BN #5L c AEBEEFEMLT E52

#
ZEREFWMLT
B AR5L**

* 2025 4 6 A 10 H 5 faszft
WIS TR 4 8%, T639-1080 £3 B IRKFRER L o< BT 22

1. [XC&HIZ

O, HARZ L — RRU—U AT NPROLEEEFEM L, HCRDIIREFHH L LTET. £z, £ER
MR LT, PEOHEE G2 TWEEEHONE ) TE8WET. 42813, RO 25, 2
Wi LBV ET. INET, BT OXZICL VFEORERD SETCWEEE LR, FRENTETEHE
RCE 7O &7 ZATT.

F L OFERIOBRIY, YFRORIE Th H (1) BARMZE Y2 OMTSERST o 72 LB L COET. Dy,
HERITTERETHY, Kield, BANTHORRESDH Y 9. BANROT, —EAEES L2 TiEELE
5. BlE, FUZMESNERICR -T2, L LWENWHTYT. £/, #HEESY, LPLWEENESh, Z
DIAENSOERNZ, EOL D IZHETD0EICEEL CWZRERH Y £, LU s, Bl g
FRZ T L T2 R, S BICAFRICERE L T\ 9 BV, ZoBELH - T, AFEE & L TOMNEX
RFonTEizEEUET.

eI ZESIETH Y, R T ORI BT 2HF5E0 BARD TRERIE T ) X OEEBENZ B9 D9 Y, 22
RIET 7 F 2B DATAT 1 7F— NS 2879829, _"—RBLEE—FDATAT 4 T E— R
HIENZ RIS 2H7E 9, A 7V v RERIZERIE - EEXEREIT— X 2B 2098 9, SR LT 7 Fax—HIZBT 5
e 9, ZBRIEN—RIZBET L8, U AR T AT 7 Fa— X O, £ LT, @k B
TOMIEEAT - CE . RELPETIE, TO—EIC OV THA L £

i

\

\

2. BREAA—XF7YFaz—4"""

~Na—R, BHEHFEICLY, PR L OEEGRR e ERH Y, EFEOT R 2 AL —Z R IR IS TY
5. BT, RESRAa—X1T, FED P EEMEX IR EZET D (X1 Z &5, AHFETI, BEs
BN O— %7 7 Fax—2USHLTWS. 72, No—X, EAENRECEY, SVER (M2) LNER

(3) 1SN, MAINTRT I ITHBEER NN D LD, BEENEBOREN . bbb, T/ Fax—
HAERT D001 fox ZE p B LR — BB X N DHEET 5 2 LN TES (X5) .

AT UL, B LicXa— X7 7 F ax—% OFj e & RO 71 okt GRITE L > 8 KUV fiFfHE,
EELIR, R, R LEENE, Wi, Zdh~OISH) 21TV, Na—XT 7 Fat—H DS RIS
BLTC, RIS~ RREMZ R LT\ 5. F72, Na—XT7 7 Fax—H L, 77 Faz—Z x4
LCOMREE A L C0D Z &b, RERIICELT 2980kt L, —EOB ) ZHERFT 2 X 5 1o — XD ST
BEGET D ZENTE D, 378bh, Ne—RXT 7 Fa2=—XONEBLOEMEIZLVINIEHETEL, £DIN
—EMEITe D L HIC_Re— XA TS 2 LN TE, Ru— ATV Fax—L ety STV Faxz—2E LT
FIHFRETH 5.

FIT, AFETIE, N0 —XT IV Faz—HDIe L THRER VT, Ry R yo—enRy b T —
ABIOHAABFEBIISHL TS (X6) . Z2C, aRy by RICBELTL, 3 )—EDRET, HmEY
AT HIEADOEREITOHUVMEELZ TR LTS, £72, ol y h7—AICBELTUL, 25o0_R0—X7 7 Fax

£56% FE1S -E52 - 2025 4E 8 H (&Fn 7
)



B #88L A BEFEMLT E53

—ZIZTA Y E N TR A ST Z LIC LV EEHEEE 8T 1Y v 7 aRy 7 — L& L T0D. 2L
T, 1V r7uRy N7 —AONERDHFEEREICE LT, BB 7 «— K3y ZHilfEAns Z Lick v, Bifiehr
EHBESERIE SO Z L 2R LTS, b, BEEBREANT—X7 7 Fax—X2 0 )t e a RIS
LR, i e AR D 2 &7 AREESN 1 B BHITHEE TE L 2 L AL LTWD. Fe,
HAARS R OMIEICE L, SVER  WERRE—XT7 7 Fa 2= 2 BIOEREV Y VX —& AT iEs
B ENLDN DN ST D BREOBIR TV, _"u—XT7 7 Fax—4 DIk v v THEEE AW C B TS
BN SEAIENTEHTLEERLTND.

