-1- DESCRIPTION WEARABLE ACTION-ASSIST DEVICE AND
CONTROL PROGRAM 5 TECHNICAL FIELD This invention relates to a
wearable action- assist device, and more particularly to improvement of a
wearable action-assist device and its egntrol program in 10 which an
action of a wearer is assisted or executed by substituting for the wearer.
BACKGROUND ART In many cases, it is difficult for elderly 15 people
having muscle strength decline oFpR¥Sieal Bandicapped people having
lost muscle strength to perform an action or operation that can easily be
performed by a _healthy person. For this reason, development of various
power assist de%%@%%v@ﬁ%%?@@ﬁgrdj&vtg%s §9F e ute
actiemcoftnese people by substituting for them. Among these power
assist devices, there is a wearable action-assist device (which is also
called action-assist device) which is put on a user (which is also called
wediefifotBkampiélTypically, the power 25 assist device of this kind
includes a myoefegiticity,sensoy (biosignal detection ity which defects a
myoelectricity signal accompanied with a wearer's muscular line activity,
a jorftSarigle HeteEfon Tt WAICH @éﬁé*&ﬁsc‘é%a&r;’rg’ul%? diSpHAcEReRHt b Ot @
eachdeintofdhe waareraa S0sdrive SouEcerstichtas adiriemateagrbishin
supplies.torque as.an as§istin‘9 force fqr the wearer,.and a control Hngy

1Owhi‘c’:"ﬁlc%}ﬁtla(oifs {& Hle CouicE ARG the howerassigy OF s¥ecute
substituting for the wearer.

BACKERCOUND ART

In many cases, it is difficult for elderly
15 people heving muscie strength decline or physically
handicapped people having lost muscle strength to perform
an acticn or operation that can easily be performed by a
healthy person. For this reason, development of various
power assist devices is now in progress in crder to assist
20 or execute action of these people by'sﬁbstituting for them.
Among these power assist devices, there is a
wearable action-assist device {(which is also called
action-assist device) which is put on & user (which is
alsc called wearer), for example. Typically, the power-
25 assist device of this kind includes a myoelectricity
sensor {(biosignal detection unit) which detects a
myoelectricity signal accompanied with a wearer's muscular
line activity, a Jjoint angle detection unit which detects
an angular displacement of each joint of the wearer, a
30 drive source, such as a drive motor, which supplies torgue
as an assisting force for the wearer, and a control unit
which controls the drive source. And the power-assist

device of this kind is under development. For example,



device of this kind is under development. For example, -2- see the
non-patent document 1 mentioned below. In this power-assist device, the
control unit controls the drive motor suitably based on the detection

result by the myoelectricity sensor and-thie detection 5 result by the joint
angle detection unit. This will enable the torque conforming to the
wearer's intention and suitable for the current action to be given to the
wedf6E coreerABdPR s eikpdeaaraid thisisoweérassisvdbyite is realized.
10 [Non-patent Docyment LhyRevelopmentof Rower Assistived.ed for,; «
Walking Aid using EMG and Linux" by Takao Nakai, Suwoong Lee,
Hirdé%gk%%aﬁnwaﬂW&sm%RFsaH&&é@e\éoﬂﬁS&gaﬁn SYrRpESitIRFHRON

IndustdalAummatien apskRebotics: BITECHs db Baagkel, Haaikand.dMay
17-18, 2(1%1 DISCLOSUR OF#TEJ VENTION PROBLEM TO B
SOLVED YbFH RIVENTION §ifei the above-mentioned powertassist
devigesis 1 20 it orethg weaper forthedirsttireeantitseinitalizatientison and
performed, the kineticspatameters of (the pawer:asgist device 'fé?eéf"&egm

example, the weight, the moment of inertia, and the coefficient o
viscBSRF e BRe knowktvaltieSX PRt ifd kinetie shsarameaters of tifepboe
wearer akesunkagwn at that time due to change factors, such as individual
diffegences between the individual wearers. The torque as the assisting

1 %orce Vol B yeher XX B58&d bh the kinetics parameters at the time of
initialization, and'there: issarpossihilityribas sufficient:3d effeegmayrnathe ing

Obuﬂﬂ%p&%&%ﬂnﬁﬁﬁegﬁgsLinux" by Tekao Nakai, Suwoong Lee,
Hircaki Kawamoto and Yoshiyuki Sankai, Second Asian
Symposium on Industrial Autcmation and Robotics, BITECH,

15  Bangkok, Thailand, May 17-18, 2001

DISCLOSURE OF THE INVENTICN
PROBLEM TO BE SOLVED BY THE INVENTION

When the above-mentiocned power-assist device is
20 put on the wearer for the first time and its
initialization is performed, the kinetics parameters of
the power-assist device itself, for example, the weight,
the moment of inertia, and the coefficlent of viscosity,
are known values. However, the kinetics parameters of the
25 wearer are unknown at that time due to change factors,
such as individual differences between the individual
wearers. The torque as the assisting force will be
generated based on the kinetics parameters at the time of
initialization, and there is a possibility that sufficient
30  effect may not be obtained for some wearers.
Moreover, there 13 & case in which two or more
‘wearers use one power-assist device by turns as in an

institution where people who have declined muscle strength



Moreover, there is a case in which two or more wearers use one

power-assist device by turns as in anzinstitution where people who have

declined muscle strength -3- perform gait training or physically

handicapped persons perform functional recovery training, etc. In such a
pecdse;nthezassumedphysigue ofttheclvgarerat the tindesdfisatting Of thersons

peGORINQl system may. differgreatly. from.the actual physiqueofgach 5 case,

individual wearer. For this reason, there is a possibility that the setup ,
thig|GeS BIER KiRBiRRS Iarameters of tHeAwearer hrethdt irt e8iffofmity3Fith 79
o fthe ractual parameter values, and the assistingfercelwhieh is» origipallyctual

considered to be sltpjitablﬁ may,_be%ome too small. or tg% large for some

g/ Qr

PIYRAEIE. Ghe fifhy assBit simpiy that the above Méntioned problems can et
isbezeasilysresblivedtif/a deuicatetdpower-assist vdevies is pfepated forinetics

paGXGILSIVE Use,Qf evary wearer, However, itis very difficulitg dentify;the ¢y

kKinetics parameters of a wearer without giving physical damages, such
acig dissection Mdteover [eVety forthé shiffe Beare? thRIkinetdee which 18

crRameters may vary.accarding todhe change dactars, suchoas physicabmall
condition and clothes. For this reason, such assertion is not appropriate.

CTTHéRfora the atioveSMBRtiSNES foWer-assist device has a problem that
sufficient effeel cannot be obtainetihysonig: gasest eewen i vaneuskinds oned

pr%fb &Hg | ghelgh%%s ALs Eﬂyegelgoofg’g{jtolgfv% ”&‘&’Eé&%éﬂe ﬁ%ﬂgg"assist
conforming to the wearer's intention and suitable for the current action.
defEANS FORSOPYING THE PROBEEM EX@mpE emboédinteifts bf thearer -

sdention may prvidean, difficult to identify the kinetics
parameters of a wearer without giving physical damages,
such as dissection. Moreover, even for the same wearer, the
kinetics parameters may vary according to the change
factors, such as physical condition and clothes. ¥Tor this
reason, such assertion 1s not appropriate.

Theraefore, the above-menticoned power-assist device has
a problem that sufficient effect cannot be obtained in some
cases, even if wvarious kinds of control methods are
utilized in order to give the wearer the torgue conforming

to the wearer's intention and suitable for the current

action.

MEANS FOR SOLVING THE PROBLEM

Example embodiments of the invention may provide an
improved wearable action-assist device in which the above-
mentioned problems are eliminated.

Lxample embodiments of the invention may provide a
wearable action-assist device and its control program which

can demonstrate sufficient effect in



improved wearable action-assist device in which the above- mentioned
problems are eliminated. Example embodiments of the invention may
provide a wearable action-assist device and its control program which
can demonstrate sufficient effect in -4- conformity with a control method
camiflvount being-dnflberced oy chdngesfabtots, wuthastandadividuah £ Luenced
o\ifigIeRge ard 2. physicdl.copdilion of e Wegres,I0,a Hskasheatol ey
invention, there i1s provided a wearable action-assist device comprising: a
cihigsigaal aetettion Unitetétig @ Biodignal from a wearer; an
actionrassist wearing deelhraving a geve seurceisupplying mtorguesaetingied
on the wearer around each joint of the .wearer as an axis of rotatign; and nal
2 2 LBATBEMTt ESritdiing the'drive S6Urteto GERETAtE thetorgtie ~ -7 9
dceording: touthe biosighakdetegted: bykthehigsigial Tetection umtzrer; an
a&@?&%‘:—t%@%ei \n fHQQ%&ﬁ%ngﬁﬂgh%Vdfﬁ@ tgr%fi%I%@Pé@Usupplying
estimating a drive torque -4a- generated by the drive source; a joint angle
2 dEteEtys UnTtidetecting art ARgUISSdiSPlacehteRtdf hedbinti ahitla ©of the
wdarametey ddentification wnit igentifying kinetigs patameters geneermed hynit
substituting the estimated drive torque estimated by the drive torque
CYLtirfation thit and” thé' angdar Eﬁgfé%%m&?de%%{éedrweﬁﬁe iRt angfer 4ue
adletectibnaunit-into anequation 0f motiondeftarcertite ystenhiacludings 1gnal
akinetics parameters intingje ( he. yearer, wheren e CoNRPI LS g
conﬁgured to'contfol the drive soiirce according to a predetermined
d ebrfrol- prethed basedohithe egudtion of hittiohIftowRiEh e toraue



kinetics parameters identified by the parameter identification unit are
substituted. -5- In a second aspect of the invention, there is provided a
wearable action-assist device comprising: a biosignal detection unit
detecting a biosignal from a wearer; an action-assist wearing tool having
geandrive ssburice supplyintra Yerquecacting;ondhewearer aroghd eatht foibt.on
urdHihg wearer;as an axis of rotafion; and a conirl. upit coptrolling the drivg 4
source to generate the torque according to the biosignal detected by the
PIGSIGHAIT detetfi6h tink  Ciidracierizedinfurther E5Mprisingd -5a-drive- 1 ¢
pAorgke-estination anitrestimatingsa give tergue gerpeatedsy the-dhvedr ive
source; a joint angle detection unit detecting an angular displacement of 4
t?ﬁgﬁ]ﬁnt?étjbﬁﬁ?gf%ug Béstﬁ‘gigtioﬁ%n‘ﬁeesﬁﬁ%%ﬁs a jSi%%rthar%@ "whith fs 8
tiresultant of ¢he drve tdrguergenerated thy<the ddriveeysotiice andea miusclerg ie
adouegsneraied by g uisgle TUREL g WedrehOMUBCIGIONUE encire
estimation unit estimating a muscle torque or muscle force generated by
s ¥hé Weared HEsEd vh ark a8§dcigtion Befiieen e Bstimstéd 'drive torGue the
weastimated,by the drive torquenestimation;unit; and-therestimatgd4eintont rol
torque estimated by the joint torque estimation unit; and a parameter
Uhifentitication GRit fdentiffing khieticd pardmeter BoAE EFES&%%/“?SbstﬁﬁﬁﬁgT‘ ol
mdhe estiniated drivertorgue estimated day thef drivettdorque estimationiyriit, the
kifg enadlar displacemant detecied by e joint anglp detegtion unl, aflec e

. The muscle torque estimated by the muscle torque estimation unitinto an
1 @uBlion of motion'of dh éntive 3yS@eM eliRihg



kinetics parameters intrinsic to the wearer, wherein the control unit is
configured to control the drive source according to a predetermined
control method based on the equatidirof motion into which the kinetics
parameters identified by the parameter identification unit are substituted.
The above-mentioned wearable action-assist device may. be configured
to fuitier Eompisea TaliBiBh unit°adjustity a HaIFFHEWEen a bidsighal *°
prdetected by thesiesignal detectiom unik ahda muscletorqueepmuscles:  a
059 force pstimated by the musdle tarque estimation ugt, 0, hatan ¢ .o 5
association between the biosignal and the muscle torque or muscle Torce
weig iR conformity avithi @rpredeterminedassociatione 6iThéiaving  a drive
so%wg-@sﬁga%%geara@&as@orgewatg dgyice ypay e canfigured s cach

_ that the biosignal detection unit is used in a state where the biosignal
I cdétectivh (i€ iS'§BER bn &skit offthé Svédrer: Gha tRe Biosigidl @ control
urdetectiontuniti detestinga myeelestrisibnet-the wearesasr 104hechiosignalgue
The above-mentioned wearable action-assist _devjce may be configured
50’ %Jfﬂ%e ggzct?on-éisseist %&8&%&”&%5 in%%sﬁ%g %evcéais?gelt,%a% eralghtg %cjmgnal
dedipditarg parnextendimypdewrwarefforra fight'side parraf the wadst 15
belt, and a left leg auxiliary part extending downward from a left side part
of the waist belt, and each of the right leg auxiliary part and the left leg
auxiliary part comprising: a first frame extending downward to support
the waist belt; a second frame extending downward from the 20 first
frame; a third frame extending downward from the



second frame; a fourth frame provided at a lower end of the third frame

so that a sole of a foot of the wearer is placed on the fourth frame; a first

joint provided between a lower end of the first frame and, an upper end of

the 25 second frame, and a second joint provided between a lower end of
d the second frame and an u,p(ger end,of the third frame. The _ | .

LA 5ve-hdtithe EREAFbTe AltioR assist® BSvViEE maiFbe torfigied so° = Ue
gethat theefirstjeint i$:80 disposed smwathsight positionwhichris eguivalenttolon
ani@t gla binoint ofthe wearer, the first jointeqmaprises a firgtdrive s e ;- 4

source transmitting a drive force to rotate the second frame, and a first
7 OjbiHt arigie detectiortdiei7-teteblidg anta@iglifatdisslacememt-dt the tip aue
whioht of the; weakay; and the.second jeint isdispesgddn gdieighttpesition «he
~ which is equivalent to that of a knee joint of the wearer, agd gle second

it cOBrises asktorid dHVRS S6urce frFHEMItiRG H aive fofd t& rotats <+ ©
fothedhird ffranies andsaa second pointrarzglé eletectionumit detecting iam  unit

es%qg&g%ri ! p_l%ce Q&?Qh%@s&@i@ffms%%%rerfggge %enerated by

above-mentioned wearable action-assist device may be configured so
thihattheicontroPaRed configired $6 Cohtrol the difeitice-86cordihgie tec

dra gentrolpethod susing the Kineties, pargmetersdidenfifiedy thes tion unit
parameter identification ynit and performing at least one O;??‘éa\/it

"Rompafisafih aFd 1eHia GorfenbatoR: The Aodte Entionéd Widkrania
t caction-assistideviceomayuhetconfiguted so thatrthesgontrol imitrig 1 fication

urGanfigured to. centrol the diye spurce .accﬁg’%ﬂi%%& p impedance gonfrol
method using the Kinetics parameters identified by the

substituting the estimated drive torgue estimated by the
drive torgue estimation unit, the angular displacement
detected by the joint angle detection unit, and the muscle
torgue estimated by the muscle torgue estimation unit into
an eguation of motion of an entire system including
kinetics parameters intrinsic to the wearer, wherein the
control unit 1is configured to control the drive source
according to a predetermined control method based on the
equation of motion into which the kinetics parameters
identified by the parameter identification unit are
substituted.

The above-mentioned wearable action-assist device may
be configured to further comprise a calibration unit
adjusting a gain between a bilosignal detected by the

biosignal detection unit and a muscle torque or muscle



-
4

parameter identification unit. In example embodiments of the invention
which solve or reduce one or more of the above-mentioned problems,
there is provided a control program which, when executed by a computer
acting as the control unit, causes the cgmputer to perform the
above-mentioned control method. In example embodiments of the
invention which solve or reduce one or more of the above-mentioned
probferas, HsereTBlmdvined Bcantist brodrarivihieh “whehiexecttéd, byo
a cemputenacting asdhe Gomeal pmit, cavses the sepmputsrdopgrform he
above-mentioned control method. EFFECTS OF THE INVENTION

ACCHARSICEMBEEMBNIS b the-TedPalit At Bhsistidevice of the

inventiaiy e the stateawbere at wgarer wears the action-assist device, the

ckinetics -8- para%eéera%m‘trnn&g to the wearer Cé)%] ermedmaybe . .

identified by a parame &F identification unit. And the drive source can be
contielledeshynthe bentrordnitbasddson the equztionicfsnotioh inktwhichon
the identified [dnetics parameters are substituited L3 pOSSIIC 1.0 5 o unit
demonstrate sufficient effect in conformity with the control method used
by thé corifof LRk, Ivitott KfingRiRflieAEEd byathe didnde facters such
as weakef's: sadiviciual differenceqnd physitakeondition. Moregseliearer as
Oacco%jin fo the er%bodiments of the invention, the drive source can be
controfied By the Tontrol unit based on the equation of motion into which
the muscle torqugher riuscle-ferce estievatedansthieemusclertosgise st
est 9@@”%&%: %#g*}?cﬁn%%%t&ds{! hey, Kinelics parameters cabe,. . v ing

identified even state
tool includes a waist belt, a right leg auxiliary part

extending downward from a right side part of the waist

15 Dbelt, and a left leg auxiliary part extending downward

from a left side part of the waist belt, and each of the
right leg auxiliary part and the left leg auxiliary part
comprising: a first frame extending downward to support

the waist belt; a second frame extending downward from the

20 first frame; a third frame extending downward from the

second frame; a fourth frame provided at a lower end of
the third frame so that a scle of a foot of the wearer is
placed on the fourth frame; a first joint provided between

a lower end of the first frame and an upper end of the

25 second frame, and a second joint provided between a lower

end of the second frame and an upper end of the third
frame.
The above-mentioned wearable action-assist

device may be configured so that the first joint is

30 disposed in a2 height position which is eguivalent to that

of a hip joint of the wearer, the first Jjoint comprises a
first drive source transmitting a drive force to rotate

the second frame, and a first joint angle detection unit



where a muscle force is produced by the wearer, and the

above-mentioned effect can be demanstrated without taking the latency

time for identifying the kinetics parameters. Moreover, according to the

embodiments of the invention, the wearable action-assist device further
detemplisgs acakbrgtidre unitiadjpstingacgdin bétween a bjosighal tetettedne
wel¥-the biosignaldetection.uniand  muscle torgue armyscle-forge neigne

estimated bg the muscle torque estimation unit, so that an association

PoFdinken the ibsignal &sdttheheable ForquidBEmadeléfordeR inloint of
+ heonfermityrwith, a predetersrined assegciation: g rpossible tosavaid thedr ive
occurrence of poor sensitivity or oversensitivity due to the detection result
Soféjé‘éﬁ/eatﬁg%s%%etﬁiﬁg% nal de%é&?ﬁ% unit"AS a (rj%%ult‘,rlh?s‘?l %&S%ﬁqee tog‘led
fravoid thensituatiorewhers tlj@fde%ntimibﬁ ad@r@@il igfitherkibeticketecting

arPAAMeters of the wearerfalls gnd itis \possible.tg.avoig the, sityation.

where the assisting force generated by the drive source becomes too
small Bf tob OV frge iverati/ér, n§ t&tHe'embdaimerits dFthe™s may
penvestiongthesecontrel unitanayhe: configuredito eantrol i the deive sguiced to
accordinrg#to a control method usinguéhe kinetics parameters igreanied b¥
rol -method

“e'Paranieter identificatioh anit art perSrming atleast ond of gravity
uscomgpertsation and imesr_ti@a@rmpensa_tﬂ)nidieigpbﬁs'i_bté tpysutﬁmessahemeter
1 ALt egéh; redneelaht oh e aqtions aggistdevice gives e Weargla s oy
sense of burden, and the situation. where the inertia of the action-assist
CHERACE Yived theWedrBESénse 6PIABBRGRITY &t the time of operation.

