-1 DESCRI PTI ON WEARABLE ACTI ON- ASSI ST DEVI CE, AND
METHOD AND PROGRAM FOR CONTROLLI NG VWEARABLE
ACTI ON- ASSI ST DEVI CE 5 TECHNI CAL FI ELD The present
invention relates to a wearable action-assist device
and a nmethod and program for _ggntrolling a wear abl e
action-assi st device which assists 10 or executes an
-action of the wearer by substituting for the wearer.
More particularly, the pregesipigiveption relates to a
wear abl e acti on-assi st device and a nethod and
program for controlling a wearabl e action-assi st
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15 to the wearer when controlling the wearable action-assist

device.

BACKGROUND ART

In many cases, it is difficult for physically
20 handicapped or elderly people to perform an operation

which can be performed easily by a healthy person.

Until today, various action-assist devices have
been developed and put in practical use for such people.

The action-assist devices may include a wheelchair 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 alsc
include a wearable device which ié worn by the human being
and assists power needed for operation of the device based

30 on the wearer'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




care worker is not needed. Thus, the wearable action-
assi st device is very useful for rehabilitation of
injured or sick people and care of physically

di sabl ed persons, elderly people, etc. and its
utilization is expected to 5 gsow. There has been
proposed such a wearabl e action- assist device in

whi ch a nyoel ectricity signal acconpanied wth a
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wearer a renaf%ﬂ@k?n%%ﬂ%?m@ftﬂéyénygrHib¥oblem 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, the wearer’s action becomes
awkward and a sense of incongruity is given to the wearer.
It is known that, in order toc harmonize the
timing of power application with the motion of the wearer,
25 it is necessary to make the timing of power application
earlier than the motion of the wearer by a minute time.
However, in the wearable action-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 incongruity.




-3- To avoid the problem a conventional device is
proposed in which a drive control of an actuator is
carried out in the.foll ow ng manner. The human being's
action is classified into a plurality of patterns
(tasks) 5 and each task is diviided into a plurality of
predeterm ned mnimumaction tnits (phases), and a
"predeterm ned anount of current is supplied to the
actuator for eyery, QPQ%% p§§§l&ﬁeeﬁQﬁngéﬁfignal device is
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In the wearable action-assist devices of the
20 non-patent literatures 2 and 3, a phase of a wearer's task
is estimated based on a physical quantity, such as a joint
angle, which is detected from the wearer, and an actuator
is controlled accerding to the estimated phase (autcnomous
control), in order to reduce the sense of incongruity

25 accompanied with the delay of the timing of power

application.

DISCLOSURE CF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

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

autonomous contrel, and if an unexpected change to the




-4- action, such as a stunble, occurs, it is difficult
to snoothly performswitching to a phase of a
corresponding task. And there is a possibility that a
remar kabl e sense of incongruity nmay be given to the
wearer. 5 Accordingly, an objggg of the present
invention is to provide a wearable action-assi st
device and a method and program for controlling a
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ct gator to generate power acc
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sensor detecting a wearer's biosignal; a biosignal
20 processing unit acquiring, from the biosignal detected by
the biosignal sensor, 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; an optiocnal control unit generating a
25 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 by the biosignal processing unit; and a driving
current generating unit generating a current according to
30 the nerve transfer signal and a current according to the
myoelectricity signal, respectively, based on the command
signal generated by the opticnal control unit, to supply

the respective currents to the actuator.




-5- In order to achieve the above-nentioned object,

the present invention provides a nethod of controlling

a wearable action-assist device which assists or
executes an action of a wearer by substituting for

the wearer, wherein 5 an actigg;assist tool 'having an
actuator which gives power to“'the wearer is attached

to the wearer, the nethod conprising the steps of:
detecting a veareligy RLOSLONAlS (ACAULELNMend L OMA BBect,
detected bi osignal, a nerve transter S|gn§?:#or
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respective currents to the actuator.

20 _ In order to achieve the above-mentioned object,
the present invention provides a program for causing a
computer to execute a method of controlling a wearable
action~assist device which assists or executes an acticn
of a wearer by substituting for the wearer, wherein an

25 action-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;
acquiring, from the detected biosignai, a nerve transfer
signal for operating a wearer's muscular line skeletal

30 system and a myoelectricity signal accompanied with a
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




according to a wearer's intention by using the nerve
-6- transfer signal and the nyoelectricity signa
whi ch are acquired; and generating a current
according to the nerve transfer signal and a current
according to the nyoelectricitLy signal, respectively,
based on the 5 generated optional conmmand signal, to
supply the respective currents to the actuator. The
above- 1.0 b [,QN- [ ev)
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configured so that the driving current 20 generating
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nerve transfer signal "and a current which is generated
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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 a pulse current which 1s generated according to the
nerve transfer signal and a current which is generated so
as toc be substantially preoportional to the mycelectricity
signal, and causes operation of the actuator to start by
25 supplying the pulse current.
| _ The above-mentioned wearable acticon-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 suéh that the pulse current or the total current
is largef than a lower limit of current that is capable of
driving the actuator.

The above-mentioned wearable action—assist




driving the actuator. The above-nentioned wearabl e
action-assist -7- device nmay be configured so that the
wear abl e action- assist device conprises a database in
whi ch a given correspondence relation between each of
respective standard paranetegz_of a series of m nimum
action units 5 (phases) which constitute a wearer's
action pattern classified as a task, and a power
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to 392%f9¥x§§¥”¥55 ggiving 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 tcwards the operation.
The dbove-mentioned method of controlling the
25 . wearable 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 a current which
is generated so as to be substantially proportiocnal to the
myoelectricity signal is supplied tc the actuator, and
30 operation of the actuator is caused to start by supplying
the pulse current.

The above-menticned method of controlling the

wearable action-assist device may be configured so that,




t he pul se current. The above-nenti oned net hod of
controlling the wearable action-assist device may be
configured so that, -8- when starting the supply of
current to the actuator, the pulse current or the
total current is generated such that the pulse
current or the total current TS larger than a |ower
limt of current that is capable of driving the 5
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for causing the actuator to generate a power according to
the power assist rate.
The above-mentioned method of controlling the
20 wearable action-assist device may be configured so that,
| when the wearer operates by reflexes, a current for
driving the actuator in an oppeosite direction of the
operation concerned for a predetermined time is supplied,
and, after the predetermined time, a current for driving
25 the actuator in a direction towards the operation is
supplied. '
| Moreover, in order to achieve the above-
mentioned object, the present inventicn provides a
wearable action-assist device which assists or executes an
30 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 tc the wearer; a

biosignal sensor detecting a wearer's biosignal; a




30 action of a wearer by substituting for the wearer,
the wearable action-assist device conprising: an
action-assist tool having an actuator which gives
“power to the wearer; a biosignal sensor detecting a
wearer's biosignal; a -9- physbcal quantity sensor
detecting a physical quantity “related to the action
of the wearer; an optional control unit generating a
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t

powsoEREh 8t gt s t O N it fRd a

met mqvqagp&ugrém: tR@eshepsy afrii tdefegetbhPing & Weakal' s

bi osi gnal ; acquiring, fromthe detected
current according to a total command signal from the

signal combining unit, to supply the total current to the
20 actuator. -

Moreover, in order to achieve the zbove-
mentiocned object, the present invention provides a method
of controlling a wearable action-assist device which
assists or executes an action of a wearer by substituting

25 for the wearer, wherein an actionnaSSist tool having an
actuator which gives power to the wearér is attached to
the wearer, the method comprising the steps of: detecting
a wearer's biosignal; acquiring, from the detected
biosignal, a nerve transfer signal for operéting a

30 wearer's'muscular line skeletal system and a
myoelectricity signal accompanied with a wearer’s muscular
line activity; generating an opticnal command signal for

causing the actuator to generate power according to a




bi osi gnal, a nerve transfer signal for operating a 30
wearer's nuscul ar |line skeletal systemand a

nmyoel ectricity signal acconpanied with a wearer's
muscular line activity; generating an optional
command signal for causing the_actuator to generate
power according to a -10- wear ef~s i ntention by using
the nerve transfer signal and the nyoelectricity
signal_whi,ch.are acquired; .and enerating_a.current
accot g Co bRE MEPVEY: PRAGP TS digrial ShRe i barPaRt and
- accotlgh nlgfolteaetgeimmd Is&qﬁalcwhycﬁ a&jdeg Iaahuirecli; and |
.respectively, based on the ner at ed_opti ona co n
i grre s LopBl GULHE ot GSRBETIVE CUIPENPE T RIS

act ustial MPHEAVEErrdrt ecderdify athit@eemdodl Qe ramiter
causing a conputer to execute a nethod of controlli n%

& 1053@sablFeSRRFT bitlassPeaFed et & MIFRRT AR (b igna

execati@srd si ﬁéipr\:d)fsuépm??ﬂ@é Repaiebs bt 8l RGHOks the
t he wearer, erein an action-assist tool having an
act REerEatWi-ch gi ves power to the wearer is attached

to the wearer y.the, et H%dpgeg,lr_)rﬁéilaf&@lﬂel{}@_ USRS for

detecting a wearer's ‘bitosignal ; ~ 15 acqui ring, from

the chuisdioged bPORRgIAILe axperie a metdPer of stqpiglolflong a

. 1gPerald Ngqa &?@I&{—a?ss'l!é%ca{eﬂcé'dh%iksggi s oY e@ites an
and a nyoélectricity Signal acconpani ed wi a
wearartisnmodcal eeatdambyastbstitytigendeat ting vermrer, wherein

opt IE(L)nnaalcti%gL'a“E%SstSI'{%%?Ll hfa@:{?tgaal(lr? Ianc%utaIESra uc&H ogrivteg OWer
gener ate power according a wearer~s Intention b&/)
usi ngp tithe weever ig anshkhehedi gpathean@atrbe, the method '

nyoel ectricity signal which,are .acquired, and. . . .
 gendr TS RICHRT FHEPRoBo PR T Ehé Herbe' 1 PaRstapals
18I gnadquAndng, cBrsieiheacieoedt &g BivdikRal pyoehests itebhyfer
signal, respectively, based on the 25 %ene at ed 1
opt i DR e ShfmPF S gRgl 2 1BR5ehp! FEREaF estiittikpéeta
currepitent antihe meddiaicericihe Shpwa- BeRbheAetEd hath a
wear abl e acti on-assi st o , ,
g wearer’s muscular line activity; generating an optional
command signal for causing the actuator to generate power
20 according to a wearer's intention by using the nerve
transfer signal and the myocelectricity signal which are
acqguired; and generating a current according to the nerve
transfer signal and a current according to the
myoelectricity signal, respectively, based on the
25 generated optional command signal, to supply the
respective currents tc the actuator.