3. AR a7 VI ISN=FHFa1I—4
31 AMFMMZERTHAKRYY - a7 - YIRIN—TFTHOF2I—20RFK? "

TANTHT 7 F 2 x—2%, MEIZEARE 2 VA YETHRTH Z LICL W EB LTS, ZHUxiL,
AHFFETIE, TA Y THHRT 5 2 LA MEROIIREE A RS 57 7 F 2 =— X OB E1T-o T, BiFE L7z
T Fax—H (AR Y a7 « V7 NI NA_=T 7 Fax—H : LIFSCSRA) 1%, K 7ITRT X512, HEaAR
ALOETOEN Y a—r TLNTEDINTND Z D, EafPBEaI L L v ) a—r TANREE L TWDH5H
IERAZ 31T D TPARZET Ja i3 = A ORI R 4, SCSRA DHIWEDHZZEALSEL Z ENTED. Z2D
—J5, FEEOEIZHBN T Y a—r 35 AN I A2 HEESH7356, HE SNl OMMZRER S5 2 &
WATREL 72 5. RAMEOEIZHEW TS, PRICHYRRIE T L% H LT\ D Z &0 D, HAEIE = AOMIC L 0
SCSRA fZIRAZI5IT HEREARINT H Z LN TE D, Tebb, HWaiRa = A2 HEORICEIEL, vV a—
VALNTEEI—T 47 THI LY, EROERZVINT 5 HAE#EERE L UEHT 2N TE S, &
DEHIZ, SCSRA L, ANMBFWEAZHTHERTHY, fEAI iR ~OFIHTREL 725
3.2 RESHSITHEMEETEE LSTIES A TLORREY ®

T OT DI TR TR L LT, U —F 0 VD ER STV, BTIIESOR—ZAT(TH T LR
TE, BHENDEIE E CIRAS KIRIZRE LI Z LN TE D, LA LARRD, mlE L FIROFGIME ISR, B
ERBRE DOAPETZAEBNET D Z Enh, STRAZIT DELESMOIMIN R 5. ZOREE, BHEREEIC X
DELANT AR, BELTLEIERIEDNSH S, T, SHTHHCRNT, FiRaidd o oy s 5
Z, BTG A BBIESEH - 0DHEHE L LT SCSRA At (TG LA TN & 27 2B S 40
ZEEATHO TS (1X8) . BARANTIE, IR~ E 5 2 2 12 Ok & B L OV E S AmlE A o (o
T, N, SME, HEO 4 EPTHEH) & L TSCSRA A LT\ 5. £ LT, BTillis A7 AOfiius, [Stepl]
SEEEARNERE R, TS OB TORE (RESBES I HOZEL) 2 HMNIT 5. [Step2] By
#HEL CUFPT) 23, HMTAIEE ORI T/NT A% X T Ly MAEEIC L W HERT 5. [Step3]PT »3EAEM)7:
AT — (REEHE )52 — ) TS SR T 572012, # 7 Ly MERdE@EICF RS- g
HEEEN OLT L8 &7V v 7352 810k, B EIcAilE LR SCSRA ZIRAR, S5, £ 1L
T, P R ER CEARR 2 A T Y — BRI B 1O A ER S 2 5. $bh, PT I TRl (o5 L,
Hs & I CECE L 7= SCSRA OISR I L Bl % 525 2 & C, BIEHIRHATT RS A%4TH Z LN TE 5.
UL, B TRIIREE IR O & 2212 AVTHR REDEREORGE & L TR L, 1IE LW T2 R L TRl
THZLIZEND, 2O XIS, BTOBEEITH 2 LI12k 0, HEHARWFRIMEDID Z & TR DlEiE 1
RCE 5.

I, AT AT B, AATIRE DI TREO BB T3 — L OIRBE AT MR T 57201, 135l
RUEBEISE (AR) 7T AT TRER AT LSRR SE 5. bbb, STRHCRT 2 SN2 b % 45
1T B SRERT 5 = & T, HT3% — L ORI S & BRI CHIRET 5 = LN TX 5.

