~-1- DESCRIPTION WEARABLE ACTION-ASSIST DEVICE, AND
METHOD AND PROGRAM FOR CONTROLLING WEARABLE
ACTION-ASSIST DEVICE 5 TECHNICAL FIELD The present invention
relates to a wearable action-assist device-and a method and program for
controlling a wearable action-assist device which assists 10 or executes
‘an action of the wearer by substituting for the wearer. More particularly,
the present invention relates to a weakalig ection-assist device and a
method and program for controlling a wearable action-assist device
which can suppress the sense of incongruity given 15 to the wearer when
controlling the wearfabBleragiforhassist devige: BATKGROBND HRIHGP AND
many easesall Isiffieuitiorphysically: 20:hand capped or-eldesly neppie
to perform an operation which can be performed easily by a healthy
person. Until today, various action-assist devices have been developed
and putdnpzpragcticas-userfor such people. The action-assist devices may
include a wheelchair or a 25 care had onkwhiygh?thf serrides and ~
operates a switch to' drivé A Actuator stch asa tofor, S6 as 1o assise©
the insufficientspower. Heractionsrassistraevices may alsoginciuden
wearable device which iswqrn by the.buman,being. and a5sIsts,0OWer ¢ o5t 5
needed for operation of the device based 30 on the wearer's intention.
What i8tcafea Wigarable aefion-assist e Vit That Ban Bewort Byithe for
wearer gangenetate axeguired-power at any time haseckan thewearers

intention and a ~ , . . .
relates Lo a wearable action—assist device and a method

and program for centrolling a wearable action-assist
device which can suppress the sense of incongruity given
15  to the wearer when controlling the wearable action-assist

.

device,

BACKGROUND ART

In many cases, it isg difficult for physically
20 handicapped or elderly people to perform an cperation
which can be performed easily by a healthy person.
Until today, various action-assist cdevices have
been develeoped and put in practical use for such people.
The action-assist devices may include a wheelchalr or a
25  care bed on which the user rides and operates a switch to
drive an actuator, such as a motor, so as to assist the
insufficient power. The action-assist devices may also
include a wearable device which is worn by the human being
and assists power needed for operation of the device based
20 on the wearsr's intention.
What is called a wearable action-assist device
that can be worn by the wearer can generate a required

power at any time based on the wearer's intention and a



-2- care worker is not needed. Thus, the wearable action- assist device is

very useful for rehabilitation of injured or sick people and care of

physically disabled persons, elderly people, etc. and its utilization is

expected to 5 grow. There has been progbsed such a wearable action-

assist device in which a myoelectricity signal accompanied with a

wearer's muscular line activity is detected, and an_actuator is driven |
baseddFFtHEdéREtion rBShItREFRE 10 Woxbbld ARtBRHE R UEe e
actuateysissgoniallec: optionally accerdingieo theshearer'sdatention Seejured
the non-patent literature 1 (Takao NakIai Suwoong Lee, Hiroaki bersons
Kawanfotoratid Nodhiyuld Shriici S "Development of Power Assistve Lag- "

for Walkireg Aid prsing 5 BMG aadd ingg", SecoimbAsIn S§niyashdricen to
IQdusg%aAwAutomation and Robotics, BITECH, Bangkok, Thailand, May
17-1872001). In the meantime there is a problem in a wearable .
action-assist devicEiRthalaetieEtming WMRGTYIVEECRAtHESREaRSHRCTLon~
power for;agsistapcedaes pet harmonizeayith a-metien of theavearsfotheinied
wearer's action becomes awkward and.a sensE of jn_con%rugé\étis Cqéverl to nd an
the w&aret. at IERAGwN IhBE S ordér toRarmiohize the timing of power ~
applicationawith the matloreof thesedaver, 2%it ishecessaryrtoanake thén this
timing of.power. application arler than the mation.ettheWeases A ro110
finute time. However, in the wearable action-assist device of the
non-pateritditeratiire: ECEeSFot es3irg fortarisiiy anaekiEtéPio generate
power is started afterther30 myosigetrcity signatiromdhe wearesds nakai,

detected, and there is a possibility that the timingyof power .
Suwoong Lee, Hiroakl Kawamoto and Yoshiyuki 3ankal,

"Develcpment of Power Assistive Leg for Walking Aid using

)
i

MG and Linux", Secend Asian Symposium on Industrial
Butomation and Robotics, BITECH, Bangkok, Thailand, May
17-18, z2001).
In the meantime there is a problam in a wearable
action-assist device in that, if the timing which gives
20  the wearer the power for assistance does not harmonize
with a motion of the wearer, tThe wearesr’s action beccomes
awkward and a sense of incongruity is given to the wearer.
Tt is known that, in order to harmonize the
timing of power appiication with the motion of the wearer,
25 it is necessary to make the timing of power application
sarlier than the motion of the wearer by a minute time.
However, in the wearable acticon-assist device of
the non-patent literature 1, the processing for causing an
actuator to generate power is started after the
30 myoelectricity signal from the wearer is detected, and
there is a possibility that the timing of power
application later than the motion of the wearer may give

the wearer a remarkable sense of incongruilty.



application later than the motion of the wearer may give the wearer a
remarkable sense of incongruity. -3- To avoid the problem, a conventional
device is proposed in which a drive control of. an actuator is carried out in
the following manner. The human being‘”s}éction is classified into a

plurality of patterns (tasks) 5 and each task is divided into a plurality of
predetermined mipimum,agtion units {phases), andhaduedetermined:ce s
amount of current is supplied to the actuator for every phase. See the
non-peRPkefattie Y Predictiveé Y oRfoF EStinfating Operairetinténtion
for Steppingsup-10 Matien byfxo-Skeleton:Type PowersAssist Syistemg” s
HAL", Proceedinas Qf the 2001 IEEE/RSJ gng Iqternatignal ngjeée gesk5>
on intéfiigetit RobSts Y- SyStems. Mati, Hawaii, Oct. 29:Kov: 0372001

Pp. 1578+1583), and the nodipatend literatuee Bl(kHidéd teecdng¥oshipakiined
Sankai, "Power 15 Assist Control of Walking Ajd:b Based on.Rhase ..+
Sequé%c?é’ And IE‘I(\:/ITCT‘mt_hél %olTe%:ti%%I %gé(%( )'of’r'%{agci:lad}ée%i%:a lecture meeEiti%S% -
drafts@f thexotmnRobotiesiSediesy 6F Japank Jathedeardblgvery phase.
action-assist devicgs of the 20-non-patent literatures: 2.and 3raphase ofa
wearer's task is estimated based on a physical quantity, such as a joint

angle CWRIcHS dejeefid=rith thewaarer, andan“actusior 75 controned® -~
* accordingiterthe.estimaterdphase: (Aytoromous: control); IS ordemtoirl”,

reduce the sense of incongruli @ companied with the delay aof the
timing‘o%cpcoevVé‘ﬁ%%ligétib’T%?Dt% I:%UREQ%F THE INVENTION ~—~
PROBLEM:IOBE SOL VED=By HETNVENTION B HeWevErsthéldsatrol2wa ==
systems.of the wearables 2001, po. 1578-1583), and the non-patsnt

literature 3 (Hideo Lee and Yoshiyuki Sankail, "Power

15 Assist Control of Walking Aid by HAL Based on Phase
Seguence and EMG", the collsction (2001) of academic
lecture meeting drafts of the 19th Robotics Soclety of
Japan!

In the wearable action-assist devices of the
20 non-patent literatures 2 and 3, a phase of a wearer's task

ig controlled according to the estimated phase {autoncmous
control), in order to reduce the sense of incongrulty
25  accompanied with the delay of the timing of power

application.

DISCLOSURE OF THE INVENT TON
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LVED BY THE INVENTION

30 However, the control systems of the wearable
action~-assist devices of the above-mentioned non~patent
literatures 2 and 3 are provided to depend on the

autonomous control, and if an unexpected change to the



action-assist devices of the above-mentioned non-patent literatures 2 and
3 are provided to depend on the autonomous control, and an unexpected
change to the 4 action, such as a stumble, occurs, it is difficult to
smoothly perform switching to a pha@e of a corresponding task. And
there is a possibility that a remarkable sense of incongruity may be given

act i0fhe wearer, Accordingly,embodiments Og%hei%reé%’}léE‘é%ritiP”tSoeekI&%ot hly
provide a wearable action-assist device and a méthod and” program for
perigohtrolfig Boke&dblé activn-assistdevite i wiieh tHeoaboVieameritiopked And

ther¥oblems are eliminated.andithe sense;of incongruity given tohe wearen- ;i +
can be suppressed as much as possible. MEANS FOR SOLVING THE
may PROBUEM I ActofiahRd With a first aspect of the present invention,

there-isrptoviged,a wearableagtian-assishdevice: yehich assistsioron seek to
provXEEULES an.adlion of a weater by, subsftuting for the wegrer, comprising:
an action-assist ?OO ha\(lng an actuator whic gives power tothe wearer,
- Progg dsiosighil senssrdetetting aawedersebiosigriatta biosighal Procéssings  in

whi Nt aequiragframyiberbiesignal detectedhy the. biosignal:sensar @ ang  the
nerve transfer signal for operating a wearer's muscular line skeletal

SENSg sfem, W A Aybeldcticity® Signdl dtnipanictrwitiia wearergprressed as

muchmusculakkie-aetivity; an optional control unit generating a command
signal for causing the actuator to generate power according to a wearer's
intention by using the nerve transfer signal and the myoelectricity signal

MEANGhiERRré Aeqhed ByEh& Bigsidital processing unit; and a driving current
generating-uniy generating,a current accqrding.tothe nervedransfer signal s o,
, and a current according to the myoelectricity signal,
invention, there 1s provided a wearable action-assist device
which assists or executes an action of a wearer by
substituting for the wearer, comprising: an action-assist tool
having an actuator which gives power to the wearer; a
bicsignal senscor detecting a wearer's biosignal; a biosignal
processing unit acguiring, from the bicsignal detected by the
biosignal sensor, a nerve transfer signal for operating a
wearer's muscular line skeletal system, and a myoelectricity
signal accompanied with a wearer's muscular line activity; an
opticnal control unit generating a command signal for causing
the actuator to generate power according to a wearer's
intention by using the nerve transfer signal and the
myocelectricity signal which are acquired by the biosignal
precessing  unift; and a driving current generating unit
generating a current accerding to the nerve transfer signal
and a current accerding te the myocelectricity signal,
regpectively, based on the command signal generated by the
cptional centrel unit, to supply the respective currents to

the actuator.



respectively, based on the command signal generated by the optional
control unit, to supply the respective currents to the actuator. 5 In
accordance with a second aspect of the present invention, there is
provided a wearable action-assist device which assists or executes an
action of a wearer by substituting for the wearer, comprising: an

a%@n-a%%%ga%ésvingiaahactgatog%Qé%gi@%%gva@ to.the %%%refap%gent
. biosignal sensor detecting a wearer's biosignal; a |05|gr]a? processin '
lﬂveﬁﬁiw@quirﬁfg?}ﬂ%nﬂt%e B&Ygﬁ?ﬁ@et@cté@%yﬁtﬁé@bi@éﬁ@%eﬁééﬁFat device

whicherve Hansfeg signal forgperating.a wearersdnuseulardine skeletabarer by
system and % (r}nﬁﬁoejectricit %ignal accompanied with a wearer's muscular

SO Jetivity; ysital Hantiy sensbFdetsdtitdy a physicar qtiantifs~s- +oot

havirelatedrto theaction of thenwearergdrveptionalcontrokunit generatingra:r; &

. nd si for,causi e actyator to _generate r.accQrding to.
blosg%ga%r%élf}%‘%on%%?%?ggé e%bi%%ﬁ§“d¢%¢§e§%@%\ﬁe%%fosiagnaﬂ}%Slgnal
PTocséisorJa dathbase Storingl tespéétivie stafdard parametersiofgeerds by the

biosTHHEILM actien yunits (Phases) which gonstitute ajuearersactionpatiern, o
classified as a task; an autonomous control unit estimating a phase of the
wearGRafer Stk by Comphing e piiysical quantity défdted by e piiysidat ST Y
s 1gnguantity-senson ivith awdtahdard wparameter stored i the datakasecandity; =
rati 0 nd _signal for_ causing the actuator to generate_power.
physg;%(r:%rdi %ﬁ ﬁhg}[;s%%n%a%g peléﬁ!ggg; CZE sﬁé%galaco% ir?fi%lgja}nit “cuo?nnt%ﬁ%% tﬁglamd
to  ddmmand sigrial frofn theeptionakednitrol unit andithe Cormimand sigitdl  unit

genelrom; e autonomaus:control ynitand-a driving current generating Ylitor <o
causing operation of the actuator to start by supplying a pulse current

IENGFRCR IS GEfératét aCCoraihg o the "HEWE trafisfer Sighal Equifed byPte? the

bioshigsighaljproeessing by the biosignal sensor, a database storing
respective standard parameters of a series of minimum action
units (phases) which constitute a wearer’s action pattern
classified as a task; an autonomous control unit estimating a
phase of the wearer’s task by comparing the physical guantity
detected by the physical guantity sensor with a standard
parameter stored in the database, and generating a command
signal for causing the actuator to generate power according to
the estimated phase; a signal combining unit combining the
command signal from the optional control unit and the command
signal from the autoncmous control unit; and a driving current
generating unit causing cperatiocn of the actuator to start by
supplying a pulse current which i1s generated according to the
nerve transfer signal acquired by the Dbiosignal processing
unit and generating a total current according to a total
command signal from the signal combining

In accordance with a third aspect of the present
invention, there 1s provided a methed of controlling a
wearable acticn-assist device which assists or executes an

action of a wearer by substituting for the wearer,



unit and generating a total current according to a total command signal

from the signal combining In accordance with a third aspect of the present

invention, there is provided a method of controlling a wearable

action-assist device which assists oréxecutes an action of a wearer by

substituting for the wearer, 5a wherein an action-assist tool having an
wher%q}ﬁt%ﬁwglgg%\ﬁ§ ROWEr tott?%lwel%%rilﬁc%\tt%%heg%IEQL%%VF a%%{itcphf gives

method comprising the steps of: detecting a'wearer's biosignal;
povegeqliting: fromvthié Hetected bivsigralatinetve tidhsfer sigiial for the method

comp@Reratng axmeareg'smuscular:linesskeletal system apd a-myeglecticity: gna ;
signal accompanied with a wearer's muscular line activity; generating an

&CUUGStoHA comntihd Sighal $6-EaUsHTy the 8R00T to gefierdts pofer cransier

s ignadcofding toba rweatey's intentiorelby wsing the:nanve transfes signat abd system

ana the myoslectricty signal whidh gre,acqulted; nd generainga curret, o1

accor |Xg fo the nerve tfansfer signal and a curren accorélng to the

mus pydélectriclty sighaly Féspectively, sasedcons theqjenierated optionald signal

for cemmand;signal, tossupply the respegtive currents,igfbe agiualorying to &
Embodiments of the present invention may provide a program for causin

Wearg Rompaler 6 bx8Eutsa MEtHed of "Controliing awearabid adtiohiddsigtne the

nyoedemice whichvassistgrer exectitas an action of aiwearer byrsubstduting:forng a

Currtggtweg%%%Ivc\{g%relnt%n (fltlon-assst tool having an actuattir ng?z'gih glves

power to the wearer is attached to the v%é:aar%?,‘t & method comprising ?ﬁlermnt
accogtdps of: detdctipngreywearst smiosignals aeqgeikingrfrometheidetéctedbased on

the biogignal.a perve ransier -signal for.operating awearer's musculardine,  ong
skeletal system and a myoelectricity signal accompanied with a wearer's

TeSORGHSCUIEr e AGHVIt); gBnériting An-Gitivhal command signal

Embodiments of the present invention may provide a
program for causing a computer to execute a method of
controlling a wearable action-assist device which assists or
executes an action of a wearer by substituting for the wearer,
whereln an acticn-assist tool having an actuator which gives
power to the wearer 1s attached to the wesarer, the method
comprising the steps of: detecting a wearer's Dbiosignal;
acguiring, from the detected bkiosignal, a nerve transfer
signal for operating a wearer's muscular line skeletal system
and a myocelectricity signal accompanied with a wearer's
muscular line activity; generating an optional command signal
for causing the actuater o generate power according to a

wearer's intention by using the nerve



for causing the actuator to generate power according to a wearer's
intention by using the nerve -6- transfer signal and the myoelectricity

signal which are acquired; and generating a current according to the

nerve transfer signal and a current acc.og%irjg to the myoelectricity signal,
respectively, based on the 5 generated optional command signal, to

supply the respective currents to the actuator. The above-mentioned the
wearable action-assistz deyice My becenfigurec-se thatitheawearahle are
action- assijst device comprises a physical g%anﬂty %%rg}sro({ivz\?/hich 1%1@ nerve
detecf S PHyERal AN Fidted t the Sction of the Wearet. The
above:mentione deigardblerattmncassish deviseomEyrie tonfigared so

that the hiosigna, cessit it ises: it which lifies.the
DloSighAT L To et Mic) Wi Craoing norve Vaneicr Sonal fiom the
biosigaahairi-adeephifiier WhtReSErattd Tite rmyBefssticiy stghal from

the bigsignal-The-abavenentiencd neatablesaetion-assist device may

be configured so that the driving current 2 neratin it supplies to thgj.
actuator a total currétft 6?8%@@%%%%‘%‘%@& ié“%%%@%’g’t%daacg Staintto-=©

the nemve:itransfer signatantk gicosrentwhich is genevated=¢0 casto:ben-
substantially, proportional to the myoelectricity _signal,.and causes which
operaﬁgﬁ %)%ﬁég ggfu%?o? fo" Ega"r?%é o5 §§é%9l%% t@pﬁlﬁe “c%rren_t.sgl'ﬁew 'l_c
aboveswentioned warable hctioardssist devieeanayhe B6nfigireenset the

that the_drjving current generating unit generates, when starting the

supply of current to the actuator, the pulse current or the total '
The above-mentioned wearable action-assist

device may be configured so that the bicsignal processing

unit comprises: a unit which amplifies the biosignal; a

ot
€21

first filter which extracts the nerve transfer signal from
the biocsignal; and a sescond filter which extracts the
mycelectricity signal from the biosignal.
The above-mentioned wearable action-assist
device may be configured so that the driving current
20 generating unit supplies to the actuator a total current
of a2 pulse current which is generated according to the
nerve transfer signal and a current which is generated so
as to be substantially proportional to the mycelectricity
signal, and causes operation of the actuator to start by
25  supplying the pulse current.

The above-mentioned wearable action-assist
device may be configured so that the driving current
generating unit generates, when starting the supply of
current to the actuator, the pulse current or the total

30 current such that the pulse current or the total current
is larger than a lower limit of current that is capable of
driving the actuator.