The above-menticned wearable action-assist device may
be configured so that the control unit 1s cenfigured to
control the drive source according to an impedance control
method using the kinetics parameters identified by the
parameter identification unit.

In example embodiments of the invention which solve
or reduce one or more of the' above~mantioned problems,
there 1s provided a control program which, when executed
by a computer acting as the control unit, causes the
computer to perform the above-mentioned control method.

In example embodiments of the invention which solve
or reduce one or more of the above-menticoned problems,
there is provided a control program which, when executed
by a computer acting as the control unit, causes the

computer to perform the above-mentioned control method.

EFFECTS OF THE INVENTION

According to embodiments of the wearable action-
assist device of the invention, in the state where a

wearer wears the action-assist device, the kinetics



Moreover, according to the embodiments of the invention, the control unit
may be configured to control the drive source according to an impedance
control method using the kinetics pa’r%?neters identified by the parameter
identification unit. It is possible to demonstrate sufficient effect in

conformity with.the impedanc contr |_methaod in which t& appare .
p?nrearﬁgﬁﬁéSappjé?egrﬁlﬁ%égsitf etc. o%%he gcet%ﬂ%ssi,s%od'gv%cel are rg‘éaged oe
igon4s fo rshlizevlight operation -BRIEFPESCRIPFIONIOFUIHE . And  the

dPRAWINGS FIG-14s %Q'%&@%@%«%ﬁ%\@%ﬁh@ commpositionofid pased
e

control system of a wearable action-assist device in an embodiment of, _
“the IMVBNtIBAYRIE. s &£ perdpRthve viel sfthe Wedrable ation- Hssist * -4
kdlevice ©f thissembediment, svhen viewediftarndbe front sice, ipdhe state  to

quhere %*}f»ea'%‘%t.'ons'%ﬁ%}c%eé’ﬁ%e IS_pyton the;z_"%earc%-n'%'% 82 L iin  the
perspective view of the Wwearable action- assist device of this gmboélment,
coenaviewesltfrom thes backisidet irethe stalte whererthé actiohtassist being

1 Hevice s10-is pyton the.wearer EIG. 4ds algltside Wewpf aRs  yearer's

_action-assist wearing tool 18. FIG. 5 is a rear elevation of the

I aetion-desist HwéamTg ol ABEFREYE is°4 floWeRart forBkplaining the
procedure:of-am Action-assisticontrol-processing performeneby a contfol the

. device 100. FIG, 7A is a.diagram showing each.element of a .10 .

i h : 3 1 D th
L REGrhatal Mo, Urici s 3 S ow o g O g 01180 by the
control unit based on the eguation of motion iInto which

the muscle torgue or muscle force estimated by the muscle
torgque estimation unit is further substituted. The
kinetics parameters can be identified even in the state
where a muscle force is produced by the wearer, and the
above-mentioned effect can be demonstrated without taking
the latency time for identifying the kinetics parameters.
Moreover, according to the embodiments of the
invention, the wearable action-assist device furtherx
comprises a calibration unit adiusting a gain between a
biosignal detected by the biosignal detection unit and a
muscle torgque or muscle force estimated by the muscle
torgue estimation unit, so that an assoclation between the
biosignal and the muscle torque or muscle force ig in
conformity with a predetermined associlation. It 1is
possible to avoid the occurrence of poor sensitivity or
oversensitivity due to the detection result received from
the biosignal detection unit. As a result, it is possible
to avoid the situation where the identification accuracy
of the kinetics parameters of the wearer falls, and it is
possible to avold the situation where the assisting force

generated by the drive source becomes too small or too



wearer 12 who wears the action-assist wearing tool 18, when viewed

from the side. FIG. 7B is a diagram showing typically each element of a

mathematical model which corresponds to the 15 leg of the wearer 12,

FIG. 8A is a diagram showing an action with the assisting force of the

drive source 140 and the muscle force of the wearer 12, which shows that
1zth@sresultant of the drive torque (Te) of the drive source 140 and the 20

muscle torque (Tm) of the wearer 12 acts as a joint moment (AT). FIG.

8B ¥y showifig e dedion With tHe @ssisiy oteebithe diive the
inseuweed40 ancthe sriselel faree of theweaser da vhieh-shiowsotypisalty-o 1
theac(? torque 25 which acts wgen rotgtingathe IegC ugfor frqtr%t) grougd the the

) ﬁneerjﬁ?ﬁ . FIG 9ATs %Cﬁgérajmn%r e?plaini%cgnfhé: pargreﬁe ercorrection -

kiprocessing pesfoemed svhien the desatert 12dvear$the actioa-assistrameter
: QWRRNIRg taal 18, which is.a,30 flowehart for explaining the pracedure,of. ;¢

parameter identification processing performed by a parameter ,
Cofﬂ@ﬁﬂﬁ@aﬁmnﬁ%oﬁmp@@@is%oaiﬁﬁfa?ﬁ?df%(pla%ﬂnglﬁleﬁffﬁlbl@ to

suparameiergesrection processingrpertormed when the-wesrer thwears: on-

the actlﬁn-gssist Wﬁgrir%g to%l 18wwhich Is a ﬂlowchaﬁt1 f%r eglg}ningé@g che

aSSrJOS(:Ed re ojfcfgrqge &stimation pl%ac]é%in&% whiclf the jBilr"n ?or(]ue is

s iéstimated bylagjoint torgue isstimatian oifiit 152 FIG:tI0Aisssdingranievice

g1 $hQwing experimental data, of the fransienf.respanse ofthe Kinetics ; o o«
parameters

operation.

Mereover, according to the embodiments of the
invention, the control unit may be configured to control
the drive source according to an impedance control method
using the kinetics parameters identified by the parameter
identification unit. It is possible to demcnstrate
sufficient effect in conformity with the impedance control
method in  which the apparent 1inertia, the apparent

viscosity, etc. of the action-assist device are reduced so

as to realize light operation.

BRIEEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1is a block diagram showing the composition of
a control system of a wearable acticon-assist device in an
embodiment of the invention.

FIG., 2 1is a perspective view of the wearable action-
assist device of this embodiment, when viewed from the
front side, in the state where the action-assist device is
put on the wearer.

FIG. 3 is a perspective view of the wearable action-
assist device of this embodiment, when viewed from the

hack side, in the state where the action-assisit device



containing the unknown parameter (Pu) at the time of performing
parameter identification processing, which 10 shows the convergence
pattern of moment of inertia. FIG. I0B is a diagram showing experimental
data of the transient response of the kinetics parameters containing the
unknown parameter (Pu) at the time of performing parameter
identification processing, which 15 shows the convergence pattern of a
gravify Bigment. 116 . 46€18% diagram showing experimental data of the

transient responge ©f the kinetics-parameters cantaining the tkAowk ; st

parameter (Pu) at_the time of performing parameter identification

prod&&Sing Swhitf26 $hows the convergence pattern of a coefficient of

viscosity. FIG. 1Fisa diageam showingltheexpeninagntahaesalt atthessist
5tim(-%\,gf gﬁgndugtin arfsjdentification experiment under the same conditions

for ach of the 25 tested persons A, B, and C as the wearer 12. FIG. 12A

is a diagram shoWiRg expesineithpdate f afcuxgmpleohtieg the

identification accyracy, by the parametar ideniification pracessing LIS meq
embodiment, which shows the identification accuracy of the moment of
30 iR&rtfa GPiheRip jBfttdccoiPanied with the walk operation. FIG. 12B

is a diagram showing expetignentak dateaof ancexamplesehthel ement of a
. Oid_entiﬁc 'gog gccgia%gag the“;%Z&gar.a}Sme_ter,!gengfi%ationfpr cgs;(iagag]o% the
this BRI SHIRTES WAIRR SHoWS 178 idéhtiticatioR accurady of the 8ht
of imerticeaf the kitee jERtactbmpaniedwiththeatvalke aperatidmol 18,
when viewed from the side. -

FiG. 7B is a diagram Showihg typically each

element of a mathematical model which corresponds to the
15 leg of the wearer 12.

FIG. 8A is a diagram showing an action with the
assisting force of the drive source 140 and the muscle
force of the wearer 12, which shows that the resultant of
the drive torgue (Te) of the drive source 140 and the

20 muscle torgue {(Tm) of the wearer 12 acts as a joint moment
(AT} .

FIG. 8B is a diagram showing an action with the
assisting force of the drive source 140 and the muscle
force of the wearer 12, which shows typically each torque

25 which acts when rotating the leg up (or front) arocund the
knee joint.

FIG. SA is a diagram for explaining the
parameter correcticn processing performed when the wearer
12 wears the action-assist wearing tool 18, which is a

30 flowchart for explizaining the procedure of parameter
identification processing performed by a parameter |
identification unit 160.

FIG. 9B is a diagram for explaining the
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5 FIG. 13 is a flowchart for explaining the procedure of calibration
processing which is performed by a calibration unit 158. FIG. 14A is a
diagram showing a knee joint angle change without control (without an
assisting force). 10 FIG. 14B is a diagram-showing a myoelectricity

change without control (without an assisting force). FIG. 14C is a diagram
showing a strain gage output change without control (without an assisting
forBEY FIEt $5A 8 B-Giakram M%@%Rﬁe@%ﬁ?%@% YEBh&RGe VRfF ST
therassisting ferce by-the P centol. [er 168 iscvUiagram,shewing aa

mygelectricity change with the assijsting force by the PD control. FIG. 15C
o SRR SO SR Joe SRR with thEHEoting orce
by #rer Piatontrobr 20486 riB A s aldiagramhshgwing: atoeepintsangle

change with.the asyisting farce hythe B0 qaniral s hybrid fapedance

control. FIG. 16B’is a diagram showing a myoelectricity change with the
assisting force B{ithe PBicéitral AhyBram25heipEtanesRANERG. d6E2

is a.giagram-shewinga siaingage gutputchange-with theassistingforce
by the PD caontrol + hybrid impedance control. 30 DESCRIPTION OF
NOTETIBINST 20 Hifti ot 4SS EP dBGTE™ S Seara? 20ig it higH BRvE Motor

-13p@21ieftrihigh devemaator 24 kght Kiiees dtive meteftessing, which
shows the convergence pattern of moment of inertia.

FIG. 10B iz a diagram showing experimental data
of the transient response of the kinetics parameters
containing the unknown parameter {Pu) at the time of
performing parameter identification processing, which
shows the convergence pattern of a gravity moment.

FIG. 10C is a diagram showing experimental data
of the transient response of the kinetics parameters
containing the unknown parameter (Pu) at the time of
performing parameter identification processing, which
shows the convergence pattern of a coefficient of
viscosity.

FIG. 11 is a diagram showing the experimental
result at the time of conducting an identification
experiment under the same conditions for sach of the
tested persons A, B, and C as the wearer 1Z.

FIG. 122 is a diagram showing experimental data
of an example of the identification accuracy by the
paraméter identification processing of this embodiment,
which shows the identification accuracy of the moment of
inertia of the hip joint accompanied with the walk
cperation.

FIG. 12B is a diagram showing experimental data

of an example of the identification accuracy by the
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FIG. 13 is a flowchart for explaining the
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25
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procedure of calibration processing which is performed by

a calibration unit 158.

¥iG.

change without

FIG.

change without

FlG.

14n is a diagram showing a knee joint angle

control {witheout
14B iz a diagram
control (without

14C is a diagram

an assisting force}.
showing a myocelectricity
an assisting force).

showing a strain gage

change without contrel (without an assisting force).

FIG. 15A is a diagram showing a knee joint angle

with the assisting force by the PD contrecl.

15B is a diagram showing a myoelectricity

with the assisting force by the PD contrcl.

FIG. 15C is a diagram showing a strain gage

output
chahge
FIG.
change
output

change with the assisting force by the PD control.

FIG. 16A is a diagram showing a knee joint angle

change with the assisting force by the PD control + hybrid

impedance control.

FIG. 16B is a diagram showing a mycelectricity

change with the assisting force by the PD control + hybrid

impedance control.

FIG. 16C is a diagram showing a strain gage

output change with the assisting force by the PD control +

hybrid impedance control.
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-14- 160 parameter identification unit 162 data output unit 200 control unit
5 BEST MODE FOR CARRYING OUT THE INVENTION A description will
now be given of embodiments of the invention with reference to the
accompanying drawings. EMBODIMENTES 10 FIG. 1 shows the
composition of a control system of a wearable action-assist device in an
embodiment of the invention. As shown in FIG. 1, the wearable
actioh-adsist debvicg 16 RERIdes @ rive source 140 which supplies an 15

assistingforee t.adbewearerb2 & joint angle detection unit 142 which
detects an angular displacement 0 of each joint of the wearer 12, a
biogi§nalGélectibfieufit i WHIGH detects a myoelectricity signal
(biazignalyiaccdrding to the muscle force generated by the wearer 12, 20

andﬁ rel§1 ive forcte detection unit 146 which detects a relative force (aF)
57 32, batteries . . L .
acting’on the action-assist device 10. This assisting force is to create the

torgife acting-ontheavearer around each joint of an action-assist wearing
tool-k8 shewpy infG. 2,80d FIG. 3 fequivalent to 25 eachofknes; joints
and a hip joint of the wearer 12) as the axis of rotation. The assisting force
may &ls¢"B€ mentioned as assisting torque. The relative force detection

unit{A6 detects the refative-force which is determined relatively 30
n Odepgﬁding%%%;hgrielatiogé}jbew\éeecn t%% fo ces gcgggs%nréhe frame of the
actiSnHssistwearfiig tostLs (F&S e
54 right leg auxiliary part
55 left leg auxiliary part
5¢ first frame
58 second frame
15 60 third frame
62 fourth frame
64 first joint
o6 second joint
70, 72,'74, 76 angle sensors
20 78 first fastening belt
80 second fastening belt
84 heel receptacle part
100 control device
140 cdrive source
25 142 Joint angle detection unit
144 bicsignal detection unit
146 relative force detection unit
150 drive torgue estimation unit
152 joint torgue estimation unit
30 1533 muscle torgue estimation unit
154 data input unit
156 data storing unit

158 calibration unit



force generated by the drive source 140 and the muscle force generated
by the wearer 12). -15- The action-assist device 10 further includes a
control device 100 which carries out drive control of the drive source 140
through a power amplification unit 141-1Fhe control device 100 includes a
drive torque estimation 5 unit 150, a joint torque estimation unit 152, a
muscle torque estimation unit 153, a data input unit 154, a data storing
unit 6, PEafBIEtBR HHEL5BT AGFarafieteridentification unit 160, a
contrek uni 2090, anegbaelata ieutput unit 162. 10 The drive torque
estig&gon unit 159 estimates a drive torque Te which is generated by the
drivé SourE& 140 "F&Fékample, the drive torque estimation unit 150 may
use a drive torque estimation method in which a current value supplied to
ihe Sk suite 140 ilalocted. 4o dnesimaliondifhe drive lorue
(Te Tptyt alue by a given
torque constantintARSEIEPHECHNIVE 56urse’126. ThETHInt forgecdiments
estipatiopdinit-tadestimatesa Joind tarque %T)cﬁ%“%g:@&ﬂi{ﬂ@ﬁy%@r 12
around each 20 joint of the wearer 12, according to the relative force (4F)
detétt88 Byfe relative force detection unit 146. The muscle torque
estim@aBonMENTS3 estimates a muscle torque (ATm) generated by the
uscle force of the wearer 12, based on the drjve torgue (Te) estimated
1 e 28 cive i5ie oAbt TS Bt S QT Syesen
estimited byahsljdint torueestipationdmiti1s2 {refen teiGI R Thel the
data;input pnjit 154 provides an input

As shown in FIG. 1, the wearable acticn-assist

@]

device 10 includes a drive source 140 which supplies an
15 assisting force to a the wearer 12, a Jjoint angle
detection unit 142 which detects an angular displacement
8 of each joint of the wearer 12, a biocsignal detection
unit 144 which detects a myoelectricity signal (bicsignal)
according to the muscle force generated by the wearer 12,
20  and a relative force detection unit 146 which detects a
relative force (AF) acting on the action-assist device 10.
This assisting force is to create the torque
acting on the wearer around each joint of an action-assist
wearing tool 18 shown in FIG. 2 and FIG. 3 (equivalent o
25 each of knee joints and a hip jeint of the wearer 12) as
the axis of rotation. The assisting force may also be
mentioned as assisting torgue.
The reliative force detection unit 146 detects
the relative force which is determined relatively
30 depending on the relation between the forces acting on the
frame of the action-assist wearing tool 18 (i.e., the
force generated by the drive scurce 140 and the muscle

force generated by the wearer 12).



interface of the detected data from the detection units 30 and the
estimated data from the estimation units in the action-assist device 10.

