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Abstract. This paper describes the mechanical devices, the control architecture
and the control strategies of a novel wheelchair prototype capable of climbing
staircases. The key feature ofthe mechanical design is the use of two decoupled
mechanisms in each axle, one used to negociate steps, and the other to position
the axle with respect to the chair to accommodate the overall slope. This de-
coupling makes many different climbing strategies, possible making the design

extraordinarily versatile. A control architecture has been developed to operate

the prototype motion. Passenger comfort in the climbing movement imposes
strong restrictions on the planning of trajectories. Finally, we describe the real
prototype developed and we propose a way to make a calibration of the kine-
matic model.

1 Introduction

Wheelchairs have remained basically unchanged over the past 100 years. Most of the

design changes have occurred within recent decades. The first important change was

the appearance of powered wheelchairs which greatly improved the mobility of the
handicapped.

The second important change occurred in the mid 1990s when the first stair-
climbing powered wheelchairs appeared. However, the authors of this paper believe
that most of these designs have severe drawbacks that impair their widespread use.
Drawbacks are generally related to the lack of safety stemming from mechanically
unstable situations during staircase climbing or descent. The mechanisms described in
this paper have been designed to enforce mechanical stability while the wheelchair is
on a staircase. The weight is transferred at all times to horizontal surfaces (the tread),
making it unnecessary to rely on friction to ensure safety as is needed with wheel-
chairs based on tracks.

One may find a variety of designs in the technical literature. Some of these designs

are based on several wheels arranged in a rotating link [1]. This system may work sat-

isfactorily for the "design staircase", but proper functioning is impaired when differ-
ent treads or step heights are encountered.

The iBOT 3000 [2] is a very compact design that can adjust to different step sizes.
Whilst the mechanical design is quite simple, the chair is very sophisticated since it
relies on dynamic control to maintain an upright position. There are motion phases

during climbing or descent when the chair is standing on just two wheels with a
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common axis. The major drawback of this design is the tremendous cost necessary to

meet reasonable safety standards. Another problem is that this prototype requires the
user to hold on to the handrail for safe use.

Fig. 1. Prototype from Tamagawa
University. School of Engineering

[1].

Fig. 2. The iBOT 3000

[2].

Fig. 3. Model of track

wheelchair [3].

The tracked chairs [3] have, in our opinion, serious problems that impair their suc-

cess. The first problem is the low efficiency of the tracks on horizontal displacement.

The second problem is that the weight is supported by the vertical component of the

contact force between the track and the edge of the steps. A high friction coefficient

is needed to maintain equilibrium. Another problem is that entering and exiting of the

staircase are difficult and dangerous processes.

Finally, the structure of this document is the following. Section 2 describes the ad-

vantages of the new prototype. Section 3 describes the tasks in which the staircase

climbing process is decomposed. Section 4 shows the control architecture to operate

the whole system. Section 5 is a summary of the prototype kinematic model. Section

6 shows the trajectory planning to obtain comfortable move
ment for the passenger.

Section 7 is a description of the mechanical specifications of the new prototype and

section 8 shows the conclusions that we have reached.

2. Mechanical System Description

The authors think that most of the disadvantages of the mentioned systems are due to

an improper approach to the problem. The proposed design solves the climbing prob-

lem splitting it into two subproblems: front and rear axle positioning and single step-

climbing. Every problem is solved by a specific mechanical device. The wheelchair

described in this paper is based on these two different systems: a system to arbitrarily

position both axels with respect to the frame to accommodate the overall slope (Fig.
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8. Conclusions

A new original prototype of a staircase climbing wheelchair has been designed, its
main characteristic being its stability. Moreover, its additional degrees of freedom al-
low motions and control strategies that take into account the comfort of the passenger

(i.e. maximum acceleration and null inclination of the wheelchair). Accurate control

architecture (hardware + software) is needed to operate the whole system and has

been designed to be as simple as possible. Kinematic models have been developed for

the different stages of motion and these models are simple enough to be used for real

time control purposes (iterative calculation procedures are not necessary). The proto-

type has been designed keeping in mind the objectives of high safety, high modularity

and low cost. In future works, we will analyze the results of calibration and we will

start the dynamic model experiments to operate the whole system.
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