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REHABI LI TATI ON SUPPORTI NG APPARATUS Technical Field [0001] The present
invention relates to a sensation detection presentation apparatus and a

wal king rehabilitation supporting appafatus, and nore particularly to a
sensation detection presentation apparatus and a wal king rehabilitation
supporting apparatus that can feed back somatic sensation information on a
gi ven body surface portion to the bod surface portion or a different body
surface portion using somatic send@R¢BhETHaltkground Art [0002] Stroke
patients with disorders such as notor paralysis may acquire wong wal ki ng
behavi or without proper training at early stages. For exanple, hem plegic
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Technical Field

[0001]

The present invention relates to a sensation
detection presentation apparatus and a walking
rehabilitation supporting apparatus, and more
particularly to a sensation detection presentation
apparatus and a walking rehabilitation supporting
apparatus that can feed back somatic sensation
information on a given body surface portion to the body
surface portion or a different body surface portion using

somatic sensation.

Background Art
[0002]

Stroke patients with disorders such as motor
paralysis may acquire wrong walking behavior without
proper training at early stages. For example, hemiplegic
patients due to stroke undergo walking rehabilitation to
acquire walking behavior of properly placing a foot sole
on a paralyzed side on the ground. At this time, the
foot sole on the paralyzed side has less sensation, and

thus sensation on the paralyzed side is fed back using
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therapy referred to as bi of eedback. The sensations inclu
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[0004] Howe
Docunent 1,

ph®h 8¥ABRtEon¥NeAnd special sensations such as visual,
auditory, gustatory, and olfactory sensations.
[0003]

As apparatuses for such a biofeedback therapy, a
visual sensation biofeedback apparatus (see Patent
Document 1) and an auditory sensation biofeedback
apparatus (see Patent Document 2) are disclosed. The
visual sensations biofeedback apparatus displays
distribution changes in sole pressure on a display device
(monitor), and allows a patient to recognize a proper
state using visual sensation of the patient. Also, the
auditory sensation biofeedback apparatus converts
distribution changes in sole pressure into sound, and
allows a patient to recognize a proper state using
auditory sensation of the patient.

Patent Document 1: Japanese Patent Laid-Open No. 7-
204235

Patent Document 2: Japanese Patent Laid-Open No.

2004-141275

Disclosure of the Invention



hem pl egi c pati ent undergoes wal king training, the patient nust watch the
nonitor, and walking training in a wwde range is inpossible in view of
safety and a system configuration. Further, for the auditory sensation

bi of eedback apparatus in Patent Docunent 2, changes in sole pressure with
time within a foot sole region are indicated by intensities of sound or

nel odi es, which requires information conversion with a high load, and thus

it is difficult. for th ient to curately ,understand the state. [0005]
The present§#?R&ﬁW§dHDﬁ?gg%%f%?%daYgg@?eﬁ?%ﬁxgh%% di sadvant ages, and has an
object to pgﬂﬁhﬁf a sensation detection presentation apparatus and a

wal king rehabilitation supporting apparatus that can feed back somatic

sensat i on i nf or BRLICQR.0N @ 0i4en DAy, SWAACE ; HOTI L ddL£381 | ¥

under st andabl e form wi t'hout the use o speci al sensations such as vi sual

and audi t0r . 5515014 0. 2 NNSDE Qi S Vi NG B PrADI £115,0A0R] (1) To

achi eve the object, the present 1 nvention 1Includes: sensation detection

neans for ded®clldwi SOBti&ntd uSseHSebeONwA NEOREBEFOMNORgA thest body surface
pOI‘tI on of a user, and sensati on pr esentati on neans for pr esent | ng somati C

sensat i on ipdor et i s €04 €SP OotiEk Nfoh Db PE as@MRE 1 kisgnsaki edngniAr sati on
detected by the sensation detection neans to the first body surface portion
or a wide range is impossible in view of safety and a system
configuration. Further, for the auditory sensation
biofeedback apparatus in Patent Document 2, changes in
sole pressure with time within a foot sole region are
indicated by intensities of sound or melodies, which
requires information conversion with a high load, and
thus it is difficult for the patient to accurately
understand the state.
[0005]

The present invention is achieved in view of such
disadvantages, and has an object to provide a sensation
detection presentation apparatus and a walking
rehabilitation supporting apparatus that can feed back
somatic sensation information on a given body surface
portion in easily understandable form without the use of

special sensations such as visual and auditory sensations.

Means for Solving the Problems
[0006]
(1) To achieve the object, the present invention

includes: sensation detection means for detecting somatic



second body surface portion different fromthe first body surface portion
of the user. [0007] (2) It is preferable that the sensation presentation
means includes a stinulus inparting device for nechanically inparting
stimulus to skin so that the user reeedves touch-pressure sensation,

vi bratory sensation and/or novenent sensation, and the stinmulus inparting
device inparts stinulus to the skin at intensity corresponding to the |evel
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detection Ugbhator deheatiBl SAEBRLESSH! EoobebBBnaPALl €8l tnd Sensation
presentation unit for inparting given stinulus'to the patient; and a

control U”'%oﬁgklccgahggkhbﬂg1H%B§Mb9&oﬁfdEB@c§€858§'QHepééﬁgﬂkibhon uni t
so as to inpart stinmulus corresponding to the sole "pressure detected by the
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di sposed so as to be capable of detecting the sole pressure on a paral yzed
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portion of sensation superior to that of the foot sole.
surface portion of the user.
[0007]
(2) It is preferable that the sensation presentation
means includes a stimulus imparting device for
mechanically imparting stimulus to skin so that the user
receives touch-pressure sensation, vibratory sensation
and/or movement sensation, and the stimulus imparting
device imparts stimulus to the skin at intensity
corresponding to the level of the somatic sensation
detected by the sensation detection means.
[0008]
(3) The present invention also provides a walking
rehabilitation supporting apparatus that supports
rehabilitation for a patient having walking difficulty to
acquire accurate walking behavior, including: a sensation
detection unit for detecting sole pressure of the
patient; a sensation presentation unit for imparting
given stimulus to the patient; and a control unit for
controlling behavior of the sensation presentation unit
so as to impart stimulus corresponding to the sole

pressure detected by the sensation detection unit,



[0009] (4) The sensation detection unit nmay be di sposed so as to be
capabl e of detecting the sole pressure on the paralyzed side and a
non- par al yzed side of the patient, and the control unit nmay control the
behavi or of the sensation presentationsunit according to a difference in
sol e pressure between the paralyzed side and the non- paralyzed side. [0010]
(5) The sensation detection unit may be di sposed so as to be capabl e of

detecting the sole pressure on th aral yzed, si de apd t he non-paral yzed
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body surface portion. S pr sensat i on

detection unid, Lockides,a-sole op wbhchIbe LooL, sglecfscplaced god a

pressure sensor for detecting the s pressure o pati ent for each
of a plural¢ty-ofof€gions in the sole, and the pressure sensor is disposed
so as to be capable of detecting the sole pressure of each of the plurality
of regions, ¢§h@opensation presentation unit includes a stimulus inparting
device for 1nparting stinmulus to the

(4) The sensation detection unit may be disposed so as
to be capable of detecting the sole pressure on the
paralyzed side and a non-paralyzed side of the patient,
and the control unit may control the behavior of the
sensation presentation unit according to a difference in
sole pressure between the paralyzed side and the non-
paralyzed side.

[0010]

{(5) The sensation detection unit may be disposed so as
to be capable of detecting the sole pressure on the
paralyzed side and the non-paralyzed side of the patient,
and the control unit may control the behavior of the
sensation presentation unit so as to switch between
stimulus corresponding to the sole pressure on the
paralyzed side and stimulus corresponding to the sole
pressure on the non-paralyzed side and impart the
stimulus to the body surface portion.

