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A significant number of individuals with severe motor impairments are unable to control standard power electrical
wheelchairs using a conventional joystick. Even when they can facilitate the control input, yet navigation in confined space
or crowded environments is still a great challenge. To overcome such problems, smart/robotic wheelchairs have been
proposed to reduce the user’s workload during maneuvering. They consist of a standard electric wheelchair, an on-board

computer for motor control, and a collection of sensors for monitoring the environment and predicting user intentions.

Most research on smart wheelchairs only considers how collision free motion can be generated, but does not pay
attention to whether the generated motions will be comfortable to the people around. The framework proposed in this
thesis considers not only improving the safety aspect but also the socially acceptable issue. With such integration, it
can ensure that the assistive wheelchair motion meant to help the user during maneuvering does not become a source
of inconvenience to the people in the locality. Apart from that, this thesis also proposes a framework to enable the user

to issue the control command via hands free interface (HFI).

The constructed system initially acquires the user’s intent through the HFI and environmental information
including the obstacles and the people’s state using combination of laser range finder and Kinect sensor. Following
that, the people’s attributes are translated into human’s comfort zone (CZ) using the proxemics concept, by considering
the awareness constraint. All determined environmental information is transformed into the 2D representation known
as the safety map. With such integration, the map delivers a free space path that is safe and comfortable to humans.
Eventually, the user’s command is validated with the safety map to moderate the final motion that is collision free,

comfortable to humans, and is best suited to the user’s preference.

The proposed method can reduce the burden of severe impairment users to control the wheelchairs by continuously

monitoring the surrounding and can make them move easily according to their intention. Considering the safety issue,



the system can sense almost any possible threats in indoor environments and output the 2D grid of navigation map
including positive, negative and overhanging obstacles. With such detail information of the environments, most likely
the system can increase the safety issue and consequently reduce the user's burden of continuously monitoring the

surrounding while maneuvering.

In terms of socially acceptable constraint, apart from collisions free the system can also generate more comfortable
passing by considering the head position and orientation of people around. The sensors can infer humans’ information
up to 80% accuracy for head localization and 71% for pose estimation. The system has been tested in multi-humans

encountering scenario and shown to work well for respecting humans’ personal space while navigating.

The developed system enables the user to issue the control command to the wheelchair via the hands free interface
(HFT). User tests have been conducted and shown that the designed interface is capable of obtaining fair performance
in terms of distance of travel and control pattern compared with a standard joystick. By incorporating the safe and

socially acceptable constraints, apparently collision can be avoided and comfortable passing can be generated.
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