEsoAtythe bitsigrils BRd fidPAdsisting powertp °rming
prédétermined relationship, the apparatusweharacterized bycomprising: &-ing
Jest starage paitfor stpng 2 fist comespanding relafionship hetweenthe .,
power and the 6iosignéﬂs generac‘{edaby the wearer wearing the moveme

B88i5hRd Mearingrtiavices ant essadohdn Stordge part forisiordg a stond the

werresponding Jselationshiphetween the pawerandithe bipsignals - c<s s+ ing
generated by the wearer during a process of performing a predetermined

BALE movémefit; WheTEIR BasRd bt the * BiodighalsSgeherated duringthe ra tus
basicamoverneatiof the wearer-and the segond Corespendingge part for

lationship, a correction, of assisting,power corresponding to the ‘
%?ogs%glr%s is peffbﬁ%éd for satistying [F%ural first™ %gﬁ%&ﬁ&nsj}%& rel%ﬁgﬁs?ﬁﬁ toe
wheneverthe Picvement agsistiiy wrsaging device is wbm byetheawearer ring

#m emhpdingats:of the present inveption,;there is.provided thg calibration . . 4
apparatus of the wearable type movement assisting apparatus .
theksd&rized v that the® ™ storing a second corresponding

relationship between the power and the Dbiosignals
generated by the wearer during a process of performing a
predetermined bhasic movament: wherein based o©on  the
bicsignals generated during the baslic movement of the
wearer and the second corresponding relationship, a
correction of assisting power corresponding te  the
biosignals is performed for satisfying the first
corresponding relationship whenever the movement assisting
wearing device i1s worn by the wearer.

In embodiments of the present invention, there 1is
provided the calibration apparatus of the wearable type
movement assisting apparatus characterized in that the
first corresponding relationship may include the power
having a positive correlation with respect to <the
piosignals, wherein the second corresponding relationship
may 1nclude a relationship ©between c¢hanges of the

bicsignals and the



first corresponding relationship may include the power having a positive

sgurelation yith [asnect (o the. bigslanals, wherelp the second
corresponding relationship may include a relationship between changes

of the biosrypaisraad: tife 8vehanges of e idwed P ie-basic movemenesent

In aegqrdance with,a.foucth aspegtofhe present. ipvention, thergris st ion of
provided a program for calibration of a wearing type movement assisting

Apparatisehabliigta Eompliter to ettt ddibrafich Whehever &iféarere @
WERSS 8= movemepntassistingawearing devicevinetuging-a drivieg rsqurégars =

,generating an assisticr] pOwer correspon irg]qto biosi%nalafrom the .
movenern aSS.LtS ;%‘- ] .wearlp Ei: Ceg . ANTCLUCIn =1 derl‘ﬂg
wearer by associating the biosignals® and thé assisting power o a

predaterminedaetationshipa ithe prograim charaeterized bycecompiisingiag  to

first program, far,enabling.the computer.fo store,a first:correspanding, s s oz 12
relationship between the power and the biosignals generated by the .

Wearer hfeafiig the MtveRr@Eassisting Wearing device & storePa 1 onship,
saeongdrcofesponding srelationsbip hejweemthe power and theibiesigRals gram

gnerated by the wearer dyring a process of performing g, predetermined
asic movement; and a second program for enabﬁng the compufer?o
petfein corecton of<ssisting pover carrespondingitb bidsignalstbasedonal s

p.the biosignals generated.duting the.basic mevement of the wearerand: ; 4

the second corresponding relationship stored in the second storage part
Whehthe movéiientassistitg wedliig Gevicé is WorRPBi the WEAreF féroT41ng

satisfying:the fisst corsesponging tredationshif: storegrin thefirst starage:ignals
BRflERFEC TP THE NVENTION Wit he embadiments.af the Peseilng
vention, by detecting a biosigna correspondlﬁg %63 driving férce

predetermined basic movement; and a second program for
enabling the computer to perform correction of assisting
power corresponding to biosigrnals based on the biosignals
generated during the basic movement of the wearer and the
secend corresponding relationship stored 1in the second
storage part when the movement assisting wearing device 1is
worn by the wearer for satisfyving the first corresponding
relationship stored in the first storage part.
EFFECT OF THE INVENTION

With the embodiments of the present invention, by
detecting a biosignal corresponding to a driving force
applied as a locad from the driving source and setting a
correction wvalue Dbassd on the detected signal, no
labecrious procedures for performing calibration such as
attaching weights as a lcad to tThe wearser or attaching a
coll spring as an alternative to the weights are reguired.

Furthermcre, calibration can be automatically executed by

o



applied as a load from the driving source and setting a correction value
based on the detected signal, no laborious procedures for performing
calibration such as attaching weights as a load to the wearer or attaching
a coil spring as an alternative to the weights are required. Furthermore,
calibration can be automatically executed by 9 using the driving force
from the driving source provided in the movement assisting wearing

device. Accordingly,. the time and effort required fqr.c Iibégﬂ%g &1 ded
reduélesolg%n? ican y%‘?hl}gnv;lllfﬁ?&r?hégrr 8?“0%%’% [C)lollljtjf?ﬁ:bn the Weara(’;getyjbee
movementassisting@pparatissintodpraticahgsdant-gopulafgmeiiely -

wearahle tyﬂﬁem%gné%oﬁs_Fgagi@wr%ﬁ-fﬂl@rmr&n NOzn be

unnecessary load for performing calibration is applied to a wearer havin

weakep@dCEY nfisEHIar SABRgHh, aﬁ&l&ﬁiBlr%&i&n%‘Cﬁéﬁtﬁaﬁfﬁ%snyu‘ﬁgmg
performed, by mareexeguion-oksimplesmevements bytheawearenwhen

the wearer wears the movement gssisting wearin deviﬁﬁ.e Tr%is enables

the cEITBEHGHTVAILE fo BRI SBPRECEIIRG TS the State ot t ? andlarent

e wedrer and a
drivingsks. farcedodppaceurately applied to the wearer in cooperation with

the movement of tpgrv%g@i%(ol}%seqlgnmge@é@gé%ri%gge@gql ‘i%l%orminq

wearer. Therefore, an assisting force from the driving source can be
applieth in heedrdan ceswithRhé 4| 67 the w20 Wdare? gL g ssition

of calipration . Accordinghy the Aepvement gt thewearebean becstablycal Ly
assisted without_applying too much or too little assistin force.tTh%reb¥he
reliabifty b THIE et aBie § pefoverientdars B@Ffsﬁh% improve

improved. 35

Particidariy therwearar<arepedormeagatibratien nwithease everimtanase

Where"“ranaarr}!ggjlagg@i%fea} Wolrﬂis enables the correction value to be
set according to the state of the wearer and a driving

15 force to be accurately applied to the wearer in
cooperaticn with the movement of the wearer based on the
myoelectric potential of the wearer.

Therefore, an assisting force from the driving
source can be applied in accordance with the will of the

20 wearer during the execution of calibration. Accordingly,
+he movement of the wearer can be stably assisted without
applying too much or too little assisting force. Thereby,
reliability of the wearable type movement can be further
improved.

25 Particularly, the wearer can perform calibration
with ease even in a case where manipulation of a worn
movement assisting wearing device is considered to be
difficult, such as a case where the wearer is a beginner.
Therefore, even in a case where the wearer has difficulty

30  in moving freely (such as a physically impaired person),
calibration can be performed while avoiding movement
difficult for the wearer, and calibration can be performed

in a manner complementing the physical deficiencies of the

10



movement assisting wearing device is considered to be difficult, such as
a case where the wearer is a beginner. Therefore, even in a case where
the wearer has difficulty 30 in moving freely (such as a physically impaired
person), calibration can be performed while avoiding movement difficult
for the wearer, and calibration can be performed in a manner
complementing the physical deficiencies of the 10 wearer. BRIEF
DESCRIPTION OF DRAWINGS Fig.1 is a block diagram of a control
systefit®5 @pplied to a wearable type movement assisting apparatus
according to an embodiment of the present invention; Fig.2 is a

pers%%?glg %@g\qﬂg%ﬁwﬁd&o%ﬁm@ide showing a state where a
wearmg type Tmovenment assIsting appara

asSISting apparatus is worn according to an
embodiment of 18 i5e brésent invertioRL FREsTs alpérspetive Hrawiig™

vewed froma fearside-shaying stateovherena wearing iype mevenents
assisting apéJ_aratus is worn accordin%to an embodiment of thelﬂ:rgcs)%nt

invenfioh? 1855 47 &lerilRPS Vit bf A mbVEntEnt > 58sistiRg Weariny
devic_e 18_; Fig.5 iSFac__r;ear vieva opamovement assistingg weariefdévice a
18; Fi0.5 15 algek diagram of egh.coppenent,of. 8. 29HoYg et ovement
assisting apparatus 10: Fig-7 is a diagram showing examples’ of .
respective tasks ardnghases: Fig.8'ira sehemedicndelrofa calibrdiorent of

database 148; .25 Fig.9jsa diggram showing a movement process of

phases Al-A4 as an example of movement; , ,
Fig.3 1s a perspective drawing viewed from a

rear side showing a state where a wearing type movement
assisting apparatus is worn according to an embodiment of
the present invention;
15 Fig.4 is a left side view of a movement
assisting wearing device 18;
Fig.5 is a rear view of a movement assisting
wearing device 18;
Fig.6 is a block diagram of each component of a
20 movement assisting apparatus 10;
Fig.7 is a diagram showing examples of
respective tasks and phases;
Fig.8 is a schematic view of a calibration
database 148;
25 Fig.9 is a diagram showing a movement process of
phases Al~A4 as an example of movement;
Fig.10 are diagrams for showing a detection
position of surface myoelectric potential e;—eq, in which
() is a diagram viewing a leg from the front and (B) is a
30 diagram viewing a leg from the rear;
Fig.1ll are diagrams for showing a detection
position of surface myoelectric potential ei;—es, in which

(p) is a side view of a leg for showing surface

L1



Fig.10 are diagrams for showing a detection position of surface
myoelectric potential el-e" in which (A) is a diagram viewing a leg from
the front and (B) is a 30 diagram viewing a leg from the rear; Fig.11 are
diagrams for showing a detection position of surface myoelectric potential
el-e4r in which (A) is a side view of a leg for showing surface 11
myoelectric potential when bending the hip joint in the arrow direction and

(B) is a side view of a leg for_showing surface m qlelegtlr' %t%gagyhaq
bencﬁﬁ’é) ?ﬂe@ %tnxelecj&?ﬁtt%nt leagtrrg\\f/\{vetﬁ rg)cﬁ?%l;%g;%.l is s%hematic viewe
for showing d statet b fiexor (@ a khee jsikdof aiwsardr B2 wRGri a

movement assisting Wearing deyvige-18: £10:13-/8:2 grapa shewing A input
torque and a” virtual torque with respect to an extensor of a right hip 10
joint;}Figa4 i@ §raph ShROVARGAh tortfeé’and a virtual torque with
respect to an flexarigf azight hip Jeiunkig 4548 avgraph shewingaa state
difference between 15 surface myqel%ctrif potegggle%nq ?/ir&%aal rtc.l)rr%uea in

a cas¥ \fhertX Wedter 4 2 P&forma e Sanie Movement as a
predetetmined: refesencs movement;d-igekGlisea geaph showing changes

of joint angle of alp jaint and.changss obisintandle offnee jolak iy o
correspondence with a ending and extending movement; Fig.17 is a ,
graphvshowing aaifual rgbe st P Bendifg %ﬁb\?é?ﬁ%ﬁ?%facr%pﬁ‘oiﬁtg&t hip
1yirtual farguie of an extending movement of a hip joint, a virtual torque of a
bending movement of a knee joint, an%a virtual torgue of 25 an extendingd o

movement of a knBeJoiht it tofrespoRdeRicg g & thput torque @

virtual torque with respect to an flexor of a right hip
Joint;
Fig.15 is a graph showing a difference between
15 surface myoelectric potential and virtual torque in a case
where a wearer 12 performs the same mevement as a
predetermined reference movement;
Fig.16 is a graph showing changes of joint angle
of a hip joint and changes of -joint angle of a knee joint
20 in correspondence with a bending and extending movement;
Fig.17 is a graph showing a virtual torgue of a
bending movement of a hip joint, a virtual torgue of an
extending movement of a hip joint, a virtual torque of a
bending movement of a knee joint, and a virtual torque of
25 an extending movement of a kanee joint in correspondence
with a bending and extending movement;
Fig.18 is a graph showing a surface mycelectric
potential of a bending movement of a hip joint, a
reference virtual torgque of a bending movement of a hip
30 joint, and an estimated torgue cf an extending movement of
a hip -Hoint in correspondence with a bending and extending

movemant;

ref

ig.19 is a graph showing a surface myocelectric

b

it
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with a bending and extending movement; Fig.18 is a graph showing a
surface myoelectric potential of a bending movement of a hip joint, a
reference virtual torque of a bending movement of a hip 30 joint, and an
estimated torque of an extending movement of a hip joint in
correspondence with a bending and extending movement; Fig.19 is a
graph showing a surface myoelectric 12 potential of a extending

movement of a_hip joint, a, reference virtual tarque of a ext %qjgg
movEMERt 5 Ezlhigf‘,jo‘a}nﬁ:""aJl_fleti1 gﬁne%tfrrﬁgt%%%%ortqqﬁég of a%gnging mévgment '
of a tif jointirecorrespehdéncawitlvd ek antnex tBAURTES- of a hip

mo"‘j’éﬁ%ﬁ“&@ ig,adlowchart for describing apigceduse ek dai: of a
control process executed by a controlling apparatus 100; Fig.21isa .
flowdHait Fot s chbing B EsRPOra0Gsotelliré oP 8P EafbidisR -ending
performed.farsetting a default in a motionless state; Fig.22 is a flowchart
for describing a control grocedur of arec nfigura 'onccfa:!@{%tion rocadure
performed in corfespofdenteith Bhe Mo |or%l§ing?és’ movemant); and i
Fig.23fisa flawshart-fordesgribirgsa contoh tmocedure ofatcatibiatian in
corres§onde%ce v!i a predetermined reference movement.

N O

EXPLANATI EFERENCE NUMERALS 10 movement assistin

apparatus 20 12 Wedrée 20 sight thRjfCaaviRg RStGIe2 1R tRgHedFARGT L
1Motop 24 Hght-knee driving motes 126 Jeft Kpeeghiviagmotoror setting a

default in a motionless state;

Fig.22 is a flowchart for describing a control
procedure of a reconfiguration calibration performed in
correspondence with one motion (single movement); and

15 Fig.23 is a flowchart for describing a control
procedure of a calibration in correspondence with a
predetermined reference movement.

EXPLANATION OF REFERENCE NUMERALS
10 movement assisting apparatus

20 12 wearer
20 right thigh driving motor
22 left thigh driving motor
24 right knee driving motor
26 left knee driving motor

25 30 waist belt
32, 34 bhattery
36 control backpack
38a, 38b, 40a, 40b, 42b, 44a, 44b mycelectric potential
sensor

30 50a, 50b, 5h2a, 52b reaction force sensor
54 right leg assisting part
55 left leg assisting part

56 first frame

13



25 30 waist belt 32, 34 battery 36 control backpack 38a, 38b, 40a, 40b,
42b, 44a, 44b myoelectric potential sensor 30 50a, 50b, 52a, 52b reaction
force sensor 54 right leg assisting part 55 left leg assisting part 56 first
frame 13 58 second frame 60 third frame 62 fourth frame 64 first joint 5
66 second joint 70, 72, 74, 76 angle sensor 78 first fastening belt 80
second fastening belt 84 heel receiving part 10 86 electric power circuit

88 input/output interface 100 control apparatus 101-108 difference
ampr?f?er $95°Pts ShgiS detecting part 15 121-124 reaction force

deteating pattrd 30maemory 140 driving source 142 physical phenomenon

detecting part %ﬁ%bfig%ignal detecting part 20 146 data storing part 148
calib%gt;ongagé ase 150 command signal database 152 phase
identif§ingfpac Joint

5 66 second doint

70, 72, 74, 76 angle sensor
78 first fastening belt
80 second fastening belt
84 Theel recelving part

10 86 electric power circuit
88 input/output interface
100 contrel apparatus
101-108 difference amplifier
111-114 angle detecting part

15 121-124 reaction force detecting part
130 memory
140 driving source
142 physical phenomenon detecting part
144 Dbiosignal detecting part

20 146 data storing part
148 ealibration database
150 command signal database
152 phase identifying part
154 difference deriving part

25 156 parameter correcting part
158 electric power amplifying part
160 controlling part
162 calibration controlling part
164 load generating part

20
BEST MODE FOR CARRYING COUT THE INVENTION

Next, in order to describe the present invention

in more detail, the best mode of the present invention is

14



154 difference deriving part 25 156 parameter correcting part 158 electric
power amplifying part 160 controlling part 162 calibration controlling part
164 load generating part 30 BEST MODE FOR CARRYING OUT THE
INVENTION Next, in order to describe the present invention in more
detail, the best mode of the present invention is 14 described with
reference to the drawings. First Embodiment Fig.1 is a block diagram

showjng a control system lied to.a wearahle t ovement assisting
5 ap8§ a%a%%ecg wd%lg tre?egperbce A WE graxyﬂ-?g@.

accor odiment of the present invention. As

0 anem

shovmi irsEigetpadonttot system of a movement assisting apparatus 10

includes a drivinggsquirge ; 149 far applying gssistisgdaueestoa weares 12,
a 10 physical phenomenon detecting part 142 for detecting the joint angle
(physigalsReABRERRR) torfe %o P SBVERTETR b 5 Widrd? 12,
and a piosignakdelesting past dA4fordetestingermypetéeirie petential
(biosignal) corresponding to muscular strength generated by the wearer
15 127K daltaStoring part 146 is loaded with a calibration database 148
for correcting the pararheter gfra Foaminard signat (Coritbsl sighalf

according t%;%f%ead%tfgléyi&é0&5@@%‘%&@%Otgﬂé%@gsignagi%qng source

correspon%ilng to the musc

lar strength generated by the wearer 12 and a

commafid Signalrdstibase a50 HiS B6 TRGtedhat REESTbration®
fﬁﬂaQ%%%lééingHéﬁéﬁbwéﬁ detecting part 142 for detecting the

15

20

25

30

joint angle (physical phenomenon) corresponding to the
movement of the wearer 12, and a blosignal detecting part
144 for detecting a myoelectric potential (biosignal)
corresponding to muscular strength generated by the wearer
12.