The above-mentioned wearable action-assist



30 current such that the pulse current or the total current is. larger than a
lower limit of current that is capable of driving the actuator. The
above-mentioned wearable action-assist -7- device may be configured so
that the wearable action- assist device cagmprises a database in which a
given correspondence relation between each of respective standard
parameters of a series of minimum action units 5 (phases) which
constiterte cewmare e action prtesf classified 438 taskrand a Fewepn-
applicatign. ratg. (power. assist sate)f dhe actuatoris stored, and then
optional control unit estimates a phase of a task which the wearer

intends 16 PESHIE IS CS MR tHSS S PalfqEhtity 16°a&tected By the
physigakguantity-senseswith acstandase iparantetel stared iadheon units
database, the optional contro| unit determining a power assist rate
&cor&?ﬁ&f@?ﬁe“’éﬁ%af:e% S%é%grb%s%dwgr? ﬁwger ccg)rr%gbéﬁaeﬁge%%‘ér%?ion,
and geéneratified commangssignahfbr causiray thebadtipedri el S yenelamver
a power acgording to the pawer assist sate. ;The ahgye-mentioned. s i ona 1
weardble action-assist device may be configured so that, when the
weargropeatesTHY: refféxes: the driviigEtrreht geheratinttunit stipplisgarer
a current fordrivingdbesactyatesinameppesite 20direchiorcefitheiantity
o[SJeration concerned for a predetermined ,timce, alndri after th n randard
Hledetéirfimeettimg, Fis diUy CurreRigenerdting tnitsupplies™a Sufrent -
for driving:the: cactyatordn a direttionitwardsthetoperationsThe control
above mentioned methad of contaling e, 25 wearabla Actian;assist o
device may be cc;ﬁxhgureg so that a total current of a pulse current which

is generatoth Bt optingetotheateve trasfep sighabandRearent whies, and

generating a command signal for causing the actuator to

[
[#3)

generate a power according to the power assist rate.
The above-mentioned wearable action-assist
device may be configured so that, when the wearer operates
by reflexes, the driving current generating unit supplies
a current for driving the actuator in an opposite
20 direction of the operation concerned for a predetermined
time, and, after the predetermined time, the driving
current generating unit supplies a current for driving the
actuator in a direction towards the operatiomn.
The above-menticned method of contrelling the

25  wearabls action-assist device may be configured so that a
total current of a pulse current which is generated
according to the nerve transfer signal and & current which
is generated so as to be substantially proportional to the
myocelectricity signal is supplied to the actuator, and

30 operation cof the actuatox is caused to start by supplying

the pulse current.

The above-mentioned method of controlling the

wearable action~assist device may be configured so that,



is generated so as to be substantially proportional to the myoelectricity
signal is supplied to the actuator, and 30 operation of the actuator is
caused to start by supplying the pul%e current. The above-mentioned
method of controlling the wearable action-assist device may be
configured so that, 8 when starting the supply of current to the actuator,

whentheulse curient orthe total curreptis.generated;such that the pulse e puise

current or the total current is larger than a lower limit of current that is
CUTTERSat of difving e actlidtbr The S RRERTIGHEdthoti Gt = the pulse
curreognirallingihe weatable @actionrassist deviee may bigsconfiguredso that.i+ of
....the.method further comprises the steps of; detecti physical quantity
A E R oS e RGN BTG earr Sl Hatiidia SHGSL OF A tack which the
wéarer intendstogetforre By corhparingdiie physical guantity With eachrable
act 10ffespegtive standard. parameters of a-series of minimum action LIS o+ g
%ases) which constitute a wearer's action pattern classified as a task; .
Lurtg&erminity a Sover st Aite atdorditigts the RetiMated phase bagegntity
rela@dhe eorrespondence refationhandgenerating g«command signalnfole of a
causing,the actuator to generate a power according to the power assist
cas krat"(fl-,. JI'alé a%%l\"/ee-rﬁgﬁtfoer?%d %ﬁ%tﬁgé) ‘of ctﬁ'oontréﬂalﬁg}"l ﬂ%én \iveg?gl?)lec omparing the
phy sactioh-agsist device midy be: eotfigufed-so that,bwhen thea wéarer gperatesters
of DYJLellexes, acyrent fordrivingithe actuator inan, 0pposite ditgetion of: - v o

the operation concerned for a predetermined time is supplied, and, after
a VHRE Spredefermiid e, "8 Elrréntor dfiving tieactuddr i a ifeeibRning a
powdewargisitbe operationiscsupplied. Embadiments of the-presemdrventioied on

mac}/ @rovide g wearable_actipn-assist gevice which assists or executes an .
the corresponcdence relation; and generating a command signal

th

cr causing the actuator to generate a power according toc the
power assist rate.

The zhove-mentioned method of contrelling the wearable
action-assist device may be configured sc that, when the
wearer operates by reflexes, a current for driving the
actuator in an oppesite direction of the operaticn concerned
for a predetermined time 1s supplied, and, after the
predetermined time, a current for driving the actuatecr in a
direction towards the cperation is supplied.

Embcdiments of the present invention may provide a
wearable actlon-assist device which assists or executes an
action of & wearer Dby substituting for the wearer, the
wearable action-assist device comprising: an action-assist
tool having an actuator which gives power to the wearer; a

biocsignal sensor detecting a wearer's bkbiosignal; a



action of a wearer by substituting for the wearer, the wearable action

assist device comprising: an action-assist tool having an actuator which

gives power to the wearer; a biosigngl sensor detecting a wearer's

biosignal; a 9 physical quantity sensor detecting a physical quantity

related to the action of the wearer; an optional control unit generating a

ignal. for. ' C t rat wer rdi

Py e Evanilon: By Lo 1o Dlobal dbigiaa by the bl - =<
to  4difsor 28 Hatabase Storfhef regpettive startfard parahtdters of-@Béfied of unit

geneMINIMWM agtion: Janits-{Bhases)which cgpstityta.a wearers action-paterm: <o
classified as a task; an autonomous control ynit estimating a phase of the
genegahiorlT4EK by Companng thé phy<i&si duantity” defetted By the/ piysics he
biosquantity sensaertwith a startdarc iparametér stereddn thesdatabasesandtoring
respd2graing.a command 3%%@&%@“%'@9 the actualor 19 gengrale pOWer. . ; .,
according to the estlmgted phase; a signhal combining unit combining the
unitgomirartbsighal fibrmcthe cptioRalkcoritrol Wit afd fe-cemneaiiol gignalattern

clasfarp:tbe aytonomousicontral unit; and:a-driving,gurrent generating URk+ing a
generating a total current accarding to a total command signal from the

Phasggdi combirifg tff, t supply the EIREReRfto thE abftiforc3 1 duantity
deteEmbodiments-aktherpresentanventiommayprovigdessomethad hof a  standard

baragaolling a wearahle action-agsist device whigh assists orexecutes an, ...
action of a wearer by substituting for the wearer, wherein an ac lon-assist
slangel Faving ansactgatbhwhiehtgives power tE et we arep iy atfacheebtocthes to

the Wearen, the methodicomprising the, steps,gf:; detectng.@ Weargksrining the
biosignal; acquiring, from the detected_biosignal, a nerve transfer signal

COTTRR BpErating o wearBrS ffustalarl fing ‘skefdtal'system ahd an¢  the command
sigrmyodiectricity signataccompaniedmithcd unit; and a driving current

generating unit generating a total current according to a
total command signal from the signal combining unit, to supply
the total current to the actuator.

Embodiments of the present invention may provide a methed
of controlling a wearable actlon-assist device which assists
or executes an action of a wearer by substituting for the
wearer, wherein an action-assist tocl having an actuator which
glves power to the wearer 1s attached to the wearer, the
method comprising the steps of: detecting a wearer’s
biosignal; acguiring, from the detected Dbilosignal, a nerve
transfer signal for operating a wearer's muscular line
skeletal system and a mvoelectricity signal accompanied with a
wearer's muscular line activity; generating an opticnal

4

command signal for causing the actuator to generate power

according to a



wearer's muscular line activity; generating an optional command signal
for causing the actuator to generate power according to a 10 wearer's
intention by using the nerve transfer sd'gnal and the myoelectricity signal
which are acquired; and generating 5 current according to the nerve
transfer signal and a current according to the myoelectricity signal,

wear'@ﬁ?pgcﬁﬁ%rpcafgg %‘ytk@s%%eractﬁg opional commagd signal, 10 SURRIY tne

the respective currents to the actuator. Embodiments of the present
Y OShGBREOIF idy pfoVided program fercausifgaicoriputet i exdeit@cing 2
curr@gthog-ofogantrolling-a wearahleraction-assist devieg which assistsorcurrent
executes an action of a wearer, by substituting for the wearer, wherein an

accogHighiadSist 1861 ARy & actuatdrtiich §ives power to-thewdarer i e ©n
the attached ta the wearer, dhe methodncemprising thesdteps afodetectingg  the

re Sp\évgére\;'g b&'%s.*ij%n%l't Sacggi.rm% frgg{gg%g%tgcted biosignal, a nerve

transfer signal for operating a wearer's muscular -line skeletal system
and B GRysegéricity Signahaccorifaried with A WBAFE?S nildtulaPling ide &
progaelivity;rgenerating anpptignalcommend signal fereausing the agidators  or
enerate power accarding to a wearer's intention by using the nerve

to | : :
contigindrerSigial 4t 1HE Tiyoetectidin SigrawHich afeacqiired; angs+5ts ©F
execgenrerating accurentcatcarding icethenerve transtersignal and atdusrentarer,

wher%%%?rdg\%g ta?ctpfo X%eslg%tg%ityt%gﬂal’h@é?g ivt%p[’ %%Stel.ga%%gh%mich gives

generated optional command signal, to supp e respective currents to
powethe A6tudtbe THe abbve-mentiohed the Wearablé agtioncassist deviee may thod

compRe cenfigured so that.a plurality of iybrdraties ofthe, command signak i gnal ;
from the optional control unit and the command signal from the
; a

= A ftdRGmouscdhtrof Uit whidihavs'a giverr 972 acrve transfer

signal for operating a wearer's muscular line skeletal system
and a myoelectricity signal accompanied with & wearer's
muscular line activity; generating an optional command signal
for causing the actuator to generate power according to a
wearer's intention by using the nerve transfer signal and the
myoelectricity signal which are acquired; and generating a
current according to the nerve itransfer signal and a current
according to the myoelectricity signal, respectively, based on
the generated optional command signal, to supply the
respective currents to The actuator.

The above-menticned the wearable action-assist device may
be configured so that a plurality of hybrid ratics of the
command signal from the optional contrcl unit and the command
signal from the autonomous controel unit which have a given
correspondence ralation with the respective standard
parameters of the series of phases are stored in the database,

and the signal combining unit



correspondence relation with the respective standard parameters of the

series of phases are stored in the database, and the signal combining

unit -il- combines the command signal from the optional control unit and

the command signal from the autonomous ¢ontrol unit so as to meet a

hybrid ratio which is determined based on the correspondence relation
according to the phase estimated 5 by the autonomous control unit. The
above-mentioned-wearablesaction-assist tevice maypeicandigured socl unit
that the wearable action- assist qe\g'ce co erisaesB% bi%sigga!:%%q_cesjs_in&i £ so
unit whith Jtguide 4rom the Biosignal detected by the biosignar 10
sensosza nerve dtansfersigndl ferdperatinga Wearer's imusedlapdined on the
skeletal system and a nyasect il signal ageompanied i3 wearers
muscular Tine“activity, and the driving current generating unit causes
operatisn Bicthe actaior s@ErBPSupplying a pulse current which 15 is

generated accordirg, {0 ihe perve transtessigral-asquiredbythebiosignal
processing unit. The above-mentioned we

[ T raQIe__action-ass'sé device may
e coRGINEa SFthRanE TV CHrent Gilatng GT5eRLmEE HE™
pulse gy ent onthe tetatA0otirrent so thab itimaybeeomedargey thanta which
lower limit af _current which can.drive a - whe t] ly_of
current o e actu éq%?%ﬁg%b%vcé?m%%oneg%g{ﬁg%lg gé%%%]gajsﬁs%sgta %Q"L
dévicesmascre canfigured soathaf aplialiifef pewerresaplicato Faear ' s
(powey assist rates) of the actuator ;which-havesa given £OLesPORdence: gnal

relation with the respective standard parameters of the series of phases,

are StGreERRRR databhse, nHTRE SigralBorminfy uplke 2CE1vity, and

the driving current generating unit causes operation of

the actuator fto start by supplying a pulse current which

}._l
w

is generated according to the nerve transfer signal
acquired by thelbiosignal processing unit.

The above-mentioned wearable action-assist
device may be configured sc that the driving current
generating unit generates the pulse-current or the total
20 current so that it may become larger than a lower limit of

currant which can drive the actuator when starting supply
of current to the actuator.
The above-mentioned wearable action-assist
device may be configured so that a plurality of power
25  application rates (power assilst rates) of the actuator,
which have a given correspondence relation with the
respective standard parameters of the series of phases,
are stored in the database, and the signal combining unit
determines a power assist rate according to the phase of
30 the task estimated by the autcnomous control unit based on
the Correspondenca relation, and the optional control unit,
and combines the command signal from the optional control

unit and the command signal from the autonomous control



determines a power assist rate according to the phase of 30 the task
estimated by the autonomous control unit based on the correspondence
relation, and the optional control unit, and combines the command signal
from the optional control unit and the command signal. from the
autonomous control -12- unit so as to meét the determined power assist
rate. The above-mentioned wearable action-assist device may be

configured sg that, whendbe weareroperates: byJefiexesstiesdriving: .

current generating_unit supplies 5 a,curre?int for griyifg thetactgggosr ijr]S n
opposite direction bFthéBPEFatisH Eoni&inedTor & predetermined: time,

and, after {he piedetermineditimesthesdrivingtcuweat geheratirmganitcperates
supplies a current for driving the . actuator.ip.a djtection fowards, the 13
operaﬁ n- fgﬁxeegbo%g?mgﬁﬁgfﬁg meﬁ}{od of cgtnnfrolliﬁg tk?e Wearféllgp =3
aBtionzassistreevicEanagibier toafigiredass- tat @ plirality 8PRYBridFatios

of the optional comrang.signal, andthe aueaemausiecommand signatni ned

which have a given correspondence relation with the respective standard
15 paraHietersd thé Sefes orpiEsssdre prodetermifed, 2 hyBrid ratd is
determined-haseq ontheicorespandense! telatisnaccosdingtiortheri ving the

estimated LEc{l‘ase, and thﬁ-}i optional command Sjﬁ%nea| and the. ﬁtonomous

commaREgRal He 2ombinad so as 1 tcet the determined hybrid ratio.

20 The above-mentibaedimethot:of dorteolling the dwearalsletaion-agsishe
devicewrggya%eﬁgoggg%qgggsttﬂgta when starting sppplying of @ curentdaar o

the actuator, the pulse current or the total current is generated so thatit
may bedomellargerthah/aténet Bnicot & Eufraht Aty ™3 caRr s te 93t
actuatgr, 7he,abgve-mentioned methed oficontrolling thehave a given

correspondence relation with the respective standard

15 parameters of the series of phases are predetermined, a
hybrid ratio is determined basad on the correspondence
relation according to the estimated phase, and the
optional command signal and the autonomous command signal
are combined so as to meet the determined hybrid ratioc.

20 . The above-ment icned method of contrelling the
wearable action-assist device may be configured so that,
when starting supplying of a current to the actuator, the
pulse current or the total current is generated so that it
may become larger than a lower limit of a current which

25 can drive the actuator.

The above-mentioned method of controlling the

wearable action-assist device may be configured sco that a
plurality of power application rates (power assist rates)
of the actuator, which have a given correspondence

30 relation with the respective standard parameters of the
series of phases, are stored, and a power 23sist rate is
determined according to the sstimated phase of the task

basad on the correspondance relation, and the optional



wearable action-assist device may be configured so that a plurality of
power application rates (power assist rates) of the actuator, which have a
given correspondence 30 relation WE'L[% the respective standard parameters
of the series of phases, are stored, and a power assist rate is determined
according to the estimated chase of the task based on the

commEQEESPPOMEnCe, relation. and the optional 13 command signal and e,y i neqg

autonomous command signal are combined so as to meet the determined
S0 2folver 2888t rafe THE-aB8VeRfentiohed nietfdd bf éitolling the

weatablgraetionrassistaevicedmay be configured sedhat wher the wearable

.wearer operates by.reflexes, a driving curgent for driving the, actuator,in
action—a T g@&&ce %mm%e i e% Sg € %, (%hen

337 . mag lﬁ]r . T ? the
an opposf’e diréction of the operation concerned is supplied for a
wearpredeterminedstime, and bfteethe predetermiged timesatdriving curtentng the

actul@E pving the.actygtor. in a direction towardscthe operation s supplied, cerned
. EFFECTS OF THE INVENTION According to the embodiments of the
is  pPesaht HRFeNticr T the fnyoRIEREHCHY Sigiat fs achtiféd froftRe bidsSigial, the
predai@ the neave: transfes signakwhigh precedes withit grisdogateghin thetuator
. head part of the myoelectricity signal is acquired. The acquired nerve
10 3y andi6F sighal 16 UBHHs & Bigrdl {tigger Sighal) TAFSIag the driving of

the actuator, the actuator can be operated promptly when the current

rrresUPPl o the. actuataris started. For this reason, it is possible to provide

. ) ation which does not feel the delay at the time
offstartifg ‘df¢heWeatatile &8s @B8sist devite. AdGrdingffthe tnvention,

the efyoediments efithe presentinventignqthe-eptionabgormand signadferl, and
causing the actuator to, ower accordingtt,_gl) tget ngr%rés

theiﬂﬁ%ﬁ%n?&%TSLer Sléﬁgfnﬁg{@%pprecedes W located
in the head part of the myoelectricity signal is acguired. The
acguired nerve transfer signal is used as a signal (trigger
gignal) for stating the driving of the actuator, the actuator
can be operated promptiy when the current supply to the
actuateor 1s started. For this reason, 1t is possible to
provide a smooth, comfortable operation which does not feel
the delay at the time of starting of the wearable action-
assist device.

Aeceocording to the embodiments of the present invention,
the optional command signal for causing the actuator to
generate the power according to the wearer's intention, and
the autonomous command signal for causing the actuator to
generate The power according to the phase of the task
estimated by the comparison of the detected physical quantity
and the standard parameter stored 1in the database are
compbined. The starting of the actuator can be carried out
quickly, and the opticnal operation can be performed smoothly

and comfortably.



the autonomous command signal for causing the actuator to generate the
power according to the phase of the task estimated by the comparison of
the detected physical quantity and %? standard parameter stored in the
database are combined. The starting of the actuator can be carried out
quickly, and the optional operation can be performed smoothly and
comforiably. 14, Accqrding to the embadiments.of the presentipvention, , - 1
by controllln%&the hybrid ratio of the optional command signal and the
cont gatbhbhtbus kBmMaRE signaf hbtdefay of lthe staftingrefl powgrnand signal
and assistanee arses:andthenoptimalk assistanee tofthes wearerisiauseWar irng of
gower can be performgd; If the hybrid ratio_stored in the database is read h
POWERt for Bvehy Phisse Sthe Hybric* Ftio cah b& Ehafged adtomatédiy® ©© ©0e
wearfhérebypaoudre smootk raction can bescatrechedt. byl dsing ¢thenlyybridi ratio
storifflosuiiahle [orepch aperatian. sspcgrding Lo the.IpBOdiMANls OLIE nypria
_present invention, the total current of the pulse current generated
ratigecbiiinglts the'AERransferSijnaltand the ctireht§enerated'sd thasircoth
actiisrsubstantially prepartianal te the,myaelgetrigity-signal is supphedtodheranle
_ actuator, and the operation of the actuator is started by the supply of the
For 5is8 curfeht THdlefore, the delay of the start of the driving of the
actuatorcande tpreventedetfithe pudseccurrent ot thze totat current isilesstion,
the @SEaWe @gﬁgﬁ%faQﬁgﬂ% ?égwg$w¥ég%a'%ﬁ%%éﬂgap%ggording To
current or the total current may be amplified so that it is above the
the actdfor Biive Stating Edfreat. #18 pbasibles & riakedhe andplified pulsenat
is Susrenicorrgetly respepd to the, nervestranstersignal when:thedriving ofs 1

the actuator js started. , ‘ ,
suppliec to the actuator, and the operation of the actuator is

T

‘—1,

is

started by the supply of the pulse current. Therefore, the
delay of the start of the driving of the actuator can be
prevented.

If the pulse current or fthe total current is less than
the current that can start the driving of the actuator, the
pulse current or the total current may be amplified so that it
ig above the actuatcr drive starting current. It 1s possible
to make the amplified pulse current correctly respond to the
nerve transfer signal when the driving of the actuator is
started.

According to the embodiments of the present invention,
when the wearer operates by reflexes, tThe current for driving
the actuator in an opposite direction of the cperation
concerned for a predetermined time is supplied, and, after the
predetermined time, the current for driving the actuator in a
direction towards the operation is supplied. Thus, the
wearer's operation can be made smocth using the wearer's
reflexes.

