DESCRIPTION WEARABLE TYPE MOVEMENT ASSISTING
APPARATUS, CALIBRATION APPARATUS OF WEARABLE TYPE
MOVEMENT ASSISTING APPARATUS, 5 AND CALIBRATION
PROGRAM TECHNICAL FIELD The present invention relates to a
wearable type movement assisting apparatus, and more particularly to a
10 wearable type movement assisting apparatus for assisting or
substituting for the movement of the wearer, a_ calibration apparatus of a
wearable type movement assist%%sggﬁgl%]tﬁ%f a calibration method for a
wearable type movement assisting apparatus, and modification of a 15
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assisting apparatus, a calibration method for a wearable
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BACKGROUND ART

Movements which can be easily performed by an

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

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

30 to as “wearer”).

Such types of movement assisting apparatuses

include one that is deﬁeloped with a configuration

including a mycelectric potential sensor (detecting part)



example, non-patent document 1). 5 This movement assisting apparatus
has a characteristic of driving the actuator (e.g. motor) based on
detection results from the detecting part and controlling the actuator by a
computer for applying assisting force (assisting power) according to the
will of 10 the wearer. Accordingly, the movement assisting apparatus can
apply assisting force to the wearer based on the will of the wearer and
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15 Meanwhile, the above—-described movement
assisting apparatus generates an assisting force for
satisfying a necessary correlation with respect to
myoelectric potential signals emitted from the wearer, for
example, by supplying control signals having &

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

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

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

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

The mycelectric potential signals emitted by the



myoelectric potential signals differs depending on each 5 individual.
Moreover, the electric resistance value of skin is not constant even for the
same person depending on his/her daily condition. Accordingly, there are
many cases where the myoelectric potential signals and the muscular
strength generated according to the myoelectric 10 potential signals are
not constant. Therefore, the movement assisting apparatus is installed
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counterbalancing the load in each step, the calibration apparatus can
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15 control signal. More specifically, a calibration
apparatus is provided for associating myocelectric
poctential signals and assisting force with a certain
relationship and performing correction by using a
coefficient (parameter) in a case where the movement

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

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

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

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

power to establish a certain relaticnship based on the



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

is detected, or a method of connecting a coil spring to the leg of the

wearer and changing the amount of expansion of the coil spring step by
step. 10 With the movement assisting apparatus including - a calibration
apparatus using these methods, myoelectric potential signals and
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DISCLOSURE OF INVENTION
25 PROBLEM TO BE SOLVED BY THE INVENTION

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

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

the myoelectric potential sensor or changes of physical



a case of the above-described calibration methods, exchanging poises of
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assisting apparatus including a detecting part for detecting a biosignal
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Therefore, taking the above~-described situation into
consideration, the embodiments of the present invention
seek to-address the above-described problems by correcting
parameters that would reduce the burden of the wearer when
performing calibration.

MEANS FOR SOLVING PROBLEM

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

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

detecting part, the wearable type



the driving source and setting a correction value based on the detected
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‘generate an assisting force according to a detection signal detected by
the detketitgPart; theddearable type movement assisting apparatus

characterized by:comprising: ajoad gererating partderapplyingide present
predetermined d ivin% force from the driving source as an external force
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Wedrer:dn Efmbodiments bF the present invention, fiereds previdetbthey 1ng a
dvearable type.raevement assisting apparatus characterized jn thatther o1
calibratio ,part\c\n}gg include a database storing a corresponding
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correction value set by the correction value setting part. In embodiments
BIERE presentiRvertior: theteds providetithe WedFablé type dtoverientat 1ng

@ssisting apparatus6.ehatacterized inthatthe detecting partmay-ber rom the
c$dhered on the skin of the wearer and detects a myoelectric potential of
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assisting wearing device is worn by the wearer; and a
correction value setting part for generating a parameter
for a calculation process executed in accordance with the
detection signal by the control part and setting the
parameter as a correction value for the wearer.

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

In embodiments cof the present invention, there is

provided the wearable type movement assisting apparatus



In embodiments of the present invention, there is provided the wearable
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rancupper enddd the: secand frametand @esecondjointinterpased belt, and
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Wiearabie Wpernovementsassisting apparatis- characterizéd iri that thert  and
first joint may he-provided:ata; Jevel matehing the height ofthehip jgint of .

the wearer, wherein the second joint is provided at a level matching the

Height O the KITEB oMt Df the WedrdF 1A enfbotinEHtS of tid pregenet belt,
anventiongithéresise pravidedihegvearahleype movementassisting frame, a

tu racterized in that.a first driving source may be provided in
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Sourtesframe and an upper end of the second frame, and a
second joint interposed between a lower end of the second
frame and an upper end of the third frame.

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

In embodiments of the present inventicn, there is
provided the wearable type movement assisting apparatus
characterized in that a first driving source may be
provided in the first Heint for transmitting a driving
force for rotating the second frame, wherein a second
driving source 1is provided in the second foint for

transmitting a driving force for rotating the third frame.



may include an angle sensor for detecting a joint angle. In accordance _
with a third aspeetiafthe present dnvention, there isiprovided acalibration ;¢
e movement assisting apparatus, for

apparatus of Wearab%\eﬁ% J
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enerated by the wearer wearing the movement assisting wearing device;

44 Secondl? Biordle' At for stoting sBEoritkéstFesponding™  Performing
relafibnship hetweenmthepower ard the-biesignals generatedthy thessisting
2 duri . process of performing a_predetermined basic mavement;
‘gv\é%gglgﬂ agégé%nethel%lcg'sﬁg%arfg geaner%fég aaﬁngg’tﬁg basic %wgonv%ﬁé:ﬁtnoq an
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wssisting power sarrespanding te the biosignalsds perfgrmed for o ccs5 st ing
satisfying the first corresponding relationship whenever the movement
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of the biosignals and the 8 changes of the power of the basic movement.

T aEé&dancBWith a fdutth aspedt oF e présent Second  corresponding

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

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

bicsignals and the



invention, there is provided a program for calibration of a wearing type
Dayement 3ssisiing apparalys enabling a, compyler g precute calibration
whenever a wearer Wwears a movement assisting wearing device including

a driving: segeejenerating ahlassistingponer corrsspondidg tohe present
W%ﬁrp%@b@ﬂ@?%r @f%_%%%%“”& t@%@%&ﬁ'a%u@”@&ﬁ%%ﬁ%ﬁ% of
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computer to perform correction of assisting power corresponding to .
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worn gf?ﬁwe wearer for satistying the fiirst Eorresponding e atigr?é:hrlgsmndmg

stored irnthefirst storagepant. EFFECT OFEHE INVENTION=Withpthes ignals
gmbodiments gf the present invention, by; detecting aiosignal«  2csisting
correspondln%ét&a driving force applied as a load from the driving source

4Rd seftthg a “Gofrédion Vit baséd bf the AetectEd Signal, o Tabiorlong < ne
proceduresstorperforaing ealibration sughas rattaching weights as adoagnals
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ights_,
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EKQ@H%H&a%ﬂ@“@d%%@%@%dqw9epég%ggmguorrection of assisting
power corresponding to biosigrnals based on the biosignals
generated during the basic movement of the wearer and the
secend corresponding relationship stored 1in the second
storage part when the movement assisting wearing device 1is
worn by the wearer for satisfyving the first corresponding
relationship stored in the first storage part.
EFFECT OF THE INVENTION

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

Furthermcre, calibration can be automatically executed by

o



the time and effort required for calibration can be reduced significantly.
This will further promote putting 5 the wearable type movement assisting
apparatus into practical use and popularizing the wearable type
movement assisting apparatus. Furthermore, no unnecessary load for
performing calibration is applied to a wearer having weakened 10
muscular strength, and calibration can be automatically performed by

mere executiqn of simple movemenis hy the wearer whe mg\ge Ler s ded
Weargﬁﬁg%g%lgm%ﬁt%%%%t%%rC\?\?eg%rﬁ%x dgei%ec.?%}fsleﬁaé}:est e 8 vreE
correttionhaluetehe: set agtoing tyths statedsitheaveaferatiangly -

driving. 15 force tg.he aceyrately.anplied tg the wearstin. aopexation with
the movement of the wearer based on the myoelectric potential of the
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of calibration. Accordingly, the m(icvement of kl'qe wearer gﬁg bte stgbrlly vement
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reliabdlity 0f the yeansdote: type movement can be further improved. 25

Particularly, the wearer, can perform caliration with ease€yen-ina Lastn: ng

where manipulation of a worn movement assisting wearing device is
consideiddte beoifficulrsidieas Bocase Ainers the Wesrer f&kBiinner.

Therefate, aven ina casewhergithe wesrer-has diffisulty 39.iadnavinga1 1y
freely (such as a physically impaired persaon), calipration can be

perfoRfiéd WHIREabBidIivg févsitiant Wiiehit ToPE wearer ana 2 e
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set according to the state of the wearer and a driving

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

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

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

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

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

in a manner complementing the physical deficiencies of the

10



Fig.1 is a block diagram of a control system 5 applied to a wearable type
movement assisting apparatus according to an embodiment of the
present invention; Fig.2 is a perspective drawing viewed from a front side
showing a state where a wearing type movement assisting apparatus is
worn according to an embodiment of 10 the present invention; Fig.3 is a
perspective drawing viewed from a rear side showing a state where a
wearing type movement assisting apparatus is worn according to an
embdififétit of the present invention; 15 Fig.4 is a left side view of a
movement assisting wearing device 18; Fig.5 is a rear view of a

movement.a sSisting wegring-devies #&:£9.6 is a block diagram of each
compuniamvgf’a—z%*mwme‘mé,Tpraratus 10; Fig.7 is a diagram
showing example$ & -reshective1asiks aRaditrasest Fig 8% ednEmatie™
ew of gicalibration, daiabase 14825 kig-risa-diageamrshoyingaratus

movement process of _phases Al-A4 as an exam le of mo%%r‘r}equé .Iéig._lo
are dRGTARTEHS sHoVilg S aRIEAITH” pusitiorroPST7a8e myoslectric -
potential el-e" in whighe (A} isarthagram viewingrawégdrom ¢hedroht amda
O e D e 97 i o, A1 gl
WhiChiE(A)kaf@demﬁiif@leigsfdf%ﬁbvﬁﬁgwm 1P Wb@@@ﬁ%iment of
petential when.bending the-hipoint in the arrow direction and (B) is a
ade view 61 aleg forshowing sirface myoelecfc potrtial wher bendng
the g persp g
rear side showing a state where a wearing type movement
assisting apparatus is worn according to an embodiment of
the present invention;
15 Fig.4 is a left side view of a movement
assisting wearing device 18;
Fig.5 is a rear view of a movement assisting
wearing device 18;
Fig.6 is a block diagram of each component of a
20 movement assisting apparatus 10;
Fig.7 is a diagram showing examples of
respective tasks and phases;
Fig.8 is a schematic view of a calibration
database 148;
25 Fig.9 is a diagram showing a movement process of
phases Al~A4 as an example of movement;
Fig.10 are diagrams for showing a detection
position of surface myoelectric potential e;—eq, in which
() is a diagram viewing a leg from the front and (B) is a
30 diagram viewing a leg from the rear;
Fig.1ll are diagrams for showing a detection
position of surface myoelectric potential ei;—es, in which

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

L1



knee joint in the arrow direction; 5 Fig.I2 is a schematic view for showing a
state of a flexor of a knee joint of a wearer 12 wearing a movement
assisting wearing device 18; Fig.I3 is a graph showing an input torque and
a virtual torque with respect to an extensor of a right hip 10 joint; Fig.14
is a graph showing an input torque and a virtual torque with respect to an
flexor of a right hip joint; Fig.15 is a graph showing a difference between

15 surface myoelectric potential and virtual forque | se. e:
weoarBF 15 oo 110 SATE e Eent B 3 r oL g d raforinose
movement; Figrk-isiagrapti stiwihg charigés ofjethtngle 16ta i joint
and changes otiointanale.ofa kpee jeint 2Qin cafrespendease with ahe

bending andextending movement; Fig.17 is a graph showing a virtual
torqUEnEea JseRding mevenf et £hfFoitea virtual torque of an
extending movemeng of a hip jainicaarualiorguasof arbehdingg a state
movement of a knee joint, and a virtuatl torfque of %% an (iéte‘r\;gian

movétheft 6F&¥ec’bift i EstreSpdhdence  with a bending ah
exteneingmaorement;sFignt8 isamgraphdhowing & surface myoelectric
potential of a benc}y:rLl%mgvgg%nt:%%fa%glpsjkng}iggrgjgrg@l%glr%@r@u&ld a
of a bending movement of a hip 30 joint, and an estimated torque of an ,
exteriding vcvernertef Ya Hip JoRERCorkespBhdeic with £beRdingahd P
1@(tenjj,_iﬁgltrpovement; Fig.19 is a graph showing a surface myoelectric 12
potential of a extending movement of %T%ﬁ_&?int, a referenc% vitrtual tgr%%% o

of a extending moVefent of fig? f6i YA EtithatedF orque ot a

bendingrpeyementcafeaa with respect te an flexor of a right hip

ng a

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

movemant;

reg

ig.19 is a graph showing a surface myocelectric

b

it
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hip joint in correspondence with a bending and extending 5 movement;
Fig.20 is a flowchart for describing a procedure of a main control process
executed by a controlling apparatus 100; Fig.21 is a flowchart for
describing a control 10 procedure of a first calibration performed for
setting a default in a motionless state; Fig.22 is a flowchart for describing
a control procedure of a reconfiguration calibration performed in

corresponden W%h one motion (single mov megt)ia'a}gl 1 (f.ig,gia i§a
flowé?wa??%trl&cefsc?l iﬁg%xggﬁtc%fl rg%ggﬁnr%ngfg c:albraton§inl ' '
correspbmdence withaupretetamsined refarsheadidverergment of a hip