The data needed for performing various operation processing in the

control device 100 are stored in the datasstoring unit 156. The calibration
unit -16- 158 reads, from the data input unit 154, the detected
myoelectricity (EMG) and the estimated muscle force (F') and reads a
predetermined sE¥G GaiPlCS Forttiécdate storingtbhitase Khdfcs =
calibmatiorcanigd-b8-adjusts ahgain betweensthaudetected myoaleelricly the
and c}he estimated T% c||_§{}|force 20 that an associ]ali n b%tween the 41
detecﬁégemsyooueﬁé:‘c‘tnci y( @ua%d the 8Efimated mascie Toréd {“E“)lk it
confdrmityewithathedsetting gy (Gsl.1Thkie parameteeidentifioati ers unit=l6®n

IS ide canstitute a gg;;%io f.motion of a targ yste e
opgrﬂa%i%% %@'ro%n?g%}%e?ein y ugﬁ%ﬁgﬁ%ﬁioﬁéﬁugtﬁgﬁ dé\tgH Mi Ha%:nd

the KRSWAC&EMBEST(PR) YGnHich Wil be Achdiobeauhtetidad frbm thelata
datasstoringy upit 156 5And dhe paramateridentification unit 16Q iSweter
provided tq enable substitution of the estimated drive torque (Te), the
estimafed {Gihtaorte (BnTandthedofit"angte @) freceled fidfh thé'ahta
inpub it k54ninto e .equation of motion concerned. The parameter
1ddentific?ation uni%GEO(i]s E'r\roeVi%%g? toeideeé1 ti%gkeilégeggsp a{%@eéteeljts. mates a
(which is unknown in thie equatloﬁlof motion concerned) by SUbSHtU INg
the datevéromithealdia impdtalnit $5d49nrrifecdgbatidmef motion source 140.
coneeyped, Ihis will bedegeribed-ingreatendetaillater. Theconjeplynit e
200 is provided to read the control method data (Ci) (which will be
desﬁﬂﬁ&iﬁ%kﬁﬁfque estimation method in which a current value

1

supplied tc the drive source 140 is detected, and
15 estimation of the drive torgue (Te) is performed by
multiplying the detected current value by a given torque
constant intrinsic to the drive source 140.
The joint torque estimation unit 152 estimates a
joint torque (AT} acting on the wearer 12 arocund each
20  joint of the wearer 12, according to the relative force
(AF) detected by the relative force detection unit 146.
The muscle torque estimation unit 153 estimates
a muscle torque (ATm) generated by the muscle force of the
wearer 12, based on the drive torque (Te) estimated by the
25 drive torgque estimation unit 150 and the joint torque (AT)
estimated by the joint torgue estimation unit 152 (refer
to FIG. BA).
The data input unit 154 provides an input
interface of the detected data from the detection units
30 and the estimated data from the estimation units in the
acticn-assist device 10. The data needed for performing
varlous operation processing in the control device 100 are

stored in the data stering unit 156. The calibration unit



from the data storing unit 156, and read the estimated drive torque (Te),
the estimated joint torque (AT) and the joint angle (0) from the data input
unit 154. Moreover, the control unit 200 is provided to read the identified
parameters (Pi) from the parameter identification unit 160, and read the
corrected myoelectricity (EMG') from the calibration unit 158. -17- The
control unit 200 is provided to constitute a;predetermined control
mechanism on the operation environment therein by using the control
method data (Ci). The control unit 200 substitutes the estimated drive 5
torque P ey cti&Sestiritedj6irtacruePLT), théYomtd angle (O taeted

identiﬂ@@@&;@m@t@ﬁ}(mﬁ@@d theqcorected myeelecticity (EMG}into:the
above-mentioned control mechanism, so that a cqontrol sigrgl Ur which is
1

provid&ii td EBRtrot thé Urive-S8uree 146 can e Giitpulted 10 t1the Hard® >
output tinitih@ uThis Whithe diestribed ire brbateridetail-later! Theaddtests a

output unit 162 Serves s i outpul interiace-which outpyts the.coirol, req

signal Ur received from the control unit 200, to the power amplification
unit 154 STRE Powerarptificalion TRt 121 difvés e ahive" Sotifde T4er
according:ie the control Bignalddrireceived: from ¢herdataoutput onit (362, is

The calibraion unitL56the paiametey identfiation yunit 160 and the
control unit 200 as 20 mentioned above may be provided on a CPU
(central processingthib? Feffyare eonsifitett oA Sigle ' CPU S
collectively,quiniaturization efithe devieg.and seduetian-obihe eompeneat:
paﬂsg@g%ghﬁggﬁgﬁg cperation environment therein by using the
motion equation data (Mi) and the known parameter (Pk)
(which will be mentioned later) read from the data storing
unit 156. And the parameter identification unit 160 is
provided to enable substitution of the estimated drive
torgque {Te), the estimated joint torgue (AT}, and the Hoint
angle (&), received from the data input unit 154, into the
ecuation of motion concerned.

The parameter identification unit 160 is provided
to identify the kinetics parameters (which 1s unknown in
the equation of motion concerned) by substituting the data
from the data input unit 154 into the equation of motion
concerned. This will be described in greater detail later.

The control unit 200 is provided to read the
contreol method data {Ci) (which will be described below)
from the data storing unit 156, and read the estimated
drive torgue (Te), the estimated ijcint torgue (AT} and the
joint angle (6 from the data input unit 154. Moreover,
the control unit 200 is provided to read the identified
parameters (Pi) from the parameter identification unit 160,
and read the corrected mycelectricity (EMG’} from the

calibration unit 158.



FIG. 2 is a perspective view of the wearable 25 action-assist device of this
embodiment, when viewed from the front side, in the state where the
action-assist device is put on the wearer. FIG. 3 is a perspective view of
the wearable action-assist device of this;embodiment, when viewed from
the back side, in the state where the 30 action-assist device is put on the
wearer. As shown in FIG. 2 and FIG. 3, the action-assist device 10 is
designed to assisha walkiigpaction bf a0 WebrePWHOLERY Be adegshbtivhe 2

disahledpersen fiaying a-18; diffieuliy. ing walk:agtiondya {g he loss of

muscle strength of skeletal muscle, or a patient who is difficult to walk by

him&Bif P pErbrheTERaBIITaticF ol WakigBperatiBs “fAd data (C1).
actigh=assistrdeviceddrisB pravided 1@ detectihbiasignal(sutfaces ve

myaoelectricit )lE ccompanied.with a muscle force generated according t
D Sigr o 1R br e aT e AT SSk5t HBURL 10 i and e
sourseg140 (i6 thistérabbdiment s electeormotive dfikie) matdr ishesed)

basgd on.the. defected 10,hipsignal i!%BqEDE}t the veqfer issupplind with an,

assisting force of the drive sourcé. Therefore, the action-assist device 10
is qGEE [differéfremiEBo-&all el playBd K peSiBit Whighigich is
provigded taferiam-arponputetaided contoh ofka robgt dghard basediang

10the data%rllé)uéted beforeha_n%. The %%ion- B&S}J\Siﬁs,t devic 10%@;:2!_1(}3_% a .
robotSuit 5 SPoweredFatiit. “itthe Wearer 12 \%h8 puts ed 1n
actigyrassist déviee 10lguerates with his intention, the wearer 12 is
supplied wih an assising ot Al ihe elon gseist 2deyise A0 uhish i
produced according to the biosignal at

interface which outputs the control signal Ur received
from the control unit 200, to the power amplification unit

15 141. The power amplification unit 141 drives the drive

source 140 acceording to the control signal Ur received
from the data output unit 162.

The calibration unit 158, the parameter
identification unit 160 and the controcl unit 200 as

20  menticoned above may be provided on a CPU (central

processing unit). If they are constituted on a single CPU
collectively, miniaturization of the device and reduction
cf the component parts will be realized.

FIG. 2 is a perspective view of the wearable

25 acticn-assist device of this embodiment, when viewed from

the front side, in the state where the action-assist
device is put on the wearer. FIG. 3 is a perspective view
of the wearable action-assist device of this embodiment,
when viewed from the back side, in the state where the

30 acticn-assist device is put on the wearer.

As shown in FIG. 2 and FIG. 2, the action-assist
device 10 1s designed to assist a walking action of a

wearer who may be a leg-moticn disabled person having a



that occasion, and can walk according to the resultant of the assisting
force concerned and his own muscle force. For example, if the assisting
force is equivalent to half of the resultant concerned, it enables the
wearer 12 to 25 operate with the half of the necessary muscle force.
Next, the composition of the action-assist device 10 of this embodiment
will be explained. As shown in FIG. 2 and FIG. 3, the action-assist device
10 includes the action-assist wearing tool 18 which 30 is attached to the
weatef f2cahthérdive’sdircec 1400 ProvidgedtirrthbcadticrkagsisfLle

wealing:toot 18, Specifically; the actian-assist weang toghls incledeg acuit
right thigh drive motor 20 located at the right hi %ﬁ%\t -19- of the wearer

12, B9elaRigharive firstor 2R R 8 e T joint & Aghtknée
driveanator@4lesated at . thertight knee joirt antsa lefeknee driveimotor
6 located at the left knee joint,.respectively, 5 These drive maotors 20, .
S Gl M A e B G R RS G R
Spesificatipathiese drivé nsotors ate sEprrmolcrssatESsaspivirgiadrive a

torque gontrolied by the gommand, signal. frop the, coatreldevics;1Q0, and

containing the 10 deceleration mechanism (not shown) which slows down

the FAGIOFPSMatiTMELFEIFR FtBARMet fedutlionTalioTBAtemss 82 &7y
34 are attachediowa Waist,belh30which isqus on-the-waist afthe qeearered

12, and these batteries function as a power suppl forgrivi the drive
105 iotord $02 22, 54 5%@‘56?%’%&’ Eﬁ%ﬁes‘ 32 a$c¥ 3%t et Rafdable
battertes, snichthef mounting pbsitidonswt themrage distributed to right and
leﬂSOthataijK§§§%&54e, the action-assist device 10 is quite
different from a so-called played-back type robot which is
provided to perform a computer-aided control of a robot
15 hand based on the data inputted beforehand. The action-
z25sist device 10 is called a robot suit or a powered suit.
1f the wearer 12 who puts on the action-assist
device 10 operates with his intention, the wearer 12 is
supplied with an assisting force of the action-assist
20 device 10 which is produced according to the blosignal at
that occasion, and can walk according to the resultant of
the assisting force concerned and his own muscle force.
For example, if the assisting force is eguivalent to half
of the resultant concerned, 1t enables the wearer 12 to
25 operate with the half of the necessary muscle force.
Next, the composition of the acticn-assist
device 10 of this embodiment will be explained.
As shown in FIG. 2 and FIG. 3, the action-assist
device 10 includes the action-assist wearing tool 18 which
30 iz attached to the wearer 12, and the drive source 140 is
provided in the action-assist wearing tool 18.
Specifically, the action-assist wearing tool 18 includes a

right thigh drive motor 20 located at the right hip joint



the wearer 12 may not be barred. In a control back 36 which is put on the
back of 20 the wearer 12, the control equipment, including the power
amplification unit 141, the control device 100, and the power supply
circuit (not shown), is accommodated. The lower part of the control back
36 is supported by the waist belt 30, and dt-is provided so that the weight
of 25 the control back 36 may not become a burden of the wearer 12.
Moreover, the action-assist device 10 includes myoelectricity sensors 38a

and @8btivhickrdatett 32 myodleétriciy {EM Ghibyaceorpadied witheed at

mOti@HéJfthE@QuFﬂﬁhE thigh ,Ofath%i’é{;j%&r efdde W%CW&BM;?%QI%@@M at
and 40b which detect a myoelectricity (EMGhip) accompanied with a
motibhSofthe &t thigh oftie-wedrer £2 1 fiyoel@&fichy SensBré 4Ba%ind

42b whieh eleteat ar20- 1 myoelerisciy (MMGknes)accompanied with a

otion of the right knee of the wearer 12, and ;myoelectricity sensors 44a
Sind 44b which GEBEL S MASBATIG ELkNEE) ScootiBaribdatih a
motietofthé daft kheetdfktherwearerod2¢Eath bfrthese rnypdelentrivity

sensgrs 38a; 38D, 90,1, 40h, 42a. 420,448, and 440 s equivalentio s,

biosignal detection unit 144 mentioned above. Specifically, these _
sensOisatE Hete dticH tifts WhiEHemeasrertheestrac & iy selErdneity 1gnal

accompaniegdavhen the skeletabmusels generatas-a museledprce, and
each of thﬁse sensors includes an electrode (not shown) which detects a

Wery “SiriafiPotential GErérted (R SKEIRAT MBS T TS EmBEHMERE
eachrofthe myoetectricity sensors<38a;188hed0asd0bi42a, 42bjd4a and
44D is stuck Batteries 3Z and 34 are attached to a waist belt
30 which is put on the waist of the wearer 12, and these
" batteries function as a power supply for driving the drive
15  motors 20, 22, 24 and 26. The batteries 32 and 34 are
rechargeable batteries, and the mounting positions of them
are distributed to right and left so that a walk action of
the wearer 12 may not be barred.

In a control back 36 which is put on the back of

20  the wearer 12, the contrcl eguipment, including the power
amplification unit 141, the control device 100, and the
power supply circuit (not shown), is accommodated. The
lower part of the control back 36 is supported by the
waist belt 30, and it is previded sc that the weight of

25 the control back 36 may not become a burden of the wearer
12.

Moreover, the action-assist device 10 includes
myoelectricity‘sensors 3Ba and 38b which detect a
myoelectricity {EMGhip) accompanied with a motion of the

30 right thigh of the wearer 12, myoelectricity sensors 40a
and 40b which detect a myoelectricity (EMGhip) accompanied
with a moticn of the left thigh of the wearer 12,

myoelectricity sensors 42a and 42b which detect a



on a skin of the wearer 12 with an adhesion seal which covers the
circumference of the electrode. The principle that the action-assist device
10 in which these myoelectricity sensors are provided supplies the
wearer 12 with an assisting force in conformity with the voluntary intention
of the wearer 12 will be described. In a human body, the acetylcholine of a
synaptic transmitter is emitted to the surface of the muscles which form
the skeletal muscle, by the instructions from the brain. As a result, the ion
permeability of the muscular fiber film changes, and the action potential
(EMGrElecirot MysGranENFoetectrizityPaeenisJAmd With theaktionof the

potentialgontraction: of the pauseular fiber 0echys ancd-a  muscle farceiss
generated. Therefore, by detecting the myaoelectricity of the skeletal

muscle: estitfatiig a'mugtIEfics Frobldetintthe"dcade OF & WATR Action
is possitdlenrand. déterntining antassisting foreerefuiredkfor ¢fie walkwearer

actiom fom g.virfuak tqrgue based,n.dhe estimated.musclg ;21 fpreejis, |

possible. Muscles are expanded and contracted if the proteins calf_ed .
actin 4n8m§68in 4r suppliediiith 1iBods GFtH Fusde forcé s crdaernal
only wher the sauseles areiSmeatttacted. dIheveforesptaijoiriavhere twese
bones are connectegevé/ith each oth rsin i%%tunz{ulgs@%atagll% state the

Ssensors ar ectioh units. w Oyface .
flexor muscfce W?IICeh generates a rorce in ending (firectlon o¥the jOInt,

and tHe eRIETSoIALSEI S RAIEIP Sgereratesa foite SHthe Edngatinge

directigmetthe joiat #0-are-provided hetweenthetwe honess And the

humap, bodh S8 Riyally ol mysgles hat are located DIOW I very

small potential generated in the skeletal muscle.

In this embodiment, each of the myoelectricity
sensors 38a, 38b, 40a, 40b, 42a, 42b, 44a and 44b is stuck
on a skin of the wearer 12 with an adhesion seal which
covers the circumference of the electrods.

The principle that the action-assist device 10
in which these myoelectricity sensors are provided
supplies the wearer 12 with an assisting force in
conformity with the voluntary intention of the wearer 12
will be described.

In a human body, the acetylcholine cof a synaptic
transmitter is emitted to the surface of the muscles which
form the skeletal muscle, by the instructions from the
brain. As a result, the ion permeability of the muscular
fiber film changes, and the action potential (EMG: Elesctro
MyoGram Mycelectricity) occurs. And with the action
potential, contraction of the muscular fiber occurs and a
muscle force is generated. Therefore, by detecting the
mycelectricity of the skeletal muscle, estimating a muscle
force produced in the case of a walk action is possible,
and determining an assisting force reguired for the walk

action from a virtual torgue based on the estimated muscle



waste to move the legs, including the iliopsoas muscle which raises the
thigh, the gluteus maximus which lowers the thigh, the quadriceps

~ femoris which elongates the knee, 15 the biceps femoris which bends the
knee, etc. The myoelectricity sensors -38a-and 40a mentioned above are
stuck on the front parts of the root portions of the thighs of the wearer 12.
Each sensor can detect the surface myoelectricity of the iliopsoas muscle
and-ear®@0-mexstrethe myoelectricity according to the muscle force

when the leg is movedforward cLhe nayeelesticitysensers 38brang 40b

are stuck on the hip parts of the wearer 12. Each sensqr can detect the
T BRI GRTOR o G B Bt o TN AR SAFE9S CHRHa S TEoo

my@eiecﬁieﬂy;aa@rﬁmm the anﬂ:&@_ipr@ﬁlwvmemhemﬁemsgbes wre
sthe Sé%'&%é&%f b%ke-3{%@%@eyoea'%ctéf@xlsgm%ééa% 44a are stuck

on thé front parts above the knées of the' wearer ach sensor can
detecrhechaface MycAebtriethof tha 30 quadeddps femaiisake ¢arte,

measirediie myoglectricity aceordingeto-the-muisele-farce o put fepward, g
the lower part of the knee. The myoelectricity sensors 42b and 44b are

studd LG thé BakRDarts bovéthe kKnBe§ 5t the Wedbef 42° PHGFD
sengeneanidaiest therswiage myoeleeticity oidhe bieeps Jamarisaadjoint
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in which theyocelédtyicity sensoie38al188ba460a,40bL A2 ayai2by 44aand
14 aeqrovided.dhe mygeleelic: Aceardng e A fl aokilitc e
iliopsoas muscle, the
which raises the thigh, the gluteus maximus which lowers
the thigh, the quadriceps femoris which elongates the knee,
15 the biceps femoris which bends the knee, etc.

The myoelectricity sensors 38a and 40a mentioned
above are stuck on the front parts of the root portions of
the thighs of the wearer 12. Each sensor can detect the
surface myoelectricity of the iliopscas muscle and can

20 measure the myoelectriciiy according to the muscle force
when the leg is moved forward. '

The myoelectricity sensors 38b and 40b are stuck
on the hip parts of the wearer 12. Each sensor can detect
the surface myoelectricity of the gluteus maximus and can

25 measure the myoelectricity according to the muscle force,
when the wearer goes up the stairs or kicks back.

The myoelectricity sensocrs 4Za and 44a are stuck
on the front parts above the knees of the wearer 12. Each
sensor can detect the surface myoelectricity of the

30 quadriceps femoris and can measure the myocelectricity
according to the muscle force toc put forward the lower

part of the knee.

The myoelectricity sensors 4Zb and 44b are stuck



gluteus maximus, the quadriceps femoris and the biceps femoris can be
detected. And the drive motors 20, 22, 24 and 26 are driven by the drive
current according to the myoelectricity concerned, thereby attaining the
supply of the assisting force in conformity with the voluntary intention of
the wearer 12 to the wearer 12. Moreover, the action-assist wearing tool

18 in the action-assist device 10 includes a force sensor 45 which

detects the torque acting around the hip joint of the wearer 12, and a

force sensor 46 which detects the torque acting around the knee joint of
the wearerk2 bIhkspssensaiscare sqaiviadertstoothectelative forcd 2.  Each

detectign, unit 146 mentioned,abqye- ok exampleeach:qf, the fOree vj cops
sensors 45 and 46 includes a stralna%age which detects a strain

accordiff Yo the’appliéd fBREEERE ol e Bfddtrc SgnaFprosortiona?
to the magnitade ot the:strain.rEhe farcensensers:4band 46 ate=disposed

0l

at the right leg part,and the left |eg part of fhe Céi@{"na—seas_i,%ti‘é’§a§§®ic9

t
18. Specifically, the force sensor 45°is disposed in the position of the
secondframe Bt torresporfing 16the HighqFart dtthe Wearer'e2, Which
is subjectedatarstrain, duedtosthesbenging bydhe drive torgue-efthe-driye
motors20.and 2. The farce.sensor. 40 s disposed in (he position pfthe,
third frame 6, COrresponﬁlng 1o 23°tHe knes par%L of the Wearer 12°" ©
whichds subje cea tgustrainhguatodhedsendifgby theadivd terduiecef the

drive #pptarss24 and,264Mareover, inardesio pesform.smoath ;movement,

of the center of gravity during a walk action or the like, it '
anc 26 are driven by the drive current according to the

mycelectricity concerned, thereby attaining the supply of
the assisting force in conformity with the voluntary
intention of the wearer 12 to the wearer 12.