A data storing part 146 is loaded with a
calibration database 148 for correcting the parameter of a
command signal (control signal) according to the
detectivity of myoelectric potential (biosignal)
corresponding to the muscular strength generated by the
wearer 12 and a command signal database 150. It is to be
noted that the calibration database 148 includes a first
memory space (first storage part) for storing beforehand a
first corresponding relationship between a movement force
(muscular strength) generated by the wearer 12 wearing the
movement assisting wearing device 18 (see Fig.2, Fig.3)
and a corresponding biosignal (myoelectric potential
signal) and a second memory space {(second storage part)
for storing beforehand a second corresponding relationship
between a movement force (muscular strength) generated
when the wearer 12 performs a predetermined basic movement
and a corresponding biosignal (myoelectric potential

signalj .

15



memory space (first storage part) for storing beforehand a first
corresponding relationship between a movement force 25 (muscular
strength) generated by the wearer 12 wearing the movement assisting
wearing device 18 (see Fig.2, Fig.3) and a corresponding biosignal
(myoelectric potential signal) and a second memory space (second
storage part) for storing beforehand a second corresponding relationship

30 between a moxemoent{orce (inus((:éjlqgnsérgngg'n) ggngr%%gegv@ee@ }Qf the

wearer 12 performs?i 6r%de‘%gﬁni%ed basic mbvement an .
correspphbitng: bidsigralemayosletticpstertiar sidrial) 215 Afomtcagie 1o ©
knee,0:hip). detected by themghysical phanromenon detecting-par 1dz-and

a myoelectric potential signal (EMG knee, EMG hi %detected ba/ 3) 5
biosi&%&lsdéi‘é%ﬁn&%ﬁﬁﬁ%r@%ﬁbu%%ti‘?é:?al%ﬁf%ﬁ n'Ydatibasd thgation

and thetcommandisighat databasenths0d Asdantedlling: appasatussL00
ncludes a phase Jdentiying part 152, 8 dlfterence dering.fad 15,8,
: .

parameter correcting part 156, a controlling part 160, a_calibration
controtiiegtpdry 162, padta 166d geneidtirg 20 part €64V Fngthefforé dthe 2

Cﬂ””gﬁ%&%@'l&%&@@&%ﬁg performsgorectionfassisingrewerso, a

according to biosignals based on a biosignal generated by a basic .
moveFierPERHERearar T2 hhth e dédond Corr@EfoAdimgr rel8GBRERIp Y

whengyer the wearen 1 2nwears the moyemenitis assistingnearing deviee t
18. That is, when the wearer 12 wearg the mogement assistiré% w%arin
1 er a O T

. . . t
devickr8 BRE SWitthe s 5A TE pSer switch, the calibration control pat

162 execuies:alcalirationccortrdl protess sodhattwt kyhdgenekzaing 20

part 164 enables the power. amplifying part 158 to appiv a-drivingfaree 0f

the driving source 140 as a load (input
relationship whenever the wearer 12 wears the movement

15  assisting wearing device 18.

That is, when the wearer 12 wears the movement
assisting wearing device 18 and switches on its power
switch, the calibration control part 162 executes a
calibration control process so that the load generating

20 part 164 enables the power amplifying part 158 to apply a
driving force of the driving source 140 as a load (input
torque) to the wearer 12 step by step and enables the
wearer 12 to generate muscular strength for
counterbalancing the driving force.

25 Subseguently, the wearer 12 with the driving
force being applied by the driving source 140 performs a
predetermined calibration movement (e.g. Task A, a
movement of standing up from a sitting state) to generate
muscular strength from a skeletal muscle. BAlong with this

30 calibration movement, the phvsical phenomenon detecting
part 142 detects a joint angle and the biosignal detecting
part 144 detects a myocelectric potential signal.

Then, the phase identifying part 152 identifies

16



torque) to the wearer 12 step by step and enables the wearer 12 to
generate muscular strength for counterbalancing the driving force. 25
Subsequently, the wearer 12 with the driving force being applied by the
driving source 140 performs a predetermined calibration movement (e.g.
Task A, a movement of standing up from a sitting state) to generate
muscular strength from a skeletal muscle. Along with this 30 calibration

movement, the physical phenamenon detecti art t jQin
anglgclgﬁd%% %ggn%?f%)e%gctﬁrl% p%agr?qiﬁgo%t%g%"a cr}n%/%tgl%(i‘%i%ag&%n%gl i

signatcThenitie phasaddertifying padaSrigentiigs tE6 tRephaselof the
calibration movement.efthewearard2 by gempasingthedoiiangletored in

detected by the physical phenomenon detecting part 142 with a joint
angle-ERored A IR 48 AtbARTREDASE 148. 5 Furthermore, upon

initiation of the calibration-senollingopracess; the differénceaerivind pattion
154 compares the load (input torque) of the driving, source 14 pli

by thE6ad Y ;%I?‘gtiﬁgr %a?tg 564%15%% r%nuégc%fa{?ngt?eqr%aﬁwlzfelsr%#wgt%%%oﬁ%e)
correspopdirgstocthe 10arydetentric potential sighat imedisuréd vafs)rce 140

dete%g%f’:yeéh%@%ﬂgn%%t ting.nart 144.detives ihe difference: ax

between the two;, and obtains the above-described second corresponding

relatiGHsHpT FurtHesinote LBasé@ ot dRErsHESBetIBer the 5 load
inpukigsaue)-anddnpseulas sirengtirfestimated ioequelohiainetthy thed by

difference dgari%/oijrr:%%t _rt 154 in ,corresi)rqcrldlegge ‘Q{LE_Q %Q% gh&sg ide g?:%nce
by thé phae® %;n%eﬁgﬁﬁﬁlﬁ? thé parameter correcting part
correetstarparanmeter-kKdfor satisfyling the abbee desceibéels2g fifgtd second
Co”esS%ygggﬂ%ﬂﬁgp%gEationship.
Furthermore, based on the difference between the
15 ioad (input torgue) and muscular strength (estimated
torque) obtained by the difference deriving part 154 in
correspondence with the phase identified by the phase
identifying part 152, the parameter correcting part 156
corrects a parameter K for satisfying the above-described
20 first corresponding relationship.

The reference parameter is not corrected in a
case where there is no difference between the input torgue
applied by the load generating part 164 through the
driving scurce 140 and the muscular strength corresponding

25 to the myoelectric potential signal (measured value)
detected by the biosignal detecting part 144. However, in
a case where there is a difference between the input
torque applied by the load generating part 164 through the
driving source 140 and the muscular strength corresponding

30 to the myocelectric potential signal (measured value)
detected by the biosignal detecting part 144, the
parameter K is corrected so that two of them can match.

in such a case, a correction parameter K’ is set so that

17



The reference parameter is not corrected in a case where there is no
difference between the input torque applied by the load generating part
164 through the driving source 140 and the muscular strength
corresponding 25 to the myoelectric potential signal (measured value)
detected by the biosignal detecting part 144. However, in a case where
there is a difference between the input torque applied by the load

generating part 164 through the_.driving sour. 140 2 the mugcular 1.
stren ?fl C%Irg)%%bo%%\f% %(%t% hghn%ygglé%ﬁﬁ:gpotentiéﬁg%na? measureed sane
value) detected Bhthe, biosiy e thetestng parrrit-sRePpakafeRyRIe e

Corre&&%éggbﬁgt\ﬁgﬁ thep gan matchs 1p1SUCh-3 Sasee2 Corregiioniearer

parameter K' is set so that 17 the input torque and the estimated torque

4 . P
may becsine-Bguar L HRER IR pSRIE R crReRad by e fARANRSe O 7S

corregtingpart 156 isset-astheparapretes of the wearer 12 by the

calibration controllin%%pa(gt 16% andtgerf rms j%ncaliborati&n3 f?r H}ei gext

phase. Accordingly~ 1 Ay sourte 140 15" "controfied so that an
assistingforde edrrespohding:to thes bidsignalideteeted byahedsiddigaato the

dete%ings&%% 4,630 he generated based on the paramstersghby thes can

calibration. hereby, control can be achieved for maintaining a

predeterrieer picoreRForaxaipley At Bsaedts mb¥cHBr sfrangly 07 -

@nd assisting foreg.fegardiess obthe (aibueenditienteig tesistanrce: value
of skin) of the wearer 12 or deviation of the adher gl pclsiii?n of the 15

biosigH YetEEthg ParPTAREGRBmISFE. tREEBAtOlling part et obtains
the joint-angle{Oknes - hiprdetectedsity tiie physieal qafrenbmenont the
detecting part 142.and the mypeleiric. potential signal (EMG kniee, EMG.
hip) de?eét\e/dcby e

wearer 12 or deviation of the acdhered position of the
15 bicsignal detecting part 144.

furthermore, the contrelling part 160 obtains
the joint angle (0 knee, 6 hip) detected by the physical
phenomenon detecting part 142 and the mycelectric
potential signal (EMG knee, EMG hip) detected by the

20 biosignal detecting part 144, calculates the assisting
force of the driving source 140 corresponding to the joint
angle and the myoelectric potential signal for each phase
by using the correcticn parameter K’ set by the
calibration controlling part, and transmits a command

25 signal resulting from the calculation to an electric power
amplifying part 158.

Next, an exemplary configuration of the wearing
type movement assisting apﬁaratus 10 is described in more
detail.

30 Fig.? is a front perspective view showing a
state where the wearing type movement assisting apparatus
according to an embodiment of the present invention is

worn. Fig.3 is a rear perspective view showing the state

18



20 biosignal detecting part 144, calculates the assisting force of the
driving source 140 corresponding to the joint angle and the myoelectric
potential signal for each phase by using the correction parameter K' set
by the calibration controlling part, and transmits a command 25 signal
resulting from the calculation to an electric power amplifying part 158.
Next, an exemplary configuration of the wearing type movement assisting

appayais Qs desaied inmare, delal 20 Bio.2 ks adprthetspeqive
view showing a state whére the wearing type movement assisting .
apparatosracearding 20 RTEATbEERREN? bf THE pRESERTRVERTGH st Work®
Fig.3,is & rear perspective view showing the state 18 where the wearing
type movement assisting apparatus according to an_ embodiment of the,

present invention 1& WS AS BhéwHIn FigE2 and 3 th &G Renf-SST8ting
assistipga?apparatus 30 is forassisting withi awalkinglinovementdoent for
those _having, difficulty in walking by themselves, for e ley 8 -
Ieg-irﬁglé)i%éad %Eé‘%é}ﬁ uc#\%#g gr%g\]/%ik %r%e‘ffsgﬂﬁén 0 %gte%r(%gr%%(%n 0 E?ﬁusé)urlar
strengtieof-3keletal irgséiess brachatertamdergbirg Walking k freely due

rehahjlifaion,. The, 10 movernent assisting appargius 1¢ deteats-higsignals s

(surface myoelectric potential) created upon generating muscular

stren§th dceGtHifgto SRFIGHEM the braiard Gitrate$to- 8pply 4

dyivingderse-from apiactuator-hasad ansthendetected signals. ithals

fom 4 SE- 416 DL G108 FRDOr RSt S FSoL obak o Wi g 7o

computercadcording ¢ogiredetermideddnpat dedtanahe iSeiso Fferfetrior and

asa operates to apply a driving force from an actuator based
on the detected signals.

15 Therefore, the movement assisting apparatus 10
is completely different from a so—called playback type
robot that controls a robot hand with a computer according
to predetermined input data, and is also referred to as a
robot suit or a powered sult.

20 When the wearer 12 wearing the movement
aseisting apparatus 10 performs a walking movement
according to his/her own will, the movement assisting
apparatus 10 applies a driving torgue corresponding to a
biosignal generated upon performing the walking movement

25 as an assisting force, to thereby achieve, for example,
walking by using half of the muscular strength normally
required for walking. Therefore, the wearer 12 is able to
support his/her entire weight and walk owing to the
combinaticn of his/her own muscular strength and the

30 driving torgue from the actuator (in this embediment, an
electric powered driving motor is_used).

In such a case, the movement assisting apparatus

10 is controlled so that the assisting force (motor

19



robot suit or a powered suit. 20 When the wearer 12 wearing the
movement assisting apparatus 10 performs a walking movement
according to his/her own will, the movement assisting apparatus 10
applies a driving torque corresponding to a biosignal generated upon
performing the walking movement 25 as an assisting force, to thereby
achieve, for example, walking by using half of the muscular strength

normally required for walking. Therefates.th A2 isable tg. suppost
his/h%?]\‘é ir Waétlzé:ﬁtrar%g%vgl% ov%%g%%_%g %%%t%%tion ofhis/he;1 évvn )
musdiiar stréhgtuand HeSs0-diidRiroraaE flemd tHe atttafim tie will

emb%‘%imﬁﬂ:t’ an, electie poweedgriving metor i usedpdnsuchha caseement
the movement assisting apparatus 10 is contr%lle so that thetastsistin%%
forceBFRotoF TR FEREF &EE6rdifg 16 tHESRIPSf Baryeertsr Aldhg with* the’
walkinganovement {deseribedpetow) reflects the filthef theaweargrzlznd not

Therefore, the actgag%reof thengé)ﬁ/?%%nt_t@gsigggg Aapparatus 10 is

contrBﬁea}%%té:é‘l Aot to aprﬁﬁ/v oad that is contrary to the will of the wearer
12 and not to obsfruct tlkemevemeht ofitveeare e $3 1EGitherire fhevs 10

movement assigting apparatus, 19 .can gsgist movementgthertbasdhe such

walking movement, such as a movement in which the wearer 12 stands

up from & 10E(EReHsithg oA chif, BPATRdvernenht i hhitk tHé o™ 2

(wearer-42 sits doynr from acstate of standing up.nBurthermoie, thieiwbatgre
12 can be assisted with power when the w%arer 925%';@8% I%P or.down a

stairc888T RlthdGgfRthe HSTermantof climbing Up a staircasé or standing

up framacts chairemaytse difficelt fd2one malvin@low At urat BtRpighs, when

a wearer 12 wearing fhe-nmoyement assigling apparatistQ.canineusugh the

without worrying about his/her .
movement of climbing up a staircase or standing up from a

15 chair may be difficult for one having low muscular
strength, a wearer 12 wearing the movement assisting
apparatus 10 can move without worrying about his/her
lowered muscular strength by being supplied with driving
torque in accordance with his/her own will.