EXPLANATIQN OF REEERENCE NUMERALS .10, movement assistindor
apparatus 20 12 wearer 20 right thigh driving motor 22 left thi§gh drivinc%‘fn
550

motor P4 Rt knie driviRGTRBRSIERBAett Kiie ePdRARG MBtG™
belt 3234.battery 36 control backpack 38a, 38b, 40a, 40b, 42b, 44a, 44b

myoelectric potential sensor 30 50a, 50b, 523, 52b, reaction force sensor
54 right leg assistﬁfg?pé@ 55 |&ft Feggogscg%ﬁ%gag%ﬁ %%Sﬁé#?r%l%e 1gggeecure
second feame i 60¢hird frampr62purtefeameed by a controlling

apparatus 100;
Fig.21 is a flowchart for describing a control
10 procedure of a first calibration performed for setting a
default in a motlionless state;

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

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

EXPLANATION OF REFERENCE NUMERALS
10 movement assisting apparatus

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

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

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

56 first frame

13



64 first joint 5 66 second joint 70, 72, 74, 76 angle sensor 78 first
fastening belt 80 second fastening belt 84 heel receiving part 10 86
electric power circuit 88 input/output interface 100 control apparatus
101-108 difference amplifier 111-114 angle detecting part 15 121-124
reaction force detecting part 130 memory 140 driving source 142 physical
phenomenon detecting part 144 biosignal detecting part 20 146 data
storln%part 148 calibration database 150 command signal database 152
phasedidenfifing paff1%4 difference deriving part 25 156 parameter
corre@d}mgtﬁuﬁrtdSBre:lmetnc power amplifying part 160 controlling part 162

calibration con%glllg JRart 164 load generating part 30 BEST MODE FOR
CAR II\%%) T THE INVENTION Next, in order to describe the present
inverfiton ¥4 Mérel @éti, the best mode of the present invention is 14

descgped with,fefereneg to the drawings. First Embodiment Fig.1is a

block diagram showmg a control
70, 72, angle sensor

78 first fastening belt
80 second fastening belt
84 Theel recelving part
10 86 electric power circuit
88 input/output interface
100 contrel apparatus
101-108 difference amplifier
111-114 angle detecting part
15 121-124 reaction force detecting part
130 memory
140 driving source
142 physical phenomenon detecting part
144 Dbiosignal detecting part
20 146 data storing part
148 ealibration database
150 command signal database
152 phase identifying part
154 difference deriving part
25 156 parameter correcting part
158 electric power amplifying part
160 controlling part
162 calibration controlling part
164 load generating part
20
BEST MODE FOR CARRYING COUT THE INVENTION

Next, in order to describe the present invention

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

14



system applied to a wearable type movement assisting 5 apparatus
according to an embodiment of the present invention. As shown in Fig.1,
a control system of a movement assisting apparatus 10 includes a driving
source 140 for applying assisting force to a wearer 12, a 10 physical
phenomenon detecting part 142 for detecting the joint angle (physical
phenomenon) corresponding to the movement of the wearer 12, and a

biosignal detecting,part 1%4 for detecting a m oqﬁg ic potential
(bios%ﬁﬁflé)oeréeé%“gcr%diﬁa gfn%ﬁggmg? s%éer]gt r%ene(jréjat'ed by the wearer
15 1ZiAdatamstoringgpart 146 is loaded with a calibration database 148

for correcting the parameter of @ ,command; signalfeantrel sigeabtrol
according to the detectivity of myoelectric potential (biosignal) 20

corresparaing B e st Aa N SFEAGHIT g ENEaET By IRB “wadrer 13%hd a

eommangd,signal dafabaserthQ.dt imta-beonatestthas the:salibratioant
database 148 includes a first memory space (first storage part) for storing
beforeh&nd a first corresponding relationship between a movement force
25 (muscular streagthigenerated by the weareni2okegragahect a

movement as%isggg Jx_/\é%%rﬁ
(

movegen ;?3985&%%%§$S§%Fﬁ%@i@&%§)ama}§vin source
corresponding biosigna

yoelectric potential signal) and a secon

memoAPspace (SBEEGHA:StGragb ey féPEBRNEhETorsRETF alsecdhd
199”%&%@@@5&91@%%@9&9 between aymeyementforcer(rusewaing the

strength) generated when the wearer 12 performs a redetec{r%inegob icé

moveheht: #1a Roleshdndiy Biseigha oqugt?%:sg&% ntiaf® si’gn%?’.

15 A jeintangle (Otknee; Gvbip)adeteeiediby the bplysicalsghelomehdng part

ﬂfg)eggggcfgé%blyéét}%dﬁ%nf&yge!%%%e%%@mawg@a&w Gkage:EMG)
corresponding to muscular strength generated by the wearer

15 1Z2.

A data storing part 146 is loaded with a
calibration database 148 for correcting the parameter of a
command signal (control signal) according to the
detectivity of myoelectric potential (biosignal)

20 corresponding to the muscular strength generated by the
wearer 12 and a command signal database 150. It is to be
noted that the calibration database 148 includes a first
memory space (first storage part) for storing beforehand a
first corresponding relationship between a movement force

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

30 Dbetween a movement force (muscular strength) generated
when the wearer 12 performs a predetermined basic movement

and a corresponding biosignal (myoelectric potential

signalj .

15



biosignal detecting part 144 are input to the calibration 5 database 148
and the command signal database 150. A controlling apparatus 100
includes a phase identifying part 152, a difference deriving part 154, a
parameter correcting part 156, a controlling part 160, a calibration
controlling part 162, and a load generating 10 part 164. Furthermore, the
calibration controlling part 162 performs correction of assisting power

according to biosjgnals based on a qjo ignal geperal bé{% Ecd by th
movement of the ‘é‘ve]a?éphaanr%;l%e(sec?c()%%ecbrresp&r%jingere g:[?onshi% . ®
whernBues the wederIEweRr S #e Fiovemant 15 HsSistiy WeanAg deiice ©

18. Thatis,when thgwearesd? weaks thenmovemente essistingsyearag
device 18 and switches on its power switch, the calibration controétgg

t .
162 S5 A HibRGToTHoRG oI protess <o tHit'te 10ad§8nE?: mdg 3gton

part 164 shables the pawet i lifyingnpart il dpplylse criving force of
the driving source 14}:% asa W %n ut a‘{%q_ygg to (%el earer 12 %;e}ghtys o
step and enables %he wearer 0 ggﬁerate muscular strength for
countatbalantig.the drivingforce. 25 Sesugereriyr ive wedper 12 with 2

the driving,.ferce being.anplied by the deying.saurce; 140 pesfopmsaso, =

predetermined calibration movement (e.g. Task A, a movement of

standifig HPTRGHPR sHARGSIALE) 18 deéitdratd® mustilar streRgtPRBATA 1Y
skelefalmusele. Aleng with-this 30 calibration mevamentdhe piysicat part

phengmenon detectin? art 142 det%ctgs%jj?iq:t.an le and the bios(i%nal

detec]fi% B%lﬁffﬂf%e ofrection , o IC2ER

3 JDOW, to
ects a'myoelectric po 8ritia s@naﬁrrhen, the prﬁ%se
identibing park 152hdestifies: k6 tHe phase of teaeniibesdidrymdveaseist of

the wearer 12 by, somparing.the joint angledelected by the physicahaing

phenomenon detecting part 142 with a joint angle stored in
relationship whenever the wearer 12 wears the movement

15  assisting wearing device 18.

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

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

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

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

Then, the phase identifying part 152 identifies

16



the calibration database 148. 5 Furthermore, upon initiation of the
calibration controlling process, the difference deriving part 154 compares
the load (input torque) of the driving source 140 applied by the load
generating part 164 and muscular strength (estimated torque)
corresponding to the 10 myoelectric potential signal (measured value)
detected by the biosignal detecting part 144, derives the difference

between the two, and obtains the a - [ S rr i
e s e R R

(inputtonped mndoivristelar strength (@stitated rqiiFobtaifeddy the

differgnce deriving park 1548 carrespondencewithithephaseidentifieded in
by the phase identifying part 152, the éaarameter correcting part 156
correbl€a Faratétet KidiiRATRg 1€ above-described 20 first

eprresponding relatiershipxndhe referencerparameten isAotberreafethinaa ion
case where there is no difference bet the input torque. appli he
load §eR&Ftg partIe4 fitdu %‘i} G A C}elrzf»LO Sl 2

gfi the " driving source and the muscular
strengthvparrespohdingr28 td thewty delegtrio potentiak signay measorage 140

value) detegied by the bigsignal deleding, o 1d4 Howsveriaca case

wherethere is adifference between the input torque applied by the load

genefdifRpEER 166 HBaEANECEIvRY SOdTEES AT anahEbSEular
sirengifheorrespending-30 ta the sygelectrispotental signak(measuretkd by
value) _detected by the bigsignal detectin rt 144, the parameter K is
corre%fé% ?&W&Pﬁ\%\?&ofi%% %Ja%gn%%éﬁgjf%%uc WSS 3 %grrecéléé(%reme
pararbeterd€ris Set sowtbat d7thelinputtorgoe axiebtie-dstimatér:tbrgaeond

o ST e daaplr ot e paranetr

Furthermore, based on the difference between the

15 ioad (input torgue) and muscular strength (estimated
torque) obtained by the difference deriving part 154 in
correspondence with the phase identified by the phase
identifying part 152, the parameter correcting part 156
corrects a parameter K for satisfying the above-described

20 first corresponding relationship.

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

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

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

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

17



12 by the calibration controlling part 162 and performs 5 calibration for the
next phase. Accordingly, the driving source 140 is controlled so that an
assisting force corresponding to the biosignal detected by the biosignal
detecting part 144 can be generated based on the parameter set by the
calibration. 10 Thereby, control can be achieved for maintaining a
predetermined proportion (for example, 1:1) between muscular strength

and assisting force regardless of the _daily condition - resistance val 1
of skFr?)eofjtﬁ%u\‘/’ve%%F%ﬁ ot ¢ e\?%lt{?orﬁ3 %?%héa a %ere 'positlrgn%f the 15 "Soa
biosignal detectinGrpart 144¢ Fertetaiorns, trereetrshing hdif 6D BHERSST

the joint.angle. kBQ%tol@@) detected Dy the physical-phenemendd wearer
detecting part 142 and the myoelectric potential signal %EMG knee, EMG

hip) déteetedby the 2 bRisigral etEting paft PAF cdifqlas e T torms
assisting; farse:afthedriving seskee dddseorresponding to the joint angle

and the myoelectric potential signal for each phase by using the
correction param&%gﬂréépgyff e c%ﬁb?sartf%%gnt?gﬁll%{aepgr%éanlds
transmitsta cohemtand 25 sigral ressltingifrem thecalcglationnozhiactic the

pomm%i%%;I@éﬂgégyé%§§dwgﬁtéﬂée%§33§%%%§0@%%@3998éﬁﬁg§t 144 can

wearing e movement assisting apparatus 10 is described in more )
detailo B0y i adréritgsst sPRCINE view SRty 8°btdtd wisteGheLration.
wearingdyps movementassistingapparatus agearding to-an:embodiment

of the present invention is worn, Fig.ri IS a rea%rpelrspeit_i\i vi)ev%‘ﬁgg\ﬁving

the st 48 HRBIE Bl WG tyPe mbvenfert assisting a?)parea us
accorging-ta an embedirentofithespresentinvention issywordless of the

daily condition (e.y. resistance value of skin} of the
wearer 12 or deviation of the acdhered position of the
15 bicsignal detecting part 144.

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

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

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

Next, an exempia;y configuration of the wearing
type movement assisting apparatus 10 is described in more
detail.

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

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

18



As shown in Figs.2 and 3, the movement assisting 5 apparatus 10 is for
assisting with a walking movement for those having difficulty in walking by
themselves, for example, a leg-impaired person unable to walk freely due
to deterioration of muscular strength of skeletal muscles or a patient
undergoing walking rehabilitation. The 10 movement assisting apparatus
10 detects biosignals (surface myoelectric potential) created upon

generaing, 'QHSC%@%&%g“%E}paeccag@l@ae@é'%@%sfmdgth ain.and
operates to apply a driving force from an actuator based” on the detected
signais:cbs Thedefore 2thee it HISHCa S3istA apparats 10§ etbhPletely
differgpt.from a so-called playback type robot that controls a robot hand
with a computer according to predetermined input data, and is also

referred to as a réBot At Br & pdweied sGEL0 WHES tHE Wekrar 13881sting
wearingdhesmeyenmerits assisting-appanatusviiperforaiscawalkingement for

movement according o his/her.own will, the . movem Sisfing. ¢
appagiag elgig‘gﬁﬁlgs éj“c#\ﬁﬁbﬁgr\ﬁ ulencg’?rgséggd %é ?égaeqii%signaf °r
generatedpipon peifeamimg e walkingTnovemant 25t4Es daldssistigly due

force, 1o thereby achiave, forexample, walking-by ysing balf ofthe muscies

muscular strength normally required for walking. Therefore, the wearer 12

is ableTo2sEppoRHis M Siré WeiRt ShEWARGHhY thihec - The
1eombination-af hisheewngmuseulas strength astbes3® dovingntorque

from the actuator (in this embodiment, an .electric powered driving motar

is use&‘ﬁ?ﬁ%ﬁ?h%g@gge?%]élr% 8r%n%ﬂh %%Qstﬁlrgeg?)ﬁggra%gg nl(??sgera e
controtiex-so dhatsthecassisting forodifrgotor 19itorgus) ascordifigtétisdn and

shift of parycenter Algng with, the walkipe:Bpueent{dascbed betond as o

reflects the will of the'wearer 12. Theréfore, the actuator of the movement
on the detected signals.

