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Realization of Walking Assist System with Passive Walking Strategy

Naoki Hata, Member, Yoichi Hori, Member (The University of Tokyo)

uobooooooboooooooooboOooooobooboOoo

1. 000gd

gooooooooooboboobboobobooooa
gobooobooboooboobboboboobbooo
gooooboobooooobooooboooboobooo
gbobbobobobobobobooooooooobg
gobobobobbobooobooboboboboonog
gooooooboobobooobooboobooooo
gobooooooboooboboooobooboobooo
gboboboobobbobobobobooboooooo
googbbooooobbooboboobbooobooboo
goboboboooboobboobobooobboooobooo
gboboboboboooooooooooooobonog
gbobooboboboboboboobooboooooo
goboooboobooobooboobooobooooboo
obooooooogooo
gbobobogboobobobobbobobobobo
gboooooooooooooooooooooooog
gooboooooooo

0nig ooogo gooooboooobooogo
0oDo0ooOO0bOoO0DoOo0ooOgooOoooooo 1o0d
ooooo0o0oO00o0o0DO0O0oO0OD0O0O0 “DOoDOD”00O0
ooooDoOoOoO00o0oU0U00 “c00”0oooooooo
OO0 “000”000O00pD00C0OoopooooooODoOoO
000 “00000”00000000000000000O00
gooooooooobooboobobobbbbboooog
gooobboooboobboobooobbooobooboo
gboboboooooooobobobobobooba
gbobobobobobobobobooboooboonog
goboooooo
oooooooooooooooooos8oooooo
gbobooooooooooooooooooooonog

(*Single support Y*Double support )
phase phase

| [ ]
0 (walking ratio)  100(%)

01 DoOooo

goboooobooo
0120 oDbOooobooobog goobogo
000000000000 (bDOoDOo)obooo (boo
00)0000000000000000D0O0O0O00oO0O0Oo
gobgoooobooooobooboobooboobo
gooobobbbooooobobbbboooooonoon
gooddobbobooooobobobbboooooooo
gboboobobooobogbobooooobobooboog
goooooobboobobooboooboobboooog
gooobobobooooooooobobobboooboab
gooooooooobobobobobobobobon
gooooobooobooobooobobooobooobooo
gooog
gobobobobobobobooboboboboobon
goooooooooboboobooooooboboooon
goooooooobbooboobobooobooobooo
0000000000 oo0oooooo®®oooooon
goopooboooopooooooboboboboboobon
000000 ®0000000000000000000
0®eO00000000000000000000000
gobobooboobboon



now next

! 20,
14

L 1

02 0000000
03 OoOoooooooo

2. 0O0bOobOOoOoOoOoboOobOobooon

goooooooobooooooooooboobooood
ooooooooooooooooooooooooogg
oooooooooboooooooboo 20000000000
toooooooooobotbOoooooooobooooood
o000 (bbD)boooobboOooboOoobDoooD
ooooooooooooboooooooooooooog
coooboooobooboooooboooobooooooood
oooo
goboooooooboobooooobooboooboboooogd
oooooooooooooboooooobooboooodgd
toooooooooooooooboobooooooggd
coooooooooooobooooooboooOoOooooOgd
ooooooooooooooooooboobooobobooood
oooooboooooooooOoooooooooooogd
coobooooooooooocoOoobocOonooon
0000000000 300000000 (DoDOo)o
000000000000 0ODODOOooDooOoO (ooo)
oooooooooooCo rO00O0OD0OO0O0O00O0 @O
coooooooooooOOoOoOOOOoUoobooooog
000 r0 ¢O000000O0O0ODO
gooooooooooooooooobooooooog
coooooooood

0210 ooooooooooooo oooogoo
toooooooooooooooooooooooood
oooooooobobooobooobooobobooobooogg
ooooooooobooooobooboooooboooogog
tooooooooooobooOooboooOoboboOooOoooOogd
toooooooooooooooooOooOOoOoboboOooggd
ooooooooooooooboooobobooooooogd
tooooodoooooooooooobooooooogd
tbooooooooooboboOoooocooooooooOod
oooooooooooooobooooobobooooooood
ooo

021010 0o0oooooo ®® oooooooo
00000000 (00D0OD0D0DO0OD0)0D0D0O0DO0O0oD
oo0O0o0oooO0OooObooOOO0OO0OooOOO0O00ooOon40o
oooooooooooooboooooooobooooogd

