-1- DESCRI PTI ON WEARABLE ACTI ON- ASSI ST DEVI CE AND
CONTROL PROGRAM 5 TECHNI CAL FI ELD Thi s i nvention
relates to a wearabl e action- assist device, and nore
particularly to inprovenent of a wearable
action-assist device and its edntrol programin 10
whi ch an action of a wearer is assisted or executed by
substituting for the wearer. BACKGROUND ART | n nany
cases, it is difficult forPREEEIHIYONIS peopl e having
nmuscl e strength decline or physically handi capped
peopl e having | ost nuscle strength to perform an
action or OpeWEHRARABLE BR&TIONNASIEST \DEVECReRFDrCANTROL a
healﬁﬁab son. For this reason, devel opnent of
various ~power assist devices is nowin progress in
6rder to assist 20 or execute action of these people

by %gggiﬁiégLE%E&?r'thenl Anmong t hese power assi st
devi , Fe—a wearabl e action-assist device
(which is al soncalireéntachi es1assd o devkbseIbMieh 1bs-
put on a user (which is also called wearer), for
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detection unit) which detects a nyoelectricity signal 5
18ccoipahi 88 aFtirm afear epaserst AsEi sthflner ssigovitey, by
jOiQ&ﬁﬁﬁgkgtgﬁ$eﬁh§Qﬂeuwéér ich detects an angul ar £
di spl acenent of each joint of the wearer, a 30 drive
source, such as a drive notor, which supplies torque
as &l orce for the wearer, and a contro
uni%ﬂ& D fﬂbn}%ﬁols the drive source. And the
‘power - assi st Imesdrmge cabethi st kindliifSiuntlerfor elderly
1§ev%k£¥5%”£avfﬁﬁ ﬂﬁ%%ﬁ%'%trééﬁth decline or physically

handicapped people having lost muscle strength to perform
an action or operation that can easily be performed by a
healthy person. For this reason, development of various
power assist devices 1s now in progress in order to assist
20  or execute action of these people by substituting for them.
Among these power assist devices, there is a
\ wearable action-assist device {which is also called

action-assist device)} which is put on a user (which is

also called wearer), for example. Typically, the power-
25 assist device of this kind includes a myoelectricity
sensor (biosignal detection unit) which detects a
. myoelectricity signal accompanied with a wearer's muscular
line activity, a joint angle detecticn unit which detects
an angular displacement of each joiht of the wearer, a
30 drive source, such as a drive motor, which supplies torque
as an assisting force for the wearer, and a control unit
which controls the drive source. And the power-assist

device of this kind is under development. For example,




see the non-patent docunent 1 nentioned below. In this
power - assi st device, the control unit controls the
drive notor suitably based on the detection result by
the nyoelectricity sensor and the detection 5 result

by the joint angle detection duat+t. This will enable
the torque conformng to the wearer's intention and
suitable for the current action to be given to the
weari®e tégneenrTatentt dpsuesplect ewnthaned Hislow.
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PROBLEM TO BE SOLVED BY THE INVENTION

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

institution where people who have declined muscle strength




performgait training or physically handi capped
persons performfunctional recovery training, etc. In
such a case, the assunmed physi que of the wearer at
the time of setting of the control systemmay differ
greatly fromthe actual 5 physiBgque of each individual
wearer. For this reason, there is a possibility that
t he setup val ues of the Kkinetics paraneters of the
wearkRarigra gaitifrasignuer art yhquailm@aadw@mped persons
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ef f ehtinga faetors, such as physical condition and clothes.
For this reason, such assertion is not appropriate.

20 | Therefore, the above-mentioned power—assist
device has a problem that sufficient effect cannot be
obtained in some cases, even if various kinds of control
.methods are utilized in order to give the wearer the
torque conforming to the wearer's intention and suitable

25 for the current action.

MEANS FOR SCOLVING THE PROBLEM

According to one aspect of the inventién, there
is provided an improved wearable action-assist device in
30  which the above-mentioned problems are eliminated.
According to one aspect of the invention, there
is provided a wearable action-assist device and its

control program which can demonstrate sufficient effect in



conformty with a control nethod w thout being

i nfl uenced by change factors, such as an individua

di fference and a physical condition of the wearer. In
an enbodi nent of the invention which solves 5 or

reduces one or nore of the abede-nentioned probl ens,
there is provided a wearabl e action-assi st device
conprising: a biosignal detection unit detecting a
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parameters concerned by substituting the estimated drive
20 torque estimated by the drive torgue estimation unit and
the angular displacement detected by the joint angle
detection unit into an equation of motion of an entire
system includihg kinetics parameters intrinsic to the
wearer, wherein the control unit is configured to control
25 the drive source according to a predetermined control
method based on the equation of motion into which the
kinetics parameters.identified by the parameter
identification unit are substituted.
In an embediment of the invention which solves
30 or reduces one or more of the above-mentioned problems,
there is provided a wearable action-assist device
comprising: a biosignal detection unit detecting a

biosignal from a wearer; an action-assist wearing tool



-5- having a drive source supplying a torque acting on
the wearer around each joint of the wearer as an axis
of rotation; and a control unit controlling the drive
source to generate the torque according to the

bi osi gnal detected 5 by the bi®signal detection unit,
the wearabl e action- assist device characterized in
further conprising: a drive torque estimation unit
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adj usting_a gain between a biosignal detected by the

ldentifying kinetics parameter cConcerned by substituting

20 the estimated drive torque estimated by the drive torque
estimation unit, the angular displacement detected by the
joint angle detection unit, and the muscle torque
estimated by the muscle torgue estimation unit into an
equation of motion of an entire system including kinetics

25 parameters intrinsic to the wearer, wherein the control
unit is configured to control the drive source according
to a predetermined control method based on the equation of
motion into which the kinetics parameters identified by
the parameter identification unit are substituted.

30 The above-mentioned wearablelaction—assist
device may be configured to further comprise a calibration
unit adjusting a gain between a biosignal detected by the

biosignal detection unit and a muscle torque or muscle



bi osi gnal detection unit and a nuscle torque or nuscle
force estimated by the nuscle torque estinmation unit,

so that an association between the biosignal and the
muscle torque or nuscle force is in conformty with a
predet erm ned associ ation. 5 Ihe above-nenti oned

wear abl e action-assist device may be configured so

that the biosignal detection wunit is used in a state
V\herfeartdeaeebths&‘agmhlbydéhe@ﬁmﬁwrtidrquésesttimdti@n anskj nso

of t e wearer the det ecti.on uni

Gt SHBtnE R Sheadnd oienel 0L e niELTEN LR ohe puscie
bi os:lcg:tzqazje ofh@;iﬁﬁl@/éolﬂ‘&éti@nﬁd aedbahi ey aeitrol- assi st
devi ce’ C nf| ured.so that the action-assist
weadT5ge %5‘8%“? 64351 GRi st belt, a right |eg

guxi | i ary parthe @B&z@dmaﬁtm&ﬁab@@ ctightasside
part of the waist 15 belt, and a left |eg auxiliary

par t Q¥%F€n@?ﬁgp%kﬁﬂ%ﬁégare@r?ﬁn@?qteresb%ﬁﬁ%ﬂﬂq; gﬁt?ﬁ%lon
wai sinikekt, uadd 826 s@Etthpherd Ak b@@sfﬁﬁ%ﬂ'd@%&cﬁ§éﬁ unit

and the left leg auxiliary part conprisin a first
fraf® SktekdPhg dovimardthe wassert antih%h @tsugérai a
-Sec%cief:rt%ﬁ %%Sf@'&@tegtgﬂ fl%%@ki@ 'tﬁét wearer as
frane,; rame extendin ownvvar m t he

18ec die baaﬁwn@lfourth frame provided at a Iovver end

of the thirdyidang, 80 Lhalod 5ol alya faotof Lhe,

wearer is place I ane; j Oi n
- pr ovdegedebréwesn ccathgueedesmj tfatt hbef acistorfHaaag sangearing

ol O3k S0t NBaRT S buter” “aMATor d HO"Cdagng Part

f r arextandiag dtﬂﬂﬁd’arelnﬁr@tﬁ 4 hel gh rsddefps@:nﬁe oflTh@e waist
bove-nenti arabl e action-assi st ice may be

R et e 188 fefCllanly BeSt Shup il TR

hei ghtompasiéfonsidl phrt SoLGtHe/alaanrt belt haind @faca bE pthe
JOI nt. of the wearer, the first joint _conprises

fi r SHLOBEI V89 sLrIde Ay aRRFF tANh Fhe él?ﬁ/elef%raé’é‘ltléary part

rot @@prising: a first frame extending downward to support
the waist belt; a second frame extending downward from the
20 first frame; a third frame extending downward from the
second frame; a fourth frame provided at a lower end of
the third frame so that a sole of a foot of the wearer is
- placed on the fourth frame; a first joint provided between
a lower end of the first frame and an upper end of the
25 second frame, and a second joint provided between a lower
end of the second frame and an upper end of the third
frame.
The above-mentioned wearable action-assist
device may be configured so that the first joint is
30 disposed in a height position which is equivalent to that
of a hip joint of the wearer, the first joint coﬁprises a
first drive source transmitting a drive force to rotate

the second frame, and a first joint angle detection unit



the second franme, and a first joint angle detection

unit detecting an angul ar displacenent of the hip

joint of the wearer, and the second joint is disposed
in a height position which is equivalent to that of a
knee joint of the wearer, and/+he second joint .
conprises a second drive 5 source transmtting a drive
force to rotate the third frane, and a second joi nt
angldetgetenyion anguil adedeenliangmea afgthehip joint of the
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In an embodiment of the invention which solves
20 or reduces one or more of the above-mentioned prcblems,
there 1s provided a control program which, when executed
by a computer acting as the control unit, causes the
-computer to perform the above-mentioned control method.
In an embodiment of the invention which solves
25 or reduces one or more of the above-mentioned problems,
there is provided a control program which, when executed
by a computer acting as the control unit, causes the

computer to perform the above-mentioned control method.

30 EFFECTS OF THE INVENTION

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

wearer wears the action-assist device, the kinetics



-8- paraneters intrinsic to the wearer concerned are
identified by a paranmeter identification unit. And the
drive source can be controlled by the control unit
based on the equation of notion into which the
identified 5 kinetics paranetegs are substituted. It
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assisting force _
Moreover, according to the embodiments of the

20 invention, the wearable action-assist device further
comprises a calibration unit adjusting a gain between a
biosignal detected by the biosignal detection unit and a
muscle torqué_or muscle force estimated by the muscle
torgque estimation unit, so that an associaticn between the

25 biosignal and the muscle torque cor muscle force is in
conformity with a predetermined association. It is
possible to avoid the occurrence of poor sensitivity or
“oversensitivity due to the detection result received from
the biosignal detection unit. As a result, it is possible

30 to avoid the situation where the identification accuracy
of the kinetics parameters of the wearer falls, and it is

possible to avoid the situation where the assisting force

generated by the drive source becomes tco small or too




generated by the drive source becones too small or too
-9- |large. Mreover, according to the enbodi nents of
the invention, the control unit is configured to
control the drive source according to a contro

nmet hod using the 5 kinetics paganeters identified by
the paraneter identification unit and perform ng at

| east one of gravity conpensation and inertia
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2 1s a perspegctive view of the mear i on-as t
devi ce of thﬁ%jéﬁﬁﬁﬁﬁn%ﬁ?or d T?%§%mqﬁ5§ P?oﬁ?e
si depventihe, sitad eonhest e a@t Ic@ﬁfﬁ@ﬁréd £30 cd@Yir6E the
1S put on the wearer. FIG er spective _vi ew of
1§ he CRaaPaBr E Ch Ao AeE: & HborReloroh e o hant
whenisYhgWesle f k018t ics parameters identified by the parameter
identification unit. It is possible to demonstrate
sufficient effect in conformity with the impedance control
method in which the apparent inertia, the apparent
20 viscosity, etc. of the action-assist device are reduced so

as to realize light operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the
25 composition of a coﬂtrol system of alwearable action-
assist device in an embodiment of the invention.

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

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

the back side, in the state where the action-assist device



the back side, in the state where the action-assi st
device -10- is put on the wearer. FIG 4 is a left
side view of an action-assist wearing tool 18. FIG 5
is a rear elevation of the action-assist 5 wearing
tool 18. FIG 6 is a flowhartifor explaining the
procedure of an action-assist control processing
performed by a control device 100. FIG 7A is a

di agmapushomi tige eaclhreel. emrent of a 10 mat hematical

nodel , which js.a si.de_vie he .l eg of the

12 who wears ffﬁ% a%tjisoﬁ- ggﬁs?“%ﬁeé’ﬁeﬁ’g oot afg;mr’v\ﬁgﬁmt
vi ewedrfingmdodie .de. FIG 7B is a diagram show ng
typically each__elenent of a mathenatical nodel whic

corresponds t0Tfhe ‘58 EGbiStHE weRr 8F 42 QQ%OHSQSSlSt

S a,eglrgggafra)@i]om hg an action with the assisting
force of the drive source 140 and the nuscle force of

the wearer 12FTGhi%HSsRohsovEart Kerr espladminoithet he
dri yeckanars 4 ehn %fctg_eﬁ 5 Ve SMEes1 140 and: it %eﬁggformed

muscCl e torque (Tnm) of the wearer 12 act's as a |
monént a GMIOJFIOGWSB 1L80a di agr am showi ng an action

with the asspgting har Sed9£ fg,ohmcr;sﬁé'&ﬁeeﬂeﬁ%nﬁngf a

the nmuscle force o the vve
1¢ ypmahEma‘em tmcgde 251ighi chh aa@tlslewheaew rof gthendeghef the

| eg w%@rg?m A t)we%r guge?'tgceclo%ln%% JJ.O‘I'. wearFlI G %’é‘ll fB,a

di agram Xpl arnin ar ameter ~cortec
pr oGessi nge\pmifmronedhmhsndéhe wearer 12 wears the
acti on-assi st

for explaini 'ﬁyagggggg‘%ﬁ%gﬁ“mgogﬁlﬁse?yglocglly cadh!
i derilefhbntt oo patenst Dga Peiddylmeiby coPadsmUer to the
15 leg of the wearer 12.
FIG. 8A is a diagram showing an action with the
assisting force of the drive source 140 and the muscle
force of the wearer 12, which shows that the resultant of

the drive torgque (Te) of the drive source 140 and the

20 muscle torque (Tm) of the wearer 12 acts as a joint momént
(AT) .
FIG. 8B is a diagram showing an action with the
~ assisting force of the drive source 140 and the muscle
- force of the wearer 12, which shows typically each torque
25 which acts when rotating the leg up (or front) around the
knee joint.
FIG. %A is a diagram for explalnlng the
parameter correction processing performed when the wearer
12 wears the acticn-assist wearing toocl 18, which is a
30 flowchart for explaining the procedure of parameter
identificatioﬁ processing performed by a parameter
identification unit 160.