ABITRIRS AT NCHE, MPEEERLISIMG, AT 57200 2 A N TR S L O A B TR OBz
HITHTUVNA.

£56% FE1S - E53 - 2025 48 A (&1 74F)



B 2804 B EEM LT E54

3.3 RAMETR - FEEHIMT - ETHIHICRET BBHITORT LORARKD P

ARFGETIL, FREME TR « FEEHIET - EEATHIHI D720 D BNV T AT LD Z1T- TS (K9) . —fRIZ,
FUEME I SROBREE 2L O TV g ~— AR H %<, MEREEZ LD L e —/ MR, SEERRFRE I DI T2 £E 5 |l
SEIEERY, BEZEALE D MAEMAN SN, £/ 32— A X W BTIREEICE DS 5. BIRITIE, S TEICR D
T, BEIELS 720, ST, THEDOIK 72 ENHDINS. £ 2T, 32 HiChIE LI T A7 A2, I
HWEBLOY v A a &8N, EONMEE - AEEORIEZTTY Z LIk y, RESLEOEE 2RI Ty 7
Uy MNAEEE, AR 77 A, T2 RIFHD— =~ LiKETH. Z LT, #ERELOPT 1L, D OmALEE
IMOHATIRAE A R AN ST 5.

ARFZETIE, REVESIEEIRIOT-0D1C, STREOITERNAHEE T2 2 AT L&BIFE L QN D. 178N, 1) Sifi7, 2)
fr, 3) EEHAAT, 4) 85EY 27 OEmVEAT (0 BT &L, Ford VR A2 AT, BTV AT AR
L7=T =20 A TEEHEE L, O THRSEORIEZ T8> Cd. 22T, 8, 748741
A2~ CAFRF) , kirfHE kNN) , AL==—7Lxy hU—2 (ANN) ZH\TW5. £z, Zh b
BT Y X LOHEEIE, BkEE 7 A 77 ) T D Scikit-leam 2 LTV 5. X512, DHEREEAHMET 57
WIZ, — Ak E 275 1E(leave-one-person-out cross validation) 21772 > T . &7z, Z7EMGERAER Tl #RED—A
ETARNT =5, O—NEfT—% L LUTRREL, SHRBEEZHEEL T\b. LT, 2TORBRENT A T
— X L7020 X OITHEERIOFE AT, SESERE AR L, RO OBRENSVHAGDEER LN L. 2
T, TR 0F, (IVET—, (I)50ms FiDT—% & DFESy, ()T —X ONWEHE, (V)T —% OfcKIE, (V)
F—HZ OFIME, (VI)T—ZDOHRIETHD. £72, (IS V)DfEI 250ms DF — X ([ZHASNTN D, FEERFER X
0, EOSFEEDN S S TG DL, () () EEAGOEeT—2% RF TPHILIEGG L b Z 8526
DL TS,

EDIZ, FRAVE TR L O THIHIO7-0121E, RIEZ Y v 7 HREETH D Z b, 7V v 7 %5 TRE
P X 2B L Q0D Fie, SBEETHIOTZOOR D AL LT, YTHREEAREF LA T LD AR 77 2% H
W ZHE N L= U T ETD, EOAMEEAREEL TS,

4. BbYIc

HEBDOFEMIIHIZY, THETOMRITEIZIR Y IR o7, PNEOWFIRIL, WEFE T, EXETY U F R Eo
HREIEN A E Y, T L OISR ~ D ZERERIM 217720 > TE 7o, AR & DRz 1 5 E3EITE
L, ANEBFREDBRN S ZEREITIFFICANTH L. R, BRET 7 Fax—21F, FRENT S RIERSE
THILENARETHY, SROELRLAENPIFIND.

RIS, MEEHZEL TE D2 EOHRWRHY, BZZERO SE TN, EREEICIRA
&S TBRE DR, FHEROEREL DT L— RRU— TR D HAFFEE ORI, D T bR L
EFET.