Moreover, the action—-assist wearing tool 18 in
the action-assist device 10 includes a force sensor 45
which detects the torgue acting around the hip Joint of
the wearer 12, and a force sensor 46 which detects the
torgue acting around the knee‘joint of the wearer 12.
These sensors are eguivalent to the relative force
detection unit 146 menticned above. For example, each of
the force sensors 45 and 46 includes a strain gage which
detects a strain according to the applied force and
outputs an electric signal proporticonal to the magnitude
of the strain. The force sensors 45 and 46 are disposed
at the right leg part and the left leg part of the action-
assist wearing tool 18.

Specifically, the force sensor 45 is disposed in
the position cof the second frame 58, corresponding to the
thigh‘part cf the wearer 12, which is subjected to strain
‘due to the bending by the drive torgque of the drive motors
20 and Z22. The force sensor 46 is disposed in the

position of the third frame 60, corresponding to



IS necessary for the action-assist device 10 to detect the load acting on
the sole of the foot. In this embodiment, reaction force sensors 50a, 50b,
52a and 52b (indicated by the dotted lines in FIG. 2 and FIG. 3) are
disposed at the sole parts of the right and left feet of the wearer 12.
Specifically, the reaction force sensor 50a detects a reaction force to the
load acting on the front side of the right leg, and the reaction force sensor
50b detects a reaction force to the load acting on the back side of the
right leg. The reaction force sensor 52a detects a reaction force to the
load atfifg B th@Fontosideef i lsft leg, -ant iy réactoR I6fteSehsor

52b dﬂ%tﬁladﬁéw@nﬁﬁéc%&%&%o%? anthesbagk %@@c@fethﬁle:fﬁéegimve
For examgle each of t e reaction force sensors 50a, Sob, 52a and 52b

includ88a plezzoelé %lc €lement which outputs a voltage according to the
applied load. With'ivesregctioniforeedensors pit IS possisledondetectignt of

load change.aecompanied with aeight shif,.and detect whethgr theleg ¢

of the wearer 12 is in contact with the ground. Next, the composmon of
the actionta86&Fak¥aring toof 18 Wil Be %%Fa%ﬁeé‘%m&ﬁ‘?eﬁe%ﬁ%e% e 4he
and S1E4G. 44s mlefteside vieve @f ¢he Actibr-assist . wearing ieoki8oBiGent ,

S isaE%% %l?‘ﬁ‘@&%f Lthe. action-assist yyearing L) Ji'ag sho }é" LG 1y

4 and FIG. 5, the action-assist wearing too 18inclu the Wal elt 30

which 18putdi-ega-liheefaist dfthe v%eai?éir FXCa right %66 a@kﬁ%ﬁ?%r%&he
extendingdewnwarg:from:the rght side part-ofethe:waistche wearer 12.

Specifically, the reaction force sensor 5H0a
detects a reaction force to the load acting on the front
side of the right leg, and the reaction force sensor 50b
detects a reaction force fc the load acting on the back
side of the right leg. The reaction force sensor 5Z2a
detects a reaction force to the load acting on the front
side of the left leg, and the reaction force sensor 52b
detects a reaction force to the lcad on the back side of
the left leg. For example, each of the reaction force
SEensors 50&, 50k, 52a and 52b includes a pilezoelectric
element which outputs a voltage accerding to the applied
load. With the reaction force sensors, it is possible to
detect a load change accompanied with a weight shift, and
detect whether the leqg of the wearer 12 is in contact with
the ground,

Next, the composition of the action-assist
wearing tool 18 will be explained with reference to FIG. 4
and 5.

FIG. 4 is a left side view of the action-assist
wearing tool 18. FIG. 5 is a rear elevation of the
action-assist wearing tocl 18.

As shown in FIG. 4 and FIG. 5, the action-assist

wearing tool 18 includes the waist belt 320 which is put on



belt 30, and a left leg auxiliary part 55 extending downward from the left
side part of the waist belt 30. 5 The right leg auxiliary part 54 and the left
leg auxiliary part 55 are arranged syrtunetrically to each other. Each
auxiliary part includes a first frame 56 .extending downward from the waist -
belt 30 and supporting the waist belt 30, a second frame 58 extending
downward from the 10 first frame 56 along the outside of the thigh of the
wedier 12 bsthirdlffraie 68@Xeandifg dowAwRFd e T idddnd Rafte 24

58 along the autside ot the kneg, of e weatershzand adourhirame82t
provided at the lower end _of the third frame 60 in Whég%l the SOI%EOf the

foobsithe>ts vigdtef 125Which Swheh Wedring B Shoe s ThE HEtom of -
the gbpe)is@idAdirstjeint£4 having gbeariof sthuctued ist grevided -
between the lowgr end of the first frame 56 and_ the segond fr 5

Sthat the first franﬁeEl 56%%%1#1&58 s%%%ﬁajjf?gl%epfg %Ue§ %o%ﬁéc%gq to_g;%éftioe% =

to beumniuallyy retatables ThedirstjoimeslisdIpessdda bliveight Se6sitioh neT -
Whi%é!:%e%%g?f*&é?, that.of the hipsoint.of the.wearar, J hesfiest ftame p

is secured to the fixed “support side of the first joint 64, and the second |
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joint.66 haying a bearingsstructie i3 previded betwremthe towevend:of
the second frame 58 and the thjrd frame .60, so try:}tl th% s&ec}qnd&tr%r}qee 58
18nd the sthirtdme 50 A& %té)él?c?d“éjtﬁe?%fo bemtitiidly 3

rotatadie.ckhe secandjoint Grismisposed e adigight posittord whicknis-he
e o D U st et e e e
frameearer 12, and a fourth frame 62 provided at the lower end
0f the third frame 60 in which the scle of the foot cf the
15 wearer 12 (which, when wearing a shoe, is the bottom of
the shoe) is laid.

A first joint 64 having a bearing structure is
provided between the lower end of the first frame 56 and
the second frame 58, so that the first frame 56 and the

20 second frame 58 are connected together to be mutually
rotatable. The first joint 64 is disposed in a height
position which is equivalent to that of the hip joint of
the wearer. The first frame 56 is secured to the fixed
support side of the first joint 64, and the second frame

25 58 is secured to the rotatable side of the first joint 64.

A second joint 66 having a bearing structure is
provided between the lower end of the second frame 58 and
the third frame 60, so that the second frame 58 and the
third frame 60 are connected together to be mutually

30 - rotatable. The second joint 66 is dispesed in a height
position which is eguivalent to that of the knee Joint of
the wearer. The secend frame 58 is secured to the fixed

support side of the secend joint 66, and the third frame



-25- 60 is secured to the rotatable side of the second joint 66. Therefore,

the second frame 58 and the third frame 60 are provided so as to perform
pendulum movement to the first frame 56 (fixed to the waist belt 30)

around 5 the first joint 64 and the secangkjoint 66 as the rotation fulcrums.
Namely, they are constituted so that the second frame 58 and the third

frame 60 are movable in the same manner as the operation of the legs of

the svearer d@-Anstiatmotdrdbracket 68 Is:provided bntthe Eesopportsidé 66.

of each of the first o4 andthe secandJonL A6 Themotar ragket 68

includes a motor ‘supporting unit 68a projecting in the outward horizonta
direttismeThe drivee RIGIBIS20, 99, 23 &l PG RFETEOMEIEH HHRCNEIS T

suppgrting.upits 68a:ptthe Motk 15 hrackets:a8 insthe:vertical atiifudeound
Therefore, the drive motors 20, 22, 24 and 26 are not projecting sidewise

SexceS8ively: Bhd ey art pFidEd S0 SRSV ol dBntadt Fith = ~otation
surrpyndingabstaciesr ghetikeywhenr thenearenwwalkso20Attherfissecond

joint 64 and_the second jaint 66, the rotation shafts of drive mators 20,
22, 58 36 fARsmIt ti?teE ‘rri\ge %graqﬂ&%atégthgrsee%%%a ErenelESg%}l% t%%éng
thirchframeer 68 via ke ergyagingyeafs, e thiatdiie SBcbnd  fradie58%and

the third frame 6Q.are Sypplied with the 25rive,tqraue; Moregyegrbe

drive motors 20, 22, 24 and 26 include have angle sensors 70, 72, 74 and
1076 cagppstwhectécresioirf anbre. Edthtorthess diyladnstrs Récond

equiyaignt tadhe joint angle detection-unitd 42-1nentiened 3abeve. For

| exa@gzlaegioeratcihn%f ﬁlfi%n%%easgg%%rgcz:oiggz'i7rf' the outward horizontal
direction. The drive motors 20, 22, 24 and 26 are
contained in the moter supporting units 68a of the motor

15 brackets 68 in the vertical attitude. Therefore, the
drive motors 20, 22, 24 and 26 are not projecting sidewise
excessively, and they are provided so as to avoid contact
with a surrounding obstacle or the like when the wearer
walks.

20 At the first joint €4 and the second joint 66,
the rotation shafts of the drive motors 20, 22, 24 and 26
transmit the drive torgue to the second frame 58 and the
third frame 60 via the engaging gears, so that the second
frame 58 and the third frame 60 are supplied with the

25 drive torque.

Moreover, the drive motors 20, 22, 24 and 26
include have angle sensors 70, 72, 74 and 76 each cf which
detects a joint angle. Each of these angle senscrs is

“equivalent to the joint angle detection unit 142 mentioned

30 above. For example, each of the angle sensors 70, 72, 74
and 76 includes a rotary encoder which counts the number
of pulses proportional to a joint angle of one of the

first joint 64 and the second joint 66 and output an



and 76 includes a rotary encoder which counts the number of pulses
proportional to a joint angle of one of the first joint 64 and the second joint
66 and output an -26- electric signal according to the counted pulse
number (proportional to the joint angle}a&s a sensor output. The angle
sensors 70 and 72 detect a rotation angle between the first frame 56 and
the second frame 58, 5 equivalent to the joint angle (6 hip) of the hip joint
of theawsarer k2.0The anghesensarstzy ahe 78 deicet &P veRfion-aRGle

between fhe. lower-end, of the ngd frame. 58 and theibisd frame. 60,
equivalent to the joint angle (6 knee) of the knee joint of the wearer 12. 10
The first joint 64785 B¢ $8c6RE FGIRE6E Ard Fro\idE§ SoThaf th&F are- o™
rotaiable-onlyindbs angle rrange where teshimjpintandkoesdoint afithes,
wearer 12 are rotatable, and, the stopper mechanism_(n tstggwn),is. ¢ of
S profidediimetsin 8 akt6 adid giviRg an iﬁwgggﬁf)leofS?%&i o #e hip ©
joint aadvkenee=jointof tHEweararlk2. sarfirstfasténimgoelt 78avhkich is
fastenedto. e (hjgh ofdbeearek J2 s Allachied orihg second. fiame e

58. A sécond fast ning belt 80 which is fastened to the part under the
knefofane wharer iz & attacivedto (RO ARG arke 60:Th efdre} ite ©

drive forque generaied y the:drive motors,20,,22,24 and 26 are

transmitted to the second frame 58 and the third frame 6Q via th%gg rs,
10and it is further traRsmitied td Rakh 165 oFe WearEF19"%s 4R Hsshstiritf ©
forcpmia thie dirsifasteningrbejt 28 ando25tthe secontifastering beitge.

The fouh flame 62 1 conpedtedip g dowstCd e g ama £0: 12
are rotatable, and the stopper mechanism (not shown) is
provided therein sc as to avoid giving an impossible

1% motion to the hip joint and knee joint cf the wearer 12.

A first fastening belt 78 which is fastened to
the thigh of the wearer 12 is attached to the second frame
58. A second fastening belt 80 which is fastened to the
part under the knee of the wearer 12 is attached to the

20 third frame 60. Therefore, the drive torqué generated by
the drive motors 20, 22, 24 and 26 are transmitted to the
second frame 58 and the third frame 60 via the gears, and
it is further transmitted to each leg of the wearer 12 as
the assisting force via the first fastening belt 786 and

25  the second fastening belt 80.

The fourth frame 62 is connected to the lower
end of the third frame €0 via a shaft 82 in a rotatable
manner. A heel receptacle part 84 in which the heel part
of the sole of the foot of the wearer 12 is laid is

30 provided at the lower end of the fourth frame 62. And the
length of the second frame 58 and the third frame 60 in
the longitudinal direction is adjustable by a screw

mechanism, so that the length may be adjusted to an



manner. A heel receptacle part 84 in which the heel part of the sole of the
foot of the wearer 12 is laid is 30 provided at the lower end of the fourth
frame 62. And the length of the second frame 58 and the third frame 60 in
the longitudinal direction is adjustable by7a screw mechanism, so that the
length may be adjusted to an -27- arbitrary length in conformity with the
length of the leg of the wearer 12 by using the screw mechanism. Each of
thedrdrhesB6; 560 and B4 RVAATEISTY arAétal FeSpedivEly arid fiése &9

frames.Gan SRRQEthe Saweight of the batteries 32 and-34provided in the
waist belt 30, the control back 36, and the actign-assist wearing tool 18.

Namely, the actibRSRs<ist deicd BT RS prévided s thatthe freighit, "=ce °F
inclyding te actipr-assist 1weasng tonki8, meymet actonstheweareht?2
and 1Q excessive, loa not be given to.the wearer 12. .Next, the _.

Sproggéﬁe}jetofj gn %%%is%%%%%}eﬁrg%%sgfﬁ% v%?]ic%r@vﬁ"ﬁfégrn%‘gd I;/eth‘galSt
contral dedite 106 whehitheé wearerl® weads theabovéanentcnsd

acti?géaﬁsgg weayingstool 18.and perioims a walk actioawillbela 19 i

explained with reference to FIG. 6. As shown in FIG. 6, upon start of the
pro&eEdUTES e escoritiol devite 1BDTRGquUiIFdS al steposTF fife fofht Angies 1St
(eknre,ship) detected by:the anglessensors ¥ls Fleatband 78awhich are

equivalent to the_joint angle 20 detection unit 142, Pro r_e;ssingltg step
1051 25 HREESMTGI d&ite™00 Iﬁjcﬁﬁl%s%‘é%ysgle Rficityaighals -

(EMGknee, EMGhipkidetentedhyteemyoaiécticity sehsors88ar 38D,
408‘49%8%& 54 52 1af1c§ 2&3%11?‘ %rs]d };‘)1'94 P I é"ﬁ?ﬁ%@i arg_g( e"&'ﬁ’@/%sgltﬁ@oﬁ"edevi ce 100
when the wearer 12 wears the above-mentioned action-assist
wearing tool 18 and performs a walk action will be
15 explained with reference to FIG. 6.

As shown in FIG. €, upon start of the procedure,
the control device 100 acquires at step 511 the Joint
angles (Bknee, Bhip) detected by the angle sensors 70, 72,
74, and 76, which are eguivalent to the joint angle

20 detection unit 142Z. | _

Progressing to step 812, the control device 100
scquires the myoelectricity signals (EMGknee, EMGhip)
detected.by the myoelectricity sensors 38a, 38b, 40a, 40b,
42a, 42b, 44z and 44b, which are equivalent to the

25 Dbiosignal detecticn unit 144.

Progressing to step $13, the control device 100
compares the joint angles {8knee, Bhip) and the
myoelectricity signals (EMGknee, EMGhip), acquired in the
steps $11 and S12, with the reference parameters from a

30 reference parameter database [(not shown). The control
device 100 specifies the phase of the task corresponding
to the action of the wearer 12. |

At the following step S1i4, the control device



25 biosignal detection unit 144. Progressing to step 513, the control
device 100 compares the joint angles (eknee, Ship) and the
myoelectricity signals (EMGknee, EMGhip), acquired in the steps S11
and 512, with the reference parameters from a 30 reference parameter
database (not shown). The control devi&@-100 specifies the phase of the
task corresponding to the action of the wearer 12. At the following step
514, the contro] device -28- 100.selects a ¢ nd _functign f (t).and a
gair%“ é’% asc%gere&thla {0 tﬁg%%afs% 568&%%8% J;Ephngr%s"&? %%38 (§§tlc§§10%ous
congrotaniti.nind cprogre ssingaosstep 1% ch signalhs diffekerice3(AEMG)
between the hiosigpal (EMGop):efithe reference parameter

corresponding to the joint angle detected by the joint angle detection unit
142, and the m%@ﬁectﬁ%ﬁﬁ%‘?‘gﬁ?&ﬂ%l\ﬁ@e&?ﬁ@té&éd 1y theTBidsignal
yletegtionuait 444 ismatgulstad;aseording ta the fermulart@GbEMGE the
(FEMGop-EMGex) (determination unit%. ét the oIIO)é\gng St%%glgg« trl%
diffrERES BTG RGeS in (e 85678 SH&FS13 is Conpared With a
preditesninet] oleranese)threshold)end4ttisastermined: wHetheatide the
difference EEMG.is, less 1 th c n iffer :
NG S ToE e e Tabancs ot Sy To. e nyodectictyto e
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1dtis ﬂﬁ@?d{%é%%iﬁ!@e@ml@émﬂhﬁawﬁﬁ metors 20, 22, 24 and 26
equivalent to the drive 20 source 140 can be g{ven t%the Ie}g of the wearer
12 as the assistifif fofg. Tottowing step 516, the diff =

calculated in the above step S15 is compared with a

erence AEM

predetermined tolerance (threshold) and it is determined
whether the difference AEMG is less than the tolerance.

15 When the difference AEMG is less than the
tolerance at step S16, the myoelectricity to the joint
action of the wearer 12 correspconds to the action of the
wearer 12. It is judgéd that the drive torgue from the
drive motors 20, 22, 24 and 26 equivalent to the drive

20 source 140 can be given to the leg of the wearer 12 as the
assisting force. '

Therefore, when the difference AEMG is less than
the tolerance at step 816, a command signal is transmitted
to the motor driver (not shown) equivalent to the power

25 amplification unit 141 (817). Thereby, the drive motors
20, 22, 24 and 26 which are eguivalent to the drive source
140 generate the drive torgue based on the joint angles
{8 knee, BOhip) and the mycelectricity signals (EMGknee,
EMGhip) acquired from the wearer 12. This drive torque

3¢  is transmitted to the leg of the wearer 12 as the
assisting force via the second frame 58, the third frame
60, the first fastening belt 78 and the second fastening
belt B80.