20 Next, an exemplary configuration of the movement
assisting apparatus 10 is described.

As shown in Figs.Z and 3, the movement assisting
apparatus 10 has an actuator (corresponding to driving
source 140) included in the movement assisting wearing

25 device 18 worn by the wearer 12. The actuator includes a
right thigh driving motor 20 located at the right hip
joint of the wearer 12, a left thigh driving motor 22
located at the left hip joint of the wearer 12, a right
knee driving motor 24 located at the right knee joint of

30 the wearer 12, and a left knee driving motor 26 located at
the left knee joint of the wearer 12. These driving
moters 20, 22, 24, 26 are driving sources including servo

motors having their driving torques controlled by control



lowered muscular strength by being supplied with driving torque in
accordance with his/her own will. 20 Next, an exemplary configuration of
the movement assisting apparatus 10 is described. As shown in Figs.2
and 3, the movement assisting apparatus 10 has an actuator
(corresponding to driving source 140) included in the movement assisting
wearing 25 device 18 worn by the wearer 12. The actuator includes a

right thigh driving motar 20 located .at the right hip_joint of the wearer 12,
a Iefﬁh‘?ﬁ}?aﬁvﬁ%oﬁlno?&&ﬁof&ra?g la%?hé;l}%?fi ﬁlascj%?ntao h:énv%/égéeﬁ 12, a
right dkned drisingomoterBérdcate thatthehdght kneerjolscefl30 #vd wedie e
12, and,a left knee driving motor 26 located,a; the eft kneesjgint.of the
wearrél??[%FT]ﬁ%Ee r?\ﬂng motEcS)Jrs 28, 22, 24, 26 are driving sources

includihghseivod otofy el MEIPERVIAY tofques tontrBlIEd By hitrol teY

20 Siggﬂlsafﬁ?ﬂ‘yth§ contralling-apparatus.gnainclede a deceleration
mechanism (not shown) for decelerating the mg)éor ro&ati%n t%
W C

a .
predetermined deEalerafioR ¥afio. RKihough the driving Motors 2075574 2°
26 arg sivaltheyd canmpply e suffigientariving forgenburtherddre22, 24,
batteries 32, 34 which function as . Wer.so c%(fj%dg\gg.gl{geg{g/i@g-
moto?s 26?52?5&? eé&:rgtgttgcﬁgéﬁgc;b\(?%?st 5e|t 30 worn around the st
waisto6f teewezrer121The [Ftterad-32r 32 ard 4ecR4rgoeh|& A0 BatisAes ©

@nd gte .separately agranged;gpthe-left and-right sq amnehto abstructihe

walking movement of the wearer 12. Furthermore, a control back acfk 36

mourftédsh TRe BAKUY the WEERETHES cEhtinE for eXafpigrss © ©

contrglingapparatus, a motor driver, a measuring apparatus, and a

pOWerCWCUH(dGS%ﬂ%%LQ%g%%%Jtg control backpack 36 mounted on
+he back of the wearer 12 contains, for example, a

15 controlling apparatus, a motor driver, a measuring
apparatus, and a power circuit {(described below). It is
+to be noted that the lower part of the control backpack 36
is supported by the waist belt 30 and is mounted in a
manner in which the weight of the control backpack 36 does

20  not burden the wearer 1Z.

Furthermcre, the movement assisting apparatus 10
includes myoelectric potential sensors 38a, 38b for
detecting surface myoelectric potential (EMG hip)
corresponding to the movement of the right thigh of the

25 wearer 12, myoelectric potential sensors 40a, 4Cb for
detecting surface myoelectric potential (EMG hip)
corresponding to the movement of the left thigh of the
wearer 12, myoelectric potential sensors 4Za, 4Zb for
detecting surface myoelectric potential (EMG knee)

30 corresponding to the movement of the right knee, and
myoelectric potential sensors 44a, 44b for detecting

surface myoelectric potential (EMG knee} corresponding to

the movement of the left knee.
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to be noted that the lower part of the control backpack 36 is supported by
the waist belt 30 and is mounted in a manner in which the weight of the
control backpack 36 does 20 not burden the wearer 12. Furthermore, the
movement assisting apparatus 10 includes myoelectric potential sensors
38a, 38b for detecting surface myoelectric potential (EMG hip)
corresponding to the movement of the right thigh of the 25 wearer 12,

myoelectric potential sensors 40a, 40b for. defecting sutrface myoelegtric 5,
potential (EMG h?%?ccﬁor{r)e%gﬁ%r%ﬁﬁgﬁ%%t eemovem(;}r%tD of the left thigh of the >

weardgi 2, #iyoelébiric gétenti4Pbenddis 42au Aol detedlitiehSifage PAT T
myoejgctric potential (EMG knee) 30 egrresronding tp dhesmavement ot ed

the right knee, and myoelectric potential sensors 44a, 44b for detecti

' n
surfadehyeeldetriCPoRARBIEMGE IS Uotteshority to the ¢ skiietal
movement ekthe.left kreed2t Each-ottheseduydetectrit:petentiéd sensors
38a, 38b, 40a, 40h, 42a, 42b, 44a, and 44b is a detecting pa r
mea&ﬁﬁﬁcﬁf@guﬁ%&g yé)éjlg%ﬁ%sa%t&?%? E?e%‘%gzlﬁuﬁﬁg tfgg%(ie%%?%tion

of musestdrstrength afthecsketetat Serhudotels, and indlddesapcsleegblle cach

(not s n) fo i ight ial.ge Q%gk@lg@l 40a, 40b,
musct;i\.ﬂél?)?sst% gggg%e%? %%l% ir%pﬁgeé&%%%d%eﬁr%ﬁ%ach of these :

myoeléetricirtentidPserisots 98, ‘SIS UGS uoh, P18 SH Ti%h Sand Aaps Ve

jis attached by adhesing-an adhesive: 10 seal that:coversdhe Brearode onto
surrounding the electrode onto, the ésfgrfa}(]:g of thegginﬁf the wearer 12. In
S

a hunvaiff body: 258 iptic FaRsmission

n "Stbstance of acetylcholine is
released to the sunface dfuthenniusties formingttie skéletabmuselas:

according 1013 commands, from the brain. A3 asesull, e gl surface of
the muscles forming the skeletal muscles according to

15 commands from the brain. 2As a result, the ion
permeability of the sarcclemma changes, 1o thereby
generate action potential (EMG: Electro MyoGram
Myoelectricity). Accordingly, the action potential causes
retraction of the sarcolemma and generates muscular

20 strength. Accordingly, the muscular strength generated
during the walking movement can be estimated by detecting
the mycelectric potential of the skeletal muscles. Rased
on the estimated muscular strength, the assisting force
required for the walking movement can be obtained.

25 Furthermore, although muscles expand and
contract when blood supplies a protein called actin and
myosin, the muscular strength is generated when the
muscles contract. In a joint where two bones are
rotatably joined together, a flexor for generating a force

30 in a bending direction of the joint and an extensor for
generating a force in an extending direction are provided
between two bones.

Furthermore, in a human body, there are plural
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permeability of the sarcolemma changes, to thereby generate action
potential (EMG: Electro MyoGram Myoelectricity). Accordingly, the action
potential causes retraction of the sarcolemma and generates muscular 20
strength. Accordingly, the muscular strength generated during the walking
movement can be estimated by detecting the myoelectric potential of the
skeletal muscles. Based on the estimated muscular strength, the

assisting fpice feauired:for (e walking mavementcan bg obtained. 23 che
Furthermore, atﬁough muscles expand and contract when blood supplies
a proteincaliiediaéim ands nifosin heinfsetirar Siieslyth 1o gensratet

whenthe- muscles contiachshy aqdrinkwhergdweshenas.are-Hogtably he
joined together, a flexor for generating a force 30 in a bendin%,directio 0

. . f .
the jGHEARA SFPEXERSoF FoE YehTating dTOFES n AR extERding dRsctioh o= +S
are pravidednbetweensverbenes. Furthermore, in a human body, there

are plural 22 musgctlles below th _Waistpfg{erpl%/iig t@%xlx%%% su§:§1aas 5;'6%,

musculi iliopsoas orer<sf|ns¥r(fge e J:ibﬁs forward, the musculus gluteus
maximusdor dowerinh thedhighstiite fquadricepsiorekt@idingthie Kieed ich
and the higeps femotis, 5 for,bgading the knees 1the myosleeticpatential

sensors 38a, 40a, which are adhered to the front proximal part of the

thigh CEFFRSREAFETE, M eBREr& TS thyde B ARR IR nEEM Thireed oy The
1o thermwiscularestiergtbpenerated whenithe=1 legyis-teliveredforvard

by detecting the surface myoelectric potential of the musculi iliopsoas.
The ﬁWS@Ir}eg%ﬁ% ﬁgtéjn (i%a %gﬁ%érsO\g;SﬁﬁorB}J%vﬁ%ﬁ are adhered to the hip
of the wearer 12, feasuretieanyoelariticpbientist eoraspondling fdthe

'nUSCHEHch are adhered to the hip of the wearer 12, measure the
myoelectric potential corresponding to the muscular

15 strength generated, for example, when kicking the leg
behind or climbing a staircase by detecting the surface
myoelectric potential of the musculus gluteus maximus.

The mycelectric potential sensors 4Za, 44a,
which are adhered to the front side above the knees cf the

20  wearer 12, measure the mycelectric potential corresponding
to the muscular strength generated when delivering the
part below the knees forward by detecting the surface
myoelectric potential of the quadriceps.

The myocelectric potential senscors 4Zb, 44b,

2%  which are adhered to the rear side above the knees of the
wearer 12, measure the myoelectric potential corresponding
to the muscular strength generated when retracting the
part below the knees backward by detecting the surface
myoelectric potential of the biceps femoris.

30 Accordingly, in the movement assisting apparatus
10, the driving current to be supplied to four driving
motors 20, 22, 24, and 26 are obtained based on the

surface myoelectric potential detected by these
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15 strength generated, for example, when kicking the leg behind or
climbing a staircase by detecting the surface myoelectric potential of the
musculus gluteus maximus. The myoelectric potential sensors 42a, 44a,
which are adhered to the front side above the knees of the 20 wearer 12,
measure the myoelectric potential corresponding to the muscular strength
generated when delivering the part below the knees forward by detecting

the surface myoelectric potential of the quadrice The oelectric

: P 42h
poteﬁ]tjlfﬁ@s]e%%%g% %%?E%)%%%Ewﬁ%%sgr%gag%‘réd tobtheér@éa/f side above ’ '
the kaees ofrtiedwizareBY2¢imicaisure the Mydeléeticrpoentiak0, 22, 24,

corre 8”9{3«%%“%@Ué&‘ﬂl@{é&e&%&%?r%@giwagage%%@g ihe

part below t nees backward by detecting the surface myoelectric
poteritiat ofahe Tice FaRANBHES2Z0 W Sty IntRBSREVEmeht Ha8istRyreT
appaiatus 10, the driving current to be supplied to four driving motors 20,

22, 24, and 26 are obtained based on the surface rrg}/oeleggi ote%igall
e & load

detected by these™2¥ M\G818LRic potehtial SERSH 3843 A 4

42a, AP} R, and-B4b £ Bydriving the tivingumatbes 20,122, 24, mdy2@nter
with the driving current, assisting force is applied for supporting the, £
Walkiﬁa“unﬁgée%‘éﬁ%f tﬁg %%élr%r%gﬁ. Furthermore,eft iS nécessaary 0 noreres

detectehe doad Sapplicdto tHe foet T8k pérlopmithg e shfcsBartBRtertn

1gaused by thewalking movement Fhersforen eeagtionsforee +seNIArE5E0mg

50b, 52a, 52b (shown with broken lines in 10 Figs.2 and 3) are provided

on th& Batkssithe &t EH FifHi et 6f the wearer 12. Furthermore, the

reaction force sensarbharfietects the reasiion forcéagainstethedoad Gf

ﬂnaﬁgg%ects the reaction force against the load of the front
of the right foot, and the reaction force sensor 50b

15 detects the reaction force against the load of the rear of
the right foot. The reaction force sensor 52a detects the
reaction force against the load of the front of the left
foot, and the reaction force sensor 5Zb detects the
reaction force against the load of the rear of the left

20 foot. FEach reaction force sensor 50a, 50b, 52a, and 5Zb
including, for example, a plezoelectric element 1s able to
detect changes of load in correspondence with weight shift
and detect whether the foot of the wearer 12 is contacting
the ground.

25 Next, a configuration of the movement assisting
wearing device 18 is described with reference to Figs.4
and 5.

Fig.4 is a left side view of the movement

assisting wearing device 18. Fig.5 is a rear view of the

30 movement assisting wearing device 18.

As shown in Figs.4 and 5, the movement assisting

wearing device 18 includes the waist belt 30 worn around

the waist of the wearer, a right leg assisting part 54
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of the right foot, and the reaction force sensor 50b 15 detects the reaction
force against the load of the rear of the right foot. The reaction force

sensor 52a detects the reaction force against the load of the front of the

left foot, and the reaction force sensor 52b detects the reaction force

against the load of the rear of the left 20 foot. Each reaction force sensor

50a, 50b, 52a, and 52b including, for example, a piezoelectric element is

able to detect changes of |oad in ¢correspondence with, weight shift .and
deteWehe? R f BFOF&%%%\%&%;% 8gnt%%%n§aﬁﬁse€ gﬁc?%%g% and &
Next, & tonfigyraticn of theymevemént assistingdvearinyaelide-18ide below
descré%%d v‘é‘QEhsEefgéei%C%éq Figs.At and 5. _Fig.é_l is a left s_ide view of the
movement assisting wearing device 18. Fig.5 is a rear view of the 30
movement assistifil wediny dboreB8 1AS ShEWPAHtFigs. £83Ad Banectt 1&g

@Ovec{g%ﬁts@ﬁ%éﬁﬁg rweasing.device 18 jnglugdestbe waist belt 3 werdther,
around the waist of the wearer, a right leg assisting part 54 24 provided at
the right 83 HetnFhe WAL 30 4nd & TETETEy Ads Sfng BATTES =L

provided atihe lefbside Belofe theuwmaist bet GO Hehevrghtlegeagsisting a
part 54 and the left leg .5 assisting part 55 are.arra y ical t
each %?ﬁ:é’?é %rﬁzlréel;] %8 exéﬁn :gnp% f}ﬁ‘%? W t%% @g%gé %gc_% Qng

inw éach’includes rame 56 extending below the
waist bett8@ fersuppditingetiiecwaist $eltod0, rscdokd frametbg wearer 12,

gxtending. below the firstframe 56 and formed along:the,quterside of thend

thigh of the wearer 12, 10 a third frame 60 extending below the second
framefS3TaRE SAREd I6nG & butr&ideor the shirof e WeardFizer 12/
and asfeurth frame-62 onwhidrthenbattartsideofithefont side of the foot

(shoe sole when a shoe is worn) of the wearer 12 is placed.
A first joint 64 having a bearing structure is
15 disposed between a lower end of the first frame 56 and an
upper end of the second frame 58 for rotatably connecting
the first frame 56 and the second frame 58. The first
joint 64 is disposed at a level matching the height of the
hip joint. The first frame 56 is comnected to the
20  supporting side of the first joint 64, and the second
frame 58 is connected to the rotating side of the first
joint 64.
Furthermore, a second joint 66 having a bearing
structure is disposed between a lower end of the second
25 frame 58 and an upper end of the third frame 60 for
rotatably connecting the second frame 58 and the third
frame 60. The second joint 66 is disposed at a level
matching to the height of the knee joint. The second
frame 58 is connected to the supporting side of the second
30 Joint 66, and the third frame 60 is connected to the
rotating side of the second joint 64.
Therefore, the second frame 58 and the third

frame 60 are attached in a manner being able to oscillate
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(shoe sole when a shoe is worn) of the wearer 12 is placed. A first joint 64
having a bearing structure is 15 disposed between a lower end of the first
frame 56 and an upper end of the second frame 58 for rotatably
connecting the first frame 56 and the second frame 58. The first joint 64
is disposed at a level matching the height of the hip joint. The first frame
56 is connected to the 20 supporting side of the first joint 64, and the
second frame 58 is connected to ghe g%t%ti_g% gide of It‘lh figsfnjgi%IGG%C.f

Furthéihior8, aSecohidjoint%e8 having a ¥

earlngseéfruc ure is dispose
between artawercenad of the secondh25rmrre 58tand iz dpperedd nthe 6
third (e, 60 Jor rargiably.connecting e sepondrame.Seanderthirde ss
frame 60 g?’he second Joint 66 is disposed at a level matching to the
heightrot thé knidel jethtf THees ORI 3r&ifB BRI EShristtBG to trE the same

suppaitingsige-oftheisecqnd-3Q 40iph 86ngnddhedhirdiframe Heeis 12.

connected to the rotating side of the second 'ollgt 64. él'g]eéefore the.

second frame 58 &rid W& TAIRE SraMa 60 aré atschedSh & manner being o
able terescillates 2bihayvingdhe first joint 64 and theisecondl jeint 66:@s second
fulcrums of rotation_with respect to_the firstframe ixed t aist belt
30. TH&tTS, t%teg'secgﬁg flrnéjr%%% rfncf ﬁfe Elrdq#g?nged%)é %egclz%jar??igured to
performithe saime Sommoverientares thiléome SPGHATG 1] of the weareral

42. Furthermare, matr brackets 68-areprovided at the supportingsidesied

of the first joint 64 and the second joint 66. The motor bracket 68 includes
a motbP sﬁ%ﬁomﬁﬁawgﬁéﬁﬁdmﬁr&t@\%dﬁﬁ £hSfZontEr16 =
directign: g he:Hevingimoter 2622, 24,,281s auached tosthermoieied in a
Supp%rlgggﬁgla r;[xr?%gollqta \k{ggifr?%s%ai;[eprotrude too far to the side so

as to avoid contacting surrounding obstacles during the
15 walking movement.