[0011]

(6) It is preferable that the sensation detection unit
includes a sole on which the foot sole is placed, and a

pressure sensor for detecting the sole pressure of the



skin so that the user receives touch-pressure sensation

vibratory-

sensati on and/ or novenent sensation, the stinulus inparting device includes

a plurality of pressing nenbers provided correspondi ngly

to the plural

ity

of regions, and each of the pressing megbers inparts stinmulus to the skin

at intensity corresponding to the |level of the sole press
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correspondi ng region. Advantage of the Invention [00121 According to the

f t 1 bi of eed k f t ft
o o | R Apt kg ARG S ??§n81?583§9§UP?a§§gE§BF?aH)Q

and t he use?

g use to t he
£ £

Cuser with

somatic sensat|§§é gggsgp%% vglsg th dlthgsg ng gtbgncgﬁebgg verif
ustmen

her ac he envi ronme

avnareness caf B%Fe%HﬁﬂgrEﬁg séﬁefggégggEEto%oﬁgEh°o§GE gﬁﬂrb EQ mat i on

a given body surface portion IS sane

sur porti

or a differ%@trQ%?%n%“rEﬁéesgﬁ%Ek Bn WrbBeRPHRY b ﬁﬁﬁ%aﬁhgﬂuhﬁéoénat'on

t hus the user ca

7 case of Eeeﬁgqg% %hbﬁr%@%%‘6EV§§@5§BkOBm§H§Blﬁ§ ¥k sHah uar toaedit ory
sensation. Also, there is no'need for an apparatus such as a nonitor or a

processing sush as ikRBEEther useuNdeeenVeESLBAcht perebyrsi BBhhYiRE,

configurations and processings for information conversion,
appar at us ceapaeatoafdspast@bba. and/or movement sensation,

stimulus imparting device includes a plurality

and naklng
the

of

pressing members provided correspondingly to the

plurality of regions, and each of the pressing

members

imparts stimulus to the skin at intensity corresponding
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Advantage of the Invention

[0012]

ponding

According to the configuration in (1), biofeedback

of dynamic action of the user to the environment is

i ed,

on
on
and

nore easi |y understand the fed-back I nformation than the

t he

provided to a limb (body surface portion) of the user
with somatic sensation, and thus validity of the dynamic
action can be verified, and the user's adjustment of
his/her action to the environment with awareness can be
supported. At this time, somatic sensation information
on a given body surface portion is fed back to the same
body surface portion or a different body surface portion
with somatic sensation information, and thus the user can

more easily understand the fed-back information than the



[0013] According to the configurations in (2) and (6), the somatic
sensation information on the given body surface portion is fed back to the
body surface portion using mechanical stinulus, and thus the somatic
sensation can be fed back in nore detajl-and easily understandable form
with a sinpler configuration than feedback using thermal stinulus, chem ca
stinmulus, and electrical stimulus. [0014] According to the configuration in
(3), there is no _need, for. a special mnmechani sm or_ apparat us, . and
processi ngs" B the BehaIof ‘Ean’ e east ys%%?%%%%d,u&? het eBYS SR hpPTfyi ng
and reduci n(ﬂﬁi@oa%_zseerpgag entre apparatys to nrgaelga dhe K tire apparatus
t able: wal Ki 1 hdbi i'on &

easily por hus, i hg rehd Itation training can be performed in

any place. %iée%ra}sﬁé\’%% %@&?i%@%&ﬁ%ﬁb&%ga f'éé‘éé?{'ﬁ%eéﬁﬁ‘@h pat Lﬁﬁ%eca“
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by the body surface portion of sensation superior to that of the foot 8

sol e WthOﬁn@téﬁw@é@ﬁcﬁé PoPhySE §ahat Nef apbsterdNbs, sHbfhskenyly allows
self-rehabilitation of the patient and does not |limt a training time with

at t endance e tdigpa yss cadmpder aphStpoarngbidyus the wal ki ng rehabilitation
supporting apparatus is very useful for rehabilitation. A hem plegic patient
weari ng the[ &l Xj ng

According to the configurations in (2) and (6), the
somatic sensation information on the given body surface
portion is fed back to the body surface portion using
mechanical stimulus, and thus the somatic sensation can
be fed back in more detail and easily understandable form
with a simpler configuration than feedback using thermal
stimulus, chemical stimulus, and electrical stimulus.
[0014]

According to the configuration in (3), there is no
need for a special mechanism or apparatus, and
processings on the behavior can be easily performed,
thereby simplifying and reducing the size of the entire
apparatus to make the entire apparatus easily portable.
Thus, walking rehabilitation training can be performed in
any place.

Also, with basic learning about sensations, the
patient can train by him/herself to acquire proper
behavior of the limb on the paralyzed side on the basis
of the somatic sensation information received by the body

surface portion of sensation superior to that of the foot



rehabilitation supporting apparatus according to the present invention can
recei ve sensation of the foot sole on the paralyzed side, on the body
surface portion of sensation superior to that of the foot sole. Thus, the
hem pl egi ¢ patient can easily acquire-mgvenent inmages for stable wal king
wi th inproved inversion or eversion grounding specific to the hem plegic
patient, and can easily adjust his/her body posture or novenent pattern

f bl Ki h d f.mti ing. _his/ f f
falling ai Hn 6aPry"ethg8 CARCBBCCeqpott BATSThE Lt SRLFPELEEnSat bR of i he
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t herapeutic novenent I's significant aci According to the

ConfiguratiBﬂy%@céﬂ)th@rbﬁ&%tﬂighﬁ thiBakaBCRaPRENEERhABiN9RARALAI YZed side
and the paralyzed side during standing specific t0o the hemplegic 9

patient cansbg bRk ayedpbarakliewi sekabil Lkatlontber rehepipatkhenbnto stand
upright. [001 F According to the configuration in (5), the stinulus

correspondi ng t oAt hemspl €gPe esstii €n O liei m@ntiparad ygetlg side is first

inparted to the body surface portion, and
rehabilitation supporting apparatus according to the
present invention can receive sensation of the foot sole
on the paralyzed side, on the body surface portion of
sensation superior to that of the foot sole. Thus, the
hemiplegic patient can easily acquire movement images for
stable walking with improved inversion or eversion
grounding specific to the hemiplegic patient, and can
easily adjust his/her body posture or movement pattern
for stable walking, and thus an advantage of mitigating
his/her fear for falling at an early stage can be
expected.

The tactile sensation of the foot sole on the
paralyzed side is fed back to the body surface portion of
sensation superior to that of the foot sole, thereby
organization of perception and movement that are the most
essential in cognitive therapeutic movement is
significantly facilitated.

[0015]
According to the configuration in (4), a left-right

imbalance between the non-paralyzed side and the

paralyzed side during standing specific to the hemiplegic



thus target proper presentation stinmulus is inparted to the body surface
portion, and the patient can generate target presentation stinulus (teacher
data) by hinfherself. Switching so as to inpart the stinulus corresponding
to the sole pressure on the paralyzed-spde to the body surface portion

all ows the above described rehabilitation based on the teacher data.
Specifically, the patient can confirmpresentation stinulus in a target

proper groundi ng state (for exanple, he roundi n usi ng_hi s/ her foot on
t he non- parpa&?%ﬂz%bt sTde, ean]d“f?:%‘?\‘p‘l')%e%%r%ﬁeo‘?hlé&bg%%g#?ﬁ?%% EPFntMGs so as to
be the teagpe&aq9t%)in re q?i}ita%ion for the paralyzed side by

hi m her sel £ E%er} ebE/ f?ﬁ'?rh r %on?}[" buting to self- rehabilitation. Brief

Description @(Ll(% e Drawings [0017] Figure 1 is a schematic diagramof a
wal ki ng reha ITi1tation supporting apparatus according to an enbodi nent of

the present | nvondaiig 10, OV AN: shote & fegt, sale damiplustrating

regions for detection of sole pressure, ('B)" is a schematic plan

view of a sensadd hdei§Ctd Omdinid e FhBUESu e | Sn A BENSIRLL S REYSPECLi Ve Vi ew
of the sensation detection unit; Figure 4 is a schematic perspective view

of a stimdug iiPariisg ORYVEesdansl Fhaubedp s8rPas8hgdBEinyeshbical

sectional view of
thus target proper presentation stimulus is imparted to
the body surface portion, and the patient can generate
target presentation stimulus (teacher data) by
him/herself. Switching so as to impart the stimulus
corresponding to the sole pressure on the paralyzed side
to the body surface portion allows the above described
rehabilitation based on the teacher data. Specifically,
the patient can confirm presentation stimulus in a target
proper grounding state (for example, heel grounding)
using his/her foot on the non-paralyzed side, and can
generate the presentation stimulus so as to be the
teacher data in rehabilitation for the paralyzed side by

him/herself, thereby further contributing to self-

rehabilitation.

Brief Description of the Drawings
[0017]

Figure 1 is a schematic diagram of a walking
rehabilitation supporting apparatus according to an

embodiment of the present invention;



the stinmulus inparting device. Description of Synbols [0018) 10 wal ki ng
rehabilitation supporting apparatus (sensation detection presentation
apparatus) 11 sensation detection unit (sensation detection neans) 13
sensation presentation unit (sensation Jresentation mneans) 15 control unit
18 pressure sensor 22 stinmulus inparting device 32 pressing nenber 60
pressure measuring unit (sensation detection neans) 62 operation comrand
unit (sensation resenta neans) - A forear bod face portion) H
patient (user) *Rar T ux éggf% = ilf°°¥es?ﬂe2%5 yl { gﬁ gothenar regi on
P4 mddle o L Si.d e heel i e t for rrying
?%gloﬁs F8818f9 ctﬁén 8¢ ngnggegs E §ﬁa Fgaq?e 9 B .

Qut the Invention w, an e t o the pres nven ion wll

be described w thheREerENEEah0viBE HFaW BE8sation detection unit;

Figure 3 is a schematic perspective view of the
sensation detection unit;

Figure 4 is a schematic perspective view of a
stimulus imparting device; and

Figure 5 is a schematic vertical sectional view of

the stimulus imparting device.

