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In this paper, we describe about the development of high-value-added walking

training system, the structure of the wearable walking assist device, and experimental results and
their evaluation are described. In this study, a wearable walking assist device to support the
elderly people is developed. Their walking speed and step can be improved by supporting a flexing
action of hip joint. The device is required to have a lightweight, simple structure, and
portability. Therefore a pneumatic rubber artificial muscle which has a lightweight and high
power-weight ratio is used as an actuator. Further, CO2 gas cartridge tank is used to realize a
portability instead of air compressor as air pressure source. In the experiment, myogenic potential
is measured when subject wearing the wearable walking assist device walks on a treadmill. From some
experimental results with respect to both walking speed and step, similar waveforms are obtained.



#xXc—19

N 'I
*‘
K A K E

HEPHRELAERX (RPHREMHANE) IRAEREE

1. WFERHMA YW O R

55~ 8 4MICB A EERDE=
MIZIMIMEREBTHY, 2D 5 0% THi#
NDULELREEOREENEDL LS TS,
T IT, FRRMLZR P X TR E N - T
BE, BTV A Y BDMBERAIKR ERD. i
BOBITU ALY TIE, FT0ICHEE 2R
LHITIHET ORI THDH. LirL,
A OB DN NI, HRE 2D &
DTS, PRpRELR ENEBE DSR2 %
BLANGIMT D2 ENE. £, &S
FOBE, FRm I A28 nd 2 L
Fd, BATHIRRICRM 2 BT R o T
WA, X5, BIEOHITIEEEREY, K
D, BB 72 ERNRTH Y, EREDO X
N 2 A B R E COBTIIE (4
IHEREE COBTIIRE S Fde) 238 LV RILIC
b5, £, BESBINTHITIEIT O 8
B, NEENFICHREZ 2 TR 5T,
HHENRRKEL 2o TWND.

2. WMEOHEM
AWFZETIE, TN bOMEERRT L7
W, B USRI @AM AR TR S AT A
FRRT A, KU AT AL, ErRe P e
(LT, mtkreit), S TmiBhiiER (LITF,
BATHER) ROT 77 4 75478 (LLF, &
1T88) MO END. BEX, BRI
BWTHITERICEY () Al REAe 3 T3 B &
THRIUCHERS TS, 2 LT, SITHEEA2 5975
WZIEE L, B0 m ST LY, BFEIE,
JENL IS DNINLEBIC AT H. 22T, BT
TEET, EELEIRERIC ERERERL AN B Y £ &
NTEL, BT L Sse#IE Y 4k LF]
BETHD.

AT O E LCiE, (1) mEisaEst
WZBWT, BITHRED SR 0A BNHE S 1,
MEAUZ L0, (QF 7 Ly MR (L
ffEH) EOMb)~y R~ hT 4 AT LA
(LLF, HMD) (BEMEH) 1ZE 1 04mIkE
DEREIND. (2) HRMICEIETITES
FIREEL 2R T D ERKICERFELO
BOBEB AR T 72012, msRER e I Al
BLEEZOMMEZ 2 {bEED. kb,
BEOREMICHME S5 2, "XTUAEBLED
RELFTZESERERT . 51, (3) %
1T v ARBEN D B OB L & B
HorT 57201, HPRELDERH~Y A X
—HER RO T AL T Ly MRRDZ ¥
F oKV ERIEIC L 0, 4T3 B A REEh R 12 B
L, BEORWAZHNT. Znicky, &

FITKIL, BEREAICBRITOL T 2R T 5.
Fo, (4) BT, B2 EEE Lk
WEHIZ, STER L MTRNE/R IR TS
D, BEOHRITEMEICEDE T, HITHR/E
T 5. X612, KREOEZEIDS U THITEH
DESERHBES L L1k, BT
HEAMERET 5.

B
£ EHEE | maEELATE
IR ‘ GEABER.