Furthermore, the first joint 64 and the second
joint 66 are configured to allow a rotary shaft of the
driving motors 20, 22, 24, 26 to transmit a driving torgque
+o the second frame 58 and the third frame 60 (drive-

20  receiving side} via a gear.

| Furthermore, the drive motors 20, 22, 24, 26

include an angle sensor 70, 72, 74, 76 (corresponding to
physical phenomenon detecting part 142) for detecting a
joint angle. The angle sensor 70, 72, 74, and 76 includes,

25 for example, a rotary encoder that counts pulses in
proporticn to the jeoint angle of the first Joint 64 and
the second joint 66, and outputs electric signals (as
sensor output) in accordance with the number of pulses
corresponding to the joint angle.

30 The angle sensor 70, 72 detects the rotation
angle between the first frame 56 and the second [rame 5B
which correspond to the joint angle (0 hip) of the hip

joint of the wearer 12. Furthermore, the angle sensor 74,
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Thus, the driving motor 20, 22, 24, 26 is provided in a manner without
having to protrude too far to the side so as to avoid contacting
surrounding obstacles during the 15 walking movement. Furthermore, the
first joint 64 and the second joint 66 are configured to allow a rotary shaft
of the driving motors 20, 22, 24, 26 to transmit a driving torque to the
second frame 58 and the third frame 60 (drive 20 receiving side) via a
gear. Furthermore, the drive motors 20, 22, 24, 26 include an angl

sensop 70e¥2ct4a, ?8@@6%%%%@&&}%%%%%%%8&88 etgc #y -8
parlt ;514@) fgﬁfleit,@@tmg arjaist anglehfhe anglessensaisy G,/ 2;h&l, anidh 16
includes, 25 fox example, a rotary encoder that c ulses in

propéfidhto (tl"lfe J}&Wtf%nﬁl% c‘)cfg‘t?lekﬁlr%? jolneB4 aﬁ%u%%egsgggﬁg Jfoi%% 66,

and outputs electric:signate (&s serisot dutpiit) iactbrgandeiith the and
gum aeof%ggga carresperdingtothejoint Angle.3Q Jhe-angle:sensotne

0, 72 detects the rotation angle between the first frame 56 and the
secomaHEma B MIiEh Eetrdspondidthe otht Ay IE16hip oRtheipthe
joint gfthesvearer k2, Fathermorentherangle sensor #4 26.d6etestscond
the rotation angle between the s%%ond frame.58 and the tréiLrnd f(raénte quom)

which B3ftesfEndE TS tHETSMT SigIe (B Kide) o the KAg ot of the
weareni2 ot és-torbermptetdhbat the: firstyeme 84 arfd Brthd1secondjdingéBe the

are C%I;llfi ureditgtro(g%tetwg%g}eelra@ge in which the hip joint and the
1knee joint of the” wearer 12 can rotate. The first joint 64 and the second

joint 66 have installég e5S&PPing Héhafiskedhot shdwthdfér prevéhting
igce%\é%@%ﬁfn%@wf the hipijeint:and the, 20 kneedoint afthenwearergh of

the wearer 12. Furthermore, the third frame 60 has
attached a second fastening belt 80 which is to be

15 fastened to a part below the knee of the wearer 12.
accordingly, the driving torque generated by the driving
motors 20, 22, 24, 26 is transmitted to the second frame
58 and the third frame 60 via a gear and is further
rransmitted as assisting force to the leg of the wearer 12

20 wvia the first fastening belt 78 and the second fastening
belt BO.

Furthermore, a fourth frame 62 is rotatably

connected to a lower end of the third frame 60 via an axle
82. Furthermore, a heel receiving part 84 is provided to

25 & lower end of the fourth frame 62 for placing the heel
part of the shoe sole of the wearer 12 thereon. Moreover,
the second frame 58 and the third frame 60 can have their
lengths in the axle direction adjusted by a screw
mechanism so that the length can be adjusted in

30 correspondence with the length of the leg of the wearer 12.

Fach frame 56, 58, 60, 64 is formed by metal and

is configured to support the weight of the batterles 32,

34 provided in the waist belt 30, the control backpack 36,
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The second frame 58 has attached a first fastening belt 78 which is to be
fastened to the thigh of the wearer 12. Furthermore, the third frame 60
has attached a second fastening belt 80 which is to be 15 fastened to a
part below the knee of the wearer 12. Accordingly, the driving torque
generated by the driving motors 20, 22, 24, 26 is transmitted to the
second frame 58 and the third frame 60 via a gear and is further
transmitted as assisting force to the leg of the wearer,12 298via tlilg first.

fasteitth bBRt 7HRATRE KXot -THeteriRg™ BER 807 Furthermore, atourth’
frame62 issetatably connected tepplawenend 6f the tirdtfranee60 Wia
an axle 82. Furthermore, a heel receiy it 84 isprovided 10.25 4,
Iowe%ﬁg%rfi‘thgﬁguﬁﬁjf?gr%eo 2 grg D a%}%bﬁ%éﬁggs%art %%tjhe shoe ole
of theleveiarer 12 theteon. NEPB0wEr: eiiel SEEOHPIraRTE 58 and e third

frame 60.can have, thejr.lengths in-the axledireelion-adiusted by-a sarew
mechanism so that the length can be adjusted in 30 correspo degce W'Ehed
the |eiRftk STeHeEG of te WOHIh IS "Ealh f%&%%’?%%?go?%% jgtPPL =9

formed by metal andy is configuradbtacsdpport she aleightpkthel batteries
32, 34 provided in the waist belt 30, the control backpack 36, 27 and the .. 14
moveﬁ@ﬁp&?ﬁgﬁn glnc\[}{ucfec? 1T Qﬁhfzs .m]or"t{emen%] aB% § ngz aﬁﬂ atus

wearing device atis, the movement assisting
apparatust@is confiiged tothreverittthe psight of tHe MtRRieft ectric

ﬁssisti%gf&e%n% deyice %ﬁggy from affecting the wearesd2-andyis by

attached in a manner preventing the wearer 12 having. weakened

musclesFEm-h&FingCa %ﬁ%c&%aﬁﬂb%ﬂ bl T EFE TE A HiGdK VoL tage
diagram-ofsespective companentsinelugieddo the mopementgssistingcerface

appargtus 10. As shown in £1.6, the batteries 32, 34 supply eledtic s es 32,
34 is monitored by a battery charge warning part 90. The

15 battery charge warning part 90 outputs a warning when the
remaining charge capacity becomes less than a
predetermined amount to inform the wearer 12 to exchange
or charge the batteries.

The first-fourth motor drivers 92-95, which

20 drive driving motors 20, 22, 24, 26, respectively, amplify
the driving voltages corresponding to the control signals
from the controlling apparatus 100 vila the input/output
interface 88 and output the driving voltages to the
driving motors 20, 22, 24, and 26.

25 The detection signals of the surface myoelectric
potential output from each myocelectric potential sensor
38a, 38b, 40a, 40b, 42a, 44a, 44b are amplifised by the
first-eighth difference amplifiers {corresponding o
electric power amplifying part 158) 101-108, then

30 converted into digital signals by an A/D converter (not
shown) , and then input to the controlling apparatus 100
via the input/output interface 88. It 1s to be noted that

the myoelectric potential generated by muscles is slight.
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10 power to a power supply circuit 86. The power supply circuit 86
converts the power to a predetermined voltage and supplies constant
voltage to an input/output interface 88. Furthermore, the charge capacity
of the batteries 32, 34 is monitored by a battery charge warning part 90.
The 15 battery charge warning part 90 outputs a warning when the
remaining charge capacity becomes less than a predetermined amount to

inform the wearer 12 to exchange oy charge the batteries., The first-fourth
motof Hrivere §2:98 WA 20 %gﬁ/eté ﬁvi%b%rﬁéfoerjs’g;b%,%zg, JZE%%?HC@
respegtivelyiamplifyo the eitiving sojtagés conespyrdimytuthe pofgoltial
signals from the controlling apparatus 100, via the i utput _in

Life panuoling apnarets 409 uadne JnBulaL Rt JNIGHRCR o

88 and ofitp ving voltages Fivirig motors 20, 2224, an
5

26. 2%5<Tlgp derectivn sighaly oBthe suffagamycdietiilt Potddftal odthut
from eachpyaelectric potential sensor 38a, 38b, 40a, 40b, 42a, 44a, 44b
are amplified by the first-eighth difference amplifiers c,orreSéJondir_JL%t

e

0
electric power amphfyiity FAR-E58) 161 8. théit 30 o rtec Tito aigitar ™
signajls-by, amA/R-cgnvegter{pet: showmg andahehdnputto: thecontvolling

apparatus 100 via the input/output interface 88, Itis to.be nated thatthe, ; 4
myoe‘fé’&ﬁgsﬁ%ﬁgﬁ%&ggég:%r% etg%i/rr!%%s%flegsii% s @R%CZ%L ‘I%eff))efore, in '

orderdferthe: fiistesighth differéhce tafmplifiehs 20908 R -aMmphpgtRerts 111-

lmyoei%%rigcﬁ%ggt.ﬁaltﬁ%gdé@eé@é@ %MQE%Q‘? Q@@%@l@'@@aﬁlvglues
computer (e.g. approximately 3 V), a gain of 100 dB (105) is 5 required,

a
FurtheRRBRSRPRCAMle teotebioR $idHal DUBUE front i anyie S8hs6r
70, 72 {476 BEE iRputde-gorregpending: fitst-fousth angle eletectingpaatsa tus

1114{6% via the input/output interface 88.
The reaction force detection signals cutput from
15 the reaction force sensors 50a, 50b, 52a, 52Zb are input to
corresponding first-fourth reaction force detecting parts
121-124, respectively. The first-fourth reaction force
detecting parts 121-124 convert the detected voltages into
digital values corresponding to force by using the
20 piezoelectric elements and input the detected reaction
force data to the controlling apparatus 100 via the
input/output interface 88.
A memory (corresponding to the data storing part
146) 130 is a storing part for storing respective data
25  +therein. The memory 130 includes, for example, a database
storing space 130A for storing control data in units of
phases corresponding to each movement pattern {task) such
as a standing movement, & walking movement, or a sitting
movement, and a control program storing space 130B fox
30  storing control programs for controlling each motor.
Tn this embodiment, the calibration database 148
and the command signal database 150 are stored in the

database storing space 130A. Furthermore, as shown in
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respectively. The first-fourth angle detecting parts 111 10 114 convert the
detected pulses into angle data values corresponding to angles by using

a rotary encoder and input the detected angle data to the controlling
apparatus 100 via the input/output interface 88. The reaction force
detection signals output from 15 the reaction force sensors 50a, 50b, 52a,
52b are input to corresponding first-fourth reaction force detecting parts
121-124, respectively. The first-fourth reaction force _detecti p%r.ts
121-F28 chnvERhedetetted 0BItagE5 7R dig f(%al ValieScoresponding

to foreedaye isngithe:2 @ piezdelactige lementsranth mput the tetectedength
reaction force data to the contro]lin aratus via the..input/o
interf3E8"88 A Fiehidry (coﬁ%érpéhﬁ%n%ggg ff%nagltg}%%ot%%g partgei%fgé%%j by
is a stbrngarefor storirng Yéspedtive HarEPSherd A 1 Theé Meifoty 1750

g‘d“%%%ﬁc% e?@f“ Rlgqa database, storing,spage.130AdQr Storing,coRohore,,

ata In"units of phases corresponding to each movement pattern (task)

such ias BhStahlfR AT RERC A waking TRGVEMBAERor & Sfttfly =18

movement,and a qrirol progranmstoring spase 11308 for 30 stasing a
control programs for co roIIin%heﬁ\ch rggéor. (Iaqthhis em%odcijrpvent 'E)hremlmiOn
calibratigR dathbage 148 A the Bmimand signal database 150 are '
stored in the databaselstoringspacec] 36A L Furhemofs @Pskewhin 2o-ores
139-8. fhe _%%'&bc{éﬁo@odﬂ@%é%&ﬂ@gstpé%{%ﬂ@i%og@%@@@@hnghe muscular
relationship between the muscular’strength (power) eAl(t) " and the

biosigrtat EALR) " rpsrrated by the Wedref 125 Wekring 19 froveridnt

assistipg wearing sdevice 18, anddbe referencerparameater KW berforms a

Furthermore, in the first correspondin re'atigﬁsr%ﬁ?ét%%ﬂ%%c#i%% parameter
stren§tHEERTE ARG thE OS] EVEWL%B"" orm a

K's'''. The second corresponding relationship is a
15 relationship between the changes of bilosignal Ez {t) - and

the changes of the muscular strength (power) e (t)
during a basic movement.
Furthermore, the control data cutput from the
controlling apparatus 100 are output to a data outputting
20  part 132 and a communication unit 134 via the input/output
interface 88 for displaving on a monitor {(not shown) or
transferring to a data monitoring computer (not shown) by
data communication, for example.
Furthermcre, the controlling apparatus 100
25 includes an autonomous controlling part 10CA
(corresponding to controlling part 160) which compares the
foint angle detected by the angle sensor 70, 72, 74, 76
and the joint angle of the reference parameter to identify
the phase of the movement pattern of the wearer 12 and
30 generates a command signal for generating power
corrasponding to the phase.
Furthermore, the controlling apparatus 100

includes: a load generating part 100D which applies a
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proportional relationship and have a positive correlation. Furthermore, the
calibration database 148 stores 10 the second corresponding relationship
between the muscular strength (power) e'Al(t) ™ and the biosignal EAL(t)
" generated during a process where the wearer 12 performs a
predetermined basic movement, and the correction parameter K'A1™. The
Sﬁcond co]rcrgsponding relationship is a 15 relationship between the
changes of biosignal EAL(t)." and the changes of the muscular strength
(poweFFERLRT™ YefingTa bas %%%?neﬁt?%u%ﬁﬁ%r%%lrg} the glgr%?cg)l gata
g gtpw&fi@éﬁgﬁﬁ@d sontrodingapparatud 4.0 ressutput ¢ sedadlodtpetting
part nd a communicati it 134 via-the, jaterf
for digﬁf%\ry?r? gb%na \rfr?rc])fﬁ*lteo r n%%%%{gv%%% %{rlggl%fe(rﬁﬁg%g%}a%g% e B8
Monitoriregre AT UTer (ot SHEWMERY: d&t) comiihiCaIsH: Tor Bxanfidonat
Furthermore . the eantrelling-appargtus: 400523 iRcludes-AihautoRomous th a
controlling part 100A (corresponding to controlling part 160) whi
compByes tRe Lol &njigTtetactetfhby e Eﬁﬁf_eeggr% r ?6,%% ;‘2{%6 *&hd
the joint-anglerof theaefersncequarameter tgidentify ethesppaseottirer (for

movement pattern of the wearer 12 and 30 generat c i
for geHETRRNG pAWEr Corredponding o the ‘gﬁgfﬁélﬁﬁ%e?%gﬁ%g v

contrelingdpparatu$¥08hincrdes anv:d gemératihl’partaeob which based
Applies 36?38 nigdetermingd driving forge.from thedringraetor (riving

source) 20, 22, 24, 26 as an'external load; a correction value seg%énglpart
Tt

19051{6éﬁé§p6ﬁ6ﬁ@c%i%rﬁﬁr9éf§r eorretiing paretserwhich § G-on
biosignal 6-agnerated dn-respanseta the applied sivingforogsuitna of , for

myoe!ee)g:é%% gfen.:t}t.%l Scegrsroé %?Ltoer?ti\rr]gl%aert)s%% ’i%sgb’part 1L00E to set the
corrected parameter as the unigue parameter of the wearer
15 1z,

Calibration in this embodiment includes, for
example, a default calibration which is performed when the
movement assisting wearing device 18 is worn for the first
time (e.g. upon purchase) and a reconfigured calibration

20 which is performed each time the movement assisting
wearing device 18 is worn after the default calibration.

Tn the default calibration, a correction value
setting process is performed by having the wearer 12
remain motionless in a predetermined position (described

25  below).

