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Development of a Wire Driven Walking Assist Device by Muscle Strength
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The elderly sometimes fall due to the decreasing of dorsal flexion. Thus, a wearable assist device which increases dorsal
flexion to reduce the risk of tripping is developed. This device applies torque to foot joint from strong muscle through wires
attached on the whole body during the swing phase. To improve the efficiency of the assist, wire paths were optimized by
joint torque simulation. In this study, two wire path patterns which apply dorsal torque in swing phase were considered. As a
result, the wearable assist device we developed successfully increased dorsal flexion and minimum foot clearance during

swing phase.
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Table. 1 Type of walking assist device

Type Actuator Type Supporter Type
Assist Power ©High Power X
Assist Pattern ©Variable Assist X Constant
Pattern
Weight X ©
Removable X ©
Performance
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Fig. 1 Jointangle and gait motion
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Fig. 2 Wire path candidates
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Fig. 3 Simulated joint torque (arm swing path)
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Fig. 4 Simulated joint torque (body twist path)

DTHERERESE, o 2 5 THMEITS . LT —
2%, HTRAMCEDE TERLL, mEHasa L7z LT

Al 21T 9

3. RERER
WCEAT VA NELEAITET VA MR
WCRATIZT v a &K 61T

arm swing path
DHBITORIEAE L U A ¥ —

Fig. 5 Applied torque on the ankle joint

AT TG EET S L, BRTEE 70-80 %Iz b\'C 7
VA NRFIZERAENK 20 BNl TWAh J:7§>>b7b>‘é z
TA X —_2AFBOEEL Y HEERY HT 720, J:%_"ﬁo
A IVTITRBEEIC AT BMbD XIS R
Tl BZE2 NS, Lo LERIIC W TREEIE O £ B A
8% WA LTV D. ZAUTHEE LIC T A v — AR o T
WA T OB R L2 REIW - s ELZ LN D.
TA¥Y =T ailonTH 3 Dy Ialb—a UfiReE
T 5. K6 077 7ITENIONTRLTED, M3 T
FBEEIE D O R ZIZOWTRLTWAD, M2 Try
a vy EEEINL ALY —HA RETOHEBEORE LV kDO
L7, WEOWEAZITH) ZENTE D, STHEH 65%HL
IZBWTCYI2b—ya rTIEEAE LT LY OILDRHERT
%6#,%W WCHE LTy a ViCidmiRcx iy, o
X, arm swing path ZBEOIEY L0 1EHY BTV A v —

NATHDLHID, HRFFICAENICT v a Y E2REIED
;5_%@ﬁbéﬁﬁbt: ié%ﬂf%ék%i%ﬂ
B, WHELA DX A I 7B A EBIRIFIE L TV

B, VI alb—a STERBICRET S F/Vﬁ%ﬁﬂa}’%
ETHILENTEREEZLND. LEN-T, HERFIZE
BIEICIT R by 7 2B &, EBEENIC TR R v o 23MEh T
WHEWNWZD. 71Z7~k¥ body twist path (X257 A |
B LEHITET VA MEOBITOMBSAEO kL LD &,
HATE M 60-80 %l kwTT/xFﬁ’*mﬁfﬂﬁlo
ML TS, ZhESERDERBICADETYA Y —
yyayﬁ@wktw,oi%%ﬁ%?ﬁ&wiba7yx
rEhTWbEEZLND. LM LUERNED L, BL 72
LAFEL oo TWD. ZOO BB AE OB/ EN arm
swing path KV HKx<, M8 Wb LEEEZLND. L
MURESED L, B 7ZLRELRsTnS. Z0DR
PRI E DD BN arm swing path kY b k&<, # 8 B