Therefore, when the difference AEMG is less than the tolerance at step
516, a command signal is transmitted to the motor driver (not shown)
equivalent to the power 25 amplification unit 141 (S17). Thereby, the drive
motors 20, 22, 24 and 26 which are equivalent to the drive source 140
generate the drive torque based on the‘j%?n’t angles (0 knee, chip) and the
myoelectricity signals (EMGknee, EMGhip) acquired from the wearer 12.

This drive torquewggr{s transmitted 10 the legof the wearerdZ.as the rance

assisting force via the second frame 58, the third frame 60, the first

fastefingtisait 38 and-iie SeCEHEFALtERIHG beh 85200 Wheftheon ©F the

diffefence AEMG®xceads-thestoleranseatsieprl 6 dhe dnyeglelricityetorer
the joint action of the w(%%rg‘r 12 d(\??es ot corrgsgond t% the accltliondof.thg
weargr 1211t isJudgEF Bial e divE SritieFromthedrive’s motors 20,

22, 2band26 dpeshot soreespditl thotie motiono wiickhpdnel wearehd 2notion

inter\'ﬂﬁ 'E:chpg fgrm. Tgepefgge,i\p{pggégegﬁ € EMG exceeds the
tolerance at's ep‘%ﬁ%, the ¢ ange processirig of the gain P_is performed
at step 519. Nam@élye o St b 19 enl G eeréetcd galirp L% {gxceeds the

(LEMG{EMGon)) is calculateds anddhegaipP isxchanged-o the eoregteth p
gain P' (< P). And at step S17, the command signal (control signal)

generateE WithrREC Gtle GEBRyaN P! inTATaCake Has"a YRlue Smafler than
1that cthe-easeiobgaim B andrlh the contrabisiyimaiaubich is smallenthaned,

el e SRSl Sl sled peqon L)

20, 22, 24 and 26zgeheratehagrivid forquiee  command signal (contrel
signal) generated with the corrected gain P' in this case
has a value smaller than that in the case of gain P, and

15 the control signal which is smaller than that in the case
of gain P is supplied to the motor driver (not shown)
equivalent to the power amplification unit 141. Thereby,
the drive motors 20, 22, 24 and 26 generate a drive torgue
which is smaller than that in the case of gain P.

20 As a result, the drive motors 20, 22, 24 and 26
generate the drive torque based on the actual measurements
of the myoelectricity signals (EMGknee, EMGhip) which are
in conformity with the intention of the wearer 12,
regardless of the phase of each action. This drive torgue

25 is transmitted to the leg of the wearer 12 as the
assisting force via the second frame 58, the third frame
60, the first fastening belt 78 and the second fastening
belt 80.

In this manner, the change processing cf gain P

30 is performed at the step S519. Thus, even when the wearer
12 stops a certain action intermittently and changes the
action {phase) inte another action (phase), the assisting

force can be decreased as soon as the mycelectricity



which is smaller than that in the case of gain P. 20 As a result, the drive
motors 20, 22, 24 and 26 generate the drive torque based on the actual
measurements of the myoelectricity signals (EMGknee, EMGhip) which
are in conformity with the intention of the wearer 12, regardless of the
phase of each action. This drive torque 25 is transmitted to the leg of the
wearer 12 as the assisting force via the gsgcond frame 58, the third frame
60, the first fastening belt 78 and the second fastening belt 80. In this
manner, the change processing of gain P 30 is performed at the step 519.
Thus, 8verawhérthetiearer 1ex siobsfa ldetiaifrattion internittadthe ane
changesdhe agtion-(phase).rto-anotheraction (Rhasehdhe-assisting
force can be decreased as soon as the mdyoelectricity -30- signal from the

wearef 12 1AlIEC Andit 14 BosiisTe 15T 805i¢ Forking e Wisdrer 1210 Such

performetas initial operation against the intention of the wearer 12 in such

cases. Thereforepthe wegrer 12,cananqyire the. assisting forgs,in
conformity with the intention of the wearer 12 in accordance with the

abov3déstriBed U tfol - tRD OFRWhHIE Y the ddtBnof6hs tomtrol itk
the pseudear Voluntary centtalrapproximated tatbhe soleptaryeantralnare 1

performed in g mixed,mapper. At E@%&%ﬁ%"‘@%ﬁﬁﬁ L8 itﬁf?ed %tsefertr%ggd

whether the action-assist control processing e last phase of the task

concEPER3COIMPTEtE. \WHERhE  Hctibri-assist controltrocesifigddr are

the lasti:phase of theatask.eangarmed remains incomplete at step 518, the

control At the following step 518, it is determined

whether the action-assist control processing for the last
pnase of the task concerned is completed. When the

action-assist control processing for the last phase of the
task concerned remains incomplete at step 518, thé control
is returned to the above-mentioned step S11 and the

action-assist contrcl processing (811-518) for the next
phase will be performed. When the action~assist control

processing for the last phase of the task concerned is

completed at step S18, this procedure of the action-assist

control processing 1s ended.

Next, the motion equation data (Mi) and the
known parameters (Pk) which are read from the data storing
unit 156 into the parameter identification unit 160 will
be explained. The motion equation data (Mi) are provided
to constitute the eguation of motion of the entire system
including the action-assist device 10 and the wearer 12.
The known parameters (Pk} include the kinetics parameters,
such as the weight of each part of the action-assist
device 10, the moment of inertia around each Jjoint, the
coefficient of viscosity, and the Coulomb friction
coefficient. This sguation of motion relates to the

entire system including the action-assist device 10 and



is returned to the above-mentioned step Sll and the action-assist control
processing (SlI-S18) for the next phase will be performed. When the
action-assist control processing for the last phase of the task concerned
is completed at step 518, this procedure of the action-assist control
processing is ended. Next, the motion equation data (Mi) and the known
parameters (Pk) which are read from the data storing unit 156 into the
parameter identification unit 160 will be explained. The motion equation
data:(Mi) ace previtied iedobstitlie the equatidn afanotiearafthe antirehe

system . inclugding the action-assist ice.,10 he wea 2..The
Knowiv %%r?}arsrl%?ﬁls fﬂk)&%%l]‘ugzgtheplg%ét%é b:?fncjwlétggf SE%# asthe"d the
weight ofrebeh Partrofthe artionkassist - device 10, the moment of inertia

around each join%f@g e]%efﬁgiegt af é(!%f%it)éh%%‘iﬁ%‘? MO&%E&@%f a3

coefficient. This equation of motion relates to the entire system mcludin%
the aerBRCASSiSEBEVIFRYES antN 33l tHe weaféFE2VARY iPfs &X5res88d Torthe

exanyler by the medelshawr ieFo+ 7AnFies 7Bt Flea BAvd-Ha 3B @dihen
the formula (1) mentioned gelow. FIG. 7ﬁ is,a diagram shov#&g each
elem&hE8Fa S HAthEmatitaPmodet Wwhith is B Side \Aahr Dt e ey 6F the

wearerd2owhbywears:thel ackor-as$ist wesringriool 48 Wheriaiewbddrom
the sige HG. RS paiagranshoying txpksgg%ggo element ofg, ;. 5

mathematical model which™ corresponds to t the wearer 12. FIG.
18A isd aordimgranrsnewiiy a6 beabnWiiEh tHeassistingTorce epife drive-ne

source-140Q ang, the muscle forcerf theanearer L. which showsthat the |

resultant of the drive torque (Te) of ,
which shows that the resultant of the drive torque (Te) of

the drive source 140 and the muscle torgue (Tm) of the
wearer 12 acts as a joint moment {(AT). FIG. 8B is a
15 diagram showing an action with the assisting force of the
drive scurce 140 and the muscle force of the wearer 12,
which shows typically each torque which acts when rotating
the leg up {or front) arcund the knee joint.
For example, when the wearer 12 rotates the leg
20  up (or front) around the knee joint as shown in FIG. BA
' and FIG. 8B, the third frame 60 of action-assist wearing
tool 18 eguivalent to the knee joint will be rotated
arcund the second joint 66. |
In that case, the wearer 12 will generate muscle
25 force (Tm) as the torque acting on the knee joint, and the
drive torgue (Te) of the drive source 140 will act on the
third frame 60 around the second joint €6.
Therefore, the resultant of the drive thrque
(Te} of the drive source 140 and the muscie torque [(Tm; of
30 the wearer 12 acts on the leg of the wearer 12 as the
Joint moment (AT), and it is possible for the wearer 12 to
operate the leg with a muscle force smaller than that in

the case where the wearer does not wear the action-assist



the drive source 140 and the muscle torque (Tm) of the wearer 12 acts as
a joint moment (4T). FIG. BB is a 15 diagram showing an action with the
assisting force of the drive source 140 and the muscle force of the wearer
12, which shows typically each torque which acts when rotating the leg
up (or front) around the knee joint. For example, when the wearer 12
rotates the leg 20 up (or front) around the knee joint as shown in FIG. 8A
and FIG. 8B, the third frame 60 of action-gssist wearing tool 18 equivalent
- to the knee joint will be rotated around the second joint 66. In that case,
the wearer 12 will generate muscle 25 force (Tm) as the torque acting on
the kneegoimg arrbihé 8drive torque (Te) of the drive source 140 will act on

the third frame 6@.around the; second-iint £6. Therefare, the resultaniof
the drive torgue (Te) of the drive source 140 and the muscle torque (Tm)

of 30 the'wdarér 13 3GE GT e g Bf the WeafdiTs 2&the [t moment
(AT), andtitis pbssiine dor the weares 120t0 Dperate thel |€g witma miuscle

force smaller;fhan that i, the.case where. the wearer dogsnofweay the

action-assist -32- wearing tool 18. And the drive torque of the drive source
140 (Teyi8 bitairiedaEcortingto tRE B SFE-PR&RtiGred Coritfol  $yStem ot

the driee-matoss 20, 22,124 and:26; ang:ihe: jeint mpoment(Akisence
determine sed on.the detection signal detected by the force sensor
s e e e e ey of

betweBHeHiEeFRE forqueiCPeyand theenTisid SofUuETmYIst thE Wbarer
12. However, the muscle torguetlim}@fithe rectly. To obviate the

problem, in this embodiment, it is determined based on the
difference between the joint moment {(AT) and the drive

torgue (Te).
R(g)i + Dg + Csgn(§) + G(g) + H(@, @) = T, + T (4,4, 4) =-+--+(1)|

In the above formula (1), the respective terms

are represented as follows.



wearer 12 cannot be measured directly. To obviate the problem, in this
embodiment, it is determined based on the difference between the joint
moment (AT) and the drive torque (Te). R(g)4 + D4 + C sgn(q) + G(q) +
H(g,4)=T.+T.(u,q, Q) ... (1) In the above formula (1), the respective
terms are represented as follows. -33Ja%+3,+2Jvcos 8 Ja+J cos 0 R(q) Jfl
+J" cos 0 J,6 Ja =11 +mis2 [+m2I1\ =(lel+Ina)+(mel+mml)s
+(me2+mrrj?1112 JQ =J2+mzsz=(le2+Im2) +(me2+mm)S2 Jti, =m 2s
211 (me2+ph2sP Ak Bin0k- () shapdyeg#l182)1 aq) r'sin(01+B) ra
:mIgR(q)] +mm;<)gsl rQ =m29'1 (me2+mmn)gll r" =m2gsi
(me2+mm2)gs2Jge | 0Del 0 D40 D2]5 0 De2 +D J 10 11 Cel
+Cml 0 C=[C 0 C21=2J-[ 0.Ce2+Cm2 H(q,q) =R(q)4-2 aq(~ R(q)q) T
[relZeZJf;'m@élhm)Sf:h(ugl, r1,Bl)l-m2(u2,02,021 u=[ulu2f In the above

2 moans the-Hordnipist W Ree s EBaipt € means the

Iy =y 4= (L 1) +(mstm )s;

J, = mzszlf‘: (m, +”2m2)szll

r, sinf+7, sind,+rvsin(@+0,)

1 { r, sin(@,+6,) j\

r, =mgs=(m +m,)gs

rp=m,gl= (mytm,)gl,

r, =m,gs = (m,+1m,,)gs,

q 2[9 iez]T

10 D,| |0 D,+D,

c, 0] [C+C, O
C = = '
AL 0 GG,

0 C
Hed=R@i— 5 (R0
1, :[Texrez]
I, (wg.9)= [Tna(up o, 7 Dm0, 92]

uz-'[uiuz]r

In the above formula (1), subscript 1 means the

parameter around a hip joint, subscript 2 means the
parameter arcund a knee joint, subscript e means the

5§ parameter of the action-assist device 10, and subscript m



5 parameter of the action-assist device 10, and subscript m -34- means
the parameter of the wearer 12. Moreover, in the above formula (1), R(q)
denotes the inertia term, G(q) denotes the gravity term, D denotes the
viscous friction term, C denotes the Coulomb 5 friction term, H denotes
the Coriolis force and centrifugal force teym (which may be called also
inertia term), Te denotes the drive torque by the drive source 140, Tm
denotes the muscle moment term by the muscle force, and U denotes the
degree=ofsactidtytermrby ¢me afustle. 48dvdext, fHe. parameter

identification metfjod performed Ic%meagg(}aén%g%%gtiﬁ tion grﬁ&e}lGO
' e ahe . ;

will be explained. For the sake of simplicity, if it is assume 'tha'g
wearSTEE BSintdie indgivelstate he MlgeledeBahemditaedsiaFmtn therm, D

formyla,Ch)ds negligiblecAnd it may: be.expressed-bydhe fellowing farmulay
éZ) in this_state. R(q)4 +Dg+Csgn(4)+G(q)+H(q.4)=Te ....,.(2)l The above

ormtifa- B ISR arRFBmEd HRES i 26 olloWimg formuiai@s ueidy the

motiea:ivariable;datar matex Qand(thei kineties; parameldramatisX. 10X sia

Te x=[ra J'6J, DiDZrarFrVCICZ y........ 3) L The,motion variable gata
et i B SRRk Sl S e VBEARS (8B ce 1400,
estinfatigfennitewheheasitise kinetivsspdrabgeter mattikeX nisamienolwr oz, and
varyig hecause %&%@ﬁ%@éfﬁé@@{@@@yt%%% 12£hange ¢

depending on an individual difference or physical condition of the wearer
g9 Next, the parameter identification method

performed by the parameter ldentification unit 160 will be
explained.
For the sake of simplicity, if it iz assumed
that the wearer 12 is in an inactive state, the muscle
15  moment term Tm in the formula (1) is negligible. And it
may be expressed by the following formula (2) in this

state.

R(@)d + Dg + Csgn(@) + G(@) + H(@. @) =T,  »=++=+(2),

The above formula (2) is transformed inte the
20  following formula (3) using the motion variable data

matrix £ and the kinetics parameter matrix X.
QX =T,

X = [JaJﬁJVDiDzrarﬁrVC,C'z}r (3

The motion variable data matrix Q can be
determined by various detection units and various
25  estimation unit, whereas the kinetics parameter matrix X
is unknown or varying because the parameters concerning
the wearer 12 change depending on an individual difference
or physical condition ¢f the wearer 12.
Furthermore, the formula (3) can be transformed

20 into the following formula (4) if the estimated kinetics



Furthermore, the formula (3) can be transformed 30 into the following
formula (4) if the estimated kinetics -35- parameter matrix X* for
estimating the kinetics parameter matrix X is introduced using the error
matrix s which is equivalent to an error between the kinetics parameter
matrix X and the estimated kinetics parameter matrix X*. .*=e | E ...... 4)
The unknown parameter (Pu) that minimizes the error matrix s in the
above formula (4) (to zero matrix) is repr&Esented by the following formula
(5). X* = (QTQyi(f T7") ..... (5) Therefore, the unknown parameter (Pu)

concerning the wearer 12 i§ derived by solving the above formula (52] (tor
by SORTAGPHRE it bf frofh GRRY ~FsprERBniad Bl e RtHHIR (S
as a result) xNext,therparametet identificatien processiagrand dhertorgue s

estimatign.prpgessing which Ae respectively, performead by @?aﬁ@@é?eter

identification unit 160 and the _joint torque estimation unit 152 when the
abov@déntioled " ActibR-&SSEENSATING I6ELES iSPIRATH tHe Wedrer 19
will be- pl@j_rézd. FIG. 9A is a diagram for explaining the parameter
correCtih pro ssihfperfofméd v the wearer 12 wears the
action-assist wearing tool 18. This flowchart is for explaining the

procedure of parath&tet  fdétifiCRicH Brécessig petformed Bt the

parametes -identification Hnitl6QEka. 9B-isardiagiamfar explaining-the
torque estimation processi erformed when the wearer 12 wears the
ot SeE T WS ot 15 T h ROGtart & Por S piiring the

procedyie of &Igﬂ“‘%})—l(grj‘&) «erne(5)

Therefore, the unknown parameter (Pu) concerning
the wearer 12 is derived by sclving the above formula (5)
{or by solving the equation of motion originally
represented by the formula (1) as a result).

Next, the parameter identification processing and
the torgue estimation processing which are respectively
performed by the parameter identificaticn unit 160 and the
joint torgue estimation unit 152 when the above-mentioned .
action-assist wearing tool 18 is put on the wearer 12 will
be explained.

FIG. 92 is a diagram for explaining the
parameter correction processing performed when the wearer
12 wears the action-assist wearing tool 18. This
flowchart is for explaining the prcocedure of parameter
identification processing performed by the parameter
identification unit 160. FIG. 9B is a diagram for
explaining the torgue estimation processing performed when
the wearer 12 wears the action-assist wearing tool 18.
This flowchart is for explaining the procedure of torgue
estimation preocessing in which the joint torgque is

estimated by the joint torgue estimation unit 152,



estimation processing in which the joint torque is estimated by the joint
torque estimation unit 152. -36- In the following, the parameter
identification processing performed by the parameter identification unit
160 using the formulas mentioned aboveawill be explained with reference
to the flowchart of FIG. 9A. Also with 5 reference to the flowchart of FIG.
B, the relation with the processing performed by the joint torque

estimation unit 52 Wi b uiHEd coetveRAet sSEowRgntFIEL @ ion

wh

e the pracessiRg % staded by the ipstiugtions from the control devige: +

100 %0 thg}garag]et identification unit 160 determines whether the .
L ;

powet st

Tot End AT RIGTEF ONTET0) HRTE Hirhed BN 2ined

motsimthqnaﬂenajafta (M) ahd thédengver tparanieter (EK) aremead frooh
sthe data §&9%9 }é?'té?é £41)-2ubseguently, the metion equations %%%h

formulas 15

5)) are constituted on the operation environment of the

CPUS T ORFaR iR dptiie s ShbWntiherIG> OB, theyjoir mrgimation

estigpation upit Lo21isioperated when theipwer switch (not shown) is
turned ON (S80). The relative force 20 data (OF) detected by the relative
force detection uift 14848 réBd (881) “Aftel iidt, IHEjdvOrORSEmI 4T is

estimaieddy ealculatingna tifferencadetweentthe retative, forzeydata (@B)
multiplied by the predetermined coefficient, an e drive torque
L B e e eg e

est

it
ima ubsequently, the drive torque

datd T ey estimatedtmnthendrive torque e‘stimati_ogdj MKL5G,7@nd thefjoint is
mo@SQB@&“@S&@F%@%&U&%@%@O&V e Joins forquesestimation ynit

152 are read by the muscle

i5

20

25

30

parameter (Pk) are read from the data storing unit 156
(571} . Subseguently, the motion eguations (the formulas
{1} - (5)) are constituted on the operation environment of
the CPU (5872).

