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Abstract- The Network-Centric Applied
Research Team (N-CART) is continuing work
on a project known as the Network-Enabled
Powered
Wheelchair
Adaptor
Kit
(NEPWAK). We have introduced techniques
for modifying powered wheelchairs to allow
tele-operation over the Internet. As a
prototype version, a wheelchair was equipped
with a low-power laptop computer, CCD
camera and wireless network card. Custom
circuitry was supplied to allow control signals
to be sent by the laptop to the chair’s control
circuit. The laptop acts as a server allowing
network clients to gain access through a
custom control interface that includes a video
feed from the wheelchair.
I. INTRODUCTION
Data services have become available for
wireless networks. Starting with relatively
simple applications, such as email they have
progressed to far more complex applications
involving video and control.
The desire to use more and more services
across digital networks has driven the inevitable
evolution of these networks, supporting
increased bandwidth on wireless access
networks. With the introduction of the 802.11b
wireless standard [1], in-building access points
have become increasingly common as
institutions such as Universities, hospitals and
even certain restaurants find them a viable
alternative to rewiring older buildings.
the “Americans with Disabilities” Act [2] was
passed by the U.S. congress to protect
handicapped individuals from discrimination by
private employers. The law requires that public
buildings and mass transportation systems meet
accessibility guidelines. Over time, the act has
provided new opportunities for individuals
confined to wheelchairs. This act, combined with
improvements to wheelchairs [3], has provided

many more people with the ability to move
around their environments.
A. WHEELCHAIR INNOVATION
Research involving the use of a powered
wheelchair as a mobility platform has taken
place by various groups with various goals. Most
endeavors relate to augmenting the mobility of
the chair’s occupant through the use of sensors
providing input to on-board semi-autonomous or
fully autonomous control systems. Typical of
this approach is [4] demonstrating a low-cost
robotic system in their “Tin Man” project. The
system allows a rider to use various modes of
control that employ several “behaviors” to
navigate in an indoor environment.
The “Wheelesley” project [5] demonstrated a
system with the goal of creating a complete
robotic navigation system for both indoor and
outdoor movement. The “NavChair” system [6]
was developed with the goal of providing
mobility to people who are unable to drive a
standard wheelchair. To accomplish this the
system employs automatic obstacle avoidance,
wall following and door passage navigation
techniques. Additional work has been carried out
by [7] [8].
Additional work has focused on replacing the
conventional joystick control with other control
mechanisms more suited to the specific disability
of the chair’s occupant. A summary of recent
work can be found in [9].
At N-CART, within the NEPWAK project, we
have started an investigation into using powered
wheelchairs
as
mobile
platforms
for
communication and remote control. Our first
effort has concentrated on providing control and
video services for our lab’s test wheelchair.

B. WHY
As populations grow older, providing
assistance to increasing numbers of people in
centralized facilities such as retirement or
extended care facilities has become problematic.
There are not enough facilities nor are there
sufficient personnel to provide the services
necessary for an ever aging population.
Governments hope to reap the benefits of
encouraging the elderly and the disabled to live
independently [10][11][12][13].
We believe one way of assisting those in their
own homes might be to provide “on demand”
services that allow interaction with, and
assistance from, remote care providers. Currently
such services are intermittently available through
visiting nurses, friends, relatives and similar
aides.
A Potential scenario consists of a remote care
provider monitoring the wheelchair’s owner
during various activities such as taking or
applying medication, changing dressings, etc. In
these cases, the wheelchair’s camera could be
used by a remote observer and aid its dismounted
passenger.
II. CONCEPTUAL SYSTEM
Our system relies on existing wheelchair
technology components. In essence, we have
attempted to retrofit existing differential drive
wheelchairs. In addition we rely heavily on
experience gained in the MAX WWW robot
project [14][15][16]. We also draw on concepts
related to Internet Appliances as discussed in
[17].
The NEPWAK provides a control adaptor
interface between the joystick used by the
wheelchair passenger and the wheelchair’s
internal controller. A laptop computer employs
the adaptor to send control signals to the
wheelchair through the parallel port. The laptop
communicates via a wireless network and is sent
control instructions from a remote computer.
Feedback is provided to the remote operator via
an onboard camera. The conceptual design of the
system is shown in fig. 1.

Fig. 1 System Conceptual Diagram

A. The Chair
We employ the chassis of a Fortress Scientific
powered wheelchair. Similar wheelchairs are in
common use throughout Ryerson’s campus.
Although the platform is quite old, it was sturdy,
robust and most importantly available.
The seat has been removed in order to provide
a clear area for prototyping our system. The
wheelchair alone and being remotely driven are
shown in the figures below.