S Xk

1) B, FI MG 22 Y o H o BN B A48, B AR 2SI 426, Vol.20, No.3, p.240-246 (1989)

2) Pandian, Hayakawa, Kanazawa, Kamoyama, Kawamura: Practical Design of a Sliding Mode Controller for Pneumatic
Actuators, ASME J. Dynamic Systems, Measurement, and Control, VVol.119, No.4, p.666-674 (1997)

3)  Pandian, XA, F)NJIKS © Z2RET Y X DI2d OMISET VHEMN AT A 7 ¢ 7 F— Nl oI H 72
BRENE, B AN ZEE 25 U4 Vol .31,No.4,p.107-114(2000)

4) ;A FI, IR R= U BEREE =S DOET Y T AT AT ¢ 7 R, B AR
#£ (C##) ,Vol.66,N0.652,p.3939-3946(2000)

5)  #AF, Pandian, FJII, JIFS : A 7V FRIZEGE - EXERENE— ¥ OFXGH & HlAE, B AR S S

(C#W) ,Vol.68, N0.665, p.117-124(2002)

£56% FE1S -E54 - 2025 48 A (&1 74F)



BN #88L A EBEEEMLT E55

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

JIKE, 35K, EF, FJI| : Hexahedron Rubber Actuator (HRA) DBA%E, H AR v b 245K Vol.16,No.3,p.369-
375(1998)

B, A Z2RENe =X 7 7 Faxz—ZORAERE DB —~OIEH, BARRR Y M FES
#5,V0l.11,No.5,p.756-764(1993)

I ) SR ERERNa — X7 7 F oo — X OIHARMEE, H AW 25 34, Vol.61,No.581,C,p.115-
123(1995)

Hayakawa and Kawamura: Pneumatic Bellows Actuator with Force Sensing Ability and Its Application to a Pneumatic
Robot, Journal of Robotics and Mechatronics, VVol.7, No.6, p.474-482 (1995)

B, A, %EE, KH: ey IR EA T 2ERENE XL 5 Ry by = a L—F A
HRERENEAE OB, H A=A > F543,Vol.14,No.2,p.271-278(1996)

Hayakawa, Pandian and Kawamura: Development of an Autonomous Transfer Machine using Pneumatic Actuators,
JSME International Journal, Series C, Vol.47, No.2, p.602-609 (2004)

B, AT, M, H#E: 2REV Y 2GRN T AT 7 F oo — 2 O%E, B AR SmIE (C
) ,Vol.70,N0.690,p.433-439(2004)

Hayakawa and Morishita: Development of a Silicon Outer Fence Mold Actuator with Human Compatibility,
Proceedings of the 2004 IEEE International Conference on Robotics & Automation, p.4059-4064 (2004)

Hayakawa, Morishita, Hata and Hirota: Development of a Body Protection Orthosis by Using Silicon Outer Fence
Mold Actuator, Proceedings of the 2004 IEEE International Conference on Control Applications, p.1147-1152 (2004)
Hayakawa, Pandian: Development of a Hybrid Element by using Sponge Core Soft Rubber Actuator

Proceedings of the 2005 IEEE International Conference on Robotics and Automation, p.540 (2005)

Nakanishi, Hayakawa, Kida and ICHII: Development of Silicone Outer Shell Type Pneumatic Soft Actuator,
Proceedings of the 11th JFPS International Symposium on Fluid Power (2020)

Hayakawa, Nakanishi and Ichii: Development of Silicone Outer Shell Type Pneumatic Soft Actuator, JFPS
International Journal of Fluid Power System, Vol.15, No.2, p.40-45 (2022)

Hayakawa and Ikeda: Study on a New Type of Sole for a Health Care Implement, Proceedings of IASTED International
Conference on Robotics and Applications, Germany, 563-018 (2007)

Hayakawa, Hikita, Tsujioka and Nishida: Study on a High Performance Insole with Human Compatibility, Proceedings
of the 7" JFPS International Symposium on Fluid Power TOYAMA (2008)

Hayakawal and Nishida: Study on a High Performance Shoes by using Silicon Rubber Elements with Human
Compatibility, Proceedings of the World Congress on Medical Physics and Biomedical Engineering, p.1-4 (2009)
Hayakawa: Study on a High Performance Insole with Human Compatibility, Proceedings of 5" European Conference
of the International Federation for Medical and Biological Engineering, p.810-813 (2011)

Hayakawa: Development of Walking Training System using High-Performance Shoes, Proceeding of 6 European
Conference of the International Federation for Medical and Biological Engineering (2014)

Hayakawa, Kawanaka, Kanezaki, Minami and Doi: Study on Presentation System for Walking Training using High-
Performance Shoes, Journal of Robotics and Mechatronics, Vol.27, No.6, p.706-713 (2015)