In the meantime, as shown in FIG. SB, the Jjoint
tergue estimation unit 152 is operated when the power
switch (not shown) is turned ON (880). fThe relative force
data (AF) detected by the relative force detection unit
146 is read (S81). After that, the joint moment (AT) is
estimated by calculating a difference between the relative
force data (AF) multiplied by the predetermined
coefficient, and the drive torque estimation data (Te)
(S82). Subsequently, the drive torque estimation data
(Te) estimated by the drive torque estimation unit 150,
and the joint moment estimation data (AT} estimated by the

joint torgue estimaticn unit 152 are read by the muscle

- torque estimation unit 153 (883). And the muscle torque

estimation unit 153 estimates a muscle torgue {Tm) by the
muscle force of the wearer 12 based on the association
shown in FIG. 8A and FIG. 8B (S84). The joint torque

estimation unit 1352 and the muscle torque estimation unit



torque estimation unit 153 (S83). And the muscle torque 30 estimation unit
153 estimates a muscle torque (Tm) by the muscle force of the wearer 12
based on the association shown in FIG. 8A and FIG. 8B (S84). The joint
torque estimation unit 152 and the musgle torque estimation unit -37- 153
repeat performing the same processing before the end command from

the control unit 200 is received (No in 585). And when the end command

if] rei@ﬁ%@é?é@@ iﬁeiégﬁm;ma@r@ﬁ@sgad@és ﬁ@ﬁ@&ﬁﬁ@h%@ab@dm@nbm
the muscle 5 torgue (Tm) is determined in_grder to allow,the parameter
e, SIS P ERler T3 s At S Ve & mitacias -

forcerig gér_s&'ratéda _'Ehn'sl isthengase M\ﬂﬂerecmparameﬁemdeﬂﬁﬁaatiqm@
periopmed.in;a stat Orﬁ?{i%%gi.lo Next, s showiin ELG. 9410 duye
Ti 'and the joint h

torque estimaté)n (%ata angle data (0) are read from the

Sdaté rpraunit T4 istcheasaransstet Nidertifidation aRtcre0-{S7 P Erteter

the joiptnomentdata &Ad) isread fem (hajaint torque estimationsbilation
152 15 into the parameter identification unit 160 (574). Subsequently, the

pardhet& AeRtfcafor Ghit®166 HHGhreSthe réSpéctive dhf FREThEReTe
formina (b} refthecformada i which thenmiuscle: targae=(d mhissfugther i onary
conssigg{[ed suitably (575), and identifies the unknown 20 parameters (Pu),
such asthe weight of each part of the wearer 12, the moment of inertia
1@round each joinfekthe agesterd?, the Theffidiént theiscosity dvd the

Coulampligiar eaelicient, Thaserles g ugeeasnastaRe o Nere
reading 25 of the drive torque estimatiornrdata (T°), ejomt%ata
read from the data input unit 154 intc the parameter
identification unit 160 (573), and the -‘ioint moment data
(AT) is read from the joint torgue estimation unit 152
15 into the parameter identification unit 160 (374).
Subsecquently, the parameter identification unit
160 substitutes the respective data into the formula {5)
or the formula in which the muscle torgue (Tm) is further
congidered suitably (375}, and identifies the unknown
20 'parameters {Pu), such as the weight of each part of the
wearer 12, the moment of inertia around each joint of the
wearer 12, the coefficient of viscdsity, and the Coulomb
friction coefficient.
The series of processing steps from the reading
25 of the drive torque estimation data (T'), the joint data
{6) and the joint moment data {(AT) data, to the
identification of the unknown parameters {Pu) is repsated
for a predetermined number of cycles (for example, 10
cycles), and the average of the unknown parameters (Pu) is
30  calculated for esach cycle (878).
Then, the parameter identification unit 160
supplies the thus identified unknown parameters (Pu) to

the control unit 200 (87%). And the processing is



(0) and the joint moment data (ST) data, to the identification of the
unknown parameters (Pu) is repeated for a predetermined number of
cycles (for example, 10 cycles), and the average of the unknown
parameters (Pu) is 30 calculated for eachcycle (S78). Then, the
parameter identification unit 160 supplies the thus identified unknown
parameters (Pu) to the control unit 200 (S79). And the processing is -38-
termisateth®6&J 10A, FIG. 10B, FIG. I0C, FIG. 11, FIG. 12A, and FIG.
12B show exampleg; of %R,engri%n‘tah@&ulq__si W gw trﬁgpktyj?wnmG~ 1oa
parameters (Pu) of the wearer 12 are 5 identified by the parameter
idend@figafioff unittFeGhAtheiaartfcativh expeniess supposeiiz tre
weaigri b2 is fsaninactive siaterand the deive gentrghof the drive soyrce

40 is,carrie zl%it y the control unit 200 according to the PD.

Probg?ﬁ&ﬁﬁ ivatiTel BORIPEISS tHAEMEOirtingte 6°0f&adf Joint
may draw a predetermined decus. iVlossdver, sipposecthal tRetaeed that
angle,of the join le 6 follows the_ synthetic sinusoidal, pattern,including
the f?gc?utgr%%géo?ig; %.%%n%nl?onﬁz 56 thséftatﬁ%’oﬁer}%tigh%c%ﬁ?’g@y 15
improves Eslneichtas pdssivte aathirthd tAnde which ifedfillsthebgperating
charagteristic ofthe legoIn,cepsideratian, of the ermpgﬁ%@%fng'e n
the action of the leg, the range of the joint angle 6 (i.e., the operation

1 ¥angesgtirateys falkrwiRm theo20 hahgblt -02 65 05 (rhd) for tie hish
joint pachwithiry theaangerflito: &:Onfrad) fardhesknegioiatiespestivelse

The number of times of repetition for the =
that the target angle of the Jjoint angle 8 follows the

r

synthetic sinusoidal pattern including the frequencies of
0.2, 0.5 and 1.0 (Hz) so that the operation accuracy

15 improves as much as possible within the range which
fulfills the operating characteristic of the leg.

In consideration of the maximum bending angle in
the action of the leg, the range of the joint angle §
(i.e., the operation range of the leg) falls within.the

20 range of -0.2 to 0.5 {rad) for the hip joint and within
the range of 0 to lTO (rad) for the knee joint,
respectively. The number of times of repetition for the
averaging menticned above is set.to 10 times.

. FIG. 10A shows the experimental data of the

25 transient response of the kinetics parameters containing
the unknown parameters at the time of performing the
parameter identificaticn processing (Pu). This graph
shows the convergence pattern of the inertia moment. FIG.
10B is a graph which shows the convergence pattern of the

30 gravity moment, and FIG. 10C is a graph which shows the
convergence pattern of the coefficient of viscous friction.

As is apparent from FIG. 102, FIG. 10B and FIG.

10C, it is turned out that, according to the above-



averaging mentioned above is set to 10 times. FIG. 10A shows the
experimental data of the 25 transient response of the kinetics parameters
containing the unknown parameters at the time of performing the
parameter identification processing (Pu). This graph shows the
convergence pattern of the inertia momeri-FIG. 10B is a graph which
shows the convergence pattern of the 30 gravity moment, and FIG. 10C is
a graph which shows the convergence pattern of the coefficient of
viscBES it ART&Eprarentioh EIG>T0RTFRECTOBHRPFRE. 108, it
is tupnechegt that; aceerding4e the ahove -B8o ngntioned paArfiei®int, most
identification Eroc%s%sing b% the Paramejt:ertigentification ![lgit 160 of tgis
embodinent, MOSt of thd Kine &cheﬁasraometérs? of The Wearér 12%re made
convergentaithin Beteral secondsamtitdragexoeflent Sreonvergenéenin

§theE¥‘{-9xFQ§%§}?c@?”“ﬂ‘%aB‘BﬂeEr%%églg can besperformed for.g short

time. FIG. 11 shows the expenryental data in which the experimental
resuRs YRTEE iNE paramete PRIERTIFESHot ProtedSivguirdéitthe same

conditions is perfermed for 10Rach-atthelestachpersonsiA: B and £1,88n the
the wearer 12 are shown._It is shown that the individual differences

accoREETEUSNiItR the PHySIca YiFErehiBs ot IRETESt o PePdors &2 BLaAd
C areinciudedrin thedinetics:patametsrad Suchras the manientekinéctia,

e viscqus friction 15 coefficient, the gravity moment and the Coulom
eios Rartely B e S ente &, B € o ihhacr 12 are
physitapfeaturés, sgcisbgwhethgightand (indiweilkalrespetavelystse

step distanes andhihe muscle. forsa ofeach person alsa differwhen eachy
person perrorms ) . . )
persons A, B and C are included in the kinetics parameters,

such as the moment of inertia, the viscous friction

15 coefficient, the gravity moment and the Coulomb friction.
_ Namely, since the tested persons A, B, and C
differ in the physical features, such as the height and
the weight, respectively, the step distance and the muscle
force of each persén alsc differ when each person performs

20 walk operaticon. 2As is apparent from the experimental data
of FIG. 11, the moment of inertia, the viscous friction
coefficient, the gravity moment and the Coulomb friction
are different for the individual tested persons even when
the parameter identification processing is performed under

25 the same conditions.

Therefore, when the wearer 12 wears the zction-
assist wearing tool 18, it is possible to correct the
kinetics parameters cof the wearer who has different
physical features by performing the above-mentioned

30 parameter identification processing, so that the assisting
force in conformity with that wearer may be acguired.

FIG. 127 shows the experimental data of an

example of the identification accuracy by the parameter



20 walk operation. As is apparent from the experimental data of FIG. 11,
the moment of inertia, the viscous friction coefficient, the gravity moment
and the Coulomb friction are different for the individual tested persons
even when the parameter identification processing is performed under 25
the same conditions. Therefore, when thédrearer 12 wears the action-
assist wearing tool 18, it is possible to correct the kinetics parameters of

the wearer who has different physical features by performing the

abov RCTTongtt 30 baTAHEtEr hifcatior BrobbeSREEs thafiis shows
assisting foece infconformityawith thatwearerrmayds=acquifed nEiG.1 32AF
shows the experiment f.an_example of the identification accur

by tﬁ% %a%a%e?e%%%-% éd' I’%ﬁl ga?%%dg%%%gs%%“of%%%%e ﬁ?b%?ﬁ%“e%?,'wh?ﬁé'
shows Rhehgestifibaticniactifaeyediithe momarnaf indrtishef thedy: joift

accompanied with the walkopgiation 1EIG,12B; shows the identification
accuracy of the moment of 5 inertia of the knee joint accompanied with the
walk"BPEFAtidH n the graphs shown in FIG. 12A and FIG. 12B, the graph

of the actually memsured values:(Rthand the graph ofbthesidentified 123,
valu R2) are overl edtoe 10 other with respect to_the transient
resp%%ée %zf? %n?gm%?]%) 61 i%%rallggbrgﬁ? Sggﬁ%f‘t'ﬁg %ﬁ?]oﬁﬁ%&n&?ﬂethe
kneecjoimth arfd itlis tdrvet-odt thait the geaph( BE the: actuallyr egasutetc each

yanesand ewiapholbe dentiet vales are. oA e0ieeman filhenc
each other. Namely, the actually 15 measured values {Rl) and the
idenfiffed Vi (REPRTFRECh 2ol &I 61 2B YRN8 dbselynes joint,

IUUUEN&’@ﬂﬁﬂﬂgﬂb@hed out that the graph of the actually
measured values and the graph of the identified values are
mostly in agreement with each other. Nameiy, the actually

15 measured values (R1l) and the identified values (R2) in FIG.
1ZA and FIG. 12B resemble closely mutually, proving that
sufficient identification accuracy can be obtained.

FIG. 13 is a flowchart for explaining the
procedure of calibration processing which is performed by

20 the calibration unit 158. 1In the following, the parameter
identification processing using the calibration unit 158
will be explained with reference to FIG. 13.

Upon start, the calibration unit 158 reads the
setting gain (Gs) from the data storing unit 156 ($91),

25 and subseguently, reads the myoelectricity data (EMG) and
the muscle torque estimation data (Tm) from the data input
unit 160 (89%2).

Next, the calibration unit 158 determined
whether a difference between a ratio (Tm/EMG) of the

30 muscle torque estimation data (Tm) and the myoelectricity
data {(EMG) and the setting gain (Gs) is larger than a
permissible error range {Ea} {S93).

When the difference (Tm/EMG)~(Gs) is larger than



sufficient identification accuracy can be obtained. FIG. 13 is a flowchart for
explaining the procedure of calibration processing which is performed by
20 the calibration unit 158. In the following, the parameter identification
processing using the calibration unit 158 will be explained with reference
to FIG. 13. Upon start, the calibration unit 158 reads the setting gain (Gs)
from the data storing unit 156 (S91), 25 gand subsequently, reads the
myoelectricity data (EMG) and the muscle torque estimation data (Tm)
from the data input unit 160 (S92). Next, the calibration unit 158
deterrhlred whetharadiff@&ence/betvae R B3ratio- (FPEMOGY of the 3001t

muscledorque estimation dajadTee).and the myegleciigify ndatay(EMGhe
and the setting gain (Gs) is larger than a_permissible error range (Ea)

(S93) MK e differeted (Frn/EMG RIS 1€kt get than 2B 1S thE Srror
rangen{fzeg (¥esrincS98) cttea calibi@tion uhitdlbBecarrectssthieng control is

myoelectricity data, (EMG), based;on.the ; following forpula (6} and., 4a¢a

calculates the corrected myoelectricity data {EMG'). And the processin
controf i Fetared 5 thestep SPreafingthenyodlechicty data (ERIG e
and thesmusclederque estisnation data (Tm) from the data input unit 160.

On the other hand Whe{%} it i@#g}eﬁgwgd &I}ja%%?eidyger erlgeesm%ﬁg d that

. T \ .
(Tm/EMG)-(Gs) is ?gss an the error range NO in S93

calibrafien Uhtt e5816MMITAEE he- f6¢edsinge EME 2T WG HXEMG 6.y
According tq:the abeve calibratien Rocessiigunit 158 terminates the

processing.

EMG = (T,/GYX EMG  «+ex+=(8)

According Yo the above calibration processing,
the ratio (Tm/EMG') of the muscle torgue estimation data
{Tm) and the corrected myoelectricity data (EMG') is
almost equal to the setting gain (Gs). £ is possible to
prevent beforehand the situation in which a poor
sensitivity and coversensitivity arises in the detection
result from the biosignal detection unit 144.

As a result, it is possible to prevent the
gituation where the identification accuracy of the unknown
parameters (Pu) of the weazrer 12 menticned above falls,
and it 1s possible to alsc prevent the situation where the
assisting force generated by the drive source 140 becomes
too small or too large.

In the action-assist device 10 of this
embodiment, the muscle torgue (Tm) or muscle force of the
wearer 12 can be obtained by the joint torgue estimation
unit 152 and the muscle torque estimation unit 153, and a
calibration is perfcrmed using the cbtained muscle torque.
It is possible to reduce remarkably the burden on the

wearer 12 when compared with that in the case of the



the ratio (Tm/EMG') of the muscle torque estimation data (Tm) and the
corrected myoelectricity data (EMG’) is almost equal to the setting gain
(Gs). It is possible to prevent beforehand the situation in which a poor
sensitivity and oversensitivity arises in the detection result from the
biosignal detection unit 144. As a result, it is possible to prevent the
situation where the identification accuracy. of the unknown parameters
(Pu) of the wearer 12 mentioned above falls, and it is possible to also
prevent the situation where the assisting force generated by the drive
sourterid8 becomes tdesmalhorioo lamge: lhithelaction-assistttevicehkD

of this,;embodiment. the muysclg torque {Tm)or.muscle farce.ot the,

wearer 12 can be obtained by the joint torque estimation unit 152 and the
mustfe tidue Bstimationtdnit 158 %hd A° cAfibPRIGH REpérformedF G8ing e
the ebtataed muselexdorque: it is possile dadedusexemarkably the

burden on.the, wearer, 12 when.compared with.that in the case of the 42,
devi%(_a without these units. Specifically, f n 1%ﬁélr the “joint torqu
estiation it 152 rbrtife ARYSTIE téfdue NedtimatioRaksit 153 i349sed,5iPis

necessary-iodescathe wearerle tormaintainthe slationay siaterefdirer
predesermiped ime while.a predetermined dive torque (Te} 5, gien by
Cle

the dfive source inthis State, in order to “obtairy the nus forque
(Tmiros masclerforce vfthedbeare 1 2 Fhisweill lcause the Wedretd? te

create the needed Jpusgle force; segardlegs of the muscleforeedhat gan, 17
be produced hy the wearer 12, and will also force the wearer 12 to wait

for thé HEtEssaY IR Yimes Rotordiry fo/ tgme - Accozding to the

action-assist device 10 of this embodiment, the burden on
the wearer can be reduced desirably.

Next, the control method applied te the control
device 100 will be explained.

The control method applied to the action-assist
device 10 is not limited. For example, a centrol method
based on the classical contrecl theory, such as the PD
control, may be applicable, similar to the parameter
identification experiment. BAccording to the actiocn-assist
device 10 of this embodiment, even 1f the classical control
thecory 1s based, the controlled system including the wearer
12 is iddentified, and thereafter the simulation in which
the identification result is incorporated can be performed
and the parameters of the optimal compensatcor can be set up
on the simulation concerned. And it is possible to
demonstrate sufficient effect according to the control
method. Specifically, it is possible to give the assisting
force which the wearer 12 voluntarily as a result of
demonstrating the effect according to the control method by
carrying out feedback control of the myoelectricity (EMG)

from the biosignal detection unit 144,



action-assist device 10 of this embodiment, the burden on the wearer can
be reduced desirably. Next, the control method applied to the control
device 100 will be explained. The control method applied to the
action-assist device 10 is not limited. For example, a control method
based on the classical control theory, such as the PD control, may be
applicable, similar to the parameter idenification experiment. According
to the action-assist device 10 of this embodiment, even if the classical
control theory is based, the controlled system including the wearer 12 is
identifiédrand thérdaftértrdsimuldtiorriawmict theclermificltiopriesult is

incorporated can be perfarmed ardibe parametersofthe eptimall device
compglél%ator can be set up on the simulation concerned. And it |s

possibig td HemenSHats sOficiént BREGE ARG to tHE Eahtfor ethistt
Specificaltptitis possibléaoogivetite apsisting force whichdhe .wearner 12

voluntarily as.a result of demanstrating the effect according to the control
method by carrying out feedback control of the-myoelectricity (EMG)

from thEBIbERIN I TEtRCHBR (it 1oL CHBS AtV it i DREET it Hr&)
classical control theory. thetcantrekmetiodappletsta-the>eontrol device

100 may. bir'é%@%% ‘%%}%eem‘&%e%C%goké%%ﬁy?""@?hm%%ecio%'%?0%%’89&,

regulator, the optimal observer, etc., and is not limited in particular.