The above-mentioned the wearable action-assist
device may be configured so that a plurality of hybrid
ratios of the command signal from the optional contrel

30  unit and the command signal from the autcnomcus control
unit 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




device may be configured so that a plurality of hybrid
rati os of the command signal fromthe optional contro

30 unit and the conmand signal fromthe autononous

control unit which have a given correspondence

relation with the respective andard paraneters of

the series of phases are stored in the database, and

t he signal conbining unit -"- conbines the command

si gnal tron1%he optional .control _uni nd t he :
1 SIAFra tHe SRreRast e eb il T pPEE il BYTRRL unit
a hydnd dheatommaid clignaldéten niteeduhasedowon ddmtrol unit so

correspondence rel.ation_according.to . the phas

ot I TEeE v R, BB e ah e Po R TR Hephpased on the
abov&rreRbbafet-awy1akh enasttOtiassitst tha @t ey iheted
configured so that the wearable action- assist device

Conpty <68 FUBPHIYIFaICOpFBRESE R Hg unit which acquires,

from the bi osrgnalpdel-aehedonyd therbbosi §9@lonl@ssist
sensor, a nerve transfer signal for _ operatin

. . ga .
- weardgvige pa¥cR fonfigersfetetiats fieenearrble action-

woeés%olfsrt: BEL VoS | GRRhi sBECOMPAIN i@fhaM bRode ML NSt which

muscul ar |ine aCtIVIté and the driving current

genercmtilagsunfrore lisebiopeonal sietertedhey ddiutiosigeal
18t arde 2y, supplying &aﬂgkgf é?igl{a%”tfo‘éhb}?é‘rééﬂga wearer's
generateé according to the netve transfer signhal
acquiusetilby lhee bikedegnal spsiogessicng uneelectidcity signal
abo"aeéc%%géh%& Olﬁj}’{ﬁlar a%gr&?@é RAp3Lat lirqgva{cCﬂV!I%g, bEng
configur so that the driving current  generatin
uni ttigeneiatles dheomil genetatriony vmitt heused alpe2@tion of
current so that it my, becone l.ar.ger _th a | ower
R PRt e S A Bl R Od e el R R icn
15t arits R@nsuapy aforcingetd the thevactuatofer Hignal
- above- nenti.oned me%ﬁabLe tion-assist device may be

confATQEGIsBY (iRt PAOSEERaAl iRYPEEpoder™ 25
application renesHRRWRENBSSHE] WealreBleOfctith-assist

actuator, whi ch have a given corresgondence relation
wi t B9vREee may be configufed so that the driving current
generating unit generates the pulse -current or the total
20 current sco that it may become larger than a lower limit of
current which can drive the actuator when starting supply
of current to the actuator.
The above-mentioned wearable action-assist
device may be configured sc that a plurality of power
25 application rates (power assist 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 autonomous ccentrol unit based on
the correspondence relation, and the opticnal control unit,
and combinés the command signal from the optional contrecl

unit and the command signal from the autonomcus control




respective standard paraneters of the series of

phases, are stored in the database, and the signa
combining unit determ nes a power assist rate
according to the phase of 30 the task estinmated by the
aut ononous control unit based on the correspondence
relation, and the optional contfal unit, and conbines
the conmand signal fromthe optional control wunit and

h d -
i 1560 36 73 RRGtI e Ret e WO pEver dusl et FACE:

The above- nenTh@n&hbvaemeabh@n@@twearaass|sétldhaaseesﬁay

be c ured so th t wear rat es

be contiQured o Lhal, uaend ErREI Mo pPPEERtes
5 a WHHeeNtxEO) tHd \ArAgi hhec@etdiat @énéﬁataihgm@g&l tapplies
direction of the operation concerned for a
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be configured so t a pldrality of hybrid ratios
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of a
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| arger than a lower limt of a _current which 25 can
dri Wetiprahceemtemd signal and the autonomous command signal
are‘combined so as to meet the determined hybrid ratio.
20 .The above-mentioned method of controlling 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 so that a
plurality of power application rates {power assist rates)
of the actuator, which have a given correspondence
30 relation with the réspective standard parameters of the
series of phases, are stored, and a power assist rate is

determined according to the estimated phase of the task

based on the ceorrespondence relatien, and the optional




The above-nenti oned nethod of controlling the

wear abl e action-assi st 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 with the respective
standard paraneters of the series of phases, are
stored, and a power assist rate is det er m ned
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1hhe ;hi gﬁblgﬂ_{ﬂéd and the nerve 15 transfer signal which
precedes Wth it or is located in the head part of

the nyoelectricity signal is acquired. The acquired
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Accordl RERE QAT &1 AURHE OH SR UpY | S 28 o Sraher
Si grak &oduiaus mgvéheral@sw @righel genelsaide dshe signal
(Erigger signal) for stating the driving of the actuator,
the actuator can be operated promptly when the current
20 supply to the actuator is started. For this reason, it is
possible to provide é smooth, comfortable operation which
does not feel the delay at the time of starting of the
wearable action-assist device. '
According to this invention, the optional
25 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
30 guantity and the standard parameter stored in the database
are combined. The starting of the actuator can be carried
out quickly, and the optional cperation can be performed

smoothly and comfortably.




power according to the wearer's intention, and the
aut ononous conmand signal for causing the actuator to
generate the power according to the phase of the task
estimated by the conparison of the detected physica
30 quantity and the standard papaneter stored in the
dat abase are conbined. The starting of the actuator
can be carried out quickly, and the optiona

operation canppg,perfon ; SNPot nd,Go, l;
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the actuator_ can be prevented. |f the pulse current '
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o If the pulse current or the total current is
less than the current that can start the driving of the
20 actuator, the pulse current or the total current is
amplified so that it is above the actuator drive starting
current. It is possible to make the amplified pulse
current correctly respond to the nerve transfer signal
when the driving of the actuator is started.
25 _ Acéording to this invention, when the wearer
operates by reflexes, the current for driving the actuator
in an opposite direction of the operation concerned for a
predetermined time is supplied, and, after the
predetermined time, the current for driving the actuator
30 in a direction towards the operation is supplied. Thus,
| the wearer’s operation can be made smooth using the |
.wearer's reflexes. '

According to this invention, the actuator is




25 According to this invention, when the wearer
operates by reflexes, the current for driving the
actuator -in an opposite direction of the operation
concerned for a predetermined tinme is supplied, and,
after the predeterm ned tine, ige current for dr|V|ng
the actuator 30 in a direction”towards the operation
is supplied. Thus, the mearer S operatlon can be nade
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BRTEF DESCRIPTION OF TEE DRAWINGS

20 FIG. 1 is a diagram showing the composition of
the whole wearable action-assist device.

FIG. 2 is a p@rspectiﬁe view showing the action-
assist tool.

FIG. 3 is a block diagram showing the wearable

25 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 bicsignal (the nerve transfer signal and the
myoelectricity signal are separated).

30 '~ FIG. 5 is a diagram showing the composition of a
| bilosignal processing unit and an example of processing of
the bicsignal (the nerve transfer signal and the

‘myoelectricity signal are superimposed).




25 action-assist device in the first enbodinent. FIG
4 is a diagramshow ng the conposition of a biosigna
processing unit and an exanpl e of processing of the
bi osi gnal (the nerve transfer signal and the

nyoel ectricity signal are sepafgted). 30 FIG 5 is a
di agram showi ng the conposition of a biosignha
processi-ng unit and an exanpl e of processing of the
bi osi gnal (t hemerae.l.g rafsbeehstg@r argibheing the

nyoelectrl are su i nposed). -16- FIG
is &9 ﬁ gﬁ%&ﬁ@aﬁnﬁﬁ S?H%E¥6HFFBFI?% lﬁ%ﬂﬁﬂﬁntlon
in a fl rst errb@dl NMentarf rrbe TEveRt Ioﬁagraﬁé%h&ﬁ@nd

FIG 7B are dlagrans showing { exanpleés of the
dr i VIFRFREGer et TR qliivdast Fery eHe BB 8H gREdm ithenhi ch

Bhe miesMembhi ansf@h: & angl napde ttﬂ%ns%ﬁ%%gﬁéi %}ﬁov the
signal are separated. FIG 7A exanpl e

t he T@fqe\heﬁﬁrégl‘ﬂérﬁlqlﬁlv\ﬁ‘l—”@h%ﬂ@-‘é}i@ldse ELEr et shemg the
- the égéﬁﬂl@g @uﬁﬂé”ﬁrf%&ﬁg ?%ﬁ% dﬂ%agéﬂ and ﬂdﬁ%epgh§fent

cur rent Pess Than i'mt drive sta
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drivy t ugrent i.n the
Stattlor o ey o Bl RO RE B PR g Bt
1Par der, &hdnFi@e TBMMhOWBIHhE exﬂmpme sEathechIvmng ktirrent
FI G, 8A an B are_diagr show anpl es

of tHe" 5?|V|E = it éhfuggaﬁg oﬁ$%ﬁ% O%ﬁ%@%gﬁgll?n
WhlGﬁmﬂhéleéryﬁ'ﬁﬂﬁﬂiﬁemaglbﬂﬁiaﬁ@@i then the lower-limit

nyoel ectri are superinposed. FIG B8A shows
t he H%Xﬁnﬁg %f é%?m&rgglng current in which the pul se

~current and the. dA \amagm@r r&nta @ eisypehs Nmasaagand
he total 20 current (equivalent to the current at the

1pi sisfgURdge) of sthe &yd Vi RgncyHentoReAVET# t LeAm Videst ar t
cur ne2risibhal ang JHiGh tﬁg 1%@90@ deseXanplnpf dtethe

driving_Current in which

myoelectricity signal are superlmposed FIG. B8A shows the
example of the driving current in which the pulse current
and the driving current are superimposed and the total

20 current (equivalent to the current at the rising edge) is
less than the lower-limit drive start current It, and FIG.
8B shows the example of the driving current in which the
total current in 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 embodiment.

FIG. 10 is a 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 wearer 1

. is trying to perform, by comparing a physical quantity




total current in the state of FIG 8A is anplified so
that it may be larger than the lower-limt drive
start current 25 1t. FIG 9 is a block diagram

showi ng an exanple of the conposition which controls
a power assist rate in the %abl e action-assi st
device of the first enbodinment-'FIG 10 is a diagram
showi ng an exanple of tasks 30 and phases. FIG 11 is

a di fQr | he p e h est | e
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COG, and FIG 11 (¢) shows the state where_al | the

phas%pv‘(sNtheAQtai;@ where pll tig plgges (AlgA2,cA3 3., Bl,
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i s a flowchart for expl aining the controlling nethod

in wWieErRtiRg. power assist rate is controlled as a
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di agram showi ng the conposition o
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CmaREEO0.A o SQCabs % AL SERLPLLUALE 1A LA
1érrbosc¢1dmn1t embb@E@melft b ahé| Dvedrariionf.or expl ai ni ng
control of FIG. 14 is a flowchart for explaining the
controlling method of the sécond embodiment.
‘ FIG. 15 is a block diagram showing an example 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
a power assist rate in the controlling'method of the
second embodiment.
FIG. 17 is a bleock diagram showing the
25 composition of the contrcl 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
result when applying the pulse current according tc the
30 nerve transfer signal in the example 1. FIG. 19 (a) shows
‘the change of the knee rotation angle &, FIG. 19 (b) shows
the change cf the biosignal which is amplified, and FIG.
19 (c) shows the change of the torgque of the knee actuator.




a power assist rate in the controlling nethod of the
second enbodinent. FIG 17 is a block di agram show ng
the 25 conposition of the control unit of the second
enbodi nent. FIG 18A and FIG 18B are di agrans
show ng an exanple of the anE%Lcation of driving
current generation. FIG 19 is di agram showi ng an
experimental result when applying the pul se current

according to %E@.%gjgﬁggﬁgﬁéﬂy§%3§l ﬁg.agniékéégagental

exanple 1. FIG 19 ( e chandge of t nee
r ot at¢vhtawgee 9ot RRlyiag( blre shovese cuheenhangemiinghgo

bi osj [ i dfied E C)

‘ the% aglgeerw%f{z?%ﬂé%%l}gtng? %%Z{h?engg%ggiggbr.ﬂ@gée a)
FI G si2vs $he dhaggeamfShde kgeanrebgqidonmenghd §esId. 20 (b)

en_,not lving th | se,current according ta _.the

o velple, 1BB FhEed 2 el RuSEEGH) (PEERH e et amo
showsIG.helchangshais tthe kheegs oiftinentanghe &F tHeGxnad
(b) 5 .shows the change of the biosignal which is
anpl???ﬁ%?rand FIG 20 (c) shows the change of the

torque of therkpeer1 &gt wabohgrdth GhoinhSal Sk@aFid@ntal
erinmental result of the change of the

show ng _an ex

t or ofife PEeEW%égﬁﬁﬁﬁhﬁﬁthelkpﬁﬂﬂﬁapﬁeﬁh%kaEﬁrﬁftﬁﬁéor
190Nt gz iWBHCHy Gesibiesel BEneRS1 QRBl-HC OARBIE $i1gRalb,angnat
t he aut ononous conmmand_signal in the exanple 2. EFG

21 (FSREwSignphade khgbaktomugusy compynd shamalt e the
chaqg%K%ﬁ the kpge rAat athony I | Gl ( ]

shows t eechange of thg &ngéﬁﬁgfgggéﬁg t he adtgﬁghnaé o)
15 cBissolthe ppignge) ofdFhshisnge tivdaghangangke tthe lfee2l (c)
tor b h ' 0 I '

the RSt o TRE Ehes"Eorite By R hy s o ioheRane”
lpautasmdmrods FE@&ntdlol(d) epowerdie chatpgel £ HHeGkn22 iterque

ChadnATLan oM N A DL D SAPHICT®R1 e f s The' Biange
of the knee torgque by the hybrid control (autonomous
control + optional contrel).