FIG. 9B is a diagram for explaining the



identification unit 160. FIG 9B is a diagramfor
explaining the -11- paraneter correction processing
performed when the wearer 12 wears the action-assi st
wearing tool 18, which is a flowhart for expl aining

t he procedure of torque estimmt4on processing in

which the joint torque is 5 estinmated by a joint

torque estimation unit 152. FIG 10A is a diagram

S h owkEmgmexee rddrmeba b odl ap Bo caxfs inkje pé r Atusmesh twhleas ph@ Seearer

e Kkinet. raneters cont ai ni .
par JAeEPES U ZETRE £ FEto P e g aPPob i hg dparinghets =
| defllobbatt o Peapesshingy MY phod@dshoVst ttlaﬁque
convergenc attern of npment, of jnertja. OB is

a difg WIRGEER pRY | TeittHIcha4Pg IOt ﬁé’rﬂ“"ﬁn§?ent

$eS@@H&ﬁa@édﬂﬁﬁakhBthC§o£§kﬂ@%&@ﬁ§t1§@ﬂhﬁkﬂHBQ the
unknown par anet er éPu) at the tine of performng

paranet er i defiG-f ilO8t 82 pRESET RGOWIHRY FFPP3iBRBRAL data
t he ;@OPNETGENES pat LEEPHoe 10 [tﬁlé' k¥né@i@&3ar§fn@teﬂ@c

is a diagram show ng experinmental data of
t r agsnearnIEs gdigs enshowh eoddiaretiess (Bar aﬁ‘i;ettéles tlme of

CO”F@&%H&L&@?&%@%@ dP@é 185§ BH) Pécetgé% g "ﬁg?&h
per form ng anet entification ocess n
120 shows thwe cmweeggzemequmetr@r pfomoraemtoeﬁf iloeenia of

viscosity. FI 11.is ram show
experlnentallgiesépb a% &K% g ¢on ucpp§ém§ﬂtal data

| deoﬁltheaﬂransleeXpeespmnﬁelﬂfdehethfne%mns1pamdméteﬂs

f h f t ed B, C th
wpaFERETRTe Ao SRTAS RPUROATS (B 1) (e RErt ol

dat per6bringyanphetef idwntidaebilbsabiaeRaey] awlidy
i ara ter identification processing of this
W%h? € QH%VEHQ§ﬁEﬁwPQWﬁ§ﬁndQEt?f?%%i%Fﬁwm&EEHFacy

of t|1€ nUnEntFEﬁ 3@C'ﬂ§r5|dhé§}ahh§hbw£h¢(Eﬁﬂérlmental data
accgnpggéengg;f;n%hgegggnse of the kinetics parameters
contalnlng the unknown parameter (Pu) at the time of
performing parameter identification processing, which
20 shows the convergence pattern of a coefficient of
viscosity.

FIG. 11 is a diagram showing the experimental
result at the time of conducting an identification
experiment under the same conditions for each of the

25 tested persons A, B, and C as the wearer 12.

FIG. 12A is a diagram showing experimental data
of an example of the identification accuracy by the
parameter identification processing of this embodiment,
which shows the identification accuracy of the moment of

30 inertia of the hip joint accompanied with the walk
operation.

FIG. 12B is a diagram showing experimental data

of an example of the identification accuracy by the




operation. FIG 12B is a di agram show ng experi nment al
data of an exanple of the identification accuracy by
the -12- paraneter identification processing of this
enbodi nent, which shows the identification accuracy

of the noment of inertia of the-knee joint
acconpanied with the walk operation. 5 FIG 13 is a
flomchart for explaining the procedure of calibration
pr ofegsmAgewnidsntisipet ton macbdepsiag cef | Hrist icowodhinent,
158wh|::L|c§? sty lthe? 19%}@"9{%#1%\94 g%cérg & ¢ tm@ﬂ € or
change w thout confrol (wthout an assisting torce).

10 En@rtidpof sthe dinegr avisthasaugpraniydeladt rthei tylk
cha i.t hout control (w thout an assisting force).

FI G%%%i\édﬁ%l%?na di agram showi ng a strain gage out put
Bhange wi t hourTG.ont3r ak Wt ldvatHaran fasseésplatginar ¢ad.

FIG__15A.is a diagram showi ng a knee j.ojnt. angle_ 15
ChaRgEoRHLTE (e CHISPEPENG MOREB Sy 8 KD damEpofored by
Fl Ga t5BibsaticdH agram show ng a nmyoel ectricity change
wth the assisti n%ﬁfotce by the PD control. FIG, 15C

i s a di agramSHow't§ &5str&iargayehositput eIvangeinrtangle
t he casabstiNhdd e8nb¥ol harRBRRNERO 51 AR @oré@ﬁ IS

a diagram showi ng a knee joint angle change with the

1@ssi sting forlé& -byl4Bhés Pb Eeiraadl shoviimy | mioepeghntelty

conthghge RhGnckaBcbit Aot AgHaM.Shoi - .
nmyoel ec (rai city cﬁgnggogvi ?’%t e%agsi 2%%91:1{1& (]:Sgrg?/) t he
PD control + HifbrildC 28 & npiertznaoe sbovinwla sErG@inlg@ies

acBUERT, ST 9L OB (VP SLAR MY sorce
i npedance corEI®l 15301HESCHRT=ONsDEWwNGT ATIKONS joint angle
15 .change with the assisting force by the PD control.
FIG. 15B is a diagram showing a mycelectricity
change with the assisting force by the PD control.
FIG. 15C is a diagram showing a strain gage
output change with the assisting force by the PD control.
20 FIG. 16A is a diagram showing a knee joint angle
change with the assisting force by the PD control + hybrid
impedance control.
FIG. 16B is a diagram showing a mycelectricity
change with the assisting force by the PD control + hybrid
25 impedance control. '
FIG. 16C is a diagram showing a strain gage
output change with the assisting force by the PD control +

hybrid impedance control.

30 DESCRIPTION OF NOTATIONS

10 action-assist device
12 wearer

20 right thigh drive motor




10 action-assist device 12 wearer 20 right thigh
drive notor -13- 22 left thigh drive notor 24 right
knee drive notor 26 left knee drive notor 30 wai st
belt 5 32, 34 batteries 36 control back 38a, 38b,

40a, 40b, 42a, 42b, 44a, 44b nAywelectricity sensors
45, 46 force sensors 10 50a, 50b, 52a, 52b reaction
force sensors 54 right leg auxiliary part 55 left |eg
auxidd adgfpathigheifivesnofeane 58 second franme 15 60

thiﬁ%

second |

f

I 2 fourth frapme 64 first joint 66
2 Sl Wi B

%rangle sensors 20 78 first

f ast2ni ngfbekhe8irsiweondtdast eni ng belt 84 heel
receptacl e 100 control device 140 drive source

25

rt
ﬁSFﬁEaB%EFe detection unit 144 biosi gnal

get eA,i ga upsttdAeg el ative force detection unit 150
drive torque estimation unit 152 joint torque

est itfat CORTHRAT tPack
38a, 38b, 40a, 40b, 42a, 42b, 44a, 44b myoelectricity

10

15

20

25

30

SEnsors

45,

50a,

54
55
56
58
60
62
64
66
70,
78
80
84
100
140
142

144

146
150
152
153
154
156
158

46 force sensors
50b, 52a, 52b reaction force sensors
right leg auxiliary part
left leg auxiliary part
first frame
second irame
third frame
fourth frame
first joint
second joint
72, 74, 76 angle sensors
first fastening belt
second fastening belt
heel receptacle part
control device
drive source
joint angle detection unit
biocsignal detection unit
relative force detection unit
drive torque estimation unit
joint torque estimation unit
muscle torque estimation unit
data input unit
data storing unit

calibration unit




30 153 nuscle torque estimation unit 154 data input
unit 156 data storing unit 158 calibration unit -14-
160 paraneter identification unit 162 data out put
unit 200 control unit 5 BEST MODE FOR CARRYI NG QUT THE
| NVENTI ON A description will nb#+be given of

enbodi nents of the invention with reference to the
acconmpanyi ng draw ngs. EMBODI MENTS 10 FIG 1 shows
t he ld®nppsiranerenfidentohicatigysimém of a wearabl e
act i.on- agsi st vi.ce_i.n an enbodi nent of the
invé%?io§§£§§js 3§h%?ﬁgFlG. 1, the wearable

act ia9f- assnstol devitce 10 i ncludes a drive source 140
whi ch supplies an 15 assisting force to a the wearer
12, a joint angle detection unit 142 which detects an
AngHEST NOBP! Bore rRRY INGodUR aRHE jI@ivRNTODON t he wear er

12, a biosignal /detection It I44 which detects a
nyoel ectri ci t§ EHYTAPTELBRoEH ghdl9 PRCELVER iy BPOAements
nusgdfe ther egvasnaimiednbycthasmrarer tA2, addmRdyang
relative force detection unit 146 which detects a
rel &PVa&NP8rce (4F) acting on the action-assist device
10. gmBbSMASBE Sting force is to create the torque
act rmg-om the wearer around each joint of an
1@cti on- assi stFIGwedr ishgweoblhe I®@msiositiipn ¢f G @nindl system
F.l GO.f?’a( @QéHf* eerétcttign—grgifﬂc Iﬁe%fﬁcgnfﬁ &0 'é?r{b%cﬁﬁxgn@ of the
hip joint of the wearer as the axis of rotation.
The iagshsiomg force may al so be nentioned as
assisting torgue, The.relLative force detection.unit_ .
146 detects 't éﬂF@Pa%Fvgﬁ$bf§et igﬁaf§§%%f§£%PﬁeaSSlSt
rel @emiekyl0 includes a drive source 140 which supplies an

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

force generated by the wearer 12).



30 depending on the relation between the forces acting
on the frane of the action-assist wearing tool 18
(i.e., the force generated by the drive source 140

and the nuscle force generated by the wearer 12).

-15- The action-assi st device-1®-further includes a
control device 100 which carries out drive control of
the drive source 140 through a power anplification

unit 141. ThBheattrioh-devise dE3GcentD uflestreedingdudes a
tor [ ion uni.t 150, a joint torgue

ot G Eah CaicHap0 Bhted Far st ik S EarsRobnpt he
153 dravdasaurep Utd0unthtoldd, a pol@traamsl bf iaxg ilemi Lnlb6]141.

a calibratjon upit 15 a, paraneter _identification .
ot eneogBhtEe et ape “uBe i St Cansn £ SRRt ion
362.uni® The, di idArntorguguesddiibdaitebnuanic 15X, est huBtesS

a drive torque Te whic¢ch is generated by the drive
sourtééqfﬁo‘?sglﬁ%ﬁtlé’%aﬁﬁ%,l tre dfpte torgueredt ilndei drdata

uni tstb29ngBYnits & 5%, dai ¥81 1IF AU e Shi FRt s®N ATRfhafet 8y
which a current value supplied to the drive source

140 idgnget teatelpn apdt1E6@sta mantsrlornithe2 Qi vadt ar driea
(Telukrsuperfor e by nultiplying the detected current
val ue by a given torque constant intrinsic to the

1@rive source B0 driye Forage tasrtduetésniwutt dblusistingtes a

- esti S jOi-nt ue. (AT isng.,0 wear

oot AR e T whIEA En (S ATEy Ol WA Bedé 100,
t he Fiog| akinelid,orthe dEAFe detect edthbyathen nelidt %6 may use
force ction unit.146, Th scl e torque
ot EnabEes toribd st udtPion SEUBE S P T eoprany vatve
geneuppeiedytd henmdsdlie founoe G0t he dswearterd,12ndbased

180 LS JLbVS, LU Qe (1eY SSULIELSHbY, Lhe 25 drt e,
est mmatedl Ping e debbcted quaresti FRILOHWR IgildR torgue
(refer to FIG 8A). The data .input unit_ 154 provides
an Fﬁﬁﬁ?ant intrinsic to the drive source 140.
The joint torque estimation unit 152 estimates a
joint torque (AT) acting on the wearer 12 around each
20  joint of the wearer 12, according to the relative force
'(AF) detected by the relative force detection unit 146.
The muscle torgque estimation unit 153 estimates
a muscle torque (ATm} generated by the muscle force of the
wearer 12, based on the drive torque (Te) estimated by the
25 drive torque estimation unit 150 and the joint torque (AT)
' estimated by the joint torque estimation unit 152 (refer
to FIG. 8A).
The data input unit 154 provides an input
interface of the detected data from the detection units
30 and the estimated data from the estimation units in the
action-assist device 10. The data needed for performing
various operation processing in the control device 100 are

stored in the data storing unit 156. The calibration unit




interface of the detected data fromthe detection
units 30 and the estimated data fromthe estinmation
units in the action-assist device 10. The data needed
for performng various operation processing in the
control device 100 are storedlén the data storing
unit 156. The calibration unit -16- 158 reads, from
the data input unit 154, the detected nyoelectricity
( EMI58amdadhe %smimaEedah@sbunﬂfun¢e ¥, trendeteatisda

predet erm ned t,i A he dat.a ston
unigg?%g?cgﬁﬂxﬁﬁé(gﬁ f%%§ﬁh|%8%%%§ QPSCle fa Ee R
gai rnbeteeés aipxemetermﬁmbdnsﬂﬂt&ngrgaimy(GHyjﬂrbm the data

t t d | f th t t b t
b Shot o T g ot facthe B iBRa RS0 S ! 3Bs0EhIREL -

Bus @jagé nf betwed the Idété@t@cﬂ)ﬁﬁﬂfemebyr!\ti’&y thel f’o:ﬁtat éﬁglmated
gai ter |dent|flcat|on unit 160 is

Th
prO\?‘i“‘%GEetg ot ek @ FRAPGAOBT PHBIG SN O Qetected

tar ggle18y st £MGN (RE) Oﬁﬁcﬁaiﬂé)'és%mﬁhf@@fﬁﬁfﬂcﬂeh%%é by )
using the notion equatlon data (M) and the known

par et Br CoPQrMitwh e Rhwire 88 tiwat Beled(Gsdt-er) read
fromthe datangt QiAger 4RI 1adn6.£1A06: Lhe,Par anet ¢k

~_identification unit 160 is 15 provided to enable
lgyubprevidedntofconss ibgte mn afivgitiive of grafuien( Pé) 2 taeget

est 's%tcgﬂ M'{H%tggggg@lgﬂgml%%gg 4tﬂ1é’féitn %tn}ghgl&&)the

recerved fromt ata 1 nput uni
equapm@nnoéquﬁﬂuoandebﬂcéMrkxhndTmeephm@wmnparameter (Pk)

i de f| ation.unit 160 i rOVId d 1o identi
kingkhcsﬁpafghéfép§n%ﬁﬁne% fgﬁ%% Eeaone unk%bmn %% ??Prlng
equanionlé. rnﬂndamheopafmmﬁxbr ylens ibsda i ngithee0 is

ta f t t t .154 t
157" Seprofta it ebae B et dn e bl daigrodd affve
gr eabetudel®e), ltakeest 2baddte @ARLr 0brgind t (/200 kAd the

provided to read the control  nethod data C)% (whi ch
wi | DOBBE derEke Heldl) belasmfi vedr SROR Heha Sek as LBPhginid (54,

156 inaBdt k& atni8 o8SbEmd€thn concerned.

