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Abstract. This paper presents Twestigations into the developm ent of m odelling and control stategies for a m ultpurpose
w heelchair asm cbile transporter for elderly and disabled people. The research is aim ed athelping people w ith physical w eak-
nessAisabilities n their upper and low er extrem ites to m ove dependently w ithout hum an ntervention. A novel reconfigu-
ration which allow s m ulti-task operations in the sam e w heelchair system w ith in proved design ism odelled in Visual N astzan
4D (VN4D ) software. A m odular fuzzy logic controlm echanism w ith ntegrated phases is mtroduced for the overall operations
and tw o-w heeled stabilization of the w heelchair. Tt is show n that the proposed m odular fuzzy control approach is able to ensure
system sability while perform ing m ultbpurpose tasks such as m anceuviability on flat surfaces, sairs climbing @scending and
descending), sending I the uprightposition on tw o w heels and transform ation back to standard fourw heelsw ith up t© 50% less

Tital torque in com parison to previous designs.

1. Introduction

The cunent w orldw ide trend I increased disabled
and elderly population has challenged extensive de-
signs and advancem ents In m obility transport as es-
sential needs. This mclides m cbility devices such as
w heelchatrs, which vary in designs depending on their
fimctionalities, from use I sports for Paralym pics or
other sportspersons to ndividual use for outdoor and
Tndoor environm ents. Ik is vial to an ndividual who
uses the w heelchairas the m ain self-m obility transport
tom ove from one place to another ndependently.Cur-
rently, sendard fourw heeled w heelchairdesions have
som e lin iations and cannotperform standard routhne
tasks, such as sairclin bing, sitto-stand and stand-to-
sitoperations.

A sair clin bing wheelchairw ill allow the user t
utilise the sam e assistive m obility equipm ent to m a-
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noeuvre on sairs as well as on flat surfaces. There
w 111 be no need foran elevator or an assisant to per+
form sairclin bing, and thisw illallow the w heelchair
user o exercise ndependence. A signiicant am ount
of work has been reported In the literature on the de+
velopm ent and control of sairclim bing wheelchairs
These mclude craw lertype 25273941 42], wheeled
type 24,33 ,37] and legged type 29] wheelchairs.
The craw ler type w heelchairworks well on an un-
even ternain and providesa high terva adaptivity. The
fivst com m ercial w heelchairm odels w ere based on &
single-section track m echaniam capable of clim bing up
and dow n saircases 39 42]. The design of the overall
sairclin berm echanism neededm ore refinem entso as
to reduce its total w eight. M oreover, craw ler m echa-
nism shave som e draw backsw hen stepping on the edge
of the first step ; the entire track is forced t© rotate durs
ing clim bing down a saircase R7].
N akajim a proposed a step-up gait called RT-M over
[29], which com prised a fourw heel-typem cbile robot
for upw ard step lke a legged robot w ith simple leg
m echanisn . The robotcan m ove lke a w heeled robot
on nom al terain and transform t© legged m echaniam
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