PREBED S TR

Tabletff®  HMD)
(a) (b)

M ST IS 2T L

1 @I EAA TR A T

3. WO ik

(1) S AR HE B TR 7 B - A JE S48
IR E DR L 1w R R S bR

AT IS T 2 R EBIE o mE b %
HMD (2T DS, STICREEZ KIF I 20
72ODERLAT 7 FREOERY A X|ZE
LTHHT 5. —f#lé LT, EB%IZ HMD
~ERT D HEERAT S, £, HSEEE
i, ¥ 7Ly MaKE RN BHEE RS
BUENRGHD Z NG, JETISAREALRN 5D
DT WERFIEETRT D, &6, #HY
IR LN o FSFVEEIC LY, BRTHE
FEREML P B ER 2 MBE T 5 72012,
ZigBee }x ONArduino & iV 7= R HAEIC L 5
FOARIEEREZITH. S5, EEOF
RS AT D % v NEREEIZI T DL %2 BGE
T 5.

(2) H BRI 22 b B 5 O B il TR D B &
OEHsREM D = > %7 e

I L A INEUE B3 D TR E TR
WM BB BB 2 D201, 2SRk
DOEFRERIEL, MERFZIT 5 EEA~DE
BEAMND. Ez, EHENEBORVE T L
B R ORI D& K D S8 B S5 o
ABVWEHLCT S, I, HIEEREO/N



AL ZIT O 1200, 77U v b NI T % H
WTCHRERELT D, £, REORST
OMEREERIT .

(3) HA1T 348 B N A5 D B iy 1t 2 B
ANTHHIZ L BT B3G5 7201,
AN OBATEMERAT 21T 5. T70b b, EAHI
AEFRA 2 AT, ST S
% BAHEN O [Blds 4 FE K O, BT B 7 BB K
ERAND. £z, BEEEEAERT 280K
HA~As =3B R OERERASITERDRS
HEEZRET D, 22T, ZEREDTERME
BRIRICHRFET 2 N T &2 175 Bizs A
T 554, NLHOMEM & MiEEOBRIC
T ATV UARFEEL, BEEERDD. £
ZC, HERICHERT A O N OFRE
EHLMNCT S, £, SAANLHARE
HAHZ LKV RIEEENEHTELZ &
M, FEPUETE O A K O I MERE 2 75
5.

(4) AT R DFXF

WigEREN N N T 77 4 7 « 2T AR
a U EBEHT D5 e T 5701, BE
OBl N— A&+ 5. 2L C, &
EEFEN R A L, BE OB ICEbET
BT e BEI ST 5. BRI, BHITERo
T Bk & 4T 4 B Il T 2 A e
MOBEBHENORIT 5V AT AEHE
T 5.

(5) BATAERFIZ B 1 208 A b L A DM
i

HAT ARG D BB O AR 2 % E BRI FEAT
THIDIE, MEREICL L2 H. B
R, BEx REMEZIT 72 & X ORI %
TR, REREET Pl W=TDINE > »
WeB9 5. &b, BEOFEHELOBEIC
B AMEMERET D &2k, kA
BN X D AREE LN OBRIRE & OREGRE
AN 5.

6) #orH~AZ —HAROANTH%H»
AT EORIEL v A X — « A L—T 4
HEEE LN AT 28~ A &2 —4k
B OVEEMER T 2 58173 2 o EHEEk
FEEZ, vAH—  AL—THHDOL AT
LRE R OGMERAT 5. BARAICIE, BRYE
B OBITRE TS B EE s Y 7
HAALATEHREL, ~2AX—IIESHEET 5.
ZLTC, BITEREZAL—THELTT 4 —
FoT e T ARy FRITE D BITENME
DETREITS. Thbb, ForRAELT, 2
=F A=, BEEMEY TV A LR
KON AD B = N B LA A B RE
TH~A X BB EET S, E2, R
L—7MlE LT, NLihafarsbdi-g

e ARy hEEFREL, BEORIEEZIT .
Wiz, BEiaRy M ESTERIOEAT 572
DO Z T L, SHREHLA & D - 3T
BoORIMEZITH. ik, B¥EELD
PR 72 AT ENE &2 B3 DN HE A5 9 D T3k
BI\CHBURT A Z ERAREE 5. T,
FRELOHEROEB X IZEDbE THITER
NERENS 5 2 e, BEO P& EEE )
T ENTE, XV ERAR BT B
TEHLEEZOLND. &5, HPEELN
T 2% 7 Ly MR ICHRT5E B & B
BN A R S, X v FoSFOVEMEIZ L D %
M3 2 B O AERE T 5 HiELRET 5.