The parameter identification unit 160 is

20 provided to identify the kinetics parameters (which will
become unknown in the equation of motion concerned) by
substituting the data from the data input unit 154 into
the equation of motion concerned. This will be described
in greater detail later.

25 | The control unit 200 is provided to read the
control method data (Ci) (which will be described below)
from the data storing unit 156, and read the estimated
drive torque (Te), the estimated joint torque (AT) and the
joint angle (6) from the data input unit 154. Moreover,

30 the control unit 200 is provided to read the identified
parameters (Pi) from the parameter identification unit 160,
and read the corrected myocelectricity (EMG') from the

calibration unit 158.




drive torque (Te), the estimated joint torque (AT) and
the joint angle (0) fromthe data input unit 154.

Mor eover, 30 the control unit 200 is provided to read

the identified paraneters (Pi) fromthe paraneter
identification unit 160, and-fgad the corrected

myoel ectricity (EM5) fromthe calibration unit 158.

-17- The control unit 200 is provided to constitute a

pr edet er m nedTh®nddralroieahani 300 Qs @hevoﬂedaﬁd(mmnstltute a

environnent the $elqﬁﬁy usi t he con%é nmet hod dat a
(G PTEOpRErBLIREY FOPE BBEIYLEE iIFutES PRSP mat ed
dri weva roafhghie m’eeaemt bg esihdgraiRd doak Pb1 LS 1HER (jéﬁ
t he j oint e identified parameters (Pi)

o M SOBBEPRCTAT APO6FBRES TSP (ERREY T Ga RELvE

gbo @t i(eapd tf@réts&%aﬁﬁé@%&mtﬁaué hgmr B ¢eRt Keint
si gnal mhlc is provided to controal drive
souranglmcﬁ 8dan the bdepuiftied peraveténs d&tia eundptite unit

%6§<%?g?e%t@ﬁlﬁ 551é@%§€%&@§d (s 79" %ﬁbeﬁhgegﬁﬁdenghﬁﬂoned

ata out p unit 1 erves as an out
i nt edngeelwhechaoifpuss thet comargirodi gh@haJUﬁJrr ebéichetls

fro ntro c
e BB lodthch, U0, 8rd IO B R e
1ﬂhe tdr ithe dabwrcmﬂ:pMOuaa:tolﬁﬁ ng Tha st kel .t ams rcmlsmgadl in
recelved n1the data out put unit 162. The
calﬁﬁ?gtlgn un| f§§ “the parameter identification

unit 160 and Tihe dzort bakpliti in20Q 62s se2fe e ionedtput

above may be i ded on a CPU raI roceSS|n )
or TR ads B CORel s TR oL S (Bpgectived

col |feek \taéycormﬁmaw&tza@@,ort@ftriéﬂpod@yl@r@ala__rchatlon unit
reductlon of t he gggsonent parts wll _ be realized.
1B G143 - sThe peife Py TiTRW Gt WHE Wéhr@bleespdhe drive

act iQAnassi st Hederngl tbhise %Hiﬁdﬂo&egignémem He@Weded
from the front side, in the state wherée t

act ifgemasbesgata output unit 162.
The calibration unit 158, the parameter

identification unit 160 and the control unit 200 as
20 . mentioned above may be provided on a CPU (central
processing unit). If they are constituted on a single CPU
collectively, miniaturization of the device and reduction
of the component parts will be realized.
FIG. 2 is a perspective view of the wearable
25 action-assist device of this embodiment, when viewed from
the front side, in the state where the action-assist
device is put on the wearer. FIG. 3 is a perspective view
of the wearable action-assist device of this embodiment,
when viewed from the back side, in the state where the
30 action—assist device is put on the wearer.
As shown in FIG. 2 and FIG. 3, the action-assist
device 10 is designed to assist a walking action of a

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




device is put on the wearer. FIG 3 is a perspective
view of the wearable action-assist device of this
enbodi nent, when viewed fromthe back side, in the
state where the 30 action-assist device is put on the
wearer. As shown in FIG 2 and §£1G 3, the
action-assist device 10 is designed to assist a
wal ki ng action of a wearer who nay be a |eg-notion

di sahlred REE oM RAYERY Acciddi dHel EbCthd Vidds drWRbcle
action due to the loss of nuscle strength of skeletal

nus sitaength sohathedptahhpussladi fori éuP@tlQI@T— WAtk 1pydifficult
hi myel &a?ﬁdti_:ﬁ%frrgelﬁf 51‘?835’ H&g&' ?8n Aﬁ' Bg 3
S vV ed

oper at I on. i's action-assist device prOV|
to deil&dhgacheosiignal ’Chmf@cttaomyaebe@t rdemltqe) 10 is

cconpani,e +2 nuscl e forc r
a §’gnapearonf%%ec§ra %105 Eﬁhgggg%gégqgggﬁgc EEQI%@
10 amotnpahsecﬁ hei tir Bvausole ciorbé g(enemmds aniwdmng nte a
an elec nDtI%h rive nDt ase

e

% t he a
det 58988 Yo atthet ﬁé" r Srsﬁss b’ﬁ’;F?e%l
V\/Itlmoﬁlﬁroﬂgsth?élcﬁgvfeol%@ﬁr@é 14te (dhi YRisosieelinent, an
Therefore, the action-assi st deV|c 10 i wﬂﬁﬁ

di f CePEREOPPoHTR EdVEaFPPEer ﬁrsayé& ab&S¢ pﬁ%’ ofietected
19hi ¢ oS gnRI OVdSlag a0t RE  f&dFB A 16ORBPb Eledivded aant rol

of a robot 15 hand based on the data I nput t ed

bef GeehaRang Theragc tifohbe @851 P&¥Fee 10 is called a

robot suit 0rTﬁbﬂE¥M%%edtﬁé'éctldﬂiaggﬁsﬂﬁéééﬁbél%0“@9 quite
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supplied with an assisting force of the action-assist
20 device 10 which is produced according to the bicsignal at
- that occasion, and can walk according to the resultant of
the assisting force concerned and his own muscle force.
For example, if the assisting force is equivalent to half
of the resultant concerned, it enables the wearer 12 to
25 operate with the half of the necessary muscle force.
Next, the composition of the action-assist
device 10 of this embodiment will be explained.
| BAs shown in FIG. 2 and FIG. 3, the action-assist
device 10 includes the action-assist wearing tool 18 which
30 is attached to the wearer 12, and the drive source 140 is
- provided in the action-assist wearing tool 18.
Specifically, the action-assist wearing tool 18 includes a

right thigh drive motor 20 located at the right hip joint




Next, the conposition of the action-assist device 10
of this enbodinent will be explained. As shown in FIG
2 and FIG 3, the action-assist device 10 includes
the action-assist wearing tool 18 which 30 is
attached to the wearer 12, andjghe drive source 140 is
provided in the action-assist wearing tool 18.
Specifically, the action-assist wearing tool 18
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In a contreol back 36 which is put on the back of
20 the wearer 12, the control equipment, including the power
amplification unit 141, the control device 100, and the
power supply circuit (not shown), is accommodated. The
lower part of the control back 36 is supported by the
waist belt 30, and it is provided so that the weight of
25 the control back 36 may not become a burden of the wearer
12.

Moreover, the action-assist device 10 includes
myoelectricity senscors 38a and 38b which detect a
mycelectricity (EMGhip) accompanied with a motion of the

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

myoelectricity sensors 42a and 42b which detect a




25 the control back 36 may not becone a burden of the
wearer 12. Moreover, the action-assist device 10

i ncludes nmyoelectricity sensors 38a and 38b which
detect a nyoelectricity (EMchi p) acconpanied with a
notion of the 30 right thigh aofpthe wearer 12,

myoel ectricity sensors 40a and 40b which detect a
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transmtter is emtted to the surface of the nuscles
whi ch The principle that the action-assist device 10
in which these mycelectricity senscrs are provided
supplies the wearer 12 with an assisting force in
20 conformity with the optional intention of the wearer 12
. will be described.

In a human body, the acetylcholine of a synaptic
transmitter is emitted to the surface of the muscles which
form the skeletal muscle, by the instructions from the

25 brain. BAs a result, the ion permeability.of fhe muscular
fiber film changes, and the action potential (EMG: Electro
MyoGram Myoelectricity) occurs. And with the action
potential, contraction of the muscular fiber occurs and a
muscle force is generated. Therefore, by detecting the

30 mycelectricity of the skeletal muscle, estimating a muscle
force produced in the case of a walk action is possible,
and determining an assisting force required for the walk

action from a virtual torque based on the estimated muscle




formthe skeletal nuscle, by the instructions fromthe
25 brain. As aresult, the ion perneability of the
muscul ar fiber film changes, and the action potentia
(EMSG Electro MoG am Myoel ectricity) occurs. And

W th the action potential, copfraction of the
muscul ar fiber occurs and a nuscle force is
generated. Therefore, by detecting the 30
nyoeleetr gl pysHifbithe skel etal nuscle, estimating a
nmuscle force produced in the case of a walk action is
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the quadriceps fenoris which elongates the knee, 15
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surface mycelectricity of the iliopsocas muscle and can

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

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

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

The myoelectricity sensors 42a and 44a are stuck
on the front parts above the knees of the wearer 12. Each
sensor can detect the surface myoeleciricity of the

30 quadriceps femoris and can measure the myocelectricity
according to the muscle force to put forward the lower
part of the knee.

The myocelectricity sensors 42b and 44b are stuck



on the hip parts of the wearer 12. Each sensor can
detect the surface nyoelectricity of the gl uteus
maxi mus and can 25 measure the nyoelectricity
according to the nuscle force, when the wearer goes
up the stairs or kicks back. The nyoel ectricity
sensors 42a and 44a are stuck on the front parts
above the knees of the wearer 12. Each sensor can
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i ncludes a force sensor 45 which detects the torque
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torque acting around the knee jOlnt of the wearer 12.

20 These sensors are equivalent to the relative force
detection unit 146 mentioned above. For example, each of
the force sensors 45 and 46 includes a strain gage which
detects a distortion according to the applied force and
outputs an electric signal proportional to the magnitude

25 of the distortion. The force sensors 45 and 46 are
disposed at the right leg part and the left leg part of
the action-assist wearing tocl 18.

Specifically, the force sensor 45 is dispbsed in
the position of the second frame 58, corresponding to the

30 thigh part of the wearer 12, which is subjected to
distortion due to the bending by the drive torque of the
drive motors 20 and 22. The force sensor 46 is disposed

in the position of the third frame 60, corresponding to




the force sensors 45 and 46 includes a strain gage
which detects a distortion according to the applied
force and outputs an electric signal proportional to
t he magnitude 25 of the distortion. The force sensors
45 and 46 are disposed at thesnight leg part and the
left leg part of the action-assist wearing tool 18.
Specifically, the force sensor 45 is disposed in the
posidheomnet pher secahd heaner 58, coreasponsibigdtedt be

30 thigh part of the rer 12, which i.s,subjected to

o st rE bt s MRS A b P RESGRETES e BF the
t he drdkievachBtors, 2Rdand. 22. The force sensor 46 is

di sposed in the position of the third frame 60,
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of the left leg. For exanple, each of the Teaction
f or ¢d 200 eRBRr 5042950819 5Fhe &irdcb2pni FeFeriesngor S2Zb

Pi ez0gLeekr L Creaction force to the load on the back side of
the left leg. For example, each of the reaction force
20 sensors 50a, 50b, 52a and 52b includes a piezoelectric
element which outputs a voltage according to the applied
load. With the reaction force senscrs, it is possible to
detect a load change accompanied with a weight shift, and-
detect whether the leg of the wearer 12 is in contact with
25  the ground.
Next, the composition of the action-assist
wearing tool 18 will be explained with reference to FIG. 4
and 5. _
FIG. 4 is a left side view of the action-assist
30 wearing tool 18. FIG. 5 is a rear elevation of the
action-assist wearing tool 18.
As shown in FIG. 4 and FIG. 5, the action—assist

wearing tool 18 includes the waist belt 30 which is put on




el ement which outputs a voltage according to the
applied load. Wth the reaction force sensors, it i
possible to detect a | oad change acconpani ed with a
wei ght shift, and detect whether the | eg of the
wearer 12 is in contact vvith_22_the ground. Next, the
conposition of the action-assi’s wearing tool 18 wl|

be explained with reference to FIG 4 and 5. FIG 4
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A first joint 64 having a bearing structure is

S

provided between the lower end of the first frame 56 and
the second frame 58, so that the first frame 56 and the

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

25 58 is secured to the rotatable side of the first -joint 64.
_ _ A second joint 66 having a bearing structure is-
provided between the lower end of the second frame 58 and
the third frame 60, so that the second frame 58 and the
third frame 60 are connected together to be mutually

30 rotatable. The second joint 66 is disposed in a height
position which is equivalent to that of the knee joint of
the wearer. The second frame 58 is secured to the fixed

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




20 second frame 58 are connected together to be
mutually rotatable. The first joint 64 is disposed in
a height position which is equivalent to that of the
hip joint of the wearer. The first frame 56 is
secured to the fixed support_sdde of the first joint
64, and the second frame 25 58 Is secured to the
rotatable side of the first joint 64. A second joint
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20 At the first joint 64 and the second joint 66,
the rotation shafts of the drive motors 20, 22, 24 and 26
transmit the drive torque to the second frame 58 and the
third frame 60 via the engaging gears, so that the second
‘frame 58 and the third frame 60 are supplied with the

25 drive torque.

‘ Moreover, the drive motors 20, 22, 24 and 26
include have angle sensors 70, 72, 74 and 76 each of which
detects a joint angle. Each of these angle sensors is
equivalent to the joint angle detection unit 142 mentioned

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

first joint €4 and the second joint 66 and output an




wal ks. 20 At the first joint 64 and the second joint
66, the rotation shafts of the drive notors 20, 22,
24 and 26 transmit the drive torque to the second
frane 58 and the third frame 60 via the engagi ng
gears, so that the second fraw 58 and the third
frame 60 are supplied with the 25 drive torque.
Moreover, the drive notors 20, 22, 24 and 26 include
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t he tsecaohtlgh r@freche wearer 12 is attached to the second frame
58. A second fastening belt 80 which is fastened to the
part under the knee of the wearer 12 is attached to the

20 third frame 60. Therefore, the drive torgque generated by
the drive motors 20, 22, 24 and 26 are transmitted to the
second frame 58 and the third frame 60 via the gears, and
it is further transmitted to each leg of the wearer 12 as
the assisting force via the first fastening belt 78 and

25 the second fastening belt 80.