Description of Symbols

[0018]

10 walking rehabilitation supporting apparatus
(sensation detection presentation apparatus)

11 sensation detection unit (sensation detection means)
13 sensation presentation unit (sensation presentation
means)

15 control unit

18 pressure sensor

22 stimulus imparting device

32 pressing member

60 pressure measuring unit (sensation detection means)

62 operation command unit (sensation presentation

means)
A forearm (body surface portion)
H patient (user)

Pl hallux region



0020] Figure 1 is a schematic diagramof a walking rehabilitation
apparatus according to the enbodinent. In Figure 1, a walking
rehabilitation supporting apparatus 10 (sensation detection presentation
apparatus) supports rehabilitation forja-hem plegic patient H (user) with a
nmovenent disorder on a right or left side to acquire accurate wal king
behavior. In the enbodinent, the left side of the patient His a paral yzed
side, and t right side.,of the patient His a non-paralyzed side. [0021]
The wal ki n eh&%@@@ﬁéﬁﬁ@ﬁ‘ghpporting apparatus 10 includes a sensation
detection it 11 for detecting sole pressure on the paralyzed side of the
pati ent H,%g% séﬁggﬁpgﬁuﬁ?gggﬁgﬁ%ion unit 13 fitted to a forearm A on the

non- par al yzg S%ﬂ%d?é‘%%%éynéi t gg%?&qinparting given stimulus to the
i - I

forearm A, ‘and a control unit or controlling behavior of the
sensation psesentati g Yt 13 correspondingly to detection by the
sensation etection u% t 11. [0022] The sensation detection unit 11
i ncl udes a sol e31pl aced on an inside bottom of unshown footwear such as a
shoe or a sandal and on which a foot sole is placed, and a plurality of
pressure sensors 18 provided on a plurality of places on a surface of the
sole S and disposed so as to be capable of detecting the sole

Best Mode for Carrying Out the Invention

[0019]

Now, an embodiment of the present invention will be
described with reference to the drawings.
[0020]

Figure 1 is a schematic diagram of a walking
rehabilitation apparatus according to the embodiment. 1In
Figure 1, a walking rehabilitation supporting apparatus
10 (sensation detection presentation apparatus) supports
rehabilitation for a hemiplegic patient H (user) with a
movement disorder on a right or left side to acquire
accurate walking behavior. In the embodiment, the left
side of the patient H is a paralyzed side, and the right
side of the patient H is a non-paralyzed side.

[0021]

The walking rehabilitation supporting apparatus 10
includes a sensation detection unit 11 for detecting sole
pressure on the paralyzed side of the patient H, a
sensation presentation unit 13 fitted to a forearm A on
the non-paralyzed side of the patient H for imparting

given stimulus to the forearm A, and a control unit 15
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unit 13 incljgdesja cover 20 secured to the forearmA by a belt V (see

Figure 1),

and a stinulus inparting device 22 that is placed in the

cover

20 and inparts sthausessioioskidrottibe orearm Mmepudbatatbelpatsi ent H

recei ves

touch- pressure sensation. [0025] The cover 20 includes

ar ch- shapedpgadewabhs ad5iasdde2bopkamedft anshand @botheatosaahmaA at front

and rear

shoe or a sandal and on which a foot sole is placed, and
a plurality of pressure sensors 18 provided on a
plurality of places on a surface of the sole S and
disposed so as to be capable of detecting the sole
pressure of the patient H.

[0023]

As the pressure sensors 18, known thin FSR (Force
Sensing Resister) sensors are used, though not limited
thereto. The pressure sensors 18 are provided on
portions on the sole S substantially opposed to regions
Pl to P5 in Figure 2(A). Specifically, as shown in
Figure 2(B), the plurality of pressure sensors 18 are
provided on the portions opposed to a hallux region Pl, a
thenar region P2, a hypothenar region P3, a middle outer
side region P4, and a heel region P5 on the foot sole of
the patient H. The pressure sensors 18 each can detect
the sole pressure of the patient H, and as described
later, the control unit 15 combines detection results of
the pressure sensors 18 for each of the regions Pl to P5
to obtain sole pressure applied to each of the regions P1

to P5.



pl aces of the forearm A, a side wall 26 placed on a lower |lateral side of
the end walls 25 and 25 in Figure 3, a curved inner wall 28 placed between
the end walls 25 and 25 and connecting to an upper end of the side wall 26
in Figure 3, and an outer wall 29 conngcting to a |lower end of the side
wall 26 in Figure 3. A portion surrounded by the end walls 25, the side
wall 26, the inner wall 28, and the outer wall 29 is an inner space housing
the stinul | parting device 22. [0026] Each of the end walls 25 has a
substantialﬁﬁ”&ﬁguate notch Cin an upper side in Figure 3, and the notch C

receives the forearm A. 002§} The 4 nner_ wal | %? has a cuqug shape

substantially glsor?&oﬁlﬁl out rlgﬁlé:rel p#rfe&?leofseﬂ?ea oredrm At eceiVed by the
tch C. - 14 .- 028 i ti i ' ' i ded
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structure, and eac I nc own 1 n 0X-S

cover 30, @hg¥ %Lﬁ@aé@bﬁ{ e PEQSEHD 01Gah & OB UPPSE i 7 U85 Of o the cover
30 in Figure 4, and an operation mechanism 34 (see Figure 5) that is placed

ij!"Si d?_ t he gomero B0 BNdf o ERSFRRSsd Nen PF esisd NGa PEEREr H 32etBideyerti cal
e touch-pressure sensation.

[0025]

The cover 20 includes arch-shaped end walls 25 and
25 placed to stand on the forearm A at front and rear
places of the forearm A, a side wall 26 placed on a lower
lateral side of the end walls 25 and 25 in Figure 3, a
curved inner wall 28 placed between the end walls 25 and
25 and connecting to an upper end of the side wall 26 in
Figure 3, and an outer wall 29 connecting to a lower end
of the side wall 26 in Figure 3. A portion surrounded by
the end walls 25, the side wall 26, the inner wall 28,
and the outer wall 29 is an inner space housing the
stimulus imparting device 22.
[0026]

Each of the end walls 25 has a substantially arcuate
notch C in an upper side in Figure 3, and the notch C
receives the forearm A.
[0027]

The inner wall 28 has a curved shape substantially

along an outer periphery of the forearm A received by the

notch C.



in Figure 4. [0029] The cover 30 includes a top wall 36 |ocated on an

upper side in Figure 4 and having a substantially square shape on plan,
view, a side wall 37 extending downward from a peripheral edge of the top
wall 36 to a lower side in Figure 4,-amd -a bottomwall 39 connecting to a

| ower end of the side wall 37 in Figure 4, though not limted thereto.

[ 0030] The pressing nenber 32 includes a pad 41 fornmed of an elastic body
such as rubﬁgB %nto a cap shape so that a center thereof expands upward in
Figure 4, a 4%pin 42 secured to a | ower end of the pad 41 in Figure 4 and

ext endi ng thr Ougpl\tl OIRU. gll éaco‘ | t&&v% %523’ are d&?OVléQQS:L] The

operation mechani §1y 32 des sprin around the pin 42, a

plate 46 segured. henalh [ ceRfleot ggsng'@ 4%0'@5FbHUEﬁe4fo§H|E8X% 47 to 51

rotatably secured tot e si de wal ape nmenory wre having one
end secur edolo chBepRYLERY #73NdoupuRgoA! oupd i hoppotielmprld eys 48 to 51, 2

2|
first runnlng bl OCE 52 to |ch the other end of the shape nenory wire Bis

secured, a EQQQQn@UGQVEEe§|QQkh5$e|Qﬁét§Qm§b§¥@uEB@rE|réhdréaﬁhng bl ock
52 in Flgure pul 'eys 54 and 55 rotatably secured to the side wall 37 at

two places abevedkheaseedndn hHNRiRUrbkogkahd bn Ei pukeshapaddcaverre W
wound ar ound
30, a pressing member 32 protruding from an upper side of
the cover 30 in Figure 4, and an operation mechanism 34
(see Figure 5) that is placed inside the cover 30 and
operates the pressing member 32 in a vertical direction
in Figure 4.
[0029]

The cover 30 includes a top wall 36 located on an
upper side in Figure 4 and having a substantially square
shape on plan view, a side wall 37 extending downward
from a peripheral edge of the top wall 36 to a lower side
in Figure 4, and a bottom wall 39 connecting to a lower
end of the side wall 37 in Figure 4, though not limited
thereto.

[0030]

The pressing member 32 includes a pad 41 formed of
an elastic body such as rubber into a cap shape so that a
center thereof expands upward in Figure 4, and a pin 42

secured to a lower end of the pad 41 in Figure 4 and

extending through the top wall 36 into the cover 30.



the first and second running bl ocks 52 and 53 and the

pul |l eys 54 and 55.