According to the embodiments of tThe present invention,

the actuator 1s



According to the embodiments of the present invention, when the wearer
operates by reflexes, the current ffor driving the actuator in an opposite
direction of the operation concerne gor a predetermined time is supplied,
and, after the predetermined time, the current for driving the actuator in a
direction towards the operation is supplied. Thus, the wearer's operation

causE@N bS made smooth ysing the wearars, reflexes. Agcording o tg%sj_st rate

- embodiments of the present invention, the actuator is 15 caused to
accoggidrate the Power BiHich Mieets the Power B8Sistaie Cacebrdigfsitheng the
physphase efithgdask estimated hy compatingdhe physicsequantity with thessibile

standargﬁf arameter. It is possible to give the optimal fower %onanother p -
©O Sdterota differaRf bhysteal stréngtit Hhd the pdWwar Sésistancs tothe™ =¥ en
chyswealer cansbgthrriegraut. t\Whenp dhve wearable agtior-assistidevicesgithe can
be cgr_pggggn%@tﬁ _having the apove feqtures is usgd, wearers having no

sufficient muscular power, like physically handicapped persons or elderly

pEGHle, AfecallbREtrts stasthRandé6micttaBiy peffof apifysiigpodiments
havidetionwhich wedldbe difficult ta perform withoyt the action-assistdevice, no

As for people who must wear a heavy protector in order to perform
SULL 44rigetbus Work ke the irbcedsing of BX BXplbsive, the Wesribis @ persens
or attiem-bgsistedgvice, ofihe embddimehtstcan bewusedltg werkdighthnds ifcably

per f@ﬁ*eg\é%l Q Eepégr_ VWas. Q%&W%Ujh% ! %ELB.I%S%% ! PJ .JLQ%I:LQE E,TtH < lepe rform

DRAWI FIG Tisa diagram showing the composition of the who

withgearableactivhlassisitevite. FREIZ % a erspedtiveanew shoWwingithet wear
a hé%ﬁ@nﬁ¥§%§c¥5% in crder to perform dangerous work, like the
processing of an explosive, the wearablé action-assist device
of the embodiments can be used to work lightly as if the heavy

protector was not worn.

BRIEEF DESCRIPTION OF THE DRAWINGS

FiG. 1 is a diagram showing the composition of the whole
wearaple action-assist device.

FIG. 2 1is a perspective view showing the action-assist
Ltool.

FIG. 2 is a Dblock diagram showing the wearable action-
assist device in the first embodiment.

FIG. 4 is a diagram showing the composition of a
biosignal processing unit and an example of processing of the
biosignal {the nerve transfer signal and the myoelectricity
signal are separated).

FIG. 5 dis a diagram showing the compositicn of a
bicsignal processing unit and an example of processing of the
biosignal (the nerve transfer signal and the myoelectricity

signal are superimposed).



FIG. 3 is a block diagram showing the wearable action- assist device in
the first embodiment. FIG. 4 is a diagram showing the composition of a
biosignal processing unit and an example of processing of the biosignal
(the nerve transfer signal and the myoelegtgicity signal are separated).
FIG. 5 is a diagram showing the composition of a biosignal processing
unit and an example of processing of the biosignal (the nerve transfer
signal and the mydgléctrigity ssignal aresapérimposeddy 46 FI1G. Bis a

f'OWC%&%&%@Jﬁ&*i&g%ﬁ%&%ﬁoﬁingi@sﬁh%%%baﬂﬁéa@n@@d@sq%mim.

invention. FIG. 7A"and FIG. 73 are diagrams showing examples of the
driving current acqtiired ffémethe 5 biosigrtal 3 witicR IR e trarster

signal-anghthe snyeelectricity signg! are-separated: ks d7Ashows the
example of the driving current in which the pulse urren'g andlthe olri\{ilr;lg
carrert H&HtsupetimBoSed aha fﬁ%%‘iﬁs&f rcalﬂ?gﬁtr isTe88 thaftive

lower4tigritdeive start currengrlollt sard FHGa73stows tHeexdmpieofthehe
d“"'”.ge%%ggef L IQfN @%Q t&‘ﬁl%'i nggﬁéfﬁmﬁzsﬁgc% Fw‘!g'e 7;’3‘@?5@ current

amplifie that it may be largerthan the lower-limit drive start current it.
FIG. BAANEHEIGL8d arg diatranis-sRowiny” 1 Sseanples 6ethedfivinge pulse

current acquiredifromdthe pigsignalin which the nerve transfer signal-ander <
the myoelectricity signal are superimposed. FIG. BA shows the  example
of'the ﬁvir’?g“@u#véﬁt in'wWhich thie pliSe Biitentcand tﬁ@%rf?ﬁﬁ@ tUfrent == ="t
are superimpoesed asddhe detat20reuttert(eguivalent to the citent/at the

fising edgs) is, less than, the lower:limif drive start cuitentlt andFIG. 1 s
drive start current It.

FIG. 8A and FIG. BB are diagrams showing

15 examples of the driving current acguired from the
bicsignal in which the nerve transfer signal and the
myoelectricity signal are superimpesed. FIG. BA shows the
example of the driving current in which the pulse current
and the driving current are superimpesed and the total

20 current {equivalent to the current at the rising edge) 1is
less than the lower—-1limit drive start current If, and FIG.
8B shows the example of the driving current in which the
total current in the state of FIG. 8A is ampliified so that
it may be larger than the lower-limit drive start current

25  It.

FIG., 9 is a block diagram showing an example of
the composition which controls a power assist rate in the
wearable action-assist device of the first embodiment.

FIG. 10 is & diagram showing an example of tasks

30 and phases.

FIG. 11 is a diagram for explaining the process

which estimates the phase of the task which the wearsr 1

is trving to perform, by comparing a physical guantity



8B shows the example of the driving current in which the total currentin
the state of FIG. 8A is amplified so that it may be larger than the
lower-limit drive start current 25 It. FIG. 9 is a block diagram showing an
example of the composition which controls_ a power assist rate in the
wearable action-assist device of the first emibodiment. FIG. 10 is a
diagram showing an example of tasks 30 and phases. FIG. 11 is a

diagram for explaining the progess swhichzestimates the phasgobthe. ke se

which the wearer 1 is trying to perform, by comparing a physical quantit

b E-

y
-17- with PsEARfarBpdiafieteR FIG. A @)Shovis s ddtabasé of phasest: 16
of eachtask forpvery actionphthe wearek 6. oF1{hEshows thetation

changes of each of the knee rotation _angle. B and its angular.velocity S',.
the Wa?gtg?‘%‘[a%iﬁor? Bangis § %ﬁat?fasraﬁrég L%%%E%Clty%'%fgd the “(’:'“enﬁ%\élﬁ sLen
pésitionnG G armhits hevingspeed COGcand MG, k) tbhowstheold

state where all the phases (AL A2, A3, BL.B2.B3.... Ch L2163 1) are,

taken out in a matrix formation. 10 FIG. 12'is a flowchart for explaining

the coHtfSIfng Prethiodltin WhREGheldoweragdistfite 1§ lcortfolldifas a1 21+
variation of ghe first embodiment: FIG, 13 is.ablogkesiagram:shawing:the:
composition of a wearable action-assist device in the 15 second
embodifiefit of thie invention. FIG. 14 is a flowchart for explaining the
cantrolling method &f the $écarsd nibodintenttFiG r16:is adilockdidagram

showing.an example of. the composition, which ggntrols.a power.assist;
rate in the i )
controlled as a variation of the first embodiment.
FIG. 13 is a block diagram showing the
composition of a wearable action-assist device in the
15  second embediment of the invention.
FIG. 14 is a flowchart for explaining the
controlling method of the second embodiment.
FIG. 15 is a block diagram showing an exampie of
the composition which controls a power assist rate in the
20 wearable action-assist device of the second embodiment.
FIG. 16 is a flowchart for explaining control of
a2 power assist rate in the controlling method of the
second embodiment.
FIiG., 17 is a block diagram showing the
25 composition of the control unit of the second embodiment.
FIG. 18A and FIG. 18B are diasgrams showing an
example of the modification of driving current generation.
FIG. 19 is a2 diagram showing an experimental
result when applying the pulse current according te the
30 nerve tranéfer signal in the example 1. FIG. 182 {a) shows
the change of the knee rotation angle 8, FIG. 19 (b) shows
the change of the biosignal which is amplified, and FIG.

19 (¢) shows the change of the torgue of the knee actuator.



20 wearable action-assist device of the second embodiment. FIG. 16 is a
flowchart for explaining control of a power assist rate in the controlling
method of the second embodiment. FIG. 17 is a block diagram showing

the 25 composition of the control unit of the_ second embodiment. FIG.

18A and FIG. 18B are diagrams showing an example of the modification

of driving current generation. FIG. 19 is a diagram showing an

experimental. resuitrwhencapplymgitheguise susreniaceordingdoitherd@ 1
nerve transfer signal in gche ex%mgle 1LELG. 1.9 a%gg%vg th%cg%ggg Ofm
the kne&Totatidt %Irl]gpeoe, =1cat r{%) S éwgu_f%se change 01% the |OS|gngI N
which i$:amplified, arehEREr1 ¢ {grshows théehangerofehé torguéof e (&)
knee agtugtor, :18- FIG. 20 Ix-a.diagram showing an-experimeptalgesultyy ()
when not applying the pulse current according to the nerve transfer signal
inthe ekakpl&e FERReeE(H) Tshbfsthe thange otthetknde fotation §igledne
9, FIG=28 (b) 5 shows the shangeofthgbiesignakwhighris-amplified, ande

* FIG. 20 (c) shows the change of the torque of the knee actuator. FIG. 21

is a didgrari sfbwing an experimental result of the change of the torque

of the knee actuato¥ 110 abtaihed:byiusingzthe tomiclyvhkicheqmbimesthel
optional co mar}Zd sl na%]‘ e Jelual mmand si inthe ...
example %uq;EGO 1(a)s %%&vgsg a p%%:st%prgu mngg%ﬁ%éﬂgl G%l:% qgf%%vséltaﬁeua °
dianget akpAseTotatieT angfe 9OFIG 021 &) ShoviEthe Efangé oftfhd onal
knee torgue-by the gutanameusrld. sontrolblG. 2b(ekshowsdhe changee

of the knee torque by the optjonal control, and FIG. 21 (e) shows.the _—
chang& 8 ekrtee tGritie by théthyBid ontroP (Bnombts + + - 2+ (&)

shows the change of the knee rotation angle 6, FIG. 21 {c)

=43
i

shows the change of the knee torgue by the autcnomous

[
o

control, FIG. 21 {(d) shows the change of the knee torgue
by the optional ceontrol, and FIG. 21 (e} shows the change
of the knee torgque by the hybrid control (autonomous
control + optional control).
FIG. 22 is a diagram showing another
20 experimental result of the change of the torgue cf ths
knee actuator obtained by using the control which combines
the optional command signal and the autonomous command
signal in the example 2. FIG. 22 (a) shows a phase number,
FIG. 22 (b) shows the changs of the knee rotation angle €,
25 FIG. 22 (c¢) shows the change of the knee torgue by ths
autonomous control, FIG. 22 {(d) shows the change of the
knee torgue by the optional control, and FIG. 22 (&) shows
the change of the knee torque by the hybrid control
{autonomous control + optional control}).

30
DESCRIPTICN OF REFERENCE NUMERALS

1 man (wearer)

2 actiocn-assist tool



control + optional control). FIG. 22 is a diagram showing another 20
experimental result of the change of the torque of the knee actuator
obtained by using the control which combines the optional command
signal and the autonomous command sl%rbal in the example 2. FIG. 22 (a)
shows a phase number, FIG. 22 (b) shows the change of the knee
rotation angle 8, 25 FIG. 22 (c) shows the change of the knee torque by
the aytonomeus.contral FlGs224d)shews the change of. the knee
torque by the optional control, and FIG. 22 e) shows the change of the
knee forqlié by the h§Brid Eshtrdt {AutSHomdus control - optional control).
30 DESCRIPTIQN OF-REFERENGE NUMERALS 1 man (wearer) 2
action-as%g%taci%é%@ 3 biosignal processing unit 4, 14, 24 optional control
unit 56driving current generating unit 6 database 5 7, 17 autonomous
cbntrdl unit’s cenimandosignabedmbiniig tinit 10 man-machine system 13

physical %@Qﬁgyléeg@%ﬁ 20, 204, 208,206, eentrol device 10 21 power

supply 201 actuator 2

2 arm 203 joint 221 biosignal sensor 15 222

barycéfter&ghggrchine system

-t
o

30

13 physical guantity sensor

20, 20n, 208, 20C control device
21 power supply

201 actuator

202 arm

203 Joint

221 Dbiosignal sensor

222 Dbarycenter sensor

BEST MODE FOR CARRYING OUT THE INVENTION

A description will now be given of an embodiment
of the invention with reference to the accompanying
drawings.

[1]7 First embodiment
(R) Composition of wearable action-assist device

The wearable action-assist device of the first
embodiment comprises an acticn-assist tool having an
actuztor, a blosignal sensor which detects a wearer's
biocsignal, a bicsignal processing unit which acguires &
nerve transfer signal and az myoelectricity signal from the
biosignal, an optional control unit which generates a
command signal for causing the actuator To generaté power
according to a wearer's intention by using the nerve
transfer signal and the mycelectricity signal, and a
driving current generating unit which generates a current

according to the nerve transfer signal and a current



BEST MODE FOR CARRYING OUT THE INVENTION A description will
now be given of an embodiment of the invention with reference to the
accompanying 20 drawings. [1[ First embodiment (A) Composition of
wearable action-assist device The wearable action-assist device of the
first embodiment comprises an action-a§§igt"tool having an 25 actuator, a
biosignal sensor which detects a wearer's biosignal, a biosignal

procegsing. it which acguiresa nerve transfer;signal apd recrively,

myoelectricity signal from the biosignal, an optional control unit which .
generBfies eommand SRl dorddusing e actistoPt generatepowar Wit
30 aceQrding,{0 4 wearerssintention bywsing the nervendransfer signal

and the myoelectricity signal, and a drivin&%%qggnt %%neratin%%réit %hich

generates a currerwnggc&%lﬂ%%tﬁ%lﬁerave transf%r S|gr$aﬁnaen a curr'eentpower

-20- actarding4a she myoeleetricityssigraly sespectivelyl asetbot the phase of
command 91909 fiRmLIne. aptignalegniial il (0 supplydhe deshectiie
currents fo the actuator. When causing the actuator to generate the power

5 that Wieetethe FoWePasSist idte &Eorngid tﬁé@ﬁ&iﬁ@o?fﬂtﬁ@ taskhysical
which the wearer istrying {g.perfora: this swearable action-assist deviee isted
provided with a physical gquantity sensor which detects a physical quantity

related to'the &tiortBf fiie WeardFA107(1) Drive system FIG. | shows the
campositiomof the whalemwearable action-assist device as the drive

system (hard system). This weprabisaclipnsassist davise inglidgsAn
action-assist tool 2 {the illustration of the other leg is
wearable action-assist device as the drive system (hard

system). This wearable acticn-assist device includes an
action-assist toocl 2 {the illustration of the other leg is
15 omitted) which is attached to the lower half of the body
of the man {(called the wearer) 1, a bilosignal sensor 221
which detects a biosignal a from the lower half of the
bedy (for example, the thigh), a barycenter sensor 222
which is attached tc the sole of the wearer and detects a
20 wearer's center of gravity, a blcsignal processing unit 3
which acgquires a nerve transfer signal b and a
mycelectricity signal ¢ from the bicsignal detected by the
biosignal sensor 221, a control device 20 which controls
the drive of the actuator 201 of the action-assist tool 2
75  based on the nerve transfer signal b and the
myoelectricity signal ¢, and a power supply {(a battery, an
external power supply) 21 for supplying electric powsr to
the ceontrol device 20 and the actuatoer 201.
LAs shown in FIG. 2, the acticn-assist teool 2
30  comprises a walst joint 203a for coupling an upper arm
202z and a middle arm 202b rotatably, a knee joint 203b
for coupling the middie arm 202b and a lower arm 20Zc

rotatably, a heel Joint 203c for coupling the lower arm



15 omitted) which is attached to the lower half of the body of the man

* (called the wearer) 1, a biosignal sensor 221 which detects a biosignal a
from the lower half of the body (for example, the thigh) , a barycenter

sensor 222 which is attached to the sole of the wearer and detects a 20
wearer's center of gravity, a biosignal progessing unit 3 which acquires a
nerve transfer signal b and a myoelectricity signal ¢ from the biosignal

detec by the bhiasi | senso 1, a.cantrol device 20.whic rals

the o1 T stk aTar 200 of e acho st tbol 3 26 based art b
nervertransféesdighal bhand#ie tmyoeldetiéigasighafcaand @ power 2010
supply (abaiery ;an «exdernalpowersupplyh21 fer supplying electdes 205p,
power to the control device 20 and the actuator 201. As shown in FIG. 2,

the actibfadsisftoth 2+ 30°EEMpTSEs AWARE jGint 2686 colipii afr
upperamasd202aand adnidgie armh202b sotataklysa knee jpint=203h for the
coupling the middle 202 d ajg%vﬁegarm 2 rotatably, a Ljoint
203c f%"% ﬁ%li%ﬁhgﬁgv]%e?%grr?}ﬁ- 6 and a ?lzzé%lcriart rﬁ%%hro?%‘teaeb}#yg,

an actuator20ta providedhih e aistjoint203a, antcn atthator20iption
provid&glaip the knee joint 203b. Fixtures 205a and 205b, such as a magic
tape(registered trademark), which are 5 fixed to the wearer's thigh and

calf, are attached t&ife Uiiddiea 262D ardl theRivérParm 209 Eadit
gfithe saqtuatars20ka and 20y ingludles.a nmotes@ancba raduckenecgear. bedy.
The upper.arm 202a IS foedzéoﬁghe %vaislg part 10 204 V\éhi%aés 1\_fvohunﬂdnd “he
around antfived to B waarer's body - Profection parts 204a which are —
open focthectepzand thertzsitom aresformedin e Lipper periphetabedges back

0nthe§¥g¥<of the waist part 204, and bottom projections 220z of

a bag 220 which accommodates the control device 20 and the

1
(2]

power supply 21 are engaged with the openings of the
projection parts 204a. Thus, the load of the bag 220 can
be received by the waist part 204.
The heel part 205 is provided in an integral
formaticon which fully covers the wearer's heel. A side
20 wall of the heel part 205 is extended to be higher than
the other side wall of the heel part 205, and the heel
joint 203c is attached to the top end of the higher side
wall. TFor this reason, all the loads of the action-assist
tool 2 and the bag 220 are supported by the heel part 205,
25 and are not applied to the wearer 1.
(2} Control system
FIG. 3 shows the control system of the wearable
action—assist device of the first embodiment.
The wearer 1 and the action-assist tool Z
20  constitute a man-machine system 10. A control device 20
has an optiocnal control unit 4. The biosignal sensor 221
which detects the wearer's biosignal a is connected tc the

input terminal of the optional contrel unit 4, and the



side of the waist part 204, and bottom projections 220a of a bag 220
which accommodates the control device 20 and the 15 power supply 21
are engaged with the openings of the projection parts 204a. Thus, the
load of the bag 220 can be received by the waist part 204. The heel part
205 is provided in an integral formation Wwhich fully covers the wearer's
heel. A side 20 wall of the heel part 205 is extended to be higher than the
other side wall of the I -and Jheel jai s att

the to%relﬁf(i' of thceuﬁljé%}%etres?fé E\)g\/%ﬁl I'%%r %}g Lr’eégsoﬁr% gﬁ%ﬁ%ﬁ%ﬁé ?ﬁﬁgﬂ@
actionraEssUst teohR and the bag 220tdresuppoiied By tHEHeet part' 265,
25 and are:not applied-to thenwearenl, (2) Gontral systemdtic 8 showse
the control system of the wearable action-assist device of the f

rst

embodif&At THe wearerFand e attibnSassistiooh 2 E&ﬁ’ﬁ?{ﬁtecglled the
nfan-nmachinecsystem 1a:Acenteatdevice: 28 1 has amdptional control unit
4. The biosignal sensor 221 which detects the wearer's biosignal a is
conneé?éd to %ésﬁﬁﬁut terminal of the optional control unit 4, and the -22-
driving current gengratingeanitiblis estinetted 16 #1é cEphttermiinalef fhe st
optional sontrolunit 4. Thesdriving cyprent genstatinguait 5 isconnegted
to the actuators 201a and 201b (which are collectively called the 5 _
actuater 201Yot the Hefioh-assisttoor2. &) Sensofs Thewaardbte = =+
action-assistdeviee of the first- embodiment iheludes asithe indispensabie.st
element the biosignal sensor 221 which detects igsignal a-fr
the Wegeﬁ‘ér%i“ln Wsthte I\j/vﬁ)(-,yretf%'fc"é Wégfa%]ﬂe%abtioggags%é?t%glg}lgl Wkdr 221

is usually attached to the wearer's skin. Alternatively,

it may be embedded inside of the body.
In addition, as shown in FIG. 1, it is preferred

+hat the wearable action-assist device of the first

o
o

embodiment includes the barycenter sensor Z22. Usually, a
plurality of barycenter sensors 222 are attached to the
sole of the wearer. It i1s possible to predict the
direction of a motion of the human body by detecting which

20  of the pluraiity of barycenter sensors 222 the relatively
maximumn weight is applied to.