The fourth frame 62 is connected to the lower
end of the third frame 60 via a shaft 82 in a rotatable
manner. A heel receptacle part 84 in which the heel part
of the sole of the foot of the wearer 12 is laid is

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

mechanism, sc that the length may be adjusted to an




58. A second fastening belt 80 which is fastened to
the part under the knee of the wearer 12 is attached
to the 20 third franme 60. Therefore, the drive torque
generated by the drive notors 20, 22, 24 and 26 are
transmtted to the second frae 58 and the third
frame 60 via the gears, and it is further transmtted
to each leg of the wearer 12 as the assisting force

Viaa&ﬁ@t&hf§tlééyﬂﬁeﬁhngoﬁfﬁﬁmiﬁ§ andn 2% the@ecendthe leg
fastening belt 80. The fourth frane 62 is connected to
t he dfohf weREEHfl2t Ry vHing Theaserey Reehapisaft 82 in

a rotatabl e e theNepind LoDt 86! 6o PAA & 8 made of
whi ch the heel part ﬁ? tﬁe sol’e "of thepfoot oflthlga ©°

wearemelali sespaatiivelgo provildeg Aranee ¢taywenppadtothe
he h_ Er nd_ t I t - Se d

Prane bt ook O riteofie L At Brfiidds 3P B hatst
di r éeflitod0} stiesljassttabllebiyk 3G cred thechaniemassast hat
the | ength adj.usted tqQ an -27- arbitrary.length,
i srrart: P N B e PoiRbar S 4 YekatEnBd s
wearebvldeysaisimg the sergw nEekandsny tEechafichhessist
frames 56, 58 60, and 64 is nude a net al

o NReET I oo b+ RE¥OAPT e CPab e IR e 25
1vei ghtegbitbelhat ki 86t 32 ajidredd tBr ONé GRshidt tihe

wai st belt 30, the control back 36, and the
acti on- assi st Newar ith§ PERFedre R&nePyasshzh control

act iQB-assisd WewrCe s1fetforml@Wydete S€odtiadl WReice 100
wei ght, including the action-assist wearing tool —
may WRen &Be Weridie lhedpars Ehamdore-BRekyiark Actagrnassist

not ke ghyef,t0 té”%n\ﬁegéf-‘foﬂr?s a Nggk, atdeopragedyee of

an assi st contro processi ng which is perforned by
1% he epitined deMilc ecfefenegderp tEHH&-wearer 12 wears the

coove: ent oo EHCRHSERSle YBR Batocks Maoceaune
r ef ehencentooFldavige AB0shoywides BELGstép fiporihst gpinbf
thea%%?%gdyéﬁhee, Bhip) detected by the angle sensors 70, 72,
74, and 76, which are eguivalent to the joint angle
20 detection unit 142. _
' Progressing to step $12, the control device 100
acquires the mycelectricity signals (EMGknee, EMGhip)
detected by the myoelectricity sensors 38a, 38b, 40a, 40b,
42a, 42b, 44a and 44b, which are equivalent to the
25 'biosignal detection unit 144.

Progressing to step 513, the control device 100
compares the joint angles (Oknee, Ship) and the
myoelectricity signals (EMGknee, EMGhip), acquired in the
steps S11 and S12, with the reference parameters from a

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

At the following step 3814, the control device




the control device 100 acquires at step Sl the joint
angl es (eknee, ehip) detected by the angle sensors 70,
72, 74, and 76, which are equivalent to the joint
angl e 20 detection unit 142. Progressing to step 512,
the control device 100 acquirgs the nyoelectricity
signal s (EMcknee, EMGhip) detected by the-

nmyoel ectricity sensors 38a, 38b, 40a, 40b, 42a, 42b,

44a 1qyd sd4bet W hmphRdeaMalent (o) thel 25 Jijaskgnal
detection unit 144. Progressi. ﬁ%@to step 513, the

contacsrdénd ceo 196 P@éﬁﬁa?%%cjt g éPn‘Eh%n’ijqeéé Seéknee,
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by the joint angl e detection unit and t
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uni tOredaternEngd| jo3wragCst ék}ﬂr@ﬁéwitih eaaqi f¥erieh cetamvped
cal chlated [RetherhRavesShti: S 13 sCoARArat Wdhkrance.

predeterm ned tol erance (threshold) and it is
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actlon of the wearer 12 corresponds to the action of the
wearer 12. It is judgéd that the drive torgue from the
drive motors 20, 22, 24 and 26 equivalent to the drive
20 source 140 can be given to the leg of the wearer 12 as the
assisting force. '
Therefore, when the difference AEMG is less than
the tolerance at step 816, a command signal is transmitted
to the motor driver (not shown) equivalent to the power
25 amplification unit 141 (S17). Thereby, the drive motors
20, 22, 24 and 26 which are equivalent to the drive source
140 generate the drive torque based on the joint angles
(@ knee, @hip) and the myocelectricity signals (EMGknee,
EMGhip) acquired from the wearer 12. This drive torque
30 is transmitted to the leg of the wearer 12 as the
assisting force via the second frame 58, the third frame
60, the first fastening belt 78 and the second fastening
 belt 80.




tol erance at step S16, the myoelectricity to the joint
action of the wearer 12 corresponds to the action of
the wearer 12. It is judged that the drive torque
fromthe drive notors 20, 22, 24 and 26 equivalent to
the drive 20 source 140 can bey,given to the leg of the
wearer 12 as the assisting force. Therefore, when the
difference AEMG is less than the tolerance at step

S16,  a conmmanghst @Rl di s réransdifpiedextfedd e H®tOlerance
driver (not shown) equivalent to the power, 25

anplatf iscapi $he uriitte Tyeel satmicitetepyhe (1fingr @ggion of the
MOt QfSi re201 2 280e L AN 020 YL +3r n8aM-VAL e tBet PEarer

drive source 140 generate the drive torque based on
t he 1j20i nftahgl Belqedl khat, tiohig)ivanoraee Mol dber dELYy

i gnal Ebpknee, - ENEN eaui red A8y WRALEE ot
?2. t|%§:gdr| Ve 'or2q4uggasg%i S trélr?gmc{)%g%éo the leg of o
-t he whdahethéd 2wemrdrthd Zagstshdng o pecéovina t he second

frame 58, the third fra 6 t first f i

‘belt 78 and tﬂ%e%ee ond f’rggg?eﬁ?% l%t])fg Fgéﬁ.@%%%gﬁs the

t he wdillfreneacer AEMp eXéeetise tdtmrigel praneesiatg stfeph816ain P
the nyoelectricity to t joint action of t wear er

15 O BERECTR (L 5OrE DA%t e EReNlon bt ST idar &

182. ddrrkstbadgeth that phe driveAmcgerchs oM theadeiuveted,

5 notors 20, 22, 24 and 26 does not correﬁfond to'tTe

mot 1296 ThAI 8RR He Vesterdsd taddrusorsepesd gian P! (< B).

Therefore, whgnytdre Gickf et encenfManaxaesdsnd hecontrol
tol erance at step S16, the change processi gl%q' of the

gai rFipnaly pereoriac withstep SITFecREReyindl sfephszocase
© SRS QN ErEich o AL 7, e
16or ridet egngaph Plgrad RpichAhe smaldeaptBan, thate igoihangase
o LKL Shgnal, 9o s LD Rk Sate)
t he expswadbnygatm the @oder amplification unit 141. Thereby,
the drive motors 20, 22, 24 and 26 generate a drive torque
which is smaller than that in the case of gain P.
20 As a result, the drive motors 20, 22, 24 and 26
generate the drive torque based on the actual measurements
-of the myoelectricity signals (EMGknee, EMGhip) which are
in conformity with the intention of the wearer 12,
regardless of the phase of each action. This drive torque
25 is transmitted to the leg of the wearer 12 as the
assisting force via the second frame 58, the third frame
60, the first fastening belt 78 and the second fastening
belt 80. | _
In this manner, the change processing of gain P
30 1is performed at the step S19. Thus, even when the wearer
12 stops a certain action intermittently and changes the
action (phase) into another action (phase), the assisting

force can be decreased as soon as the myoelectricity




15 the control signal which is smaller than that in
the case of gain Pis supplied to the notor driver
(not shown) equivalent to the power anplification
unit 141. Thereby, the drive notors 20, 22, 24 and 26
generate a drive torque whichshs smaller than that in
the case of gain P. 20 As a result, the drive notors
20, 22, 24 and 26 generate the drive torque based on

t he saghual raBAStHLNRASr 0F thes)yaabectrigigosssibgnats
(EMXnee, EM&zip) which are _in conformty wth the
i nt ViGN TBFCiRE heaepred, 1% dpargiréesmotie Hidvifiade of

each, RGLIORn JShdr ithe LRFOME or2Brl ShErROsHE L tied 1h0such
the I'eg of the"wearer 12 as the assisting force via
t he ®&&snd frane 58, the third frame 60, the first

fs.aSte”i ng bel ’fh&%‘e < theesgeond hastepi Qg Pel 1 80.

n this manner, ange processing of in P 30is
per famsisding foece tigp c8h9ormis ,widhe thahent ¢ oeafethe

12 slops a;gerfal naction | aergd taﬁg%y g%cgrﬁ%%{f%ﬁﬁtrol
t he " action (p%aséi IRL'G_another acti on ?p ase), the
assinsttihog ifowltEckt athebaudensmase toas rsdoandstHehgseudo-

nmyoel ectricity -30- signal fromthe wearer 12 falls

o G B bR PRI Tbrict o, RRE Skt b ops TP, are
1per fimPct-hedi i td alixe@pRBEAbEON agai nst the intention

of the wearer_12 in s &h .cases. 5 Therefore, the,

wearer 12 canAECHﬁ?H%Htﬁ@ln%s%ﬁ%ﬂiqagfféFcési termined

confy@nby ¥hé edidien-akentt ofofrdingroveas Big ¥y Rhe last
accordance with the above-descri bed contr ol met hod i n

whi dhagre Chutlon disits eBREFBFD drtl GRBLE5eddo-Tpt ithfal
contyQli ;APREOXL Bt B 1,0 bPSc@%i‘r%ﬂ%rCQH& FPdat Rst0of the

erformed in a m xed manner. e follow ng step
1818 task cenderesdine@ginghénpemplidte a&t Fbep aski stthe control

ggm:i;s? ',;—"eeﬁ[l?fé@% 2&6‘ 91O %bb&%—zh@r?%i orRASeeBl siNe I At
npl et ed. en the
action—-assist control processing (S511-518) for the next
phase will be performed. When the action—assist control
processing for the last phase of the task concerned is
20 - completed at step 818, this procedure of the action-assist
contrcl processing is ended.

Next, the motion equation data (Mi) and the
known parameters (Pk) which are read from the data storing
unit 156 into the parameter identification unit 160 will

25 be explained. The motion equation data (Mi) are provided
to constitute the equation of motion of the entire system
including the action-assist device 10 and the wearer 12.
The known parameters (Pk) include the kinetics parameters,
such as the weight of each part of the action-assist

30 device 10, the moment of inertia around each joint, the
coefficient of viscosity, and the Coulomb friction
coefficient. This egquation of motion relates to the

entire system including the action-assist device 10 and




action-assi st control processing for the |ast phase of
the 15 task concerned remains inconplete at step 518,

the control is returned to the above-nentioned step

SII and the action-assist control processing

(S11-S18) for the next phase_yll be perfornmed. Wen

the action-assist control processing for the |ast

phase of the task concerned is 20 conpleted at step
518,thehiveapEPCEIUEAJOl tt Ne BEirdc@ReassSist ex@MIEQ! by the
processing i s ended. Next, the notion equation data

(M yo56d e KioWA CpalAnet €t-s "Brk T L@hi ¥ & -r 8Rgand the
fromstheldat 8 sthiiBdedWhdio56 i nto the paraneter
identification unit 160 wll 25 be explained. The
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t he typdetiigienth eflemestost tay maghdmthecouwcaidl which
friction coefficient. Thi uat i on. i_on .
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iact idiﬁg@éﬁi%}ﬁovfﬁ@ﬂj ce a&lcmdbwj&lrh thheamgmd | ﬁ{]nglzo;aag?ftthe
i s expressed, far exanple, t.he _ nodel _shown in '
7a, FReS Sarian AA0gAMIRHES B ToRES Forid HeptsT 12,

MentihaBRAs Rk HWhalt! Gne 7Aed9l tarfH 3G 8RR SOWNGRBEGR (Te) of
element of a 5 mathematical nodel, which is a side
vi ewhsf drhee |roe (AR apgadrha mpschRotNeBs (e of the

act AYassi SlaweakisNg §90ht 1nphen (1¥ evesid.r gm the,
side. FIG 7B is a diagram show \r%g typically each
12| esdporen showktiserat pehiomoddh WecASSEHrines Jongs ©6 the

the 4,69.0L,{ g Wady %Eﬁl}gﬁe Frh&cl%/“tfb%a? oft Ol Waiek 12,

show ng an action wt e assisting force of
dr i whisbuskbews 40rdedlihecacts darduer shici adtes whenerotating

12 b shots, (ke NerbgRanngl Jhglrive

t or que
: For example, when the wearer 12 rotates the leg

20 up (or front) around the knee joint as shown in FIG. 8A
| and FIG. 8B, the third frame 60 of action-assist wearing
tool 18 equivalent to the knee joint will be rotated
around the seccond joint 66.
In that case, the wearer 12 will generate muscle
25 force (Tm) as the torque acting on the knee joint, and the
drive torque (Te) of the drive source 140 will act on the
third frame 60 around the second jeint 66.
Therefore, the resultant of the drive torque
{Te) of the drive source 140 and the muscle torque (Tm) of
30 the wearer 12 acts on the leg of the wearer 12 as the
ioint moment (AT), and it is possible for the wearer 12 to
operate the leg with a muscle force smaller than that in

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




the drive source 140 and the nuscle torque (Tn) of the
wearer 12 acts as a joint nonment (AT). FIG 8B is a 15
di agram showi ng an action with the assisting force of
the drive source 140 and the nuscle force of the
wearer 12, which shows typicaiby each torque which
acts when rotating the leg up (or front) around the
knee joint. For exanple, when the wearer 12 rotates
t he weagingOtal (1@, front) around the knee joint as
shown in FIG_8A and FIG 8B, the third frame 60 of
acti on- assi st%&ﬁenﬁlrl?'%offorﬂlee&él VAP eME 1% SOMERNEEY
j of Nire kbl e Jiofeat @@co@dﬂ@etd lfmessﬁ@&@-méﬂt&bn@@ chitrol
Wi

that case, the wearer 12 enerate nuscl e
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the jo(_jLB'tVﬁorﬁéHig um? Tek Qdtdhe A4 BesSQUsE echle491e%&%%n

act ‘on the th ranme 60 around the second joint .
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ncCAEEPRET ot HE oSBT Tiondd coneT OPmais Bitpge on the
t he ddl‘ftﬂégeﬂm Wetwdln 2Re PhranchoABntapalr} hencb thel Ative
nmonment (AT) is determ ned based on the detection

si gt&F et et&led by the force sensors 45 and 46 (i.e

the detection signal of distortion produced by the

di f f R¢gwice Dpat @agn(q)he Glig)ve H@,q)e= UTe) Tngdgi gl ««vx- (1 )}

muscl e torque (Tnm) of the wearer 12. However, the
1quscl e torquer{ ke abolaerdOnitar gy 1&@8{&% Heve t
nmeasured directly. Tooobw ate the probl em 5 tt‘wries Srms
enbadieneapresantiest ast éphd el based on the




di fference between the joint noment (AT) and the drive
torque (Te). RRIR R+ D4 + Csgn(4) + 4) + H9, 4) =
Te+T. q, 4 ...... (1) 15 In the above fornul a
(1), the respective terns are represented as foll ows.
-33 JQ+JJ+2Jvcos O J Q+Jcos Q3R(qg) J'6 +J, coso Jj6
Ja =11 +msi+nR21 i J (lel+l A +(nel+ins)s +(nme2+mJ’
Ja =J2+nmR2s2=(1 e2+l er) +(rre2+m s2 J, =nRs21i