' FIG. 22 is a diagram showing another

20 experimental result of the change of the torque of the
knee actuatcr obtained by using the confrol which combines
the optiocnal command signal and the autcnomous command
signal in the example 2. FIG. 22 (a) shows a phase number,
FIG. 22 (b) shows the change of the knee rotation angle 6,

25 FIG. 22 (c) shows the change of the knee torque by the
autonomous control, FIG. 22 (d) shows the change of the
knee torgque by the bptional control, and FIG. 22 (e) shows
the change of the knee torque by the hybrid control
(autonomous control + optional control).
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"l man (wearer)

2 action-assist tool




knee actuator obtained by using the control which
conbi nes the optional conmmand signal and the

aut ononmous command signal in the exanple 2. FIG 22
(a) shows a phase nunber, FIG 22 (b) shows the
change of the knee rotation ang%e 0, 25 FIG 22 (c)

shows the change of the knee T

que by the autononous

control, FIG 22 (d) shows the change of the knee

t or
t he

ptional .contrpl, and FIG 22 (e) shows

hy th
R hEgS 8raf R RIFeS 108y UL by t he hybrid control

(autpnammug4congpiolorlopbhonel g@rtrol ). 30

DESCRI PTI, ON OF REFERENCE NUMERALS . 1 man (wearer) 2
act i-on FLIiBE FRBFent §ENSTRFHG A processing unit 4,
14, 24 pkiasal control unit 5 driving current

;

enerating unit 6 database 5 7, 17 autononmpus contro
ni t7/8 IdonARRENIPYHAICOBEHBE N unit 10 man- machi ne

systemcl3nphdst f@laguapbi hynganser 20, 20A, 20B, 20C
control device 0 21 power Supply 201 actuator 202

ar m120%apoinpehza diisgsimgnal sensor 15 222 barycenter

sensoy BEST; MODE,ECR CORKYLIG QUT THE | NVENTI OV A

descrip

ow gl ven of an enbodi nent of the

| nveliti @RAwi 2081 1St evoptrol tdmrimeconpanyi ng 20
1€r avﬁlngfabwer supply
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201 actuator

202 arm

203 Joint

221 biosignal 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.

il] First embodiment
(A} Composition of wearable action-assist device

The wearable action-assist device of the first
embodiment comprises an action-assist teool having an
actuator, a biosignal sensor which detects a wearer's
bicsignal, a biosignal processing unit which acquires =
nerve transfer signal and a myoelectricity signal from the
biocsignal, an optional control unit which generates 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, and a
driving current generating unit which generates a current

according to the nerve transfer signal and a current




[1] First enbodi nent (A) Conposition of wearable
action-assi st device The wearabl e action-assi st device
of the first enbodi nent conprises an action-assi st
tool having an 25 actuator, a biosignal sensor which
detects a wearer's biosignal, a biosignal processing
unit which acquires a nerve tPansf er signal and a
‘myoel ectricity signal fromthe biosignal, an optiona
control unit ghi h eneratﬁs.a. connang signal f.or
caust g tHé % ?uﬁie%gﬂytoglsg BIGtY poweA 30" GEesdivigYt o
a Wesd&dd ol fhentofferey sighay Ehen e/ e@ptibaasf@ntrol unit,
signal and_the nyoelectricity signal, apd a  driving

cur r'entSUHRHYr SRf P IRTCE 1WA ERE dCeshs REhyateE -

according to tyhen ek iy RS 8&c §d @Rl caBEnér S ke power
-20- according to the nyoelectricity S|gnal,
Pespetl WsEys BRS rPYe PRELEBR SSiCgRaing riemtigephase of

opt i ohal: G H ok WHd weal-@r-SHPP ﬂﬂ&et5e§£¥$aﬂﬁﬁethis

currents to t he' act uat.or. V\hen C_ usi ng _t e a.ct uator t 0
generearaltlige apbirit-a255 lsiatdenibes siga meopoded wikdl st phasécal

accoégiﬁqtgrgségg?zp N8R n0ket LOES taﬁ‘@%ﬁg‘é’%lg%’f :%Llﬂa%tvﬁ / €Eiated

st I ng perform thrs "weara on- assi
devitoe tihe prbivodenf wihehwaaplysi cal quantity sensor

ich .d S sical quantity related to the
et b o ke Rl

acti arer. 10 (1) Drive systemFIG 1 shows
t he conposi ti BOGof1 tdhewshohe comgarsihlienacfi dre adwilst

devi ce as.the drive syste har d st . Thi
ear i abLe RohL ARy SheTP i b Rs Cakve SYstem (hard
Iact | OretRESi. St Tlﬁi)%)lwe\%lqr(abﬂe iad:’d:itﬁt—raﬁisiji@ﬁ dévichele i@ich&ﬁesfan

eg is .15 omtte i.ch Js attached .to the lo a .
of i3k ioRaann bt € testran lehS) PEhAHE GBS, F tnd Ehel®Lbg 1o
1Bi osdrgitdleds eREOEN 24l atWAEREd 06 €GeS 1awBOsd Onalf ankr esdy
the lower half of the body (for exanple, the thigh),

a bty déft BRnsEfRleR3he WRRER )i o raft RERBHIRD. (558585 €21

of t,he MeaeeLcedd 48besh8a® a from the lower half of the
body (for example, the thigh), a barycenter sensor 222
which is attached te the scle of the wearer and detects a
20 wearer's center of gravity, a biosignal processing unit 3
which acgquires a nerve transfer signal b and a
myoelectricity signal ¢ from the biosignal detected by the
biosignal sensor 221, a control device 20 which controls
the drive of the actuator 201 of the action-assist tool 2
25 based on the nerve transfer éignal b and the
myoelectricity signal ¢, and a power supply (a battery, an
external power supply) 21 for supplying electric power to
the control device 20 and the actuater 201.
As shbwn in FIG. 2, the action-assist tool 2
.30 comprises a waist joint 203a for coupling an upper arm
202a and a middle arm 202b rotatably, a knee joint 203b
for coupling the middle arm 202b and a lower arm 202c

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




20 wearer's center of gravity, a biosignal processing
unit 3 which acquires a nerve transfer signal b and a
myoel ectricity signal ¢ fromthe biosignal detected by
the biosignal sensor 221, a control device 20 which
controls the drive of the actuator 201 of the
action-assist tool 2 25 based”8A~the nerve transfer
signal b and the nyoelectricity signal c, and a power
supp a batter er nal wer suppl 21 far
supp#@éét ng} @c?? &6 o A ntFBIg%kgg f@qﬁnd
t he ﬁﬁﬁﬁﬁﬂé@flﬁOﬂMaA&nﬁﬁOwﬂlhﬂ #0%a, 2ndt B® actuator 201b
action-assist tool 2. 30 conprises a waist joint 203a

for @a}ﬁtqeﬁtglant%d%@eaawnéo%%%d F{xRiBes @%ﬁ%a@@z@{)%

rotab @il Yos 8 KASEC I1QIJA (r283Btefd 1GRURBNEPR) | RghiHrddi-8
arm 202b and ower arm 02c rotatably, a heel joint

203ct¥Ed &:@u*stltz rgeates 'Soiei olr and TR1T028e afachwselto the
par tn 208 o Qt-At 881y AN tREt YahoF &%@oger ov glad dd‘.ﬂ thie

wai st joint 203a, and an actuator 201 provi de
the &@ﬁu@H@@&n202®3ﬁK1Q@ibuneslaﬂﬁaaamdtqn5¢nd annﬂﬁuatlon
_ rn§§ tape(reglstered trademark), which are 5 fixed
to e wearer's thigh and calf, are attached to the
m ddl e ar m 202he amparherimo@era armA62d. tEache ofaitdte part

- .act rs.201 qgg ngl u or and a
lﬁedﬁfﬁllégegsﬁ. rl%io%igoeraar ﬁfg i s°f etaretrhe body.
- wai stragact:iod Op26dk m|4ahwh$cmmmm o@enutld ’aml tHdpx edhdt bhe

body. . Projecti t whij ch
Che USR] oo Tt o parte 2one by e,
UDpesl‘ldasel‘olfphleé aAraMgﬁ_baQﬁ rbe, back bosioe pfojé’tﬁ:l\WSSQZOa of

part d bottom projections 220a of 220
whi ¢h caﬁ‘ﬁo Wt s aﬂ‘?é’mE‘Bﬁt‘?%‘f ceatspt af??d’ e <sand the

1povWgiowePBLp ) &I @ rengageded it H EﬁeO@;f@ékhitgﬁ Qff the
proj ection, %%r%s 204a. T% g t he | oad t he bag 220

can PIsd FkLen aF iy “Ore- vvaT%‘tSrpéﬁ*te 2032 %eﬂ't?e@agpg?P can
205 des racayidedhy RranwhALegsah: 204.

The heel part 205 is provided in an integral
, formation 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. For 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 éction—assist tool 2
30 constitute a man-machine system 10. A control device 20
. has an optional control unit 4. The biosignal sensor 221
which detects the wearer's biosignal a is connected to the

input terminal of the opticnal control unit 4, and the




formati on 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

hi gher side wall. For this reason, all the | oads of
the action-assist tool 2 and £Rs bag 220 are
supported by the heel part 205, 25 and are not
applied.to the wearer 1. (2) Control, system Fl 3
“sho %W%QQCSHFF%?té?%?%ﬁ¢gp%tW%”hé%F§b SnneCteéato the

act iutpasskstmiey] e ahet Bptidnst wppedinenit 4lhe The
wearer, 1 and the action-assist tool 2 30 constitute a
man- e CUyEERM I CTALBAt W T deviSc ECPRECHS tan the

opt i itAlateeBt POla WHd 21oThen i @nab13essFe1d2kalled the
whi ch detects the wearer's biosignal a is connected to

Pthe aGtEGert P raf e ertieptasiiat ¢oatrdl unit 4,

and the =@@sofkiving current generating unit 5 is
connected to the output term nal of the optiona

control unit Zhe TWraradylieypagiearasaitstgdavias il e £15st

is 3 t u r - 0l1b i

L o ALpRAkEte | tad NeA Sk BHOL A 2,808, Sfirtl B

act ilmsagskdt senpbr 221 phiclSatswrasThhewetrsidral a from
cti - [ evj ce .of .th irst enbodi nt _.i.ncl udes

1801 R PRAEEE UL Trshdad The RERREL P o D O De

whi clevdekets swotre i asiegrabrar fIr.onThe bhesimperlersebsbn 221

a st.ate where the rabl e, acti on-assi st devijce is,

ror AL A G Y 3R, Ef Sareat S aR e, (P ngbivery,
usuald yhagt bac@mbd dded hﬂgﬂﬂ@}[@ﬂ' 'htslegkagﬂy. Al te(rjgat i vely,

it my be enbedded. inside of the hody, In_addition, as
shown in FI G% ,acgcilﬁl?npr af T lfS%gﬁatlt et Ma%ﬁ%%med

18ct itpRtashb Sheshedd 6o 2ot ibheadd It degbedb Meite iMgudes
the barycenter sensor 222. Usually, a plurality of :
bar VEEREeTeRE Nk ldes) the oagyaeved penepe 222. ~ Usually, a

plurality of barycenter sensors 222 are attached to the
sole of the wearer. It is possible to predict the
direction of a motion of the human body by detecting which

20 of the plurality of barycénter sensors 222 the relatively
maximum welght is applied to.

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

25 acquiring a signal which indicates the state of motion of
the wearer 1, (for example, a force sensor, a torque
sensor, a current senscr, an angle sensor, an angular
velocity sensor, an acceleration sensor, a flocor-reaction-
force sensor, etc.); (2) the sensor for acquiring

30  informaticn on the external environment ({(for example,
existence of an obstacle), (for example, a CCD, a laser
sensor, an infrared sensor, an ultrasonic sensor, etc.):

(3) the sensor for acquiring a.biosignal other than the




sole of the wearer. It is possible to predict the
direction of a notion of the human body by detecting
which 20 of the plurality of barycenter sensors 222
the relatively ~maxi mumweight is applied to.