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

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

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

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

In such a case, the movement assisting apparatus

10 is controlled so that the assisting force (motor
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assisting apparatus 10 is controlled so as not to apply 5 load that is
contrary to the will of the wearer 12 and not to obstruct the movement of
the wearer 12. Furthermore, the movement assisting apparatus 10 can
assist movement other than the walking movement, such as a movement
in which the wearer 12 stands up from a 10 state of sitting on a chair, or a
movement in which the wearer 12 sits down from a state of standing up.

Furthermore, the wearer 12 can pe assisted with, power when the.weasar,
12 c%n%%%’ora ggﬁvﬁéé{'%gatiase. Although the moyﬁent of climt\)%lng up

a staifcaserstandingrepdom es eheemayPedificat f6idife HaTing 1

low museylar  strength; & weargl k2 wearing{hespoyementassisiingrovenent
apparatus 10 can move without worrying about his/her lowered muscular

strend® by bidiFg FeRpheaith Urting Bordie i 5SSt dahce With hisher -
ewn wilk 20-Next, an exemplary eenfigurativn ofdlie thevermentradsistimgl not

apparatus_ 10 is descrjbed. As shown i F@ .%Jggg the movement
assisting”Appartls TG has an ggt%a?cﬁ coérrespon%:ng. to driving source
140) included in tHe:mdvementassBengwearig-28de\iéd 18 wokrbytus 10

the wegrer, 12 The actuatoringludes a-ight thigh.drivingmetared@nt, such
located at the right hip joint of the wearer 12, a left thigh driving motor 22
located at tHeTEFRRSoift dhtHewehfer B2 T tight Kned diving mbtst 54
lgcated at the gt knee joint of 3 therwearersl 2;anghadeft kneeodrivinghe
motor 26 located at. the left knee joint of the weager 12. These driving
motor&38 522 ,154,%3@%?%“1% é%‘u?cgst%%?ud?ég %%?\?(51 lr%%tégé'having

their drivingdongues, cahtrolled byrcdritrole20 signagsfrerethe'éshtrbiingr when

apparﬁ%lés_ xg‘gdxjgguﬂf %l(.jl%%leﬁ%ti% %Q\t}?rﬁs@t@%égge\é\m) f@‘it_hough the

decelerating the motor rotation to a predetermined deceleration ratio.
movement of climbing up a staircase or standing up from a

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

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

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

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

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

motors having their driving torques controlled by control



Although the driving motors 20, 22, 24, 26 are small, they 5 can apply a
sufficient driving force. Furthermore, batteries 32, 34 which function as a
power source for driving the driving motors 20, 22, 24, 26 are attached to
a waist belt 30 worn around the waist of the wearer 12. The batteries 32,
34 are rechargeable 10 batteries and are separately arranged on the left
and right so as not to obstruct the walking movement of the wearer 12.
Furthermore, a contral back ack mounted on the bacg aof thf wearer

12 cGritdis For 6x8m g, & tggntroﬁ}ﬁgafp%%zﬁgtus a motor driver, a
meaﬂﬁmeaqmram&amhamwéneltcah@deécrnb@d Helowdehas impbéhe

noted tbcl af the | wgmrrtgf the,canrol backpack36. is.sunpasted-Ry {he
Walstmb t

£30'and is mounted in a manner in which the weight of the
contril BRekgBck 36 dhdy T nBebardert the wearérl122EuRRBriBRe thet ey

movement gssisting apparatus, 0qinciudes my@@éectrlc potentlal sensors
38a, 38b for detecting surface myoelectrlc tlalé1 R
e ich fu Eﬁlon as

corresponding to the-moveR&fit of th wearer
myoeie@tdslﬁdlotgaﬁabsemsﬁ@au&@) frbre détectmggsux:ﬁaoamﬁﬂaleéﬂic 24,

potenti EMG p) comr ondln tot 0 f t of the
Wearrgnéi 1 myoe e&rlc%g{en?arsgngoégﬁa@;bﬁa%gdg%cﬁ% Zéglr%ace -
myoeiécmhqaoteﬁﬂatt(liil\?le kAbe) Boteerrdsponiing ¥ the ndsihanfigpble

{the right.knee .and mygeleciiic potential sansors ddas44ber detecting

surface myoelectric potential (EMG knee) corresponding to the

moveRiéhtoftheAgitidied- 2 PRAEAGIhERE it éé%ﬁl%ﬁgﬁrﬂ?%hgﬁsg%e

38a, 38b-4Pa; 40b, 42a, 42b, 44a, and 44b is a detecting part for

measuring the Surgac Or%er%mc octgzq (ireg q{pack 36 mounted on
+he back of the wearer 12 contains, for example, a

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

20  not burden the wearer 1Z.

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

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

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

the movement of the left knee.
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during the generation of muscular strength of the skeletal 5 muscles and
includes an electrode (not shown) for detecting slight potential generated
in the skeletal muscles. It is to be noted that, in this embodiment, each of
these myoelectric potential sensors 38a, 38b, 40a, 40b, 42a, 42b, 44a,
and 44b is attached by adhering an adhesive 10 seal that covers the area
surrounding the electrode onto the surface of the skin of the wearer 12. In

a human body, a ggclgpt{i)%tr@g@gsaggeng%&aﬂﬁep%ft%%eEX@OE@ﬁéérs 38a,

released to the surface of the muscles forming the skeletal muscles
accofdihg té0k5 céfimands frofalhe btain. #a $48ulithe igRtecting part

permgabilify of the sarcolemmagchanggs, 49 dherehy geperateactionated
potential (EMG: Electro MyoGram Myoelectricity). Accordingly, the actio 1
potersti EalisERe réIPEAIGT 6P thé SaftbiE g and™ éﬂ‘?éﬁ%tegg mﬁ%%ﬁ%egﬁ ta

strength; Accorgingly ntheanuscularssteengthgenerateds iewing therwalking
movement can be estimated etecting the electric potenti he
skeletGTRGECRE. %?a]s%r%% o%oﬁénqe%tﬁ%a?g %ﬂaér%% arls?tr(::'IC r%ggth%?%eﬂgﬁ
assistingdoece. refiuireéd for the watking riosémein ceipitse ebbsifédcps, each

Furthefmare. athonah Dusales sxpandiand contiad wher bisad supaliesion,
a pro?eln called actin and myosin, the muscular strength is generated

whendtbie, midstles tontraet IA%Rjdift WHEREIRE Bohe RieF 1BRhtaRIyAInes Ve
Jigined tegether-a flexerforgeneratingsa forse:30 inya hiending direstienfto
the joint and an extensor for %eneratiu q force in an B(tending direction

are plovid&d BEHTREH (W6 Bones” Flirthatmore i a htiman body, there

are plural 22 mustieszsbélomathewaist for movipg tlre fegs suchsasthe
musculilignsoas (OF raising, the, ighs fovargh fhe AuBUkSOIUEYSce of
maximus 1or fbwerlng the t ighs, the

the muscles forming the skeletal muscles according to

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

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

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

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

Furthermore, in a human body, there are plural
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quadriceps for extending the knees, and the biceps femoris 5 for bending
the knees. The myoelectric potential sensors 38a, 40a, which are
adhered to the front proximal part of the thigh of the wearer 12, measure
the myoelectric potential corresponding to the muscular strength
generated when the 10 leg is delivered forward by detecting the surface
myoelectric potential of the musculi‘iliopsoas. The myoelectric potential

senspls 390,400, hich arg adnerediadfienip of fhe Wearer I2ey oo the
measure the myoéiectnc potential corresponding to the muscular 15
strengtis geherateto rsoatarhple, SREAMCKIMG thé i DetinddF Linibifig

a stajrcase hy-detegtingdhesurface rayoelegtticipefential ehthenmuserls
gluteus maximus. The myoelectric potential sensors 42a, 44a, . which l?re

adhef&F 15 HE Hont S 4bGUE THE Krdes YRS 267WedldF 12, HkSsd @™+
the mypeleetricipeiential corresponding to the muscular strength

generated when deglivering the part below th ka ee ard by detecting
the surface myog}%‘cﬁrif:%%?gr?ﬁglrciﬁh%oc%é}d%lcgos%%gé\gmyog%éac'tric8 ’ _
potential sensoes 42be44d, 25 vitlieharerdadheredibahenear site absvéhigh

the knees of the wearer,12, measure the myaelectdc.poteptiabntial

corresponding to the muscular strength generated when retracting the
part BEIERAFRRIEEShatkwARd E?%ééﬁn@ﬁf?%@ﬁﬁc@eﬂ%%?@ériﬂhen he
ptentiad; of theybiceps-temaris-30-Aaserdingly: 1 the mavementassisting
apparatus 10, the drivigg curgelnt tg EC gulgglieqlﬁfomir.driviggsmotors 20,

22, 28Y§Rd e Al oBtaned based o it

e 'Stirface m:)L/o:é?é)cstrlc potential
detected by these 28=mypetctrt poteptidkbserisors 38as38h, 460, 460y

42a, 421, 442, and 440 By diving.the drivingmotars.2Q.22,24.,808128. the
with the driving current, assisting force is
myoelectric potential corresponding to the muscular

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

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

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

The myocelectric potential senscors 4Zb, 44b,

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

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

surface myoelectric potential detected by these
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applied for supporting the walking movement of the wearer 5 12.
Furthermore, it is necessary to detect the load applied to the feet for
performing the shift of barycenter caused by the walking movement.
Therefore, reaction force sensors 50a, 50b, 52a, 52b (shown with broken
lines in 10 Figs.2 and 3) are provided on the backs of the left and right
feet of the wearer 12. Furthermore, the reaction force sensor 50a detects

the reactign force against the lpad of the fr of right.foot, and t
reactiBi? ?&r%%tsrelncsg?%t(ﬁ)n%%aﬂ%tg’gfést%xésre%%ﬁdn orce a%ﬁhst%%’lo%%ao’f 42b,
the radrof 4hd righit fooB higrfedictpndorcd sénsopS2adatectshthelz, 24,

reaction forge against the Joadsof the front of the Jeftsfogt,and the reaction
force sensor 52b detects the reaction force against the load of the rear of
the |EfPRO BBt TodCH HERGTOH fSFcEReriSor 5030 SOV 8280 Anf5 e wearer
mcluding, for example, a piezoelectric element is able to detect changes

of load in correspondence with weight shift and detect whether the foot of

the wearer 12 is CORTACtFg thE ’gr&%nﬁ%@%@xﬁ? 3 OnTigUTRtIST of ﬁ%éa Foaa
movempm&aasigtinghweaﬂ@g deviced8fisrdesonibedavith réfereficeaoycenter
Flos- 2 8002-Hi04s Sl ouie ewLile moyemen!, peSisHIg AeRiNGor ce
devicé 18. Fig.5 isa rear view of the 30 movement assisting wearing

devicest®oas shdwn irPPigsi and 3 thésheventeht adsitiy: wedtity 11

1device; 18 includes the waistbel 3Qwom araund,dhe wajst ehthe wearahag
a right leg assisting part 54 24 provided at the right side below the waist
belt 30-Ard ST 18§ d<¥fstiig paF 55 provided at the left side below the

waist belt 30. Furthermore, the reaction force sensor 50a
detects the reaction force against the load of the front
of the right foot, and the reaction force sensor 50b

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

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

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

Fig.4 is a left side view of the movement

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

30 movement assisting wearing device 18.

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

wearing device 18 includes the waist belt 30 worn around

the waist of the wearer, a right leg assisting part 54
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The right leg assisting part 54 and the left leg 5 assisting part 55 are
arranged symmetrical to each other, in which each includes a first frame
56 extending below the waist belt 30 for supporting the waist belt 30, a
second frame 58 extending below the first frame 56 and formed along the
outer side of the thigh of the wearer 12, 10 a third frame 60 extending
below the second frame 58 and formed along the outer side of the shin of

the wearer 12, and a fourth frame 62 on hichitge bottorg stl)df?r of %e foot

(sho@ 616 AREN shis i5 Worh) Bt The Weater 129s Btaced. A first JOl’ntaéﬁd 2

having:a bepsingststcttieds pis disphsedohetietrea Idver enlllofthédirselow
frameﬁgg aw%d a g‘g?@r ggd of the second frame 58 for rotatably

connéecting the first frame 56 and the second frame 58. The first joint 64

is disposed at a |€Wet mawhingleR Reight BETe Biploint. PRE fikdtdramet o9

56 is connected i the 29ssupporting side.of thediestjeint 64randdbe other,
second frame 58 is connected to the r,otatin%sideo ?e first‘aj int 64.
t

Furth&Pmbhe °8 seRoRd Bt 8ERading s Bearing Stracufs i isgaded™ "
betweer alewer ensd of e seeonrdi 2 fratne; 58randahupperiend of the

third frame 60 for rotatably connecting,the second f rpg@%g&%hgghggd
frame 607 ?ﬁegsre%%%dg%cgr% is &%Bo%g Gt alevel matching to the
height of e knéerjointh Thewezondi flamd 5818 conkdeted té-fife wearer 12,

syppartingside of the seeond 30 joint66 a0 the thisd frampe BRse 58 and
connected to the rotating side of the second joint 64, Therefore, the
secoridfafte 588 TRtk Frarfe D afe AHECRBAI A marRef Bohfy 12
able tgrgscillate.25rhaviagdhe firstrjout fehant thesecondgaint 66faghe foot

fulcrums of rotation with respect to the first frame 56 fixed to the waist b a4
30.Tﬁﬁh8?ﬂﬁ§ Cgﬁﬁ?ﬁﬁng %F is worns O% é%e wea?ez ﬁ% WE Sgace .

