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Development of Real-Time Control Architecture
for Autonomous Navigation of Powered Wheelchair
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(Seong-Jin Kim and Byung-Kook Kim)

Abstract : In this paper, an efficient real-time control architecture for autonomous navigation of powered wheelchair is developed.
Since an advanced intelligent wheelchair requires real-time performance, the control software architecture of powered wheelchair is
developed under Linux real-time extension Real-time Application Interface (RTAI). A hierarchical control structure for autonomous
navigation is designed and implemented using real-time processe and interrupts handling of sensory perception based on slanted
surface LRF, emergency handling capability, and motor control with 0.1msec sampling time. The performance of our powered
wheelchair system with the implemented control architecture for autonomous navigation is verified via experiments in a corridor.
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Fig. 1. Powered wheelchair system.
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Table 1. Parameters of each real-time process(msec).

Priority | 7] | 4~3A]Z} | Utilization
HE =
1 7% 1 0.1 0.01242 0.124
E1-0 EN
2] = Z=2]
1” e 2 200 0.706 0.004
TEAA
%29 Tx.
=5 T 3 100 0.109 0.001
ZE2AA
Navigation
20 T T T T 1 T T -
‘°| a_: | " -

Onentatlon(degree)
. :: B
el
Sooge - - -

N
=
S
-
-
o

T T T
\
|

E ‘\ '-' . }
100+ 'ﬁ . ,-
£ K .
- \ Ly 1 0 ;
5 M?"fj‘h“i-%ﬁ,'&g?& Lg%t S, 0 00
= .: S '.g‘ '\?ﬂ"n
2o . a
N -100‘[ % f AR S A
K] | i ' | | 1 1 1 J
% -200+ ' : » ' : |
i ‘ | ' | ' 1]
2300 1 L § L s L u
0 10 20 30 40 50 60 70 80 90 100
sec
@
Navgation
E 2500, e & L. . P -
= ! 4 . ' ' i ?
= , L ; )
S 2000 . . ' . . ' ' |
2 L 1 1 |
‘6 1 1 I
= ! | t
S L n 2
i 0 90
|
]

CoEE -
2]
o
|
o
=]
3
8

T
|
h
|
i
|
'

L

10 20 30 40 50 60 70 80 90 100
®)
a9 0 B ARAT @ W SUIA, 6) AE
BEZs 295 e A,

Fig. 9. Experiment result of corridor navigation (a) orientation and
lateral position, (b) calculated corridor width and distance
from left/right wall.

ZaAz=Ed EARF F2 b AR TRALER
A glo] HYEe & F Utk TE FE TEA 29 4
0.Imseco]Zl= W= AMZE Elejo g FPA|AE] oFA
(stability)S A &1 H=w A9 oEole AT

g Y AFTE G dtilization® g HEE B

B o or o FE

10, No. 10, October, 2004 945

ot 997 &4 TEAs0 AL 2Ly Tx T2AA BT
F717F AAE Ag FAE g AR F4] TS T8
e 94 FAE A4 Uk

TEE AZEHE olgste] AU Hxolre
TG AlF A= Ko H Folil Y
Hro 2o Erpxjeltt. Bro] Woj Hashl) &
RS e = BEE I AYsigich

T 9o F Ay AH2REH AT A7t B
A ol A=Q) Bxo] Folo vlo] HYx|x] oku

Fajol B o & gtk FWRH 102 ol W &

13

>

dlg
B oo
ofN rlr o

I~H

_04

o

Di-"rlilﬂ o2l 2 e Balels) 271 91 ole] wholch
2 AN ANrE BEe] Fol PA] Folx A3
L}EM—L—HI ol Arlolel A%l el Aol A

Uehd Aojrk Tyfel ke 150 o]t oelE, ZHHA|
T £50mm ©]3tS] ol 9)A] FAo| v] FEAFE & 5
olt} 1A EA 2 2340mm=z T3 B ALY F
A3t oz o= AL B F vk BAog ¥ AR
9| 7%?4 A} AEEE B3 A1A FHo2 A oAy
g olg3t] A&FeYo| I