Moreover, in order to raise the control accuracy, the
wear abl e action-assist device 8f~the first enbodi ment
may be provided with the follow ng: (1) the sensor for

25 ac urrrn a_si gnal ch_i,ndi cates._the state qf

ot 2n8edr oL ln S PR 1 0B A bt .
at OYibte ex30P3O[ , a DM tefibe SLNSY scRRoBNUL EERRSGENSOY, a
an an Ul ar Vel OC| ty sensor, . an accel er atl on sensor, a

f1 0OPEFERERVER FIIIY 1sEnSBFIIRE PItentanlt ARNSnsér for

acqUbd+dpd r3@ i bAf serigdd osten) thesﬁaeeertﬁageegéfﬂg&m%
%for exampl e, existence of an obstacle), (f

x a1 cd Yoknowhy |3asiescrabhisen | tharsodt wa%bdoeéaﬁeéred

an uliy asepi 6 SENSO, %Ee};smé?&nfthe sensor for
acqui ring a biosignal other than the -23- nerve

transfer signdheppiomdonge aydeteetad it heilkiredional sensor
(f orzﬁxﬁ%llﬁdeé‘ M%e&%@p{%gﬁyf& 35‘1@%8& bR

'sensor, al n-Waves Sensor, ac potentia
sensxyoekectpecstyrsmgmaﬁ sensfhe nﬂmye)tr&n$iﬁrtdug®el b can

19° Telsh B glgé‘é" ﬁﬂ?%{@tloah eSGLERLT On naﬁere‘% e nerve

e om osi gnal processing ‘un
The ﬁmanmfgmalsl@naﬂetheaeeprbyuﬂéte shichsithaal s)emsi:orpre@édes

i ncl,ydes the perve transf nal nd the

ot Berar ob Ui miRlRE e AN R Rl ng L, g 4 o
can {Q )alisoibeswsditiggpossdani tintignt headt sansier signal .
The nerve transfer signal b is gr glded such that (i)

it PREREdEESTItHYY RdgRast Ot ke Yricity signal c

16see FIG 4), sofice (tiHe) flrbqhénéﬁﬂﬂﬁr |t'1‘5ﬁ0§@gve\i\4 ddhrid¥er signal
head of the nyoelectricit (see FIG 5). 15

SlnééJﬁhéepﬁéﬁb€h699§?rtﬁ%a%éF ﬁﬁQ§H§F§Y ?ﬁ(ﬁﬂ% bis
generaldivchi-gbery thanat he, friearency nef sthgrated from each

other Dby 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 from
33 Hz to several kilchertz) after the biosignal a is
amplified by the amplifier 31. The myoelectricity signal
c 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 biosignal a is amplified by the amplifier 31.

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

30 superimposed not only with the head of the mycelectricity
signal ¢ but also with the subsequent part of the
myoelectricity signal ¢. In such a case, what is

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




nmyoel ectricity 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 bandwi dth (for exanpl e,

in arange from 33 Hz to several kilohertz) after the
biosignal ais anplified by The- anplifier 31. The
nyoelectricity signal c¢ can be acquired by using a

ban filter ' ban d for_ e

o ERRG e P B op o R AT 6 ot e 1 BT hicn
bi osiignabeamést torpld flaedrby the anplifier 31. In FIG

4 and FIG 5, the filters are connected, in ara

The pr osent | SURTHTION PEORBESHIG Begoth: thilt to the nerve

enbadizmemtr Ai@ﬁmi aval ¥he tigodlidctensi fpysifal . Each
connected in series. Mreover, the nerve transfer

Si g e BE 30 Fdfer Frped flGhot &R §ERGEATSChEYhERS
of tdia vivgetestdiiCidererat 9RG! uibibut b?yl"@pd’ﬁﬂﬂhgt B command

subsequent part of the nmnyoelectrici nal In
suctpigneadsd; apratinesl bepesEaminds tpesm@qﬁh}g@ 6| yhe

t he a f al r
gendr B o B e e T T et £ hed

Iatéﬂlv$ﬁ60@hIMQﬂbEﬁ@@géth@gHsndaﬁr|ed out to the
f l; dth
1gerve transtgl nﬁ?{cﬂ&am R %\ esi%égelc%té{éé}féﬁr%hg@ék

c. Each 5 curre shown in FlI and
generigned byhihe n@mmwwngl@mhrand tgene$zuérﬁ;ammerSSbgnal

i npyt 0 an r
the%%ﬁgggﬁltﬁé(ﬁmQQ1hl%g|%§Eﬁéh% ?ﬁgq%los gn % ”{ﬂg
proc&&seng gemdraded byt hike d&ﬂﬁﬂn@gcourémﬂngqmamamahgngnlt 5
un| shown in FIG .4 th
Cr aReREr On T DB Ie CEA TR aL D i IR CRER e

16r al’gﬁ;ﬂeé $ipgwadhage.af ree thersOAblleg Hec®’y acquired
pul e Ilke S@H? the current enerated by the |, ,
dri aﬁ’& ctr D&‘e“?{@r EF%@F%& al b%s‘%%ﬁ’&% prdigered 1in

trangkeshsp@nat D s3secbespaes a 15 pul se-1ike shape.
The current (B3R SHhes dnd Ul 8%n in Frc. 5, since the
'
myoelectricity signal ¢ has a wide width and the
20 myoelectricity signal c after the smoothing beccmes a
| ‘crest-like shape which potential is substantially
proporticnal to the myoelectricity, the current generated
by the driving current generating unit 5 based on this
mycelectricity 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 proporticnally based on the
myocelectricity signal c is supplied to the actuator 201,
the actuator 201 generates a torque 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 so

that it rises with a sufficiently large current, the

actuator 201 is driven in accordance with the wearer's




based on the nerve transfer signal b may be configured
in the shape of a square wave. On the other hand, as
shown in FIG 5, since the nyoelectricity signal c
has a wide width and the 20 nyoelectricity signal c
after the snoothing becones a._sgrest-Ilike shape which
potential is substantially proportional to the

myoel ectricity, the current generated by the driving

cur r bmtergeiner aithgutinidlay, basgdt Wir®r 1 can perform
nmyoel ectricity signal c also becones a crest-1like

shap@S A WRe RCEOTSIRE TCuPtentnntie piksevk widmg the

genesedRd Jrasadongri s, Rer vRetanafer shenahqk @pdihee
current generated proporti ona%llry%/ based on the

ny oeF & cilfy SEPhain &lGs 4upplt iBE 1 § eRebatruisoiarge,
201, thide AgbuahPha 20k ¢ %efcéiﬁ.so@ @l ﬁH?sé"' c’:ﬁ‘rﬁé?a‘;ci.ncghe

magni t ude 30 proportional. to this total current
t he totuAtragippedtes siodeshap the cativadaselatidii Getdeen the

- and F1Ge 28Qent hat g idy ri M, t fficiently |ar
cur rﬂ)(:nt ,e {he e%%t%gotl éhezgigﬁéﬂ%r@v%ﬁa%nag Lhrdancet e
W t myded emsaieity sizihali ot enThomagtihade délegch amdrent

t he r.l. erform ., operation.according to his
i ntent | g)% \%\Aﬁ%ﬁ%%hpgﬁe\}:l g Pﬁe&%£$$g189 P%c@ﬁ%ﬂﬁaﬁ?rﬂ) at
IChe tmarteme AFtdouigm.t he pul se current is shown in

FI G and, FIG .5 as being,so large, 5thisis to
enphgjéi 2 §PFHE 701 EBFO hggb“fsjl se current. The

iI'lustration tieesoptaforshovohhesaainial 4r ghata ofRelwaeRhich
t he %IJ%I S current and the driving current acquired

fromM fiy 0| S¢S By R frititE. CrREIRAgHIS wdduakor 201

eachtCuehepbte Cak RRwew habbydisRl tvPchY fderdeel iRgeRfion,
l%he wearer 1 at 10 the tine of "acti on.qéc) Opt i onal

ontPollSthFt CHR S GRaNSEYRITIeMainbt 2ud Heke a
funetjcenewhi-chi tpenehates. a SPRIY sk INAn1d-d10k s

causi n%,the actuator 201 to generate the power
accHPBLAGaP&° tHe theapptignahteamtiron, unit 4 as the control

method being used. In accordance with the proportional
control, the command signal value and the driving current

20  value have a proportional relation, and the driving
current value and the generating torque value of the
actuator 201 have a proportional relation in accordance
with the characteristics of the actuator 201. Therefore,
a power assist rate is controllable to be é desired value

. 25 Dby generating a predetermined command signal d using the
optional control unit 4.

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

30 method being used.

A power assist rate is a distribution ratio of

the power generated by'the wearer 1 and the power

generated by the action-assist tool 2, and it is adjusted




15 by using the nerve transfer signal b and the
myoel ectricity signal c. Proportional control is
applicable to the optional control unit 4 as the.
control nmethod being used. In accordance with the
proportional control, the co nd signal val ue and

the driving current 20 val ue h&ve a proportiona
relation, and the driving current value and the
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oper ation or automatic
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(B) Controlling method and controlling program
20 FIG. 6 is a flowchart for explaining the
eontrolling method of the first embodiment.

In a preferred example of the controlling method
of the first embodiment shown in FIG. 6, the action—-assist
tool 2 having the actuator 201 which gives power to the

25 wearer 1 is attached to the wearer 1 {8T501), and the
‘wearer's biosignal a2 is detected (8T502).
As shown in FIG. 4 and FIG. 5, the nerve
_ transfer signal b and the myoelectricity signal c are
acquired from the biosignal a by using the biosignal
30 processing unit 3 (ST503).
_ The cptional command signal dl for causing the
actuator 201 to generate the power according to the

wearer's intention is generated by using the acquired




unit 5 generates, based on this command signal d, a 15
current according to the nerve transfer signal b and a
driving current according to the myoelectricity signa
c, respectively, and supplies themto the actuator
201 to drive the actuator 201, _(B) Controlling nmethod
and control ling program 20 FIG§76 is a flowhart for
expl aining the <controlling nmethod of the first
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Lhe o0loct Sy sensar, 22hupcluden i LB ILisk o apn nes
of tshaceptki oh@lt (threshold). When the pulse 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, the pulse
current is not useful for a quick drive start of the
actuator 201, and the driving of the actuator 201 is not
25 started until the driving current reaches the lower limit..
Then, a considerable delay arises between 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
avoid the problem, it is desirable to start the driving of
the actuator 201 immediately after the pulse current is

generated according to the nerve transfer signal b.




command signal dl. Also in the subsequent enbodi nents,
unl ess otherw se specified, the other signals which
are 15 the sanme as nentioned above nmay be used
instead. The current that can drive the actuator 201
has a lower Iimt (threshold), _Wen the pul se current
according to the nerve transfé?8§ignal b (when the
pul se current and the driving current are not

SUperinposed)F18f %Q@%EFF&BEa%BQSQ&ﬁ%&aﬁ%lége §Qﬂéﬁdriving
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of the driving_ current acquired fromthe bjosignal in
mhiéﬁmiﬁgaﬁ@rQQ FIG. BA is amplified so that it may be larger
than the lewer-limit drive start current It. .
20 Since 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 to
cause the actuator 201 to generate a torgue with a quick
25 rising edge. In order to realize this, in this embodiment,
either 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. 8A, if the pulse current 82
30 (cr pulse current 83 + driving current 81l) is less than
the lower-limit drive start current It of the actuator
201 (No in ST505), the pulse current 82 or 83 is amplified

so that the amplified pulse current 82 (or amplified pulse




transfer signal and the nyoelectricity signal are
superinposed. In the driving current of FIG 8A, the
pul se current and the driving current are superi nposed
and 15 the total current (equivalent to the current at
the rising edge) is less than_the lower-limt drive
start current It. In the drivF g current of FIG 8B,
the total current in the state of FIG BAis
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stored in a storage device of the control device 20 of the
20  wearable action-assist device. The above-mentioned
controlling method comprises the step which detects the
biosignal a (ST502), the step which acquires the nerve
transfer signal b and the myocelectricity signal c¢ from the
piosignal 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 ¢ (8T504), the steps which generate, based on the
generated cptional command signal dl, the pulee current
30 according to the nerve transfer signal b and the driving
current according to the myoelectricity signal c,
~respectively, and supply the respective currents to the

actuator 201 {8T506, 3T507}. The control device 20 is,




In this way, after the driving of the actuator 201 is
started, the actuator 201 is nade to generate a
driving torque so that it may be proportional to the
driving current 81 according to the nyoelectricity
signal 15 ¢ (ST507). The power ,assistance of the
action can be carried out acaéﬁaing to the wearer's
intention. A controlling programfor causing a
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dev[éﬁ% g?¥m£§%s‘§Iyghegrguéségagf% ag'the same as
corresponding elements in the wearable action-assist
20 device of FIG. 3 are designated by the same reference
nuﬁerals, and a description thereof will be cmitted.