[0032] The coil spring 45 has one end secured to the top wall 36 and the

ot her end secured to the plate 46 so as

direction i
menory all

57-141704.

to bias the pin 42 in a vertical

n Figure 5. [0033] The shape menory wire B is nmade of a shape
oy such as a Ti-N alloy or a Ti-Ni-Cu alloy that can contract
with heat when a current flows therethrough as disclosed in, for exanple,
Japanese Paf Lai d- Open No. 2005-193583 and Japanese Patent Lai d- Open No.

the current stops flowing in the contracting state,

t he

| tends t t Th h
ZI eg%/r ?)éaflnyscoﬁniactsog%r Iahou%h %n %45 l?%%u&wgsng:]ycfvﬁ\fnllrjﬁstprojf gatppff i ed
t whi ch
armunt bﬂht?é :r%ﬁ onfgpg1 ea%)\né/r%@ &fﬁ%ég]tg%el%‘m%e V\Illcs made
f
a{%té@tu@@ be 1@xpeaded o &@éﬁﬁg@%l 2 £x §£Q}§%y or e,

current ch
changes an
of a materi
one end of

e wire i's secured t e secon ock

wire is extehdedd hes effon and W@Pﬁd3ﬁr0ém§'hé$@ Iﬁérﬁéiy \K:Hf'@'@ghg’bﬁ% 52 the

pul | ey 54,
ot her end i

t he second runni ng bl ock 53, and the pul l'ey 55 in order,
Sne SECAr sl Led heo ptidd epdbley 04)7353nd wound around the

other pulleys 48 to 51, a first running block 52 to which
the other end of the shape memory wire B is secured, a
second running block 53 located above the first running
block 52 in Figure 5, pulleys 54 and 55 rotatably secured
to the side wall 37 at two places above the second
running block 53 in Figure 5, and a wire W wound around
the first and second running blocks 52 and 53 and the
pulleys 54 and 55.

[0032]

The coil spring 45 has one end secured to the top
wall 36 and the other end secured to the plate 46 so as
to bias the pin 42 in a vertical direction in Figure 5.
[0033]

The shape memory wire B is made of a shape memory
alloy such as a Ti-Ni alloy or a Ti-Ni-Cu alloy that can
contract with heat when a current flows therethrough as
disclosed in, for example, Japanese Patent Laid-Open No.
2005-193583 and Japanese Patent Laid-Open No. 57-141704.
When the current stops flowing in the contracting state,
the alloy extends to its original state. The shape

memory wire B is electrically connected though not shown,

and t he



The operation mechani sm 34 thus configured operates the pressing nenber 32
in the vertical direction as described below. First, when a current of.an
anount controlled by the control unit 15 flows through the shape nenory
wire Bin an initial state in Figure 5,1d he shape nenory wire B contracts
by its characteristic. Thus, the first running block 52 is drawn downward
in Figure 5, and thus the wire Wnoves with the second runni ng bl ock 53
novi ng downwar.d, _and th% Blate

moves second | ck 53
el e ant Aol e, BERLBRIteo LiLERY HRUALES! By FhEULEST8R 1ot the

as, nmoves —upwar

Figure 5 a”@o}utﬂ?oﬂaﬂy“lhepEBEE!QESun‘f“c 481 Syhi PR, chQﬁgéQ"HHt aﬂ;;uB‘E”t raction
y the t o

of the shape nmendbry"wre changes according to noun the current

applied to the.shape -meppr ¥eMKe RBirang. thus an anount of upward novenent
of the press?ns member 17 32 Fn Fﬁéure 5 changes. Specifically, the control

unit 15 conppalg an anmount of protrusion of the pad 41. Then, when the
supply of the current to the shape nenory wire B is stopped, the shape

menory wire B extgadsite Witssonad@énaf 4 engtériandthst opefisdedoén a manner
reverse to the above by the biasing force of the coil spring 45, and the

pad 41 and theepded43drt egathactedt byt ha pkatendb fovee, dowawand o Fi gure S.
[0036] As shown in Figure 3, the stinmulus inparting devices 22 are
arranged sothkawifrevéspadsu4adt her ebk areohdcatiedingnbaopasbBi onad
relationship corresponding to the regions

the wire is extended therefrom and wound around the first

running block 52, the pulley 54, the second running block

53, and the pulley 55 in order, and the other end is

secured to the plate 46.

[0035]

The operation mechanism 34 thus configured operates
the pressing member 32 in the vertical direction as
described below. First, when a current of an amount
controlled by the control unit 15 flows through the shape
memory wire B in an initial state in Figure 5, the shape
memory wire B contracts by its characteristic. Thus, the
first running block 52 is drawn downward in Figure 5, and
thus the wire W moves with the second running block 53
moving downward, and the plate 46 is lifted upward in
Figure 5 against the biasing force of the coil spring 45.
Thus, the pin 42 moves upward in Figure 5 and the pad 41
protrudes. At this time, the amount of contraction of
the shape memory wire B changes according to the amount

of the current applied to the shape memory wire B, and

thus an amount of upward movement of the pressing member



P1 to PS including the pressure sensor 18 (see Figure 2), and that the
forearm A does not cone into contact wwth the pads 41 in the initial state
when the notch C receives the forearm A. Then, as descri bed above, the
control unit 15 controls the operatienigf -t he operation mechanism 34 (see
Figure 5) of each stinmulus inparting device 22, and the given pad 41
protrudes to press the forearm A Thus, stimulus is inparted to the skin of

the forearm A on. the non-paralyzed side of the patient H_ and the patient
Hrecetvee Toudh i dtetirs ST on St TraddTah T Natbaogni®
correspondiln@lé/O t.o. g he grtlagér&)@&ntmofo rOPtSrlg ee Fégurﬁaez adbjﬁ ebne arranged
correspondinglyl}o %%e pressure sensors The é?i us Inparting devices
22 can be gk i i O S s e C egei ve
stinmul us iﬁ'gkg&ganneréhagﬂ# Cgf;foo% p?ﬁ?érg{lng?gl%&gt#é%g&g ycz)é% ‘g?ﬁée %/ere

transferred ¢ %Eé}ﬁ‘péc‘?r caidn ﬁuéz’é‘b Iﬁé}go N; PAL ab yzede shde o Fof s exanpl e, the

stimulus inparting devices 22 may be arranged so that the arrangenent of

the regi ons, Ply 4,0, P9 disg e al £k UPs o pdpaied N h 8l efdhnapdrygetigat o
directions. A scale-up or scale- down ratio at this time needs not be always
an equal ratd apbdROI} tHdeoLoM Al fonkd db tise cOMSLI spiedgbysa ghyen
conputer and connect ed between the sensation detection wunit 11 and the
sensation priesefddtd brandithd 3o a4 W £ €flet10Er Wi L €h 8l5e CODAEST 1 6MOTeVi a a
given line so that data

downward in Figure 5.

[0036]

As shown in Figure 3, the stimulus imparting devices
22 are arranged so that five pads 41 thereof are located
in a positional relationship corresponding to the regions
Pl to P5 including the pressure sensor 18 (see Figure 2),
and that the forearm A does not come into contact with
the pads 41 in the initial state when the notch C
receives the forearm A. Then, as described above, the
control unit 15 controls the operation of the operation
mechanism 34 (see Figure 5) of each stimulus imparting
device 22, and the given pad 41 protrudes to press the
forearm A. Thus, stimulus is imparted to the skin of the
forearm A on the non-paralyzed side of the patient H, and
the patient H receives touch-pressure sensation. The
pads 41 are arranged correspondingly to the regions Pl to
P5 (see Figure 2), but may be arranged correspondingly to
the pressure sensors 18. The stimulus imparting devices
22 can be arranged in various ways as long as the forearm

A can receive stimulus in a manner as if a footprint on



is transmtted and received therebetween. The control unit 15 needs only
easy processing as described above, and may be portable and may
to a waist or the like of the patient H, though not Ilimted

perform an

be fittable
thereto. [0
pressure ne
pressure se
pressure of
for issuin

obt ai ned by
unit 11 and

038] As shown in Figure 1; tde-control unit 15 includes a

asuring unit 60 for conmbining the detection results of the

nsors 18 for each of the regions Pl to P5 to obtain the sole
h_of [ Pl.to P ti d it 62
Eﬁcsa%e&tv.zsﬁ CrmHarFott AR 2ERERE O CBReLBReaFNoA hi t 13 so
t t d f th
P1 1o SE”ZE%@& BrgbRsaiRaedoRats, cotof EAFTEEEN' Ofe Ffitidns p1 10° 1o Ps

1@EQrEEﬁ SULG; IBASYHI g UBbta§28n§QHsso Lhgrsepgation detection

e pre sure neasurln uni t

onstitute sensation detection

means  for Q?&%ﬁbbﬁ%n%h%fSQEQ EE%%%HEGPQSQBHEBC §€88akaNup 'BEoﬁgﬁh'O”) of

the foot so
sensation p
sensation p

i nformati ondowamekicé osens@ahientimaf aeadki a8 per eewp9BdaAgetatihe sol e

| e on"the paral yzed side (first ody surface portlon) . The

heseRtathONandnivbri3candqtipecepshat i o soa@Ngh Upktsb2160nstitute

resentation nmeans for presenting touch- pressure sensation

pressure detected by the sensation detection neans to the forearm A on the
non- par al yzedtsode as a second body surface portion.