Moreover, in order to ralse the control accuracy,
the wearable action-assist device of the first embodiment
may be provided with the following: (1) the sensor fox

25 acquiring a signal which indicates the state of motion of
the wearer 1, {(for example, a force sensor, a torgue
sensor, a current sensor, an angle sensor, an angular
velocity sensor, an acceleration sensor, a floor-reaction-
force sensor, etc.); (Z2) the sensor for acquiring

30 information on the external environment {for example,
existence of an obstacle), (for example, a CCD, a laser
sensor, an infrared sensor, an ultrascnic sensor, etc.);

(3) the sensor for acguiring a biosignal other than the



device is worn by the wearer 1. The biosignal sensor 221 is usually
attached to the wearer's skin. Alternatively, it may be embedded inside of
the body. In addition, as shown in FIG. 1, it is preferred 15 that the
wearable action-assist device of the first embodiment includes the
barycenter sensor 222. Usually, a pluraﬁ@/%T barycenter sensors 222 are
attached to the sole of the wearer. It is possible to predict the direction of

a motjon of the human badly, by-detecting which 20.0ttheplurality of gnal c,

barycenter sensors 222 the relatively maximum weight is applied to. .
More Vit irF SFIBE @ rafs @I cORTBRAC A8y SHhe Weardbly' - 3¢ Sensor, &
action-assist device efthedirst embodiment gnay:be piovided with the
following: (1) the sensor for 25 acquiring a signal which indicates the state

of mofioh %?{f%aet\%/%%rgrefsﬁér e%r%b%, a o%:lg%e‘r’?é%?,ea ?(%fq%%rsée%s%r,
aTurrenbdensdgr, amangleselwsory ap ahgulamh vetotityrsdisoreapmitted.

accele/rg}ionﬁe€%0§£%£jeggggg farcesensor, etc.); (2) the sensor for

acquiring 30 information on the external erjvirgnngent (for example,
existence of an ob3taeI&)l fior Exampte SR CCDSY 158l erlsbrSapnal sensor
infrareghsenser an-ultrasenic-senrsor-eit:f=(3)dhgrsensordacacguiring a

b.iosigzr;al other than ;tge -23- r?eive tranfrfkel:r Sxi%nra{!eb %gg}g%emry%%leggiciy can

signal® “Gof Exampie Ya Bodly teniperatlite S8nsor, a pulse sensor a

brain-wavesisenseol, acardiaerpatentialtsensor rangéspirationssensolie nerve

etc.). Since these sensorsare 5 publliclyknown.2 desgription thereabwill. o

be omitted. ) The |05|gna[Lpro‘cessmg unit The biosignal a detected by

the bidgignalesehsoi 22¢ inclbEesthe Hekve rakshér signafBandthe 4/ ©F
(ii) it is superimposed with the head of the
myoelectricity signal ¢ (ses TIG. 5.

15 Since the freguency of the nerve transfer signal
b is generally higher than the fregquency of the
myoelectricity signal c, they can be separated from each
other by using different band pass filters. The nerve
transfer signal b can be acquired by using a band pass

20 filter 32 of high bandwidth (for example, in a range Ifrom
33 Hz o several kilchertz) after the bilosignal a is
amplified by the amplifier 31. The myoelectricity signal
¢ can be acquired by using a band pass filter 33 of middle
bandwidth (for example, in a range from 33 Hz to 500 Hz)

25 after the bicsignal a is amplified by the ampliifier 31.

Tn FIG. 4 and FIG. 5, the filters are connected
in parallel. The present invention is not limited to this
ambodiment. Alternatively, the filters may be connected
in series. Morecver, the nerve transfer signal b may be

30  superimposed not only with the head of the myoslectricity
signal ¢ but also with the subseguent part of the
myocelectricity signal ¢. In such a case, what 1s

necessary is just to use only the head part of the nerve



myoelectricity signal c. The nerve transfer signal b can 10 also be called
as an intention transfer signal. The nerve transfer signal b is provided
such that (i) it precedes the head of the myoelectricity signal c (see FIG.
4), or (i) it is superimposed with the head of the myoelectricity signal ¢
(see FIG. 5). 15 Since the frequency of thé Herve transfer signal bis
generally higher than the frequency of the myoelectricity signal c, they

can be separated.from each -gther hysing differeny handspass ilters: wnicn

The nerve transfer Signal b can be acquired by using a band pass 20 filter
32 of High-b&RdRidth F&Eexampie in a range from 33 Hz to several
kilohertz) after the higsignaha i -aroplifiac by theasppliier 3LtThe the nerve
myoelectricity signal ¢ can be acquired b ing a.band pass filter 33 of.._ _
middlé"rﬁ‘é\ﬁd{ﬁﬁtﬁj(%}a gjm%%% icr#%erarﬁ éu%r%gc 33 HZ 10 5(58%—4[2)%25 Each
after the biesignahavis amplifisel by thedniflfier 8L cIrioFIGra @ FIG 15e
the fitges ar gonpectad. in aarallel; he present iyenion e 1o} Imieskiging
this embodinient. Alternatively, the filters may be connected  in series..
Morecveslhe AenaansRst Srynals hE BE 30°E8Gperinpbiedhdtonty®
with the; Bead of themyeelegtricitygsignab edndlsa it the subsequest
part of the myoelectricity signal c..In such a case, what is necessary is

just toHse AR tHeHERT part SFhe hefve 1 24- transfer signal b for
generation of a pulge csirrent whichIwWill Be nsemtienedhfateeSmobthingfer

processing is caried oyt fo the neveransfey signalb.and the s rer signal

t
L n
myoelectricity S|gn§ISc. Each 5 current shown in FIG. 4 and FIG. 5 is

generated By the Tariviig SUrer geriepitfity BnltS-BY TRpitinggre, the

commandyent generated by the driving current generating unit 5
based on this nerve transfer signal b also becomes a

15 opulse-like shape. The current (pulse current) acquired
based on the nerve transfer signal b may be configured in
the shape of a sguare wave.

On the other hand, as shown in ¥FIG. 5, since the

myocelectricity signal ¢ has a wide width and the

20  myoelectricity signal c after the smoothing becomes a
crest-like shape which pdtential is substantially
proporticnal to the mycelectricity, the current generated
by the driving current generating unit 5 based on this
myoelectricity signal ¢ also becomes a crest-like shape.

25 When a total current of the pulse current
generated based on the nerve transfer signal b and the
current generated proportionally based on the
mycelectricity signal ¢ is supplied to the actuator 201,
the actuator 201 generates a forgue with the magnitude

30 proportional to this total current. Since the total
current is set up in each case of FIG. 4 and FIG. 5 s0
that it rises with a sufficiently large current, the

actuator 2071 is driven in accordance with the wearsr's



signal d, acquired by performing the smoothing of the signals from the
biosignal processing unit 3, to the driving current generating unit 5. 10 As
shown in FIG. 4, since the nerve transfer signal b has a narrow width and
the nerve transfer signal b after the smoothing becomes a pulse-like
shape, the current generated by the driving current generating unit 5
based on this nerve transfer signal. b also becomes a 15 pulse-like shape.
The céreat{puisevcurrent) aegligd based b thearaelraistePsigral

may be configured.in the;shape ofia squarenave-Op;thether hand, ashe
shown in FIG. 5, since the myoelectricity signal ¢ has a wide width and _
the 20°fiydRI&thricity Sl Caftérthe SmBBHHiRg bedohi&S dItredtdike™ 5
shapexwhiehpotentishis.substantially propartiaal to the rayaelecticityaroe,
the current generated the driving current generating-unit 5 based.on
this n%l‘r/holesfeg%tsﬁcﬁ?/ s?énrrfa & afso \élggon}%géea c(%a;@ﬁﬁeps "ésbee. %?ﬁﬁ%n’ a The
total clirens of theé pulseearrent géneratétbasédoh theladrvertransfegen the
signal b and the current generated propadionally based-anihe s rrom che
myoelectricity signal ¢ is supplied to the actuator 201, the actuator 201
gener&té’sd B5retecwith the fagnitude 205 ropoTtidnalTothisTBtal Cutreitt
Since the total Gurcentlis setupin each-ease ot FlGgdandRiGwase=that at
ié éises,r ith a suffic}LentIﬂy Iarge current, the actuator 201 is driven in

cordance with the \iearsr's -25- intention without delay, and the wearer
1. can perfordptoperationcaceording:tothis intention without giving the

sense of incongruity,tg thewearey. Althoygh the pulse \GIUrent s SHOWRINy ; on
FIG. 4 and FIG. 5 as being so large,

generates a command signal d for causing the actuator 201

to generate the power according to the wearer's intenticn,

)
{n

by using the nerve transfer signal b and the
myoelectricity signal c. Proporticnal contrel is
applicable to the optional control unit 4 as the contrel
method being used. In accordance with the proportional
contrel, the command signal valus and the driving current
20  wvalue have a proportional relation, and the driving
current value and the generating torgue value of the
actuator 201 have a proporticnal relation in accordance
with the characteristics of fThe actuator 201. Therefore,
a power assist rate is controllable to be a desired value
25 Dby generating a predetermined command signal d using the
optional control unit 4.

Alternatively, a combination of proportional
contrel, derivative contrel, and/or integral control may
be applied to the optional control unit 4 as the control

30 method being used.
A power assist rate i1s a distribution ratio of
the power generated by the wearer 1 and the power

generated by the acticn-assist tool 2, and it 1s adiusted



5 this is to emphasize the role of the pulse current. The illustration does
not show the actual relation between the pulse current and the driving
current acquired from the myoelectricity signal c. The magnitude of each
current can be suitably set up by the feeling of the wearer 1 at 10 the

time of action. (c) Optional control unit The optional control unit 4 has a
function which generates a command signal d for causing the actuator

201 tpgenefate the-powet @ccording torihe weanes'sdntention, ThS bypower

using the nerve transfer signal b and tthm%éoeI\gc{r&%ity §ig£|a&85jﬁivm value
Propo?t?§ﬁ§£co%%£)1 ig' agpr%?ga%lg 0t Goﬁtlgnalaéontrgl unit4 as the ~

controlrmetissd béirg psedrIrkacéerdaneesvitirtie:proporivhal toritrol 1 -
the commangd.signalyalue.and the drivingcurrent-2Q value-have & i 5 added

proportional relation, apd the driving curLent value and the generating
tGtque-PaltiRofthar BEITABFRDE Haveda Préssrtional rélafidRin Ot & Power

accordangeswith the characiersties af- the-actuater, 20heThetefareyeas rated
power assist rate is controllable to be a desired value 25.by generating a. .
predet‘éYmﬁ@d 2omRanasignal d ?J%?Lngftlhjés of %Cgﬁg?é)ﬁﬁéﬁurﬁ%. wesreL s
Alternativedy za Combinatien ofssrepyrtionad Coritrol L dervative cohtrolyearer 1),

and/or ptegral.controLmay he-applisd.to.the optionalcontsal uit 4 8545 chax

control' 30 method being used. A power assist rate is a distribution ratio of
the powet gevierated By tRsatearér 1%ndthe power generated by the

action-assistteel2 nand it-isadjusted=26 bygnanual operation or

v oeoRy LS P 2Y S [T "R ADRIEE T
control unit 4 is inputted, the driving current generating
unit 5 generates, based on this command signal d, a

15 current according to the nerve transfer signal b and a
driving current according tc the myoelectricity signal c,
respectively, and supplies them to the actuator 201 td
drive the actuator 201. '
(B) Ceontrolling method and controlling program

20 FIG. 6 is a flowchart for explaining the
controlling method of the first embodiment.

In a preferred example of the contrelling method
of +he first embodiment shown in FIG. 6, the action-assist
tool 2 having the actuator 201 which gives power To the

2h wearer 1 is attached to the wearer 1 (87501, and the
wearer's bilosignal a i1s detected (ST502).

As shown in FIG. 4 and FTG. 5, the nerve
transfer signal b and the myoelectricity signal ¢ are
acquired from the biosignal a by using the biosignal

30 processing unit 3 (ST303).

The opticnal command signal dl for causing the

actuator 201 to generate the power according to the

wearer's intention 1s generated by using the acguired



In case of a power assist rate having a positive value, the force generated

by the action-assist tool 2 is added 5 to the wearer's generating force. In a
case of a power assist rate having a negative value, the force generated

by the action-assist tool 2 is reduced frorpgtl?g wearer's generating force
(namely, the load is out on the wearer 1), and the wearer 1 must generate

a force that is larger than 10 the usually generating force. (d) Driving
current.generating LnitWhep aicommandsigaakd from the optional c

control unit 4 is inpytted, the driving current generating unit.5 gen Si =
based' S this'‘commaridl Signatda 5° %ﬂra?%%t géggradTnéyf% the %%%g B oz
transfersigmati bsanshal ddvirg. clirrgptacedrding: to:the rpo electrieity

signal ¢, _respectively, les. tQ.th tor,20 ri 81a
actuat%?%%%%(g bent%ﬁlgl%neg%oa%%%i%ﬁtr%l%%%%ro%’rar%ﬁzgo %Ié%g?igsm
aFlowehandér explainingahec sahisliRgEmEthot BEIE it EmBodmrent-cnal
In a preferred example-efthe; eantialling methodz of thefirstiengbedimentmmand
shown in FIG. 6, the action-assist tool 2 having the actuator 201#wtgich_ o
gives owRF o the 25 wEarer Y 1S Gttaehed ?o“t%ee{fv%raa}é% 19sT501);and"”

the weaterss-hiosignal asispeteeted (ST562)k As:showndAFIG Land:RIGd DY
5, the perve, transfer signal b angb yaelectricity signal, acquired £
from th“é% Biosignal & b“y%sﬁﬁa%hg ’%Eﬁgﬁa% Od":)itlr%ce\ﬂs?,éing{ElJ lﬁ]ll%gg (g O?§.§I e
The optioal commbaEdignarahfof KAUSTIthe AckRaer 29 1900 Genéiate the
the power aceordingdpdhe wearens int@RHORA IS geerategkbyrbhgithent) may
acquwz%sg7be used instead for generation of the optional

command signal dl. Also in the subseguent embodiments,

unless otherwise specified, the other signals which are

fa
[

the same as mentioned above may be used instead.
The current that can drive the actuatoer 201 has
a lower limit (threshold). When the puise current
according to the nerve transfer signal b (when the pulse
current and the driving current are not superimposed), or
20  the total current of the pulse current and the driving
current {(when the pulse current and the driving current
are superimposed) is less than the lower limit, tha pulse
current is not useful for a quick drive start of the

f
actuator 201, and the driving of the actuator 201 is not

[
{4}

started until the driving current reaches the lower limit.
Then, a considerable delay arises betwesen the time of the
wearer's cerebrum emission of the signal (the nerve
transfer signal b) and the time of start of the action-
assist device action. This will cause the sense of

30 incongruity to be given to the wearer 1. In order to
avold the problem, it is desirable to start the driving of
the actuator 201 immediately after the pulse current 1s

generated according to the nerve transfer signal b.



nerve transfer signal b and myoelectricity signal ¢ (ST504). This optional
command signal di is composed of a command signal d which generates
the pulse current according to the nerve transfer signal b, and a
command 5 signal d which generates the driving current proportional to
the mycelectricity signal c. By inputting each command signal d to the
driving current generating unit 5, the current being supplied to the

actuator 201 is generated by . the grving €UIEent, 0 nerANGUNE Se QAUNEE i ving
signals (for 10 example, signals acquired from the sensors other than the

biosigAkF$§ERS0PZIE IFAdEATR theFirst GiRbatment) My “Qsbbe L84S
insteag.for generation of the,gptinnalh ¢ommandisignal dii Alsa inthe
subsequent embodiments, unless otherwise s%%cigi%d

¢ other signals .
which $EAS e same as Hertioned So6vé hay bé us%%hs@dﬁﬁe alse
currentithatean drivetthe actiatorGivhasrd lewer liwit (theshoihe Yehernd

he pulse.cpient, aceording i Nave iansiee signas p iaan e Phlsestare
current and the riving current are not superimposed), or 20 the total ;
currentef e pulde curent BAdHREdrivING i Farit When the pisetle Pvise

currentanddhe driving cugrent-arersuperimpesed) isiiessihan the lowet it
limit, the pulse current is not useful for a quick drive start of,thetactyator i
201, af@XhBrving of the' 3ctlator 20198 not 25 started uriti the diving ~
current reaches theriowerdimignd helza ¢considerablealaidyearisés the driving

between the ime of the. wearers cerebrum anission of the signal{he. v
nerve transfer S|gn%1llbf and the time of start of the action- assist device
action.“ERis Wit catiserthe Serse b 30VRCoRGruItyTo Be §ivertto thes
wearer1In.orger to savoid theproblem; jtds desirable torstartthesdrivinge

of the actuator 201 immediately after the pulse current is .
pulse current and the driving current are superimposed and

15  +the total current (eqguivalent to the current at the rising
edge) is less than the lower—limit drive start current It.
in the driving current of FIG. 8B, the total current in
the state of FIG. 8A is amplified so that 1t may be larger
than the lower-limit driwve start current It.

20 3ince the actuator 201 and each arm 202 and each
joint 203 of the action-assist tool 2 have a moment of
inertia, in order to perform assistance in accordance with
the wearer's intention without delay, it is preferred t
cause the actuator 201 to generate a torgue with a guick

25 rising edge. In order to realize this, in this embodiment,
gither when the pulse current 82 and the driving current
81 are not superimposed as shown in FIG. 7A, or when the
pulse current 83 and the driving current 81 are
superimposed as shown in FIG. B8R, if the pulse current B2

30 (or pulse current 83 + driving current B81) is less than
the lower-limit drive start current It of the actuator
201 (No in 8T503), the pulse current BZ or 83 is amplified

so that the amplified pulse current 82 (or amplified pulse



generated according to the nerve transfer signal b. -28- FIG. 7A and FIG.
7B show examples of the driving current acquired from the biosignal in
which the nerve transfer signal and the myoelectricity signal are
separated. In the driving current of FIG. 7,)6\ the pulse 5 current and the

driving current are not superimposed and”the Hulse current is less than
the lower-limit drive start current it. In the driving current of FIG. 7B, the

pulse -current ingthe, state of FIG- (A -isramplified soithat irmaysbe farger ower-

than the lower-limit drive start current It. 10 FIG. BA and FIG. 83 shay
examplesof e dffvifg2Ehrent Athaired fr&ﬁﬁ%ﬁg %’lOSigé:%?in?\/‘v%l‘c&%eand
nervertransfar signal and the sayoeleetricityisigndl daree supesmposed:in 82
the driving current of FIG. 8A, the pulse curren the driving current, o, ...
are suoprer%rr%p(%éo’eéE %%%r§§ i e%ota?%%ﬁ%%cf (eédau:;\%%eqnlt %%héf%r%n% atthe
rising tedge)isdess tham thé Iswe pHEEdrivE start Eufrenffdan the Givingan
currentof FIG. 8B, the total Susrentin (the state. of EiG. BA-is.amplifiedso.1 b.

that it may be larger than the lower-limit drive start current Jt. 20 Since the
actuafoF 2DAARA Bachisimd 2624 d eachejdiit o638 9f the difionasise: 201
tool 2 haveramomentaf daeria,in praer tperdapplassistance ipuise
accordance wjth_the wearer's intention without delay, it is preferred to,
cause b Tat 01 b gBRGraE & trie st 3 quick Po-rrng Sige.n
afder tBiEdlize this, in this embodiment, either when the pulse current 82
and the driving currgnt.81;are not superimposed as shawndn kG Hh0fator
when the pulse current 83 and the driving current 81 are superimposed

as shovb in EIGE8AT fithe Piils8 Cutfsit 82230 (OF plike e e AEBS %S 2
drivingzeurrent8ibisdessdbannat it may be proportional to the

driving current 81 according to the myocelectricity signal

ik ¢ (8T507). The power assistance of the acticn can be
carried out according to the wearer's intention.