Furthermore, the reconfigured calibration
includes, for example, motionless state calibration where
a correction value updating process is executed by having
the wearer 12 generate muscular strength in & motionless

30 state or one motion calibration where a correction value
updating process is executed by having a standing wearer

12 hnend and stretch his/her knees once from a knee bent

state.
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40a, 40b, 42a, 42b, 44a, 44b, generates a parameter (for example,
proportion gain in proportional control) for calculation by the autonomous
controlling part 100A based 10 on the detected signal, and sets the
parameter as the unique correction value of the wearer; and a calibration
controlling part 100F which controls the movement of, for example, the
correction value setting part 100E to set the corrected parameter as the
unique parameter of the wearer 15 12. Calibration in this embodiment

includes, for exaripléca FeraifSaibratch whichisBerforited Wer iz <
movenyept assistingrivearing deviee 48lig wern fos the fisststialel (6.gadpend

purchase) and a reconfigured calibration 20 which is perf .each.ti
the movelhEnE ALSME AT BOviSE £3 5 wons Ahey Tie dett o
calibeations - thendefautcalibration, awotieetibhna| B S elfiiy ProcEss RS
@eff%'a‘,eyay, f%zf',n%a%e wearep 12 remain,potionless, i apredetesmined ed
position’(described 25 below). Furthermore, the reconfigured calibration

includes feresanmplec nidtoriess $hife tafibRiticnfwhBFe T CIRAEIBR =0T 20

value,ypdating pracess is exeeuied-ky-Baving thewearesh2gengrate
muscular strength in a motionless 30 stat%gr 8@etrﬁotion

_ aclji(l:;ir%tiorl it i
Wheré‘%vﬁﬁﬁﬁaléﬁ%ﬂé%@é%agrﬁ?b s 1s Execlitéd %n;%havjfnéa A
Egﬂr%ggé?ﬁﬁﬁﬁiﬁﬁﬁ%ﬁ?&nﬁfﬂhﬁ#1hﬁ#h@ﬁkﬁé@sQﬁééﬁﬂﬁﬁiﬁ@né@eCUt@d
Near&f17 i ?nﬁlﬁgﬁ)% sg‘ta{?oll eaa%%@l?llrgggnaf%%%g@ %%%:ﬁ%%etagfgd :
alongnwithrifié progréssion ot LealitrAfien BERFAIGAS By CorftRotlifly te™
driving mefors.5 20, 22,24 and 26.anddletaeling ke bicsigrals:generated-ing

apparatus 10 1s worn.
Next, an operation during performing calibration
15 by the wearer 12 is described with reference to Figs.7-9.
Fig.7 is a schematic diagram showing an example of each
task and phase stored in each database.
As shown in Fig.7, the tasks which categorize
the movements of the wearer 12 are stored in memory 130,
20 for eXample, rask A including data of a standing movement
where the wearer 12 transitions from a sitting state to a
standing state, task B including data of a walking
movement where the wearer 12 walks from a standing state,
task C including data of a sitting movement where the
25  wearer 12 transitions from a standing state to a sitting
state, and task D including data of a stair climbing
movement where the wearer 12 transitions from a standing
state to a stair climbing state.
Furthermore, plural phase data defining the
30 minimum unit of movement are set to each task. For
example, in a case of a walking movement of task B, there
is stored a phase Bl including movement data of a state

where both legs are aligned, & phase BZ including movement
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in response to the driving forces of the driving motors 20, 22, 24, and 26.
Furthermore, in the wearable type movement assisting apparatus 10 of
this embodiment, it is possible to select either one of the calibration
executed 10 as a default calibration in a motionless state and a
reconfiguration calibration executed as a one motion calibration each time
the wearable type movement assisting apparatus 10 is worn. Next, an
operation during performing calibration 15 by the wearer 12 is defscribed

with férerite fo RIGRoP-97RIGET 198 SchEadE diagtaht SHoWing &A™~
exampie of each: taskantdphase-stoned da eachtlatabas¢sAsishowrtie left

Fig.7, the tasks which categorize the movements of the wearer 12 are, a
stored 5 niém 1?)?1@5? %8%? Iégam%lgitégfg Alﬁlc\i%&ng data ofg;}gsttand?rig o
movemehiayhekd the weatend 2trarssigons foht adittthgs$ate trasre the

%a“di@f%tafsgt%% B.inglwding-data ehaalking mavement wheye the

wearer 12 walks from a standing state, task C including data of a sit_tinrg ‘
movement where Hig/28 wéarer 2 #aASONE Fom S SHInG stite tBa —+O*
sitting; state, and; task D including data of a stair climbing movement

where the wearer 12 transitions from a stangiélg s%? to a stair ch’cré@iré% 148

state. Furthermore IR Bhase datd defining the TR it OF

movemientare setitoeanipiask. Bor exarnples inyrease bf Aavalkimgtial
movement of task B, there. is stored.a phase B1l.including moyvement,data

]oq a s?éfe(tv\/here %%ﬁﬁegeg are a 6%&%%5153% Bziilncluding movemént

32 dataofasstatelwherehéhight ®y is:BlodghtFoniiard 28 phdse B3ference

including movement data of. a,stale,wherg the lefh legisnought ferwardent ial .
to aigh it wih the rightleg, and, 2 phiase B4 cluding movement datg o 3,
state where the ’

movement assisting wearing device 18 performs a

15 predetermined calibration operation. For example, as
shown in Fig.9, the wearer 12 performs a movement of
standing up from a sitting state (phase Al-A4) as a basic
movement and then performs a movement of sitting back down
(phase A4-Al}.

20 Next, a calibration principle of the biosignal
detecting part 144, which detects the mycelectric
potential corresponding to the muscular strength generated
by the wearer 12, is described in more detaill.

in a case where the wearer 12 makes a subtle

55 movement, the relationship between the surface myoelectric
potential and the muscular strength generated by the
wearer 12 is substantially linear. Accordingly, there is
a method develeped for estimating the torque generated by
the wearer 12 based on the surface myocelectric potential

30 measured by the following formulas (1)} and {2).

It is to be ncted that the estimated torque is

referred to as “virtual torgue”.
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5 left leg is brought forward before the right leg. Fig.8 is a schematic view
showing a calibration database 148. As shown in Fig.8, the calibration
database 148 stores, for example, the surface myoelectric potential 10
eAl(t) " detected according to each phase divided in correspondence with
each task A, B, ", and the reference parameter KA ™ corresponding to
the myoelectric potential. In this embodiment, the wearer 12 wearing the
movement assisting wearing device 18 performs a 15 predetermined
calibration opBréation. %6 éXarhple, as shown in Fig.9, the wearer 12 _
performs a moygmentk standipg up from a sitting state (phase Al-A4) as
a basic movement and then performs a movement of sitting back down
(phase A4-Al). 20 Next, a calibration principle of the biosignal detecting
part 144, which detectshthermyoelectric Lpotentiall gdrreSpanging tolte tes

g‘us%'aer %‘5%9}2# %%%‘&%do%y fhe wes eﬁ%%niades%mgd 0RO res the
etail.'In a case where the wearer 12 makes a subtle 25 movement, the

relatishshipetieerheduithte Myseldefet poténiigh andnRe GG HaF

strength.generated byther wearer d21ssubgtantiallydinear. Acsondinglyand
there is a method developed for estimatin%ﬁhe }tlorque %nte%tl%d %t € o
wearer1 2 ased o the sRacE fydalectric potential 30 measired by the

following farnadastd ) anah¢2). itds sademoted thattheléstimated torguelisnce

referred to as "virtual torque’, ip = Kigl - K2e2Z . T. z r.
= 3e3 ...9(55)?# fhe ?orarﬁll?lagso(ri%%#(%rﬁsﬁ%' %czgfees%hg %@ﬁ%ﬁtﬁﬂ%

torquéof hehip joinE 1T R é8? Rlicaed they-11 (A) (B), “er” indicates

the surface myoelectric potential of the rectus femoris,
“e,” indicates the surface myoelectric potential of the
musculus gluteus maximus, “e;” indicates the surface
15 myoelectric potential of the musculus vastus medialis, and
“e,” indicates the surface myoelectric potential of the
biceps femoris.
In the calculation of virtual torgue, the wvalues
filtered through a digitel filter are used taking noise
20 into consideration. In this embodiment, the values
filtered through a low pass filter are obtained as the
values of the surface myoelectric potential.
In the calibration of the control system for
detecting surface myoelectric potential, each parameter K
25 of the next Formula (3) extracts the virtual torgue of the
corresponding muscle by the Formulas (1) and (2) .-

T = Ke ' (3)

That is, in the calibration of this embodiment,
30 the value of the parameter K of Formula (3) is celculated
sc that the wvalue of the surface myoelectric potential
becomes 1 when the power generated by a target muscle is 1

Nm., This value is updated.

34



virtual torque of the knee joint, "el-e4" indicate the surface myoelectric
potential generated by muscles, and "K1-K4" indicate parameters. The
hip joint and the knee joint of the wearer 12 are moved according to the
balance 10 of expansion and contraction of the flexor and extensor. As
shown in Fig. 10(A)(B) and Fig. ll(A)(B), "ei" indicates the surface
myoelectric potential of the rectus femoris, "e2" indicates the surface
myoelectric potential of the musculus gluteus maximus, "e3".indicates the
surface 15 myoeléﬁﬁ%rp%ﬁre]ﬁrggl’ of fﬁe&nﬁ%oﬁ uso\%ialsnfﬁgﬁpﬁﬁe8|'-:";ﬂ:|?s{,€3 and "
"e4" nghcates the sutfateuiyostédtricpotentialofithe bicepsiemprs.ian
the calcyjation of virtual tote, dhe values fitered souoh a digitalfiferer 1
are use taﬁlng noise 20 into consideration. In this embodiment, the
valuese fifterée thravighsd T Fis SRt Bbtaritas thé VAifes of the

surfage sayeeletric petential -in thercalibration: of tmmcontel, sysiem fra, 42b,
detecting surface myoelectric potential, each parameter K 25 of the next
Form%@(B)Qéﬁracts the virtual torque of the corresponding muscle by the

Formulas (1) and {1t = Kex(Jcbhatisgintheicalibralidhof thisn 1s
embogiment, 39 tneyalue of the.narameteL g aupuiad@)is caladated,
fhe . }

=3 .
so that t%e value o e surface myoelectric potentlal ecomes 1 when

powengeheratetn attargeemUstlel B N/, THiS VAl S Sl e 34
Accordingly,. in this embadiment, gither in. a-case ohthe:default.caliration can

or the reconfiguration calibration, the value of the above-descrihed

paramefiss (ofedtedthy tisiltHEasRiction redlits SHh&E S Rydsfctric
potential sersers-38an38b s40a;4@hé2a, 42b,

Fig.12 is a schematic view showing the state of

a flexor of a knee joint of the wearer 12 wearing the

15 movement assisting wearing device 18.

As shown in Fig.12, in a state where the

movement assisting wearing device 18 is worn by the wearer
12, an input torgue T, 1s appliled as a load to the knee
Joint by using the driving motors 20, 22, 24, 26. The

20 wearer 12 maintains a motionless state of not moving the
knee Joint by applying muscular strength for
counterbalancing the input torgue T.,. In such a state, it
can be said that the input torgue 7, applied from the
driving motors 20, 22, 24, 26 and the muscular strength Ty

25 generated by the wearer 12 are equal.
Bccordingly, the following Formula (4) can be satisfied.
Te ()= Tn (£} 7 (4)
Since the muscular strength generated by the wearer 12
according to Formula (3) can be indicated as

30 T,=EKe " {5},
the Formula (4) can be rewrititen as
Ta = Ke " (6).

Next, a procedure of performing the default



44a, 44b. Next, the, reconfiguration calibration is described. This
calibration can be applied to a single motion where the wearer 12 in a
sitting state moves 10 his/her knees from a bent state to an extending
state, can reduce the load of the wearer 12, and can complete calibration
in a short time. Fig.12 is a schematic view showing the state of a flexor of
a knee joint of the wearer 12 wearing the 15 movement assisting wearing
device 18. As shown in Fig.12, in a state where the, mgveme tggsisting

wearfii} d8vRE 1 is Wohh by tRe"WBar&* 13 "anTnpit forgie

orgue Tmis
applied as a load mhthelkfeeajointhy vsingitve drivingrmobtors 26322512452 1s
26. The 20 weater, 1 majntaing, a mationlegs.state of not moving the

kneeﬁ'om y applying muscular strength for c%u'nterbalancing the input
torquéstien i such ssstafede caiPbesssid tatheanphtlorguésScrragpiias

feom the. driving aters 20; 22, 24.26-and the musaulanstkengingth 25
generated by the wearer 12 are equal. Accordingly, the following Formula
(4) carwbeisaiished EmARE I (0 ¢8) Shieehe TmisQfiaFEfefgiy 19
geneﬁ@ggﬁ/ the wearent? aecording to Formula (3) can be indicated as

0 Th=Kee ™ (5), the Formula (4)_can be rewritten ~m=sKe...(6).
Next, (agﬁ%cegdurerfppaerr?&%%%)t elge%}a aég%%l%s%tiosr? Fnlt%lg ln%)the
motiohtess:statel I8 describeddThe defatlt ealibriomintd etotiviiess gtatehe

19 performed with the following steps, (Step, 1l Asuriace mygelegdric
potential e Is measured
corresponding input torgue Tn.

The formula using the least-sguares method for
sbtaining the parameter K is shown with the below-given
Formula (7).

15 K= Ztg(tie(t)/Ze*(x) = (7)

Accordingly, a parameter K can be cbtained by
satisfying a relationship where,-for example, the value of
the surface myoelectric potential becomes 1 when the
wearer 12 having his/her knee joint bent approximately 90

20 degrees in a motionless sitting state generates a power of
1 Nm, as shown in Fig.1l2. In this motionless state, the
driving motors 20, 22, 24, 26 apply a driving force
(torque T, as a lcocad (input torque) to the wearer 12 step
by step while the wearer 12 generates a muscular strength

25 counterbalancing the driving force for maintaining the
mctionless state.

Next, a procedure of performing the
reconfiguration calibration of predetermined basic
movements 1s described.

30 The reconfiguration calibration for a single
motion is performed with the following steps.

(Step 1) The wearer 12 rotates the knee joint so that the

angle of the knee is changed from 90 degrees to 180
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5 when the wearer 12 is generating muscular strength countering the
driving force (torquecm) of the driving motors 20, 22, 24, 26. (Step 2) A
parameter K is obtained for satisfying the Formula (6) by using a
least-squares method based on the 10 measured surface myoelectric
potential e and the corresponding input torquezm. The formula using the
least-squares method for obtaining the parameter K is shown with the
below-given Formula (7). 15 K = E'cm(t)e(t)/Ee2(t) (7) Accordingly, a
parafRISER ca Be OBtaIndtP by SRSy a felafishERpRvhERe, For
exampleqthe valuesef: the ssufacesvyerteciticpetertiatbecomes 1wkeanged
the wearer 12 having his/her knee, joint bent approximately 90 20 degrees
in a rﬁﬁ%nﬂggé gﬁ%]gesetsatéc %elénr%r‘ét%%rg%%i/ver of 1 Nm, as shown in
Fig.12strethig Imofibeledsistatey the tdrividg, matbrs 20, 2% 2426185pk a
riving force (tarque im) as a load (i t to the,wear, p
Stop WHIK 18 e 17 SEAndh o Sac Sushogh pe e SEPCRY

countetbalaifcing tRe Brvirgiidiée TBr niaiftdiRgther mdtioniéss state.

Next, @ peocegurerabperfoming the-seconfigwationdgatibsation gknerated
predetermined basic movements is describ(\aléi. :%%T[%e rec nfi%%rati‘gn ror 17
calibrdhoh foF 5ESRGRE Mbton f&parormed Wit e Tofowing step

eps. (Step
1) Theawearenit2fotates the knee joint so that the angle of the knee is

an from 90 rees deqe jaingis
l(r‘Dgtu rr%e%g Tl ig) origﬁ]%al %%E%é%?gg t% atg %%?%I%qloqw% %r?%éggﬁcir%nggjd °
ﬂon1QB@qﬁgﬁée§KOQﬁﬁ§ggﬁ§gileast—squares method based on the

measured surface myoelectric potential and the
corresponding input torgue Tg.

Next, the principle of executing the above-

15 described default calibration is described with reference
to Figs.13-15.

For example, a parameter K is obtained by
applying & torgue of 8 Nm, 16 Nm, 24 Nm, and 32 Nm to the
wearer 12 from the driving motors 20, 22, 24, 26. Figs.13

20 and 14 show the results of calculating the virtual torque
from the surface myoelectric potential generated from the
calibration using the obtained parameter K and comparing
the virtual torgue with the corresponding input torque.

It is to be noted that Fig.1l3 is a graph showing the input

25  torque (a) and the virtual torque (b) with respect to the
extensor of the right hip joint. Fig.1l4 is a graph
showing the input torgue {a) and the virtual torque (b)
with respect to the flexor of the right hip joint.