04 ODOOOO

00000000000000000000000®00
00000000000000000
0400000000000000000 (1)0(2)3(3)
oooooo

7+ Usin(¢py — ¢2)d2 + gcos(p1)
—r1” — Leos(dy — Go)ba. = oo (1)

m
g1 + L cos(dp1 — pa)rea — grsin(¢r)
+risin(¢y — ¢2)¢522 + 21y = *%

Isin(¢y — ¢a)7 + rlcos(dr — ¢2) 1

(2 + L)+ glsin(py) =
m m
0(1)00000 FOOOOOOOO0O0O0000 (2)3(3)
000000000000 -000000000000 30
0000000000 20000000000000000
000000000000000000000000000
000000000000000000
0 (1)(2)(3)000000M(¢)¢+G(¢p) = BuDDOD
00006¢ = [r—7pef0p1 Dpo Oy o] CuT = [F/m, 7/m)]
oooo
02D020 000000000000 000000
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000 ¢=M"Y(—G+Bu)0OOO0D00
0000000000000000000000000
00000000000000000000000000
0000000000000000 «00 (4)0000

u:[ ]:

0000000000 (Frep — 77 ¢1, 01,02, d2) =
(0,0,0,0,0,0) 000000 (1)(2)(3) 000 ¢= Ao +
B, 0000000000000000uf = [uy,u] O
ooo

000000000000000000(r—rrey,7), (¢2, d2)

u1 + g cos(¢1) (4)
rlF sin(¢1—¢2)
W+Eﬁﬂ&ﬁjﬁ

33w




0000000000000000000 0000000
000000000
0000000000000000 ¢, —»0000000
OD0¢1— 44 =00000¢,000000000000
0000 ¢ 000000000000000000
0220 000000000000
00010 0000000 00000000000
00000000000000000000000000
000000000000000000000000000

(¢1,61) 0000000000
¢1(t) | | coshbt 3 sinhbt ¢1(0) (5)
é1(t) | | bsinhbt  coshbt $1(0)

0 ()0000000000000OD TOOOOOOOO

coshbT  LsinhdT
k+1)= b k
¢nl ) [ bsinh bT"  coshbT ¢p (k)
cosh bT
_ wn(k e (6
lbﬁnhbT o(k) ©)

DI:II:II]b2:rL+ZEI TOOO0O0O0oOoo0oooooooood
00000000 (700000 wpOOOO hg,hy 0D
coooooobooobbooooooooobwpoodd
coooboooboobobooooobooooboOooboOoood
Oup 0000000000 ¢10 ¢engDO0DODODO (7)0O
ooo

up = h(Bena(k) — %)+ haBenak) = ) +6 (7)

0000hks0h,0000000000000000000O0
00. ¢,00,000000000000000000000
022120 0000000000000000 00
000000000000000000000000 rO0
000000 w000 ¢,0000000000007T0
000000000000 (ve, ¢, T)0 30000000
00000000000000000w0 ¢,0 70000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00 (7)000 wp00000000000000000
0000000000000000000000000
00000000000000000000000000
000000000000000000000000000
0000000000000000000000 ¢u(k)O
bena(k) 0000000000000 (6)0000000O0
bena(k) = d(k) 00DDOOODOODO (8)000OODO

bsinh bT

O = 2(1 — cosh bT) or ()

000000000000 ¢, =v/(r+1)0000000

Encoder

PC (ART-Linux)

A/D,D/A <
c0(t1er converter: :
UNLErs gjgital 10
AUU\T A N

Foot Switc

ob O0bOoogo

ooo H H H H ] ]
i i i : o

—
[

00 [rad]
566 oooo

T

oo

oo

oo
L

OO0 [Sec]

06 00O0O0OO0O0OOOOOOOOOO

00000000 ¢ — ¢,/2000000000000
000000000000000000000 (8)0000
0000000 ¢,000000000 700000000
000 vo(=éi(r+1) 00000

3. gboboooboooooo

03110 ooggooo ooooooooooooo
sOdbob0O00ooOoOOO0OOOOCOcOODOOOOOOObOOO
goooooooocboooooooobooocoOogooooo
gooooooooooboooobooooooooooooo
000o0oooooooooooo300o0ooooooooo
oooOoOooooOool1ooo00O0ocoOooOoOoOooooo
goooooooooooboboooooooooooooo
00o0Uo0oooUoOooooooooo Mg