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

frame 60 are attached in a manner being able to oscillate
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and the third frame 60 are configured to perform the same 5 movements
as the corresponding leg of the wearer 12. Furthermore, motor brackets
68 are provided at the supporting sides of the first joint 64 and the second
joint 66. The motor bracket 68 includes a motor supporting part 68a
protruding outward in a horizontal 10 direction. The driving motor 20, 22,
24, 26 is attached to the motor supporting part 68a in a vertical state.
Thus, the driving motor 20, 22, %4 %6 isgr%\ﬁigegéngn agg%qzwggogg
havingto-Bbtrite 19 Far t°tHe side <o as 1o avoid contacting
surrogmtingmabstatles taringrthel 15 watkimrmoventest. FurtHerficraethed

first joint 64 and the sgcond jpint 66 gre copfiguted to pllowaa-ptany shall sg
of the ci(rlvmg motors 20, 22, 24, 26 to transmit a driving torque to the
seconadrarhe Sand theamird FramE B0 [IHvEDE FecdviRfFSideTViage same

gear. futhermare, dhedrivemeiersc2@: 22 2426 dneludean angle 2 .
sensor 70, 72, 74, 76 (corresponding to ph%sicgl gheg menon d%tgfg% at
part 142) for detecdthgF 3o &ngB° ThE &idle sensor 707732, 74”4
includess 25 fasexample; asrofanfenceddrithat chunts-palsesrd the second
propoytion o the joigt angle of the firsaink 4.a0d the secondoin 66

and ojb?pﬁlts eléctric signals ?as sensor output) in accordance with the
numbenrppulsesy corrdspotiding 26 EHejomt ARG 30 The e $eAs6AL

179, 7% detedts he rogationy,angle between the firsbframe, 56 @ndsthet tached
second frame 58 which correspond to the joint angle %@ ) of the hl%
joint GFth&RFeaIBFA2 SEERMEMIPe P aidié sehdor 74" deteces -

the rotation angle hetween the second frarne 581 aritbthesthind-frahelefn &
which corresponds to the loint, angle (6 kneg)of the kpee it ofhe s e so
wearet 12

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

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

20  receiving side} via a gear.

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

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

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

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

joint of the wearer 12. Furthermore, the angle sensor 74,
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It is to be noted that the first joint 64 and 5 the second joint 66 are
configured to rotate within the range in which the hip joint and the knee

joint of the wearer 12 can rotate. The first joint 64 and the second joint 66
have installed a stopping mechanism (not shown) for preventing

excessive movement of the hip joint and the 10 knee joint of the wearer

12. The second frame 58 has attached a first fastening belt 78 which is to
be fastened to the thigh of the wearer 12. Furthermore, the third frame 60
has aftabRéaE 8edtid TASEMIGT bERBEWRRHRD H'sTastied G ac 8
part bglowthe knee of thenveaerdi2i cAccardinglyothésdrivingitergue nt

generated by the driving motors 20, 22, 24, 26 is transmitted to t
secof@tdrdmd '58545E the thik ?rj?ﬁ‘g %Ojﬁﬁnatgggtr %%8 is further .
transmitted as assisting foreeoto thetleq dfthé widarek 12520344 e fifstand

fasteqing bell [Band the sggonddasianing helk80,Fubbennoia-alauithe

rame 62 is rotatably connected to a lower end of the third frame 60 via
an axier8E. Firtherfibré g HebPreeilihgtpiatt BASs Hitidkaaesh the

lowergnd of the fourth farmeH2 formlagingshe el tpant ofthe shoessalend
of the wearer 12 thereon. Mo e 58 and the thisr

& iﬁ%\%r’ tggosecogd fr';\aérgh 1sm, (hot gown)
frame 86 Eanhabé et 1Bhgths h the axierdirection adjusted by a screw
mechanism:sevthat the lengthscan beadjestedting0 tharesppniehts witsl the
the length of the leg of the wearer 12, Fach frame 56, 58, 60, 64 is

]Tgrm?dg &? rﬁgté?gr%%sg%onﬁgured to support the weight of the batteries

32, 34 provided inThe w&igPhelt 30 e Contdf batkpatk 362 F75Rd the

movementassisfing-wearing.aewse;18. (thatds £ the saementassistingh of

R e 1 9-eR 2 RIENETE e RO AL PN e

attached a second fastening belt 80 which is to be
15 fastened to a part below the knee of the wearer 12.
Accordingly, the driving torque generated by the driving
motors 20, 22, 24, 26 is transmitted to the second frame
58 and the third frame 60 via a gear and is further
rransmitted as assisting force to the leg of the wearer 12
20 wvia the first fastening belt 78 and the second fastening
belt BO.
Furthermore, a fourth frame 62 is rotatably
connected to a lower end of the third frame 60 via an axle
82. Furthermore, a heel receiving part 84 is provided to
25 & lower end of the fourth frame 62 for placing the heel
part of the shoe sole of the wearer 12 thereon. Moreover,
the second frame 58 and the third frame 60 can have their
lengths in the axle direction adjusted by a screw
mechanism so that the length can be adjusted in
30 correspondence with the length of the leg of the wearer 12.
Fach frame 56, 58, 60, 64 is formed by metal and
is configured to support the weight of the batterles 32,

34 provided in the waist belt 30, the control backpack 36,
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device 18, etc., from affecting the wearer 12 and is 5 attached in a manner
preventing the wearer 12 having weakened muscles from having an
unnecessary load applied. Fig.6 is a block diagram of respective
components included in the movement assisting apparatus 10. As shown
in Fig.6, the batteries 32, 34 supply electric 10 power to a power supply
circuit 86. The power supply circuit 86 converts the power to a

predetermined voltage and supplies constant vol ge t%afénpu%gg?ugs
interfkd 8BS FIRIFRIROre e Bhalte EapadifPof the batteries 32,34 1s '
monitere dibys ankatterychargenyarying part:80 .1 The s Schatté pelear geo
warning part 90 outputs @ warning when the remaining charge, capagity
beco%es? felss tﬁ%ﬁ a eﬁl%a}%i%e’teor%miﬁ\!%% gir%pun(tato inform theﬁvégarer 12%[)
exchargécer thargecthe bitieries fFREFBEIoHM HRASPUrIVErses-05°

ghicf;@@a%veeddﬂm MAtRLs-20,-22:24.1 26; respestively- amplifythey
riving voltages corresponding to the control signals from the co troIIirged

apparfEisITeVIR e R uttip e TriteFale S8 ARG BUIRAY thedfiviig®
voltages to the driviagametors 20,22 24, amd=26 .25 Thereetection

signals of the surface electric potential output from. eac '
oo TATREFEEH 534 380 aba 405 Ik S A are arifed By e > 1"
first-eightsidifferemce amplificrb<corresponding1d, efktfitPotverelectric
mplifying payt,158) 101108 tbep 30 copyerted ntosdiiipbeignals by zp

D converter (not 'shown), and then input to the controllin

g apparatus
100 wanﬁ@ﬁﬁpﬁﬁoew%@fgé@sgw%t&seméaf%ﬁaﬁﬁ‘éfﬁ%}oéf@%ﬁ?cqe

potentiahgengratedby-muscles isslighig28 dherefarepirt drderfot theterface
first-eighth difference amplifiers 101-108 to_amplify the lectri . 39
potentEl (13 40 ITYS & volthge ASiAGuSHABIE 6) o sorepurar o= -=° 32

34 is monitored by a battery charge warning part 90. The

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

The first-fourth motor drivers 92-95, which

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

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

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

the myoelectric potential generated by muscles is slight.
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(e.g. approximately 3 V), a gain of 100 dB (105) is 5 required.

Furthermore, the angle detection signals output from the angle sensors

70, 72, 74, 76 are input to corresponding first-fourth angle detecting parts
111-114, respectively. The first-fourth angle detecting parts 111 10 114
convert the detected pulses into angle data values corresponding to

angles by using a rotary encoder and input the detected angle data to the
controlling apparatus 100 via the input/qutput interf 88. The reaction
forceld&teeliohsigr&lsButpat fo tk% gesé:ctleolrgﬁj(%r%e %é%%?se 50a,

50b, 528; 52bsare input 10 carvesparidifiy firbefourteieactiohcfapegential
detecting parts 121-124, res ively. Th firg 'f%'itxh eaction force. ¢
detec&%‘ggpaﬁi 1%v)122510c5‘n\\/%$ﬁﬁg %/e{t%cs(?éé \'%fta e%}%nto igital \/_611?583 =
correspondirgpterforéadieasing the 26 pigzoelédtrit WleMantd And Hput

the detegted rgaction force data to the controlling apparatus 100 via the
input/output interface 88. A memory (correspondin%to the data sg&rénghut at
part 146) 130 is & SOHAY PR For StoTing FEspetiive dats 25 thetem: The ©
memenkxh30Hrclugesforexarpple] @, database, staring-spacgdB0tofor
storing control data in units of phases corresponding {q each.moyement, « 4
pattefr tA&RYSUEH "Fs 2% 3%d£ogurrn%nvearﬁg%§a%d§| %ng m%?/%lment, ora '
sitting-empwemient,Land dlbentfdlsrogiant storireespace tsoBiog 3parts 111-
fﬁo”r‘gﬁo%_%%ﬂé?gfaeﬁé for. controlling.eagh motor. In-{his.embadimentes

e calibration database 148 and the command signal database 150 ar
stored ¥ HFE TeAABAYe SoARE Spacer 1 3GABURhERTBFE, &3 SRAWA iR
Fig.8,;the galibration gatabased4Bsiomes therfirdtecasespondingy apparatus
relationship between the mysc%lar +_wstrj.enrlcqe'gr]} f@ggveé'g eAl(t) " and the
biosighal EAT(H) " gendrated by~ * '

The reaction force detection signals cutput from

15 the reaction force sensors 50a, 50b, 52a, 52Zb are input to
corresponding first-fourth reaction force detecting parts
121-124, respectively. The first-fourth reaction force
detecting parts 121-124 convert the detected voltages into
digital values corresponding to force by using the

20 piezoelectric elements and input the detected reaction
force data to the controlling apparatus 100 via the
input/output interface 88.

A memory (corresponding to the data storing part
146) 130 is a storing part for storing respective data

25  +therein. The memory 130 includes, for example, a database
storing space 130A for storing control data in units of
phases corresponding to each movement pattern {task) such
as a standing movement, & walking movement, or a sitting
movement, and a control program storing space 130B fox

30  storing control programs for controlling each motor.

Tn this embodiment, the calibration database 148
and the command signal database 150 are stored in the

database storing space 130A. Furthermore, as shown in
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the wearer 12 wearing the movement assisting wearing 5 device 18, and
the reference parameter KA1™. Furthermore, in the first corresponding
relationship, the muscular strength eAl(t) " and the biosignal EAL(t) ™
form a proportional relationship and have a positive correlation.
Furthermore, the calibration database 148 stores 10 the second
corresponding relationship between the muscular strength (power) e'Al(t)
" and the biosignal EA1(t) " generated during a process where tpe
Wearg%g_zgpeﬁgﬁn§%\l HPea&tEtmiRedHaEE mgo%/%n%r?tjf%%dtt%% dorféction
parametet 45434 Ahersecanicbeatieppbadingarelatienship ¢$:4405 strength
relationship between the changes, of biosignal t) " and..the chan
of the Ai&cUlaF&trerigth (pgﬁgr)%ﬁu%}quﬁﬁ%;égégz mov r%%e%%é%%a by
FurthemmoreattrercdAtrobdatenoutpis frormanentomesling Spparasiio0
are oylputlo a data, Quiayiling.20.na1L 4 35-08ha GommuiCAion wikkd e
a

via the'input/output interface 88 for displa in%ton a monito%ogot shown) or

transfétrirftto’a Bata RRITIFOHIYESARUEE thot SHIWH) by Haus cular
communication, (91 expmpleskurthermares the sontrolling apparatus 400

25 includes an autonomous ,contrk(l)llin ggrrhlc_iqfoéé\ a(corrgfgggdin&torela tion
contrBifitg art 180y witich compares the joint angle detected by the '
angle sensor 70, ;7 érthcarvel, thehjpineandglessfithe réfdrehese 148 stores
1%ara"%oﬁteerst8ég%t'féfoQ}%Qﬂéﬁﬁﬂéh?éﬁ&\{%w patissn pidhe weargrd2uiar

and 30 generates a command signal for generating power corresponding
to thesphiase turtreraae, he €bhtrollingrahpatatds P66 dmetudes:(oad
generating-part d 09D which: applies & 3fhpredeterninedrariving farcerfions a

the driving motor, (driving source) 20, 22, 24, 26 as an extern%l. load; a +
corre %mﬁéﬁﬂgbgiﬁidﬁ EiTespdtiding i Corection parameter

onding to
K's'''. The second corresponding relationship is a
15 relationship between the changes of biesignal Ex {t) *° and

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

includes: a load generating part 100D which applies a
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parameter correcting part 156) which detects a biosignal 5 generated in
response to the applied driving force with a myoelectric potential sensor
(detecting part) 38a, 38b, 40a, 40b, 42a, 42b, 44a, 44b, generates a
parameter (for example, proportion gain in proportional control) for
calculation by the autonomous controlling part 100A based 10 on the
detected signal, and sets the parameter as the unique correction value of

the wearer; and a calibration controlling fpaort lggg \/g@if@i%ontrolé 5*’119
movenBREBET5H "Etamibie’ the cotrédtion valus setfing part LOOE to set
the currectegparametey azltheZiniqRié paantstepof treweazrer 1542, &

Calibration In this embedimentinglides, for gxamplsaslefanli caibralion
which'is pe?fofmed When the movement assistin wearing device 18 is

worngertefiest trRrEsgiogoRPurchase) ahd BYeeohfighred cRON -
20 which s performed gaghtirae fhe meverppnt assisting: wearingadevicen a
18 is worn after the default calibration. In the default calibra&iﬁ)ngga 38b
correNER VAR SEtRYBrICKSS I8 P fdrmetrhy havity the Wearer 127 °°
remaimmotioniessiinka pregetermined positipmedesorived @5dselewyr (for

Furthermore, the reconfigured calibration_includes, for example, 1y for
motioﬁ@%p%%‘te%JéﬂBPéi%nO{/lvh%%“na Corfection va?[ﬁe updating [()DrocesCS) is

executetidnl haviny lye Wearey 1ongeRerate ATISEUIAr 8FeRGR4N'Q02 based

fpotiopless, 30 state qr.ane mptian calibrationsvhgee gcameation waluene
updating process is executeﬁ? having a standing wearer. 12 bend and

stretcATHISARr TSR SRER frofT d%ide DaRt "ate"31 Mfedofming the o™
calibratign - thei loag apphed dortheniearerch?tsdnitiatiysetdo ke smel| for

load and is gradually Increased along with the Rogregsion Afoor to set the
corrected parameter as the unigue parameter of the wearer
15 1z,

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

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

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

25  below).