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

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

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




10 FIG 9 shows an exanpl e of the conposition which
estimates the phase of the task fromthe physica
quantity related to the action of the wearer 1, and
causes the actuator to generate a power which neets a
power assist rate correspondi 3 to the estimated
phase when perform ng 15 the 65 ional control of the
actuator 201 in the wearable action-assist device of
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power assist rates PARlL, PAR2, PARS and PAR4 for the
resﬁ%%f?%ﬂ?sﬁﬁﬁge%ﬁ to experientially determine each of

rotation angles, angular velocities, etc. of each joint
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 dévice of FIG. 9
comprises the man-machine system 10 which is composed of
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 ¢ from the wearer's
biosignal 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 unit 14 which acguires the

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




1-4. 10 As a result 'of the analysis of actions of each
person, it is turned out that the rotation angle and
angul ar velocity of each joint, the wal king speed and
accel eration, the posture, and the novenent of the
center of gravity are determ ned for each phase. For
exanpl e, a 15 typical malking"ﬁgftern of respective
persons is deternmi ned, and when a person wal ks in
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of phases of each task for every action of the wearer.
- FIG. 11 (b) shows the changes of each of the knee rotation
20 angle ¢ and its angular velocity €', the waist rotation
angie 6 and its angular velocity €', and the centroid
positicn COG and its moving speed COG'. FIG. 11 (c)
shows the state where all the phases (Al, A2, A3 ..., BIl,
‘B2, B3 ..., €1, 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)t and task C
(sitting) ... is constituted by a series of phases (phase
30 Al, phase AZ, phase A3 ..., phase Bl, phase B-2, phase
B3 ... etc.), respectively.
. When the wearer 1 starts action, the measured

values of various kinds of physical quantities obtained by




PAR etc. is included) which is acquired by conparing
the acquired physical quantity with the standard
paraneter of 10 the database 6; and the driving

current generating unit 5 which generates the driving
current, which is supplied to_ glje actuator 201 of the
action-assist tool 2, accordi na to the command signal

d of the optional control unit 14. FIG 11 is a
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As shown in the graphs of FIG. 11 (b), if the
20 comparison is performed for each of times tl, t2, t3 ...,
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 thé match takes place at a given
number of times.
In the example of illustration, if the measured
value matches with the standard parameter of phase Al at a
plurality of times, it is turned ocut 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 quantity is not necessarily

the same as the initial phase (A1, Bl, Cl) of each task. -




speed COG, are shown respectively. O course, the
physi cal quantities for the conparison are not limted
to these physical quantities. 10 At intervals of a
short fixed period, the neasured values of the
physical quantities are conpargd_ with the standard
paranmeters. This conparison is perforned with respect
to the series of phases in all the tasks (A B, C

...). That 'SET@S §@Qﬂpd &lgkghaﬂé ﬁﬁg’céﬁaﬁﬁinér%ﬁe
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The physical quantities are sequentially
compared with the respective standard parameters of the
20 phases of the tasks stored in the database 6 one by one
(8T607). As described above with reference to FIG. 11 (a)
te (c), all the tasks and their phases are provided in a
matrix formation. The comparison 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, and A3 ..., Bl,_BZ? and
B3 ..., Cl, C2, and C3 .... Since the standard parameters
are set up so as not to overlap between the phases of all
the tasks (merely calied "task/phase™), if 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 quantities can be determined (ST608).




description thereof will be omtted. A description
will  be given of the process of the steps ST607-612.
The physical quantity sensor 13 detects the physica
quantity of the man-nmachi ne system 10 (ST603). 10

Al t hough the physical quantity_sensor 13 which detects
the physical quantities, such3as the rotation angl e
and angular velocity of each joint, the wal king speed

and accel erat,ion d the posture, i tached to. th
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When the nunber of matchés reaches the reference
nunifgfecute 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 comprises the step which detects the.
wearer's biosignal a (ST602), the step which detects the
physical quantity of the man-machine system 10 (ST&03),
the step which estimates the phase which the wearef is
25 trying to perform (ST61l0) by comparing the detected
physical quantity with a standard parameter of each phase
of each task (ST607—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 (ST6ll), and the
'step which generates the current according to the
opticnal command signal d to supply the current to the

actuator (ST612).




5 (ST609), the phase of the task corresponding to the
nmeasured val ues of the physical quantities is
estimted (ST610). By referring to the database 6,
the power assist rate PAR assigned to the phase
corresponding to the action tS be assisted is

determ ned, and the above- menf8fed 10 opti ona

command signal d is adjusted so that the actuator 201

may be driven,to,generate.th ower_ t hat ets_the
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every phase and the ,
control unit 14 which generates the command signal d
(optional command 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
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
control unit 7 which estimates the phase of the wearer's
task by comparing the physical quantity detected by the
physical quantity Sensor 13 with the standard parameter

30 stored in the database 6, and generates the command signal
d (autonomous command signal d2) fbr causing the actuator
201 to generate the power according to the estimated phase,

the command signal combining unit 8 which combines the




power application according to the optional conmmand
signal 5 dis perforned. Thus, it is possible to
snoot h assistance. And the driving of the actuator is
started according to the pulse current according to

t he nerve transfer signal gus the driving of the
actuator is started MAthout del and it is possible
to perform assi stance confortably 10 [ 2] Second

ebodh Bty (ALnCOTROSHILON af MPRLAD! ¢ AGLLONSARS Srg e

devi ce As shown vveara i ONn-assi
devi cempdnd rﬂe-%ledoda élrm:od:ihleeatltommusemnthel amjltoﬁ’-, and

assi to the actuator 201, e pi osi
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sj cal uantity n- machi ne stem 10,

Ehe B en A REBH, P CETRATARE o e or SOcBRG e
comantraignal tde fopidtwrabocormand signal dl) for
. causing the acﬁ?uator 201 20 to generate the power
according to thE RBRIMALs GoRtEnt| @t by H@Vnéetiﬁée same as

bi ostignadpta et eebeerdly drhe physical Quant éﬁwodﬁﬁi&orshown
13. Moreover, the wearabl e action-assist device

the ¥ecoWtt embodPrehticedhyri aasshore dat dBGsed Galich FIG 5,
Mhi che 1e3Peeti-veqstiandand B@{Mfr&n%&oﬁ §&14 &% of

m ni mum 25 action units (phases) which constitute each
act i SFnPEes fheoppriinaie gpamand o lagsilf dédaesordimgs ko the

t he 7 [ t
e gubnaaiesssont ool Wy AL SSELTL S it
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W|th ;Standard tored in_the database
6, entejr ggeé szgrg%gen%g Si gn%lsetagt(lagt%ﬁ g ihg of
1(50rmmﬂj Esntgnaabrd2l)1.f or causing the actuator 201 to
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- 37- awmmsscg:mto]dlunﬁrcom hite Hpturetabneoi dolestiimbtes
th co d signal d2 from the autononous
Contchﬁ ﬁ%%s %rer tasklgy comparing the physical
quantity detected by the physical quantlty sensor 13 with
20 the standard parameter of each phase of each task stored
in the database 6, 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 teo the autoncmous control unit 7 as it is.
The command signal combining unit 8 combines the
cpticnal command signal dl from the optional control unit
14 and the autonomous command signal d2 from the
autcnomous control unit 7. For example, in autonomous
30  control, a fixed power is given for every phase.
Therefere, the combined command signal d3 has a waveform
which causes the actuator 201 to generate the resulting

power which is obtained by adding the power according to




the driving current generating unit 5 which generates
the current according to the total command signal d3
conbi ned 5 by the command signal conmbining unit 8, to
supply the current to the actuator 201. The optiona
control unit 14 may be the sagg t he optiona
control unit 4 of the first e 8a|nent shown in FIG
3. Specifically, as shown in FIG 4 and FIG 5, 10 it

IS preferr at_the contr unj t .
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exanpl e, i n_ayt.on control, a fixed power is
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generated (ST704). The detected physical quantity is
compared with the standard parameter of each phase of each

20 task stored in the database 6 (8T705-707). The phase of
the task of the wearer 1 is estimated by the comparison -

'result, and the hybrid ratio @ correspending to the
estimated phase of the task (optional command signal
dl/autonomous command signal d2) is determined (ST708).

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

30 is generated (ST710). The actuator 201 is driven by
supplying to the actuator 201 the current which is
generated according to this total command signal d3
{8T711).




the end, to the fixed power according to the

aut ononous control which is fixed for every phase.
The effect of the conbination of the command signals
will be explained later. 5 (B) Controlling nmethod and
controlling program FIG 14 is a flowhart which
shows the controlling nethod 8f~the second.

enbodi ment. As shown in FIG 14, in the controlling

met hod, the actj.on-assist tool 2 having the act

201 whi ch 10081 Ves HoNERSED The Weardr 211 Sea Songa-703
to thel weaoer7ds (S Qhk sdhe aealter stepsbiPSIGHZ anks
detected (ST702), and the Ehy5|cal quantity of the
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act rieer (BE10€b Wekidy geaeraeepdner crtéonal rpmmanchgignal
wearer ‘s3.chLpheRLi on B&b@g%ﬁé‘f‘ ad‘igeEBﬁgog’éc@Sdﬁ'%ﬁle_ Steps
is generated (ST704). The detected physical quantity

is Idvdatedawshdwt ha sTEnda2d paraneter of each phase

of each 20 ta si.or. [ a 6 T -
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t he igmpar d3ons fasyWeherahing hehehypbibd catienta according to
orresponding.to the _estimated phase of the task
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and signal d2 for causing the actyator 201 t ,
genéi&%@ ERROGHIRIC -ac £HR AR D Tafi-e “bHésQrﬁgetermlned
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't he aut onopous command si gna are conbined to neet

t he "RFBFTd L r 887 %, 2S5AETE eC?WﬁQQtanﬁnaﬁ@jéﬁﬁﬁbPiﬁss pred
16S genehat egdtésd6lQ).. When agtdlals@imd@ioh Sofird WRRsBYis
supplying to the actuator 201 the current which is

gen&eEteg™ae coy diltty BPeki 2o stfaltheéoRriEmirat gantdsy and
(STERD stad@ard parameter, the control device 20A

automatically determines this hybrid ratic @ as menticned
sbove. As a result, the total command signal d3 is

20 generated so that it may meet the determired hybrid ratio
@, and the application of power according to this total
command signal d3 allows the wearable actiocn-assist device
to perform smoothly assistance according to each of
various actions.