A controlling program for causing a computer to
execute the above-mentioned controlling method may be
stored in a storage device of the contrcl device 20 of the

20  wearable action-assist device. The above-mentioned

controlling method comprises the step which detects the
piosignal a (5T502), the step which acquires the nerve
transfer signal b and the myoelectricity signal ¢ from the
bicsignal a (ST503), the step which generates the optional

25  command signal dl for causing the actuator 201 to generate
the power according to the wearer's intention, by using
the acquired nerve transfer signal b and myoelectricity
signal ¢ (ST504), the steps which generate, based on the
generated optional command signal dl, the pulse current

30 according to the nerve transfer signal b and the driving
current according.to the myoelectricity signal ¢,
respectively, and supply the respective currents to the

actuator 201 (8T506, STH07). The controi device 20 is,



the lower-limit drive start current It of the actuator 201(No in 5T505), the
pulse current 82 or 83 is amplified so that the amplified pulse current 82
(or amplified pulse -29- current 83 + driving current 81) is larger than the
lower- limit drive start current it (ST505a). see FIG. 7B and FIG. 8B. in
addition, the width of the pulse current 82 “or 83 is enlarged, if needed, so
that the actuator 201 can 5 be certainly put into operation. it is made

longersthan. the disation gorresponding ta:the-nrepmstransfessignaldhich  is
Accordingly, as a result, the driving of the actg%tor 201h can be ?talféﬁ%.- <k or
certaifi§ By He sTpply of the SuISE CUfEht 827G 83 Acdording to herve -
transfersignahl 40 (S1G06)vincthis way, after the driving of the actuator

201 is started, the %E%%%%OH% ng:%q% tq.generate a Ariving tergue so

that it may be proportional to the driving current 81 according to the .
myoeléctiepBigharise (STE0PY Thé bowsr BSsistahcereriRecactidh-eane
be cagrigd gut ageowlingte dhe wearer'sdatention. Arcontrelling pragram

for causing a computer to_execute the abgve-mem;ion d gontroll%g frol
methol &y e st8f&t in"&'stBratedévice of & Tontrof débice 20 6f e =
20 weakable action=assistdevicerihe aboveimentioned: cdatrotfiagnay be

method com%gs%%%h%step Cvi_\/jhich detects the bicsignal a (ST502), the

step W%T—Lc%%cquwes the riefve transfer signal b and the myoelectricity

signal c from the biggign& &(STB03): theastep wvhitéh geheraraaahet ion which

optional-25 sommand.signakd! for caysing:the actyaton20L.tq,generatguantity
the power according to the wearer's intention, by using the acguired

" nerve fF&RERFSigRalB ANt hyBRIEEtriditF SrEI T (ST504 tfé Stsps e

which genetaterbasedatethere a power which meets a power assist
rate corresponding to the estimated phase when performing

15  the optional control of the actuator Z01 in the wearable
action-assist device of the first embodiment.

In the wearable actlon-assist device of FIG. 9,
the elements which are essentially the same as
corresponding elements in the wearable action-assist

20  device of FIG. 3 are designated by the same reference
numerals, and a description thereof will be omitted.

Before explaining the details of the wearabls
action-assist device of FIG. 9, a description will be
given of tasks and phases. FEach action pattern of the

25  wearer is classified into tasks. Phases are a series of
minimum action units which constitute each task.

FTG. 10 shows the human being's basic actions:
walking (task &), rising (task B), sitting (task C), and
going up or down stairs (task D). Naturally, the tasks

20 are not necessarily limited to these tasks. FEach task is
composed of the phases. For example, the walking task A
is composed of phase 1 in which the both legs align, phase

2 in which the right leg is forwarded, phase 3 in which



generated optional command signal dl, the pulse current 30 according to
the nerve transfer signal b and the driving current according.to the
myoelectricity signal ¢, respectively, and supply the respective currents to
the actuator 201 (ST506, ST507). The control device 20 is, -30- for
example, constituted by a personal computer which is composed of a
CPU, a storage unit, such as a hard disk or RPM, and an I/O device.
Although:the:eentrebdevicec2satde 2accammedates inhthesbag2200ith
may be arranged outside_the wearable action-assist deyice, if. needed... ,
and réfggpstigﬁ and t?gngren?scgfgg of %%%ﬁg %gﬁvger]i ?hg%%%roT%c?e\(lilg% 0°°
and theswéaralslecaction-assist devicenaybe pansed out bydadicdphase

FIG. 9shows an examgle of the composition.which: estimatesthg ghase oz
of the task from the physical quantity related to the action of the wearer 1, _
afd cauises e Hctiator 16 Yeheratesa poer Whith etts a'powérassist:
rate cesrgspendingte-tbegstimated phasenwhenspederning tathee carried
optional control of the actuator 201 in the wﬁearab&g fgctionEassistedeviceq of .
the first embGaiment. intHe Wearable Sctibn-adsist device of FIt- 9, Thé™
elements:whiciiaie egséntialRitie sameRiRk €ofrespomding efementsirrhases
the Weft_rgk_)le action-assist 20 device of FIG. 3 are designated by the same
reference numerals, and a description thereof will be omitted. Before
éxplaining the detall§ ot the Wedrable actoriaasisedevice 6FERSTS g7 each

descripfion will be: giver:ot-tasksand phases: fzachagtionpajtesnofihe
25 wearer is classified into tasks. Phases, are a 1§erie$a(1fkrpyilrgmum action

units WHigH constitut8edeh fask>2C J ot tae speed and

acceleration, the posture, and the movement cf the center
of gravity are determined for each phase. For example, &
15 typical walking pattern of respective persons is
determined, and when a person walks in that walking
pattern, the most natural feeling arises. Therefore, what
is necessary ls to experientially determine each of
rotation angles, angular velocities, etc. of each jeint
20 for all the phases of all the tasks, and store them .in the
database as standard parameters (reference rotation angle,
reference angular velocity, etc.}.
The wearable action—assist device of FIG. @
comprises the man-machine system 10 which is composed of
25 the wearer 1 and the action-assist tool 2, the bilosignal
processing unit 3 which acguires the nerve transfer signal
b and the myoelectricity signal ¢ from the wearer's
bicsignal a, and the database 6 in which the standard
parameters of the respective phases and the power assist
30 rates PAR assigned for the respective phases are stored.
Moreover, the wearable action-assist device of FIG. 9
comprises: the optional control ﬁnit 14 which acouires the

biosignal a (in which the nerve transfer signal b and the



FIG. 10 shows the human being's basic actions: walking (task A), rising
(task B), sitting (task C), and going up or down stairs (task D). Naturally,
the tasks 30 are not necessarily limited to these tasks. Each task is
composed of the phases. For example, the walking task A is composed of
phase 1 in which the both legs align, pha§é22 in which the right leg is
forwarded, phase 3 in which -31- the left leg is forwarded and the state

where e b, lags;elon inteached, aodphasesd dn wihichdhe leftjeg ds:

=

forwarded. Such a series of phases are called phase sequence., _
suitabl&peweE Yor &8SisHRG Hé aetibh oF s Hewearer B ifférsegenhdihg sl
on eacfrefithe sedes of vohasesckherefores the: optistal assistascecanhe,
carried out for every phase by assigning different power assist rates, , .
PAR!,%?P@A@%‘E%@A@% for the Tespective pHases *1- E‘io RS it
result abthé=analyisis efiactidrss 6t eaclihpersongit istoretoutitatthied by
rotation anale anc anaylarvalogink of each Jaipt. e Weldng, spgediand
acceleration, the posture, and the movement of the center of gravity are
deternvinéd JoréachptRIse. FoFExarmpléia M ipicalwaRitfpaftéfi-8F rate
respeciyg parsongds jdetermingd,and-whean a persorwalks iiialring the
walking pattern, the most natural feeling arises, Therefore, Wéat is -
necessSHTYis 15 experientially detérming dactrof Totdtic ahigles” ahglifare"
vetocitiess et efieach pint20 farall thel phasesof allithe dasks;nichstore:t 5

them in the, database,as standard parameters (ipference Latafionandle: o4 o
reference angglar velocity, etc.). The weara le action-assist device of FIG.

9 comptisestheFhan-rabéhing systemcto whiek &s-esniposkdef according to
the command signal d of the opticnal control unit 14.

FIG. 11 is a diagram for explaining the process

he phase of the task which the wearer 1

t

15  which estimates
is trying to perform, by comparing a physical quantity

with a standard parameter. FIG. 11 (a) shows a database

of phases of each task for every action of the wearer.

q

15, 11 (b) shows the changes of each of the knee rotation

20 angle 8 and its angular velocity &', the walst rotation

angle 8 and its angular veleccity 8', and the centroild

position COG and its moving speed COG'. FIG. 11 (c)
shows the state where all the phases (A, AZ, A3 ..., Bl,
B2, B3 ..., Ci, CZ, C3 ...} are taken out in a matrix

Z25 formation.
The tasks and phases shown in FIG. 11 (a) are
the same as those shown in FIG. 10. As illustrated, each

of task A (walking), task B {(rising), and task C

(sitting) ... is constituted by a series of phases (phase
30 Al, phass AZ, phase A3 ..., phase Bl, phase B-Z, phase
B3 ... etc.), respectively.

When the wearer 1 starts action, The measured

values of wvarious kinds of physical guantities cbiained by



25 the wearer 1 and the action-assist tool 2, the biosignal processing unit

3 which acquires the nerve transfer signal b and the myoelectricity signal

c from the wearer's biosignal a, and the database 6 in which the standard
parameters of the respective phases and the cower assist 30 rates PAR
assigned for the respective phases are stored. Moreover, the wearable
action-assist device of FIG. 9 comprises: the optional control unit 14
whichzaequiressthe: biasignal a(irsahich-tiesnene transter signaltihande
the -32, mr}’aoaer'%c”'a%':té{a%e'%%'ﬁ H&%’é“‘i%.d) 0d the physical, quaniity, . ¢
(the rotation anglg and angular velocity of each joint, the walking Spee

and a€é@leratlon ;thespsstured abd thbdriovément ofitae cepfersigiavity 1o
etc. and.if 5.needed..the signals fromithe-other sensoks) detested by 1the
physical quantity sensor 13, and generates the optional command signal

1 3 A [ 3 ; £ oy e i 9 131
d5(in WRitRIh&Epdiver 58&istFate" PAR &ic: & irdtaded Y which is-acqlired 27
by comparingtthes acquited:physiealguantity withvtheystandasthpatameterring
of 10 the dat ¢ 6; and the driving current generating unit 5_which
genergpees“%ggﬁ?vihgacru%ré%?Whigr?q?SIO %&g&?’gg to thkggacctﬁgt%sr92’01CE gF the
actiongéissistiobl @uactording tbothe-eomprand: sigfrl ceofthecoptigmalted to
control ynit 14:FIG. 1L is.a diagram for explaining the process 15 which

estimates the phase of the task which the wearer 1 is trying to perform,

BY comparing a phjsSicargaaritys with & seditidrdiparamétef 6. “ta)
showsra glatabase -0of phases efieagh task-for evesyaction=ofthe wearesred
FIG. 11 (b spgws the changes Qf eaghpf theﬁgee rgé%tiogggg%nqug 8

and it angular VeloGit 8° SHEWAISE rotation angie & and its angular
velocity=e’ famdthe centroid spesitioh C OGeand itsanovingspeed COGaL1 the

FK;'léégks (A, B, C ...). That is, as shown in FIG. 11 (c},
15 211 the phases (A1, RZ, AZ ..., BL, B2, B3 ..., Ci, CZ,
C3 ...) shown in FIG. 11 (a) are taken ocut in a matrix

formation, and they are compares with the measured values
of the physical quantities.
As shown in the graphs of FIG. 11 (b}, 1f the
20 comparison is performed for each of times tl, tz, t3 ...
it is possible to identify the phase in which all the
measured values of the physical guantities match with the
standard parameters. What is necessary in order to

eliminate the error of match is just to identify the phase

xS
n

after checking that the match takes place at a given

number of times.

(3}

In the example of illustration, if the measured

[

value matches with the standard parameter of phase Al at a
pluraiity of times, it is turned out that the current

30  action is the action of phase Al. Of course, the phase
having the standard parameter which matches with the
measured value of the physical guantity is not necessarily

the same as the initizl phase ({(Al, Bi, Ci} of each task.



shows the state where all the phases (Al, A2, A3 ..., Bl, B2, B3 ..., Cl, C2,
C3 ...) are taken out in a matrix 25 formation. The tasks and phases
shown in FIG. 11 (a) are the same as those shown in FIG. 10. As
illustrated, each of task A (walking), task B,(rising), and task C (sitting) ...
is constituted by a series of phases (phase 30 Al, phase A2, phase A3 ...,
phase B1, phase B-2, phase 33 ... etc.), respectively. When the wearer 1
starts action, the nigasuréd valuestéforarioustkifds of physical mudntities

obtained. by -33~the physical quantity sensor 13 are-compared with theg, ¢
standard parameters stored in database 6. The graphs of FIG. 11 (b) are
used @rsHiow thisCcarnparigsn ¥8tighly. i thBYraphstHekneeFstation 1 F1G-

angle g,and its angular Svelacityels the waistootationapgie-e andisantially

angular_velocity e', and the center o%%rqav%%/ COG and.its g]OVin% speed

COG' “&fe SHBWnFespattivelyDf totrse, tha*physical quintifies fé the

compaysenr-are hot lintitecktor theseé physical guantities TeAtmtervals of 111

a short fixed period, the measured values, of e physicaquantties are

compared* with the standard parameters. This comparison is performed

with respect to the SefieBlafptasesinaltthey taskessE, B 2CAe)erhat ishe

as showiin EIG. ie): 115 aH thephases(AhiA2:A3BLB2: B3 G &) .

C3..) sjhown in FIG. 11 (a) are ;aken ogt in a matrix forénathn, argid the Lo the

afe cofmpared itk ive MhEASGRY VAIGES LofthePhydicarquantities Ag<Cs he

shownintbegraphs=0fFHiG.ckl (B dtthe=20comparisdmis performeddior

eaCh(gﬁgEE%y’%éfgdity of each joint, the walking speed and
acceleration, and the posture, is attached to the action-
assist tool 2, it i3 preferred that the physical gquantity

15 sensor 13 which detects the physical guantity, such as the
movement of the center of gravity, ls attacheéd directly to
the wearer 1.

The physical guantities are seguentially

compared with the respective standard parameters of the

20 phases of the tasks stored in the database & one by one
(8T607). As described above with reference to FIG. 11 (&)
to {c), all the tasks and their phases are provided in a
matrix formation. The comparison between the measured
values of the physical gquantities and the standard

25 parameters of the respective phases is performed one by
one in the sequence of Al, R2, and A3 ..., Bl, BZ, and
83 ..., Cl, C2, and C3 .... 8ince the standard parameters
are set up 80 as not to overlap between the phases of all
the tasks (merely called "task/phase"), 1f the comparison

30  is performed with the standard parameters of the phases of
all the tasks, the phase of the task having the standard
parameters which match with the measured values of the

physical guantities can be determined (ST&08).



it is possible to identify the phase in which all the measured values of the
physical quantities match with the standard parameters. What is
necessary in order to eliminate the error of match is just to identify the
phase 25 after checking that the match 'g_aé<_e§ place at a given number of
times. In the example of illustration, if the easured value matches with
the standard parameter of phase Al at a plurality of times, it is turned out

that the current 30agtionyis:the action-obphase il -Of eoursedbephase lues
having the standard parameter which matches with t e?mceasured ngQU% rence
of the Phy<iaPGuAnts 1s ot hetesEarily e Sameas the intial phase

(Al, BhGHof esthtaskn<34-fe&ict? i floivehandorexpldigingthee termined.
contrglling method in which.th asgist.fate RAR i ntrolled as& .+
varia&%ﬁegf 'E?éefir% embodim égr?tp.&%hw%l%géfz%%eg sttégs Ic‘Se::r(EGQO_lE? H&%&%ﬁ
ST604%06 4te substartialy 5fhesanie 8k the Steps STEOE508aAFIG.

6, and,a desgription thereofwill-he omjtied=A desariptionawill be-givenfed
the process of the steps ST607-612. The physical quantity sensor 13 :
detecteSthe! PhysicaY qhianfity ofthe thanmachime sjStem 10 & TEI% 16°5+="
Although theophysieal guastity-sensor:3 whictodetests this nphysicahe action

quantities, such as the rotation angle and an Ia.[avgl %té’ af %‘H%Jﬂi%d
the walking spaed Sagﬁda%ée%(lfgﬁon,l and the p%sﬁ?re,%s aﬁracﬁ\ed fothe
abtionemssisiadok2rinis preferelthat e pHysicBRguaatify FS sehgopgluator

which gletects the physical quantify,such asthe movementof thesantehe
of gravity, is attached dir%ctly to tr}e wearer 1. The physical quantities are
sequeRfiEmy assist rate PAR {3T611). The driving current

generating unit o generates the current {the total
current) according to the optional command signal d after

15  the adjustment, and drives the actuator 201 by supplying
the total current (ST&l12).