(me2+mmR) $24 rr, I'VSI ( Bl +B, )

& q)ryvsin I % sRPSU ) gs1l rR=nRgli
(me2 5&4 ,rj ng& me2+m')gg2 q +[ Bl B2] T _D,

01 Del O |D-[Y® De2+Dn&’s CL Q] _ Cel+C O C5[ O
C2] [ O 2+C] H(q 4 =R(q)4-2 a4(4'R(q)4) T =klred f
'm(z q/4 ﬁ—m1(.511| ) Znu(uvBv82J U=[ Z11u2T In the

above forml a (1), subscrlgt 1 nmeans th par anet er

around a hi(dlj-plny)+(mqb{mr e paraneter
around a kne€ j 4 nt subs cri t e maans the 5 paraneter

f th i b t 34-
o e Ag A pgata(l o gpe R omgpibscr 1t m 34,
above fgrmphas (13 (mBRaan,,)s,)

@)= r,sind+r, si.nt92+rvsin(91+6’2)
r,sin(@,+6,)
=migs =(m+m,)gs,

s =m, gl =(mytm, gl

rv ZngS l= (m92+mngg52
:[Blgz]r

D_D 0 Q, 0 .
{0 D,| |0 D,+D,
C_'C1 0] [G+C, O
10 G| 0 GGy,
NI -
H(g,9) =R(q)q—§a—q(q’ R@)¥)

Loz,
T, 1) = (7,100 0,030,606

w=luu,]

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

parameter around a hip joint, subscript 2 means the

parameter around a knee joint, subscript e means the

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



denotes the inertia term () denotes the gravity
term D denotes the viscous friction term C denotes
the Coulonmb 5 friction term H denotes the Coriolis
force and centrifugal force term (which nmay be call ed
also inertia term, Te denotesggthe drive torque by
the drive source 140, Tm denotes the nuscle nonent
term by the nmuscle force, and U denotes the

degrrenef tBEtpastdneteer 8F bhd Reearasche. 10 Next, the
paraneter identification method perforned by

paramet er i defRTITEAri R Hf t2POFE WP ]éxpl §| fed.

For de'ﬁ%té@k@h@flrﬁér@h' Eéh}{, G(fq i Hehété§%%ra§zﬁ@9 E@ﬁn D
wearer 12 is in an inactive state t he nuscl'e

noneienotep ntfem visaohe £oiaiden (tﬁ)rmfscn@@m@fgqsmt@e Rpgl omb
t
5 'Pr&cke?ioﬁxféﬁ)s%ﬁ&gxc&ggﬁ (1%?4 &&»‘%BQ Eof @a%) in

his "state. R(4)4+Dq+Csgn(4)+Q(4)+H(4,4) =Te ......
(2) ceTiterifbovk fameutarf2)whish mam’sbermbﬂedntadsphenema
foll ng 3 Si I abl
ol VRS ST L s T 6 V0L A dilce 240,
T. )I‘m:deﬂatepxsm Brisal pruetetdr term by €139 niusHle @orcen and

tot JoEFBRCE P AT 0T PR 09 43 REHI Oh U FLocLS:

1phereas the kiset, ahepphasméiesr ﬁm‘ehltXfiQ:at:EorlrJlﬁﬂ@ﬁhmﬁ or
var araneters. concernin t he rer
é‘?&%ﬁ %‘g;@hdﬁﬁgPgﬁa%%t%d]ﬂﬁ“&&%ﬂcﬂﬁ‘%ér%e @ Wil be

physgl blﬁ@@dltlon of the wearer 12. Furthernore, the

formula (3) can be transforned 30|ntothefollovv|ng
formul a (4) i¥o¥ HdSesekanPe P KIHAGLEY, - B5-1pasamseared

mat s e XEnd Qe £33 ABL 80 4 N, KiRekice PREaTeY el muscle
matrix X is introduced using the error matrix e which

1bs megentatermt T iantherferpatawddn tRen®Iheritde. And it
par@g@tgg expressed by the following formula (2) in this

state.

R(q)g + Dg + Csgn(q) + G(g) + H(q, ) =T,  =----~(2)

The above formula (2} is transformed into the

20 following formula (3) using the motion variable data

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

X =1 d DDrrr G T (3)

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

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



matri x X and the estimated kinetics paraneter matrix
X*., 5 S2X =Fe+ ...... (4) The unknown paraneter (Pu)
that mnimzes the error matrix E in the above

formula (4) (to zero matrix) 1is represented by the

followng formula (5). X* = (SEF=n)-1(.QQTT) ......

(5) 10 Therefore, the unknown paraneter (Pu)

concerning the wearer 12 is derived by solving the
abo@@lﬁﬁﬁﬁﬂramﬁEﬂix»@6rfby gﬁﬂiMau}nghEheqkimétﬁtsoﬁarameter
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the abgpve- nentloned actlon assist wearing tool 18 is
ut &8 ené&,vie&rer-22-will) be explained. 20 FIG 9A is
a diagram for explaining the paraneter correction

processi ng perfi®rigomiepathfetgar@n) LRatefiSirdiles the
action-assist wearing tool 18. This flowhart is for

explegirerngathex pf otediie abvpafarmeeler (4)ddmpi Epratmagrix)
pr 0Ges sbpde PO Q! 1R £hY f@gm&%n%%ufé (5)

identification unit 160. is a dlagran1for

expl *nl Fhe_paranet er correctlon processi ng
perf gQwEﬁhfﬁh ?ﬁkarer -42-(@Ars the action-assi st
mearlng tooI 18. This flowchart is for explaining the

1Procedure of Tkﬂnﬁﬂ@reesthatmnknmwmrpeea&et@pi&PuMwbohcerning
t he [ esti.mt e jQint torqu
th% Q&a£8£q#f d%géged Qytﬁfivﬁ PIOMAng,‘F% r%ufa (5)

estimati on uni
par dwet by sc&wungluhateqna@mmteﬁsnnglpﬁrérﬂqmﬁhﬂxy t he

var STELEL SR LGB! koI 31160 usLag, e for il as
t he fl owchar tNeft ,FliGe 9a\ra1ﬁém Wideht b iederengecteskiey
1£|O ga Oéoggé% e%%lmggfbé(%égge%glggt£hlch are
respectively performed by the parameter identification
unit 160 and the joint torque estimation unit 152 when the
above~-mentioned action-assist wearing tool 18 is put on
the wearer 12 will be explained.
20 FIG. %A is a diagram for explaining the
parameter correction processing performed when the wearer
12 wears the action-assist wearing tocl 18. This
. flowchart is for explaining the procedure of parameter
- identification processing performed by the parameter
25 identification unit 160. FIG. 9B is a diagram for
| explaining the parameter correction processing performed
when the wearer 12 wears the acticn-assist wearing tool 18.
This flowchart is for eiplaining the procedure of torque
estimation processing in which the joint torque is

30 estimated by the joint torgque estimation unit 152.



t he processing perforned by the joint torque

estimation wunit 152 wll be explained collectively.

As shown in FIG 9A when the processing is started

by the instructions fromthe control device 100, 10
the paraneter identification tupit 160 determ nes

whet her the power switch (not shown) is turned ON
(S70). If it is turned O\, the notion equation data
(M) and t he kmowre fpatlaw'ert@,r ek paarmet eadidararhft het ion
dat ng._unit 156 Subseguent | the potion .
equ |ons J(‘I??t FEOHIES XS el)parafr@)g?rajr%é/%tdtétcﬂ:ﬁl?%dunlt
on tlie€ opknatilen mmurteenmﬁtm‘nedt o P W17 e ekpliheed

meant. i as sho the JOI nt _tor

est M’Ege jéﬁ %]Ff?rtc tge ge‘? SWRENEFie %&SQV\N@E
§ notreshewnde i o tiHanedobh4{S8QE File be) aﬁhé/ﬂcefl@ﬁ:ﬁgn2@1th
data 4F) detected by the relative force detection

uni tRe1RECFRST M PesBeyMeAie then dpint NP Bich € SkpRaRion

(ATunkis 18stiibt ed Rypeal it atdingcpigiference between
the relative force data {AF) mul tipli ed by the

predet er m ned®s cOEMT dnehiG- afd thendEhe coxgsiagpdng is
est ighption Watdd I%Est?:écﬁﬁ%@ frétthﬁeuag&téry%l 'ag%léé' ¥Y6o,
torque estirmation data (Te) estimated rive

1@ or Gbe parameitdAdentif1GE; ioramdithd6) otﬂerttemnneﬁt whether
est !tﬁ@t &Qefjagvﬁt(i@;:) n8§tér§@,}dﬁd 1§ytﬁﬁp§edj en(tS7tO?r QU§f it is

estl.nat on unit are rea nmusc
est tmna@@&nlﬂhelﬁ@t@%%quaﬁ&mbm l:iatausm:i)e aray d;he Eﬂown

estimati on_un 153 esti ue (T

t he PAATEET R g;kde a5F f:rﬁana]éra hfzaﬁjﬁ oo]:rc‘llmtghémrﬂ P¥s
assdslal i orsutsHwamenicy Fl the %t&ﬁd Ecl;gat:ﬁcam( S&ﬁl)a féheulias

| Oi tor estimatjo t 152 and t he nusc
1301 ' Se P e P Datl gt e Bt Al Ao AR EORRRRE of
samehproegs& g .before the end conmand fromthe

control unit 200 is received (No_ in S85). And when
the end commet W PEERFY (@ReshPHRSEB)EIGHEB, the joint

Pr 0€88§hd GediSirfdtNiohngli t | 154 Riss ogEPOEL B Men the PUsEte

switch (not shown) is turned ON (S80). The relative force

20 data (AF) detected by the relative force detection unit
146 is read (S8l). After that, the joint moment (AT) is
estimated by calculating a difference between the relative
force data (AF) multiplied by the predetermined
coefficient, and the drive torque estimation data (Te)

25 (582). Subsequently, the drive torque estimation data

| (Te) estimated by the drive torgque estimation unit 150,
and the joint moment estimation data (AT) estimated by the
joint torque estimation unit 152 are read by the muscle
torque estimation unit 153 (S83). And the muscle torque

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

estimation unit 152 and the muscle torque estimation unit



5 torque (Tm is determned in order to allow the
paraneter identification even when the wearer 12 is

in the situation where a nmuscle force is generated.
This is the case where the paraneter identification

is perforned in a stationary -sfate. 10 Next, as shown
in FIG 9A, the drive torque estimation data (T') and
the joint angle data (0) are read fromthe data input
uni tLoB5Zepade RevEraiametles samfemrorpeatnohalivire 18 end

(57 BomBRd EA6n | oRPIBN AL Bop{ s Neddi JRADNL" O s65) .
the jornt torque estimation unit 152 15 into the

par &met @hei dem idricc apimvandnis k@@i¢8d4)Yes in $85), the
Sub : { .par ter jdentification. uni 160
subSLEPeby i R, o ol M BB iy el

br ttvergber fDhia is dsttechitdd iniseldert oo quel (Wl rghel parameter

further. .considered suitably (S75), and jdentifies.the .
unkroeht 36 R L RreE Ay e herTie Yo Ghtcrer SubiRcion
par tvhefret Aemuswiay dortd, 1§ hgergrmel . of Thierid anar edpd where
each. joint of the wearer 12, the coefficient of ]
vi s¢USi PYTABREL HEBEGF bR 19T i1t PERICHRTY il entlafhenary
serigegtef processing steps fromthe reading 25 of the
drive torque estimation data ('I}é% thebg')oi nt data (0)
18nd the joi ntN$EeRe 8RPYWN (I8N)Efat 82, t Bhe (firive torque
i dent.ifj ' f, theyu r; [
epeston ey s, (20) CRET D NRMATPLATE, Ktk (B are
~ exadgrd, f1on Wecidasy, iamet tWe tavédaget oftheh @arnkaben

par apehek §i dRord $n3P £8b .Cgél%e,d ahar tﬁ?%})&%&c En%méﬁz gais“ata

Then, the paraneter i1dentification uni supp
t he (thils ildemtadi Bcbrunkeovwniparameher estPudtien drie 152

150D, UL Rt S15L o AL BOEREEIT i
FIG 12A, armthdge@uehPBy shidve exarpkesr of dexpdtiicaenbal unit
res&%bssﬁﬂgtitutes the respective data into the formula (5)
or the formula in which the muscle torque (Tm) is further
considered suitably (875}, and identifies the unknown
20 parameters (Pu), such as the weight of each part of the
wearer 12, the moment of inertia around each joint of the
wearer 12, the coefficient of wviscosity, and the Coulomb
friction coefficient.
The series of processing steps from the reading
25 of the drive torque estimation data (T'), the joint data
(8) and the joint moment data (AT) data? to the
identification of the unknown parameters (Pu) is repeated
for a predetermined number of cycles (for example, 10
cycles), and the average of the unknown parameters (Pu) is
- 30 calculated for each cycle (878).
Then, the parameter identification unit 160
supplies the thus identified unknown parameters (Pu) to

the control unit 200 (879). And the processing is



whi ch the unknown paraneters (Pu) of the wearer 12 are

5 identified by the paraneter identification unit 160.