03120 0000000 ooooooooooooo
goobooooooobooooobooo 1ooooobo0ooo
oooopooooouoo44000000oooooooo
ooooooooobooooooooooooooooa
ooooooooooooooooooooooooooo
ooooooooooooooooooooooooooo
uoooooooboooooooobooooooooooa
uboooooooboobooboboooooboooooao
gobooooooooooooobo



goooobooedboobOOObOOOODOObOOOO
oooO000o0oooooOoOO0O000O0000ooooooo 4
000 g, 0000000000000 000000O00OO
coooobooobooboboooooobooboboooog
ooooooooooooboooooooooboooog
0(0000)00000000000000O0O0oooDoOon
tooooooooooooooooooboobooooogod
oooooooooooobooooooooooobooood
coodooooooooboooOoooooboooobobooOoad
cooooooooooooooooOoOOoOobboOoOoad
O0Cs5emI000000000O0O0O0O0O0OOOOOOO
o000 lemO00000D0OO0OO0ODOOODOOODDOO
coooooobooooboooboooooon

4. 0 0O O

gobooobooooooobooobboooboboooobo
gbobobobobobuoboboboboobouoobooog
goboobooboobooboobobobbooboo
gobooobooooboooboooobooobooooo
gbooboboboboooooobobbbobobag
goboobooboboboooobobobboobbooobo
gbooboooooobooboboboboooooogogo

U U

00000000000000000000000000
0000000000 [0 (6)0(7)]00000000000
000000000000000000000000000
000000000000000000000000000
00000000000
00000000000000000000000 100
000000000000000000000000000
000000000000000000000000000
0000000000000000000 r(t)00000
000000000000 6(t)000000

0000 (7)00000000000000000000
000000000000000000000

oooooooooe..,00000

O}fint =0rey (When left side leg is standing) (O 2)

S=7r

tront = —Orey (When right side leg is standing) (O 3)

gsron A
up = hs(Oena(k) — —Ig;—i)'+'h49end(k)-+'9?ront (0 4)

00000 (0D 40060000000DO0OODOOOD
gbooobooboobooboboobooboboo 20000
gooo3400000000000000000O0DOO
gbooobooboooobobobooobooboooooo
gbobobobobobobobobonobooobooboag

frontal plane
[m]

001 0000000o0o0oo0od

disturbance
direction l

0
0.5
%‘ J—
o o
= o B B T - - —
o 0=
a0 L B 7 ) L B )
g o walking model
-0.5 s \ __estimate result -~
1 . ‘ ‘ ‘

— - LN [
walking model
estimate gresult PR

8 10

anguler speed
[rad/s]
o

- 1 1 1 1

time [s]

0o02 00000000O00000000
ooo

ggobooboobobooboobbooobg

gbobooboooooboooooboboboboobon

gbooooooboobooboobooooooboooooboo
ooo

u u

010 Yasutaka Fujimoto, Atsuo Kawamura: “Attitude Control Ex-
periments of Biped Walking Robot based on Environmental
Force Interaction”, Int. Workshop. on Advanced Motion Con-
trol, Coimbra, Portugal, 1998.

020 00 0,00 00,00 00:“0000000000000000
gooooooooor»,00o0ooooooooo, pp. 79-86, Vol
38, No. 1, 2002.

0 30 Chee-Meng Chew, Gill A. Pratt :“Adaptation to load varia-
tions of a planar biped: Height control using robust adaptive
control”, Robotics and Autonomous Systems, pp. 1-22, Vol.
35, 2001.

040 M. Y. Zarrugh, C. W. Radcliffe: “Simulation of Swing Phase
Dynamics in Above-Knee Prostheses”, J. Biomechanics, pp.
283-292, vol. 9, 1976.

O0s50 OO0 0O0ODOO0O0 ODOOODO OO0 «20000000000000
go00», 00000000 40pp. 263-270, 1978, 000000

0 60 Ferdinand Gubina, Hooshang Hemami, Robert B. McGhee:
“On the Dynamic Stability of Biped Locomotion”, IEEE
Transactions on Biomedical Engineering, pp. 102-108, vol.
BME-21, no. 2, March 1974.

0 70 I. Cikajlo and T. Bajd: “Use of artificial sensors in FES gait
reeducation system”, IFESS 2001 Proceeding, Cleveland, pp.
135-137, 2001.