25 ‘ The step which detects the wearer's bicsignal a
in order to perfbrm the above-mentioned control (ST702),
the step which detects the physical guantity of man-
machine system 10 which is composed of the wearer 1 and
the action-assist tcool 2 {8T703), the step which generates

30 the optional command signal dl for causing the actuator
201 to generaté the power which followed the wearer's
intention using detected bicsignal a (ST704), while

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




In the flowhart of FIG 14,the steps ST701-703 and
ST705-708 are the sane as the steps ST601-603 and
ST607-610 in the flowhart of the first enbodi nent
shown in FIG 12, respectively. And it is preferred
that the } 5 step (ST704) V\hi_%t@_generat es the

opti onal command signal dl according to the biosignal
a i s conposed of the steps ST604-606a shown in FIG
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lact ias-iasspesistoclevicesT703), the step whi ch gener at es
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As shown in FIG. 15, the wearable action-assist
20 device of this embodiment comprises the action-assist tool
2 with actuator 201 which gives power to the wearer 1, the
biosignal sensor 221 which detects the wearer's biosignal
a, the physical quantity sensor 13 which detects the
physical quantity related to the action of the wearer 1,
25 the optional control unit 24 which generates the command
- signal d for causing the actuator 201 to generate the
power according to the intention of wearing 1 using
" biosignal a detected by biosignal sensor 221 (optiocnal
command signal dl), the database & which stored each
30 standard parameter of a series of minimum action units
(phase) which censtitute sach pattern of the wearer 1
classified,as a task, the‘wearer's 1 pattern is estimated

by comparing the physical quantity and the standard




estimating the phase of the task of (ST 705-707) and
the -40- wearer 1 by conparing the physical quantity
and the standard paraneter of each phase of each task
whi ch were detected, the step which specifies hybrid
ratio a corresponding to this ehase (ST708), the step
which 5 generates the autononnus command signal d2 for
causing the actuator 201 to generate the power

accog i ek e tﬂﬂhéh phase deﬁ:ézggg)by Bﬂ?ﬁ/sﬂésp_ Wil +y sensor

conbi nes opt1 onal conmand
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whlcthetﬂuwegtepc@fiﬁzmn)tthhehauhmnumpuacCcmuwumi2ﬂﬂgda¢ dz,
uppl current nerated cgording to t he
Sneris doTaia St erRirsRa S H e c8Ror m
is smpﬂxumalnchmandngngnai dmpamaiautambmouﬁtm@mmahﬂnsmgnal

20B e.15 action-assist device. FIG .1 a
ot e BRe e e SRRl St ES o hes e
act i genaastiest tﬂev¢meﬁt takeosetanco Qﬁbodbt@_ﬂtcomﬁ&nd
shown, i n _FIG 15, wear abl e acti gn- assi st

devi S f—"hpem%:h%%a ec 6APFG e Si0Ret aﬁ?wlé%lué"tlt 8,

1000l to Zupollf 86é Uahierd0toWBhe la@iug@rPoVer to the
wearer 1, the biosignal sensor 221 which detects the

wearer' s bi odfghtlPrefenyed sRy3FEalrqqueFom fheehieriaml a,
whi %@%%Estiﬁﬁw%l%EIQHafgf tpergtah o Lo Jeﬂﬁ*er s

action of the wearer 1, he optional Control wunit
24 \ipishlgenéing e%ketlh?éaéoﬁﬁﬁ’ﬁ@ﬂ Hidyirae mywlce@:msqmg’

he S et FoR o aareng 1P U by Sergal 5 derset ed
By biasivgral sBewsornizg putppeéondie domieanal shrprdssding, unit
L7e FUIEE o 1 ke e Sach 0.l AN Co AP
ConsieaqnmpteanhtmEﬂdaﬁ‘Mldﬂ bh eomieareel. gAlthough the two
units are shown in FIG. 15, a single unit being shared to
attain the purpose may bebused instead. The database 6,
20 the autonomous control unit 17, the command signal
compbining unit 8, and the driving current generating unit
5 are essentially the same as corresponding elements in
FIG. 13. The optional control unit 24 and autonomous
control unit 17 by comparing the physical guantity
25 detected by physical quantity sensor 13 with the standard
parameter stored in the database 6, the phase of the task -
which the wearer 1 is trying to perform is estimated, and
it has a function which generates optional command signal
dl and autonomous command signal d2 so that it may be set
3C © to the hybrid ratio « according to this phase, and the
power assist rate PAR.
FIG. 16 is a flowchart for explaining the

cohtrolling method in which the power assist rate is




classified as a task, the wearer's 1 pattern is
estimated by conparing the physical quantity and the
standard -41- paraneter which were detected by

physi cal quantity sensor 13, the autononpus contro
unit 17 which generates the cpgmand signal d for
causi ng the actuator 201 to generate the power
according to the autononous conmmand signal d2, 5 the
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compnd shanal G20t (bady B 28301 D8 comand
signal d2 for driving actuator 201 under the power
20 according to this phase is génerated (ST809);

And 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 hybfid ratio @ and power assist rate PAR

25 (8T810) . The actuwator 201 is driven by supply of the
current generatéd according to this total command signal
d3 (STB11). |

The step which detects the wearer's biosignal a

_ in order to perform the above-mentioned contrel (ST802),
30 the step which detects the physical guantity of man-
machine system 10 which is compeosed of the wearer 1 and
the action-assist tool 2 (57803), the step which generates

- the optional command signal dl for causing the actuator




power assist rate PAR FIG 16 is a flowhart for

- explaining the controlling nmethod in which the power
_assist rate is -42- controlled in the wearable
action-assist device of this enbodinent. FIG 17 is a
bl ock di agram show ng t he con@%s_iti on of the control
unit of the second enbodi nent. shown in FIG 16 and
FIG 17, in this 5 controlling nethod, the

act i oot agsigghet90d theh@wivBe LBE-rd@Giuaboth20leWhich

gives power to the wearer 1 is attached to the wearer
| ( STBUONCIPRe ViR dletechpgshépaioneli ¢ (JEB@tteqhile
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act | e 499188 todrerXom Bt ectear reTED8) phywidalhguantity
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d 1 trying. to r.form 15 arin
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par aavetient chtealAR plta8e8st ose@dthat dat abasles Gett Ite:hthe step
hybr | tip.a corresponding tg this phase and the
el badsl st (AR A A BB 8 had g 02
laug ofrtsxrrmah Slsﬁﬁ@'nﬂﬂﬁo acs:iugﬁg@: 2i@1 f’rQ{ r?@hby'ﬁﬂ@ B el 201

t he .power accordipng to is ase is L

Gondi oA LD8TROSTIE ARGSENRL Pt IS Ke ofHANdIS (At Fip
and H4e-1 (AW eN9NMRUSNE BRI a85988| g 3k, Conbi ped,
and the total . command signal d3 is generated so that
it e Sidét Viher SERARREneRtHRIRY ¢OPRENS B aRd Féwepd the
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by supply of the current generated according to this

TPot loTEERARRAEORI YK, 288 tiSTosp (PA81st ephigh elrives
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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.
[3] Other functions
Drive contrel at the time of starting
(1) In the case of reflective action
For example, when pushed suddenly from behind,
25 1t is necessary to forward one leg reflectively and to
suppbrt the body, in order to avoid falling to the ground.
If control of forwarding one leg is merély performed, it
causes the leg to be pushed in front suddenly and the
wearer stretches the leg instinctively. The wearer’s
30 operation of forwarding one leg will become awkward. In
such a case, as shown in FIG. 18A, when supplying the
current 91 which makes the actuator 201 drive in the

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




30 the step which detects the physical quantity of nman
machi ne system 10 which is conposed of the wearer 1

and the action-assist tool 2 (ST803), the step which
generates the optional' command signal dl for causing
the actuator -43- 201 to generaye t he power according
to the wearer's intention using detected biosignal a
(ST804), while presum ng the phase which (ST 805-807)

and ¢ e weanes decdd)t hW RHet Soeifar A by-ciPard Rpplied
the physical quantity 5 and the 'standard paraneter oF

eachlpHa$etRRe churp vingetbet earretie %3t @p shewgh in FIG. 18B,
specid i1gsitl Rgehy. dé’cc{ratz'oge@s GOIJES Eﬂﬂéhé‘?oaéﬁé;%%%

phase of this task, power assi st
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r ‘causi ng a or 0 genera
accdrigt nynteool h@sptgawcmf refilsedasiannandbé helgped ffoedthe
hybrid rati r_ass rate P

LG b B8 A ARS8l e d D Le REFect N iR, st

t he tfmﬁ(inonhHSCaxﬁnnﬁwﬁhsigﬁatabﬁé ardigenesatas dehece of

ol o 4BPERE Ik SRR, €0 p PO o aR rapper 1 M O

1gene(At eqna@ﬁ@r@asng oft @hkhesgenelatied total conmand
signal d3 are nade to perform are included in the
control |ing piogt fHWAICERUPsCORsHeyhi ANt Frl 29D Padey 1s

devigea-refrmbhea contirphndevhs8 209G Rh120pt Ag Wanalkkea walk,
action-assist device. [3] Oher functlons Drive

cont¥omayt Pefene ithe sPusharhiely hadiyhenleheouwsiss nddenly.
ref | §Ciheecagtdan F10LneXaMRlfes W 4 Hﬁg@éjr Sﬂﬁd%{}l i¥e in

frombehind, 25 it is necessary to ormard one
1pef It |d\¥§i99th¢m iso suppppedtaiter 5bdy, whnxr:mrsumpltl@s

avOldhraht! 89 4 4 WE KON reddi BORLD Oy of e{% dEnd
eg is merely per CaliSes T be
pusrﬁﬂﬁntmngranuigudﬁenBycammt&ﬂuﬁlrectlon drlve 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
limited to these examples.

Example 1
FIG. 19 shows the experimental resulf when

25 'applying the pulse current according to the nerve transfer
signal in the example 1. FIG. 19 (a) shows the change of
the knee rotation angle 0, FIG. 19 (b) shows the change
of the biosignal which is amplified, and FIG. 19 (c) shows
the change of the torque of the knee actuator.

30 | . FIG. 20 shows the experimental result when not
applying the pulse current accerding to the nerve transfer

signal in the example 1. FIG. 20 (a) shows the change of
the knee rotation angle 0, FIG. 20 (b) shows the change




- wearer stretches the leg instinctively. The wearer's
30 operation of forwarding one leg will becone
awkward. In such a case, as shown in FIG 18A, when
supplying the current 91 which nakes the actuator 201
drive in the direction, the cygrent 92 of a
short-tinme (ranging from-44- 0.01 to 0.3 seconds) in
the opposite direction is supplied just before

suppbfyitig thestynaEnthi®h as shoMFidy,Feed £8B. 205Qc) shows
t hat, .t he actuat%re 201 is dri en in the \%ggosme

di r 915 S Pfre® gf%rtof%ﬁelfj tRe tkgefoPRarEtDhe | eg 5

refl ect i vely, TROst &€ar@Per aki 68y Wsld1 hesarerratd@fect of the
SnMoo The control using such refl exes cannot be
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action-assist device of this invention
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leg is performed so in the case usual” operation
| i kecandiglirns fer msingetbaentitee ttoackfehi shoreld it be a
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he BeRURE SRR fhere sbIEG TRt bl (LR e
18f t erondiationki £ sugiplisésg ’dwm@rrtve%raﬁsﬁedzcmﬂgrﬁﬂ b as a
di A t t es
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r empoaddtié bns efrs evtdfchi badRgLhE t@r,lvangccﬁfﬁéﬁtaléc%ordmg to
octh rmt|9n can .he carrl out Sone exarrpl es

d
the D TERE LT AVt S\?&PP? fows ﬁ&pﬁé%?l%d: %\WEV%FOI

thezxmeasent |nvent|on isnot limted to these

1gxan‘pl es. 1 FIG 19 shows the experjnental
esul t when 2% %tﬂ)ﬂaﬁ& PhethsuItoemesr Fendl sy dirgget oto

t he mTer,veot ransf ethe $bgRaL vds B a8XaHPL e thlc%' Ehelfulse
(a) shows the change of the knee rotation angle O,

F|GFUfgePB)oghg%%gﬁﬁ@egﬁgﬁggxinmgnlflcatlon corresponding

to the nerve transfer signal b is superimposed at the
front edge of the torgue obtained from the detected
20 biosignal a. The change of the knee rctation angle 0 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 torque in the state
that is the same as the waveform of the biosignal a was
25 obtained. Since the rise of this torque was loose, it
took 0.3 second from the detection of the biosignal a to
start the change of the knee rotation angle 0.
From these results, it is found ocut that 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 (sguare wave) having a
predetermined width cerresponding to the front edge of the

biosignal z.°




of the biosignal which is anplified, and FIG 19 (c)
shows the change of the torque of the knee actuator.