Iz o
32
Jﬂ O‘,mﬂl
L

V1 de

BT E AEE w=opt % e AF And
AEdA e AgFAE AT AR Ao TxE L
Stk AARE Ao} Azrlel AEHA shEgo] A%t
obge] AZES0) T2 AAE ANZE LAAA RIAL B
LinwxE 01%6}04 AR Az Y AHYESR A4 T
Aalar, A7 Vsl Bzt 2 A5PAele 2
°ng° sish A% Agela X154 oy
£ Aark 1) AN g Fgol s
g AgHo worh

oleh e ABPAole) AFFHE AT WAL Ao} 7

2% olgsia 7| T 7)FRe oj, FUF A}
|2 kRS mElet] FE A2 HE A4S ol e
o EAoi7} o] & QIAste] FPAE Tl DEFRE A
2] & 4 gtk Alvbrh AARE e

ETM TEE ©]§38te] Boh thggt Alx
EA7F 878 2ot A9 K ARE FHolv F2
FL E59 o]F 59 7I15& AFdh= 3o

S AFTAZA TN WolA LRFS) A 0|83
A3 917 F2Ho] QFH I, o2 I AU HMH B
wa olje wabl HE Bwdle H7 T4 o
trajectory planning®] £ 78tk 281, AREALS}E HA|09) 71
Ugt oS 9le AR dEde) et HHEE AT e
Bds a7t

-0, %N
4 m f”

111 o r
>

2

I ﬂllﬂl
H‘I

1

l-‘\l

X “»°"

o}
&
b

Nlﬂi i
b
et
e}
ri,
[

=7 ~I-

Au2d
[1] Lineo, Inc., “DIAPM RTAI programming guide 1.0,”
http://www.aero.polimi.it/~rtai/
[2]1 L S. Song and F. Karray, “Software architecture for real-
time autonomous agents : a case study for digital train



946

B3]

[4]

[3]

2

system,” Proc. of IEEE International Symposium on
Intelligent Control, pp. 403-408, 2002.

C. H. Lee and C. Mavroidis, “PC based control of robotic
and mechatronic systems under MS-windows NT
workstation,” JEEE/ASME Trans. on Mechatronics, vol. 6,
no. 3, pp. 311-321, 2001.

W. F. Lages and E. M. Hemerly, “Linux as a software
platform for mobile robots,” submitted to IEEE
Transactions on Software Engineering, 2000.

R. Brega, N. Tomantis and K. O. Arras, “The need for
autonomy and real-time in mobile robotics: a case study
of XO0/2 of IEEE/RSJ
International Conference on Intelligent Robots and
Systems, vol. 2, pp. 1422-1427, 2000.

E. Prassler, J. Scholz and P. Fiorini, “A robotics
wheelchair for crowded public environments,” /EEE
Robotics & Automation Magazine, pp. 38-45, Mar. 2001.

and pygmalion,” Proc.

Z4 4

2 197633 11¥ 2844 2001 d A
0 gtw AxEets 29 20039 3
H37ied AZNARAFT AL
2003 A-dA  FoEd M1
3 A AlEE. B EokE o]
5 22, A 2zEHS FX, 4

MO - Ats3 - AABEE

{71

(8]
[

=X X 10 2, W10 S 2004. 10

G. Bourhis et al, “An autonomous vehicle for people with
motor disabilities,” IEEE Robotics & Automation
Magazine, pp. 20-28, Mar. 2001.

RT-Linux, http://www.fsmlabs.com

P. Pirjanian, “An overview of system architecture for
action selection in mobile robotics,” Laboratory of Image
Analysis, Aalborg Univ., Denmark, 1997.

[10] A. Lankenau and T. Rofer, “A versatile and safe mobility

assistant,” /EEE Robotics & Automation Magazine, pp.
29-37, Mar. 2001.

[111 J. W. S. Liu, Real-Time Systems, New Jersey, Prentice

Hall, 2000.

[12] C. H. Kim, J. H. Jung and B. K. Kim, “Design of

s7led A7) 9 AxpEety ag fAEoks AAzE Als

|, BRE, dHtE Ao,

intelligent wheelchair for the disabled,” Proc. of the
International Conference on Rehabilitation Robotics,
2003.

e =

1952'd 109 5448, 1975 A&ohstw
At £ dx#A|ed W7
2 Az Feh Hal1975). FoiEkyd
gFAK1981). 1981'1A~19861d -2 A17]&)
A7 1982319841 University of

Michigan HHT 198613~ ] b=t}



