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In the author's laboratory, a holonomic Omni-directional Wheelchair (OMW) which can act as
an autonomous or semi-autonomous omni-directional wheelchair has been developed. Moreover, it
can provide power assistance to the attendant. Because of its omni-directional movement, it is able
to navigate smoothly in structured interior environments through the use of range sensors which
acquire environmental information. In order to recognize its surrounding environment, this
wheelchair can build a local map after determining the distance to the nearest obstacles. In
semi-autonomous mode the input device is a joystick, with the velocity of the OMW being
proportional to the joystick's angular displacement.

This thesis presents the semi-autonomous mode operation of the OMW by man-machine
cooperation, and gives a haptic feedback control of the wheelchair with a haptic joystick for the
operation of disabled people or elderly people considering not only user's safety but also comfort
which suppresses the joystick's vibration. A way to build the local map around OMW is presented by
considering the reliability of range sensors data. If an obstacle is detected in the direction of
movement based on the local map information, the impedance of the joystick in this direction is
changed. Namely, the closer the obstacle is the bigger the impedance value becomes. By this
function, the occupants spontaneously understand that they are in risk of obstacle collision and then
the occupants can change the direction of movement by their decision in order to avoid collision.
Two navigation modes are considered: one of them allows the user to approach a desired goal, and
the other protects the occupant from obstacle collision. The proposed approach is thought to be
reasonable as a man-machine existing control system. Furthermore, for the command input by
human joystick operation, velocity control of OMW is carried out by means of frequency shaping
using Hybrid Shape Approach proposed in the author's laboratory, in order to achieve the comfort
driving by excluding the specific spectrum elements such as natural frequency of OMW and
discomfort frequency of human organs.

A power assist system that helps attendants to move a heavy load has been attached to the
OMW. A six-axis force sensor is used for measuring the force applied by the attendant in two
orthogonal axes, and a rotational direction. Then, this force is changed to reference velocity by using
a second order lag filter. Finally, the reference velocity is applied to the servo-motors of the OMW.
This system works well as a power assist system, and provides the attendant with effective support.
However, there is a problem related to the operability of the OMW. Due to the application of the
power assist system, operability of the OMW degrades, especially when the attendant tries to rotate.
In this thesis, a method for improving the operability of the OMW is presented. First, a power assist
system for helping the attendant to deal with heavy loads is attached to the OMW. Second, a fuzzy
inference system is used for improving the operability of the omni-directional wheelchair,
considering the characteristics of different attendants when they try to move the wheelchair. The
fuzzy inference system is tested with different attendants, and it is found that the response of the
system varies according to the individual characteristics of each attendant. Finally, a neuro-fuzzy
system, ANFIS, is used for tuning the fuzzy inference system according to the personal
characteristics of each attendant, by means of the input data of the attendants.