By referring to the input torque of graph (a)

30  and the virtual torgue of graph (b} shown in Fig.13 and
the input torque of graph {a} and the virtual torgue of
graph (b) shown in Fig.l4, it can be understood that there

is a relative match between the virtual torgue calculated
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(Step 2) The driving motor 20, 22, 24, 26 applies a 5 driving force
(torqueim) according to the angle of the knee joint detected by the angle
sensor 74, 76. (Step 3) The surface myoelectric potential e generated
upon extension and retraction of the knee by the wearer 12 is measured.
10 (Step 4) The parameter K satisfying the Formula (6) is obtained by
using the least-squares method based on the measured surface

myoelectric_potential and the corr pondingér}{)ut r uergm Nex%él&emethod

princﬁ?fe%?%x%cﬁ ﬁg}%ﬁgaa%eo%%rl d&scribed default calibration 13

described whith iefenende ntguRigsris8-15d For exanie papdranfetérKike
obtai%ggel;%/ergpplying a torque of 8 Nm, 16 Nm, 24 Nm, and 32 Nm to the
wearer 12 from the driving motors 20, 22, 24, 26. Figs.13 20 and 14 show
the results of calcEIRYEHBIRuaf forgie" Fropt e eGiadd myelBétict 3 -

potential generated.fromsthe: cafibratiom ysingitherebtained parameter K24,
and comparing the virtual torque with the corresponding H}R}Jt t% que. I ic')sr e
to betiotelthiatEig 139 Bograbh %&%"&Eﬁéﬁ%gﬁ? I8 tdtgue ( 31 g

and t
virtuatsorep el (o) nwith seispeetitolthes extensorof the tight hip piatkFigd 4of
is a graph shqwing the input torque (a).and the. v I b) ~wit
respe%f 6 theqf ei]gr of fhtﬁﬁaﬁ? ﬁ?prj%"l n'E&B%y %?éﬁ%}%&(o}%}%giﬁéu% (t)o' rq%ze'of2 ‘
graptt(a)z80 dmd the virtualtéirie vigkaph @)SHoWwe 78Ry (13 4Rt the
ipput forgue-of graph @)and the virtakteraue af,graph (RhshowniBed

Fig.14, it can be understood that there is a relative match between the

virtualtrafie GichiatEs 57 By Usthg-The paramiefer K- USfhy tHe T Sover . the

abovergessribeddinethask qing the input terguedappliethinrecrsespongerige step.

to the Accordingly, an excessive torque can be
prevented from being applied when the wearer 12 wears the

15 movement assisting wearing device 18. By increasing the
value of inpﬁt torgue step by step, this reduces the load
in generating muscular strength for countering the input
torque. Thereby, the burden on the muscles during
calibration can be reduced.

20 Furthermore, as shown in Figs.13 and 14, the
same results can be attained for the left and right hip
joints and the left and right knee joints. Furthermore,
in a case of generating assisting force from the virtual
torque by using the parameter K as described above, the

25 driving motors 20, 22, 24, 26 can apply a driving force of
1 Nm as an asslisting force with respect to the muscular
strength 1 Nm generated by the wearer 12. Thereby, the
wearer 12 can move by using half the muscular strength
required for performing a predeterminec movement.

30 Furthermore, in this embodiment, since it 1is
necessary to generate muscular strength for countering
input torgue in a case where the wearer 12 wearing the

movement assisting wearing device 18 performs calibration,
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movement. Furthermore, as shown in graph (a) of Fig.13, 5 for the input
torque from the driving motors 20, 22, 24, 26, the driving motors are
controlled to have their torque value increased step by step along with the
elapsing of time. That is, therefore, the driving motors 20, 22, 24, 26 are
initially driven with a small torque value. 10 Furthermore, the input torque
is applied in a pulsed manner at predetermined intervals of time.

Moreover, the value of the torque js,controlled to.incre stgp.l'\)y. Pr
Acco?&i}'lb}ﬁf,aa%g%é‘é?si% ?c%%%eéaﬁ%ecopl}eg\}:gr%ﬁﬁ?om eeing %plpﬁied oree
whernthe:weaderl t2rnearsties 150movemeént asststi weahfighi@nee 18too

By ingreasing theyalue of inputJarque siep hy.step this reduces the load
in generating muscular strength for countering the input torque. Thereby,

the burden on theThesches difng éalintabieR EaRYe réduddy St the
Furthegmase, as showninFigs:13 angelh: thedsamesfestits (arbexample,

attained for the left and right hip_joints and the left and right knee joints
Furth&ffored in &¢ase 8f é%he?él’ﬁ:néj ggg%ﬁrnﬁé ?grc%at%lr%qf & ir uJ%l#q the
torquednrusingiheparameter ¢ asrdesclibedrabove, the25 driving the

motors 29, 22, 24,26 can apply 4 driving force of, .1 Nm 25,31 AS3isting. «

force With respect to the muscular strength 1 Nm generated by the wearer
12. Thershy,theawka¥srl2<xh ridveE By tiSmEeHalt the muscular strength

rgquired for perforrjng e predetermined meyement: 0-Fprbernereined
this embodiment, since it is necessary to generate muizular strength %or
5 to be

countBF g FPutDriceE it T e WheTe the eatsr 12 wedhiy the
movegmient-assisting weasing:devite 1 .8iperfarnis galitratioad38rom each

calibration is performed by controling the dfiingfOIGe.ns . Thererore, by
storing virtual torgue patterns corresponding to reference

15 movements as reference data in the memory 130 beforehand,
the parameter correction process during calibration can be
conducted efficiently.

Thus, the following Formula (8) can be satisfied
in a case where “7Ti(t)” is the virtual torgue obtained

20 when the wearer 12 performs a predetermined movement by
using parameter K obtained by the calibration of the
wearer 12 and “e’ (t)” is the surface myoelectric potential
when the movement is performed again.

Ti(t)=Ke’ (t) " (8)

25 With reference to Fig.13, in a case of
performing calibration of surface mycelectric potential,
the surface myoelectric potential generated during a case
where the wearer 12 performs the same movement as the
reference predetermined movement {illustrated as a sclid

30 line in graph (a) of Fig.15) is measured, and theQ the
parameter K’ is determined in a manner so that the virtual
torque (illustrated as a broken line in graph (b) of

Fig.15) becomes equal to the input torgue.
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of the driving motors 20, 22, 24, 26 so as to prevent too much load being
applied to the wearer 12. That is, in this embodiment, by having the 5
wearer 12 perform a predetermined movement (for example, see Fig.9 or
Fig.12) for performing calibration of the surface myoelectric potential, the
calibration of the surface myoelectric potential can be performed without
applying a large load on the wearer 12. 10 For example, in a case where a
predetermined movemé)rili[s erfor[gjed twice, géwe virtug(l).toer U.%;i,?; to be

the equal to the mUSZu ?er%"gr}ﬁ geonxér?g &4 f }n 658 intin

correspandentengtittive provement: Thersforegby storipy-virnakorquethod
pattetns ¢orresponding tg,reference 1o movemanis,ag gferenge data in

the memory 130 beforehand, the parameter correction process during
calibréfion canrbd t¢erdadtéd esficidntly. Thus, the following Formula (8)

Gan be satisfied in acase-whege rr(khisdheyirtual torque.ghtained 29,
when the wearer 12 performs a predetermined movement b [

usin ,
ararRBMEK biaetiDy thes PEIBTETbROrnG REATE T9%5ha (0 75 1he
surfagg:paeeiestricopotentiakriwbhen the dnavementis pérfermed goairnipter

(O=Ke(n) ' (8L 25 With reference {0, Fl. 15, ip a.casg af. pEforming, e
calibration of surfice myoe?ectrlc potential, “the surface myoelectri¢
potertiakgehératedrduring acase aviferettheqveaierEXpérfbfins the

samexpoxemanias the, reference predetermingd meyement gHusirateded o

as a solid 30 line in graph (a) of Fig.15) is measured, and then the
parant&Rr ¥ Betdrmine diRSP AT her S SHRE e Virtidictstgle®t 1 Nm
(illustrpsed astabreken tivedagraph{byof rkighs) hecomepeetiahtp the the
inpUtgggHgtggmined movement cof the wearer 12.
Next, Figs.17 and 18 show experiment results in
15 a case where, for example, a bending and extending
movement (as shown in Fig.16) is the basic movement using
a calibration according to an embediment of the present
invention.
Graph {a) of Fig.l7 shows joint angles of a hip
20 joint that change in correspondence with a bending and
extending movement, and graph (b) of Fig.l7 shows joint
angles of a knee Jjoint that change in correspondence with
a bending and stretching movement.
In Fig.18, graph (a) shows a virtual torgue of a
25  bending movement of a hip joint in association with a
bending and extending movement, graph (b) shows a virtual
torque of a extending movement of a hip joint in
association with a bending and extending movement, graph
(c) shows a virtual torgue of a bending movement of a knee
30  Jjoint in association with a bending and extending movement,
and graph (d) shows a virtual torque of a stretching

movement of a knee joint in assoclation with a bending and

extending movement.



The following Formula (9) employed for calculating the parameter K'
using a least-squares method is the same as the above-described
Formula (7). K' = E tim(t)e' (t) / Ee'2(t)"(9) 5 Since the virtual torque r is
obtained by calibration using the wearable type movement assisting
apparatus 10, it can be said that the obtained parameter K'is equal to
that obtained by calibration using the wearable type movement assisting

apparatus 10. 10 Accordir};{gélyétan assistfi]n%forgﬁ of 1 Nm _cggst()% Q,nged
eto

to the wearer 12 Wiespo TS cUIAr strength of 1 Nmi generated by

the calibration methed condspondingietie predeteimined mevémentasic
the wearer 12. Nex{, Figs,)7 and.18 show sxpesimept Zesults i 15,3 case

moyement, Corrn & ) .
where, for example, a bending and extending movement (as shown in

Fig.16y4¢ e st migveréabisingPa it HECfIig %6 an® and 19
embadiment of the present Jvention Graphi(e).of Figd =shewsa jeigt to the

angles of a hip 20 joint that change in correspondence with a bendin

and éﬁ%ﬂﬁ%@ ARGV SHERE HAE g sy o Fig Y Eﬁg\iv%b]mrﬁrgﬁg eldf a
knee igint.thatichangericeotrgspordende witht artidrding fandhsteatohing ng
movement. In Fig.|8, graph (a) shows a virtual 1or o] 5 '

movenient o a{t: h%pﬁoﬁnﬁ%agé&ggti&r? with & Ck%egr%%% ir%t %xé;%%gaqng _
movemertngraph ghpshovs)a st orgee of aneeHding mbvepientoct an

Ahip jQintin; assogiation.with a-bending gad gxtending smevemest, graph -
(c) shows a virtual torque of a bending movement of a knee 30 joint in
assodramsh-IitH BlPidfirg afrelesdERbing movERTeTR, Sahd ﬁF&ﬁJ}%&)d torque
shows, & virtual tergLieef astetehing mevement of aknie jpintdniation
assocx!aa'ﬂ%] \alzv'@e% lepg n \?‘Q{gerea%t.e nd&”ﬁ%%%vr?nrgggtj in Fig.l1l9, graph
(a}) shows the surface myoelectric potential of a bending
15  movement of a hip joint in assoclation with a bending
movement, graph (b) shows a reference virtual torque of a
bending movement of a hip joint in association with a
pending movement, and graph (c) shows an estimated torque
of a bending movement of a hip joint in assoclation with a
20 bending movement.
According to graphs (a)-{c) shown in Figs.18 and
19, it can be understood that the virtual torque used as
reference and the estimated torgue of parameter K’
obtained from calibration have similar amplitude waveforms
25 and that the estimated torcue in assoclation with the
pending and extending movement has substantially the same
size as that of the virtual torgue obtained from surface
myoelectric potential.
accordingly, in this embodiment, the wearer 12
30 can perform calibration of surface myoelectric potential
by performing a predetermined movement. Thereby, the
wearer 12 can be prevented from being applied with

excessive load, and the parameter K’ for obtaining &
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40 Next, in a case where the above-described bending and extending
movement is performed as the basic movement, correction results of the
flexor and the extensor of the right hip joint shown in Figs.18 and 19 5 are
obtained when performing calibration according to the bending and
extending movement. In Fig.18, graph (a) shows the surface myoelectric
potential of an extending movement of a hip joint in association with a

bending movement, graph (b) shows a reference virtual torque of.an. 10.
extedihgHRbVERTERE f&Héptjo}r?t’incaalilslg?:lrftf%%gwﬁﬁrag Ceen%?XS AR
movemeat,tard graph (beshews @réstimated:- torgaecoftahvextending

movement of a hi&j‘oiné in association ywith.a bepding, movement s oq as

Furthermore, in Fig.19, graph (a) shows the surface myoelectric potential
of a Bendingol 5 hoverRsAEof & HigJoiRe it adsdéiafcAwitiadenting the

movement, grapb(h) shows.a referenceqifualigique eba beading:, by
movement of a hip joint in association with a_bendin ove(gnent a&q
'é%Cé ol e v%lue

grapﬁ%é)@ﬁ&/\&%‘?\ geimatsd toifie B @ hending mient of a hip jom
in assgciatien with.a 20-bending medement.rAbeording te: giaplis (x(c)g
shown in Figs.18 and _19, it can.be understood that I I d
2o IR 20 e ZbPra s Cedts of paramier K btane o
calibration Haveésimiarldeplitmevavesermss 25%nd that the estimated

jt9rque in associatign with the - bepding.ang extepdingimavedent Fasess
substantially the same size as that of the virtual torque obtained from

surfaggerijoRfeditic PeteRRA AethrdilghP - TR5 Wb odiment oFs Tidarer
12 3Qcan perfera.calibratiomef sufaceanyoelrctic patential Asy.

performing a predetermined movemenyTheseby. 1% WEBLEIR 20 cing
wearing device 18 is worn by the wearer 12 and its

15 electric power switch (not shown) is turned on in Step S11
(hereinafter “Step” is omitted), the controlling apparatus
100 determines whether the operation of turning on the
electric power switch is the first time in S512. 1In a case
where it is the first time in S12, the controlling

20 apparatus 100 transitions to a default mode in S13, and
conducts a calibration process of the above-described
default mode (corresponding to calibration part in Claim
1) in S14.

That is, in 514, biosignals corresponding to

25 driving force applied as load by the driving motors 20, 22,
24, 26 are detected from the detection signals of the
surface myoelectric potential output from each myoelectric
potential sensor 38a, 38b, 40a, 40b, 4Za, 4zb, 44a, 445,
and correction values are obtained based cn the detection

30 signals. 1In S15, the lcad is increased by increasing the
voltage applied to the motors one rank. Next, in 516, it
is determined whether the load has reached a predetermined

upper limit wvalue. 1In a case where the load has not

42



excessive load, and the parameter K' for obtaining a 41 virtual torque (that
is, calibrated surface myoelectric potential) can be calculated
instantaneously. It is to be noted that the torque applied as load to the
wearer 12 can be set in accordance with the 5 physical strength of each .
individual. For example, by setting the value of the upper limit of load and
the value of the lower limit of load beforehand, the load during calibration
can be adjusted so as to prevent excessive, load to be applied to.the
Wearﬁ?‘?&{i?% N8, ‘épﬁ’l%%e]d]d?é%fvfe%nuﬁn 0N %#prtﬁzhe{s% Eecuted by

the costrolling appatatusiiBO-istdesoritied’ withirefererge it théfomthafsses
showcpfin Eig._% ./As shown in Fig.20, when the movement assisting

wearing dévice 18 is worn by the wearer 12 and its 15 electric power

switch (not shownj s theeeras in Btep SEEhERSGASEFESpAds has
amitted), the gontolling apparatus 190 determines, whether-thetepenation

of turning on the_ electric power switch is the first time in,S12. In a case ...
wherghe tRedirst et 83 i E5htrBfig 20 apparatas 100 - '

transitions to a default: o da:irsSd3zandstonductsarcakbratonyprbeess

of the above-described, default mode. (caorresponding ta calibration, part iq,
Claint Cﬁriﬁséjl% et ig?inf%izl}? %lséjéfgﬁglsscorr?ens%%%g%ng to 25 driving .
force cipptiedeas [Dadrby e arivimy wfotors 20, 22MPUL B GRS dEfetied (a5 in
from the detection, signals.of the, surface myaelecyic peteptiakauiput from
each myoelectric potential sensor 38a, 38b, 40a, 40b, 42a, 42b, 44a, 44b,
and COPFECEBRTAINES BB DISHEFbASad onthE detEetidh 30 signdls. In

S15, the leadisinerenseshby inereasing the: voltageadpplieditotihe motdisce

oner%@%éggé%ylglgégential becomes 1 in a case where the wearer

12 generates a force of 1 Nm when in a motionless sitting

15  state with his/her knee Jjoints Dbent approximately 90
degrees. In this calibration of the first time, the
wearer 12 generates a muscular strength countering the
driving force (torque T,) applied as load (input torque)
by the driving motors 20, 22, 24, 26.

