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Analysis and Control for Prevention of Overturn on Power Assisted Wheelchair

Yuichi Koyasu , Naoki Hata , Hirokazu Seki , Yoichi Hori (The University of Tokyo)

Abstract

Aged people and disabled people who have difficulty in walking are increasing especially in Japan. As one of mobility
support, significance of power assisted wheelchairs which assist driving force using electric motors and spread their areas
of life has been enhanced. However, the increased driving force often causes a dangerous overturn of wheelchair. In this
paper, two kinds of the control methods which prevent overturn on power assisted wheelchair are proposed.

First, the method by limiting the assisted torque based on its magnitude and time constant is proposed, and its effec-
tiveness is shown through performance evaluation using the experimental subjects.

As the second, the novel method to estimate the center-of-gravity angle of human-wheelchair system is proposed. This
leads to detail analysis on phase plane when the system can be regarded as an inverse pendulum. The proposed control
method to decrease the assist ratio according to the estimated angle realizes prevention of overturn, and its safety in

wheelchair driving is verified through some experiments.
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( Keywords: support for aged people and disabled people, power assisted wheelchair, prevention of over-
turn, phase plane, limit of assisted torque, center-of-gravity angle observer )
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Fig. 1. Model of front wheel raising on wheelchair.
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Fig.2. Phase plane in inverse pendulum.
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Fig.3. Relation between input and assisted

torque.
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Fig.4. Construction of power assist control
system.
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Fig.5. Input torque and assisted torque.
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Fig.6. Block diagram of control system
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Fig.7. Simulation result of estimation of cen-
ter-of-gravity angle.
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Fig.13. Estimation of center-of-gravity angle.
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cobooboooobooboooobooboooooon
COoOO00O0O0COOOOOODOOOOOOOOOO



gogoboboooobobooobbboooobbooo
ggobobbooobobboobbbooobbooo
gobooobbooobboooobooobooobooon
gobooooboobooboobboon
gogoboooboogooobbooobbboobobobo
gooobooboobooooobobuooobooboon
goboboooooooboooboobooobooobooon

M+m

w==

oboobooooooooboooooobooooooooo
ooooboooooobooobooooboooooooo
oopDooooooooon
gbobooobooooboooocooooooobobooboo
ooboooooooooocoobb «0OO0O0bOoo
gobooooooooobooobooono
goooddqgbOOOoboobboboboboooooooga
O00opO0000000000ODOOOOOUoOOO
0000000000000 000amee =40000

a P amaw exp /8"7 ;;;;;;;;;;;;;;;;;;;;;;;; (12)
goboodnd
w
n= tan(g) ............................. (13)

oo0oooo0ooooo0 pgoOoooOoo0ooooDOoOn
gobooocooooooboooooo

= v 5
assist ratio

2.5 assist ratio 25l

0.5 5 0.5| 8
0 / 0 e
08 i85 [\:l\?e 78 8
time[sec] time[sec]

(a) /=05 (b) B=3
01 pgo0o0o00oo0Ooooon

Fig. 15. Experimental results for various (3.

N

1 2 3 7 8 9 10 0 1 2 3

® [l;ad/sec]
L\
A\ /%f

%;
1

. [rad/sec]

X

05 04 03 -0

02 01 0
9 [rad]

%6 [rad] °
() =05 (b) B =3

016 pO000000O0OOOOOOOCOOO

Fig.16. Experimental results
phase plane for various (.

0 15(a)00 15(b) 0000000000000000
00000000000000000000000 16(a)0
0 16(b) 00004 =0500000000000000

0000000000000000000640 0000
goooboooooocoooooobOoOoobooooon

represented on

f=3000000000000000D0000000

000000000000000000000004640
ooooooooooooooon
000000000oooooooooooon 16(a)
0000000000000 00ooooooooo 16(b)
coboboooooooooooo
oobobOoooO0oooobooboOooooboooon
cbooobooooooboooboooooooogon
coboooooobooooboooooOoobOoood
cooboOoooobooooobooooboooobooooo
ooboooboooboobooooooooobooog
coboboooooooooboooobooood

5. 0 O

coboobooboooooooooogooooon
cobOooooobOooooooOoOooooobOOooog
coboooooobOoOooobooooooobooog
coboooooooooooooooooobooog
coboooboodooocooooboobooboobooog
tiddooooooooooooooobooooooo
cbooOoooooooboobooooooooooooon
oooooooooooooooboobobooooon
cobOooooobOooooooOoOooooobOOooog
coOooO0oooobOooboooobOooooOooobOooog
coboooooobooooooboooooobooog
oooOoboooobOooooboboooboooooooog
cobOooooobooooooooooooboooogd
cobobooooooooboooboooooooboooon

ooboobooobooooooboooboooboooon
cobooobooobooooooooooooooood
cobooooobooobocOooboOoOoooOobOooog
coboooooobooooooooooobooog
oooboOooooooobooooboog

6. O O O

oobOoooooobDoooooboobooobooon
gobbooodooooobooobooooooooboood
cobOoooobobOooOoobooOoOoOooOooobOOooog
ooo
Oo0bDOo0ooOoooOoOOooOooDOooboooboooon
cobooooooboooooboooooooboOoood
cooooboooocooboooooooobooobooog
cobooooooooboooboooooooboon
coooogo

t t

0 10 Y.Takahashi, S.Ogawa and S.Machida: ”Front wheel rais-
ing and inverse pendulum control of power assist wheell
chair robot”, Proc. of IEEE Int. Conf. on Industrial
Electronics, Control and Instrumentation(IECON’99),
pp.668-673, 1999.

020 booomooooooo, 0O, 198s.

030 ooo,0o0b0o0mooooooo, o0, 1998.

040 ODOOO” OO0OOOOOOOOOOOOOO?, OO0O00O0O,
Vol.40, No. 5 , pp.357-362 (2001).

050 0O0O0,000:70000000000000000O07,00
oo00o0ooooooooog, pp.204-208 (1997).

060 0O0OO0OO,000,000,000070000000000000
gooooooooor,joooooooooooon, 1I1C-02-41,
pp.143-148, 2002.