30 FIG 20 shows the experinental result when not
appl yi ng the pul se current according to the nerve
transfer signal in the exan‘pl_%61_. FIG 20 (a) shows

the change of the knee rotation angle 0, FIG 20 (b)
shows the change -45- of the biosignal which is

anpl pfi6th. 3nd FIG 20 (c) shows the change of the
torque of the knee actuator. This exanple is for

expl ai ni ng t h&hasfexamgfe tise fofi explaimiodi reatefigwn of the
t he r ex [ [
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detection of %Eg.k%éxgﬁgwgltﬁeté%perimental result of the
rising action when the wearer rises from the state in
20  which the wearer sat on the chair but he sits down after
rising to the middle, and the power application is carried

cut with the combination of autonomous contrcl and

optional control. FIG. 22 (a2) shows a phase number and

FIG. 22 (b} shows the change of the knee rctation angle 6.
25 As 1s apparent from the graph of FIG. 22 (e},

the torque of the actual knee actuator increased rapidly

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

of phase 3. Since the torque inckeased 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 wearer was able to

perform'the rising action comfortably while having a good

feeling of power assistance.




start the change of the knee rotation angle 0. From
these 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
suppl ying the pul se current (§g9§re wave) having a
predeterm ned width corresponding to the front edge of
the biosignal a. -46- Exanple 2 This exanple is for

expl ai ni ng t heneffecé;1qf n(gth ?k%é@“% erhedi gERle oy G

21 shows the experimental “result  of "t heorisin action
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according to the c naI d2 b
contrit Wiargr ' U5s T RGuESThe: SR iR BESE of
t he duqecaatyaind m&lbdlengotépélhﬂet ehabtigDyaRd
ignal d3 mhlch i s obtained by combining the command

S|gﬁ§W@ﬂr BY1Y5 aut onomous control and the command

18i gnal d2 by opttmhalthesOREAQ)] wHEnGthdltbAdus W rding to
phase nunber and FIG 21 (b) @ shows the change of the

kneTBRadi 1IRMYIE BY FPe cRPIARIWS OFREC bxperisfehag| shown

resuld sob.the (4jsidi@ %@Ehﬂ? when Lagu¥ear ermd Icﬁ%mg of
fromthe state in 20 wh he wearer sat on the chair

but He dnes aelrtan eannet shagtartelednidle, irard t he
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aut ononous cont optional “contro
1pa) wimwsdaspiaske dinybéheaadtorkir@us22onbyok wynt ke FIG.

change %f Egeﬁkﬂﬁgifgéﬁéagnw@ﬂgl%h%f%%sA§r&§1§Ep% %ahe

from e grap
which changes in process, a series of comfortable and

smooth acticns cannot be performed.
That is, it is turned cut that both the quick
20 starting and the torgue matched with the action of the
| wearer can be obtained cnly with the combination of the
optional control and the autonomous control mentioned
above.
On the other hand, as is apparent from the graph
25 of FIG. 22 (e), when the wearer sits down immediately
after rising, the torque increased rapidly at the front
édge cf phase 2 corresponding to the rising from the chair.
The knee actuator started rotation in accordance with the
wearer's intention, and the wearer was 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

bicsignal a is controlled, even if the torgue by the




the torque of the actual knee actuator increased

rapidly 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 fromthe 30 chair, _fge knee actuator

started rotation in accordance wth the wearer's
intention, and the wearer was able to performthe

ri si g @6elal 0BoROAE DIdRBY s Wi 483 Nayd RErgugas¢l tHeeel i ng

of power assistance. -47- In the falling of ‘phase 3,
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(d), the risi .S inadequate, the driving of the
knee actuatorggaﬂﬂ%fﬂﬁﬁrsgﬁpgedﬂﬁﬁ%g%@ytPﬁq%F according to

100nfiHd alph@afBNeednalSidnee the didralaceptebng 4 askheas
15 command si?nal d @% t he aut onomgus _control shown in
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torque vivi 6F changRe LBtRALSLSntSBEI 88adfed quickly in
confortable and snooth actions cannot be performned.
That? i®miprtakle gfaregTout Wt tsotiRTare gererdingoto the

- starddgnand: Lhe (Prquenaelehetm h bhe-acti onah Lhe

wearer can be obtained only wth the conbination of
1bhe shepmi anaFl€oma olc) anghehglinditoweeply Eom mdlase 3 to
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fro
direction of the action, and it was uncomfortable.

Thus, even when performing suddenly an action
which is not & series of actions, the combination of the
20 optional control and the autonomous control mentioned
above is useful to prevent the sense of incongruity from
"being given to the wearer.
The present inventicn is not limited to the
above—described embodiments and variations and

25 modifications may be made without deperting from the scope

cf the present invention.




25 of FIG 22 (e), when the wearer sits down

i mredi ately after rising, the torque increased
rapidly at the front edge of phase 2 corresponding to
the rising fromthe chair. The knee actuator started
rotation in accordance wth tb$ _wearer's intention,
and the wearer was able to per drm the 30 rising
action confortably while having a good feeling of
power assistance. In the md phase 3, generation
of the biosignal a is controlled, even if the torque
by the -48- optional control decreases and the torque

by the auton s.con in the ri.sin JEChL

atded. the 1o bl CoarbitT e Estedeh s i X gSsists
t he omh@x@chaégu@ MAS cRObT s® wege By subgitmttihg for the
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action (t ask)aﬁtﬁiﬂﬁfﬂnyasbhgtmaﬁflemawﬁg abl 2-thethavehsch
good feeling of power assistance, and was able to
per fErf®St REVaEt FOrFPen68RFY7 and confortably. On the

- other hand, V\Q%h_dsll%ntaqr QU8 @E CtdRdng Oa Whrtdie s
command S|gnal d by the optional control is used as

showidcsigre& 22 (d), the rising is inadequate, and
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qui ckly in a contfortable manner.” When the tordue
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control and the auton%EDus g tro mentio ed %p%r i's
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l[imted to the
transfer 51gnal and the myoelectricity signal which are
acguired by the blOSlgnal processing unit; and

20 a driving current generating unit generating a
current according to the nerve transfer signal and a
current according to the myocelectricity signal,
respectively, based on the command signal generated by the
opticnal control unit, to supply the respective currents

25 to the actuator.

2. The wearable action-assist device according
to claim 1 wherein the wearable action-assist device
comprises a physical quantity sensor which detects a

30 physical quantity related to the action of the wearer.

'3. The wearable action-assist device according

to ¢laim 1 wherein the biosignal processing unit




above-descri bed enbodi nents and variations and 25
nodi fi cati ons may be nade wi thout departing fromthe
scope of the present invention. -49- CLAIMS 1. A
wear abl e acti on-assi st device which assists or
executes an action of a wearer by substituting for the
5 wearer, conprising: an acti oA%assi st tool havi ng an
actuator which gives power to the wearer; a biosigna
sensor detecting a wearer's Dbiosignal; 10 a biosigna

proced¥iTg=tnit acquiring, fromthe biosigna
detected by theubi©sigral =68DN501es ahRebYBsidnamst er
signal for operat%%% a _wearer's nuscular 1]

, i ne
‘skel etal syst@nf EHd B Uhpderatth iitrpcEpghls nerve transfer

accoimaiiledrom e MRAGARL S Ascul ar line activity;
15 an optional control unit generating a comrand
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acc%ﬁél%cﬁ:ﬁéiéﬂ‘gﬁ% nad ERLAMAOLIR% 48509 the nerve

transter signal he myoel ectricity signal which

are ‘acquired by the biosignal processing unit; and 20

a driving curgent, 9enalabhos Ui dn 4R9ER! L & according
current according to the nerve transter signal and a

cur riantcladoott divimgreion tthe dybelmrtaureehy geggrating unit
esp ively, base o) d _si er at by

e A ERu o ot sl CE, £r e Bty Phe PeepaRiEle

cur ramrent2hichtiw gokevated. a&ortiegwear gl enerve transfer

actian-aisist devi ce ccgrd%ng to clgi§11 mheQFig t he
wearBtiE a8 oR- GRS JRUFRetS SSHSFRSEE 20 phy s &F

- quandudsitasensdly witadordeébasl st@ t32 physieat riiant istignal,
related to the action of the wearer. 3. The ar abl e

act i DI SEUPEE FRSTe OB Obr HRfpetuator To start Oy supplying

15 the pulse current.

5. The wearable action-assist device according
to claim 4 wherein the driving current generating unit
generates, when starting the supply of current to the

20 actuator, the 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

actuator.

25 6. The wearable action-assist device according
to claim 2 wherein the wearable action-assist device
comprises a database in which a given correspondence
relation between each of respective standard parameters of
a series of minimum action units (phases) which constitute

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

wherein the optional control unit estimates a




to claim1 wherein the biosignal processing unit -50-
conprises: a unit which anplifies the biosignal; a
first filter which extracts the nerve transfer signa
fromthe biosignal; and 5 a second filter which
extracts the nyoelectr|C|ty s% nal fromthe

bi osignal. 4. The wearabl e acti“on-assi st device
according to claiml wherein the driving current

g_e”e%ﬁééé‘%fl%' t 5510, URPLILES b &P%&%&a@t 28 dﬁefﬂﬁl, by
current of ‘a quse Carrent whi ﬁ I's generate
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cCurremd gdwdrhaskotalrayrent is larger than a |ower
limt of current that is capable of driving the
actuator. 25 6. The wearabl e action-assi st device

1@ccording to7cl ghdgethenel Bcthshveanabl gevice accordlng
action-assi st device conprises a database in which

gi vebP corids gonbierrier, makeat £ba Weangesresekesfby reflexes,
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action units (phases) which con a wearer's
act i Gl pa éhA efbisHidd dd ab fappca@kce dhdeatipowet the

appléﬁéaf A:Clr(]) 25 ﬂ%’&erfo Sg' %eé@é i at Pﬁn@m#‘%{ OCfter

I's store ere nt |ona contro

igst i e axregletBimined time, the driving current generating
unit supplies a current for driving the actuator in a

direction towards the operation.

8. A wearable action-assist device which assists
20 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 biosignal sensor detecting a wearer's
25 biosignal; |
a physical guantity sensor detecting a physical
quantity related to the action of the wearer;
an optional control unit generating a command
signal for causing the actuator to generate power
30 according to a wearer's intention, by'using the biosignal
detected by the biosignal sensor,
a database storing respective standard

parameters of a series of minimum action units (phases)




phase of a task which the wearer intends to perform
by conparing the physical quantity detected by the
physi cal quantity sensor with a standard paraneter
stored in the database, the optional control unit
determi ning a power 5 assi st race according to the
esti mat ed phase based on the Ccorrespondence relation,
and generating a command signal for causing the

act Ugh 0¥ t@ndenehad & 3 RWeh sagcord %%:&:Egrnt@fa Waka as a

assist rate. 10 7. The wearabl e acti assi st devi ce
accof@fffig to claim 1 wherein, when the wearer

tes b | fi
operates by regf Séfénm% gFQ£E¥6f9uﬁ_r%g@%%%§§§L%¢4$%se of

unit supplies a curren riving t
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pr rmned. i and, after..15 the predetermne
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cur restanfederdetoren) irhéhactiatlodsd,n add denexdtion a command
tomagds th% gper.at.ion. , 8. A%meara | e acti on-assi st
devi EEHi ERTASTTEIY 56 BFLRKERULTEs IFRCERLS SIP'BE a
weararcdiyliagbss i the igxg ifvatefinshassgar er, conprising: an
action-assist _topl having an actuator which ives
power to the feSt®ER é’oﬂ‘%’&gF@%d-i‘n@eﬁ%‘PlHé‘i‘%cttgﬂ%gmﬁ‘mand
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~det ect II‘\%& a ghy5| cal quantity related to the action

of tHERearEr™ e GHPHRRPUS FRTFSICIURNEt ettt ati ng a
command  si gnal gf B eAUSIRENE NErRGEYEh ub £ IR ng
power 30 according to a wearer™s intention, by using
t he Bit6di GRAF=NHaCEOrddngyte he tsitedi garahandsemalafrom the

dat abasea1SLeh NG ti f
cor e R L F A S P eRe €8 wne
leonsagtiugtera wearer's action pattern classified as a

9. The wearable action-assist device according
to claim 8 wherein a plurality of hybrid ratios of the |
command signal from the optiocnal control unit and the

20 command signal from the autoncmous control unit 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 combines the
command signal from the opticnal control unit and the

25 command signal from the autonomous control unit so as to
meet a hybrid ratio which is determined based con the
correspendence relation according to the phase estimated

by the autonomous control unit.