20 Accordingly, by having each mycelectric
potential sensor detect biosignals generated with respect
+to driving force applied by the driving source and
generating a parameter for a calculation process baszed on
the detected signals, the parameter is set to the database

25 148 as an inherent correction value of the wearer.

Thereby, based on the corresponding relationship
between biosignals and the power generated by a process of
a predetermined basic movement of the wearer 12 {second
corresponding relationship), assisting power can be

30 corrected in correspondence with the biosignals whenever
+he movement asseisting wearing device 18 is worn by the
wearer 12 in a manner that the corresponding relationship

petween the biosignals and the power generated by the



is determined whether the load has reached a predetermined upper limit
value. In a case where the load has not 42 reached the upper limit value

in S16, the procedure returns to the above-described S14 to repeat the
processes of S14-S16. Furthermore, in a case where the load has 5
reached the upper limit value in S16, a parameter K' obtained by the
above-described calibration is set in S17. In the subsequent S17, a

correction value cor,res%i)inding to the muscula{ s,L'g‘r.eOnI%;[krwl of the Wearg{slgied_

obtaif&FHom the Calibt atiGR It BoROtORISSS State (as'm iB)Fig:;L 37
showing the wearehd2 weéarihgzhe movement assisting Wezpirggevicede

18). Thatis, In §&éiggog§n;%@§§%@ﬁgbgg@sg sq.thatdhe value of the. s1g.

surfaceé™ myoelectric al becomes 1 in a case where the wearer 12
geneFites a fareerofIiin GATEE 71 atAB HoATe sS SHEHGUES stté Wit e

his/her knee jQints hent appreximateh:. 99, dearees: in thisgalibration of

the first time, the wearer 12 generates a muscular strength counte;criré%thef
driving force (torqB&5mf &pphied adicad GisutiBrite) by thedriving
motors;28: 28, 24, 2620 1Aceortingbyway havihgeeadts myeeleetricnd time or

potential sensor. dstect biosignals. generated with Lespect sta.drivigg force
appliglanfff/ the rivirig 'source and generating a parameter for a calculation
processdvasgdionathiederssied 5igidle; thélparameteris set fo fifg rection

database 25 148.3s an inherent:correction-valugpldhegvearara kharebyon

based on the corresponding relationship between biosignals and the

powePgEReitedlByB proce’s dthg preaLEmifed et METRmant Sfthe ™S

weargfL2 {seqand Lorrespendiag refationship)r assistingypower darbeneter

30 cogrected in correspondence with the biosignas WHENSELr strength of
the wearer 12 obtained from the calibration movement (as

15  shown in Fig.16). Then, the processes of the above-
described $17-519 are conducted.

It is however to be noted that this embodiment
is not limited to conducting calibration for one motion
after the second time or more. The correction value

20 setting calibration may be performed after the second time
or more in the same manner as the motionless state of the
first time.

Next, a control process for each correction
value setting mode is described with reference to Figs.Z1l-

25 23,

Fig.21 is a flowchart showing a control
procedure of a calibration of a first time that is
executed as a default. It is to be noted that, in a case
of calibration for the first time, the above-described

30 correction value is set by having the wearer 12 generate a
muscular strength for maintaining a motionless sitting
state with respect to the load from the motor.

As shown in Fig.2l, the controlling apparatus
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the movement assisting wearing device 18 is worn by the wearer 1.2 in a
manner that the corresponding relationship between the biosignals and
the power generated by the 43 wearer 12 (first corresponding relationship)
is satisfied. Then, it transitions to a normal control mode for conducting
an assisting force control process in 518. Then, the normal control mode
is continued until the 5 electric power switch is turned off in Step 19.
Furthermore, in a case where the gperation of turnin eéhe electr'ic
| e

on

power ¥t 6 S sécsHd i of Hhte H%?ﬁ:citjnpa%n%‘ijt o the 023 Y
aboverigscribes secenfiguratiolnmode-iinG20; Themdantb2l; atberrdetion ng
10 valye selling calfgratio (copraspandina tp.caibiation, part CIAIML): ng
for one mation (single’movément) of the wearer 12 is conducted, and a
correntivhaales §pataneter KNS serdreprrbdpondiefeeWittgthe the

musqular strergth of, the wearer 12.0btained:freph the, calibratiens i tting
movement (as 15 shown in Fig.l6). Then, the processes of the above-

deschbéd S RS 19PaCadGetehe tHE hosl e 0 H5e Rdted hat this ™9
embaghiment isgnotdimited to zenducting calibration for one motion after

the second time or more. The rection Yalue 20 settj:nech%aliqation ay
.E T of
be performed aftefrﬂ%1 Seég‘ng%mm ngo r%oefé: |r$ %ﬁ:e 3me m%ne?ja%nt%e

motiontesststate of e afirst thie: INext, BreontrolgProcess facdads potential
ggffe%té%%o\{:a'%%;?t%% mogde, is degcribed withyreference toikigs. 2428 in

. Fig-21 is a flowchart showirg a control procedure of a calibration of a

first tiffeS thatds cexseutbla g HRIAGR. 1EYS T Be HotEdRRAE T Wdage-gRals .
calibratign fey,the fiest dime. sthe-ahavertdescrbedalculation.

Then, in S34, the input torgue applied as load
is compared with the above-described virtual torgque. Then,

15 in S35, the proportion between the input torque and the
virtual torgue is calculated. Then, in 836, a parameter
corresponding to each phase stored in the above-described
calibration database 148 is read out for multiplying the
above—described proportion with this parameter, to thereby

20 obtain a correction value (correction parameter) of the
control signals supplied to the motor drivers 92-95. Then,
in 837, the correction parameter is set as the parameter
for autonomous control (corresponding to correction value
setting part in Claim 2).

25 Accordingly, the wearer 12 wearing the movement
assisting wearing device 18 can automatically perform
calibration of biosignals in a sitting state without
requiring any laboriocus procedures for performing
calibration such as attaching weights as a load to the

30 wearer or attaching a coil spring as an alternative to the
weights are required. Accordingly, the time and effort
required for calibration can be reduced significantly.

This will further promote putting the wearable type



30 correction value is set by having the wearer 12 generate a muscular
strength for maintaining a motionless sitting state with respect to the load
from the motor. As shown in Fig.21, the controlling apparatus 44 100
provides a driving force (input torque) as a load by supplying a
predetermined driving current to the driving motors 20, 22, 24, 26 in
correspondence with the sitting motionless state of the wearer 12.
Accordingly, the 5 wearer. 12 generates a muscular strength in the sitting
state’ oY Totteiss s URGirPRIEE BFthé drivihg’ r‘%faocr"sgzi)? 2252, 98
Theno i $B32; Mmyaelectric peteniial signals ohdhenwwedrersk2 ate obtained
from each mwelel ric potential 10 sensor 38a, 38b, 40a, 40b, 42a, 42b,
44a, 7487 Then, in $33, based on the measured myoelectric potential ,
signals, a virtual forgbbdseetifmateihyCeARaRESRD THeh th 32, fife Set 1n

input torque. applied as lpadhis comparedwith the abaverdescribadvirkugl
torque. Then, 15 in S35, the proportion between the input torque and the
Virtudf SGFERIER EXEGIIEE T TRET SHOSS6 a Parimeter fé%%ﬁé%p%%ﬁ?r?gs to©

each phase-stored inythe-above-deseribeds safibiratiorsdatabasedtds isThis
read out for multjplying the above-described proportion c‘é"é@r@ﬁ fo th
paramBeEt; IS th %b?/gﬁf%?a}iﬁ% goa?}égtigr? v% e (‘:;I%rraection parameter)
of thes controb Sigrials wemplied 18 thednetotweivers 99095 ETHEN Pih S37,

1Re correclion parametsr is et as {he paammeter »fofnauenemeNs;eantalh

(corresponding to correction value setti]r;\‘? part in Claim 2). 25 )
Accordisgoteaarer 1 2 e 2itig fie MovsHight FssitihgWesrfgt ¢
devicg 8-can autematically, erform galibration of biosignals in a sitting

state without requifing any laborious procedures oL REMPIMNGne ariving
source can be applied in accordance with the will of the

15 wearer 12 during the execution of calibration.
Accordingly, the movement of the wearer 12 can be stably
assisted without applying too much or too little assisting
force. Thereby, reliability of the wearable type movement
can be further improved.

20 Particularly, the wearer 12 can perform
calibration with ease even in a case where manipulation of
= worn movement assisting wearing device 18 is considered
to be difficult, such as a case where the wearer 12 is a
beginner. Therefore, even in a case where the wearer 12

25 has difficulty in moving freely (such as a physically
impaired person}, calibration can be performed while
avoiding movement difficult for the wearer 1Z, and
calibration can be performed in a manner complementing the
physical deficiencies of the wearer.

30 Next, the above-described calibration of the
reconfiguration mode 1 is described with reference to
Fig.22.

Fig.22 is a flowchart showing a control
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calibration such as attaching weights as a load to the 30 wearer or
attaching a coil spring as an alternative to the weights are required.
Accordingly, the time and effort required for calibration can be reduced
significantly. This will further promote putting the wearable type 45
movement assisting apparatus 10 into practical use and popularizing the
wearable type movement assisting apparatus 10. Furthermore, the

correction value cap be sef 1 é%ﬁgg%@%%ﬂd%%%%@%f‘&st@é% OLINE notion
wearbr 12 having weakened mu clular strength without applying
excedsivegloadneraheniearer IR fo¥ petfértning eafibEdtioh. Fis veddbies12

the corection Majuie 1o be-set accordingtothes state afdhewweareslZandtate
a driving force to be 10 accurately applied to the wearer 12 in cooperation

with BHE ndVsmEnt bF tHe viedier E25hREH o hE myodiBE i Pot&itial
of thewepsenldg Therefore ranassistingforee froem the Hivirtg: sevreg

can be applied in accordance, with the wil of the 13 Wearer 12 dyring the
execUtion of cafibration: Aceordi ?y,etﬁe fovement of the wearer 12 can

be stablyiassisted withoateapplyingdosimuehl ok todhittlenassisting 3force.
Thereby, reliability, of the.ywearable;type moyement can be:funersa ratus

improved. 20 Particularly, the wearer 12 can perform_ calibration with ease
even 11 & e Whee mERPUISTor-BE R Wit midverieht assizling 9nal s

wearipggdeviee lisiconsiderads to be difficudt, suehas:-a cpserwberethe: 1 .
wearer 12 is a beginner. Thereforﬁ, evenin a caysg wl;gre thce weargr 12
(S de rC

25 hat difiGg AN mhoving figel GLEh S 5 Prysically’ Tmpaired perasan © oF

calibrationtcambéperfornied wdilendvoiding névernengdificult fdrethknee

\Neaﬁgg%%n%ﬁgg movement of the wearer 12 in a sitting state (as
shown in Fig.16), a movement angle of the knee is set

15 based on the detection signals from the angle sensor 74,
76 in §4Z.

Then, in 543, a reference myoelectric potential
corresponding to the movement angle of the knee is readout
from the memory 130. Then, in S44, the measured values of

20 myoelectric potential of the wearer 12 are read out from
each myoelectric potential sensor 38a, 38b, 40a, 40b, 4Za,
421>, 44a, 44b. Then, in 545, the reference myoelectric
potential and the measured value of the myoelectric
potential are compared.

25 Then, in S46, the proportion between the
reference myoelectric potential and the measured value of
the myoelectric potentizl is calculated. Then, in 547, a
correction value (correction parameter) of the control
signal provided to the motor drivers 9Z2-85 1s calculated

30 by reading out a parameter corresponding to the movement
angle of the knee from the calibration database 148 and
multiplying the parameter with the above-described

proportion. Then, in S48, the correction parameter is set
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calibration can be performed in a manner complementing the physical
deficiencies of the wearer. 30 Next, the above-described calibration of the
reconfiguration mode 1 is described with reference to Fig.22. Fig.22 is a
flowchart showing a control 46 procedure of a reconfiguration calibration

for one motion (single movement). It is to be noted that the wearer 12
moves his/her knees from a bent state to an extended state one time

while in a sitting position in_the case of 5 performi libration for on
motich’ ﬁiﬂﬁw@%’f&%ef “FaferSice My o (Ian((:{?ﬁ% p%?&%t?a?c@?%s%%?dﬁdﬁg g to
calibrationamovementsuaresstoredhin therneimois30. A shown in Fig.22,
the controling apharats 100 detemines whetheL thars:are.ank deterliona

signals 10 from the angle sensors 74, 76 of the knee joints in S41. Ina
case WiHerethiemaigle Seisara TINTBedetect ERBNGES SPjBR ity BBty 1 nd

secong, joint,66 algng with the knge sexternsiing mavesnentokthewearng the
12 in a sitting state (as shown in Fig.16), a movemen

, tang Ie;njlth lénee is
set 15 ha%EEDbr HiE Betécticitsnals A8 the aRigre se gdr 4, 76n
542. Therein543na refarence myoeléctic potentiah eorrésparding<o theluced

movement, le, of the k is readout from_t 1Y %3?:9 en, in
S44, %Oenﬁnzgina%%%@%%ﬁﬁg%%iotﬁﬁ?geI%ecctj‘rlllé Eggtger%?a%f tﬁe; Wéarer 12 are
read catfrome gavh mijoelectaeporentidisserBorB8a 381 YDA 4O aPRI g

A2b, 44a.:44b. Ehen, in 545, theJeferenceamyaeledtia \potentiakand the tion

measured value of the myoelectric potential are compared. 25 Then, in
S46, HRPISHOrAGRBEWeBIEHHRT réfeféndd MYGel Bt potehtialPSnd the -5
measurad yalue of

Next, the above-described calibration of the
reconfiguration mode 2 is described with reference to
15 Fig.23. In the reconfiguration mode 2, the wearer 12
performs a reference movement of standing up from a
sitting state (phase Al-A4) and then returning to a
sitting state (phase A4-Al) {See Fig.9).
As shown in Fig.23, the controlling apparatus
20 100 determines whether there are any detection signals
from the angle sensors 70, 72, 74, 76 of the movement
assisting wearing device 18 in S$51. 1In a case where the
angle sensors 70, 72, 74, 76 detect changes of joint angle
of the first and second joints 64, 66 along with the
25 movement shown in Fig.9, a reference movement of the
wearer 12 iz set in S$S52 by zelecting a task stored in the
calibration database 148 according to the detection
signals from the angle sensors 70, 72, 74, 76.
Then, reference mycelectric potentials
30 corresponding to the reference movements of the first and
second joints 64, 66 are read out from the memory 130.
Then, the measured values of mycelectric potential of the

wearer 12 are read out from each myoelectric potential
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the myoelectric potential is calculated. Then, in 547, a correction value
(correction parameter) of the control signal provided to the motor drivers
92-95 is calculated 30 by reading out a parameter corresponding to the
movement angle of the knee from the calibration database 148 and
multiplying the parameter with the above-described proportion. Then, in
S48, the correction parameter is set 47 as the parameter for autonomous

contrgl.(correspondingfo gerrection vallug,setting parhin Glalg2). rhen,

Accordingly, in the calibration for the 'second time or more, the parameter

K' caiilbe E6HEERIT By RI6GHTCEhe RIS mta 3ittiAfState™(THRAToNsn)

withowt-yising-the drjvingderce  ofthe drivipg raators 260522, 24, 26.
Thereby, the physical load of the wearer 12 can be reduced cgnsiderably
and the time requit@dn pr8faRngPeAibiato %%?Weéﬁu)ﬁ?g e movement

assistipganearing 4 Ocdevice 18 candetskronenrec ra&dcordingly cthet he
Ca“b’%t'g&ge%ré@ecseco%”ed %“J‘etoﬁrsnoés loys walkingda pe started egylyss;
Next, the above-déstribed calibration of the recon iguration mode 2 is
descabew wigtcieference e 15-Figr 28 LirPthebrecsrfigaratiof nmicte 20tHeroL

wearer: 12 performs; aLgferencedmauement of standing-upsfrom a.siting teq
state (phase Al-A4) and then returning to a sitting state (phase A4-Al)

(See By 5 2R B oW IP PRI S 3T Contro RGPS 20 o movement
deteratines whetheethere-arerany teteciion: signalsriromtheangle 48 and
sensors.70, 72,.74, 76 of the movement ss%tigg eaggg devi%ebég in

551. Fﬁué té%@%%ﬁgret e paanrggireﬂes%‘?féo}qsl , 73\&% detggtccﬁﬁanges of

joint anglecottmefirst Amehsedon@ fdintsth4, 66 aliywith ther2seter is set

movementshqwn in Fig.9. afefarence movementafdhe (corresponding to
correction value setting part in Claim 2j.

