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Design of an Electric Wheelchair Control Algorithm by Slope
Recognition on uneven terrain
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Abstract This paper evaluated an electric wheelchair control algorithm by slope recognition on uneven terrain.
Nowadays, the population using wheelchair has been increasing rapidly due to increases in the elderly population. On
the other hand, most wheelchairs are directly controlled by the user without any device capable of securing the safety
of the user. This causes difficulties in wheelchair control from the influence of gravity on the slope. This paper
proposes a vehicle control algorithm that can move a wheelchair similar to moving on a plane. At that time, sensors
are not used to recognize the degree of the slope. All processes were verified by simulation.

Key Words : Electric wheelchair, Safety, Slope recognition, Uneven terrain, Vehicle control

1. M2 YR 27)[1-3], A¥7t so] Zgkar itk o] Foll A
& wol ARH AL Sl 7171 EAlol2M TA T Al
A uH3} ALB 2 F9dEta 9k 2010 Fow ol AF&ol I FASH 1 %7}511 olt}h @A)
A 11.3%HE =082 201835 14%%] 1HALE =, = 3 fZA0l9 A
202613005 20971 Hol 2HALI R WY AR o HE Axo]2 AL&sT
e ofol whet Q1 RSt gk uggEel e alo] A 2A4JEHE RS0
T8t FAA TV AR o, 53

Fevehs

b

rl

Q21 % 219 Aol 71%[5 ) A58

SEE R ERCE R
*Correspondmg Author : Jung-Shik Kong(Induk Univ.)

Tel: +82-10-8642-9887 email: jskong@induk.ac.kr

Received August 25, 2014 Revised September 10, 2014 Accepted September 11, 2014

5738



sl AYolA g HA A B3 A

T Aol Aol guF AL

gsatel Adxdr)sle], AHAre] e e
ABS Hio]a A|2~8 A&[7]e] &3t 7St} o|9}
o] 4% WAlole] wHlel 4X 289 o Fol
& FR}UN 55 DAoL 73 ¢
A Bl M) 2Ay BHGS 2 5
- e P BEg fA08-12]0 et

o} A3 3t
o] AE GAojelA 71 71EA
M ARl A o A Ao &
2 AR A= A o7} T 9
Ao el BArzE &4
7o) AEEA Fob A=A
AHEAPE dohs d2 olgetA] dan Sl
ola) Ak F2qlel Wshrh sk EA
=SEsb] 9 B A7 24

[
LI
=~ Fm

é

oM.

[e}

p

oo 2
fﬂﬁ _ILJ :
0%

ol
-

£

B
o
-1ru

ol
N
=

o3
o
2
-
Shid

o
ut
N
59
fd

N X
A -
"

Me o lﬂ
mﬂ

gk
[o
T
o 1o 1
o
}

e
rir
x4
2

IS0l WAy

JHo B = AATIA &5 9 9%
Ae131E sk, AgelA Wele o 2ol A
& Psheld] 59 A7 APskn ok
£ RS A5 BAol} BAZAA G
] 9150 Qlele] AA o] welel 2
b ol2 Fal AAEE Fu
o} o2 915 WA BA A
g Agol W AP Sx
A Al el A2
ol upe 24 Yuel 3
oA el $w7t 527}

Y3 Aok et e Felof

)

ey o

o%
B
ol
-
N

o HI mlo
ot
9
4
o
ol

o fIf

e
kel
Au)
! N
tlo

ox 9
o o

N

1o

1o

O,
M J®

o

o

N

)
ORI

X3

to to go 4y r$£
X
:?1:1
£
o

X

=

—H rir

[
c)
*meiﬂmz

jinc
(T

0 of oz md Kl
ol
—|>: o
o
By
2

o

52

o

s O
N oﬂ,

odk
o |o

iml@ﬁ

o
o

Elﬂl%ﬂl
D

>

=2

2

>

&
%0,
b
Jfu
QL
R
O o
I
k)
R
o
o
o
ox
ot offf

> N o b
e o o2 ML

o)
o
2
o
off
ok
ol
o\
ol
ol
3R
il

N
m{oll

150 7|78t

Aolg WA o5l A A8l ol%
Moﬂ the Aol ol 42 3 oliel Al 4
ofsfolof gk, the] WAlof HET

1“§%EL°1W AEEE A

B Vo AE 7]HekE sAsteith Fig. 12 &
Hojel 7|4 sfafelr).