In the identification experinent, suppose that the
wearer 12 is in an inactive state, and the drive

control of the drive source 1488ts carried out by the
control unit 200 according to the PD (Proportional 10
Derivative) control so that the joint angle B of each

j oi it*H&24Paw a predetermined | ocus. Moreover,

suppose thatptd@e i@l 9etcangbg, 4frd.NGok0i Ficangl e Bg. 10a
follows the synthetic sinusoidal pattefn 1Tncluding

t he Fedubncidd Jfov exampdes ahdxbedipeiakogshdtst he
oper@-i&ntﬁgc%@%{mi ' IGh 0ssi bl

wi t hi nl t he range n}?ﬁkg}fi‘%ﬁ%ﬁl ﬁ)gg%ogg%a‘%anger 12 are
Eharigisngiifsed dowfthehparegetén ciEmsiidératien wfitt NE0. |
maxi mum bendi l.e. in. the action of the |leg, the
range of the Jﬂgi n alﬁige#lglglcﬁjfo& CXPREBPRY atT B oSangRat
of tithe Wegyefal2 siswiihhbn ihec20rer angeepfand.thd @r@vh
(rad) for.th Ipjoint and within the range of 0 to
O ersaF 1t OF i deed pofhee 19 settraiay Supney the
nunenteblt umes 250 eepetdin®@ned dhet b (PMSHSRGa1
nmentioned above is set to 10 tinmes. FIG 10A shows the
Lexpdleriat are darterit fe that thengpént ansirond eobieadie

Ki neldigs Ray ad®dehs peented Atittkd 1beudNKkNeW RANAMBLEESse
at the tine of performng the paraneter

i dertRfi EBei Brrgstoeegsiengt (the Jolhtsangykphd Ehblwvd hde
CONVEHERBE S PALhRAQL HhEdAenicaaPHE

i's \aé%gr th whi ch shows }%he convler gelnce Lga}ﬁ ?}r;e:‘qg]eh%%s of
30 §r-avi Py> nient-0 4Hd) FF@ thegCths gperatplprwkiochrehpws
18 he ;£ eRVEL gan attre the . fici of  Vvi.sgcous
fri éLtm on. As iq@ogp%%r Q%Q{brlo%%ﬁl%%%lg% e%%é{e Téécand

FI Gfuld€]1$ tthiss operatinguthdtetterastbe dbhg Heo lehe

above 39- nentjo .par ter 'gntificati n_ .. .
~ processi ng b;fri hcg%gﬁgggsrge%? Fdenti P?%Jé?%g}elﬁﬁlpgl%ﬁgle in
of thesaetbadigrerhe DB§! the range of the joint angle 6
(i.e., the operation range of the leg) falls within the
20 range of -0.2 to 0.5 (rad) for the hip joint and within

r

the range of 0 to 1.0 (rad) for the knee joint,
respectively. The number of times of repetition for the
averaging mentioned above is set to 10 times.
FIG. 10A shows the experimental data of the
25 transient response of the kinetics parameters containing
the unknown parameters at the time of performing the
parameter identification processing (Pu). This graph
shows the convergence pattern of the inertia moment. FIG.
10B is a graph which shows the convergence pattern of the
30 gravity moment, and FIG. 10C is a graph which shows the
convergence pattern of the coefficient of viscous friction.
As is apparent from FIG. 102, FIG. 10B and FIG.

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



of the kinetics paraneters of the wearer 12 are nade
convergent within several seconds and it has excell ent
5 convergence. In other words, the identification
processi ng can be perfornmed for a short tine. FIG 11
shows the experinmental data i+3%hich the experinental
results when the paraneter identification processing
under the sanme conditions is performed for 10 each of
theim%&ﬂi@dege@@Mﬂmatér BdanUiKiaﬁiibhepmemm$ﬂinb2bgrEhe
sho ces

th di di ff
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t estaefd thpeksoaisi oy pBramdté}snuf|thélwé&ﬁerru2laie made
ki netics such. as the no i nert
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fonephvandehibe. Canl ohetristdHn theNaH@ﬂnwlfﬁidtﬁ%nt he
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f eatFPEE 5SS 1PaLs DenBeREPHMA R 2t AROTki Tghre -

respectively, rtde 18t @Rodk St BRI NENS TUSH L i 1f RREEH the
of each person also differ when each person perforns

20 EPRTEPRREY GifSUASS whepddice PRIATERSY rﬂeient_lflca’_cmn
eXp%&bE@QEﬁﬁgcﬁﬂd%r QBeFégﬁe:EEndi@ﬁoﬂﬁn§§ rﬁ§8t58¥

the viscous Triction coefficient aV|ty nonen
1@nd serd Chutlirefatiedt Pensorg ., diBf faedefhta# drhet Wearer 12 are

| ndigpbpal 1S LAHBRESONS: RN ALY abhe BAANRLEL,

i dentification processing i S pérforne
samacconditighsiithhehef ones ;Gﬂie nllf fereawarerofl2heetested
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with that weatsfelRgyshecactnd rediell Gerdh shows Lhe c
experinental data of an. exanple of the i dent'i f1cation

accratGr by e phvsheRbrieatoirefdeftsh iamtingnheight and
proegssiagied, tispeetPed flethe WRLSNISNMRe and the muscle

force of each person also differ when each person performs
20 walk operation. As is apparent from the experimental data

of FIG. 11, the moment of inertia, the viscous friction

coefficient, the gravity moment and the Coulomb friction

are different for the individual tested persons even when

the parameter identification processing is performed under
25 the same conditions.

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

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

FIG. 12A shows the experimental data of an

example of the identification accuracy by the parameter



the identification accuracy of the nonent of inertia

of the hip joint acconpanied wth the wal k operation.
FIG 12B shows the identification accuracy of the
moment of 5 inertia of the knee joint acconpani ed with
the wal k operation. In the gréphs shown in FIG 12A
and FIG 12B, the graph of the actually neasured

val ues ( 1(5) and the graph of the identified val ues
(R2)idgrdigient bppatraceseant 4 tdiiﬁelemhbqihn&résp@hﬁcl;oshows
t he S t t.i_ a_about
cachor TREChr LR St rE (EEe et "R tre br
tur ég ddp fhant tdmogpaphedfwiiie thet waltkyopermsiuned FIG.
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nost N agreenen

act ua:lelq‘tl%oﬁeﬂsmr]méevgbm’s ddRmpandeti hei tideMs hed
val ues R2 in FIG 12A and FIG 12B resenble closely
nut FAISS-1BPoving that sufficient identification

accur acy can be o yrags Shdan 13 Fgca f2owahartcf oiop,

expl |n|ng the_ procedure of calibration proceSS|ng
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FIG. 13 is a flowchart for explaining the
procedure of calibration processing which is performed by

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

Upcn start, the calibration unit 158 reads the
setting gain (Gs) from the data storing unit 156 (S891),

25 and subsequently, reads the myoelectricity data (EMG) and
the muscle torque estimation data (Tm) from the data input
unit 160 (892).

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

30 muscle torgue estimation data (Tm) and the myoelectricity
data (EMG) and the setting gain (Gs) is larger than a

permissible error range (Ea) (S93).

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




the error range (Ea) (Yes in S93), the calibration
unit 158 corrects the nyoelectricity data (EM5 based
on the following formula (6) and cal cul ates the
corrected myoelectricity data (EM5). And the
processing control is 5 returrerd-to the step of

readi ng the nmyoelectricity data (EM3 and the nuscle
torque estimation data (Tm fromthe data input unit
160 th@neu:herotme Haad, (Yeenin tS9|3$ deberaoalnédathabt unit

th m S8 t he er,;ror
ando® PEEFREEs (ol MYBLLATEI ATy BPa; DA MRl QR e
ter rﬁorlabesnghﬂ)nqnﬂaceﬁasl agd cEi\IBuzléfﬁbC-Bl)e(ENﬁrected (6)
A di t e jbration processin
e e bRy B 2R (e B pBe oA fidkrol is
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I gual tothe setting gain

bosSFHRE £00. i PO BeFor G ks LARBESPR Ao T GRpErhe

a peRka §ﬁﬁ§ttdﬁﬁ_ﬂ Yig8nd oversensitivity arises in the
detection result fromthe biosignal detection unit

144. 20 As a Pesifie otherikapbs sihgreitolpraateyminpd that
Sit yakl eﬂfﬂgférﬁzé hem)/ ganf 1 ;@é")atll OTeQQCM%FM:h%f eH_JSr range

unknown. paraneters (Pu) he wearer menti oned
l&bow@aﬁalN@ in &#Bli -t the gokidinsité ohounisol il ¢eeningbes the
sityatiop %ere the assisting force generated by the
dri e source” 140 beconmes 25 too small or too |arge.
Inth ctl ssist_device 10 of this enbodi nent,
t he ﬁ%{é Ge) ¥ Gr nuscte-f6Bde of the wearer
12 can be obtalned by the joint torque estination
unit 152 and Adwraiagl ot idutboest cARLboIL N brdbdssing,

andgﬁgsggfal i Plrm/:Eh"J ngl%ap reglc%lrélrrg :ng n t%&%g%&sddata

1$he (loay dglmd Othd h@rreesse@rsdideheptentpar et thmthatis
in ggﬁoggsgaégltg; thgzsettlng gain (Gs). It is possible to

prevent beforehand the situation in which a pooxr
sensitivity and oversensitivity arises in the detection
result from the biosignal detection unit 144.

20 As a result, it is possible to preﬁent the
siﬁuation where the identification accuracy of the unknown
'parameters {(Pu) of the wearer 12 mentioned above falls,
and it is possible to alsc prevent the situation where the
assisting force generated by the drive source 140 becomes

25  too small or too large.

In the action-assist device 10 of this
embodiment, the muscle torque {(Tm) or muscle force of the
wearer 12 can be obtained by the joint torque estimation
unit 152 and the muscle torque estimation unit 153, and a

30 calibration is performed using the obtained muscle torgue.
It is possible to reduce remarkably the burden on the

wearer 12 when compared with that in the case of the



device without these units. Specifically, if neither

the joint torque estimation unit 152 nor the nuscle
torgue estimation unit 153 is used, it is necessary

to force the wearer 12 to maintain the stationary

state over a 5 predeterm ned tidpe while a

predeterm ned drive torque (Te) is given by the drive
source 140 in this state, in order to obtain the

nus clevitcer gaeh¢Tm)thesenusite. f dreeidficahey, wered thdr the
Thi s; wi || the wearer 12 t reate the eeded

nu siq O\gnfto ¢ %%&3? e%sahcrl&l\g%sl Mot eﬁr%i e FegF% e at%o‘fﬁue
can éxxipaodocednby 19%e iveased, 1id, iandewkkban) 30 fforee the
the wearer_. 12 to wait f the necessary latency tine..
ACCOIIERG 15 FRITHITrGR. Bhs| S EvrcY 168 THA =
enbashienent rmi hed biim@e fmele t Hep MeRIRImEABd herRdueedue (Te)
desi,rabl,xr. 15 Next, the control_ nethod applied to the
contrbIFIVEBVPE et IDEAVFI SBRr e pi M ABdtNFheSTetifir p order
et hed capph heghd auidta caehbiQhs a88i)Sthr AE¥EEE AQdeS ROLne
limted. For exanple, a control nethod based on the

cl as§iPEEr éént rBiis by causr Hhes wereePDL20t @ iversE, the
- My R.qaBPhisaRL S0 ST E@&af&éé?.&aEﬁg%ﬁécle force that
identification experifrent. According to the

1Hct icem- Beshseduckeitye the wtatdn d2enbodi wieht alevefoife the
t he i eal ' t ry. i e ntroll ed
A o TR BT L T s e

t helrgabtrding hieo sihmulaatiion-2&siat weivihet h@ of this
identifi.cation result .is incqrporated can . be

per|f23 tén%)r?ggm%%ig’ {HE %&F gt @ stQ[b "ERESHpET e reduced
conpiessatbliy. can be set up on the sinulation

oncer ned. it ossible t enonstrate
lguffi ci ent :\?&?%)Ett’ zﬁ”@ogapﬁﬁo 6“ettﬁ"é’ EBRtIOE HretthEgcontrol
Speaiefiieal 190 will Hepespidleed.0 give the 30 assisting
force which the wearer 12 optionally as a result of
denonst r at i ngr &Rt Meblest ditkd 188 ERethomatapn-assist

net ee¢iby t@r{yim@ quhitegdbatl e@phpol, of A€ rol method
myoel ectricity (EM5 fromthe biosighal detection unit
144pased on the classical control theory, such as the PD

20 control, may be applicable, similar to the parameter

identification experiment. According to the action-assist
device 10 of this embodiment, even if the classical
control theory is based, the controlled system including
the wearer 12 is identified, and thereafter the simulation
25 in which the identification result is incorporated can be
performed and the parameters cof the optimal compensator
can be set up on the simulation concerned. 2And it is
possible to demonstrate sufficient effect according to the
control method. Specifically, it is possible to give the
30 assisting force which the wearer 12 optionally as a result
of demonstrating the effect according to the control
methoed by carrying out feedback control of the
mycelectricity (EMG) from the biosignal detection unit 144,




-43- even if it is based on the classical control
theory. The control nethod applied to the control
device 100 may not be based on the nodern control
theory which wuses an optimal regulator, the optinal
observer, etc., and 5 is not-4Bmited in particular.
(Control nethod Which Perforns Gravity Conpensati on)
This control method performs conpensation of the
gr avivey tér it G£ Pased thetheorohdssicd)] cemtiaonddeabygve,
and suppr esse Q? IQ%hu n éﬁa gge r Vléﬂété%h gﬁ(ggvice
10 concer ned. e con op as a control
met H6® megedoasoa Haaeel snpplmsm@e&ner:ahtﬁ@l st(hetohrgt whieh
O, wit

action- assist. dev ar er
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Bni tllsalnolaom_tuﬁﬁed 1% %rﬁﬁc@lﬁ econdition. First, if it

is the usu [%g;:or{@l the PD feedback control

i nputrgsn rraﬁB G A% COr PERRIRT (ARG LR COMRIIAE i8R gue
(Te) by the drihve &Ruree ﬂlé@nd)& e&%@ﬁ@n& erméttlaﬁ of
follow ng formula (

7 R(q +
H( g thg) gravaty t|ern( l(}) , (;41)1 tl'gg ﬂgla_'mup@( %gl @}eqqggpned above,
and(ghpﬁ?ééseé'Ehkhgnfihéﬂﬁg'df Eﬁ@'&?aﬁﬁ%&ck Contr%1

grawt conpensation as well, the PD feed
1 npm0n0€§@ﬁ@rol signal Ur) concer ning the drive torque

(Te) by the sQUEeey 140 | resent t
foll owi ng 25 or\nliﬁtf a %? R](q) Ad%frt%% ggéscgn %1+R§k&?d
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E?(q) can be cancel |l ed, and -44-
i f s as a precondition.
First, if it is the usual PD control, the PD
feedback control input (control signal Ur) concerning the
drive torque (Te) by the drive source 140 is represented

by the following formula (7).

R(g)g + Dg + Csgn(g) + G(g) + H(g,9) =T, + T,,(u,4,9)

20 Ur=wKP(6s_6e)_KDq-' """(7)

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

25 formula (8).

R(q)g +Dg+Csgn(q)+G(g)+H(q,9) =T, +T,(4,9,9)
Ur=—K(0,-0,)-K,d+G(g)  +enern(g)

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

carried out, the gravity term G(g) can be cancelled, and



the wei ght of the wearer 12 hinself and the wei ght of
the action-assist wearing tool 18 acting on the

wearer 12 when wearing the action-assist wearing tool

18 can be reduced. (Control Method Wich Perforns
Inertia Conpensation) 5 This €oatrol nethod perforns
conpensation of the inertiatermR (q) in the fornula
(1) mentioned above, and suppresses the influence of

t he tiheerkiight esfmtRe( qﬁareonb’érhia&elfhen@lllmnten@hti of the
adopt ecd as_a_cg nt r qQl

BB o838 LA BB PO 10 i3 8280 Aalf SR agey 12 when
10 wickhlringi the tdveiweanesid? was-ieguippedl Sresan be seluced.