No. 17-2 Proceedings of the 2017 JSME Conference on Robotics and Mechatronics, Fukushima, Japan, May 10-13, 2017
1P2-K09(3)



bLizbEZ2oND. £72, X 4 OBEEEY oD I a
L—ra T 2 &, ARROEERHERTES. DFED
VIalb—va VFFERBICRAET S ML EIFITHEEL TR
0, EHENCB W CORBISIC R E B vy @, R
OB 2T TN B AREER H D Z L E /R LTV A,
WIZ, /NRIEZ VT T ADHE#K 8 IZ/”8F. body
twist path %A, HHEEAZHEMNSETHHICHLELLT, 2
I VT TV ART VA MNEOSBITOHLOL VKT LTV
ZEMbND. 2L body twist path 7 v A FRFIZHEES
HAENPRKELSBO L2 LizkY, BHodEIMETFLE
TeolZéEz bnsd. BEHEY I S s osIMeE D
A XY= RADOEHLIZ K VIT- 7288, EBITHBEEICHE b
NI MFEAELTEY, ZO7OBEHORE#AENED T D
EWVWIORRNE SN0, OB IZEET S b
NI OERMERBETHY, TA ¥ —RZAOHEEFNRD 5
nas.

HWIEZEAT O OHBALITEVITAONT, EHFRT A R
DT VA PMDRIZE > TEBIEMLTNDZ & 2R L.

=

=

i OB E 2 R+ 27201 U A Y — & VW= 88 )
XY BHBIT A ZADRFE LTV, EOEENREOMRGEE AT
ST, BRLE2O00T A Y —R_RFFNFNRE DR S
RLIZbOD, EHL0LEREMREHRT LN TEL.
INLELLDTA P —R_ALBEEAEORDE 5L,
BEBETAENRKE WD LEGEIITREZ VT 70 AN K
T2 NH5HZERbholz. 5%IZTA Y — X EH
FHEEL, @Y LA IS TREBORI NV B X D%
FHcTrztaziEE T3

X m

[1]  Peter M.Mills,Rod S.Barrett,and Steven Morrison,”Toe clearance
variability during walking in young and elderly men,”
Gait&Posture,vol 28,pp 101-107,2008

[2] Rezaul Begg,Russell Best,Lisa Dell’Ori,and Simon
Taylor,”Minimum foot clearance during walking: strategies for the
minimisatin ~ of trip-related falls,” Gait&Posture,vol 25,pp
191-198,2007

[3] Ahsan H.Khandoker, Simon B.Taylor,Chandan K.Karmakar,and
Rezaul K.Begg,”Investigating Scale Invariant Dynamics in
Minimum Toe Clearance Variability of the Young and Elderly During
Treadmill Walking,” IEEE TRANSACTIONS ON NEURAL
SYSTEMS AND REHABILITATION
ENGINEERING,VOL.16,NO.4,AUGUST ,2008

[4] R. Barrett, P. Mills, and R. Begg, “A systematic review of the effect
of aging and falls history onminimum foot clearance characteristics
during level walking,” Gait&Posture, vol. 32, pp. 429-435, 2010.

[5] Yoko Honda, Yoko Aso, Aki Ibe, Megumi Katayama, Tomoko
Tamaru,”A Study of Effects of Foot Bath before Exercise on Fall
Prevention,” JOURNAL OF JAPAN SOCIETY OF NURSING
RESEARCH \ol.35, No.5, 2012

[6] Alan T.Asbeck,Atefano M.M.De Rossi,Ignacio Galiana,YeDing,and
Conor  J.Walsh, ”  Stronger,Smarter,Softer, ” IEEE
ROBOTICS&AUTOMATION MAGAZINE,December,2014

[71  RiGA—BS, BKLgtE, MALES, WEEE, U~/ v—2H
WIZBRITHI B LT A ¥ — R A DR EICBE T 2 F5E
ROBOMECH2016

80 !
— Normal_Knee | =\
eol-| — Assisted_Knee | .
o Normal_Ankle |
e . s
= 40 — Asmszted:AnkIe
§' : ; H :
Y
(P S N S S
© 20
oo
o
{ D,,, ,,,,,,,,,
-20
Z 100
j
o 50
w
c : 3 : : - H :
g 0 i L H i ", i i L
0 10 20 30 40 50 60 70 80 90 100

Normalized gait [%]

Fig. 6 Comparison of normal walking vs arm swing path
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Fig. 7 Comparison of normal walking vs body twist path
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Fig. 8 Comparison of foot clearance
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