(ContPEISmBERBA3ARREh PErférms GREfANP EGMpensationy TRIF cBntrdl

method pestermas compensation of the gravity term G (q) in the formula

Eég mentioned abaye, 3d supRresses the nflugnge of the drayily tem
used as a base suppesing operating =0 that the action-
assist device 10 with which the wearer 12 was equipped may
be sest to the target posture # e from the initial posture
0 s as a precondition .

First, if it is the usual PD control, the PD

feedback control input (control signal Ur) concerning the
drive torgue (Te) by the drive source 140 1s represented

by the following formula (7).

Next, in the PD control which performs gravity
compensation as well, the PD feedback control input
{control signal Ur) concerning the drive forque (Te) by
the drive scurce 140 is represented by the following

formula (8).

R(g)G +Dg+Csgn{g)+G(g)+ H{g,§) =1, + T (u,9,9)
Ur=—KP(6s_93)mKﬂq+G(q) nnuutar(s)

In the PD control with the gravity compensation
expressed by the formula (8}, when feedback control is

carried out, the gravity term G{q) can be cancelled, and



concerned. The PD control is adopted as a control method used as a
base supposing operating so that the action- assist device 10 with which
the wearer 12 was equipped may be set to the target posture 8 e from the
initial posture B s as a precondition . First, if it is the usual PD control, the
PD feedback control input (control sigﬁﬁl‘iUr) concerning the drive torque
(Te) by the drive source 140 is represented by the following formula (7).

R(}42 R sPUA peC@L D mfsh | EHa0edh WSight of the
-KP(8S-8e)-Kpq ...... (7) Next, in the PD control which performs gravity

s

conffansaticirad Well" 7 PEP idéibadEcdirolifpal (EoRur8E&GgRal Lf) when
concerngghergkivedorque (Ee)ilby themdriveysevece 140 i represesteded.

by the following, formula (8). R(q)4 +D4 +C sgn (4)+ + H(q, 4) =Tr
o oA R E e T e S5l ahhe
Sgravity compensatios expressédrmythecforanda (8 wierwpfesdidackn of the
contyplis. carded-gup, the grayity ferm Gg) £an he cancelled, and pdd- the, , 4

weight of the wearer 12 himself and the weight of the action-assist
weafirgFteet 185adtiy of e wearep 120WReANRERIRgTREACTioMAssist
wearpglephd8.can be reduced. (Control Method Which Performs Inertia
Compensation) S This_control method performs compensation of the

inertia term R (q) Ath& fofUk f1) mentidRedhave, and ShpPre e b
Linflueaeé afthe ihed teuppRIocomearmeiing so that the action-

assist device 10 with which the wearer 12 was equipped may
be set to the target posture fe from the initial posture

0 s as a precondition similar to the case of gravity

compensation.

15 In the PD contreol which performs inertia
compensation as well, the PD feedback control input
(control signal Ur) concerning the drive torcue (Te) by

the drive source 140 is represent by the formula (9).

R(9)d + Dg + Csgn(g) + G(g) + H(g,9) = T, + T,,(u,q,9)
Ur=-Kp(0,-6,)-Kpg+H(g.9) ......(9)

20 In the PD contreol with the inertia compensation
according tc the formula (®), it is possible that, when
feedback control is carried out to offset the inertia term
H of the controlled system, and the force of inertia by
the wearer 12 by himself and the force of inertia from the

25 action-assist wearing tocl 18 can be suppressed, and
especially when trying to perform quick operation, the
burden on the wearer 12 can be reduced remarkably.
(Centrol Method Which Performs Gravity Compensation And
Inertia Compensation)

30 This control method utilizes advantageocus

features picked up from both the above PD control with the



. The PD control is adopted as a control method 10 used as a base
supposing operating so that the action- assist device 10 with which the
wearer 12 was equipped may be set to the target posture 8e from the
initial posture Bs as a precondition similar to the case of gravity -
compensation. 15 In the PD control whiéy performs inertia compensation
as well, the PD feedback control input (control signal Ur) concerning the
drive t the drive so rgtenl40 IS represent b

orque (Te) b re the formula (9).
RG34 DA CEON) T Cle = Hla, &) T8 ST Ta 0 30 = Kplos™™

compensation Aecofding fodhe faunula @), is possible fat, when,,
feedback control is carried out to offset the inertia term H of the controlled
sysiFiVafd e ite dfneftia By thewearer 12 by himself and the force

sof inertia from theb aglion-assist wearkirtoot 18cambe suppressedethod
and espgcialrlg when tryi%g to perform quick or%erati(l)J:, the. burden on the

wedter 15 arr B8 edficed rématkably® (Contrdl Mathot wWhich B st ¥
GravityuzompensatiemAnchdén@iacCompensation) 80T hisccanieol method

utili u atures,picked up from both the above PD.contr
it e e T e B ool il ot
inertia sbrgesatiorednd it is represented by the formula (10) under the

same condition as that of the previously mentioned formula. 5 The

operBiigndardRgett Grapr{ gontréf (attroll redhe-sdime 35 (Hoge df the

LoD POl e IBWY- K g + Glg) + H(g,4) «=-++-(10)

(Impedance Controci)

The impedance control is to freely adjust the
characteristics, such as the inertia, the viscosity and
the rigidity of the controlled system, taking into
15 consideration cf the viscoelasticity characteristic of the
humen being (the wearer 12). And it has the feature that
the force acting between the controlled system and the
envircnment can be appropriately chosen according to the
purpose of control. In the action-assist device 10, the
20 characteristic of the entire system including the wearer
12 and the action-assist device 10 is changed, thereby it
is possible to change the characteristic of the wearer 12
indirectly and to perform the control.

Namely, when the impedance control is applied to
25 control device 100, by using the action-assist device 10
Which is put on the wearer 12, it is possible to realize
adjusting the characteristic (impedance) of the wearer 12
indirectly, which could not be accomplished by the
conventional device.

30 The controclled system by the impedance control

applied to the contrel device 100 is the entire system



compensation and the PD control with the inertia compensation described
above, and a description thereof will be omitted. R(q)g + Dg + C sgn(4) +
G(g) +H(g,9)=Te +T.(u,q,q) 10 Ur =-Kp(e,. - ee) - KD4 + G(4) + H(q,
4) ... (10) (Impedance Control) The impedance control is to freely adjust
the characteristics, such as the inertia;-the-viscosity and the rigidity of the
controlled system; taking into 15 consideration of the viscoelasticity
characteristic of the human being (the wearer 12). And it has the feature

that e foreE Acting Fstvesh tie"corrGifiet§stem aRt the®eRGFofment -
can berappropriateypchioseit aceareling to-the purpasef contratizndbe
action-assist device 10, the 20 racteristic of the entire system includin

the SR L2 A e hcon S SEd IS 10 4 e (oot s
possiblésty dlvanyes thie:ghagdctelistc ofnsneagere2tireirettiyraridp usual
Perform the control Nagely, when the impedance control is applied to 25

control device 100, by using the action-assist device 10 which is put on
the wearer 12, it EB0SiBIP b realize “R8jUsHRGTRe cHaraeferRfesd so that

(impedange) okthe-weaserd 2= indiectiy;, which eedldneide agcomplisbed
by the conventjonal device. 3Q The cantralled,system by the impedance
contt I RBATEN T8 RS chauror ebice 100 16 T nird S e e
incluffingnrthe: a¢fionassistadaicetOdnctire wearercl2.0@ince fdsmulte (12) .

1@”“”ent”0““thed&%@é&E@E@?Q?eagoagggﬂaﬁm*%aga%§£HMPQd%1z>, the
iImpedance control, in order to distinguish this impedance control from the
usuatnertia term R{g) for the entire system is changed to

[R{g)~R'(g)], and the viscous friction term D is changed
to (D-B'). As for these terms, the adjustment can be
performed by setting up R' (g) and D' suitably.

15 In this case, since the influence of the inertia
term or the viscous friction term from the action-assist
device 10 can be suppressed, 1t is possible to demconstrate
the original capability cf the wearer 12 to perform quick
action, such as reflection, tc the maximum extent.

20 The influence of the inertia term or the viscous
friction term of the wearer 12 can alsc be suppressed, and
the wearer 12 1s permitied to walk earlier than the
original cycle, or to operate more smoothly (smalier
viscous friction) than in the case where the action—assist

25 wearing tool is not put on.
I, =-R()§ —Dg+T, »evere(11)

[R(g) - R(@))g + (D — DNg + Csgn(g) + G(g) + H(g,9) = T, + T,.(1.9,9)

......(12)

In the above-described control device 100, the
centrol mechanism can be constituted with at least one of

30 the gravity compensation, the inertia compensation, and



5 impedance control. For example, if the control is performed so that the
drive torque generated by the drive source 140 is represented by Te' of
the following formula (11), the formula (1) is transformed into the following
formula (12). 10 Consequently, as apparent the formula (12), the inertia
term R(q) for the entire system is changed;to [R(q)-R' (q)), and the
viscous friction term D is changed to (D-D'). As for these terms, the
adjustment can be performed by setting up R' (q) and D' suitably. 15 In
this ¢c&se sibce dhenpfidence of e inetti& e imeot. theSyiscolis fhction the

term drom.the %@%é‘ségéad%ﬁ? @ﬁ%@eéﬁp&’i@éﬁe%%&%s%@n%s

demonstrate the original capability of the wearer 12 to perform quick

actioh® stisAchs.réfeciivh, $6Hhe Praxifntim €Xteftr 20 ThHE infliehcE 6L e

inertig-termersthe.viscous #istionderm-efihg wearell2,6an:lse Peuted on
suppressed, and .the wearer 12 ISQE’] ermitted to walk earlier than the

%rlglﬁgecﬂgrgﬁo%p@at%%% Jothly (Enfaifer iscBus fricfishyhaR™ >
in thélcasewherd thesactionssist (25 weasingetoatds not put on.

TR0 D4 T8, () REO)-R (AN (5219 5500 £ 50

H(q,4)=TQ+T.(u,q,4) ...... Int e above-descri control device
100, Itﬁ@}@@mr@nme@hamméanlhbec&mmm@@rwﬁﬁ dtheasronaol 30wl

grav@ecgmm&h%@e&ywemw Qg A7 thechbiidased on
impedance control applied. Spemﬂcallgﬁthe control method data (Ci) of

1Bne Sf1he3EBbMFS MEMRSES ¥ P& 6 the eotfich (HIC266 Trot tRe data.

data stafingks a result, the assisting force in conformity with

the contrel method concerned can be given to the wearer 12.
FIGs. 14A~14C, FIGs. 153A~15C and FIGs. 16RA-16C
show the effect when the hybrid impedance control is

15  aprlied to the contrel device 100, and show the
experimental results when the wearer 12 is made to perform
the same coperation. |

Specifically, FIG. 14A is a diagram showing a
knee jeoint angle change without control (without an

20 assisting force). FIG. 14B is a diagram showing a
myoelectricity change without control {(without an
assisting force). FIG. 14C is a diagram showing & strain
gage ocutput change without ceontrol (without an assisting
force).

25 FIG. 15A& 1s a diagram showing a knee joint angle
change with the assisting force by the PD control. FIG.
15B is a diagram showing a myoelectricity change with the
assisting force by the PD control. FIG. 15C is a diagram
showing a strain gage output change with the assisting

30  force by the PD control.

FIG. 16A is a diagram showing a knee joint angle
change with the assisting force by the PD contrel + hybrid

impedance control. FIG. 16B is a diagram showing a



unit 156, and the control mechanism can be constituted on 5 the operation
environment of the control unit 200 based on the control method data (Ci)
concerned. According to the thus constituted control mechanism, it is
possible to generate the control signal Ur according to the predetermined
control method based on 10 the acquired respective detection data and
estimated data, and, as a result, the assigting force in conformity with the
control method concerned can be given to the wearer 12. FIGs. 14A-14C,
FIGs. 15A-15C and FIGs. 16A-16C show the effect when the hybrid
impedanee. eohtrotis 1 5chpplied 1o the tontroldevicedl G0 randishdwah&D

expergggegaglr e?‘ﬂﬂ?}é&‘ﬁ]@”iﬁ%e\é@ﬁ&%r 12:is.made tp-perfoun the sameqram
operation. Specifically, FIG. 14A is a diagram showing a_knee joint angle

chang®WitHsut tottF6r it Qi B0 hsSImgTrdfce). £itS. TaB4sa ™9
diagrqﬁanmWhﬂg:aengmeigﬁmfy ehalf;rgemi.tlimpbden‘tml ¢without an
assisting force). E|G. 14G.is a diagram shqwing,a;strain_gage QutpUty, e, 5

change without control (without an assisting force). 25 FIG. 15A is a
diagFsrhisifowing 8 kit jdifit ARGl citarige witf the BS8iing fore& by the
PD contrahf1Gt a12Bds@ diagraat showingraymyeeleetiicityeghaage with
the assisting force by the PD control. FIG. 15C is a diagram s ing.a
straiﬁeg%fgoemgﬁf%l%ty cr?glr?gg With fh;l %’ss?tskﬁ% gmé/(? eff)tf’ccegg 6)? %ﬁgyP [&%&nﬂ%ln
FIG.t8A i¢ Sadiagrarr shewing ackaedqoirt atrjié cehangewitheh 1s
assisting forcesby-the RR:centrol +hybkd impedance-contal43G.21684s

a diagram showing a -48-, .
performs eaCh action concerned are measured.

In FIG. 14A, FIG. 14B, and FIG. 14C, it is shown

that the myoelectricity (EMG) from the wearer 12 is
relatively large during a swing—up period (L1}, and during
a swing-down period (L2}, the myoelectricity (EMG) becocmes
small relatively. This is in conformity with the
experience.

However, it is confirmed that there is the
portion in the second half of the swing-down period (L2},
where reducticn of the mycelectricity (EMG) of the flexor
muscle (graph II) from the extensor muscle {(graph I) is
parred. This phenomenon arise because interaction force
moment Ma acts on the wearer 12 according to the inertia
of the action-assist wearing tcol 18.

In the graph shown in FIG. 14C, the strain gage
output of the force sensor 46 ils changing although the
assisting force is not supplied. This is because, when
the wearer 12 changes the angle of the knee joint, the
lcad of the second jcint 66 (or the load of the drive
motors 24 and 26 and the motor drive force transfer
system} 1s acting on the third frame 60.

In contrast, from FIG. 15A, FIG. 15B and FIG.

15C, showing the experimental result when the PD control



15

20

myoelectricity change with the assisting force by the PD control + hybrid
impedance control. FIG. 16C is a diagram showing a strain gage output
change with the assisting force by the PD control + hybrid impedance
control. The experimental condition is.agcfollows. When a series of
actions to swing up the leg forward in the sitting state and thereafter
swing down the leg is performed by the wearer 12, the myoelectricity
(EM&)ratrnk chiwedlative foicel {orthedfdrse seaseroltput wisich ist is

CO’%‘@H%EE"E%Eh%ﬁ%@“Mﬁé%ﬁ@eﬁ%@t@féﬂ%?feﬁ% he-periaims, each

action concerned are measuréd. In FIG. 14A; FIG. 14B, and FIG. 14C, itis

shovin itha ¥R FiyoelesRicity ENIS) frrRReE Sreatekn 2tasralafvelyhen 1o

large: dusngra;swing-up:perieghiil): @ndreidring a1 swiRg-gown pREOFHL 250t
the yoelectrici (E G) becomes smalléglatlv%g% This | |%[|n conformity

> witlT tié Pexpetfece” Rowsier it bhtrnfed At théR is'the Borfionin
thersecond half of ﬁ‘ESVM@-ﬁiOﬁI\preﬁlgd (£2¥ whearétediletioniof the

mygglgc nmtg(ﬂ) oféh é)r méjsclem(lq_rgph I f{%@ tgg xtensor,
muscle graph'l arre |s phenomenon arise ecause interaction”
ford@%éﬁ%‘htﬂ\#@hc@@nﬁﬁé@ﬁeé@?%a@@ﬁmﬁg {d-hise roriiivktherce

actignyassistweating togh 18- nthe.graph shawniig FIG. 14C.JheStain e

gage output of the force sensor 46 is changing although the assisting

Loforcisthist Siviftied This 'BEalSe ARREA “tHEFWEAFEE1 2 BhiWges the-
angle of the knegdgist;dhe leadofthe sacomd mint 66 ,(orthe foaw of the in

e motors 24 904 20 and he mator e 0158, ansTe Ysiepy '
influence of the above interacticon force moment Ma appears,
and although the magnitude itself is relatively small, it
may supply the wearer 12 with sense of incongxuity,

In contrast, from FIG. 16A, FIG. 1&B and FIG.
16C, showing the experimental result when the PD contrel +
hybrid impedance control {(HI: indicated by the one-dot
chain line) is performed, it is turned out that the
influence of tﬁe interaction force moment which is fthe
problem when only the PD control is performed can be
suppressed in this case, in addition to the above-
menticned effect cf the PD control (Pd: indicated by the

sclid lined.

25 Namely, 1t 1s turned out that according to the

PD control + hybrid impedance control (HI}, the
mycelectricity (EMG} of the wearer 12 not only during the
swing-up period (L1l) but also during the swing-down period

{LZ} is halved, the respcnse waveform resembles closely,

30 and a suitable action-assist control is performed over the

whole period.
As explained above, according to the action—

assist device 10 of this embodiment, the parameter



In contrast, from FIG. 15A, FIG. 15B and FIG. 15C, showing the
experimental result when the PD control -49- is performed (Pd: indicated

by the solid line), it is turned out that the myoelectricity (EMG) from the
wearer 12 is generally halved when compared with the case when no
assisting force is supplied (Ano: indicated by the one-dot 5 chain line), the
response waveform during the swing-up period (LI) resembles closely,
and-dsuitablecattion- assist eohtrotisparfcreted!Fhisisalsesupporedters

by the factthat the farce.sensor output.(the relative forse. aR).dwing the

swiré%-up period (Lg is increased from that 10 in the case (Ano) where no
assistingfeicETs sapplicd. PlowsFel it FIG-25A) RIGVE3BLARdRIG. 18
15Gria the=segangd:hatofdbeswing=gows pesioc-t2) the-ynfluence gt rol
the above interaction force mament Ma appears, and althqugh the

S maG NS S0 1 PTG SHRICRIE ey ot IR enroF Lo -2
sense)ofdticongriityc InvbontrastfromeFiG. 164A] HG 6B andzFiGe 160

shoudng e experimental syl ulisn e 2D SonialnJYPLEIMPRdanGe o
control (HI: indicated by the one-dot chain line) is performed, it is turne

out BidaRE 2airfitichesiitheinhtéraciBngereermbriaitwhicksisthay the
prollem whenserlytbheRR contrehis pesformed-gan be-suppiessed inthise

case, in addition to the abqve- mentioned effect of the PD, control (Pd:
LOindiE&EPBY the Elidfihd) 25 RaRTly Sit i firred St that- 46857 10°
the fPB cardiol dohyldrid dmpedance control (HI), the myoelectricity (EMG)

e 415, S0y SUGDe. SYRO UL AR (D go urng
embodiment, the estimated muscle torque {Tm) from the
muscle torgue estimation unit 153 is also substituted into

15 the equation of motion (the formula (1) etc.), and the
drive source 140 can be contrclled by the contrcl device
100 based on the eguation of motion into which the
estimated muscle torque (Tm) is substituted. Alsc in the
state where a muscle force is produced by the wearer 12,

20  the kinetics parameters can be identified, and the above-
mentioned effect can be demonstrated, without causing the
wearer 12 to wait for the latency time for identifying the
kinetics parameters concernsd.