4. WFIEARR
& AR E AT AR S 2 T A

AL CBRFE 24T 5 & A I A AR 17 31
VAT LD E X 2 12T RVAT A
IE, ZBRIE S A ANTHZ AW TR,
JE AT E AT O R H 28 /T RE 2R R REML, ik
EORBAERINT D ENHKDLT 7T 4
TRV T BTN ORI NS,

B2 ATEIRR S R T DAL

BARAY R BE L L CiE, BT R &
0 ABTEMEOHB 21T 5. [RIFREIZ, mFkaE#t
WCE Y REMEAREL, WBRENES L
~y R hF 4 271 A (LLF, HDM)
CERRIBIE LR T A X 7 Ly MCHIE
F—HEERTDH. ZICLY, #wEBREITA
B OBITIREER Y T X A NCHERT 5 =
LR X, HpRERIIER TEO AW
FEM 7 TR E A MR T H 2 L THViEY)
BT RRA AT Z LML 0D, Zh
kv, HEEETE, R o RICER
M B i 3712 T B O BRI S %
1792 ENRHRS.

QB ATHIBhEE B2 X 3 1RT. BT A
X, BREERICEY M e RE 2 AN T &
WAFSED Z Lick v, SITEEICET 5 H
g, 20, BREANIFEH LT 2EEOHE



419 . Fiz, HINT 2225 E0RKEZE
fbst, WihhzaEzx52 LT, EEHOR
RBICE DY = BITEMEMBI 21T 9 .

—IZ, BRI BT DR, ESR
DOWERNDRKERFRE L 72> TL 5. JEAIRIC
aryFroVEHWSE, FRHEMEKRT
H\2 0, BET/NMIOKIRZRHETETY,
Bl F = — 7 E NI TR IEICRIT S &
W ENB L. FOTD, BAITFEHNFEE L
THREN TN D REEN AR &
HZET, #HEEERS &L, EREDR
PN, WARTCRT A R et e AT Dk
DR E1T . LoL, KRBT AR
AT HBREICE > THNEOEENAEL, i
BFRICHRES O AR &2 T T L E D aTgENE
NEZBND. £ 2T, CKD BRE4ETRI%
ENTWVWARBHAL X2 L—XEHWT,
i AN AT D KR D ) & — E IR
DI L THESOBHEXI R 2 # L 5.

X3 TR

EEFERER 1IORT. £X0, =#RET
AN LTHRICENNS 55 71 % 250kPa 7> 5
500kPa ~HEN S 2% &, FHLT15.2%72
F%MVC OB NRH LI, ZiuE, FHI
ExEFZ itk ESnBMS O
Bz Ly, ZENETEHSLBEDOH -T2/ /1
NDRBEINT=nbiZsE2onbD. LizR-o
T, REAAZER L, B EMZ 2R 68
17 IR 21T 5T, g7 kED
FERZETYH, OB +0ld 2 HE &Rk
DOSITEMEEFH TE 5 EE26N5.

*1  EBRR

5. TR IE
(WFFERFRAE . WFFEr A S ONEEERFE
=)

CdERERm 30 (5 1)

1) Yasuhiro Hayakawa, Study on a new type of
walking training system using high
performance shoes, Journal of
BIOTECHNOLOGY, # &t A, Vol.208,
Supplement, 20 August 2015, pp.s86-s87,
ISSN 0168-1656

2 ) Yasuhiro Hayakawa, Shogo Kawanaka |,
Kazuma Kanezaki, Kosei Minami and
Shigeki Doi, Study on Presentation System
for Walking Training using
High-Performance Shoes, Journal of Robotics
and Mechatronics, & & A, Vol.27, No.6,
2015, pp.706-713

3 ) Yasuhiro Hayakawa, Development of an
active sensing shoes for a new type of
walking  training system, Journal of
BIOTECHNOLOGY, Vol.231, 2016,
Supplement, pp.s36, ISSN 0168-1656

4 ) Y Hayakawa, S Kawanaka, K Kanezaki and
S Doi, Study on Walking Training System
using High-Performance Shoes constructed
with Rubber Elements, Journal of Physics:
Conference Series, Published: 3 October 2016,
Volume 744, Number 1, 012034, pp. 1-11