25 o RPLEBRIT IR SPRFaPoTE TG IBREEL bl ORIy on)

sonpensat i on. THs |dorthel PRe€iofd rlr felte he@RSdryafion of the
inertia _conpensation as well, the PD f eedback control

i npUdertiBnte Bl KilGRalnUERe EriEriAl dg) tHNnRe ebPYEie and
(Te)sd ?gsregggs okfﬂé/)eLn%@uéﬁ@elé@ i HABEESEMedY ) NG

fornu + D4 + C s91K4) + 4 Q) H(qg,” 4) =
T eCPn‘FFEneﬁ 4) U =-KP(6s -ee)-KD4+H(q,4) ...... (9)
20 In the PD tgrol t a ng:‘[f‘cﬁii@]}do

according to ?HI?E %Igfﬁu%gg%g?g A&b%lrttseldpggm bl e thl hethod

lﬂhemseﬁeéabach@aﬁ)mpsmg cepgragdngusot thaf fidwet achéon-

| nertbastenty; at o Lhepcanicelded sustem o 3d Uiipoed may

force of "i hert e wear er

foree ebti t\@rﬁhea tfarrgaftt bes@ireact eofir@ssitet imeaiabgposture
tool, 18 can be su essed, .and . es eC| alsé% \[%,hen trying
Lo pLFf ot i RECCRTBDE o | BT fhe toba? R

12 canpbessethrced remar kabl y (Control Met hod Whi ch
erforns Gravjt nsa Inertia

Conpe
Leampaneat | o) TS BRED. CoRtFel BChoLEPFTS doertia

adv ahpgaessiord eal wees, ptekerb URbbank bedit idie iabaye
PD control_with the -45- ) ,
{control signal Ur) concerning the drive torque (Te) by

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

R(g)§ + Dg + Csgn(q) + G(q) + H(q,9) =T, + T,,(u. 9, 4)
Ur=-Kp(0,-6,)-K,g+H(q,q) ...... (9)

20 in the PD control with the inertia compensation
according to the formula (9), it is possible that, when
feedback contrel is carried out to offset the inertia term
H of the contreolled system, and the force of inertia by
the wearer 12 by himself and the force of inertia from the

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

30 This control method utilizes advantageous

features picked up from both the above PD contrcl with the




gravity conpensation and the above PD control with the
inertia conpensation. And it is represented by the
formula (10) under the same condition as that of the
previously nmentioned formula. 5 The operation and
effect of this control nethod-4&re the sane as those
of the PD control with the gravity conpensation and
the PD control with the inertia conpensation
desérigFady apowmensatdon ded ciliptabornet Rerewitrodi Mithethe

oni t: R( C (:4) :+ + 4) . =T e

+ Tl?-%q&ag %ﬁﬁe}ﬁgﬁﬁoﬁ'- p esl%eej)s %ﬁ}%szé q%) P YHF&? 4)
... Tormple) (1Q) npedantiee Comtea alondTheomn nge ddrete ofohhe ol

is g [ ust _the. characteristics, such as the

[ nehqﬁegﬁgﬁk%y\%ﬁgégc%&gp?g S% uajtah'e rigidity of the

Bontrol | ed syBiempetrakiog amd effectonsi teratderrofl hbehod

viscoel asticity characterjstic of the uman bein ,
(1 neoEelit, S SSATBRE b ottene™ sattrel P Hedravity
f or ecempehsagi dietapie Rhe heD ceutarelll adtsysiemmngikhe
envi ronnent can pe appropriately chosen accordi nghto

t he COPREPIRE VT ASSRELBPY 3P Hehe 2REL P ofR MR cge v eReCt

10, wihe RO &hatmagteristic of the entire system
including the wearer 12 and the action-assist device

cnar ST B0 D E G I %&?ﬁ&%& g
1@%{[%:& it_sb‘epa(ggﬁ gg) ;—o&%%l#g%ﬁﬁﬂggﬁ%gmlooﬁquoasi ng

t he (§ﬁ1f>%§£‘ric?ets%o%ttrg§)’! ce 10 which is put on the

wear er I'S possible to realize adjusting the
char act eri st ithe iimpedance)cwftrndieinete efrekdy adjust the

9L SELLYer LGN, COULE 9L ASEErpl) e UL OBy ana
i npetancegdittyr @f thpptoed-dldettheysbatr alakden ¢atd 00
1%8 Eggsgégéééaé%Y%%egké4€Escoelasticity characteristic of the
human being (the wearer 12). 2and it has the feature that
the force acting between the controlled system and the
environment can be appropriately chosen according to the
purpose of control. In the action-assist device 10, the
20  characteristic of the entire system including the wearer
12 and the action-assist device 10 is changed, thereby it
is possible to change the characteristic of the wearer 12

indirectly and to perform the control.

Namely, when the impedance control is applied to

25 control device 100, by using the action-assist device 10

which is put on the wearer 12, it is possible to realize
adjusting the characteristic (impedance) of the wearer 12
indirectly, which could not be accomplished by the
conventional device.

30 _ The controlled system by the impedance control

applied to the control device 100 is the entire system




i ncluding the action-assist device 10 and the wearer

12. Since it is quite different fromthe usua

i npedance control, it will be called hybrid inpedance
control, in order to distinguish this inpedance

control fromthe usual 5 inpeglance control. For
exanple, if the control is perfornmed so that the

drive torque generated by the drive source 140 is

r eprigsdmtedg byhT ectdbnt hesist Iciamiimg Loramd el k)aareh el2.

formula (1 t r.ansf.or i.nt foIIo f

(12;§Jmf8 %nls% %Je%tel e fggr‘ea%tpéﬁ% ent ﬁeu?%‘%‘linﬁ %‘f?fe

t he cantenfl| ait e,nrianbq) chbred heg/barid depsyai@mMdonitrol, in
changed t R(.a) - ) and the viscous

I CReEn ot gt biid FretBrbe) COR alor el Re usual
ser Nkpethgcadiatainm@nt can be perforned by setting up

R (q) and D _suitably. 15 In this case since the
i nfl uence of ¥®e § Pa 1ferhs Gontkelvis RRFErPRe: penthat

t er mper a&hwet&qdeoaeﬁésa@éd tpyewh%ed;%&%&%e 140 is
suppressed, it is 0SSi bl e to denonstrate

ori gicRAPSeapedi (I opLt Hee vicdrieming f@ﬂﬁéﬁ’ o(r1|5h quiek
act iffmuSHC ASi & ec@a%%‘fbﬁﬂe&ﬁaﬁd”%h@’fbﬂ%ﬁﬁ Yrmdd (12).

The i nfluence of the inertia termor the viscous
"1@riction ternf@fsaduenidir exs Hpreaensl the biomugar d38ed, the

and ; oL0e ; YeaL g é'i'oPe{ﬁE 1 0 YL & S '%ggaggaa@o

t he or|g|n cyc or to operate
( smdR{al ~RVig)clusndr thEl*@IQCCtdmtfrn.nti@E toase leier ehaﬂi]@ed

acti_on-assi st 5 wearin tooI |s ut_.on
"R (3 APSBLT A gURT O Qe B a8l e Gl B e
D )@e:tzfﬁm;g@c@ 4)y Jsr?@(cqjggm#ém' agaeD'F §'mi}t(ahly4 4)
..... 12 In the above-descri ro
1¥he control nﬂr&m Ssfiftan %]é"cceo??gte ?Lﬂe%? Iﬁ’tJ Fﬁﬁeé’é‘?rtla
one tefm 30 tie WisaviubyreDrpens akiranfrémecideidtian—assist
conpensation, and -47- the Jbl‘l d .i npedance contr ol

appp@gacesb%dyy}5§|sypp¥¢§§e it is possible to demonstrate
the original capability of the wearer 12 to perform quick

action, such as reflection, to the maximum extent.

- 20 The influence of the inertia term or the viscous
friction term of the wearer 12 can also be suppressed, and
the wearer 12 is permitted to walk earlier than the
original cycle, or to operate more smoothly (smaller
viscous friction)} than in the case where the aciion-assist

25 wearing tool is not put on.

I,=-R(§-Dg+T, «-uu-. (11)

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

30 the gravity compensation, the inertia compensation, and



control nethod data (G ) of one of these control

methods is read into the control unit 200 fromthe
data storing wunit 156, and the control nechani sm can
"be constituted on 5 the operation environnent of the
control unit 200 based on theicontrol nethod data

(G) concerned. According to the thus constituted
control nmechanism it is possible to generate the
contthel hgbgi@limptedaace orahitngplt apphéepr ecﬂaieeﬁﬁneﬁlY. the

| ed
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to the control device 100, and show the experinental
r esPEsCRRERP} Methedr 82ta2(Gly weaesreederform the
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show ng knee join | e change wi t hout control
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(wi thout an assisting force) IS a |agram
1ghowhrgaageires wespagel vritgaitectiangdain tholestimeted data,
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(1 080 1, a1 e (S0 BOLELE, PRty i
assitdti ngniork enctipotiheoiRiZzoomt roain. bEl Gverl 3B itheawearer 12.

di agr am Show']ﬂ%sby %_gi%‘é}t rd tyﬁﬂ%ﬂ% aﬁ%lhgghe 16A-16C

assi sting force ntr ol
di agham tﬁ@wﬁﬂ@:tawﬁém at'thre gageidut ppédatmngensrbh tdhe
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aSSleS:béﬁgméI&[aCie reyulhe Wt Al Gbare Ayl il mhABedaNserform
onttglgl Salgé %pelJ:g%J_Ioﬁ a di agram showi ng a -48-
Specifically, FIG. 14A is a diagram showing a
knee joint angle change without control {(without an

20 assisting force). FIG. 14B is a diagram showing a

| myoelectricity change without control (without an
assisting force}. FIG. 14C is a diagram showing a strain
gage ocutput change without control (without an assisting
force) .

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

30 force by the PD controcl.

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

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




nmyoel ectricity change with the assisting force by the

PD control + hybrid inpedance control. FIG 16Cis a

di agram showi ng a strain gage output change with the
assisting force by the PD control + hybrid inpedance
control. 5 The experinental co#f@t+tion is as foll ows.

Wen a series of actions to swing up the leg forward
inthe sitting state and thereafter swi ng down the

| eg Myoelperforhad dnpnghevieartidre E2sishéngn/foeicecbyi th@yPD :
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Phe yGeTes: o iy STEMEY BEEe® LhrmiFo | GTMATser) the
Thi $siitsihg soaforand yh@té@fﬁeﬁe swqxlgeab@m@le Hawever,

it is confirmed that there is the portion in the

secEWd TRANED Y tHE ¥RARET dbin ther gaetehricisy (RMEL and

redutlel 9B18f 1 yderdnreel gpt EhLi Ak ENBhsOf 4 u%hﬂzﬂﬁllfh is
nmuscl e (graph I1) fromthe expanded nuscl e (graph

10s oeaveeded THIY hensatablvarioyeeheErem éihmt"@lﬁé@r i bh who
for tRrfBRRE N A YR a%%tlénoaoﬁé@rrw 8F @y ding to

theinertia of the action-assist wearing tool 18. 25
In the graph %Tdeﬁ? i 44K} G144 4R hendt FEen Yageit is shown

out FEWatOfch(%r}ﬁyc (L2 30500 Bﬁ%é' $r&RapgL ng although the

assi sting e1s no i S'Ts becausé, “when
t he nméatévell? lchargesrihe ar&ghmg@hpt perkme(1j10i, nandtdering

150° ot SIS0 F 5kl ehve Bt bR POR roriok \Ephhohgromes

systsea)l 1i sebetiveg.yon ThEstiB righ fcoamernlcy Witeomheast ,
fromFI G 15A, FIG 15B and FIG 15C, show ng the
expEFPRENTATS T esul t when the PD control

However, it 1s confirmed that there is the
portion in the second half of the swing-down period (L2},

20 where reduction of the myoelectricity (EMG) of the shrunk
muscle (graph II) from the expanded muscle (graph I) is
barred. This phenomenon arise because interaction force
moment Ma acts on the wearer 12 according to the inertia
of the action-assist wearing tool 18.

25 In the graph shown in FIG. 14C, the strain gage
output of the force sensor 46 is changing although the
assisting force is not supplied. This is because, when
the wearer 12 changes the angle of the knee joint, the
load of the second joint 66 {or the load of the drive

30 motors 24 and 26 and the motor drive force transfer
.system) is acting on the third frame 60.

In cdntrast, from ¥IG. 15A, FIG. 15B and FIG.

15C, showing the experimental result when the PD control




-49- is perforned (Pd: indicated by the solid Iine),
it is turned out that the myoelectricity (EM3 from
the wearer 12 is generally hal ved when conpared with
the case when no assisting force is supplied (Ano:

i ndicated by the one-dot 5 chai®-line), the response
wavef-orm during the swing-up period (L1) resenbles
closely, and a suitable action- assist control is

per figr megfomned (Rsi:alisdisappbriivedhsysolhe Firet) ,t Rat is
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FIG 16B and FIG = 16C, show ng the experi nenta
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hybrid impedance control (HI: indicated by the one-dot
chain line) is performed, it is turned out that the

20  influence of the interaction force moment which is the
problem when only the PD contrel is performed can be
suppressed in this case, in addition to the above-
mentioned effect of the PD control (Pd: indicated by the
solid line).