30 10. The wearable action-assist device according
te claim B wherein the wearable action-assist device
comprises a biosignal processing unit which acquires, from

the biosignal detected by the biosignal sensor, a nerve




task; an autononous control unit estinmating a phase of
the wearer's task by conparing the physical quantity 5
detected by the physical quantity sensor with a
standard paraneter stored in the database, and
generating a comuand signal tgg_causing t he actuator
to generate power according to"the estimated phase; a
signal combining unit conbining the conmand 10 signa
from the onti.onal, con! 1ol Upk ke and, e cammnd,; 5 gaal
fronTthe aut 6nondus contror untt: and a riving

cur retlegeiesabtay amd ta ggnetatimgidy sdgahl cargopenied

according to_a tptal co nd, signal. f.romth si gnal_.
ConbTiing: URPESE T BRI Tt AT CRar T ehis 5 AL 18T
aCtLﬁgfﬂentheﬁhFavfﬁqéﬂﬂﬂt aatiboh-AsSiast otdewf cghe actuator
ccordin to claim8 wherein a plurality,of hybrid

2t 1S DETENEY SORRBA%S PORUL ST rOMTERE SPLrBry demerated
contd@londiing aBdthdencieC OFRSte iRk 1f keguing: by the
aut onomous control unit which have a given

cor r'esPoReAcBTPEREI I WiiEh t he respective standard
paraneters of the series of phases are stored in the

dat abase, and the signal conbining unit conbines the
command si gnalt1f r B¢ tHRRrépl B onal idsed B tudp Y1 egh racoeding
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wearabl e-acti on-assist device according to claim8
whereim digewehe abtteicdctd @heasstiattitgyisceply obbrdugesng to
biosu%pa%t%rgggssing unit which acquires, from the
biosignﬁ et &ct ed by the biosignal sensor, a nerve
1553- transfer signal for operating a wearer's nuscul ar
line skeletal,system and oel ectricity .signal .
acconpani ed HZ. ﬁhe wearab?enyctlonmaSSls% dev%%e according
to claim 8 wherein a plurality of power application rates
(power assist rates) of the actuator, which have a given
correspondence relation with the respective standard
20 parameters of the series cf phases, are stored in the
database, and the signal combining unit determines a power
assist rate according to the phase of the task estimated
by the autonomous control unit based on the correspondence
relation, and the optional control unit, and combines the
25  command signal from the optional control unit and the
command signal from the autonomous control unit so as to

meet the determined power assist rate.

13. The wearable action-assist device according
30 to claim 8 wherein, when the wearer cperates by reflexes,
the driving current generating unit supplies a current for
driving the actuator in an opposite direction of the

operation concerned for a predetermined time, and, after




with a wearer's nmuscular line activity, and the
driving current generating unit causes operation of-
the actuator 5 to start by supplying a pul se current
which is generated according to the nerve transfer
signal acquired by the biosigggl processing unit. 11.
The wear abl e acti on-assi st devi‘Cé according 10 to
clai m 10 wherein the driving current generating unit
gener.ates t l se,curren r ,the. total rrent .
Phat o et tBRE Frer Rt s o i (e r2ing
cur remit whipphiesan drbireett feractimairgy thheacisisrdd ig a
supply of .current to, . the actuator. 15 12. The

near ST HER GRVREST $PdGPPEe  A¥kor ding to claim 8
wherein a plurality of power application rates (power
assi st rates) _of the actuator, which have a

iven ,
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131 0 éf&gﬁ%tﬁﬁzoptional control unit and the comand
signal fromthe autononmous control unit so as to neet
t he det er m nedepevkinmssiwetreat . bikgignheé; wear abl e
action-assi st ' ccordi t | ai m 8 erei
when 't he mearggs%%éﬁgﬁegggg'?g?légégs%e%tﬁ%g%ﬁ?%%lﬁg%'ﬂerve
cur rerdngferesagnal fior bpsuppingsa avcareréatmisrular line
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1af t evitib4 weheept edeisetikpedihé nestiviieyeri vi ng current
" generating wunit supplies a current for ariyin tgg%

actuator in a9%aPTcti%ATt RATILRt RETBRBF af o

causing the actuator to generate power according to a
wearer's intention by using the nerve transfer signal and
the myoelectricity signal which are acguired; and
20 generating a current according to the nerve
| transfer gignal and a current according to the

myoelectricity signal, respectively, based on the

generated optional command signal, to supply the
réspective currents to the actuator.
25 '

15. The method cf contrelling the wearable
action-assist device according to claim 14 wherein a total
current of a pulse current which is generated according to
the nerve transfer signal and a current which is generated

30 so as to be substantially proportional to the
- myoelectricity signal is supplied to the actuatox, and
operation of the actuator is caused to start by supplying

the pulse current.




5 14. A nethod of controlling a wearable action-

assi st device which assists or executes an action of a
wear er by substituting for the wearer, wherein an

action  assist tool having an actuator which gives

power to the wearer is attachgg_to the wearer, the

nmet hod conprising 10 the steps~of: detecting a

wearer's biosignal; acquiring, fromthe detected

bi osignal, a nerve transfer signal for operating a
wearer's nmuscul ar line skeletal systemand a :

myoel ectri cit ¥6si fmalmeabodnpancat:-roll ingt bha wesanadrles
nmuscul.ar_line.activity; generati an_optional comman

i griaTe B 2 EAEEI 15 T SHEPRARI o CHBRDr Bt CfSavar  Ahen
accostingntjothe swayler 'of cotesit an hyieuschgatdie neéevpulse
transfer signal, and he oel ectricity, signal which
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t he mersee cukransf@r tSicghakadnclifreitr L enladgeordiang at Dower
the _ myoelectricity signal, respectively, based on the
gene]rjg‘%/ b pER BT A SHRHAIE OfodBuphry Tthfe actuator.
respective currents to the actuator. 25 15. The net hod

of controlling t he wearabl e action-assist device
according to &faiTheldokhederh eentardlingukheiicagpbae
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nerve transfer signal and a current which is generated
30 gwetded fupehelssEpriical| yherowest Pénatleterting a
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1Supptespettiue remndaod pberantttonf theepikseof minimum
action units (phases) 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.

i8. The method of controlling the wearable
action-assist device according to claim 14 wherein, when
25 the wearer operates by reflexes, a current for driving the
actuator in an opposite direction of the operation
concerned for a predetermined time is supplied, and, after
the predetermined time, a current for driving the actuator
ih a direction towards the operation is,sﬁpplied.
30
19. A method of controlling a wearable action-
assist device which assists or executes an action of a

wearer by substituting for the wearer, wherein an action-




5 current or the total current is generated such that
the pulse current or the total current is |larger than
alower limt of current that is capable of driving
the actuator. 17. The nmethod of controlling the
wear abl e 10 acti on-assi st deng%maccording to claim14
wherein the nethod further conprises the steps of:
detecting a physical quantity related to the action
of lhesBanell ngsiidiall NG tAaPhASH O 21lBSkoWICh d D
wearer intends to perform by conparing the physica
quanf§asemjish aghephed b thespesréme tdeandahod comprising
par apgt elis. Qf J@.series of mninum action units
(phases) which constitute a wearer's action pattern
cl assi fi ed asdateasing detweamen! adoidgiowed ;assi st rate
ccording to timte hase based,on_the
?orrespondencégﬁgggi?QM% p%ﬁglﬁ% e %ﬁﬁyér%gﬁ%%ﬁNFO the
si gnattid0 offocheawsineg;t he actuator to generate a
"power according to . the power.assist rate. 18. Th
Mot hod of conEFBFTF S RE WERT At e CORBERGNS S s (Hor

deviemsAceotdengct mtiraicd fdnahetee ipbwewheBeoddiridi@o a
wear er_ operates by reflexes, a current for_ driving the
%H%Pt

s .
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action- assist device which assists or executes an
act | GHasesa vheeh erongfisubst @ tiadneg 'Soact hen visdrtern

whergiR ariagtiomn 28y assi st tool having an actuator

r

whi ch gives power to the wearer is attached to the
Laear er, the ne¢hpehicogperhsaugonaress ceopsand : sdetadctfbng
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related to the
estimated phase;
combining the optiocnal command signal and the
autonomous command signal to form a total command signal;
20 and
generating a total current according to the
total command signal tc supply the total current to the

actuator.

25 | 20. The method cf controlling the wearable
action-assist device according to claim 19 wherein a
plurality of hybrid ratios of the optional command signal
and the autonomous command signal which have a given
correspondence relation with the respective standard

30 parameters of the series of phases are predetermined, a
hybrid ratio is determined based on the correspondence

- relation according to the estimated phase, and the

optional command signal and the autonomous command signal




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

bi osi gnal ; 10 estimating a phase of the wearer's task
by conparing the physical quaghlty wi th each of
respective standard paraneters ‘of a series of n1n|num

action units (phases) mhlch constitute a mearer S

acti on, palhery ¢l a§'§" %F%Stﬁetggtemji?lﬁgeﬁ 430
aut ofioroUS comran causin

gener ate power accordlng to the estlnated phase

combi ni ng the qptipnal co and _ t he
ot onomous. comtandhe iR B oRRrEST U thanHamRbLe
si gnattior2Gsandtgeserad |armg:oazcd1m@ ato atraient o agik@rlin)g when

to the total command sign to supply the total
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cont g@htdMig drhenweasadl @urdeht ofls aféi—létat@avséethat it may
according to claim19 wherein_a urality of hybrid
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aut operpus-HeoapRNg: s+ gnal whi ch have a gi ven
correspondence relation with the respective standard

30 paraneters of the series of phases are
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1Gur restiay cfhehketal our sedkeds geher @io@érsasﬁmﬁ rdatte is
MY determined according to the estimated phase of the task
| based on the correspondence relation, and the opfional
command signal and the autonomous command signal are
combined so as to meet the determined power assist rate.
20 |
23. The method cof controlling the wearable

~ action-assist device according to claim 19 wherein, when

the wearer operates by reflexes, a driving current for

driving the actuator in an opposite directicn of the

25 operation concerned is supplied for a predetermined time,
and after the predetermined time, a driving current for
driving the actuator in a direction towards the operation

is Supplied.

.30 24, A program for causing a computer to execute
the method according to claim 14 for controlling the

wearable action—-assist devicge.




become | arger than a lower limt of a current which
can drive the actuator. 10 22. The net hod of
controlling the wearable action-assist device
according to claim 19 wherein a plurality of power
‘application rates (power assig%agates) of the
actuator, which have a given correspondence relation
with the respective. standard paraneters of the 15
series of phases, pageSiHl edr @Qgsﬂjgo%"‘%ﬁm%ﬁééfttcf %Lz%cute
is determned according to the estimated phase of the
t askth® draddoghacper gy esperdinckd rfgrachohrobhihg Hée
opt i gaalapiconERnd, Signal: and;Lhe autononous command
signal are conbined so as to neet the determ ned
power assist rate. 20 23. The nmethod of controlling
the wearabl e action-assist device according to claim
19 wherein, when the wearer operates by reflexes, a
driving current for driving the actuator in an
opposite direction of the 25 operation concerned is
supplied for a predetermned tinme, and after the
predeterm ned tine, a driving current for driving the
actuator in a direction towards the operation is
supplied. 30 24. A programfor causing a conputer to
execute the nethod according to claim14 for
controlling the wearable action-assist device. -58-
25. A program for causing a conputer to execute the
nmet hod according to claim 19 for controlling the

wear abl e acti on-assi st devi ce.