5) Yasuhiro Hayakawa, Development of high
performance walking training shoes by using
hybrid pneumatic elements, Journal
of Biotechnology, 2017, Volume 256, Page
$56

(Fa¥&R] Gl 61F)

1) Yasuhiro Hayakawa, Study on a new type
of walking training system using high
performance shoes, Proceedings of
European Biotechnology Congress 2015
7-9 May 2015, Bucharest, Romania, 2015

2) FJUARGL, WIHrEs, &R,
B, E SRR 2 - BT R R S A
T LB DA%, B AR vRT
ST A AH =T AGEES (15,
1P2-1L10  (1)-(3), H#F, 2015

3) LEHEKAME, W, 585N, e
B BHRE, BT SR Re R B
HRGE, AR T — RNT =3 AT LHE
WRR2THFEFRZE T v— RXT — 2 2T Al
T4, pp. 19-21, 2015



4) FJUARSL, WS, @R, hHE
&, B, “mERREE A A T AR TR
FE R AT KB T, B AR
R o7 23 2015 47 JB AR YR K 23 5 1 am SC 4R
S1150202, 2015.9. 13-16, dk#FiHE K5, 2015

5) BJUISEL, “ANMBIFINEE A 9 2 BR1THIHH
VAT AT AR, B LA
#itE£s, P6-09, 10 10H ~11H, STffEk
FORAEX v %A, 2015

6) FJIAREL, SEHKAME, WHHHEE, BESLH,
EAT IMIAE AT Al S A 7 MZBE9 2 0
%%, BARBEMYS 5 28 BN A=Y
=7 Vv IS, 1F21, B TR,
2016

7) Yasuhiro Hayakawa, Development of an

active sensing shoes for a new type of
walking training system, Proceedings of
European Biotechnology Congress 2016,
5-7 May 2016, Riga, Latvia, 2016

8) FJIZEHL, EIEMA, WHrEE, LMK
B, @A IMIEAR T o X 7 2B
DM A A T vl T 4 7 AR
71 hv =27 AGEHEE (16, 2A1-04a7,
(1)-(3), 2016

9) Y Hayakawa, S Kawanaka, K Kanezaki, S
Doi, Study on Walking Training System
using High—-Performance Shoes
constructed with Rubber Elements
(2428), Proceedings of the XIII
International Conference on Motion and
Vibration Control, XII International
Conference on Recent Advances in
Structural Dynamics, Southampton, UK,
2016

10) BJIEL, T2 T 47k Ik
BT BT AT AOBTE, %48
Tl P LR 2, P2-1,pp 60, IRAZ
EFERF WRF ¥ 8K, 2016

11) EEMA, BJUINLL, & IMnERTT
RS A7 MR T D058, B A 2,
B2 9ENA A V=T ) TS
AETEAR OUEE, 2B41, TA V7 HV b, 2017

1 2) Yasuhiro Hayakawa, Development of

high performance walking training shoes
by using hybrid pneumatic elements
Proceedings of European Biotechnology
Congress 2017, 25-27 May 2017
Dubrovnik, Croatia, 2017

13) M, UKL, @I A1T
A A7 MM D05, B AR5
H15E] [EF & RBOHIE] R Y T A
(MoViC2017), %%, 2017

14) BJIFE5L, FIEMBA, SMBRE, =ik
etz W2 B TR S A 7 L DBRSE, 5
5 [EIEEH L7 a7 iiitEs, P6-3, pp 107,
SIRKF: EITH v /38X, 2017

1 5) Yasuhiro HAYAKAWA, Tomoaki NAGATO
Study on Walking Training System for

Using High—Performance Shoes with Human
Compatibility, Proceedings of the 10th
JFPS International Symposium on Fluid
Power Fukuoka2017, 2D28, 2017

16) BRmE, FJZGL, AIEE, @i
REHLZ W2 TR S 2 7 L2 %
e, BABMESR, %3 0Bl A A=
V=TV 27 R R U,
2D02, 2017

() GFo k)

(£ D)
http://www. jfps. jp/kenkyusya/y_hayakawa
. pdf

6. HFFTHELAE

(D) A RFTE

Bl #%5L (HAYAKAWA Yasuhiro)

AR TEREEMPR - B HE T ER -
%

Woe#EFE B . 50180956