I, A @A BUE NS AMIBAMEEZ BT 50#r Ry N ROSBITIIS AT LA OB%, Hidkr 7 U >~
2" Vol.18,N0.8,p.77-82(2016)

Hayakawa and Nagata: Study on Walking Training System for Using High-Performance Shoes with Human
Compatibility, Proceedings of the 10th JFPS International Symposium on Fluid Power Fukuoka (2017)

Hayakawa and Kimata: Study on high-performance shoes for walking training system with human compatibility,
Proceedings of the 15! International Conference on Fluid Control, Measurements and Visualization (2019)
Hayakawa and Kimata, and Kida: Study on Human Behavior Classification by using High-Performance Shoes
equipped with Pneumatic Actuators,Journal of Robotics and Mechatronics, Vol.32, No.5, p.947-957 (2020)
Hayakawa, Kida, Nakanishi, Ichii, and Hirota: Development and Application of Silicone Outer Shell Type Pneumatic
Soft Actuators, Journal of Robotics and Mechatronics, VVol.34, No.2, p.444-453 (2022)

E56% FE1F -E55 - 2025 48 A (4 7 4F)


https://www.jstage.jst.go.jp/article/jrsj1983/16/3/16_3_369/_article/-char/ja
https://www.jstage.jst.go.jp/article/jrsj1983/16/3/16_3_369/_article/-char/ja

)N #80L B AFEM LT E56

EEHRBN
ERmb 05
B A88L A

1984 4ENLANHE AT BE LA SRR S L B R L e 7. 2023 AT B NENL R
AR B TSI PAE R LR A R BR. amAHE NREREE. &
T, e Ry OFRICHESE. AARTL— RRT =V AT LR EORE. (L)
E-mail: hayakawa@ctrl.nara-k.ac.jp

5 201
# 1 ; Initial state
1P
o1 o2 l

P MPa
Pressurized state

B 1 SVERIAN g — X7 7 F 2 — 52 DL X2 AERNa — T Fao—H

(S
' faaand

Kpx
B3 WERA D —XT 7 F oy ({4 A=K7 ) F 2=y
30 T 7=
L 7 = !
| ; ............... 4.06
) ‘. } s 8.64 - !
ey 1/ ! ‘
Errir

bellows s

0 2 4

weight w N

M5 Nu—XT 7 Fax—HDNHEEN R

EH5648 FE1IS - E56 - 2025 48 A (4 7 4F)



)N #80L B AFEM LT

E57

Pressure Gylinder
Transducer

Potentioneter \ 'é

- rGuide Shaft
X
l

/ A
£ Proportional Velve

(@ mrRy 7Y

: W o geAises
| I i | j

1 P PR [ Tank

\\ Bellows actuator
Frame '\ Wire

Proportional
valve

e

r Rotary encoder
a

(b) BARY R T —24 (c) H ARRE ek

6 N —AT IV Fax—H5H]

Force Force

p Type Silicone Rubber ‘ ‘

®——— Distribution
[: —e Tube (Polyurethane) ‘ﬁb I:I g

(a) Force-distribution Function (b) Force-estimation Function
Foam Sponge Expansion

Sponge and Silicone

are Bonded Adhered
@_ o[
(c) Rigidity-changing Function (d) Shape-changing Function

M7 ARY eay )T INRN—=F 7 Fax—H% (SCSRA)

Walking Aid Equipment
Walk Movement Assist using
the Pneumatics Rubber Artificial

Flexien

o Walking Data s
. G B
r ? Applying Stimulus ;

—

Patient High-Performance
¢ Shoes
Commandfor % : Leg Motion

insole inflated | 4 PlaniarPressure

2

Physiotherapists

Tablet HMD

Walking Data

=

Data Storage Server

(a) HITIlEL RT L
9

EH5648 FE1IS

Active Sensing Walker
Prevention of Fall During
Rehabilitation

- Keep the Distance

AR Glasses.
with the Patient

High Performance Shoes

# Measurement of the Sole Load

High-
# Presentation of the walk Performance
correction assist by Insole Parts Shoes

G-C-8

8 SCSRA Z W= ZEATAI S AT I

g

Measurement Area

Adhered Type
a:2 mm
Presentation SCSRA Detection SCSRA b:2 mm

Pressure Sensor

(b) ZREREH 7 P i (c) RBHAETB - il h K

FOHVE T B - I - 30 O 72 D OIBATII S A2 T L

-E57 - 2025 48 A (4 7 4F)