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

30 state or one motion calibration where a correction value
updating process is executed by having a standing wearer
12 hend and stretch his/her knees once from a knee bent

state.
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calibration operations by controlling the driving motors 5 20, 22, 24, and
26 and detecting the biosignals generated in response to the driving
forces of the driving motors 20, 22, 24, and 26. Furthermore, in the
wearable type movement assisting apparatus 10 of this embodiment, it is
possible to select either one of the calibration executed 10 as a default
calibration in a motionless state and a reconfiguration calibration
executed as a one motion calibration each time the Wearz%{ble type

movement assistifg BPPEFATISTED i€ oA NBXE BrPBperation dafing PP+

performing calibsation 115 by the wearer i Zisdeseribechwithadlerense tond

Figs.7-9. Fig.7 is_a schematic djagram showing.an ex h_task
and ptiaSE SEBTRUY Y SAtH Gata Cjéusge. %{lsgsly%vvéﬁ inEig %%%%%ég\lﬁvh?c%
categerize theimovenrenis D tise yyearen tpcdrbistorad i AieridbRE18001S

20 for example, task A ingluding data of. a;standing movementwhere-theated

wearer 12'trdnsitions from a sitting state to a_standing stafe, task B
includingiatecstse walkinge nibvemeRt Where e ivedrer 12 Waks ey =
Sta”dﬂ% ;ﬁ%t?, AaskLG including.data-eta sittingmaovemess Wwhererhe 25
wearer 12 transitions from a standing state to a sitting_ state, and task D, .
incIu&lﬁﬁ%ﬁtofazf§i‘£F&Fﬁ‘ﬁbﬂ%§arﬁg%gﬁ1en(§ W%f:rght’r% v%%?e%&eg% s
transitionsifrom astardiagtstatetten stair climbiing stalé.Rurtiermerescuted

jplural phase data defining the 30 minimum, it of maveraentare.set
each T4sK For example, in a case of a walking movement of task B, there
is storettarfhasey Blinelutind prevementuaiord state Vilse1othd8gs

are alignad,,a phaseB2including.movementi32.datp of astattewbera e ting
right leg is brought forward, a phase B3 including movement data of a

state WhetEtRadeftUleyfis'brotight forward to align it with the right leg, and

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

where both legs are aligned, & phase BZ including movement
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a phase B4 including movement data of a state where the 5 left leg is
brought forward before the right leg. Fig.8 is a schematic view showing a
calibration database 148. As shown in Fig.8, the calibration database 148
stores, for example, the surface myoelectric potential 10 eAl(t) ™ detected
according to each phase divided in correspondence with each task A, B, "
, and the reference parameter KA " corresponding to the myoelectric
potential. In this embodiment, the wearer 12 wearing the movement
e 8

assistiAgIwedrifg evice TP It 2B predele Shbratighard: @
operation; & arexampiel asy shovenimEigia theofearerts2 pevioems ahe left

movement,of standin from a sitting, state (ph I-A4) as: | a
movehi@nt-&ndl ?ﬁ@ﬁ&b%r orms: g%deer%lellﬂ?%f gé%tti%%%@cé‘c%o%vsﬁ %(}gﬁz%eg' o
A4-AB. 20 Nextp4 Calibrationprincipteot thebicsighak detédithg'parsL44:e

vghicm%%t@%gh%nm@sgm; potential garrespondiag to g museular

strength generated by the wearer 12, is described in more detail. In a )
case where the wéfér 8 2-fakes A &bl 25 rdvernehit: i felSAonsHp =~
between the surfage myoelectric potential and the muscular strength

generated by the wearer 12 is substantially linear. Accordingly,.there is_a
method developed*forestiftatif tHe t%rq ughgeencearla%(f By %e \C/ivaé%‘?gra 15 14

based:enthe sutfacemyaelectricipotentidE3G: meastired iy theofollewing L

18 26 AR e S5 T R K26s L) T nse JKacd kaes.

.. (2) tothre fprndizsc@ ) wridy (D2 ehiptdadicAte$s theviftial tot§ueBFIRence

mpjo%%fgﬁg%g?"ﬂﬁﬁcauﬁﬁgﬁésponding to the myocelectric potential.

In this embodiment, the wearer 12 wearing the
movement assisting wearing device 18 performs a

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

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

in a case where the wearer 12 makes a subtle

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

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

It is to be noted that the estimated torque is

referred to as “virtual torgue”.
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virtual torque of the knee joint, "el-e4" indicate the surface myoelectric
potential generated by muscles, and "K1-K4" indicate parameters. The
hip joint and the knee joint of the wearer 12 are moved according to the
balance 10 of expansion and contraction of the flexor and extensor. As
shown in Fig. 10(A)(B) and Fig. ll(A)(B), "ei" indicates the surface
myoelectric potential of the rectus femoris, "e2" indicates the surface
myoelectric potential of the musculus gluteus maximus, "e3" indicates the
surfade&5 MyoElectrié:potentigl bf the musculus vastus medialis, and
"e4" indicates the surface,myoelectric potential of the biceps femoris. In
the calculation of virtual torque, the values filtered through a digital filter
are used taking noise 20 into consideration. In this embodiment, the
values filtered throaghreeloiw passditer Hre obdained,.as theiValuesofahes

syriace myoelectic patental Ja the.calireton of the cantrol sysiem.foke e
etecting surface myoelectric poténtial, each parameter K 25 of the next
Formulet {3)eexttacis e VrtihRorGEE of e lcorr&spBading Ut bifie
Formulas-Jd ang,/ (2 d -t Kex(Pokhatisain ihercalibrationpfthiscles, and
embodiment, 30 the value of the parameter K 0}1; FormulaéSAis C%I%léla%egae
so thatthealud Of tie SuNREE Ry S&Rctric Botehtial J5acomasd when the

powet generateddhe atasgetrmidcleris nd\exd Thisvaliienis Upddted. 84lance
fccordingly,in ihis embortinent, giitebin 8 case ot e defanlcalibration.

or the'reco i%r&?atlon calibration, the value of the above-described |
parametesiveoriactBichy By (thle declish réduRfd 6Fthe bsmyobliebifigtes

potentialsensgrs38a., 330 403,140, A23,142D, 44a:Adbrectus femoris,
“e,” indicates the surface myoelectric potential of the
musculus gluteus maximus, “e;” indicates the surface
15 myoelectric potential of the musculus vastus medialis, and
“e,” indicates the surface myoelectric potential of the
biceps femoris.
In the calculation of virtual torgue, the wvalues
filtered through a digitel filter are used taking noise
20 into consideration. In this embodiment, the values
filtered through a low pass filter are obtained as the
values of the surface myoelectric potential.
In the calibration of the control system for
detecting surface myoelectric potential, each parameter K
25 of the next Formula (3) extracts the virtual torgue of the

corresponding muscle by the Formulas (1) and (2) .-

T = Ke " (3)

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

Nm., This value is updated.
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Next, the, reconfiguration calibration is described. This calibration can be

applied to a single motion where the wearer 12 in a sitting state moves 10
his/her knees from a bent state to an extending state, can reduce the load
of the wearer 12, and can complete calibration in a short time. Fig.12 is a

schematic view showing the state of a flexor of a knee joint of the wearer

12 wearing the 15 movement assisting wearing device 18. As shown in

Fig.12, in a state where 1e_movement assisting wearing de\g(%%éLrS IS,

worn by the Wear&ci% annﬁllp\{lt torque Tm is app ied as 4 load to the
kneecjoirt by ushegy thefdnvingombibrs=20,022, 24,126 Tiee 0 ieaiet ipn

mainials A melignless stalg alob Mayno e KN 10Nt DY anpitieter is

muscular strength for counterbalancing the input torque Lm. In such a

statecireas bedsatd tHat it Hptdeih Ll appigd ForR thé Griving
mMOtogs, 3Q: 22+ 24 28 nshihes musshibarsirengih Tis25 gemerateshbhy the, 42b,

wearer 12 are equal. Accordingly, the following Formula (4) can be
satisﬁé}tffzﬁ%ﬁ) =Th (1) ... (4) Since the muscular strength generated by
the wearer 12 accesgding th&oreda (3ycambedndicatéthast3®ThrKee "
(5), the Formula,(4) can be r Writter]Cag =m.=Ke B)iNext, & singl
procedfﬁﬁg%%%drfom%%ﬁhga ejﬁﬁﬁ éSI:%:aﬁgratipn %péelr%otionlessss:ﬁ?e c
is degeribiezh THeedefautecalkisya®ivonlin amotiohidssi S@até i e fsitfsd

with the following. stepsy {steR 1) A.surface myaeleetris:patentiake dSate, can
measured 5 when the wearer 12 is generating muscular strength

countePiigthe dIRing 36 (tRFUSERT BF thedriding ©2» compete

calibration in a short time.
Fig.12 is a schematic view showing the state of
a flexor of a knee joint of the wearer 12 wearing the
15 movement assisting wearing device 18.
As shown in Fig.12, in a state where the
movement assisting wearing device 18 is worn by the wearer
12, an input torgue T, 1s appliled as a load to the knee
Joint by using the driving motors 20, 22, 24, 26. The
20 wearer 12 maintains a motionless state of not moving the
knee Joint by applying muscular strength for
counterbalancing the input torgue T.,. In such a state, it
can be said that the input torgue 7, applied from the
driving motors 20, 22, 24, 26 and the muscular strength Ty
25 generated by the wearer 12 are equal.
Bccordingly, the following Formula (4) can be satisfied.
Te ()= Tn (£} 7 (4)
Since the muscular strength generated by the wearer 12
according to Formula (3) can be indicated as
30 T,=EKe " {5},
the Formula (4) can be rewrititen as
Ta = Ke " (6).

Next, a procedure of performing the default



motors 20, 22, 24, 26. (Step 2) A parameter K is obtained for satisfying
the Formula (6) by using a least-squares method based on the 10
measured surface myoelectric potential e and the corresponding input
torquezm. The formula using the least-squares method for obtaining the
parameter K is shown with the below-given Formula (7). 15K =
E'cm(t)e(t)/Ee2(t) (7) Accordingly, a parameter K can be obtained by
satisfying a relationship where, for example, the value Fgf the%g;ﬁce

myodlgdtietentiat Bebmad T WeiT e SWéarer 12

EaC 1 o
aV|nth|s er knee

joint bent approxirnately Q20 degretsia aimotidonlesswittingnstase state is
gener%tggoa}: power %hlz I\glr%f%ghc%vxn in g&%g In this motionless state,

the é)nvmg motors

appllf/ga driving force (torque im) as a

load (ifpeptorfueM e the dearsy 22 ep by sksp-WhiletheSvégrétepsured
generates a musgularstrength.2% counterbalanging the driving-fagee for

maintaining the motionless state. Next, a procedure of performin%the )
recorffijiRanaHh RaliBRRIGH 6F pretidtefnmed Basiee mobefferitg§s 4r+vind
descriked. 30 The regonfiguratian calibration for a single motion is
performed Wi%h the foIIowingtstepﬁ. g%te(gb%) The yearer 12 rotates the

knee jGintEo

th
C%Jarﬁ%ed f?gmsgdt degtees to ©

I)1at %?%%%Te of the knee is

180 3odegiees @Nd thremthekneeljoit is retarmed tovitshofgivat pdsitionthe

that the, angle of the kneg ischanged. o180 degrees,to 90 degrees.

(Step 2) The driving motor 20, 22, 24, 26 applies a 5 driving force
(torquesiml ereordingothedngleBfuhé «nee joint detected by the angle
sensor 74, 76.  The formula using the least-squares method for

15

20

25

30

sbtaining the parameter K is shown with the below-given
Formula (7).
K= Ztg(the(t)/Ze’(t) = (7)

Accordingly, a parameter K can be cbtained by
satisfying a relationship where,-for example, the value of
the surface myoelectric potential becomes 1 when the
wearer 12 having his/her knee joint bent approximately 90
degrees in a motlonless sitting state generates a power of
1 Nm, as shown in Fig.1l2. In this motionless state, the
driving motors 20, 22, 24, 26 apply a driving force
(torque T, as a lcocad (input torque) to the wearer 12 step
by step while the wearer 12 generates a muscular strength
counterbalancing the driving force for maintaining the
mctionless state.