A controlling program for causing a computer to
execute the above-mentioned controlling method may be
stored in a storage device of the control device Z0A of

20 the wearable acticn—assist device. The above-mentioned
controlling method comprises the step which detects the
wearer's biosignal a (8T602), the step which detects the
physical quantity of the man-machine system 10 (87603,
the step which estimates the phase which the wearer is

25 trying to perform (ST610) by comparing the detected
physical guantity with a standard parameter of each phase
of each task (87607-609), the step which generates the
optional command signal d so that the actuator may be
driven to generate the power which meets the power assist

30  rate PAR according to the estimated phase (ST611), and the
step which generates the current according to the
opticnal command signal d to supply the current to the

actuator (3T61Z).



compared with the respective standard parameters of the 20 phases of
the tasks stored in the database 6 one by one (ST607). As described
above with reference to FIG. 1_1 (a) to (c), all the tasks and their phases
are provided in a matrix formation. The camparison between the
measured values of the physical quantities and the standard 25
parameters of the respective phases is performed one by one in the
sequence of Al, A2 anitA3rih&1, B2, and B3reg€lrG2, ahd CdticSmte
the standard parameters .are set up_so.as, not t rlap e e
phasecsoglfmz"i{‘ﬁlQth%ltgrslﬁil (r% e%glyggﬁ%%%ggk/%%;gggf ifgtﬁe?%%ﬁgﬁtgoﬁ %%

is performied withithe stahdafd-Parametersat the phasesofPhfl ke dasks,he

the phase.of the task-having the siandard: parapetgrs:which matehwiths 1 gnal

the measured values of the physical quantities can be determined ,
(ST608) * B5Rerdlaigthe erfor-tiedch oftheRalufed faltieedfthgsststance.
physical guantities into,eonsideratien; auteference mumheriobmateliesy to
needed for thg_r'%ud%ment is@predetga‘nined# When the number of matches .
reach&S T PeféTencs htitibér s (S1609), the phase of the task ~ =~ oro— P+
correspomgling te: tiie- imeagured vakiesasfithephysical tudititiesiishout delay
estimated (ST610), By referring to the-database: 6, the-power, assist yate

PAR assigned to the phase corresponding to the action to be assisted Iis
déternified, BRETHE AFaHTSHtioned 10 optional command signal d is

adjusted so thatthe actuaior 20k maybe divendie-generate the power

that megts thg power q:%sist rqﬁg PEPI\Fé (SJ?llgigh%éjari%/in _gugre&o Chasist

generating unit 5 g@ﬁer’atgg?hé current (fhe’tofz;’l curren?f}g\ccoralng to the

optionakeammarid signat etafter trbtheladjustment; arrkdrives thetion-

actuator 201.by, suaplying, fhg fotal curent ($I612h1 | che viosignal

15 sensor 221 which detects the wearer's blosignal a, the
physical guantity sensor 13 which detects the physical
quantity of the man-machine system 10, and the optional
control unit 14 which generates the command signal d
(optional command signal dl) for causing the actuator 201

20 to generate the powsr according to the wearer's intention
by using the biosignal a detected by the pnysical quantity
sensor 13. Moreover} the wearable action-assist device of
the second embodiment comprises the database 6 in which
respective standard parameters of a series of minimum

25 action units (phases) which constitute each action pattern
of the wearer 1 classified as a task, the autonomous
contrel unit 7 which estimates the phase of the wearer's
task by comparing the physical guantity detected by the
physical guantity sensor 13 with the standard parameter

30 stored in the database &, and generates the command signal
d (autonomous command signal dZ) for causing the actuator

201 to generate the power according to the estimated phase,

the command signal combining unit 8 which combines the



A controlling program for causing a computer to execute the
above-mentioned controlling method may be stored in a storage device of
the control device 20A of 20 the wearable action-assist device. The
above-mentioned controlling method cor_nﬁn%iges the step which detects
the wearer's biosignal a (ST602), the step which detects the physical
quantity of the man-machine system 10 (ST603), the step which

estimatgsrthe phasgwhichy the-wearers2q tryingito-peresn (ST6I0ybynd the

comparing the detected g(%y ical quantity with a standard parameter of,
each pITASEToF eadi fask -GO%ﬁt a<t8p i Congmqfesutrh“t , and

estepw ich genera e
optionaheommandsignald:so thatthezactuatormay bevtdriverorrgenératethe
the pof_vzvueir%%l&hafg?s&sd%egpe&sveméSléééaOfaé%ﬁé%&@Qéﬂ@g 194"E b i ned
estimated phase ST61I), and the step which generates the current
aécordilig t6heCopRoRalscemrariPsighal B %o Eipply thé euFérp iy thé'e

actuater, (ST612).536- Asdeseriked injthe foregoing, the optional
command signal d is generated so that it may meet the power asiift rate

PAR optimized for &V&ry pidS& and 1B - power applicatiBA Acdorditg B 28
the optinaabeammiand signatdldisperformédtAhusiitds passibietent shown

smooth assistance. And the-driving of the actuator is started accordingto
the pulse 6L%én§éccgg]r%?ncg¢fc}t aefn fvegtgrané%r signal b, Thus, 'ﬁ1e R
drivingi6f the acteitsrisStanad witlfoutdelayeanE s possiblé to berform

assistance-comfartably. 1042}, Secondremhgdiment(A)Compasitiongf <o the
wearable action-assist device As shown in FIG. 13, the wearable

action R85t G&ViLE GHihé sEedndembIdmentesmprises the Retione s> ©
assist oo} 2 ravingHbeactyatar20%:the biesigdahg to the nerve transfer

signal b as a trigger signal for starting the driving of
15  the actuator 201,

As shown in FIG. 10 and FIG. 11 (a)-(g), the
autonomous control unit 7 has 2z function which estimates
the phase of the wearer's task by comparing the physical
quantity detected by the physical quantity sensor 13 with

20 the standard parameter of each phase of sach task stored
in the database €, and generates the autonomous command
signal d2 for causing the actuator 201 to generate the
power according to the estimated phase. Therefore, the
explanation of FiG. 10 and FIG. 11 (a)-{c} is applicable

25 to the autonomous control unit 7 as it is.

The command signal combining unit 8 combines the
cptional command signal dl from the optional contrel unit
14 and the autonomous command signal dZ2 from the
autonomous control unit 7. TFor example, in autonomous

30  control, a fixed power is given for every phase.
Therefore, the combined command signal d3 has a wavelorm
which causes the actuator 201 to generate the resulting

power which is obtained by adding the power according to



15 sensor 221 which detects the wearer's biosignal a, the physical
qguantity sensor 13 which detects the physical quantity of the
man-machine system 10, and the optional control unit 14 which
generates the command signal d (option_ﬁaé Lggmmand signal dl) for
causing the actuator 201 20 to generate the power according to the
wearer's intention by using the biosignal a detected by the physical

quantity, ssepsorclk3. Mereever) the wearableraction-assist deviseahtheg to
second embodiment comprises the database 6 in,which respective
standarFparimetsts Ofa SEFES of Mifimam 28 Athidn thits (phased)orous
which comstitutexédceh action patteri cof theawgardrakelassifier] as detaskpl the
the autgnomous; conirpl unit 7.which estimates-the, phase,of the Wearer's 1. or
task by comparing the physical quantity detected by the physical quantity
sénsor B3 withthe standardrparsiie el BOCstoFed In- e datssEsE"6, and

generates the command signal d (autepemous commmant.signal ) for
causing the actuator 201 to generate the power according to the

estimatel Pitase " thd esrirand sigifal Senifing Rt 8 Which combines
the -37- command signaldlfroma the eptional controleunit4angd. thieng method,

command signal d2 from the autgn mpus .contrtl nit 7, a:lr%_q);hgigri%g n
currenf%@én%%rgf}r?a‘ Ut 5 Which aén%réf'ég:{fﬁg c(:rfrérje%tC ggcordfng fothe -
total carimangsigraltds ebmbired Sthy tHescairimang Sidrial Combipiigr 1

unit 8, ta-supply the:reurentio,the actuatar 20, The optiopakeantrol unit o),

14 may be the same as the optional control unit 4 of the first embodiment
shown i FI&e 3P &5 ciiftally- 48 showrPin FfES. S and B $° 159/tie™ 1Y
preferrgdithat the eptionadcantrol wnit.ik4 generatesdheroptional on-zssist
comm%n%§i%na}dsdl%cggégigg t%?‘?o nerve transfer signal b and the
myoelectricity signal ¢, - e

15 The coptional command signal dl for causing the

actuator 201 to generate the power according te the
wearer's intention by using the detected bicsignal a is
generated (87704). The detected physical guantity is
compared with the standard parameter of each phase of each

20 task stored in the database © [87705-707;. The phase of
the task of the wearer 1 is estimatsd by the comparison
result, and the hybrid ratio @ corresponding to the
estimated phase of the task (optional command signal
dl/autcnomous command signal d2) 1s determined (5T708}).

25 And the autonomous command signal dZ for causing
the actuator 201 tTo generate the power according to this
phase is generated (ST709). The opticnal command signal
dl and the autoneomeus command signal d2 are combined to
meet the hybrid ratio @, and the total command signal d3

30 is generated (ST710). The actuater 201 is driven by
supplying to the actuator 201 the current which is
generated according to this total command signal d3

(8T711).



and uses the pulse current according to the nerve transfer signal b as a

. trigger signal for starting the driving of 15 the actuator 201. As shown in
FIG. 10 and FIG. 11 (a)-(c), the autonomous control unit 7 has a function
which estimates the phase of the wearer's task by comparing the physical
quantity detected by the physical quantity'sensor 13 with 20 the standard
parameter of each phase of each task stored in the database 6, and

generates the autenomoys eommand: signat- 62 for causingsthe-ackedon - 703
201 to generate the f%ower according to the estimated phz;lps6 .. Therefore,

the eXpRNATIONOf ERS 216 andtFIETAL &9)-(c) s pphicable® 2510 the™™
autongm@aus-controhunity as dushEre commard Sigral combingumits§own
combines the opfional command signal dl from the, optiopal control unit .
114 and tﬁé%utgé()m*“o%%bggr%ﬁaeﬁ 'sigrizgrllézlfr‘"or%l%th}g agﬁton?)moul's e

controtumit 7SEGEéXxamipleingaionsirotst 30 carticna fixeerpower is-anal
given for every.phase.. Therefore, the combined.command sighal d&:nag eps

a waveform which causes the actuator 201 to generate the resulting
powerSWhichris Shtafiist By Hiiding the' power according to -38- the

optional control whighichanges frees the-begirtning to.cthependyiolthedfixechd
power according to, the autonomous .control which is fic>:<Le19rfo:[wgve%mmim o
phaseS THeefféct oftheEoMBiation of the command signals will be 9
explainee latervs (By Bonteolling gnethod andicohgotlingvprogramc FIGE 14

is a flowchart which shows F&fgog9gyeﬂlp&i@9t@qqgﬂ£ih%§eggﬁglar to the

embodiment. Asshown in 14, in the controlling method, the o
actionfzissist teob2dHaving the BetudtoP20d WIHIERC 1 give STEGWEr Ry the e
wearekd is aftachedtodbesveatertl task so that the action of the

wearer 1 can be assisted comfortably, and they are stored
15  in the database 6. When the estimation of a phase is

performed by the comparison of the physical guantity and

the standard parameter, the control device 20R
zutomatically determines this hybrid ratio o as mentioned
above. As a result, the total command signal d3 is

20 generated so that it may meet the determined hybrid ratioc
@, and the application of powsr according to this total
command signal d3 allows the wearable action-assist device
to perform smoothly assistance according to each of

various actlons.

o
wn

The step which detects the wearer's bilosignal a
in order to perform the above-menticned control (8T702),
the step which detects the physical guantity of man-—
machine system 10 which is composed of the wearer 1 and

the action-assist tool 2 (3T703), the step which genesrates

<>

the cptional command signal dl for causing the actuator

€23

201 to generate the power which followed the wearer's
intention using detected bicsignal a (ST704), while

estimeting the phase of the task of (ST 705-707) and the



(ST701). The wearer's 1 biosignal a is detected (ST702), and the physical
guantity of the man-machine system 10 which is composed of the wearer

1 and the action-assist tool 2 is detected (ST703). jr The optional

command signal dl for causing the actuatgr 201 to generate the power
according to the wearer's intention by using the detected biosignal a is
generated (ST704) . The detected physical quantity is compared with the
standarchpararheter afcegethr phaselot each=20-taskostonéd iy thendatdtzase

6 (5T E0aA0), Thehnas.of dbedask of flawegret Lds esilated Mg, -
comparison result, and the hybrid ratio a corresponding to the estimated
phasedeftthettask (ohtionakrommand sifial fdifsutornpricus edatmand
signald2),is determined-(ST708)..25:And the potonomaus:cepmand-h

signal d2 for causin: the actuator 201 to generate the_power accordln

b HESETS herLiec tITTO0 The SR ConFAnCdgnar FaRD e t22
autonemoustcomptand signat elP=are combmeacd:to aneet-thenhylrid ratic aphase
and th l.command sign 0 is generated (ST7. ctuat

201 is %Stlf\l/@ngcé)y gb%ply?n%ptgﬁglec%ctu%%gr %%tk%é cﬁ?r%%%w |cf‘?a1néla ggﬂa E

* generafecEaccording to- thisTtetas conmand sigralad3 3T 7Y, B99RaRes the
flowchart gf FIG 14 .dhe steps ST7D1:£03and ST705y/08 arethe samerasy
the steps ST601-603 and ST607-610 in the flowchart of the first
embodiMsitSHGw Gn €16512] FaspectiveR- AHFTR |§%Fef“e?Fe*d’ffNati%ﬁe"§llc“
step (Shé04rwhiclryeneratesithe eptionat cemtmand:signal idiaccerding of

to the %}Lo&%nal a is composed of the steps_ST604:606a shown in PIG..

-t t 1 T
12. And it is preTerre %aefthe Bptional command - oo

command signal d3 1s made to perform is stored in the

storage apparatus of control device 20B of wearable

o]
{5

action~assist device.

FIG. 15 is a block diagram showing another
example of the wearable action-assist device of the second
embodiment.

As shown in FIG, 15, the wearable acticn-assist
20  device of this embodiment comprises the acticon-assist tool

Z2 with actuateor 201 which gives power to the wearer 1, the
biosignal sensor 221 which detects the wearer's biosignal
a, the physical guantity sensor 13 which detects the
physical guantity related to the acticn of the wearer 1,
25 the optional control unit 24 which generates the command
signal d for causing the actuatcr 201 to generate the
power according to the intention of wearing 1 using
bilosignal a detected by biosignal sensor 221 (opticnal
command signal dl), the database 6 which stored each
30 standard parameter cf a series of minimum action units
(phase) which constitute each pattern of the wearer 1
classified as a task, the wearer's 1 pattern is estimated

by comparing the physical quantity and the standard



signal dl is for generating the pulse current according to 10 the nerve

transfer signal b and the driving current according to the myoelectricity

signal c, similar to the first embodiment. The hybrid ratio a is

predetermined for every phase of each tagk so that the action of the

wearer 1 can be assisted comfortably, and they are stored 15 in the

database 6. When the estimation of a phase is performed by the
comparisomef the physicakgquantity-and afielstapdar pararmeter they sensor
Contr%9?Vl&ié%te%%agC@'&ﬁ@%&?m&eﬁtmsf hybridralioa 85ces the
mentioned above. As a result, the total command signal d3 is 20
geners@rse thatithidy hdétthedetermpineshysid Aty & Ghd-hesenerate
application gipoweraccording tosthis,total; eemmand signaked alowshedz,
wearable action-assist device to perform smoothlé( assistance according
to°each®t %ﬁ‘gﬁgﬁcﬁbﬁg‘.ﬂ%fﬁ%%fébp\%hfélﬁl&etec%nﬁ% wearers >
biosignalta dnrdectopetforinythel abldvermentionetbronzo(STEQR), thenal
step which detects the physical ity.of - maching, syst ;

hich 1 bomobsal of o mearor T and e Leton sedist o012 (1763,

the stepewhich-genétetes B0 e opfeiial Eommand-signaP8Ffor €ty

the actuator, 204 to.gengraterthe powervhichfolowedithesnearersy unit 8,
intention using detected biosignal a (ST704), while estimating the phase
dfthe Rk 765@@%&%&%5%&%@%&‘?bi?léoiﬁgaring the

physical quantity and the rstandatc-parameterof eachiphase-bkeadhtasinal 2,
which were detected, the_step which-specifies rid ratj ; '
corresggﬁdfﬁ%%%%hfsrgﬁgggr(s%%%iftﬁg sggg W %Jﬁ%ﬁ%%jsfaﬁgs‘fﬁg rer s
autonomeuscommant sigaakd2 forsaatisiay e actaaterZ0EE-genetate

the poweraceording 1o fhisPhass it n the wear’s muscular line

1

tn

activity. TFor this purpose, the biosignal processing unit
3 gimilar to the first embodiment may be used, and a
description therecf will be omitted. Although the two
units are shown in FIG. 15, a single unit being shared to
attain the purpose may be'used instead. The database 6,
20 the autonomeous control unit 17, the command signal
combining unit 8, and the driving current generating unit

5 are essentially the same as corresponding elements in

i

IG. 13. The optional contrel unit 24 and autonomous
control unit 17 by comparing the physical gquantity

25 detected by physical guantity sensor 13 with the standard
parameter stored in the database 6, the pnase of the task
which the wearer 1 is trying to perform is estimated, and
it has a function which gensrates optional command signal
dl and autcnomous command signal d2 so that it may be set

20  to the hybrid ratio @ according to this phase, and the
power assist rate PAR.

FIG. 16 is a flowchart for explaining the

controlling method in which the power assist rate is



(ST709), the step which combines optional command signal dl and the
autonomous command signal d2, and generates the total command

signal d3 so that it may become specified 10 hybrid ratio a (ST710), the
program for control to which the step (ST741) which drives actuator 201
by supply of the current generated according to the generated total
command signal d3 is made to perform is stored in the storage apparatus
of contreldevice20Brotvearables15. action-besist tevice. FRIGLCES wfathis
block diggram showing.gaother exampleofithe yearable astion:assist
device of the second embodiment. As shown in FIG. 15, the wearable

actiorFassiss X0 devied Ghthiseribstimant EoRfprised FRERETOIFASSSINS T

tool 2 with actuatot 204 which givesspower totherweararl, the bigsignal
sensor 221 which detects the wearer's bjosignal a, the ghxs'ga%quantity .

sensor A which-aetdbtd BE iy Sical Guattin? rétated 16 the &ction of the
weares 3 25-the optionalicantralunit 24which genesatesathercdmprarsd-tached

signal.d for. causing the actuator 201 to, generate the. power accerding to

the int‘é%tioﬁeofwﬁgérefﬁg? using El’o&gr}al a getecteq by biosignal sensor
221 (optionat sconATfitE signahell)p thes darabasess Wiiith SforetredeR 307 Chne

standard.parameter;of a.series.of ninisaum:action yaits phase)whisk
constitute each pattern of the wearer 1 classified as.a task, the wearer's 1 -1
pAtterd & eshinatad Sty E8mparing tepRSIES oiﬁaﬁt?té and'the stEhddrg=om®
-41- parametes whighavere deteeted byphysical€uastity sedsoh i3, thé
autonomous control unit 17r6\£\%hei%h %%ﬁ@t s the command signal d for
causin%%%ﬁ&ﬁaﬁﬁsr 1'% generate” the géwer according to the

autonomous comménillsignakg2ming the phase of the task which (5T

805-807) and the wearer 1 are trying to perform by

15 comparing the detected physical guantity with the standard
parameter of each phase stored in database 6, the hybrid
ratic @ corresponding to this phase and the power assist
rate PAR are specified (ST808), and the autonomcus command
signal d2 for driving actuator 201 under the power

20 according to this phase is generated {STRO9) .

znd the optional command signal dl and the

autonomous command signal d2 are combined, and the total
command signal d3 is generated so that it may meet the

determined hybrid ratio a and power assist rate PAR

]
i

(§T810). The actuator 201 is driven by supply of the
current generated according to this total command signal
d3 (s8T811).

The step which detects the wearer's blosignal a
in order to perform the above-mentioned control (87T802),
30 the step which detects the physical guantity of man-
machine system 10 which is composed of the wearer 1 and
the acticn-assist tool 2 (8T8G3), the step which generates

the opticnal command signal dl for causing the actuator



5 the command signal combining unit 8 which combines optional
command signal dl and autonomous command signal d2, and the driving
current generating unit 5 which generates the current according to the
total command signal d combined by theszgommand signal combining unit
8, 10 to supply the current to the actuator 201. It is preferred to acquire,
from the biosignal a, the nerve transfer signal b for operating the wearer's
muscilidr fire skefetalsysiém BRATIHe AGEIEERTRItY Osiial tearer ' s
accompanied with the weaesJnuseulss e Is-activitys Foy this purpose,
the biosignal processing unit 3 similar tg the fi %%Tbodime t may beer 1
usedPéﬁ&%“b‘é%cﬁﬁﬁoﬁqﬁé?edmiﬂrbe(S%iﬁgd{ [tHough the o “GRits

are shewn:in Gy 15; asinfennitybeingrshated ta hattainitheqirpesentity

may be ysed nstead, The daiabase 6. 20 the apianomous coniral uit 17
ni

the comman sigha combir ng unit 8, and the driving current generating

unit Gareessentiathe the saméasicosespontin slementeindFBE13. @

The optiopal.cantrel.unit 24.and awtenomeusyeantrakunit 17by semparing
the physical quantity 25 dgtected \by phys#icaI*quaantity sensor 13 with the :
standafd ipdraniéter tetetSihithe) datibase - the ghade st thetask "¢ 5P

which theawearenkt istryingtespedormds estimated,and cthasd fungtioh d2
which generates optiopal command signal, dl and autonomous command
Signalds s%athﬁfﬂgn 51 be'Set30% tr%geﬁ?ygﬁd Tatio %%%cor%%n o t%]s |
phases anek-thienpowertassistrate RARLEIG. 16 3% a fliswchare feroecified
explaining the caontrolling met %ngl:wgé(‘él e pawer assist fate is-42-
controgﬂl%kgriﬁ hgaﬁégragleaggi%n-assist de"J\wlrlgc}Lée of this emf):odim_ent% IG. .
17iszi%ﬁﬁ%@db@ﬁéﬁ*@ﬁﬁﬁ#ﬁﬁ%ﬁé‘ﬂ9tional command signal dl and the

antonomous command signal d2 and generates the total

command signal 43, and the step (ST811) which drives

1o
[&]

actuator 201 by supply of the current generated according

to the generated total command signal d3 are made to

perform, are included in the controlling program which is

stored in the storage device of the control device 20C of
20 the wearable action-assist device.