25 ' Namely, it is turned out that according to the
PD control + hybrid impedance control (HI}, the
myoelectricity (EMG) of the wearer 12 not only duringrthe
swing-up period (Ll) but also during the swing-down period
(L2} is halved, the response waveform resembles closely,

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

As explained above, according to the action-

assist device 10 of this embodiment, the parameter




assi st device 10 of this enbodi nent, the paraneter

-50- identification unit 160 identifies the kinetics
paranmeters intrinsic to the wearer 12 concerned in

the state where the wearer 12 puts on the

action-assi st wearing tool 18;50and the drive source

140 can be controlled by the control 5 device 100

based on the equation of notion (the formula (5)

et c.Ideni 51atEon turdti déht 1dendd flienetheskretdmst ppyameters

.are ﬁ}l{%ﬁsﬁet tﬂet w'egrggsfi béo%c,te%ng rTP S{ﬁ@tsetate where
t

suf ficl ent in conformty e contro
met Hée Msedebyliiputscontth¢ iﬂﬂmqn%a$@®SMAWéﬁﬂﬂhgbébn@ 18,

i nfl e. chang 0_factor su t
meareﬁpgggng¥§é% é%uge %&éﬁ%é%én&OhBﬁogg%gﬁafQ%e control
bondietviign. 1001 bdwe=dachi dhe asma;ilwhemmﬁoﬁﬂomf(tnm formula

ool BB b et MAERor e g 1Pa. BT Ot U PRI ER=S

i nt arkd stibet equadd.on 1ef 1§0;5¢§H1t(1teheof Qemth S fable @h€f)cient
and the drive source 140 can be controlled by the

conf#@?cae%FC%Pn?RﬁTIBXSEHtQWFQQN§°§&EQ%|%ﬁFQﬁdlﬁﬁ?ﬁoﬁy the

I Nt @oftirel &deiceSioomat elot 358t QhausekdA ays the change
substituted. Also in the state where a musclé force

10s desdoead $HCR i Wwear epansr’ dndprigpabtdifiference and

par%%?gggglCéghé%%ﬂoggntified, and t he above- nentioned
ef fécf can be denonstrated, w thout causing the

wearer 12 to Wailtthef gctipe-asaiaricyeriine 1orof ddvitsi f yi ng

t he ' d 0 S
v s Tt T R
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LB AR I, TSR Yo " P ALY, g e
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my o0 PREE 1S (B HAG The hrbERER: SR AR HPE | n
confegt inkyedM s dilze tprgaet ermyi ned sspbtifge Rl NAGEBE) in the
I state where a muscle force is produced by the wearer 12,
20  the kinetics parameters can be identifiéd, and the above-
mentioned effect can be demonstrated, without causing the
wearer 12 to wait for the latency time for identifying the
kinetics parameters concerned.
The action-assist device 10 of this embodiment
25 may be configured to include the calibration unit 158
which adjusts a gain between the myoelectricity (EMG)
detected by the biosignal detection unit 144 and the
muscle torgue (Tm) detected by the muscle torque
estimation unit 153 so that the association between the
30  myoelectricity (EMG) and the muscle torgue (Tm) is in
conformity with the predetermined setting gain (Gs). It
is possible to prevent beforehand the situation in which a

poor sensitivity and oversensitivity arises from the




is possible to prevent beforehand the situation in
which a poor sensitivity and oversensitivity arises
fromthe -51- detection result fromthe biosignha
detection unit 144. As a result, it is possible to
avoid the situation where thebidentification accuracy
of the kinematics paraneters of the wearer 12 falls,
and it is 5 possible to avoid the situation where the
assidteagitnrmsulfehepat o Byioshenal i detetucre undo 144.
becones t oo I I 0 :pls Mo s
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Sen%QmeOEQj§¥Qgﬁﬁbr§@£bﬂtE%ﬁgegH@Blon where the
inertia of the action- assist device 10 may give the
wearer 12 a slengdeofctiororapdgitt geuice W tafinghak

ope j j I i . this
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action-assist device 10 may give the wearer a sense of

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

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

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

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

device 10 are reduced so as to realize light operation.

Industrial Applicability




device 10 are reduced so as to realize |ight
operation. Industrial Applicability -52- In the
above-nmenti oned enbodi nent, the conposition of the
action-assist device 10 in which an assisting force
Is given to the leg of the weas®2r 12 has been
described. This invention is not limted to the 5
above exanple. It is a matter of course that this

i nvention i s & sdeapppieabert tanegh eabedorerdssitde
dev'c%fn bﬁltﬂﬁﬁ C(& %%ea§§£§&ll %Jl%%cge{rﬁcegllvt? rlnt %h'i 8f an
armo e wearer, for exa
aboweﬁnehtn@n@wk&aﬂmsdQMEﬁm tQIthelQegouﬁthdlwmarem i2 has

whi e..to qu of an electrlc not

et febY Bl Il S LSS LS BB Yt ta, the

bs abowtt exa:qﬁle:.our_{selshatmatﬁﬂa: btivestton tirmtalksds
appl.icable to, an _action-assi.st device in whic
ass.J&VEHEl%rﬂcse %lssogeﬁg}a?%%l%%anaﬁ%*flr%}-a&ﬁ% device in
soungg chSant hesi ddiagy aBrebers rdiwedter thddsn of the wearer,
international application is based upon and clains

t he T5&n8FFTPH?- priority of Japanese patent

application Non Z02p38E9RentidrRe eRbdANHAL, %@e 2005,
the contents of which is hereby incor or at ed

1Pef goBReeitig incrRLRE a 1drigedarase eohdn @ﬁﬁ&#ﬂ@tmotor

devijee CONBfi Sidifas aQ’sPsQ’%ﬂﬂgalfoqg:Eeﬁéé 0xgéé'bn'(:itvescrlbezd It
detecting a bi osi gnal roma wearer;

'actﬂ@naaﬁét%ﬂrwﬁhﬁpngseobmamdﬁuﬁglaVﬁmtw@n:Sbadée
SUPRLYh A8 UG 86 A0 AL IRe UERLE s ALAYIA gach

join wearer as an axl's o atTon; and
contarssllsumg Toommer akl galgerateadjusuegsmwtd&en oirliz@ source

he torqye accordi,ng to the biosigna
gjrctsgg %han tHe %EEE&?F %éFOtd%'ect ion unit,
_ This international application is based upon and
claims the benefit of priority of Japanese patent
application No. 2005-18295, filed on January 26, 2005, the

contents of which is hereby incorporated by reference.




characterized in further conprising: a drive torque
estimation unit estimating a drive torqgue generated

by the drive source; 15 a joint angle detection unit
detecting an angul ar di splacenent of the joint; and a
paranmeter identification unit-%8lentifying kinetics
paraneters concerned by substituting the estimted
drive torque estimted by the drive torque 20

estimation unit and the angullgkIMHb spl acenent det ected

by the joint angle detection unit into an equation of
notion of an entire systemincl udi ng kinetics

par anet ers ihtrArwaawabmetﬁmtﬂunﬁassismhdmvﬂdm Kbmprising
control unit conf ig gd tQ gtrol t.he dri 1
sour ce accord‘:'1 glc%solgg ; %)%?%iﬁﬂnnél&l c%?ﬁ‘?coql%tahgaomgna

basedoanat heasgtrati on of notion into which the

kinetics paranmeters identified by the ramet er

dent 1 cati o (RESORFEoSHs (19ARIEE. C30! 21=VANGedr dbH B

act lmras,ss&;&pmwgca €6fRhd Sdidngohi % Gl redehestih@Meach
unit detecting a biosignal froma wearer; an

actllﬂﬁnésgfs?hﬁmﬁ%ﬁrﬁﬁ ?%o@ntﬁﬁﬂsn@far€¥¢ﬁﬂ9nv5@ndsource

suppl yi ng a torapif a3t LAg: %ﬁﬂ}%l‘i@ﬁ?%h@rﬂi% 886Pce to
oint of the wearer as an axis of ation

on@ﬁ@?rah¢tthﬁnﬂ9ﬂgpﬁlﬁ@c@iﬁﬂﬂﬁwt@etbﬁbeﬂﬁxgyalgéﬁbe%meﬁ by
thethgrgygs r gt 9ot NG, i osignal detected by 5

t he bi osi gna etectron uni't, ‘characterized in further
conpri si ng: aﬂﬁﬂmwéetézq@ehegﬁuwaEKOQOmmwlsmmm|natlng

A e R T
di splragenentque denerpbedthy aheoidmt ve osquesegst i mati on
1gn|t eStlnatlgwﬁégnt angle detection unit detecting an
angular displacement of the joint; and
a parameter identification unit identifying
kinetics parameters concerned by substituting the
estimated drive torque estimated by the drive torque
20 estimation unit and the angular displacement detected by
the joint angle detection unit into an equation of motion
of an entire system including kinetics parameters

intrinsic to the wearer,

wherein the control unit is configured to

+ 25 control the drive source according to a predetermined

control method based on the equation of motion into which
the kinetics parameters identified by the parameter

‘identification unit are substituted.

30 2. A wearable action-assist device comprising:
a biosignal detection unit detecting a biosignal
from a wearer;

an action-assist wearing tool having a drive



joint torque which is a resultant of the drive torque
generated by the drive source and a nuscl e torque
generated by a nmuscle force of the wearer; 15 a nuscle
torque estimation unit estimating a nuscle torque or
nmuscl e force generated by the-wearer, based on an

associ ation between the estinmated drive torque

estimated by the drive torque estimation unit and the

est igmaiee popplyirg quéorgte natieichgbynt tiee jwearert arqued each
20 est.imation unit: and a_paraneter identification

uni tqu&gﬁf)iff gkil%gwealﬁeﬁe?lsc%gp%ﬁjasné) ef® %E%%?’n&ﬁldby
substituting &heorestdlmahed celttined tiagquee edstivaattedrby to
the drive torque estimation unit, he angul ar. '

di' s I SREEAE R P CuETRE BYCORATbItR CARGP LS detrehed by
BNi tsheamd ok hgnalsidtectobguenest i mated by the nmuscle
torque estimatjon unit into an equation of notion of

an entire systeimaFErddrAgivi Heties paramet 1%

intrinsic to §he-Mearerquuheseinhdibe 6ONtE rode Mt nhSa
configured to 30 control the drive source according
t o FPVedECERWT reanereshtrloy the KedvBasedreny t he

equation of nptjon | : Loetd 4 ers
Cdont1 T1ed by thams AnGLY HEker o, ShIE AEfABTELS
18ubstHigudesddispcegenThel welag abslietact i on- assi st devi ce

according to clai. f e r.ising.a cal. 0
Qnit adj usti g Jadalrﬂgtgitﬁgé‘é%méseﬁ 5 liog’sﬁ‘ghgle%elt‘"%%?ég By
t he Jwiiogi gnadusd vddivbctisoa wesutltamd af nuse|dritver qoegoe

muscl e forc estimated by the nuscle torgue

est (REERST Y S0 CFRYE SPME G €081 At Tere Ko hiESHE! he

bi ogjegraktanddoy e misstbefdocg e ahe Wasede force is in
1gronform'ty with a predeterm ned associ atjon.

10 4.
he wear abl e AdW BrEas8rate feRh e a8 ot ngFstimating a

muscle torque or muscle force generated by the wearer,
based on an association between the estimated drive torgque
 estimated by the drive torque estimation unit and the
estimated joint torgue estimated by the joint torque
720 estimation unit; and _

a parameter identification unit identifying
kinetics parameter concerned by substituting the estimated
drive torque estimated by the drive torque estimation unit,
the angular displacement detected by thé joint angle

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

wherein the control unit is configured to

30 control the drive source according to a predetermined
contrel method based on the equation of motion into which
the kinetics parameters identified by the parameter

identification unit are substituted.




to claim1 or 2, wherein the biosignal detection unit
is used in a state where the biosignal detection unit
is stuck on a skin of the wearer, and the biosignha
detection 15 unit detecting a inyoelectricity of the
wearer as the biosignal. 5. d%e- wearabl e
action-assi st device according to claim1l or 2,
wherein the action-assist wearing tool 20 includes a
wai st belt, a right leg auxiliary part extendi ng

downward fromafight side. p tlo L éggs lShi P cE?rdlng

and a left |eg auxiliary par I'ng downwar
a Iabtciaﬂm QEﬁurnhbrtbemymusmngbeltalz%mhtmmmhunﬁttadgustlng
right UXI |ary art a

he . 2 Ieft
uR Fany Beted pPEE oS detected Bf ind Blogipga
' Biovvmwaédti@n sufipoEhdt Aemuydli e ttorglie; oR mecgrd fbtraae
exten%é%g q§ ward fromthe first frane; 30 .a
R Sl o b5 LhaEin PPade: O that an
f ourtlsR okl afEorp Hteet Bhe aod WRNatNEn@f i @uskhier €orque or
frame so that a sole of a foot of the wearer is -56-

pl af¥FChR TPET difr R FPRtREMIEY Pish # BrRAgSesTilaed

bet weeR-a-tower end of the first frame and an upper

end of the second frane, and a second joint provided
I§etween a lower end of 5 the second frane and an upper

end of the thjrdf r@@& aie 5518?: Wﬁaéé‘?lﬁ%%dl% Qéébf’émg

devi ce according to c alm erern rst jornt
i s diespésed 1 rem 2, hehghtipddia bonsiinah d@ie@monaﬂm is

to 5?33,95 51495%3 BQ£?]éFe blggﬁg fréétec Q%nf?£§£ is
j oi nt’ "conpri ses a lrs i urc ransm-t
dri seéuthrce a(Bkmmtafeth@ewe&me:ndanﬂrth&abﬂmmigaaﬁldstection
1%‘“ unlgng Jﬂ%cg'%Qog It f%%f%Ctlggtﬁg]wearer as the

biosignal.

5. The wearable action-assist device according
to claim 1 or 2, wherein the action—assist.wearing tool
20  includes a waist belt, a right leg auxiliary part
extending downward from a right side part of the waist
belt, and a left leg auxiliary part extending downward
from a left side part of the waist belt, and
each of the right leg auxiliary part and the
25 left leg auxiliary part comprising:
a first frame extending downward to support the
waist belt;
a second frame extending downward from the first
frame;
30 a third frame extending downward from the second
frame;
a fourth frame provided at a lower end of the

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




angul ar di.spl acenment of the hip joint of the wearer,
and wherein the second joint is disposed in a height

15 position which is equivalent to that of a knee

joint of the wearer, and the second joint conprises a
second drive source transmttbég a drive force to
rotate the third frame, and a second joint angle
detection unit detecting an angul ar displ acenent of
the;ﬁ@@@djghnthqﬁfqumghméaam&' 20 7. The mearable
action-assi st r Laim 1 or

wherein the c%n %8 g Ton fﬁ&%& *t' acéﬂ%%bFth%f
dri v@hesduree ﬁmmwndgahou@mrdrrcbbfnehhoﬂecdmi n‘fgairﬂae and

ki net t dent f d t
(donti 11 cati oh UMY LA perPETTARG. RETTeHers oifresy nd of

gr awiHey sceonpensaid @ndaat bt ishdC OAPENS AHiGR f8amdhe
wear abl e acti on-assi st device according to claim1l or
2, wherein the control unit is configured to 30

~control the dgj VigheS Qb EEHAE CAFIHG 281 30 dPRU4ARELording
control nmethod using the kinetics paraneters

i deritd Filedmpy, tHeredar hiet Birstdgming tatdepasscdt in-87-
9. AGQREr BbsIQREY Ak VR S?Q’edﬁl%l%}ﬁcjéé %a@’o@f a hip joint

conputer actlng as the control unit, causes
1eomedt ke Versanf dhm Ehestamingl cosphbseas @lmSﬁfedrlLVB

cl aid®fee St AGhsr £$ARL Q! P @@rf%@c\emsh (execuredy
C e

by a conputer acting as the control Unl ) auses
conpuese, &od perfigsin jhéntantglel detehbibrasidltadeedceting an
Cla%%b%iar displacement of the hip joint of the wearer, and
wherein the second joint is disposed in a height
15 ~position which is equivalent to that of a knee joint of
the wearer, and the second joint comprises a second drive
source transmitting a drive force to rotate the third
frame, and a second joint angle detection unit detecting
an angular displacement of the knee joint of the wearer.
20
7. The wearable action-assist device according
to claim 1 or 2, wherein the control unit is configured to
control the drive source according to a control method
using the kinetics parameters identified by the parameter
25 identification unit and performing‘at least one of gravity

compensation and inertia compensation.

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

parameter identification unit.
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9. A control program which, when executed by a

computer acting as the control unit, causes

to perform the control method as claimed in

10. A control program which, when
computer acting as the control unit, causes

to perform the control method as claimed in

the computer

claim 7.

executed by a
the computer

claim 8.