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

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

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

angle of the knee is changed from 90 degrees to 180
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(Step 3) The surface myoelectric potential e generated upon extension
and retraction of the knee by the wearer 12 is measured. 10 (Step 4) The
parameter K satisfying the Formula (6) is obtained by using the
least-squares method based on the measured surface myoelectric
potential and the corresponding input torquerm. Next, the principle of
executing the above 15 described default calibration is described with
reference to Figs.13-15. For example, a parameter K is obtained by

applJiRE /5T oABDIE Rin 16 Nie 2470 and®32 RiMt6%He “Reafdr 12
from ghe griving pretors 20, 22, 24a26tkigs:hg 20 ard d4deshow¢he resilts:ged
of calculating the, virtual torque. from the surface myoelectric potential
genetatdl f]r%# fﬁw%g%%‘ﬁﬁréttc%’o% st%%gﬁeeegbtained parameter K and
compérirgp the vifthal draquewitmtie cor@spdadinglinput terppél ftdsdo

e nofed that Fig.13 is a graph showing the japut u ndthe,
\%rtua(#é?fqlur?eg (b With reﬁstgé: (to tﬁ% g)%%%%%?%%ﬂ%ﬂ%tgh%{j%r% %ji“{g.?me
is a giaph SReWng Bt tBitUd taPand the GRERT tdrque’) with
respﬁ@%%)@éhg )fledX@s@f he right higieint By-referringta the inpujtoratie-efi
graph (a) 30 and the virtual torque of graph (b) shown in Eig.13 and the
input tfjueEEBEGRap ta) & fﬁ%@ﬁﬁf§%8r&£ 8%%%%%%?%%\%% pearer 12
Fig.14sitreasnshe eiiderstood that there is a relative match between the

rtual forque,calculated 3 Ing,t i a N
l\gbovg-éc?é‘%éri ged rl#le%‘hgg %ﬁ%ﬁ%ﬁp%ﬁg%ﬁ%} g%%ile%él"j %n%gryfé;l)onégg\ces
to theoloverneyFughembie desRdwirmaraphialorrigased it thee

input toraue framsthe-driving meiers20,2224n26 athe:drivipgemotors are
controlled to have their torque
corresponding input torgue Tg.

Next, the principle of executing the above-

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

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

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

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

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

By referring to the input torque of graph (a)

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

is a relative match between the virtual torgue calculated
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value increased step by step along with the elapsing of time. That is,
therefore, the driving motors 20, 22, 24, 26 are initially driven with a small
torque value. 10 Furthermore, the input torque is applied in a pulsed
manner at predetermined intervals of time. Moreover, the value of the
torque is controlled to increase step by step. Accordingly, an excessive
torque can be prevented from being applied when the wearer 12 wears

the 15 movement assisting wearing device 18. By.increasing the value
inputtrdiie $tep BY St8p > %éias &r?éfdl%célssfhneq Ionisl%eir%/l Bgﬁgr_a ?nsg:ﬁw%s%%léﬂreoc od
strengthifarheolmeringtthednputtoidgussl Threreby rerbuddiar-en the the
muscle %ggd&qg calibration can be reduced. 20 Furthermore, as shown in
Figs.1 14, the same results can be attained for the left and right hip
joints and the left BAETHGHEIRER joitsS Etifthe b odE 2 a GlsePdf F13- 13,

generting-assisting forca-fram thewirtual torque by using the paraneters,
K as described above, the 25 driving motors 201 2,24, 2}613 can %BE'}/ a,
driving or&& of F N BR Rt foTeR With respert t0 e muscuiar °Te

strengtii kNngererated dy-thehwearsnl 2  Therebytheclwearerd2icgn of
move by using.half the muscularstrength regyired for performingia », 54
prede é}élr%|‘ne%gnacicvejh%én%%%regﬁﬁgfmg?rlg, iﬁthis er%bodiment, since itis
nece$saryto deridrate musbilacsreaghh for eoahteri®y IRputorgBe in a

Gase whergdhewearen 2 wearngthereovemephassisting weanng ed

device 1.8 performs calibration, 38 calibration is performed by controlling

the dAGIRGTOrée SR RARG MGtors T 93945658 8s to preverttoo e
muchdeaddeing applied:taibeiwearat 22 That isdnithisrembediment, ty step.

having the 5 wearer 12 perform a predetermined moyement Q‘E% %éalmple,
see Fig.9 or Fig.1 cf%?%%%%%ﬁg Calibration of the a5
prevented from being applied when the wearer 12 wears the

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

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

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

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

movement assisting wearing device 18 performs calibration,
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surface myoelectric potential, the calibration of the surface myoelectric
potential can be performed without applying a large load on the wearer

12. 10 For example, in a case where a predetermined movement is
performed twice, the virtual torque is to be the equal to the muscular
strength generated from each joint in correspondence with the

movement. Therefore, by storing virtual torque patterns corresponding to
reference 15 movements as reference data |1[_1 the.memqry 130 . . force
befon%?wla%fat jéof)laﬁ‘a?ngteerrfc%weec ig)r%’ pr%?és? urllr%ﬂlgg cali era:%%ﬁ%%%gbeor
conduétecheffitientiy: T us;the f8llowittly Fermukb(8Tarsbésaishgdrih a0
case yhere, T:(1)"is e virtyal {graue obtaingd 20.whep the wearer 12

performs a predetermined movement by using parameter K obtained by

the calibration of tHe>wesier 12 did e HPRAMBLUrfad nRREEErERe

potenfial Ywhen thesneyementis pesformecthagainolidhelie’ ()F6 (8kRbrple,
With reference to Fig.15, in§ case of gegormin cali?n%?gtof surcf) €re
myoet&&riE Shtential, "t ddrfade mysaie Eucri"ng

cﬁf&lﬁ e%%aﬁgenerla?gd
a caseunthere theowearerri2: ppoformsithe, sarhe mevéiment asithef the

reference predetenmined movement lustraled as.a solid g e in oraph
(@) ofslfllg. is measured, and then the parameter K' is determined in a
manrersthal the \irgal iovediecliUstratés 2524 btéken line in graph (b)

f Fig.15) becomes equakig.the inputiorque: 39 the fallgwingdteimuleed
(9) employed for calculating the parameter K' using a least-squares
methé@"i%‘%ﬁ’éfsairﬁe%%ftﬁ%rﬁﬁgv&%%%rib%%@F&h%ga(%.%@r_ timit) &7t
| Ee'2{e(DcmSines the:wirual dofgue sis-ebtaitedrbyecalitrdtibnarsing ch
the‘”§85§¥e£XpE£Q9%%%§@ SSSE“Qch the movement. Therefore, by
storing virtual torgue patterns corresponding to reference

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

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

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

Ti(t)=Ke’ (t) " (8)

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

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

torque (illustrated as a broken line in graph (b) of

Fig.15) becomes equal to the input torgue.
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apparatus 10, it can be said that the obtained parameter K'is equal to
that obtained by calibration using the wearable type movement assisting
apparatus 10. 10 Accordingly, an assisting force of 1 Nm can be applied
to the wearer 12 in response to muscular strength of 1 Nm generated by
the calibration method corresponding to the predetermined movement of
the wearer 12. Next, Figs.l7 and 18 show experiment results in 15 a case

where, for example, a hending.and extending vement (as shown in

Fig.l6) is the basicrﬁ]%\t/j%# it ﬂ"&ﬁgggrc%%ﬁ?atiggrf acc ?ﬁ#& %o g%r
embadiment of the presept faverition. KGraphife) of Higasrtshows jeimt method
angles.of,3, bin. £Q.joiat that change ip coraspondenice.with @ bending

and extending movement, and grgph (b) of Fig.17 shows joint angles of a
knee fointthat thange it dréspontiencel#ith a bending and stretching

rpovement. In Fig {3, grappr(@) shews.a Vi{%%i&@rqag ofa .25 bending,y
a

movement of a hip joint in association with ending and eﬁfendin

moveRtert B b ERBAs R GirtlR orqie bYa e ARhdig movemeant oF
a hip igipkire assotiation:withra bendmgiant exteridingrheveméntagraphter
(©) shows.a virdualitorque of 2 endingamoxement ol A.es 30dokl ine
association Wlfﬁua]bending and extending n%vement, and graph (
showgaavietnaf: tortge B ecstFatehirp FcvadeAPBR &adte jbint in

association with.a pending angs extending saovamentAQNextdnpsased to
where the above-described bending and extending movement is
perforriéd %&thethasic thdVRHHERE RofeliBA THstfs B 1FE Ao and tHE
extensenetthe:-dgbthigheintashiown in figs.48lantl 18:5-argobtained to the
when performing caligration according fg the, hgningand extending
movefnent. In Elg.ﬁfg, graph IE‘ae)
Next, Figs.17 and 18 show experiment results in
15 a case where, for example, a bending and extending
movement (as shown in Fig.16) is the basic movement using
a calibration according to an embediment of the present
invention.
Graph {a) of Fig.l7 shows joint angles of a hip
20 joint that change in correspondence with a bending and
extending movement, and graph (b) of Fig.l7 shows joint
angles of a knee Jjoint that change in correspondence with
a bending and stretching movement.
In Fig.18, graph (a) shows a virtual torgue of a
25  bending movement of a hip joint in association with a
bending and extending movement, graph (b) shows a virtual
torque of a extending movement of a hip joint in
association with a bending and extending movement, graph
(c) shows a virtual torgue of a bending movement of a knee
30  Jjoint in association with a bending and extending movement,
and graph (d) shows a virtual torque of a stretching

movement of a knee joint in assoclation with a bending and

extending movement.



shows the surface myoelectric potential of an extending movement of a
hip joint in association with a bending movement, graph (b) shows a
reference virtual torque of an 10 extending movement of a hip joint in
association with a bending movement, and graph (c) shows an estimated
torque of an extending movement of a hip joint in association with a
bending movement. Furthermore, in Fig.19, graph (a) shows the surface

myoelectric potential of a,bendin% 15 moveme, té)f %QLPQQCW N\ ed
association with a%éﬂjfdinbnn%\%ﬁgnt, graph shows a reference

virtuabdorgiie obadbenrdingiioy enverntehe: h@jMﬁ%@iﬁ%ﬂ%h@Sic
bending movement, and.gragh (c) shows 3 esfimated.foiaue, Ofide
bending movenient o a%lp Jointin association with a 20 b_endlng8
moverrarn Aecording ® GieBhs RHHc) 3hBNSATGs 4B BRES19 it ¥5H be

understaod that thesvidual toraresadascreferance and dhe estimajedo the
torque o%%arameter K' obtained from calibration have sigéilar ar%}gﬂtuge)
waveRSs D8 ditf it theLStin SRETBTG e in ABsocition with the =

bendiggand extendipganevement hasrdubstantialy tie sdmen sizetasdiag

of the virtual torque obtained from surface myo JCchggc‘pﬁgngalb ds
AccoF%‘erg yﬂ}]tthcfs? em olgirﬁé)ﬁf,%& Wearer §§30 can perform c%lilib%ant%n

of surfacesneyoelegtriccpoténtiab Isyrpedorfifgra predeteriifed toraque of an

rpovement, Therehy, the. wearer 12,can bg prevented-fron: being-applied =

with excessive load, and the parameter K' for obtaining a 41 virtual torque

(that BEBANBIAER SefRite NTORISEER otehtisly €h B8 cafduded™™ ~orae
instantane@usly: Kris ta pemnotasktat die dongie dpplied as lasdtoitheion

e o S B e e e .
the valge shows the surface myoelectric potential of a bending
15  movement of a hip joint in assoclation with a bending
movement, graph (b) shows a reference virtual torque of a
bending movement of a hip joint in association with a
pending movement, and graph (c) shows an estimated torque
of a bending movement of a hip joint in assoclation with a
20 bending movement.
According to graphs (a)-{c) shown in Figs.18 and
19, it can be understood that the virtual torque used as
reference and the estimated torgue of parameter K’
obtained from calibration have similar amplitude waveforms
25 and that the estimated torcue in assoclation with the
pending and extending movement has substantially the same
size as that of the virtual torgue obtained from surface
myoelectric potential.
accordingly, in this embodiment, the wearer 12
30 can perform calibration of surface myoelectric potential
by performing a predetermined movement. Thereby, the
wearer 12 can be prevented from being applied with

excessive load, and the parameter K’ for obtaining &
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of the lower limit of load beforehand, the load during calibration can be
adjusted so as to prevent excessive load to be applied to the wearer 12.
10 Next, a procedure of a main control process executed by the
controlling apparatus 100 is described with reference to the flowchart
shown in Fig.20. As shown in Fig.20, when the movement assisting
wearing device 18 is worn by the wearer 12 and its 15 electric power

switch (not shown) is turned on.in Step.S11 (hereinafter "Step” is _
o oG Al 100 ehHines Grothar NS Shersters

e operation
of turping onithe) etectricpowécswittkds ihesfiest time imSI2. In a case
where It IS the first fme,n. 212, (he, copUofing 20.appatas 10%1ieq as
transitions to a default mode in S13, and conducts a calibration process
of thé addvecdederiteth thfatif rid8e ReorBSpIRdMGIBERIBTSEH Parthe

Claim;1)in-$14-Thahisyin Si4 hiesignals,cerrasnondipg te:2eglivindoy
force applied as load by the driving motors 20, 22 24f, 6 are de(%e(;ctgd value
from $5& HETECtioHsigh H’?o?&étkﬁlri"a%éeﬁly&%&rig hotShtial Stitptt from

eachdnyeelectrit:potentiaksemsarc3ta Ha8in 40 Db, 42a, U24] 42a; Y,
and cor e(éion values ar obtag'é%dsggaeg on.the detection 30 signals. 9.