[0037]

The control unit 15 is constituted by a given
computer and connected between the sensation detection
unit 11 and the sensation presentation unit 13 via wired
or wireless connection or via a given line so that data
is transmitted and received therebetween. The control
unit 15 needs only perform an easy processing as
described above, and may be portable and may be fittable
to a waist or the like of the patient H, though not
limited thereto.

[0038]

As shown in Figure 1, the control unit 15 includes a
pressure measuring unit 60 for combining the detection
results of the pressure sensors 18 for each of the
regions Pl to P5 to obtain the sole pressure of each of
the regions Pl to P5, and an operation command unit 62
for issuing an operation command to the sensation
presentation unit 13 so as to operate the pressing member
32 corresponding to each of the regions Pl to P5

according to the sole pressure of each of the regions Pl



[ 0039] The operation command unit 62 is set so as to classify the sole
pressure into given levels in stages (about 3 to 5 stages in the

enbodi ment) and change the anmount of novenment of the pressing nenber 32 for
each level in stages. The present inventi-on is not limted thereto, but
the pressing nenber 32 may be noved w thout stages correspondingly to the
sol e pressure. The operation command unit 62 is set so that the anount of

novenent of_t pr.essin mber 32 increases with increasjng _sole pressure,
but 1y be Kbt AT s 1S o aHer 10T HET bt egdt g Hebar 32

decr eases gﬂét&éﬁgﬁ§% e(gaggi iggeéﬁg%?}}E%@§O@héu%965€@§é, a procedure of

rehabilitation using ing re i oh supporting apparatus 10

Wl be dgfﬁ/é&%% [ Q0411 60 FLg5d+ ;s L6 p%%ﬁste#eié'%s&éﬁéé'@%gﬁ ﬂe&r@?i r or the

like visu checks a grounding state ot ont paral yzed si de

moved by an:ai tandantsn Ml So1d MBrodlierc SPOSALE LD PLeseniahion unit 13

applies a pressing force corresponding to the grounding state to the

forearm A omrd A dh pas &l e ds §ddeso Bt hendaph £41 v kL gegpgizes the
pressing force by cutaneous sensation (touch-pressure sensation) and | earns

mat chi ng t hef pressbay fOieeasenseet i@h) | hithd i sand drhe nd saradd i sthecked
groundi ng state.

unit 13 and the operation command unit 62 constitute
sensation presentation means for presenting touch-
pressure sensation information (somatic sensation
information) corresponding to the sole pressure detected
by the sensation detection means to the forearm A on the
non-paralyzed side as a second body surface portion.
[0039]

The operation command unit 62 is set so as to
classify the sole pressure into given levels in stages
(about 3 to 5 stages in the embodiment) and change the
amount of movement of the pressing member 32 for each
level in stages. The present invention is not limited
thereto, but the pressing member 32 may be moved without
stages correspondingly to the sole pressure. The
operation command unit 62 is set so that the amount of
movement of the pressing member 32 increases with
increasing sole pressure, but may be set so that the
amount of movement of the pressing member 32 decreases

with increasing sole pressure.

[0040]



For exanpl e, when the heel only on the paralyzed side is placed on the
ground, the patient H visually checks the grounding state of the heel only
and confirns the state. At this tinme, a load is applied to the heel in a
concentrated manner, and thus high sole@pressure is detected on the heel by
t he sensation detection unit 11. 1In the sensation presentation unit 13, the
pressing nenber 32 in the position corresponding of the heel region P5

presses the forearm A on_the non-paralyzed.side .with intensity

cor r espondi ng tgﬁ?%%’s%l%r%?%ggﬁ?e?£a %hg?hgl%éﬁ}%&tuifﬁ%n% Tzes the pressed
area and th iLntensi : .St ag | t 1.t h pressed
area only rggékgég ?Shéﬁg%%%§§ﬁ§é gghégf?gﬁ? ?ﬁég§ﬁég? %Q??Q%% Eﬁe paral yzed
side is actyakly;pkaced on the - 21 ground. The grounding state |earned
here includes a grounding pattern, a difference in intensity of the sole

pressure, an@opaifoving direction of the sole pressure. [0042] Next, the
patient Hsitting on the chair or the |like does not visually check the

grounding state pi{rihe £ROtpaeNehihed pad et ¥Zgdosi dechdvedobyrhdel akéendant,
but recalls the cutaneous sensation previously | earned and answers the

groundi ng skakaaoflyt kaetast aogrbiadpayakyaed sirdehef Fostt ba pasiti on and
intensity of the touch-pressure sensation presented to the forearm A by the
sensati on paeségtzati eidenmbvad, bysangaptehdnas.orat hehls keimsdpwiing t he
grounding state. This confirnms a | earning effect of

sensation presentation unit 13 applies a pressing force

corresponding to the grounding state to the forearm A on

the non-paralyzed side, and the patient H memorizes the

pressing force by cutaneous sensation (touch-pressure

sensation) and learns matching the pressing force sensed

at this time and the visually checked grounding state.

For example, when the heel only on the paralyzed side is

placed on the ground, the patient H visually checks the

grounding state of the heel only and confirms the state.

At this time, a load is applied to the heel in a

concentrated manner, and thus high sole pressure is

detected on the heel by the sensation detection unit 11.

In the sensation presentation unit 13, the pressing

member 32 in the position corresponding of the heel

region P5 presses the forearm A on the non-paralyzed side

with intensity corresponding to the sole pressure, and

the patient H memorizes the pressed area and the

intensity of the stimulus and learns that when the

pressed area only receives touch-pressure sensation, the

heel only on the paralyzed side is actually placed on the



mat chi ng‘the position and intensity of the touch-pressure sensation
presented to the forearm A by the sensation presentation unit 13 and the
grounding state of the foot on the paralyzed side. [0043] After the above
descri bed previous |earning, actual -rehabilitation is perforned.
Specifically, the patient H adjusts novenent of the foot and/or the linb
other than the foot on the paralyzed side on the basis of information on

the t h- ti t ed t he f , th
non- par al y 60 Site 41t S BRCT R e S0 168 TS i ATHGR r oundi ng

state of t f Qot. i | ki ng. i ke.. xanpl e, .| ate

where the olu%eéjfnoqgtgéo{r}%%@ péar%%z%ﬁ?%eﬁ?slggéq&sﬁ%s gnﬁ%l ??/f%)l aced on
t he ground, e ) ions:P1L to i d

substanti alql;&ﬁsnllﬁ’(f)éo’r rfﬁ{flaﬁlqﬁcﬁf%%a%%ee% r?hif pgheéss?ﬁge nér %\%g 2
substantial {gp44ni formy apply weak pressing forces to the forearmA on the
non- paral yzed side. The patient H has nenorized the matching between such

touch-pressure senRsatitoR andithe mActiuali gy JNding Sate 7 amd he e evi ous
| earning. Thus, when the state where the 'entire foot on the paral yzed side

i's substantdedd \ngd agesliom § hen &k puikk | Sr&@idAsg ast d8& 96t , tea@drébere is a
di spersion in touch-pressure sensation presented to the forearmA, the

patient H drealigesatdbizddes{dotmeoved hey paial yzeshsade, i suhotetal1éhe
target grounding state, and adjusts the novenent of

the cutaneous sensation previously learned and answers
the grounding state of the foot on the paralyzed side
from the position and intensity of the touch-pressure
sensation presented to the forearm A by the sensation
presentation unit 13, using pictures or the like showing
the grounding state. This confirms a learning effect of
matching the position and intensity of the touch-pressure
sensation presented to the forearm A by the sensation
presentation unit 13 and the grounding state of the foot
on the paralyzed side.
[0043]

After the above described previous learning, actual
rehabilitation is performed. Specifically, the patient H
adjusts movement of the foot and/or the limb other than
the foot on the paralyzed side on the basis of
information on the touch-pressure sensation presented to
the forearm A on the non-paralyzed side of the patient H
so as to obtain a target grounding state of the foot

during walking or the like. For example, in a state

where the entire foot on the paralyzed side is



the foot and/or the linb other than the foot on the paralyzed side so as to
elimnate the dispersion in touch-pressure sensation presented to the .
forearm A Specifically, the patient H can voluntarily acquire proper
novenent for obtaining the target grourgli ng state using the sensation
presented to the forearm A [0044] The patient H nmay performthe above
descri bed procedure while sitting on the chair or the lIike or standing.