15 Then, in 859, it is detesrmined whether the task
of the calibration movement is finished. In a case where
there is a remaining phase in 559, the next phase is
updated in 860, the processes of the above-described S53
and those after are performed again.

20 Furthermore, in a case where the task of the
calibration movement is finished, the calibration
operation is finished.

Accordingly, in the calibration for the second
time or more, the parameter K’ can be corrected without

25 using the driving force of the driving motors 20, 22, 24,
26. Thereby, the physical load of the wearer 1Z can be
reduced considerably and the time required in preparing
calibration after wearing the movement assisting wearing
device 18 can be shortened.

30 Therefore, calibration sulted for the individual
can be performed such as performing calibration of surface
myoslectric potential according to a bending and extending

movemnent of the wearer 12 or performing calibration
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wearer 12 is set in S52 by selecting a task stored in the calibration
database 148 according to the detection signals from the angle sensors
70, 72, 74, 76. Then, reference myoelectric potentials 30 corresponding to
the reference movements of the first and second joints 64, 66 are read
out from the memory 130. Then, the measured values of myoelectric
potential of the wearer 12 are read out from each myoelectric potential 48
sensor 38a, 38b, 40a, 42a, 42b, 44a, 44b in 554. Then, the reference
myoeleerikipa@niial AnAFRTRRASURSY SHBIeERT otditial aré ST 2
COMpReddn-556 <Lhendtheppastionhetween thegefarengesbate .
myoelectric potential and the measured vglugeoft e ‘r\pééoreel%ct{ig gL%tthial
is caltORAEdiA%sE. The: in"s57,“a Cortection value (correction
paramieter) of the control rsignakprovideddd the aidton deverd92rgs fprmed
alculated reading. o r I, ndi t emen he
éngleagf %%glgr?ge ?r%rgﬁ tég%ﬁbﬁﬁﬁg %Ig?agsge‘elgg}gn% rl%%fﬂmglg\{/ing thtg]jp k
parameterivwih thie HRovEaEsERBEE T PROPOTESIPTRREN ihG58, TRESTence

corregtionparametepisget Astbeparamelgr fanautonomous control
(corresponding to correction value setting part in Claim 2). 15 Then, in

559, tOdetEiihetivhetHer thé task of the calibration movement is
finished. In a casewhere here isiarethaihing phaseirr59dtheneked

%hasee is Updated in 560, thfi%?‘;gés%% of the ahove-describad 353 and, ¢
1t ose after are performed again. 20 Furthermore, in a case where the task
of theo EatibraticmeroverentisifidsheptheteribPation Jopefatieh grovide an

ﬁ”BhsgséEEQ%&”%BfHéﬂ%%cémgaﬂQQQOBﬁﬂ%ﬁ@C%@@ﬂgﬁeﬁyInOﬁaﬁh@xample,
Kﬁﬂangigrggéﬁg%ggfﬁggﬁ%ﬁ%gwgg¥nbe applied to a movement
assisting apparatus configured to assist the movement of
15 ArmsS.
Furthermcre, aithough the above-described
embodiment describes a configuration of transmitting a
driving torcque of an electric motor as assisting force,
the present invention may be applied to an apparatus

20 generating an assisting force by a driving source other

than an electric motor.
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25 using the driving force of the driving motors 20, 22, 24, 26. Thereby,
the physical load of the wearer 12 can be reduced considerably and the
time required in preparing calibration after wearing the movement
assisting wearing device 18 can be shortened. 30 Therefore, calibration
suited for the individual can be performed such as performing calibration
of surface myoelectric potential according to a bending and extending
movement of the wearer 12 or perfornaﬂg ibration 49 according to a
reference movement where the wearer 12 bends and extends his/her
knees in a sitting state. Accordingly, even in a case where the wearer 12
is a physically impaired person, calibration can be performed 5 according
to a given movement that can be performed by the physically impaired
person or according to a reference movement of other movements
(tasks). INDUSTRIAL APPLICABILITY It is to be noted that the

above-described 10 e bodlmentlls n@t Ilmlted to the abgsvelsg SCL bgﬁparatus

example of a movement asss?ng AppPATatus corrwnfe ured to provide a
assistingfortentyp thedlegasaifithe weaterfiz: Ftﬂ‘ma:mplé atfelpresem 1 from

invention may be gpplied.ta a- movementassisting appatatus configured 1oy

assist the movement of 15 arms. Furthermore, although the
abovEXfesERBedCBRSodiffetistibésta QSFTW@EPI%U NGt &isritiing & -

wriving-ferque o anelegtic-mater aaratsmmgrf@rweth&pﬁes@tsoume to
invention ma¥obe applied to an app aratus 20 ratln éaisscstlngforce

by a AFiRGECUreE othi&r ?ﬁén%n 8lectic o ect

signal detected by the detectlng part, the wearable type
movement assisting apparatus characterized by comprising:
a calibration part for detecting the biosignal
15 corresponding to the driving force applied as a load from
the driving source and setting a correction value based cn

the detected signal.

20

7. A wearable type movement assisting apparatus
including a detecting part for detecting a biosignal from
a wearer, a movement assisting wearing device including a
25 driving source for applying a driving force to the wearer,
and a control part for contrelling the driving source to
generate an assisting force according to a detection
signal detected by the detecting part, the wearable type
movement assisting apparatus characterized by
30 comprising:
a load generating part for applying a
predetermined driving force from the driving source ag an

external force when the movement assisting wearing device
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5 1. A wearable type movement assisting apparatus including a detecting
part for detecting a biosignal from a wearer, a movement assisting
wearing device including a driving source for applying a driving force to
the wearer, 10 and a control part for controlling the driving source to
generate an assisting force according to a detection signal detected by
the detecting part, the wearable type movement assisting apparatus

characterized by comprising: a calibration part for detecting the biosignal
15 corfe&56HdiAY totRe g foff& applied as a load from the driving
source and setting acearrectidvralie: basee ohitie detectéd sigale28t2ng a

A wearghle type mayement Assisling apRaals Jncluding adaleCRg it rce
for d&tat mS a 1bﬁi05|gnélal from™ a wearer, a movement assisting wearing
device iicluding de2& driving sburee. férvapplfingca BRvind fofte W thestting

wearer, . and a control part fopgenireling.thedriving spuree tQ.gansrate
an assisting force according to a detection signal detected by the

detecting part, the wearable type movement assisting apparatus
characterized by 30 comprising: a load generating part for applying a
predetermined driving force from the driving source as an external force
when the movement assisting wearing device 51 is worn by the wearer;
and a correction value setting part for generating a parameter for a

ploulation process exegyled i agporanss. wil ibe.deteciionsiga by

e control part and setting 5 the parameter as a correction value for the "
wearernars thke Wearabl@ B mdvkmBntassibffgcterized in that the

calibration part includes a database storing a
corresponding relationship between the detection signal
detected by the detecting part and a control signal for
15  controlling the driving source,
wherein the controcl part corrects the control
signal stored in the database according to the correction

value set by the correction value setting part.

20

4. The wearable type movement assisting
apparatus as claimed in any one of claims 1-3,
25 characterized in that the detecting part is adhered on the
skin of the wearer and detects a myoelectric potential of

the wearer as the biosignal.

30

5. The wearable type movement assisting

-

apparatus as claimed in claim 1 or 2, characterized in
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apparatus as claimed in claim 2, characterized in that the calibration part
includes a database storing a corresponding relationship between the
detection signal detected by the detecting part and a control signal for 15
controlling the driving source, wherein the control part corrects the control
signal stored in the database according to the correction value set by the
correction value setting part. 20 4. The wearable type movement assisting
apparatu %claimed in any_ane of claims 1'31 25 @araoterlzedlindthat

the dei8eting ait s SaRared o the i SFiPe Wearcr and detectaa.
myoelectric potentialvefi eie nebker as the biosignal. 30 5. The wearable

type movement assisting, appasaiius. as claimpedipClaiB Qi at the right

characterized in 52 that the movement assisting wearing device includes
a waist-HeItPE Hyht 16§ asaikstihgi5art prétided at the right side below the
waist belt, and 5 adleftdeg assistingspar pigvisedratthedeflcgidedelow ther+

waist belt, hq_rein [?he ri%ht Ieg %ii%ting part and the left leg assisting

part ifcitde’% fitst framé exten Ing downward in a 10 manner supporting

the waist belt, a sedonc:frameextengling downveardsfronothes fitstedframeha
third f@rp@ g[)étgnglgggg ggrf{o%@ﬁ@ggond frame, 15 a fourth
of

frame on which a bottom side
a first frame extending downward in a

10 manner supporting the waist belt,

a second frame extending downward from the
first frame,

a third frame extending downward from the
second frame,

15 a fourth frame on which a bottom side of
the foot of the wearer is placed and provided at a lower
end of the third frame,

a first joint interposed between a lower
end of the first frame and an upper end cf the second .
20 frame, and
a second Jjoint interpcsed bhetween a lower
end of the second frame and an upper end of the third

frame.

25

6. The wearable type movement assisting
apparatus as claimed in claim 3, characterized in that the
30  first bdoint is provided at a level matching the height of
the hip joint of the wearer,
wherein the second joint is provided at a level

matching the height of the knee joint of the wearer.

it
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the foot of the wearer is placed and provided at a lower end of the third
frame, a first joint interposed between a lower end of the first frame and
an upper end of the second 20 frame, and a second joint interposed
between a lower end of the second frame and an upper end of the third
frame. 25 6. The wearable type movement assisting apparatus as
claimed in claim 5, characterized in that the 30 first joint is provided at a
level matching the height of the hip joint of the wearer, wherein the
second joint is provided at a level matching the height of the knee joint of
the wearer. 53 5 7. The wearable type movement assisting apparatus as
claimed in claim 5, characterized in that a first driving source is provided
in the first joint for transmitting a driving force for rotating the second
frame, wherein a second driving source is provided in 10 the second joint

for transmitting a griving,farce.for, ratating the third frame .13 8 ey
wearable type movement assisting apparatus as claimed in claim 7,

char aemaZEd W tidt théafifghntls driving §d@rcE.SAGEde’dh Bigke @
sensqr; fardetectingp jpint-aagles 20-3vAdalibratiomappataits phant for
wearable type 25 movement assisting apparatus for performing
calibrafidRehehsver & Wearer e %ggﬁf%r R ARG hogpgpnd frame,

6vVemént assisting wearing
device including awdivirg soarcesgendrating’an@ssisting: is provided in

10  the second joint for transmitting a driving force for

rotating the third frame.

15
8. The wearable type movement assisting
apparatus as claimed in claim 7, characterized in that the
first and second driving sources include an angle SENSor
for detecting a joint angle.
20

9, A calibration apparatus of a wearable type
25  movement assisting apparatus for performing calibration
whenever a wearer wears a movement assisting wearing
device including a driving source generating an assisting
power corresponding to biosignals from the wearer by
associating the biosignals and the assisting power to a
30 predetermined relationship, the apparatus characterized by
comprising:
a first storage part for storing a first

corresponding relationship between the power and the
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power corresponding to biosignals from the wearer by associating the
biosignals and the assisting power to a 30 predetermined relationship, the
apparatus characterized by comprising: a first storage part for storing a
first corresponding relationship between the power and the 54 biosignals
generated by the wearer wearing the movement assisting wearing device;
and a second storage part for storing a second corresponding
relationship between the power and the 5 biosignals q:_nerat%d b% the .«
wearki-BEHAEE BroEEE S PrOminG & freteteriifet Basic mbverent:
whergighasad enibe-hingignals genesated during the basic movement of
the wearer and thg1 sseecggrq | corres ondin [@_I%téqinssr]:ieﬁ (Qréecéié’é‘o‘?fd
assisting 10 power corresponding Sthe losignals iIs performed for
satisfyingrthepfirst toprespbnding sélatiohshipasheibve PIHE METEMERE
assisfing wearing deyice iswarn,by the weares: 154Q.nhe calibration of
apparatus of the wearable type movement assisting apparatus as claimed

in clalps SEoPO Eraracter bR Tk Atk st Loriespohidiny relationship

includes the poweghaving.apositivesgorrelationositbneeispegt tetheced during
biosignals, wherein the second co#'%respondinlg relgti ﬂShiE incluges a
ATl e ecQoll

relatigri$hip tetmdan’ Thanbes of the bicsigh anges of the

& bicsignals'and the ¢
powerof- 25 thenbasic mevetients300,1.5A prograw forncalfbratieh ©f tna

Wearing type c@%e%%'ﬁﬁd%%%sw ApRaratys enabling:a compenley for
eXECLRe caﬁbratlon eneyer a wearer wears a movement assistin
wearing device IHlidingtd BFvingPssGernding relationship whenever

the movement assisting wearing device is worn by the

wegrer.

15

10. The calibration apparatus of the wearable
type movement assisting apparatus as claimed in claim 9,
20 characterized in that the first corresponding relationship
includes the power having a positive correlation with
respect to the biosignals, wherein the second
corresponding relationship includes a relationship between
changes of the biosignals and the changes of the power of

25 the hasic movement.

30 11. A program for calibration of a wearing type
movement assisting apparatus enabling a computer to
exacute calibration whenever a wearer wears a movement

assisting wearing device including a driving source
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55 generating an assisting power corresponding to biosignals from the
wearer by associating the biosignals and the assisting power to a
predetermined relationship, the program characterized by comprising: 5 a
first program for enabling the computer to store a first corresponding
relationship between the power and the biosignals generated by the
wearer wearing the movement assisting wearing device and store a
second corresponding relationship between the power and the 10, |
biosi§RRRTGENSIALER by the e rRflify S PrOEESS Bf-Petorming s tonats
predetesmined basic-movements and=a segontiprogramdor £rabliay tie:
computer, to perform correction of assisting power. corres ing t
biosigia1s Hased bh The bi“l‘gsi%n%frseé%ﬁg%% %\%_rﬁmeg t %li%? ngélc' the
movementrefithehwearéeand ¢he s contreokresponding relationship
sjored In the secod siorage, papiuendhe monement assisingeasingo

evice is worn by the wearer for satisfying the first corresponding

relatioRsHip Stofed Sh tReTHEEBRIEGE part SBABSTRRCIS fPffble POVer
be salved]Hhe problesnia begalved bythepresentiaventionds tanl the

reduce the load applied to the wearer b correcting %rgénegeggn nd
correBpSREEACe Wﬁ%ﬁ&@&ivﬂ?%?%?gsiéﬁ\élls?ﬁl\ﬁeans §'S6lvé problem]
The calibratigraantrolling] part 62 0ftHecmevemerite apsigting Apparats

0 enables the powet amplitying,pait;, 10, 128 0. apaly;a,driving {oice of o =
]t]Re drl\ﬁﬁals%%gg l%éd%ls aléload input torque) from thjé I%ad ré%rneratingD
part 164100 Fé Db drep 1ZOR hR At B S &AsT 12 WeHRERTE mévinent

assisting wearing deviggs1heprthg-wearer12appliedy the computer to
perform correction of assisting power corresponding to
biosignals based on the biosignals generated during the

15 basic movenment of the wearer and the second corresponding
relationship stored in the second storage part when the
movement assisting wearing device is worn by the wearer
for satisfying the first corresponding relationship stored

in the first storage part.
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with the driving force of the driving source 140 generates 15 power from
the skeletal muscles by performing a predetermined calibration operation.
Accordingly, the physical phenomenon detecting part 142 detects joint
angle along with the calibration operation, and the biosignal detecting
part 144 detects myoelectric signals. In the 20 parameter correction part
156, a parameter K is corrected based on the difference between the load
(input torque) and the driving force (muscular strength) being calculated
by the difference deriving part 154 Wﬁﬁ%gﬁg& to the phase identified by
the phase identifying part 152. 57

iProblem to be solved]
The problem to be solved by the present invention is to

5 reduce the load applied to the wearer by correcting a

parameter in correspondence with detectivity of blosignals.

[Means to solve problem]

The calibration controlling part 162 of the movement
assisting apparatus 10 enables the power amplifying part
10

158 to apply a driving force of the driving source 140 as

a load (input torque) from the load generating part 164 to

the wearer 12 when the wearer 12 wears the movement

assisting wearing device. Then, the wearer 12 applied

with the driving force of the driving source 140 generates

15 power from the skeletal muscles by performing a

predetermined calibration operation. Accordingly, the

physical phenomenon detecting part 142 detects joint angle

along with the calibration operation, and the biosignal
detecting part 144 detects myoelectric signals. 1In the

20

based on the difference between the load (input torque)

parameter correction part 156, a parameter K 1is corrected

znd the driving force {muscular strength) being calculated

by the difference deriving part 154 with respect to the
phase identified by the phase identifying part 152.
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