S15, fie foad" Fslf?]%ré:gse %yaln reasing the voltage applied to the motors
one rankdNext tia 5581t ¢s determinedenkietek4he load has reached a

predetermined upper limit vajue. dp.a-case wheke thedead has Rtz ss

reached the upper limit value in S16, the procedure returns to

. he .
abovEHRSEFBR IS 14146 repBAE e priteddasd”r 8?%34}-@96.1%%8%6?&{1
in a caselwheresthenloadhashz reacheth the: uppertimitvalue A S16, a

parameter K' obtajned by the,abque.dgscribed callpraion lssetin 3t sting
wearing device 18 is worn by the wearer 12 and its

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

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

That is, in 514, biosignals corresponding to

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

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

upper limit wvalue. 1In a case where the load has not
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In the subsequent S17, a correction value corresponding to the muscular
strength of the wearer 12 obtained from the calibration in a motionless
state (as in 10 Fig.12 showing the wearer 12 wearing the movement
assisting wearing device 18). That is, in S15, a parameter K is obtained
so that the value of the surface myoelectric potential becomes 1 in a case
where the wearer 12 generates a force of 1 Nm when in a motionless
sitting 15 state with his/her knee joints bent approximately 90 degrees. In
this CAFAASh SR Tme o idbier 15 Genéraes Fasacia
strenggh- geuntering:the ariving dercerftorglieSTrn) Epplieiteas |gdk (inpacesses
torqug% t%)ﬁh_ ggiving motors 20, 22, 24, 26. 20 Accordingly, by having
eachmyoelectric potential sensor detect biosignals generated with
respect to drivingTordd apphisd by thedAviRG SOUEE afRF gkfrfatiig a
parapgterfos acalculation progesshased en hesdetecied signals; te

parameter is set to the database 25 148 as an inherent correction v%llue OE”
the wWeFer T ReRaby: astP B THE Torréspdnaing TéiatioREhip” betwedn '
biosignals and therpowee genesatedhy asprocess ofra prédeternuiee

basic movement é’f the wearer 12 %eu@anrd chgg§§gﬂdj)qg relationship), 1,
e

assisﬁﬁﬁ %%Wéjrncéﬁl %eté)o corrected in correspondence with the

biosigieis ivkeheuarmtta moverient BéSisting wedlirig devRes g i@ferias 1n

by the.swearer 1,2 in.a manneythat the soyesponding:elatinnstint

]between the biosignals and the pow:{rjﬁenerated by the 43 wearer 12 (first
correSp6ndibgTBIatRHHIE) REgAFSietf) Ther it frahSitiols ©'a hofmal
controlanede fer candycting amassistingifarcetcantrel process im&18ur face
Then, the normal control mode.is contlnuedlu_njgl[l1 tge 5 elec‘tdrﬁce%gw%e wearer

switcH T RITREA O i St 197 FUrtRGHmore. in A case where T

operatibngefnerates a force of 1 Nm when in a moticnless sitting

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

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

25 148 as an inherent correction value of the wearer.

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

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

petween the biosignals and the power generated by the



turning on the electric power switch is the second time or more in 512, it
transitions to the above-described reconfiguration mode in 520. Then, in
521, a correction 10 value setting calibration (corresponding to calibration
part in Claim 1) for one motion (single movement) of the wearer 12 is
conducted, and a correction value (parameter K') is setin
correspondence with the muscular strength of the wearer 12 obtained

from the calibration movement (as 15 shown in Fi .I?. Then, the  sfied
ProCHSSEESt (b ABGTE-dBSa b S - R10 e ondulat. It s hewevar >

usc%a It’is however
to be noted that thizembadiment s hotlimited te conductingeedlipratiorde

for one motion, after the second tme or more . TheLoraction,valyg 20, sisg.
setting callcbra%on may be performed after the second time or maore in the
samehranneres (e roticPhedy Statd¥ithé Sfirkime Next ' cdntidl®

Rrocess.for each corection ~value setling £apde is daseried with
reference to Figs.21- 25 23. Fig.21 is a flowchar showng a contro{.c of
procedure of a cafibratibR*ds firstind thafk EX8Edted as Fderantt. 1t is

to benotedithatin ereasa et calibrationsfor she ficst timefthe second time or
above-descrlrli)egl?éo cg reg}thj%ﬁ%\g}%l%% Is sg;t)_ b)é}[ggv‘g%g”ée_ éﬁ@ﬁé%ﬂaéd

genefitéa uscdlar streng maintaining a motionless sitting state |
with respect tastheslobehfrontithelmdtel -As Shewn inFigl, the CoORtRMRG™

Apparatys 44 100; provides g.driving fqecs-(rpyitenque) as adgadinecion

supplying a predetermined driving current to the driving motors 20, 22

24, 26%F EotfespbhtBnee v@iﬂrrtﬁ@%itﬁﬁﬁl%tiéﬁfé&,lgtﬂé’%?%élg\)ea?gr the

12. Agegrdinglypthes5 weaner: 22 genelates-a muasdilan strehgth itpteameter

SittingK§ )tatiesfogé:g uarjrtaergc]) %gesgéiﬁlg]e%ggcx%f{ﬁh%%w&%cul ar strength of
the wearer 12 obtained from the calibration movement (as

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

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

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

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

25 23,

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

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

As shown in Fig.2l, the controlling apparatus
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motors 20, 22, 24, 26. Then, in S32, myoelectric potential signals of the
wearer 12 are obtained from each myoelectric potential 10 sensor 38a,
38b, 40a, 40b, 42a, 42b, 44a, 44b. Then, in S33, based on the measured
myoelectric potential signals, a virtual torque is estimated by calculation.
Then, in S34, the input torque applied as load is compared with the
above-described virtual torque. Then, 15 in S35, the proportion between
the input torque and the virtual torque is calculated. Then, in S36,

paramh®ePEoFrespdriding 10 Eagh e Stored n thé %%%Le?cfes%r?b%%d by
calibratigp) gatabpase-i48 is read oatifehmuitiplyingthenabove - descdbéding
proportion with this_parameter, to.ther tain. a _carregti I :
(corréngt}%)nr%a?grhe er) %He £§oﬁt?olc§%%§§p§3l %ﬁé%etgg t%\eg%n?%;é? c%r%é:réng
92-951cFen,l s $37; alve cofredlionvsaramiett? is SREES THE patametée for

autonomaus control (corresponding.to aarectionyaite setting-nar ik ing

Claim 2). 25 Accordingly, the wearer 12 wearing the movement assisting
wearifigFdeviEeT SERR tdiatiERfy PeHorh chRbRH of Bosignals ¥ a

sitt?n&g@@wiﬂ@qutggqqaigipgmy laborious procedures for performing
calibration such as attachgwé; a%/tgéghts as i‘ Ioacd to the ggnv\t/ear r or

attaching a coil spFilfﬁ%nas ah alternative to the rvj\'/gig%?s are :rquui“F’elg.n als O#
Accordirglye thetinle? and effort aegeitetfon cafictatiorcars be régdupegential

significantly, This will furthep promgte psting the,weasableyge 45rhen, :in
movement assisting apparatus 10 into practical use and popularizing the

weardhl@ typainevemert asSRIMG" AP paraEE Sl BatREHore e STIRALS,
corregtiqn yalue can hesetip Sgorrespandence-with the siate of the

wearer 12 having weakengs QupClypL sUERgth WDQULABENNG o5 10ad
is compared with the above-described virtual torgque. Then,

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

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

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

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

This will further promote putting the wearable type



load on the wearer 12 for performing calibration. This enables the
correction value to be set according to the state of the wearer 12 and a
driving force to be 10 accurately applied to the wearer 12 in cooperation
with the movement of the wearer 12 based on the myoelectric potential

of the wearer 12. Therefore, an assisting force from the driving source

can be applied in accordance with the will of the 15 wearer 12 during the
execution of calibration. Accordingly, the movement of the wearer 12 can
be stABKF R IsBISRITTEA ARG (00 muth 3t R éls%iﬁi ng force.
Thergbyureliability 9f the wearable typeyprovementecan esfusthiery
impr%ved. %%Egr%ularly, the wearer 12 can perform calibration with ease
evenif'a case where manipulation of a worn movement assisting .
wearing device 1§ isr¢onsivers t6lfe afiERCsHRR ¥sataseAhefe B 1

wearer, 12ds &, beginner, Thereforeseven ip & case where the wearer 43

25 has difficulty in moving freely (such as a physically jmpaired person),
ca|ibﬁaﬁ®h@é\§r$/b@‘lp°é#&r+ﬁ§d %\Frﬁr%“%%idihlj‘?ﬁb’\?eﬁgﬂ%' ﬁ@ul??g‘%etﬁ%lz’e

wearer 12, and«galibration:carpbe perfarnfed-ini acmaanaébcemplementings

the physical deficiencies of the wearer. 30 Next, the above-g %ﬁr' ed ..,
calibrafidh Gtins ?e(?éjnﬁllbeucrgﬁgﬁ rﬁca)“ggel %Odzbs%r%%% \fa\‘/ﬁﬁ?egere#cj:e to
Fig.221Rige22 is aflowehart shbwingd contrslvasproesdareef he

1r8C°”§i%Hﬁ%FlQ:%f?"Q%ﬁ‘e@r@%ﬂ@t%ﬁ%?gﬁﬁ!ﬁi/e&%fﬂ%ﬂéﬁ%b@ith
noted that the wearer 12 moves his/her knees from a bent state to an .
extentled stareTSTE-tifle While'lR 2 Sitting pB&RBH ifth&tas8¥ts et ie

perfogaig@n%]glrag@n{g@ongam@ﬁ{}omzl?urthermore, reference myoelectric

pouﬂﬂkﬂscowesp%%gggggre' an assisting force from the driving
source can be applied in accordance with the will of the

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

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

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

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

Fig.22 is a flowchart showing a control
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calibration movements are stored in the memory 130. As shown in Fig.22,
the controlling apparatus 100 determines whether there are any detection
signals 10 from the angle sensors 74, 76 of the knee joints in S41. In a
case where the angle sensors 74, 76 detect changes of joint angle of the
second joint 66 along with the knee extending movement of the wearer
12 in a sitting state (as shown in Fig.16), a movement angle of the knee is

set 15 based on the detection si rom t 2NSOr-74, [ .
T O P O R BehRoE bt e Thpcon
movethénoaagieovtirknee id Feddotio fiefn tHE-RTerAbAL13DSTHEAR: 12

S44, the measwedvalyesof 20-myoglectrs potentialof the weatsrdiae: ate
read out from each myoelectric potential sensor 38a, 38b, 40a, 40b, 42a,

42b, A48, BHBETHRh. fn BAS2 tHe rdfefeh & Tybkidetit pbferfidf andithe
measiredomiue of dae myeelestict potentialare icamparad: 2&Fhenein

546, the proportion betyieen the eference mygslectic potential and the
measured value of " the myoelectric porf‘entlaﬁ is calcutated. Then, in 547, a
correctibnlvaiie ¢comevtorparametery of thel controh esigraloprovided to

the motor drivers gg-%%algﬂlagq% 30:-by repding, put & PRrAMELS!- ratus

corresponding to the movement angle of the knee from the calibration
databke Pa8 AR HRAIBIFY e Pardmatervith thesbvela8scritBy 1 S
roportion. TheNn:in;548; the sorertion parameteriseetd7 asihe in s41.

parameter fgr autonomous contg)l %Qrsregggnding 4to corr gtign vacI: € es of
settingfbart i tiaith 2) SActSrdifidly Sin- e calibration for e secorid fime
or moyejithe patdmeter Khears becgulréctédtbysmoving:b theknésdn bnee
sitting.glole dong molanLwithoet vlng e dpving foreg Al fhe il (as
motors 20, 22, 24, 26.
shown in Fig.16), a movement angle of the knee is set
15 based on the detection signals from the angle sensor 74,
76 in §4Z.

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

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

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

30 by reading out a parameter corresponding to the movement
angle of the knee from the calibration database 148 and

multiplying the parameter with the above-described

proportion. Then, in S48, the correction parameter is set
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Thereby, the physical load of the wearer 12 can be reduced considerably
and the time required in preparing calibration after wearing the movement
assisting wearing 10 device 18 can be shortened. Accordingly, the
calibration for the second time or more allows walking to be started early.
Next, the above-described calibration of the reconfiguration mode 2 is
described with reference to 15 Fig.23. In the reconfiguration mode 2, the
wearer 12 performs ahrefergence movement of star%g:in Riroma sitting .
state¥Phi8E AAFSHathERTeflinfiy 16 5 sifting Sta e%pﬁase ?G&OA% g
(See &ig- B} cASshown e Fig: 28] the pentrofing@pparatus 20 100
determines whethgr. (hy (5186030 detection signals, fiom theangle secona

sensors 70, 72, 74, /6 0 movement assisting wearing device 18 in
551. [nacase Whtfe tH&camyieasetisors 70, 720 728 76 0eteEt ERakye 87 1 09

jeint angley gfthe first and segend joints G4+66 AN Withthendst using the
movement shown in Fig.9, a reference movement of the éveaﬁr 1%3 set
Se 148 ’

in S58'by/dBRchRG Lk Stofed it HELANBraTSh tatals
according-ta:the teteetion signalsdeamdheanglesensors Z0c38, 24, 76duced

Then, reference myoelectric potentials 30 correspond; the reference
move%@&%@%ﬁﬁ%}ms?%%d%%cgﬁ Jeoiﬁtesqgi,rgé are rg%%ut fr|og‘ran the
memer:1i3@a Then, thtnedsaretnealties oreRpsEREtrREpoAHRE OF i 110

weareyr 12 are read qutfrom,gach.mygelectric patentiahA8 s6ase:=38&ration
38b, 40a, 42a, 42b, 44a, 44b in 554. Then, the reference m¥roelectric

potenfidFaitthéheasuredsmydefdetiic 62)139‘?1%% BPe Contharediif Sagrted

Then ghegroportion between the reference 5 myoelectric potential and

ey AR I QBE T RUEPIRLE CAlSUAIRdIN8s the
reconfiguration mode 2 is described with reference to

15 Fig.23. In the reconfiguration mode 2, the wearer 12
performs a reference movement of standing up from a
sitting state (phase Al-A4) and then returning to a
sitting state (phase A4-Al) {See Fig.9).