Th | i . ' f i d unit 62,
Uhat 1o, {hE BRRaniEra  BESCaRonAt “OF ABEHEn: CBF CRACpPESSFR niiiber 32
d hth i [ - di to th
emboa mont , CCEI FEOR 8D ETy E3t PanLeanche “REpaar E6a L haL 1M "par Fored by the

pati ent M nirkf e 8eLhsR0t L9 LhE BERSALLANNERNEBLCHDNLLSLALE 8 1l of het

body. [0046 a variant of the e specifications o e contro

unit 15 maybe rehangedpbay, WeBabblikathgnrokbam ehheheVviceWRARl & on
Specifically, in this caseé, the sensation detection unit 11 is also fitted

to the foot tee nbhepaeripaeal ¥zed.sitee Jhei HHESSUELs BABHF1NGIUPhE 60 at
this time is set so as to be able to calculate a difference in sole

pressure bemagehihbebaarepar suyhedoushderasdutrbespasakysadasddehkor each of

the regions Pl to
actual grounding state from the previous learning. Thus,
when the state where the entire foot on the paralyzed
side is substantially placed on the ground is set as a
target, and there is a dispersion in touch-pressure
sensation presented to the forearm A, the patient H
realizes that the foot on the paralyzed side is not in
the target grounding state, and adjusts the movement of
the foot and/or the limb other than the foot on the
paralyzed side so as to eliminate the dispersion in
touch-pressure sensation presented to the forearm A.
Specifically, the patient H can voluntarily acquire
proper movement for obtaining the target grounding state
using the sensation presented to the forearm A.
[0044]

The patient H may perform the above described
procedure while sitting on the chair or the like or
standing. The same applies to the reverse setting of the
operation command unit 62, that is, the case where the
amount of movement of the pressing member 32 decreases
with increasing sole pressure.

[0045]



P5. The -operation command unit 62 is set so as to change the anount of
novenent of the pressing nenber 32 in stages correspondingly to the
difference in sole pressure between the non-paralyzed side and the

paral yzed side. Specifically, the opepati-on command unit 62 here is set so
as to mnimze the amount of novenent of the pressing nenber 32 in a target
grounding state with little difference in sole pressure between |eft and

right sides and_increase the anount of venment of the pressing nenber 32
a_ccozlor dmg to _thhthd’isf'f é"rcéil?g djint‘? (:edbar g%cﬁm;%,ms&l f‘heTIheft ?nd ri tght .-
si des en ight.is applie 0 the non-par ze i de, s patien

st andi ng c%gﬁéhﬁ%ﬁﬁ%&é%bs %Eéé%fé%QﬁPg%ﬁ$e$ﬁ%¥ bga ??go%??ge?ytgﬁethe

non-paral yzed side $0ech /10, 101 he, e plegi copati et o, 24 Hitpom the

t ouch- pressur & Sensation on or ear non- paralyzed side by the
sensation 2%g§ggtg%iﬁgg}gg} bddy Also, the patient H can adjust the novenent
of the i I ncluding the paral yzed side so as to substantially elimnate
the touch-presssf e sensation presented to the forearmA and thus can
gradual |y acquire novenent for <correcting a left-right inbalance during

standi ng.  Specidd GaldahiARCUMivHE tondREald apedie dof{ond bt i nbal ance
bet ween the non-paral yzed side and the paralyzeé35|de during standing

speci fic tochdechen Pl eghtt Patheptbdl cpsndedi ppr ovelabol athevon

rehabilitation for the patient to stand upright. Contrary to the above, the

oper ati on cohramnst ke tvEiwpeyntbe. Sepesn fiscdld yyaxinrtzels case, the
sensation detection unit 11 is also fitted to the foot on
the non-paralyzed side. The pressure measuring unit 60
at this time is set so as to be able to calculate a
difference in sole pressure between the non-paralyzed
side and the paralyzed side for each of the regions Pl to
P5. The operation command unit 62 is set so as to change
the amount of movement of the pressing member 32 in
stages correspondingly to the difference in sole pressure
between the non-paralyzed side and the paralyzed side.
Specifically, the operation command unit 62 here is set
SO as to minimize the amount of movement of the pressing
member 32 in a target grounding state with little
difference in sole pressure between left and right sides
and increase the amount of movement of the pressing
member 32 according to the difference in sole pressure
between the left and right sides when weight is applied
to the non-paralyzed side. Thus, the patient H standing

can perceive a state of the center of gravity offset to

the non-paralyzed side specific to the hemiplegic patient



t he amount of novenment of the pressing menber 32 in the target grounding
state with little difference in sole pressure between the left and right
si des and decrease the anount of novenent of the pressing nenber 32
according to the difference in sole pressuwe between the left and right
si des when weight is applied to the non- paralyzed side. [0047] Further,
anot her vari ant descri bed bel ow may be used. Specifically, the sensation

detection u i%s 11 are fithgd to both fee%.on the paralyzed sihde and the
non- par al yz8d TSRk R eah A FR DB ESSEFe o RBAS bl P ln L o60°k 5 MestPe t he
sol e pressug of, g2 9592%25 5teoBy Phet geﬁéagQoﬁﬁégagéﬁ}:%@ggﬂoﬂhg‘%r al yzed

side and the paralyze operation co n here can

swi t ch betwean ax par alyzed: o de Sf i al us prese athovenge §porgal mode)

in which the pressing ne s noved according to t sol e pressure on

the para|y2§9m§i§ﬁcﬁﬁgﬁggp9§épéééhi§ﬁgd side sbi AWl s BLBSEARRLLQA,Mde in

whi ch the pressing ne 2 1's noved according to the sole pressure on the

non-paral yzedigidatw theatswchcpregstipe keks8athBnt Presefdsa, tbi ksk, the
patient H selects the non-paral yzed side stinmulus presentation node, the

sensati on pfegeatat noAndufhlisl3ahnpaetisastiynutysieer mesppadingot-o t he sol e
pressure on the non-paralyzed side to the forearm A on the non-paralyzed
si de and t husrirepaihg talgét-pigher imprésantatuonngt stehdsntjo t he body
surface portion of the
Specifically, according to the variant, the left-right
imbalance between the non-paralyzed side and the
paralyzed side during standing specific to the hemiplegic
patient H can be improved to allow rehabilitation for the
patient to stand upright. Contrary to the above, the
operation command unit 62 may be set so as to maximize
the amount of movement of the pressing member 32 in the
target grounding state with little difference in sole
pressure between the left and right sides and decrease
the amount of movement of the pressing member 32
according to the difference in sole pressure between the
left and right sides when weight is applied to the non-
paralyzed side.
[0047]
Further, another variant described below may be used.
Specifically, the sensation detection units 11 are fitted
to both feet on the paralyzed side and the non-paralyzed
side, and the pressure measuring unit 60 can measure the

sole pressure of each of the regions Pl to P5 on each of

the non-paralyzed side and the paralyzed side. The



patient H, and thus the patient H generates target presentation stimnulus
(teacher data) by himherself. Then, the patient H switches to the normal
node, and stinulus corresponding to the sole pressure on the paralyzed
side is inmparted to the forearm A of -thg —patient H, and thus the wal ki ng
rehabilitation described in the enbodinent is perforned on the basis of the
teacher data. According to the variant, the presentation stinmulus when the

t t undi t f I heel di i d d

can’be bon ST L8] HTHE FHOtE o (HE BT At et S oec ST UEob =t he patent.
dth t I t i I b

fUrther Tadi T siTog Sa o f Shants | ErT i 01 Gy Wogdo My EhaE e kMoo went
riher faciiital . . . 0 .

ond ihe varignscd he,sonsalion, delest 100 idoMadelestaithon, cne

bresent | yond ik Suf0lod 14 b Ller£10- s The 2ERSgON-pdelegrian unit 11

may detect somatic sensation Ion on other body s portions

such as framfqe oft figad;s hacks Sl deash hage, ih apeheadindipsessingertip,

finger or hand other than fingertip, lateral surface of ~upper arm
shoul der, upRMSePaTK,id AWBFedasksobbiogerns t188, soDE PiPssQrdroxi dee

bi of eedback. The detected somatic sensation information includes the
t ouch- pr essisre-psEASEd ¢ D Ns Thixs o 1 hieda adbovectansr ot her 1 Cré anemuscisignsat i ons
case, first, the patient H selects the non-paralyzed side
stimulus presentation mode, the sensation presentation
unit 13 imparts stimulus corresponding to the sole
pressure on the non-paralyzed side to the forearm A on
the non-paralyzed side and thus imparts target proper
presentation stimulus to the body surface portion of the
patient H, and thus the patient H generates target
presentation stimulus (teacher data) by him/herself.
Then, the patient H switches to the normal mode, and
stimulus corresponding to the sole pressure on the
paralyzed side is imparted to the forearm A of the
patient H, and thus the walking rehabilitation described
in the embodiment is performed on the basis of the
teacher data. According to the variant, the presentation
stimulus when the target proper grounding state (for
example, heel grounding) 1is reproduced can be confirmed
using the foot on the non-paralyzed side of the patient,
and the patient H can acquire the teacher data by

him/herself, thereby further facilitating self-

rehabilitation.



such as vibratory sensation, novenent sensation, tenperature sensation, and
pai n sensation, and deep sensations such as position sensation. [0049] The
sensation presentation unit 13 may be fitted not only to the forearm A but
al so to other body surface portions -ored he non-paral yzed side, such as
front of head, back of head, face, forehead, lips, fingertip, finger or
hand ot her than fingertip, |ateral surface of upper arm shoul der, upper
back, Iomer[B 25 abdonen, leg, or hip, or to body surface portions with a

| ow | evel of g alysis [ 0050] The sensation detection unit 11 may detect

somatic sensation LALOLERLLAN.ON 2.8 1K2l 1LY, ol g1 vER. Plaes, a0d 27 the

sensation presen atlon uni esent |c sensation
by Bktgh¥§n

I nformati onyte.thgpl Uha %SSEhO rEQEuQésbénQBtEQﬁ detection

G £ng, 268
results. The 'sensation detection unit 11 detect sonmatic sensation
i nformation.ga %B%tpEB&@'%prQnghéeﬁlBkééeﬁaéQd oak! eak phhgefet ection

results, and the sensation presentation unit 13 nmay present the somatic

sensation i RhQeMRtibanikOnceneifi¥en PhaeetoCoMKaryenOathbs, the sensation
detection unit 11 may detect somatic sensation information on one given

pl ace, and tbeecsensat ueit premagt adekedtusbhat3cnBynpreseAt somati c sensation
information to a plurality of given places on the basis of the detection
result. information on other body surface portions such as front

of head, back of head, face, forehead, lips, fingertip,

finger or hand other than fingertip, lateral surface of

upper arm, shoulder, upper back, lower back, abdomen, leg,

or hip to provide biofeedback. The detected somatic

sensation information includes the touch-pressure

sensation described above and other cutaneous sensations

such as vibratory sensation, movement sensation,

temperature sensation, and pain sensation, and deep

sensations such as position sensation.