[31 Other functions

Drive control at the time of starting

(1) In the case of reflective action

For example, when pushed suddenly from behind,

o
(93]

it is necessary to ferward one leg reflectively and to
support the body, in order to avoid falling to the ground.
Tf control of forwarding one leg is merely performed, 1t
causes the leg to be pushed in front suddenly and the
wearer stretches the leg instinctively. The wearer’s

30 operaticn of forwarding one leg willi become awkward. In
such a case, as shown in FIG. 183, when supplying the
current 91 which makes the actuator 201 drive in the

direction, the current 92 of a short-time (ranging from



composition of the control unit of the second embodiment. As shown in

FIG. 16 and FIG. 17, in this 5 controlling method, the action-assist tool 2
having the actuator 201 which gives power to the wearer 1 is attached to

the wearer I(ST801). The wearer's biosignal-a is detected (ST802), the
physical quantity of the man-machine system 10 which is composed of

the wearer 1 and the 10 action-assist tool 2 is detected (ST803), andthe ==
optiofialotommand sigrardsaccordingttotecrteetst-pRySIEan giantifpi-+ec

genergted (ST804). While presyming thephase ofithestaskawhich{(STic. 188,
805-807) and the wearer 1 are t%/ing to perform by 15 aring the

om

detectsd PRy SicaFGUARKRANIA the Starfdard- pararieter 6f SReh phase
stored;in-database 61the hybrie ratiowa corresgondingptosthisi phase land

the power assist rate PAR are specified. (ST808) ayton £h.
cﬁmﬁ%%ﬁﬁéﬂe forsc?ri\??}ﬁa a%ﬁgt%?? L‘]%(aié"rt (g|<$,Ct|c{;](‘r§?\?ve%t&gOl%qcoLé:?mm‘%ﬂl
accortling toothis phase isgeneratet(EF309). Ardtie SEtiGREIEfmard t1e
signal dl and fhe, autongmaus cammand signal 92 arecombined.and the-st

total command signal d3 is generated so that it may meet the determined

!

hybrid-éatio aTanih FoweFassist Fafe PAR 25 {5TE 0} SFhé attubtor 20155 ©F
driven.by supply-of-the, cireit genesates-aeeording testhis satat command
s;,ii%nal d3 (ST811). The steg which detect§ the wearer's biosignal a in

0

er I performthe &bcve-rertioned contrsl(51802), 30 the step which
detects the physicaferarity of. onan sachine system A0 whigeis & 1eg is

Comp%s§rdf8%]§dwggg%r %@”ﬂaéh%égé%fa%%s&é@%%ég@%, thestep waik,

which generates  the optional command signal dl for causing the actuator

-43- it may become the touch which had the leg bushed suddenly.
Tf the current 91 which makes the actuator 201 drive in

15  the direction is supplied after that which supplies
current 92 of a counter direction too at the time of
starting, and makes a counter direction drive actuator 201
in order to remove such sense of incongruity, a
comfortable smooth motion can be carried out.

20 Some examples of the present invention will now
be described. However, the present invention is not
iimited to these examples.

Example 1
FIG. 19 shows the experimental result when

25 applylng the pulse current according to the nerve transfer
signal in the example 1. FIG. 19 (a} shows the change of
the knee rotation angle 6, FIG. 19 (b) shows the change
of the biosignal which is amplified, and FIG. 19 {c) shows
the change of the torgue of the knee actuator.

30 | FIG. 20 shows the experimental result when not
applying the pulse current according to the nerve transier
signal in the example 1. FIG. 20 (a) shows the change of

the knee rotation angle 8, FIG. 20 (k) shows the change



201 to generate the power according to the wearer's intention using

detected biosignal a (ST804), while presuming the phase which (ST

805-807) and the wearer 1 are trying to perform by comparing the

physical quantity 5 and the standard paradeter of each phase which are
detected, the step which specifies the hybrid ratio a corresponding to the
phase of this task, and the power assist rate PAR (ST808), so that it may

be sefio tHeEstepP 15T889) WHith gehefiiesthe%ttoRbmdUS corhtharid  Shows
signaka2 10-er gausing-the actugter 201 to.gererate:the pawer,

according to the phﬁse of this task, and.the spe ified .h)ébritil1 ratio.a and

power assist rate PAR? tié Slep (ST810Y Whid ic%ﬁﬁiﬁ s'Optiona ect of the

commaidssigaabdilandithe aufomonmdus cemmangsigital? argansion
generafes. the ‘é’%aHE% comumand signal,d3, and.the step (STE1L)whigh,

drives actuator 201 by supply of the current generated according to the
generdarftaFEomrtan @iy rial o3 are madledor pbrfofRf are Tciaded ifhe

the coptyalling-program whieh iss sterediinthesterage device ofther tne
control device 20C of 20 the wearable action-assist devici].eg?g#(e)tr%er B
functidii Prive BohtrSiattietins oF sSting (O thecase b refactive®

actiontEﬂrge_;mmplie;mﬁer{mﬁéedtsydﬁ%ly from behind, ) 254tis u.nder the
hecesaat t%?é%i@%’?%‘&f ﬁé‘%ﬁrﬁ"eﬁ'?{ a%%%&?‘?%’ﬁ%&“&b%%ﬂﬁ order
d aﬁ?ll Yt control of

fo avoid falling to the groun of forwarding one leg is merely
perforirey ¥ cansesahe (6§ 6 betpushiéd incffonBsuddenly andethe the

wearepsifgiches.the; leg instinctively. the wearer's 30-gpeationelording to

forwarding one leg will become awkward. In such a case, as shown in

FIG. 18AS WHEIT STbplyiig the Tufrént 91 whicH RRakesthe adtiatGr 207 -°F

drive inthe) .

15 In the case of the former conditions {refer to
FIG. 1% {¢)), the torgue was obtained in which the pulse
current of the predetermined magnification corresponding
to the nerve transfer signal b 1s superimposed at the
front edge of the torgue obtained from the detected

20  bicsignal a. The change of the knee rotation angle 8 was
started 0.2 seconds after the detection of the biosignal a.

On the other hand, in the case of the latter
conditions (refer to FIG. 20 (c)}, the torgus in the state
that 1s the same as the waveform of the bicsignal a was

25 obtained. Since the rise of this torgue was loose, 1t
tock 0.3 second from the detection of the biosignal a to
start the change of the knee rotation angle 0.

From thess results, it is found out that the
driving of the actuator 201b can be started quickly by

30 using the nerve transfer signal b as a trigger signal and
supplving the pulse current (sguare wave) having a
predetermined width corresponding to the front edge of the

biosignal a.



direction, the current 92 of a short-time (ranging from -44- 0.01 to 0.3
seconds) in the opposite direction is supplied Just before supplying the
current 91 as shown in FIG. 183, so that the actuator 201 is driven in the
opposite direction. The wearer 1 will try t@ forward one leg 5 reflectively,
so the operation will become rather smooth. The control using such
reflexes cannot be adapted for the usual robot, and it demonstrates an
effectiertiyel first time in the case of the wearable action-assist device of

this invention whichyjs attachedto the weares 1:10 (2) ythecase ok he of the

usual action When autonomous control which raises a Ieg is ,perfqrnlec_im 1t
also irF BfEBESEBIUSHEF Speratidif like & WAR St My 68ESHE tHe tuch®>"
which had-the legspushed suddenty. «if the: cutrent8dwhichimake$ the the
actuator 201 drive in 15 the direction is.supplied after th | pplies
carrent §9-6f A'ColMtSr dr?'r‘gct?c’?‘n"téjtgl at% the 'u(E;bnae"'“gf as?z%ti%%lgﬁ%%r%gkes a
counterglitection drive sctaator 20 1ot ordértoern Gvaslieh 'sepse st
incongruity, 3 somfortable smonth motion can be,gared outz20 Somec,)

examples of the present invention will now be described. However, the
presertiinventibs i hoRdfimitéd 1o théserakamples Bxample FFIRS 19

shows the gxperimentalresulinheni2s applying the pulse cHtrents control.
accordirl%-co the nerve transfer sé%nal i%th e mpI%YL FIG.19.2) 1 e
sttowsthE ctangé’of The knes fotatioh dhgle (c), FIG. 1 (b) shows the
change cef #hechiosignalaihightis ansifiedyaadd-IS.cre: {c)Bhds aheional
Chang%é’%g%%i‘?rq%ﬁf. the, knee acjuatar. 30.FIG 20 Showsthe <orque of
experimental result when not . =
the knee actuator according to the total command signal d3
which is obtained by combining the command signal dl by
15  autonomous control and the command signal d2 by optional
control. FIG. 21 (a) shows a phase number and FIG. Z1 (b)

shows the change of the knee rotation angle 6.

h
t
jmp
0]

C

ct

FIG. 22 shows the experimental resul

h

£

rising action when the wearer rises from

10}

at

ot

s

or
b
'_i..
5

50  which the wearer sat on the chair but he sits down after
rising to the middle, and the power application is carried
out with the combination of autoncmous control and
opticnal control. FIG. 22 (a) shows a phase numper and
v7G. 22 (b) shows the change of the knee rotation angle 9.

As is apparent from the graph of FIG. 22 (e},

e
n

the torque of the actual knee actuator increased rapidl

in the rising of phase 2, and fell rapidly in the falling

of phase 3. BSince the torgue increased rapidly at the

front edge of phase 2 corresponding to the rising from the
30 chair, the knee actuator started rotaticn in accordance

with the wearer's intention, and the wearer was able Lo

perform the rising action comfortably while having a good

feeling of power assistance.



applying the pulse current according to the nerve transfer signal in the
example 1. FIG. 20 (a) shows the change of the knee rotation angle O,
FIG. 20 (b) shows the change -45- of the biosignal which is amplified, and
FIG. 20 (c) shows the change of the torgire-of the knee actuator. This
example is for explaining the effect of the first embodiment. When the
wearer performs expansion 5 action of the knee joint from the state in
which the wearer relaes AAd SitrPthediEiF the tofjue SFEHE Kivee

actuator 201h is measureshrespestivelyingderdhe - conditions fohesimig-thetion
nerve transfer signal b as a_trigger signal (refer to FIG. 19 (a)-(c)), an
undeFFHER0ToFeiti ShE fOFRt Using é‘%%?\lllee tr"gtrlllé(f%r ﬁjr% agéug tne

triggessignal (refes 1o FGy 28:(a)e) p(ievaheedonditidnsif WRIEh MY

the driving current according to 4h rici %gn@mb% upplied to
the actia grgjélojlbi)/. ¥51n ?h%%as%goﬂbﬁ%q}fgr?ngggonditioné. (referto FIG.

19 (c)), the torqueivas ob&siR&d in iWhih thé PRISE CerfetitoftheP288s 14,

predetermined, magpification-cerespanding Jtocthernenverisansfersignal b
is superimposed at the front edge of the to%ggeg obtainet flromathg
detectetk 20 HibSignara. The &-6f TS rSTaGon angls O'was

started B2 secgnds after the detection of the biosignal a. On the other

hand, in the case 04 the latter conditions (refer 1o E)G. 20.()). the.torgyeny o
in'the state that is ﬁe%é%wé) %%etﬁehﬁagééforrﬁ of the biosignal a was 25

obtaineduSince terisé of this (GrqueMESIEBSSHMESK 0 PsEE5 T front "™
the degection. of the bjpsignal.a 1q start the changepfihe kneerefalionng of
angle 0. From these results, it is found out that the D
the knee actuator cannot be started guickly in &
comfortaple manner. Since the torgue according to the
15  command sigrnal d by the autonomous contrel shown in FiG.
21 {¢) is a fixed torgue which differs from the Lorgque
which changes 1n process, a series of confortabie and
smooth actions cannot be performed.
That is, it is turned out that both the quick
20 starting and the torque matched with the action of the
wearer can be cbtained only with the combination of the
optional control and the autonomous control mentioned
above.
On the other hand, as is apparent from the graph
Z5 of FIG. 22 (e), wnen the wearer sits down immediately

frer rising, the torgue increased rapidly at the front

Qi

doe of phase 2 corresponding to the rising from the chair.

[0

The knee actuator started rotation in accordance with the
wearer's intention, and the wearer was able to perform the

rising action comfortably while having a good feeling of

()
<

power assistance.
Tn the middle of phase 3, generation of the

miosignal a is contrclled, even if the torgue by the



driving of the actuator 201b can be started quickly by 30 using the nerve
transfer signal b as a trigger signal and supplying the pulse current

(square wave) having a predetermined width corresponding to the front
edge of the biosignal a. -46- Example 2-Fhis example is for explaining the
effect of the second embodiment. FIG. 21 shows the experimental result

of the rising action in which the wearer rises from the 5 state in which he

sat oRTfié ehair &% BFE hoWsE Bpphcatiditis Carred Gwity the®
combipation,ef autepameus eentrakand eptianaticentrloflGs 24dayd, the

shows the change of the torque of the knee actuator cor in e. .
com%%@h%%d}%ycguq%%%ﬁnec%? gor?t%ls 10HC, Zaji% d) s%o%vé%% to}?qde
change: of the: tarquesoftheskne® artoratol mecsrding tothércemmianaty 10
signal g by ontignal caatiol, £16, 21.e) shows,thechange of e oiaue tre

of the'knee actuator according to the total command signal d3 which is

obtairek by CoRBINGRF tHe BoRTRARE sigisl Bl by-05 atfdhorhdts Eontrof a®

and the,eemmand-signal g2 by eptionad contealEIG a2k {ay shaws aind was

phase number and FIG. 21 (b) shows the ch@F1 e ofrtlge ggggoro;%%q&

angle T FIGE 2 PRGNS the Bxprimental TeSUTt of the  Fisiig action when

the wearer rises fram thiesstaté:énr 2B avitich wheweddrer saronthecshaidbny o
sits down after_ risin he, midd we licatign, i

e e e

contros i@ 22:(&16howa al Phasé FarBerand MG 2o i &Gws the the

changg,of the knee rofationangle 0.25 As isappareptfrop: the-grapti okly in
FIG. 22 (e), the torque of the actual knee actuator increased rggidly. N
4 comfortable manner. Wwhen the torgué according’ te the
command signal d by the autonomous control is used as

shown in FIG. 22 (c), changing suddenly from phase 3 to

[
&

phase 1 caused the fixed torgue to exert in the cpposite
direction of the action, and 1t was uncomiortable.
Thus, even when performing suddenly an action
which is not a series of actions, the combination of the
20  optional control and the autonomous control menticned
above is useful to prevent the sense of incongruity from
being given to the wearer.
The present invention is not limited to the
shove-described embodiments and variations and
55 modifications may be made without departing from the scope

of the present invention.



in the rising of phase 2, and fell rapidly in the falling of phase 3. Since the
torque increased rapidly at the front edge of phase 2 corresponding to the
rising from the 30 chair, the knee actuator started rotation in accordance
with the wearer's intention, and the wearet Was able perform the rising
action comfortably while having a good feeling of power assistance. -47-
in the falling of phase 3, the torque by autongmous control is promptly set
to 0, and the situation which gives the wearer the torque which pushes
out the wearer carelessly can be prevented, and the sense of 5

incongruity given to the wearercan be suppresseds Asiaressltynialhthessists

processes of phases 1-4, the wearer was able to have a go
poweronssistatEe antrwasablB t6 operifSmibothly

od feeling.of

omfortably. 10

L the
A

On the,otherhandwhepithe:torque according to command signal d by

the o

ptional control is used as shown_in FIG, 21 (d), the tising s o+ wnich
inadequate, the driving 6 the kKhee" T :

Actuator cannot be started quickly in a

comfortablesmanner. Sincéthertercgre -according to the 15 command
signal d by the autonamous gantral shown in:flG.« 24c) is,adixed torque

which differs from the torqué which

changes in process, a series of

comfoitableiand lsmooth actions cannot be performed. That is, it is turned
out that both the quick, 20 startingand-thedorque:matchedwith the attion the

of the wearer can be obtained onIy_L{/veitth
controlcarith HE AttGiiomous cohtrol ment

as is apparentdrom thegraphr cp

1 3 e
sKelet

with a wearer’s muscula

-
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an optional
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current
respectively, based on

a4k
e Loy

optional control un

o

to the actuator.

Z.
ro claim 1 wherelin ths

comprises a physical

%

Loy
[

30

physical guantity rels

3.

to claim 1 whersin the

.
e
eraTi

al system, and a myoelaectricl

contre

and the mvoelectricity signal which

according to the myoslect

guantity sensor which d
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L

The wearable actlon-assis

he combina-4
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intention by using the nerve

are

Q3

.

the command signal generat

to suppiy the respective currents
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ed by th
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25 of FIG. 22 (e), when the wearer sits down immediately after rising, the
torque increased rapidly at the front edge of phase 2 corresponding to the
rising from the chair. The knee actuator started rotation in accordance
with the wearer's intention, and the wearefwas able to perform the 30
rising action comfortably while having a good feeling of power assistance.
In the middle of phase 3, generation of the biosignal a is controlled, even
if the ToFttfe 6§ the -48- optional control decreases and the torque by the
autonomous contrgl imthe risingrdiregtibhfisesdldad:; thecifluente is
cancelled by _eachaotg@ri: g@d %hge@pl@ﬁ%q}u%%ﬁ hot %grg%%éogggsfer
the sense of incongruity in 5 the action to sit on the chair. As a result,

even i theawelrercliangss Bve @efidn (fsK) suddenly, the wearer was

able to have a good fegling of power-assistancex angawas -able to perform
the action smoothly and comfortably. On the other hand, when the torque

accorBirpts 1ot CommaRd signard B—ﬁ%e‘qﬁjﬁﬁ&ﬁgf%ﬁntrol is used as
shown in FIG. 22 (d), the rising is inadequate, and the driving of the knee
actuator cannot be starfed quickly,in_a comfortable manner, YWhendhe 4ing
torque according to the command05|gnarfj|]by the autonomous control is

used as151shown inEiGe22 (c)cchantingsudderifroftpRase 3o it
%@S%égﬁgg the fixgd torque 1o exertin the oppesite: directiopof she

action, ahd it was uncomfortable. Thus, even when performing suddenly .
an actigir Xeieh s Hob a'Seried 6F atfioh< e ComBination bf tha™ 20 ~~=7°-%
optionalicentroband the-autenemenscontrol menrtionediabovesds usefsl to

prevent the sense gf incongruity from, being given fo e wearets ¢y <igrat,

and causes operation of the actuator To start by supplying

o
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5. The wearable action-assist device according
to claim 4 whersin the driving current generatlng unit

generates, when starting the supply of current to tne

3]
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puet
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pulse current or the total current such that

the pulse current or the total current is larger than a

lower limit of current that is capable of driving the

actuatoer
25 &. The wearable action-assist device according
to claim 2 wherein the wearable action-assist device

c

comprises a database in which a given correspondsnce

relation between each of respective standard parameters of

a series of minimum action units {phases) which constitute

30 3 wearer's action pattern classified as a task, and a
power application rate (power assist rate) of the actuator
is storad, and

wherein the optional control unit estimates a



The present invention is not limited to the above-described embodiments
and variations and 25 modifications may be made without departing from
the scope of the present invention. -49- CLAIMS 1. A wearable
action-assist device which assists or executéslar action of a wearer by
substituting for the 5 wearer, comprising: an action-assist tool having an
actuator which gives power to the wearer; a biosignal sensor detecting a
weareprsabiosignal; 10:& bibsighalprovessiny umit acgairing Heorfcthe oy
biosignay detecied by the. biosignal sensor. 2 Retve. Jangfer Signalior: .1
operating a wearer's muscular line “skeletal system, and a myoelectricity
signal @eeompanieewith diveaters mdscdar ina sttty © 15%R optiorat
controlypitgenerating a,conamand. signal for causing the actuator taower
generate power according to a wearer's intention by using the nerve ]
transfersighal ARbtheTybetettricity SiGnaRwhith & FAcauirst By thg" t0e
biosigrakprasessing uaitrand:-20:a deving:ewsent generat=pgrimtl signal
generating a currentt ccordi,nLga;Eo tﬁhe;gerve traangfer sigg_v?l rand %g}gég%nt o
accordiig t6tHe Myoelsetficity signal. Tespectively, based onthe 9 *
commahd gigralgenerated-bydhe optional control unit, to supply the
respective currents 25 to the actuator. 2. The wearable action-assist

device according to claim ' wherein the wearable action-assist device
comprises a physical.quaatityssensorwhich detecis ss+ device according

H to claim 1 wherein, when the wearer operates by reflexes,
the driving current generating unit supplies & current for
driving the actuator in an opposite direction of the
operation concerned for a predetermined time, and, after

he driving current generating

rr

the predetermined Time,

.

unit suppiies & current

[
[#2]

or driving the actuator in a

Fh

direction towards the opsraticn.