Fig. 1014 EAo19] ++% 222 Ackerman +%[15]
& 7EeR i oy ARk 7t 3 FAICR:
Instantaneous Center of Rotation)& &4 0.2 & o] <]
AR 7 B 348k E A Aol FUs e EE
7HAI AL o] F 3 =
olg|gh AS V|Fo R O}'N\E uf 7‘01 g 2 3

Aol Ao} Q& el HEE voh Ae] AEE w
2 #4lato] olo] me Al 7} wiFlel Aele AEE
9 7% 1) ICR 942 A1)~ 2o] vk
% e,
Vi
a // v
/. @
2 <
N .
}// \\\\\\
R \\\
Iy
“ICR
[Fig. 1] Kinematic model of the wheelchair
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[Fig. 2] Dynamic model of the wheelchair
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[Fig. 4] Simulation model of power-assisted wheelchair

[Table 1] Wheelchair specification

Specification Value.
Wheelchair size 500x750x1100(mm)
Wheelchair weight 40kg
passenger weight 80kg
Wheel diameter 300mm
Motor weight Skg
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[Fig. 5] Motion of the wheelchair on the flatland
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[Fig. 6] Motion of the wheelchair on the Slope
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Ft by gravity

(a) Longitudinal force by the gravity

Fn by gravity

(b) Lateral force by the gravity

[Fig. 71 External force according to the gravity

[Table 2] Gains applied proposed controller

Gain Value Gain Value

K

150 "

v

12 K

w

SRR

038

=

w

245 Kw

KN
=

Fig. 8914 % Ao} 2 333

U5 A8 % AF )T A
o}
=

LEu .

240m @27} whAyali=d] s, &
#HF A 227 1.22meAp7E s}
A4 BIh DR Bt o Abgo
6.1286moll 4] 61280m= o] A2 WAaA]

ek = AT

fd

5742

[Fig. 8] Comparison result of the wheelchair motion
applied control algorithm

=2

%

rr

AN olF
2 AF AHE 8
aFle}. 12]aL o] 2
dolis sl Srgst
o Wl o= 2+
Ao dH o= Q1]
o]-g-sto Ao]

sh= 399 o

i
Sl

ol
ol
=
2L
o M

? oM

-
b
|
o b
2
2

oM, ek

~

>

=2
Moo 7

.
ofk

re

U
of

S e

R A N
N
Ipr

5y ot o2

k1
wa
ull

DIRGS

QL
)
B
X
2
N
ox o

ot it
o
o
ey 1o sk
-y od
o °
d
i

20
2

o
ol
ot
QL

o
B[ T

=

e
ke
o2

(o3 r_(‘)ﬁ_:‘
i)
)
2
)

M o W2

Zi}mog‘;

[}

ol
2L
H

e
ko

(o3
=
i)
RO
Al A2
ST
=
23
o

¢

|

J0 2> e (o

s M2 g
T/ =)

4
%9,
o2

p

References

[1] Hirata Y., Hara A., and Kosuge K., “Motion Control of
Passive-type Walking Support System based on
Environment Information”, Proceedings of the 2005 IEEE
International Conference on Robotics and Automation, pp.
2921-2926, April, 2005.

DOI http://dx.doi.org/10.1109/ROBOT.2005.1570557
[2] Hirata Y., Komatsuda S., and Kosuge K., “Fall Provention




et

o

H]

AFol e A e T8 AT BA0 Aol ¢nIF M

Control of Passive Intelligent Walker based on Human
Model”, IEEE/RS] International — Conference
Intelligent Robots and Systems, pp.1222-1228, September,
2008.
DOL http://dx.doi.org/10.1109/IROS.2008 4651173
Taghvaei S., Hirata Y., and Kosuge K., “Vision-based
Human State Estmation to Control an Intelligent Passive
Walker”, IEEE/SICE International Symposium on
System Integration, pp. 146-151, December, 2010.
DOL http://dx.doi.org/10.1109/SI1.2010.5708316
R.A. Cooper, LM. Widman, D.K. Jones, R.N. Robotrson,
and J.F. Ster, “Force Sensing Control for Electric Powered
Wheelchairs”, I[EEE Trans. Control
Technology, Vol. 8 No. 1, pp. 112-117, 2000.
DOL: http://dx.doi.org/10.1109/87.817696
[5] Richard Simpson, Edmund LoPresti, Steve Hayashi, Illah
Nourbakhsh and David Miller, "The Smart Wheelchair
Component System,” Journal of Rehabilitation Research
and Development, Vol. 41, No. 3B, pp.429-442, 2004.
DOL http://dx.doi.org/10.1682/JRRD.2003.03.0032
Atsuhiro Gen  Obayashi,