[0049]

The sensation presentation unit 13 may be fitted not
only to the forearm A but also to other body surface
portions on the non-paralyzed side, such as front of head,
back of head, face, forehead, lips, fingertip, finger or
hand other than fingertip, lateral surface of upper arm,
shoulder, upper back, lower back, abdomen, leg, or hip,
or to body surface portions with a low level of paralysis.
[0050]

The sensation detection unit 11 may detect somatic

sensation information on a plurality of given places, and



[ 0051] ‘Further, the sensation presentation unit 13 may be able to inpart
di fferent nechanical stinulus, thermal stinulus, chem cal stimulus and/or
el ectrical stinulus to the body surface portion on the basis of the somatic
sensation information detected by the %ensation detection wunit 11. [0052]
The sensation presentation unit 13 that inparts the different nechani cal
stinmulus may have an exenplary configuration nodified fromthe
configuratiaqn of the ., enbodi nent, jn which C%VCFF of application of the
current o the SHebe- Foror S S 1AL BR Uk Gt & Y sPFRPEat etFn & short time
to vibrate Qpe rgsgiqg%nenber §21%n tge - 28% ve%tinl dirfction in Figure
5 at a freq%érh% corte %%%Iaijhrb o ‘?We 15 ot T 16° sRnsat T ohY i A of At T on
detected by e i ctio nj p viarat ory sensati on
rpﬂg%%&fa%ﬂeo%é’ﬁ& 3 %r%eérié%%é‘tn%@n £§§&‘f£% ﬁ{e

to the ski he pressing ne be novabl e ‘along the inner

wall 28 in %%:ﬁélé%foﬁ Q0. JDVE, a%rgi§tf‘fcrﬁa o§L£spengLNg: 1 0 éQﬁs?E’ﬁﬁig

sensation information detected by the senSation detection un

present nNovEIENNSENSAtLON RO therskiny oA &eroRtHYELYs REESSYI Eesti mul us or
vi bration stinulus my be presented using a solenoid, air pressure, a

pi ezoel ect ri e e4EPEDE 3 0PN ré i€l ¢ Keanoperd fE&abhYioAMNYreSEAPHE USHI NParting
device 22 may be used as long as it inparts nechanical stinulus to the skin
of the patiwmMtH3 may present the somatic sensation information to

one given place. Contrary to this, the sensation

detection unit 11 may detect somatic sensation

information on one given place, and the sensation

presentation unit 13 may present somatic sensation

information to a plurality of given places on the basis

of the detection result.

[0051]

Further, the sensation presentation unit 13 may be
able to impart different mechanical stimulus, thermal
stimulus, chemical stimulus and/or electrical stimulus to
the body surface portion on the basis of the somatic
sensation information detected by the sensation detection
unit 11.

[0052]

The sensation presentation unit 13 that imparts the
different mechanical stimulus may have an exemplary
configuration modified from the configuration of the
embodiment, in which ON/OFF of application of the current
to the shape memory wire B in Figure 5 is repeated in a

short time to vibrate the pressing member 32 in the



so that the patient H receives touch-pressure sensation,

Vi

bratory

sensati on and/ or novenent sensation. [0053] The sensation presentation unit
13 that inparts the thermal stinulus my have an exenplary configuration in
which the pad 41 that cones into cont-agigwith the skin can be heated or
cooled, and the pad 41 is brought into contact with the skin at a
tenperature corresponding to the somatic sensation information detected by

col d sensati on

the sensation dete taon ug 11 tq. resegt rm.sensation or
to tho skin' E6RE0e: 1Fﬁ8 aapn%anﬁ dFa Ssahedt FARISCRERge according to a
sti ml us afssrrésgSHaﬁa becfBa00R,Peetenal. A0ARLALLORBLBRS, OF The
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have an exenplary configuration in which a liquid

t hat presenﬁémﬁ@@'325ﬁ8§abé0ﬁ095b@élQléﬁ@sﬁhéoﬂnﬂﬁﬁnw89m1ﬂg At o contact

with the skin can be injected to the skin, and an anount

of

i njection

t hereof cor regpeads bﬁdtﬁ@véoﬁaﬁhgtaﬁaéabbﬁﬂespﬂﬁaiﬁgtt@ntdétg@h@dlby t he
sensation detection unit 11. [0055] The sensation presentation unit 13 that

inmparts thesensation information detected by the sensation detection

unit 11 to present movement sensation to the skin.

Alternatively, pressure stimulus or vibration stimulus

may be presented using a solenoid, air pressure,

a

piezoelectric element, or the like. Specifically, any

stimulus imparting device 22 may be used as long as it

imparts mechanical stimulus to the skin of the patient H

so that the patient H receives touch-pressure sensation,

vibratory sensation and/or movement sensation.

[0053]

The sensation presentation unit 13 that imparts the

thermal stimulus may have an exemplary configuration in

which the pad 41 that comes into contact with the skin

can be heated or cooled, and the pad 41 is brought into

contact with the skin at a temperature corresponding to

the somatic sensation information detected by the

sensation detection unit 11 to present warm sensation or

cold sensation to the skin. However, the warm and cold

sensations change according to a stimulus area,

temperature change speed, an adaptation state,

a

or

the

like, the temperature cannot be controlled at high speed,



electrical stinmulus to the body surface portion may have an exenplary
configuration in which electrodes are placed in a plurality of areas near
the skin, and a current of an anpbunt corresponding to the somatic sensation
information detected by the sensation detection unit 11 is applied to the
el ectrodes to present electrical pain sensation or tactile sensation to the
skin. However, when the electrical stinmulus is used, a stinulus intensity

range between Hﬂﬁ inIensiﬁy for no stimulus and .the intensity for pain
stimulus | SEtFETV hatr e a?{%“l%? TPRIGHTHT chht R AT e3hotd %Wgnges occur
aur ti : . ; . " . b
descr i bed QoS gl atTsn T St MR B LR L A T e el

used. - 30 rﬁeé%@alﬁgéﬁﬁhué r&g?gréaf@ggé r\gséa@d the variants, the case

where the sensation detection presentation apparatus of the present
i nvention i@@ﬁppll ied to the walking rehabilitation supporting apparatus 10
is showmn and described, but the present invention is not |limted thereto,

and may be appl iredth@ Ot hele aRRAIALUSEDid@Int 188 L iR esenihs0mati c
sensation information on a first body surface portion to a second body

surface poringyrias tie difderent Porhidns 1HPSTdve FOK exampleryt he present
invention may be applied to a tactile sensation presentation apparatus in
whi ch a configuration in which a liquid that presents cool
sensation or pain sensation when coming into contact with
the skin can be injected to the skin, and an amount of
injection thereof corresponds to the somatic sensation
information detected by the sensation detection unit 11.
[0055]

The sensation presentation unit 13 that imparts the
electrical stimulus to the body surface portion may have
an exemplary configuration in which electrodes are placed
in a plurality of areas near the skin, and a current of
an amount corresponding to the somatic sensation
information detected by the sensation detection unit 11
is applied to the electrodes to present electrical pain
sensation or tactile sensation to the skin. However,
when the electrical stimulus is used, a stimulus
intensity range between the intensity for no stimulus and
the intensity for pain stimulus is extremely narrow, and
also significant threshold changes occur during stimulus
imparting due to sweating or the like, and thus the above

described configuration for imparting the mechanical

stimulus is preferably used.



sensation presentation unit 13 presents cutaneous sensation information on
fingers of a left or right hand detected by the sensation detection unit 11
to fingers of the other hand. Thus, information required for operating an
obj ect such as information on grasping eeling or a force level by the
paral yzed hand can be obtained, and on the basis of the information, the
way of novenent of the paralyzed hand can be adjusted. Specifically, the
pati ent can B%gfgrn1rehabilitation while imaging in detail the force |evel
of the fingé |8 of the paralyzed hand, thereby providing a rehabilitation

eff ect of i”Creﬁg%?ﬁ?Pa”QB”Eﬁ%beﬁﬁoai§9§fg? %g¥ﬂée§§PEa£€¥?”£58” may be

applied to a re ati’on shoé déevice ecting sole’ préSsure on a

paralyzed S%%%e %R@r@r%ﬁ%“%kﬂ%a@&%ﬁsHE%e%EE?@LP%SEEn%atEBﬂ;aggngQBSthe

paral yzed side to anplify stinulus to 't ole on't yzed si de.

