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Novel Control Scheme of Power Assisted Wheelchair for Preventing Overturn (Part II)

- Variable Assistance Ratio Control Based on Estimation of

Center-of-Gravity Angle and Phase Plane -

Naoki Hata*, Student Member, Hirokazu Seki**, Member, Yuichi Koyasu*, Non-member, Yoichi Hori*, Member

Aged people and disabled people who have difficulty in walking are increasing. As one of mobility sup-

port, significance of a power assisted wheelchair which assists driving force using electric motors and spreads

their living areas has been enhanced. However, the increased driving force often causes a dangerous over-

turn of wheelchair. This paper proposes a novel control method to prevent power assisted wheelchair from

overturning.

The man-wheelchair system can be regarded as an inverse pendulum model when the front wheels are

rising. The center-of-gravity(COG) angle of the model is the most important information directly-linked to

overturn. Behavior of the system can be analyzed using phase plane as shown in this paper. The COG angle

cannot be directly measured using a sensor, therefore, COG observer based on its velocity is proposed. On

the basis of the analysis on phase plane, a novel control method with variable assistance ratio to prevent

a dangerous overturn is proposed. The effectiveness of the proposed method is verified by the practical

experiments on the flat ground and uphill slope.

gooooooooooo,oooooooobooo,0ooooooo,booboo,0b0oooooobooOobo,b0b00b00000o

Keywords: Welfare Control Engineering, power assisted wheelchair, control for prevention of overturn, phase plane,

center-of-gravity observer, variable assistance ratio

1. 0Oogo

gbobobobobobobooboooooooooon
goboboboboooooooobooooooobooog
gdoooOoOoOoOooOoo’0oOo’ooooooDoODOO
goboobboobbooboobboobboobo
O00000000oooooooooooooooo”oO
0”’00000000000000000000000O0O0O
gobooboboobboobooboboobboobo

*0000 000000 0oooooo
0 153-8505 00000000 4-6-1
Department of Electrical Engineering, Division of Engineering,
University of Tokyo
4-6-1 Komaba, Meguro, Tokyo 153-8505

* 000000 000 boooooooo

0 275-0016 DO00O0OO0OO0O0OOO 2-17-1
Department of Electrical, Electronic and Computer Engineer-
ing Faculty of Engineering, Chiba Institute of Technology
2-17-1 Tsudanuma, Narashino, Chiba 275-0016

000 DO1240 70020040

goboooooooboobooooooboooooboooooo
oboooboocoooooooOoooooocoooboooo
goboooooooooooobbooooooo
coboooooooobooooboooboobooooog
gobooobooooobooooooooooooooon
0000o000o0oUo0ooooUoUOoog JWIH®O®
gobooobooooboooooooooobooooooon
gobooobooooooobobooooboboooobooo
oooooooOooooOooooooo”0oo’ooO0O
000000000000 ®o0o0o0oonoooooon
goboooooooooog
010000000000000000 JWII®YOooo
gobooobooooboooooooooobooooa

2. gbobooobooboooboobo

0210 Joooboooood gobgooogn
goobobobooooooobobobo 20bo0booOO



' Real-time OS
/

(a) Experimental setup

(b) Configuration

01 Joooooooooooo

Fig.1. FExperimental setup of power assisted
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Fig.2. Model of man-wheelchair system.
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Fig.4. Simulation of k and V with variable m.

045 0.5

0.35 0.4
| real [m]

(b) Overhead view

(a) Overview

05 [000000oououoog kovoog
Fig.5. Simulation of k£ and V with variable .

4
5

lft anéle of front wheel -
""""""""""""" from gyro-sensor - - - -

©c o o
Now s

o

angle[rad]
S 5 6 6
PO SO

o
o

4 5 6 7 10
time[sec]

06 ODOOOOOOOOOO

Fig.6. Estimation of the center-of-gravity angle.

000000000
~ Myeq; = 25[kg], Myea = 50.02[kg], B = 0.05,
lyeqt 0 0.2~ 0.5(m] 000
0330 000000000000 0000000
00000000000000000000000000
0§#=00000000000000000000000
00000060000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
f=000000000000000000000000
00000000000000000000000000
000000000000000000000

4, DO0OO0OO0OO0OOODOOOOOOobOODbOn

04]10 000O0o0obOo0ooboobooboo0oboon
oo’oo00’00ooO0o0ooooU0ooooooooo
oopbooobooooooooboooooboooooboooo
oooooooon
gboooobooo oooooooon
oooobooon goboooooooooood
cooooooooobooooboooboooooogd
gobooobooooooooooboocOooooooonon
coboooooooobooooboOooboooooog
ooooor"0oor’oo000ooO0o0oooOoooooo
oobooooooooocoooooo0oOoono «oooo
gobooooooooboobooooooboooooooon
ooboooooooobooboooobooooboooooooon
gooooooon
04120 OO0O0O0OO0OO0O0O0OO0OO0O0OO0O000O0 od
gobooobooooboooooooooboooooooon
gobooobooooboooooboooooooooboooon
goboooooooooooooooooboboboooog
gopbooobooooooooboooooboooooboooo
a000000000DDOOOO0OOOODOOO0O0O0OO
DD%DDDDDDDDDDDDDDDDDDDDDDﬁD
goboooboooooooooooooooooooo
I A
gboboooboooooob oOO00ooooooon

O = Qmagz eXP(B%) ........................ (11)

4000000000000000000000000000
0430 000000000000 0000000
0000000000000000000 7,800 =
40, 4=0.3,3.0000000000000000000
000000000000000000000000000
4=03000000000000000000000
000000000000000000000 CO0000
00000000000000000000000000
00000000000000000000000000
000000000000000000003=3.000
00000000000000000000000000
00000000 CO00000000000000000
00000000000000000000000000
000 4000000000000000000000O0
0000000000000000000000000
0440 00000000000 O0OO0O0O0000
00000000000000000000000000
90000000000000000000000000
008500000 ame =40, =3.00000000
00000000000000 1000000000000
00000000000000 CO0D000000000
00000000000000000000000000

IEEJ Trans. IA, Vol.124, No.7, 2004



0000000000000 000oO00 (bOoo)Doo0ooO0ooO0OoUOOo0OO0oOD0oOO0DOUODUOObODO

w ¥ »a
o

éssist Eﬁce r:ati‘
250 :

9 [rad], assistance ratio

1
© o
0

0 05 1 15 2 25 3 35 a
time [s]

(a) Assistance ratio

o [rad/s]

2 : : : : :
-0.5 -04 -03 -02 -01 0 0.1
0 [rad]

(b) Behavior on phase plane

07 00O0O0D0OOODOOODOOD (8=0.3)

Fig.7. Experimental result on the flat ground
with 6 = 0.3.
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Fig.10. Experimental result on the uphill slope.
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Fig.11. Test course of performance evaluation.
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