As shown in Fig.23, the controlling apparatus

20 100 determines whether there are any detection signals
from the angle sensors 70, 72, 74, 76 of the movement
assisting wearing device 18 in S$51. 1In a case where the
angle sensors 70, 72, 74, 76 detect changes of joint angle
of the first and second joints 64, 66 along with the

25 movement shown in Fig.9, a reference movement of the
wearer 12 iz set in S$S52 by zelecting a task stored in the
calibration database 148 according to the detection
signals from the angle sensors 70, 72, 74, 76.

Then, reference mycelectric potentials

30 corresponding to the reference movements of the first and
second joints 64, 66 are read out from the memory 130.
Then, the measured values of mycelectric potential of the

wearer 12 are read out from each myoelectric potential
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a correction value (correction parameter) of the control signal provided to
the motor drivers 92-95 is calculated by reading out a parameter
corresponding to the movement 10 angle of the knee from the calibration
database 148 and multiplying the parameter with the above-described
proportion. Then, in 558, the correction parameter is set as the parameter
for autonomous control (corresponding to correction value setting part in

Claim, 2)..13 Then, in, 559, iijs defgumingd whether thgdask Qbte then,
calibration movement is finished. In a case where  there is a remaining
phasé&lif 5591 tHe Hext Prageds tipdai frs60 Lt Proce’ sBsdf e

abovesdascribed; 353 -and thase after argherformed again. 20

Furthermore, in a case where the task of thebcalibratio movement is
finished, the calibration’ op&raliai S iriERad° ReEBraingty: iy the = =<
calibrationfer the sepondntimnd ormbrehthenparameteri€ican bé the

corrected without 25 using the driying f iviag-mot 0, 2
24, Zgy?ﬁ\g?e %fzfﬁepp%"y%%a ﬁebLa \éof%ﬁg J\;/(\Ellg"agrfé%hillezgléan g' regﬁe&j’ %1 557,
considefablyeridithe tmereqUirstrrpicparipyr SafibrRitiorPaftélRmeapngroL

the movemen isting wearing. dewics: 18,can-be sharteneds 3051 culated

Therefore, calibration suited for the individual can be performed such as
perfoRRing e ahB1AtBH ofs RfdEE T oe Rt bt AcEBrding t8ay ement
Tendingcard extendingrmovement-oktheawenrer-i2or etfasairg 148 and

callbr%tll? .4§taccord{n%to a reference m&/e@l%nta\%here the weayer d12

n
bends anEllé) Lhde hlé1 e??(%%%%tlﬁra gﬁtlng state. Accor fansfffleven ina

case whepethéwearetrihis drpldpicalyrinpaired person realivration can set

be performed 5 accarding to given,movemenidhat can be,pedormad by o

the physically impaired person or according to a reference
correction value setting part in Claim 2)

15 Then, in 859, it is detesrmined whether the task
of the calibration movement is finished. 1In a case whers
there is a remaining phase in 559, the next phase is
updated in 860, the processes of the above-described S53
and those after are performed again.

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

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

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

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

movemnent of the wearer 12 or performing calibration
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movement of other movements (tasks). INDUSTRIAL APPLICABILITY It

is to be noted that the above-described 10 embodiment is not limited to

the above-described example of a movement assisting apparatus
configured to provide an assisting force to the legs of the wearer 12. For
example, the present invention may be applied to a movement assisting
apparatus configured to assist the movement of 15 arms. Furthermore,
although the above-described embodiment describes a configuration of
transANIEiHG ANETIHn POF BB TP el MTTE MGt A8 SR sidtng TorCE ™ thé
presentinyention smayhesapplied.to-ar-apparatis2@ genetating ae .
assisting force b%\éa driving source other ngear{ﬁée%g% motor.,50Q _
CLARRS 54 udarBE tyb2 Movenent assisting apparatus including a
detectingspart far detestingd hiesignal, froal dowebien acapviea@sr formed
gssisting Weatno device Neling A iMing Sourea [oTaPRVnGLAAINING che
orceto the we rer, 10 and a control part for controlling the driving source

to generateaniassisnig G eRECOHiIR RS BRtEdish ‘SgRaldetBERY by

the detecting-partthe wearabledypsa - momemnent assisting apparatus
characterized blg&comggsing: a calibration part for detecting the biosignal

15 cortB&poring: t6 e applied as a load from the driving
source and settingra cosrectidgrevaluedsasédhon tie dbtected signallb20 2.

N R

devicefneludingeaent assisting apparatus configured to provide an
assisting force to the legs of the wearer 1Z. For example,
the present invention may be applied to a movement
assisting apparatus configured to assist the movement of

15 ArmsS.

Furthermcre, aithough the above-described

embodiment describes a configuration of transmitting a
driving torcque of an electric motor as assisting force,
the present invention may be applied to an apparatus

20 generating an assisting force by a driving source other

than an electric motor.
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25 driving source for applying a driving force to the wearer, and a control
part for controlling the driving source to generate an assisting force
according to a detection signal detected by the detecting part, the

wearable type movement assisting apparatus characterized by 30
comprising: a load generating part for applying a predetermined driving

force from the driving source as an external force when the movement
assisting wearing device 51 is worn bgﬂﬂ@ﬁgearer; and a correction value
setting part for generating a parameter for a calculation process executed

in accordance with the detection signal by the control part and setting 5

the parameter as a correction value for the wearer. 10 3. The wearable

type movement assisting apparatus as claimed in claim 2, characterized

in that the calibration part includes a database storing a corresponding
relationship between the detection signal detected by the detecting part

and a control signal for 15 controlling, the driving source, wherein the

control part correc?s: thg‘ c%%?r%?%ar?g@t%rén& Yr%%een ata Salsgeté}g or rlijga%ﬁoatus
the carrettidn nvnlaedsetdnytthescorettidn vallrtsettingpart 2041 gpel from

Wear%blﬁetxpswoxemmt%ﬁpﬁ?t%e%%gwp@mewing a

claims 1-3, 25 characterized in that the detecting part is adhered on the

skin GHhE ISR HiftE dERITIE RPMY bRt dtrit potertial ‘Gt e WeaFdFag @ ex

ihe bigsignal -3@ &-The-wearable typetnovement assisting. appasatuscas to

claimed in claim | or 2, characteri%ed in 52 . :
generate an assisting force according tc a detection
signal detected by the detecting part, the wearable type
movement assisting apparatus characterized by comprising:

a calibration part for detecting the biosignal
15 corresponding to the driving force applied as a load from

the driving source and setting a correction value based cn

the detected signal.

20

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

external force when the movement assisting wearing device
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that the movement assisting wearing device includes a waist belt, a right
leg assisting part provided at the right side below the waist belt, and 5 a
left leg assisting part provided at the left side below the waist belt,
wherein the right leg assisting part and the left leg assisting part includes
a first frame extending downward in a 10 manner supporting the waist
belt, a second frame extending downward from the first frame, a third

frame extending downward from the second frame, 15 a fourth frame on
which % BEESMPEidETst e HSHtof e wearer is placed and provided at a

lower end of the thirgbframe; afirstjoint interposes betwedira loggeerendng a
of the first frame and an upper end of the second 20 frame;and asecond. .
joint f?‘l?éf‘ap%es%%lrb%?%eean 300\?%}%%% of%fﬁe second frame and an upper
end ofithe third flanve:256. Thenwéakablelype PRGVEheht BSsizliAgSett2ng

apparaus as glaimed ig claim. 5, chatacierized i thatthen 30 fisstioint is
provided at a level matching the height of the hip joint of the wearer,
wherein the second joint is provided at a level matching the height of the
knee joint of the wearer. 53 5 7. The wearable type movement assisting
apparatus as claimed in claim 5, characterized in that a first driving
source is provided in the first joint for

i 3. The wearable type movement assisting
apparatus as claimed in claim 2, characterized in that the
calibration part includes a database storing a
corresponding relationship between the detection signal
detected by the detecting part and a control signal for

15  controlling the driving source,

wherein the controcl part corrects the control
signal stored in the database according to the correction

value set by the correction value setting part.

20

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

the wearer as the biosignal.

30

5. The wearable type movement assisting

-

apparatus as claimed in claim 1 or 2, characterized in
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transmitting a driving force for rotating the second frame, wherein a
second driving source is provided in 10 the second joint for transmitting a
driving force for rotating the third frame. 15 8. The wearable type
movement assisting apparatus as claimed in claim 7, characterized in
that the first and second driving sources include an angle sensor for
detecting a joint angle. 20 9. A calibration apparatus of a wearable type
25 movement asgisting apparatys far.petforming callbration ; whengver a
wearer wears a movemen aSS|th|ng w%anng device mcﬁjdlng a élrlvmg
source generatingranvassisting power corresponding to biosignals from

the wearer by asspcigting. the.giogignals;apd the-assisting ROWer: 103 80r; gnt
predetermined relationship, the apEaratus characterized by comprising: a

first stordgePFat forrS@riFyE fir&te tbrredponding relationship between the
ppwer and the 54:zbiosignalsgeneratedibytheaweareoweasdngdhethe left
movement assisting wearin deg/iafe; and a second storage part for
storin%la %&8@8‘% rrgs%ﬁ“gﬂ%g fe g’tionship between the power and the 5
biosignals generatgokhy:the wearer dutingeayprocessiomper@rmingd the

predeigrf@infggb%igirg%%@%;r\gh%gmd on the biosignals

generated during the basic movement of the wearer and the second
corresponding relationship, & E6frec iR RS SR E0 Powerarc in a

vorresperdingdethehiosignalsispedermed for satisfying the first

corr_esp_onding relationship wheggé/ejg_rglzgemg;{/%g%r}}nassésg&q}qﬂ\évggriggom the

device is worn by the wéaref” d
first frame,

a third frame extending downward from the
second frame,

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

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

frame.

25

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

matching the height of the knee joint of the wearer.

it
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15 10. The calibration apparatus of the wearable type movement
assisting apparatus as claimed in claim 9, 20 characterized in that the
first corresponding relationship includes the power having a positive
correlation with respect to the biosignals, wherein the second
corresponding relationship includes a relationship between changes of
the biosignals and the changes of the power of 25 the basic movement.
30 11. A program for calibration of a wearing type movement assisting
apparatus enabling a computer to execute calibration whenever a wearer
wears a movement assisting wearing device including a driving source 55
generating an assisting power corresponding to biosignals from the
wearer by associating the biosignals and the assisting power to a
predetermined relationship, the program characterized by comprising: 5 a
first program for epabling, the, computer f:%p%%%@éﬂﬁéh@ﬁ@%ﬁ%&qiﬂ@
relationship between the power and the biosignals generated by the

wearGPReaTiHghes nfovement A8sistiAd Wearisd 8Ecesnd stork™ that &
second correspanging delationship besweaadhe power aid-#e 38int for
biosignals generated by the wearer_during a process aof performing a
predeteAHEDASE MovEmhahtand 1élaéeecfgc'nrd 5%19%%%&%%@%%3 trame,
computer to performecarrectorns ef assistingyowe scorespdndingtpided in
hiosignals based.pn ihe biasignals genarated,duing g 49,03%iCce for
movement of the w arer and the second corresponding relationship

stored frtthel secdhe stdrhgé partivhen the movement assisting wearing

device is worn by the wearer for satisfying the first corresponding

relationship stored in the first storage part. 56

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

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

corresponding relationship between the power and the
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ABSTRACT [Problem to be solved] The problem to be solved by the
present invention is to 5 reduce the load applied to the wearer by
correcting a parameter in correspondence with detectivity of biosignals.
[Means to solve problem] The calibration controlling part 162 of the
movement assisting apparatus 10 enables the power amplifying part 10
158 to apply a driving force of the driving source 140 as a load (input
torque) from the load generatin% part 164 to the wearer 12 when the

wearBE 22 \WBArSHHEERTRRHTeh D AsSIsting Reang Tatice Then, TRE =ment
weargk 12 appligdeavith the devingforeeof the driving source 140

generates 15 power from the skeletal mus?sf%pggg ming 2 d
predetermined caﬁbrsa%%onn(t)}pg’rgcﬁgﬁgic%%% ingly, the p j“ygfjscgzal secen

phenomensspdetctingredn 1 gétetdjdimesigleéhalcrg®ithafe the
?lIbr}?yggl%quec{ﬁyoaeﬁggatggcp@?g% detecting far 144 defeClsess of

myoelectric Signals.” In the 20 parameter correction part 156, a parameter

K is corretesel pasad brafridreissct BatvseMe st éinput torque)

and the driving forge{muscularstrength)heing saloiaied byritbeated during

difference deriving part 154 with respect to the phase identified by the
phase-iferititying Hgﬁfﬁr%%r_l%ff ERRCreRr e BIEoRS Dified b

corresponding relationship, a correction of assisting

10 power corresponding to the biosignals is performed for
satisfying the first corresponding relationship whenever
the movement assisting wearing device is worn by the

wegrer.

15

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

25 the hasic movement.

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

assisting wearing device including a driving source
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15

generating an assisting power corresponding to biosignals
from the wearer by associating the bilosignals and the
assisting power to a predetermined relaticnship, the
program characterized by comprising:

a first program for enabling the computer to
store a first corresponding relaticnship between the power
and the biosignals generated by the wearer wearing the
movement assisting wearing device and store a second
corresponding relationship between the power and the
biosignals generated by the wearer during & process of
performing a predetermined basic movement; and

a second program for enabling the computer to
perform correction of assisting power corresponding to
biosignals based on the biosignals generated during the
hasic movement of the wearer and the second corresponding
relationship stored in the second storage part when the
movement assisting wearing device is worn by the wearer
for satisfying the first corresponding relationship stored

in the first storage part.