Thi's devi cermpakt reblBftPhaseHES ol HBULYE 1 9RLakBednRY wA@TREKEYI ng the actual
sol e pressure as the foot sole on the paralyzed side is placed on the

ground, therebypahkewtignr sigbbkittall apphehtusensatisosnpanakysi s. [0059]
Further, the present invention nay be applied to an apparatus for detecting

somati ¢ sengakiceibkedf, 0biRt itba pRessakeipfeastiba 6k aopr eshhetdc foot or
pressure stimulus to fingers of a prosthetic hand to present stinulus based
thereto, and may be applied to other apparatuses that
need to present somatic sensation information on a first
body surface portion to a second body surface portion as
a different portion.
[0057]
For example, the present invention may be applied to
a tactile sensation presentation apparatus in which a
sensation presentation unit 13 presents cutaneous
sensation information on fingers of a left or right hand
detected by the sensation detection unit 11 to fingers of
the other hand. Thus, information required for operating
an object such as information on grasping feeling or a
force level by the paralyzed hand can be obtained, and on
the basis of the information, the way of movement of the
paralyzed hand can be adjusted. Specifically, the
patient can perform rehabilitation while imaging in
detail the force level of the fingertips of the paralyzed

hand, thereby providing a rehabilitation effect of

increasing handiness.



on the i'nformation to areas other than the prosthetic foot or hand. [0060]
The configurations of the conponents of the apparatus according to the

present invention are not |imted to the shown exenplary configurations,
but various changes may be nmade as |l-omg as the configurations have
substantially the same operations. - 32 - CLAIMS 1. A sensation detection

presentation apparatus conprising: sensation detection neans for detecting
somati c segi %on information on a first body surface portion of a user;
and sensati bsentation neans for presenting somatic sensation

i nformation corrgsponding.ta t somatic .sensati.on, i.nformati on detected by
sai d sensation Tglé)gycrielsdegftrréarwrsg}tolosnai & % ibrestapﬁjoldlyedsutr? ace portion or a

second body, surf ace, pors] oL Ther ent Foomsald: 1455801 DogY,sUpLACE, POrti on

of the user. e sensation detection presen n apparatus according to

cl ai m 1. herel pa 50k Se09aL | £ R 56018140 DERRSe 1 CLdeRe 2 St LS

i nparting de ani Inparting stimulus to skin so that said
user receiygst tOLCH- P essalr a§§P§?é&0§id¥'Péaéﬁ§Yi§§n§§£MQPusaBQ/Or

nmovemnent sensation, and said stinulus inparting device inparts stinmulus to
said skin athd t&nsSid¥le on the paralyzed side. This device imparts
the pressure stimulus obtained by amplifying the actual
sole pressure as the foot sole on the paralyzed side is
placed on the ground, thereby allowing rehabilitation for
sensation paralysis.
[0059]

Further, the present invention may be applied to an
apparatus for detecting somatic sensation information on
sole pressure of a prosthetic foot or pressure stimulus
to fingers of a prosthetic hand to present stimulus based
on the information to areas other than the prosthetic
foot or hand.

[0060]

The configurations of the components of the
apparatus according to the present invention are not
limited to the shown exemplary configurations, but
various changes may be made as long as the configurations

have substantially the same operations.



corresponding to the |l evel of the somatic sensation detected by said
sensation detection neans. 3. A wal king rehabilitation supporting apparatus
that supports rehabilitation for a patient having walking difficulty to
acquire accurate wal king behavior, com#rising: - 33 a sensation detection
unit for detecting sole pressure of said patient; a sensation presentation
unit for inparting given stinmulus to said patient; and a control unit for
controlling behavior of said sensati R sentation unit so as to inpart
stimulus corresponding to the sole pressure detected by said sensation
detection unit, wherein said sensation detection unit is disposed so as to
be capabl e of detecting the sole pressure on a paralyzed side, and said

sensation preseniatiQls bl dsteltidSdotOsénbodyosUibacapEEtion of
sensation superior to that of said foot sole. 4. The wal king rehabilitation

supporting appgkakysg:according to claim3, wherein said sensation detection
unit is disposed so as to be capable of detecting the sole pressure on the

paral yzed side aggngabosnpasebyzeshn méaes ofosadekpatiegtsomadisai d control
unit controls the behavior of said sensation presentation unit according to

a differenceensasobe phessnaeibeat waen sardtpbbdlyzadfacdepoandoaabd

non- par al yzed si de.
a user; and

sensation presentation means for presenting somatic

sensation information corresponding to the somatic
sensation information detected by said sensation
detection means to said first body surface portion or a
second body surface portion different from said first
body surface portion of the user.
2. The sensation detection presentation apparatus
according to claim 1, wherein said sensation presentation
means includes a stimulus imparting device for
mechanically imparting stimulus to skin so that said user
receives touch-pressure sensation, vibratory sensation
and/or movement sensation, and said stimulus imparting
device imparts stimulus to said skin at intensity
corresponding to the level of the somatic sensation
detected by said sensation detection means.
3. A walking rehabilitation supporting apparatus that
supports rehabilitation for a patient having walking

difficulty to acquire accurate walking behavior,

comprising:



5. The wal ki ng rehabilitation supporting apparatus according to claim 3,
wherein said sensation detection wunit is disposed so as to be capabl e of
detecting the sole pressure on the paralyzed side and the non-paral yzed
side of said patient, and said contral 3wii-t controls the behavior of said
sensation presentation unit so as to - 34 switch between stinulus
corresponding to the sole pressure on said paralyzed side and stinulus

corresponding to the sale pressure on said non-paralyzed sjde and inpart

Lhe stimil us to s Fody s (e SOt (IO, T8 IR Ged ¥ 1 1ehabi | ¢ at | on

supporting S accordi ng. claim3, 4 or 5, wherein said sensation
det ection Lf%??g%l%%: u%fesggalc'ﬁsgé%g%%ﬁ%i ch the foot sole is placed, and a

pressur e sensor f Qe flefiach] i J SR Sn AIESSWE Anddi AR I eifed Or each of
a plurality of Tegions in the sole, and said pressure sensot 1S di sposed
so as to be§@ﬁ9§p¢§ of defgcting.tpe sohe pressure of each of said

0

plurality regions, sald sensation presentation unit includes a stinmulus

i mparting device fQundmaantding &3 mips 410 {he dddy 89 dhat 5@l d user
recei ves touch-pressure sensation, vibratory sensation and/ or novenent

sensation, Sahshtsdh MteiSeh PRl bh Ngn deviseas nebudesaar pkeiahity of pressing
menbers provided correspondingly to said plurality of regions, and each of

sai d pressifgr resherdind mMpar tise s§ball psetoutbedskestall bt easyty

corresponding to the level of the sole pressure of the correspondi ng
sensation detection unit,

wherein said sensation detection unit is disposed so

as to be capable of detecting the sole pressure on a
paralyzed side, and said sensation presentation unit is
fitted to a body surface portion of sensation superior to
that of said foot sole.
4. The walking rehabilitation supporting apparatus
according to claim 3, wherein said sensation detection
unit is disposed so as to be capable of detecting the
sole pressure on the paralyzed side and a non-paralyzed
side of said patient, and said control unit controls the
behavior of said sensation presentation unit according to
a difference in sole pressure between said paralyzed side
and said non-paralyzed side.
5. The walking rehabilitation supporting apparatus
according to claim 3, wherein said sensation detection
unit is disposed so as to be capable of detecting the
sole pressure on the paralyzed side and the non-paralyzed

side of said patient, and said control unit controls the

behavior of said sensation presentation unit so as to



regi on.

- 34 -

switch between stimulus corresponding to the sole
pressure on said paralyzed side and stimulus
corresponding to the sole pressure on said non-paralyzed
side and impart the stimulus to said body surface portion.
6. The walking rehabilitation supporting apparatus
according to claim 3, 4 or 5, wherein said sensation
detection unit includes a sole on which the foot sole is
placed, and a pressure sensor for detecting the sole
pressure of the patient for each of a plurality of
regions in the sole, and said pressure sensor is disposed
so as to be capable of detecting the sole pressure of
each of said plurality of regions,

said sensation presentation unit includes a stimulus
imparting device for imparting stimulus to the skin so
that said user receives touch-pressure sensation,
vibratory sensation and/or movement sensation, said
stimulus imparting device includes a plurality of
pressing members provided correspondingly to said
plurality of regions, and each of said pressing members
imparts stimulus to the skin at intensity corresponding
to the level of the sole pressure of the corresponding

region.