8. A wearable action-assist device which assists
or executes an action of a wearer by substituting for the
wearer, comprising:

20 an action-assist tool having an actuator which
gives power to the wearer;

a bicsignal sensor detecting a wesarer's
biosignal;

a blosignal processing unit scguiring, from the

25 bicsignal detected by the bilosignal senscr, a nsrve
transfer signal for operating a wearser's muscular line
skeletal system and a myoelectricity signal accompanied
with a wearer's muscular line activity;

a physical gquantity senscr detecting a physical

3¢ quantity related to the action of the wearer;

an optional control unit generating a command



30 physical quantity related to the action of the wearer. 3. The wearable
action-assist devise according to claim wherein the biosignal processing
unit -50- comprises: a unit which amplifies the biosignal; a first filter which
extracts the nerve transfer signal from the biosignal; and 5 a second filter
which extracts the myoelectricity signal from the biosignal. 4. The

wearable action-assist device according .to_claim 1 wherein the drivin
Curont GGt (At 10 D EoHe b 55 Aetcator S A e ol 8
pulse earent whichds gensrated acéording tothe niervéirandfer Sighalgnal
and a SQE@&e"ééh@ %e%%@gggﬁ)iagég%’substantially proportional to

the myoelectricity Signal, and causes operation of the actuator to start by
supplying 15 the péls@scuresit 5 THe Weara5lRCacHoR-assistevice
according. te.claim 4whetein:the drvingreurrent.gensrating Wit phases)
generates, when starting the supply of current to the 20 actuator, the

pulse &irreht 67 HRE totalCurérsiTch that” the putse carfent Grthe total =° 2
currentisslarger than a lower limit of current that 1s capable of driving the
actuator. 25 E. The wearable actign-g%%ig,;o flel\l/Iiqu according. to claai%]jéS of
wherein the wearabfé' action-assist device comprises a database in‘which

a giverticerrespondende: yelatior:betweeneacheobrespectivesstaridard

inimum action units (phases) which canstitute, 5

parameters of.a series of mi
30 a wge%rgrqs %ctio% patte#g1 Classitied as a task, and a power application

mue(p@@@gmﬁgﬁgtQﬁéygﬁﬂ@@a@@%wé@tabase, and generating a command
signal for causing the actuator to generate power
according to the estimated phase;
a2 signal combining unit combining the command
15 signal from the optional control unit and the command
signal from the autonomous control unit; and
a driving current generating unit causing
operation of the actuator to start by supplying a pulse
current which is generated according to the nerve transfer
20 signal acguired by the biosignal processing unit and
generating a total current according to a total command
signal from the signal combining unit, to supply the total

current to the actuator.

]
i

&, The wearable action-assist device according
to claim § wherein a plurality of hybrid ratios of the
command signal from the optional contrel unit and the
command signal from the autonomous control unit which have
a given correspondence relation with the respective
30 standard parameters of the ssries of phases are stored in
the database, and the signal combining unit ccmbinss the
command signal, from the opticonal control unit and the

command signal from the autonomous control unit so as to



is stored, and wherein the optional control unit estimates-a - 51 phase of

a task which the wearer intends to perform, by comparing the physical
guantity detected by the physical quantity sensor with a standard

parameter stored in the database, the optiongk control unit determining a
power 5 assist rate according to the estimated phase based on the
correspondence relation, and generating a command signal for causing

the actuator to geheiatera powerractording t5 heipewepassist vate e

The wearaple aclion-assist device agearding, 4040 ¢laim L wherein wheny py
the wearer operates by reflexes, the driving clrrent generating unit
suppliesg crifFercfer arivity-fiel abftidtor in an opposite direction of the
operation concerned for a predetermined time, and, after the

predetermined time, the driving current generating 10 unit supplies a

current for drivihg the &&REEEHn 4°Girela6h ToWardE the“opefation: 8 A
wearabie actionrassist.device whichiassistsy ofiexecuies ateaetiomof anit
We?rer b ns%b%tc@ ti‘aﬂefor&?see Wc?ua}:rg&mgomip rigﬁneg :t%(j)ca %%E!’Q:%_acssé% tgglﬁt
having &n Zéfuator whic gives power fo the wearer, a |05|gnarf sensor
detecting anwvearer'smbickignaly adviesignal precessimgtunif aveuidng, froath
the 25 higsignal detgcted by the bigsignal.sensoy, anefve, transfer signal.,
for operating a wearer's muscular line skeletal system and a
miyoelettrcifrsigiiallaccompanied with a wearer's muscular line activity;

a physical quantity sensor detecting a physical

11, The wearable action—assist device according
to claim 8 wherein a plurality of power application rates

(power assist rates) of the actuator, which have a given

5

correspondence relation with the respective standard
parameters of the series of phases, are stored in the
database, and the signal combining unit determines a power
assist rate according to the phase of the trask estimated

by the autonomous control unit based on the correspondence



30 quantity related to the action of the wearer; an optional control unit
generating a command - 52 signal for causing the actuator to generate
power according to a wearer's intention, by using the biosignal detected

by the biosignal sensor, a database storing respective standard 5
parameters of a series of minimum action units (phases) which constitute

a wearer's action pattern classified as a task; an autonomous control unit
estimalintpa pHasebF theswerFers tsiChy) chripafing théphysiggrnes the
quantity-3Q detected.hy the physical guantity sensar with astandard «ne
parameter stored in the database, and generating a command signal for_
causingIREFAEUHBP T geridtate poer Betoiing to the estimated phase!
a signaleambiningatriteombiningthe serimanda45 signal from the

optional control unit and the command signal from the autonomous

control unit; and a driving current generating unit causing operation of the
actuator to start by Seippliage piase TRFEACWHIEH iS§eRerated according

according fo the neryedransfer 2Q0-siopal agguired by.the biosignal - £ 1exes,
processing unit and generating a total current agcordinq to a total .
command Sigral Form the CignarEsHbiring kit toBtipply Hhetotal™ T=nt =oF
currentite; the, gctuator.25 9: Jhe wearable-action-agsist deviee according

to claim 8 wherein a Igralitycﬁf p%/brid ra;i%)g otfmtbe, cggwyjand signgl from
the optiiTdiCortiol Uhit ahdthe™ Commanhd Sighal from the autoromous
control unit which have a given correspondence relation with the

respective 30 standard parameters of the series of phases are stored in



the database, and the signal combining unit combines the command
signal, from the optional control unit and the command signal from the
autonomous control unit so as to - 53 meet a hybrid ratio which is
determined based on the correspondencedrelation according to the phase
estimated by the autonomous control unit. 5 10. The wearable
action-assist device according to claim 8 wherein the driving current . . .
geneldthPaRTESGETErRES the Putsé Cirrent érhe total clrrent so that it
may hecamelargerdban a:lowenlimitof curtentvghiche candivectheln 2
actuator when starting_supply. of cur 0 the actuator, 11. The
wearfd‘léea%?ijo?\l}as?st?gf g/%gngcgcﬁ%?r%é%oééim 8 wherein a plurality of
power application rates (power assist rates) of the actuator, which have a

g'éven 15 correspopgenge relation withtherespective stanrdarghls action-
parameters of the series of phases, are stored In the database, and the
signalessThBinifg THe &taHmingsS & fowe asSiSt Tt acéording 10 the - ©
phase Qithe ask estimated: bydhecattehemessreontrelunitbased greticn-
the correspondence - d3a relation, and the optional canfrol unit, and ., +.o
combifESRE CoMmMARA Sighal frém the op io%%T%%n%?éql}Dnittggr%dgtﬂe? Fr
commaad:signalsfram:theradtonorbes eentrorunitsd 4516 eetig L5219
q%termig'gd fE‘Qc;zw r assist rate. 5 12. The wearable action-assist device
according o ctaim 8 wherein, when the wearer operates by reflexes, the
driving current genélaingtinit stipphies alcutrentTor Siving the actuator
in an opposite direction af-the; operation ceneerned:tai dopredetermined nerve
time, and, after -54-
Transfer signad

iy

or operating a wearer's nuscular line

skeletal system anc & myoelectricity signal accompanied

nerate power according to a

=4 ] ' 3 arve ansfer si ]
wearer's intention by using the nerve transier slgna.

A
=1
o)

, respactively, based on the

generated optional command signal, To supply the

25
14 . The method of controlling the wearable
action-assist device according to claim 13 wherein a total
current of & pulse current which is generated according To
“he nerve transisr signal and a current which s generated
30 =0 zs to be substantially proportional to the
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rhe actuator, and

speration of the actuator is caused to start by supplying



the predetermined time, the driving current generating unit supplies a
current 'or driving the actuator in a direction towards the operation. 13.. A
method of controlling a wearable action- assist device which assists or
executes an action of a wearer by substiftiting for the wearer, wherein an
action- assist tool having an actuator which gives power to the wearer is
attached to the wearer, the method comprising 10 the steps of: detecting

a wearer's biosignal, acquiring, from the detected biosignal, a nerve
transfer signal for operdting astearereimusediar linénskélktalSysténtand

a myoglegtricity signal accormpapied, 1.5 with-a wearersnuggulas ling when
activity; generating an optional co_nmand signal for causing the ag_:gltjjatog Lae
{0 gerfErate power HECOrMGtd e WeArs S intéhtiol by UstAg the nerve -
transfer,signal apd the myaelectricitysignal:whichearetacouired; amd:20the
generating a current according to the nerve_transfer sign. a current .. .-
accor@hg1o tﬁ%rﬁ%%lggtrit?t% signal; ré’éﬁ%%?ﬁ?élyﬁ%a%%%t%?. t?leéEZlﬂ Fhover
generatest apticnatcoramarichsigrial, tossupply: het reéspactive Elfenfsttor -
the actuator. 25 14 . The method of controlling the wearable action-assist
device according to claim 13 wherein a total current of a pulse current

which is generated ¥ccoFmdier tRE nefvé Hansfer sifAal-afid Cedrent
%iChl is.generated _I 30 s%@s_i_é% bﬁ:%uﬁsiamjamcpt%mmom_l tmtirﬁ in the
myoelectricity signal is supplied to the actuator, and .operation of the
actuat@@%‘%ﬁf&@fér%@%ﬁpsﬁ in ahfhesﬁﬁg% coui"rfe%t.“’”{:t“ng .

physical guantity related to the acticn of the wearer;

estimating a phase of a task which the wearer intends to

perform, by comparing the physical gquantity with each of

[y
[#3]

respective standard parameters of 2 series of mindimum
action units (phasss) which constitute a wearer’s action
pattern classified as a task; determining a power assist
rate according to the estimated phase based on the
correspondence relation; and generating a command signal
20  for causing the actuator to generate a power according To

the power assist rate.

17 . The method of controlling the wearable

action-assist device according to claim 13 whereln, when
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1g. A method of controlling a wearable action-

zesist device which assists or executes an action of a
wearer by substituting for the wearer, wherelin an action-



-55-' 5. The method of controlling the wearable action-assist device
according to claim- 14 wherein, when starting the supply of current to the
actuator, the pulse 5 current or the total current is generated such that the
pulse current or the total current is largerthan a lower limit of current that
is capable of driving the actuator. 16. The method of controlling the
wearable 10 action-assist device accordin lai 13 whereinthe . ..
metholirther Comphiads tre %%pascédﬁtecﬂng a phy%maT Quantity related
to the aetionoftheanearsredestimating ashase oftatasicwhich therpearena
intends 19 pgggré py comparing the physical gat ty with each of 15
respechve stan‘darg parameters of a series of minimum action units
(phases) which corfititgte-a wedrelSaEHos patterieiassified as a task;
determining a powef.assist fate;acearding to the:estimated phase basedhe
or,. the correspondence relation; and generating a command signal 20 for
causm@%é%ct%t&rhro @“m’?era%e a power according co the power assist
rate. -,7 . The methgdrefreantrelling thewearablecactionsassisirdevicer
accord| 1 claim 13 wtleretlln when 25 the wearer operates. Dy. teflexes,

a current for aﬁvmg the actuator in arropp05|te direction. of the opération
concemedfer bspredetemrired tvieis supplied, ahdsafiee the
predetermined time,, a.currentfor driving.the-actuator, n.a direstiens . oy
towards the operation is supplled 3018. A method of controlllng a
wearableHcHibH assist dévice Which HE5isis 8r BxECufedn ctich Feg—-7°

wearerdnssubstiuting-for the weares, wheredy apfactioni=b6e action units

(phases) which constitute a wearer's action pattern
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autonomous command signal fox
causing the actuator to generate power according to the

sstimated phase;

y

r—?'

corbining the opticonal command signal and the
autonomous command signal to form a total command signal;
20 and

total command signal to supply the total current to the

actuator.
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19. The method of controliing the wearable
action-assist device according to claim 18 whersin a
plurality of hybrid ratios of the opticnal command signal

angd the autonomous command i

i

&1l which have a gilven

30 parameters of the seriss of phases are predetermined, a

optional command signal an
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assist tool having an actuator which gives power to the wearer is attached
to the wearer, the method comprising the steps of: detecting a wearer's
biosignal; 5 detecting a physical quantity related to the action of the
wearer; generating an optional command signal for causing the actuator
to generate power according to a wearer's intention, by using the
biosi.gnal; 10 estimating a phase of the wearer's task by comparing the.
physical Uttty vith Eack of @sﬁ@&iVet%?aﬁideﬁzﬁd]%?ﬁe%# bt a séries”
of minimum action units (phases) which constitute a wearer's action
pattern classified g5 a tgsk; 19 generating an autonemous,command -

5
signal for causing the acttiator to génerate power according to the

estimated phases combining. the eptionalicamitfarel sighal ndithesin, when

aytonomous.command signal to-form.g fotgl command signal: 20 anghe pulse

generating a total current according to the total command &gnq}j.tg suﬂpjplyr

the totaleareht &5 the adiGar. 2599 The MetiGd of controfiingthe *- ™Y

wearable- aetionsassist deviee according torelaim 1 8awherein-ar pliratity ofn

hybrid ratios of the optional command signal and the autonomous

commé&¥id Sgraliwhich1veta given correspondence relation with the

respective standard 30 parameters of the series of phases are

pégdetermined, a fgﬁbridwrggor&%g%gm%i@egm on.the.correspondence

rélation according the estimated phase, and the optional ggmmand signal

and the-ationomotsorafishersigRaprding to claim 19 wherein a
plurality of power application rates (power azsist rates)
of the actuator, which have a given corresspondence

h
relation with the respective standard parameters of the

|7I
[}

series of vphases, are stored, and a power assist raete is
determined according to the estimated phass of the task
mased on the correspondence relation, and the opiional
command signal and the autonomous command signal are
combinad so as to mest the determined power assist rate.
20
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driving the actuator in a directlon towards the operation

30 23. A program for causing & computer to execute



-5%- are combined so as to meet the determined hybrid ratio. 20 . The
method of controlling the wearable action-assist device according to claim
19 wherein, when 5 starting supplying of a current to the actuator, the
pulse current or the total current is generated so that it may become
larger than a lower limit of a current which can drive the actuator. 10 21.

The method of confolling the wearable, action-agsist device-according:{0cure

claim 18 wherein a plurality of power application rates (power assist .
rates)the HRE BERIAAGEWHIch hdve & Givén CorreepondBhte fef@fon’iith
the regpective standard-parametersigfthe:15 series of phases, are stored,
and a power assist rate is determined according to the estimated phase
of the task based on the correspondence relation, and the optional
command signal and the autonomous command signal are combined so
as to meet the determined power assist rate. 20 22. The method of
controlling the wearable action-assist device according to claim 18
wherein, when the wearer operates by reflexes, a driving current for
driving the actuator in an opposite direction or the 25 operation concerned
is supp-7_ed for a predetermined time, and after he prede7LerRtl'__ed.
time, a ar iting current for driving the actuator in a direction towards the
operation '_s supplied. 30 23. A program for causing a computer to
execute the method according to claim 13 for controlling the wearable
action-assist device. -~8- 24. A program for causing a computer to
execute



the method according to claim 18 for controlling the wearable

action-assist device. ABSTRACT A wearable action-assist device which
assists or executes. an action of a wearer by substituting for the wearer is
provided with an action-assist tool 2 havinggn actuator 201 which gives
power to the wearer 1, a biosignal sensor 221 which detects a wearer's
biosignal, a biosignal processing unit 3 which acquires from a biosignal

"a" detected by the biosignal sensor aAkfVBARrdNsfer signal "b" for

operating a wearer's muscular line skeletal system, and a myoelectricity

signal "c" accompanied with a wearer's muscular line activity, an optional
control unit 4 whiclgeneratesea e6iirand Sigral P ToFealising thessists or

actuatoy, 201.t0.geperate poweraccording.to the WeBERr S IERUOF YSiNghe
the nerve transfer signal "b" and the myoelgctric_i%ﬁsi nal "c" gcgu'g[ed by an
the bid§igRarprotessig thft 3 Brid 2Qriving- r %Jehe’“‘r%ﬁﬁg units -9
which gepesates a current cacedrding tocthernervettranstexsigndl b and a

current .according o the mvgﬂ%@@ﬁ@é@éé‘ég "espedt ively, bassdion ., 2

the comman s?gnaﬁe%’a%‘enerated 5yt e optional control unit 4, and
suppliés the gorrents to:tive aetuatof 201, which acquires from a

bicsignal “a” detected by the bilosignal sensor a nerve

10  transfer signal “b” for operating a wearer's muscular line
skeletal system, and a myocelectricity signal “c”
accompanied with a wearer’s muscular line activity, an
opticnal control unit 4 which generates a command signal
“d” for causing the actuator Z01 to generate power

15 according to the wearer's intention using the nerve
transfer signal “b” and the myoelectricity signal “c”
acquired by the biosignal processing unit 3, and a driving
current generating unit 5 which generates a current
according to the nerve transfer signal b and a current

20 according to the myoelectricity signal “c”, respesctively,
based on the command signal “d” generated by the opticnal
control unit 4, and supplies the currents to the actuator

201.