Fujimoto,Osamu and  Toru

on

[3

=

(4]

on System

[6

=2

Nakamura, Yasunari
Nitta,
"Development of Intelligent Power Wheelchair Assisting
for Frail Elderly People on Daily Life,” Int. joint. Conf.
ICROS-SICE on , pp.2754-2757, 2009.
Seihwan Kim and Jongsun ILee, "The Design and
Manufacture for Wheelchair ABS,” Journal of the Korea
Academia-Industrial Cooperation Society, Vol4, No. 3, pp.
312-316, 2003.
R. A. Cooper, T. A. Corfman, S. G. Fitzgerald, M.L.
Boninger, D. M. Spaeth, W. Ammer, and J. Arva,
of a Pushrim-activated
System,” IEEE
Vol. 10, No.

Yamaguchi,

[7

)

(8]

"Performance  Assessment

Power-Assisted Wheelchair Control

Trans. Control System Technology,

1,pp.121-126, 2002.

DOL: http://dx.doi.org/10.1109/87.974345

Y. Takahashi, S. Ogawa, and S. Machida, "Front Wheel

Raising and Inverse Pendulum Control of Power Assist

Wheelchair Robot,” In Proc. IEEE IEOCN, pp.6638-673,

1999.

DOL http://dx.doi.org/10.1109/TECON.1999.816479

[10] H. Seki, T. Sugimoto, and S. Tadakuma, "Driving Control
of Power Assisted Wheelchair Based on Minimum Jerk
Trajectory,” Int. Conf on Power Electronics, pp.1682-1687,
2006.

[11] Chung-Hsien Kuo, Jia-Wun Siao and Kuo-Wei
Chiu,"Development of an Intelligent Powe Assisted
‘Wheelchair Using Fuzzy Control Systems,” Int. Conf on

(9]

5743

Systems, Man and Cybernetics, pp.2578-2583, 2008.
DOL: http://dx.doi.org/10.1109/ICSMC.2008.4811684

[12] Yuusuke Oonishi, Sehoon Oh, and Yoichi Hori, "A New
Control Method for Power-Assisted Wheelchair Based on
the Surface Myoeletric Signal,” IEEE Trans. on Industrial
Electronics, Vol. 57, No. 9, pp.3191-3196, 2010.
DOL http://dx.doi.org/10.1109/TTE.2010.2051931

[13] Sehoon Oh, Naoki Hata, and Yoichi Hori, “Integrated
Motion Control of a Wheelchair in the Longitudinal,
Lateral, and Pitch Directions”, IEEE Trans. on Industrial
Electronics, Vol. 55, No. 4, pp. 1855-1862, April, 2008.
DOL http://dx.doi.org/10.1109/TIE.2007.908533

[14] HiroKazu Seki, Kenji IKshihara, and Susumu Tadakuma,
“Novel Regenerative Braking Control of Electric
Power-Assisted Wheelchair for Safety Downhill Road
Driving”, IEEE Trans. on Industrial Electronics, Vol 56,
No. 5, pp. 1393-1400, May, 2009.
DOL http://dx.doi.org/10.1109/TTE.2009.2014747

[15] G. Dudek and M. Jenkin,"Computational Principles of
Mobile Robot,” Cambridge university press, pp.26-27,
2000

[16] Won-Young Lee, Seung-Hyun Lee, Mun-Suck Jang, and
FEung-Hyuk Lee, “A Study on Methods for Improving the
Straightness of the Intelligent Walking to Move on Slope”,
Int. Conf. on Ubiquitous Robots and Ambient Intelligence,
pp. 536-541, 2013.

S & Al(Jung-Shik Kong) (R3] 8]
1908 29 : Slaltiet AEaE

st (33

st} (Fhuap

02007'd 3¢ ~ 20094 29 : tf¢
tieha 23k AAE
02009 3¢ ~ A 1 AHw
ZIAAAR} 2
<HAREOP>
AsAlel, ARE, Aed 25 A Al