The action-assist device 10 of this embodiment

25 may be configured to include the calibration unit 158

‘ which adjusts a gain between the mycelectricity (EMG)
detected by the bicsignal detection unit 144 and the
muscle torgue (Tm) detected by the muscle torgue
estimation unit 153 so that the association between the

30 myoelectricity (EMG) and the muscle torque (Tm) is in
conformity with the predetermined setting gain (Gs). It
is possible to prevent beforehand the situation in which a

poor sensitivity and oversensitivity arises from the



(L2) is halved, the response waveform resembles closely, 30 and a
suitable action-assist control is performed over the whole period. As
explained above, according to the action- assist device 10 of this
embodiment, the parameter -50- identification unit 160 identifies the
kinetics parameters intrinsic to the wearer 12 concerned in the state
where the wearer 12 puts on the action-assist wearing tool 18, and the
drivie$eaicecn40 eaniiie Eoptroliad By theleartiol B HevicectoChated Bh

the equation of @Q@“Q”x@%%i‘%ﬁm%{@ ﬁ@;;%%%i@@é’VQ@haI@c?i'Eie@H@ed

kinetics parameters are substituted. It is possible to demonstrate

Sufficiene ErfEtt i ToR ity Atk thie ContraImatHotr 85ed B the® control

devige danwithoutbeingiatiuencedhy the-change16¢4actors zsich as the
5Wearer's.ig ividual differ. nce andtBh sical c%nditiog In the @ct,if)n-asgist

device 1001this” émbo ime‘ﬁat, The edtimated rﬁﬁseclél}grqalf’és (’Fmﬂr%nﬁcfﬁge

museledordee estimidtioniemiv d 53-g mlso sdibstiktetdsott® themegliationtoc

of matian (the formula (1) ete.)and the; drivesaurce 440 can e o 14

controlléd by the control device 100 based on the equation of motion into

whieiitRe 1astihated AfUsclE t6rdtie CFM) Resabsthuteehladse the state

wheyea ayscle foraedsrproduceddnsthe wearers1i2 20 the kinetigsarer 12,
parameters can be identified, and the above- mentioned effect can be

10 deriBfstrated" WitHout tausing'the "Weafest 12t6" @At 167 the Tdteney e
for icentifysig the kingtibsparameters-eeneetned. The action-assist

Sgl‘i’k‘)‘:rzﬂloonoljrfirt“ig%m%gi”é 0% g2 may; e configured 1p include the
embodiment, the control device 100 may be configured to
control the drive source according to a control method

15  using the kinetics parameter identified by the parameter
identification unit 160, and performing at lest one of
gravity compensation and inertia compensation. It is
possible to suppress the situation where the weight of the
action-assist device 10 may give the wearer a sense of

20 burden, and the situation where the inertia of the action-
assist device 10 may give the wearer 12 a sense of
incongruity at the time of operation.

In the action-assist device 10 of this
empodiment, the control device 100 may be configured to

25 control the drive scurce according to the hybrid impedance
control method using the kinetics parameters identified by
the parameter identification unit 160. It is possible to
demonstrate sufficient effect in conformity with the
hybrid impedance control method in which the apparent

30  inertia, the apparent viscosity, etc. of the action-zssist

device 10 are reduced so as to realize light operation.

Industrial Applicability




which adjusts a gain between the myoelectricity (EMG) detected by the
biosignal detection unit 144 and the muscle torque (Tm) detected by the
muscle torque estimation unit 153 so that the association between the 30
myoelectricity (EMG) and the muscle togsgue (Tm) is in conformity with the
predetermined setting gain (Gs) . It is possible to prevent beforehand the
situation in which a poor sensitivity and oversensitivity arises from the
-51- detection reSuli-fEmArRSic8RNal eetettMaRi 122t Ast@fesult, it is
possibipdeavoid the sifuation-where the identification accuracyobthen
kinematic5£arameters of the, wearer 12 falls, and it is 5 possible to avoid
the SROATION WhERS fiie ASsistingTorce gherated By i dhive Sotrce 1465
becomes taesmalkar. todChlasge nManedver, irs thevacidn-assist idevice: 10
f thi ' t, a calibration e perfor alsq in the .state
sof thig @%9%5‘3%:91 . fation gan pe p %
Whe‘reotﬁe musc e%orceC% produpec? Ey?ﬁe%v%&ér%% 3 1%h§n%det[hhel\?vearer
12 isTHoTbiCEd 16 waltfor e ldteneyctime cfitheddlibraticnr E8hcemed:e in
In the, actioprassistdevice 18:0{1bis, embodiment, the.caniroldevice 100 e
may _be configured to control the drive Source according to a control
methold EX¥EMGthe kinetics parameter identified by the parameter
identification unit 4.60handperiomung adlest eneof gravity corypensation
10andcigrenrtia ggmcpner%sr?ti\%ifl:this pgﬁi@le ICOO%U pres th si%latign.where
the Welght of the. action-assist dévice 10 ma@glve heWwéarer asend¥ of
20 burdenzasthessitustiorswhete the fmertie dfdhelaetiondassist device It
10 may giye the wearer 12,2 sensg of incongruity.at the e gfgperation.
applicable to an acticn-assist device in which an
assisting force is generated using another drive source
15 other than an electric motor.
This international application is based upon and
claims the benefit of pricrity of Japanese patent '
application No. 2005-18295, filed on January 26, 2005, the

contents of which is hereby incorporated by reference.



In the action-assist device 10 of this embodiment, the control device 100
may be configured to 25 control the drive source according to the hybrid
impedance control method using the kinetics parameters identified by the
parameter identification unit 160. It is passible to demonstrate sufficient
effect in conformity with the hybrid impedance control method in which
the apparent 30 inertia, the apparent viscosity, etc. of the action-assist
device 10 are reduced so as to realizd-ighfoperation. Industrial
Applicability -52- In the above-mentioned embodiment, the composition of
the action-assist device 10 in which an assisting force is given to the leg
of the wearer 12 ha BEER YB5EriBES A PRIFiRTeAtioA T Ot lifffdthtHe%
above example dtis asmatiar obequrseithat this tinvendenisalso biosignal
5appéicable to an_action-assist device in which an assisting force is given
oM a Wedarery N
to the am of the wearer, for example. In the above-mentioned
embodiment, therd (eedmposiivniintwhicha ddvé torguesfag aectritve

mogcgu'&gagﬁgk#%qﬁ@ %ss&%;p%@rg% een descriped. It is.a matter, .,

of course that this invention is also appliéa le to an action-assist device in
whighiar &5sidtify HReETs geheate®iising Bntthél-dfve sdlfce 15 other

than an electric matenckhis inteiRational applicationrs hasedupon.and o

claims the benefit of priority of Japanese patent application No.
105G RSBt o SARUAr SECSOOR SIS COFoLCar HFiEh ISTEsGhg™ BY

incarparatessbyneferencecbten unit,
characterized in further comprising:
a drive torque estimation unit estimating a
drive torgue generated by the drive source;
15 a joint angle detection unit detecting an
angular displacement of the joint; and
a parameter identification unit identifving
kinetics parameters concerned by substituting the
estimated drive torque estimated by the drive torgue
20 estimation unit and the angular displacément detected by
the joint angle detection unit into an eguation of motion
of an entire system including kinetics parameters
intrinsic to the wearer,
wherein the control unit is configured fo
25 contrecl the drive source according to a predetermined
contrel method based on the eguation of motion into which
the kinetics parameters identified by the parameter

identification unit are subsitiituted.

30 2. A wearable acticn-assist device comprising:
a biosignal detection unit detecting a biogsignal

from a wearer;

an action-assist wearing tool having a drive



CLAIMS 1. A wearable action-assist device comprising: a biosignal
detection unit detecting a biosignal 5 from a wearer; an action-assist
wearing tool having a drive source supplying a torque acting on the

wearer around each joint of the wearer @s-an axis of rotation; and a

control unit controlling the drive source to 10 generate the torque

according to the biosignal detected by the biosignal detection unit,
chafsti€fize§ WRIHREECOMPPRISIitE ddiva Doruesastimagsrunitround each

estimating a drive tqrayegenerated by the drive-sQuregs, 154, j9int angle
detection unit detectingran angular displacement of the joint; and a

parameter identificSFOH Bt ety Fy kitetic Fartatfieterd BB neHicEby©
substittiting thet Bstimategerivedorqlieestimated hyitheidie tafgue2®ad by
5estimatiog unit and th8 atn&%lar disglacement detected by the joint angle

The log%ﬁnal ) 10? qlt . . .
detection unit into an equation of motion of an entire system including
kinetics parametéts: ipgipeic teethelwe et e reimthel sontgol unit is

configured to 25aCQfEFLQJéh‘E(ﬂf%?esf%ﬁfn%@%gi_%t&a@g%%g{%%i%

control method based on the equation of motion into which the kine
pardihététs idehtife By IRE [Rifametén sdertiftatitidRit are substituted.

30 2. A wearablezacfion-assishdevise:corppHsing: a-bigsignal detection
| %u 2 ci %gézu t%qeg Ps'%i'g Crzlgrln ga%mo%wggéeg g}n%c::tlon-as&st wearing tool
& joint torgue estimation unit estimating a
joint torgue which is a resultant of the drive torque
generated by the drive source and a muscle torgue
generated by a muscle force of the wearer;

15 a muscle torgue estimation unit estimating a
muscle torque or muscle force generated by the wearer,
based on an association between the estimated drive torgue
estimated by the drive torgue estimation unit and the
estimated Jjoint torque estimated by the joint torgue

20 estimation unit; and

& parameter identification unit identifying
kinetics parameter concerned by substituting the estimated
drive torgue estimated by the drive torgue estimation unit,
the angular displacement detected by the joint angle

25 detection unit, and the muscle torque estimated by the
muscle torgue estimation unit into an equation of meotion
of an entire system incliding kinetics parameters
intrinsic to the wearer,

wherein the control unit is configured to

30  contreol the drive source according tc a predetermined
control method based on the eguation of motion into which
the kinetics parameters identified by the parameter

identification unit are substituted.



-54- source supplying a torque acting on the wearer around each joint of
the wearer as an axis of rotation; and a control unit controlling the drive
source to generate the torque according to the biosignal detected by 5
the biosignal detection unit, characterizedn further comprising: a drive
torque estimation unit estimating a drive torque generated by the drive
source; a joint angle detection unit detecting an 10 angular displacement
of the joint; a joint torque estimation unit estimating a joint torque which is

a resultant of the drivedorque -ganerated by-the grive suiceant-acrding
mu%cczjleé%(l%e ﬁeﬁ?%%d bg a muscle force of the wearer; 15 a mu
e

torquée estimation uni

scle .
Shimatifiga ShuScR (ofdue bF hudcidtdree 0 usting

genergtethbp¢tieseearer b baseghenl adsssocatidnybétwedn the gstilhated

sdrivedorque (estimated by the dr

"que gsimaign o ang the,,

ey
estimate JOInt torque estimate yt e JOInf torque estimation unit; an
37 by the ot orace o6 st d
a p&Eimeret sderlificatoMUARIGe MY Kifdtisgidrameter tongerriéd byan

substisiting-the-estiaied drive-torgue estimated by the drive forque- e or
estimation unit, the angular disglace,ment detected by the joint l?é}%le 25
ue

detE¥tR init ARG the misCe

Rt eétittraltéd Bythedfisde

estimationi unit dato an equation of motion of an entire system including
Okinetics parameters intrinsic to the wearer, wherein the control unit is
configured to 30 control the drive source according to a predetermined

20

25

30

4. The wearable action-assist device according

to claim 1 or 2, wherein the biosignal detection unit is

used in a state where the bicsignal detecticn unit is

stuck on a skin of the wearer, and the biocsignal detection
unit detecting a myocelectricity of the wearer as the

biosignal.

5. The wearable action-assist device according

to claim 1 or 2, wherein the action-assist wearing tool

includes a walst belt, a right leg auxiliary part
extending downward from a right side part of the waist
belt, and a left leg auxiliary part extending downward
from a left side part of the waist belt, and

each of the right leg auxiliary part and the
left leg auxiliary part comprising:

a first frame extending downward to support the
walst belt;

a second frame extending downward from the first
frame;

a third frame extending downward from the second
frame;

a fourth frame provided at a lower end of the

third frame so that a sole of a foot of the wearer is



control method based on the equation of motion into which the kinetics
parameters identified by the parameter identification unit are substituted.
-55- 3. The wearable action-assist device according to claim 2 further
comprising a calibration unit adjusting-again between a biosignal
detected by the biosignal 5 detection unit and a muscle torque or muscle
force estimated by the muscle torque estimation unit, so that an
asSocF&tioh Benteén e bidsighal™and the muscle torque or muscle force

is in conformity witha-predeiermined asseciatienwdéhd aThewearmble o f
action-assist devyice according to claim 1 or 2, wherein the bipsignal
etbERon Lo GAT 17 it WV (16 S dgh el daEHon e =
stuck on a skin ef theawedrerpand thedvivsigrabdetertion:1 5 ewitrdetedting

5 a mypelectricity, of the wearer as the biosignal, 5. The wearable .

action-assist device according to claim 1 or 2, wherein the action-assist
wearing tool 20 includes a waist belt, a right leg auxiliary part extending

downward from g rightside past-otthe-waist -helt ;and adsftleg awdiayng

part extending downward, from a left side part of the waist belt, and each

of the right 18y AuxiiaRy pft ARG the *55 1P IG-atkilidiy BafFcomprising:
a first freime pxtanding dovinvatd tesuppelidhe waistrhelt;@secongd -oint
10rame extending, downwiard from.the fIrst MaMes, s ces a rirst drive
source transmitting a drive force to rotate the second
frame, and a first joint angle detection unit detecting an
angular displacement of the hip joint of the wearer, and
wherein the second joint is disposed in a height
15 position which is equivalent to that of a knee joint of
the wearex, and the second joint comprises a second drive
scurce transmitting a drive force to rotate the third
frame, and a second joint angle detection unit detecting
an angular displacement of the knee joint of the wearer.
20
7. The wearable action-assist device according
to claim 1 or 2, wherein the control unit is configured to
contrel the drive source accerding to a control method
using the kinetics parameters identified by the parameter
25 identificaticn unit and performing‘at least one of gravity

compensation and inertia compensation.

8. The wearable action-assist device according
to claim 1 or 2, wherein the contrel unit is configured to
30 control the drive source according to an impedance control
method using the kinetics parameters identified by the

pvarameter identification unit.

i



30 a third frame extending downward from the second frame; a fourth
frame provided at a lower end of the third frame so that a sole of a foot of
the wearer is -56- placed on the fourth frame; a first joint provided
between a lower end of the first frame-ard an upper end of the second
frame, and a second joint provided between a lower end of 5 the second
frame and an up er}?nd of the third frame. if?',l'l'ﬁ wearable action-assist
device according ‘to clgﬁg@hgﬁ?ﬁﬁ?@ﬁ‘r’g Joint iswgl%ﬁo%aﬁﬁ%e%e??éhta
positiopwiich sceduiyatentioshatof adiip yoint 10 ofthe svedwer ctivecfirst
joint gomprises; first driye. sourge dransmitfing g drive force {q rgtaje the
second frame, and a first joint angle detection unit detecting an angular
displacement of the hip joint of the wearer, and wherein the second joint is

sdisposed in a height 1540sitien whish is.gquivalent to:that ef:akneesjoit -
of the wearer, and the second joint comprises a second drive source
tranSHRING 4 difve'fovcé To TofatEthe thitd Fame, GRdSE SebbRd Jompter
angte: dpteciiomunit.detecting: lamangular isplagement Of the kheegoint of
the wearer. 20 7. The wearable action-assist device according to claim 1
or 2, wherein the control unit is configured to control the drive source
according to a control method using the kinetics parameters identified by
the parameter 25 identification unit and performing at least one of gravity
compensation and inertia compensation. B. The wearable action-assist
device according



to claim 1 or 2, wherein the control unit is configured to 30 control the
drive source according to an impedance control method using the kinetics
parameters identified by the parameter identification unit. -57- 9. A control
program which, when executed by a conduter acting as the control unit,
causes the computer to perform the control method as claimed in claim 7.
5 10. A control program which, whe ted by a computer acting as
the control unit, causes the computer to perform the control method as
claimed in claim B. ABSTRACT A wearable action-assist device includes
a biosignal detecjiondunitdetecting a hiosignal from & weareran.o
action-assist wearing tool having a drive source supplying a torque acting

on the- Weef arGGi¢ eheAToitt of this Wedrérasarkass s etatiormma 2
Tontrelaunit comtralling the-deve seuiee 1o ggnerale thedorgue ageogding

to the detected biasignal, a drive torque estimation unit estimating a drive
torq(i€ Generate & Grive S8l Boi-aiyle etdsforr finground each
detettingarc Angutamdisplacementrofthegoint, and acpatameatetontrol unit
identificat) nit dentifyi ineti rameters_concerned b
su bs%%&%;%[}#g %éti?nﬂ;é[e(!#}glrg/% t%%? Lig%n%%hgeé‘ &53{%% 21%18 u lxa?rque

dispreeriehfiatd-antequativicet erotivre ot anantire systern including
1(inetics parameieren intripsic:tadheyeares. The control unitds configyred .y o

to control the drive source according to a predetermined control metho
basédF 6% ThE Bftiorfof TtbnIRED- FhitdT Sh& identisd-paeifetemaren
subsiitagtetlar displacement of the joint, and a parameter

identification unit identifying kinetics parameters
concerned by substituting the estimated drive tergue and
15 the detected angular displacement into an eguation of
moticn of an entire system including kinetics parameters
intrinsic to the wearer. The control unit is configured
to control the drive source according to a predetermined

control method based on the equation of motion into which

20  the identified parameters are substituted.