Fig. 2 Prototype Wheelchair

Fig. 5 Motors to parallel port connection

Fig. 3 NEPWAK in a busy hallway
B. Laptop Server and Control Interface Adaptor
The onboard laptop computer communicates
with Ryerson’s campus-wide wireless network
through an appropriate network card. Once
online, a remote computer can connect to the
wheelchair by running a terminal service client
software based on the Windows 2000 operating
system. After the wireless connection to the
wheelchair is established, the laptop serves a
video stream to the connected client. In addition,
the laptop accepts the control commands from
the client and sends appropriate control data to
the parallel port.

C. Network and Video
Network access was provided via an IEEE
802.11b wireless interface card communicating
with Ryerson’s campus-wide wireless network.
The laptop server communicates with the
controlling client via a fixed IP address--valid
across the entire campus. As the wheelchair
moved between network “hot spots”, it could reestablish communication with the controlling
client without being supplied with a new
network address.
The video stream was provided via a USB
connected CCD camera. For test purposes, the
camera was mounted on a mast above the
wheelchair’s passenger and was aimed to allow a
field of view several meters beyond the front of
the wheelchair and included a view of the
forward extremities of the wheelchair’s occupant
to provide the remote operator contextual
information.

Fig. 4 Laptop Controller
The parallel ports' 8 bit data port is divided into
two 4 bit words. Two 4 bit Digital to analog
converters (DAC's) were connected to these data
ports and the DAC outputs, after appropriate
signal conditioning, were connected to the left
and right motor control lines. The wheelchair
enable was connected to pin 1 of the parallel port
(bit C0 of the control lines) through an op-amp
signal conditioner.

Fig. 6 Camera and Wireless Network Mast
D. The Interface
We developed a human interface for the
NEPWAK as illustrated in the diagram.

Fig. 8 Achieving the Goal

Fig. 7 User Interface
Item 1 is one of the status bars indicating the
power levels of the wheelchair’s left and right
motors. Here, the right motor is being supplied
with more current than the left, thus running
faster. Item 2 is the video display from the video
feed coming from the wheelchair’s camera. We
have provided a “cruise” setting in item 3,
allowing the remote driver to continue moving in
a certain mode. Item 4 is a direction indicator,
here the wheelchair is turning left. Item 5 is an
“enable” switch, when it is checked power to the
wheelchair motors is turned on. Item 6 is the
resistance slider bar described allowing a degree
of momentum to be simulated in the motor
responses.
III. THE TRIAL
The goal of the first test of our system was to
demonstrate that the remote driving of such a
system was at least feasible. Our intent was to
remotely control the occupied wheelchair from
an internal office to a student lounge
approximately 200m from the starting location.
The test was performed on a heavily used floor
of Ryerson’s Rogers Communication Centre.
The hallway selected was in constant use by
students exiting and entering a series of labs
along its length. Two network “hot spots” were
located near the middle and start of the hallway
we used, providing the wheelchair connectivity
throughout the test.
Over a period of about thirty minutes, the
wheelchair was maneuvered from the office to
the goal location.

While we managed to complete the course, we
experienced several problems with the system.
We had anticipated many of the concerns
expressed in [18] however we also observed
several other system shortcomings. We will
discuss these in the sections below.
A. Signal Reduction and Loss
Because we were testing the system in a
hallway served by two network transceivers,
there was a transition zone between the
transceiver base stations that became a source of
difficulty for our system. The problem is related
to signal handoff. While cellular networks
commonly employ techniques for handing off
calls to the next cell [19][20] there is no similar
concept for a wireless data network that is
designed to serve mostly sedentary laptop users.
The network transceiver we employed
connects to the access point that exhibits the
strongest signal and keeps communicating with
that access point. No rescanning of signal
strength occurs until a connection is dropped. As
the wheelchair traveled further away from the
first network hot spot, the signal strength
diminished and the network delay became far
more pronounced until the signal was lost.
However, this did not occur until the wheelchair
had come to a complete halt. This is problematic
if the system is to be used across many hot spots
as each transition would require an extended halt
as communications are reestablished with a new
transceiver base station.
B. Human Interface
The two motor strength bars did not indicate
the actual speed of the motors but instead
indicated the amount of voltage allocated to
each. When our driver saw the bar of each motor
increasing on the user interface, they assumed
that the speed of the chair was relative to the
height of these bars. This was not the case and
ended up being rather disconcerting since there is

no other indication of wheelchair speed other
than what could be surmised from the video feed.
This was of particular concern when signal
strength was weakest and timely video feedback
was minimal.
C. Physical Plant
Another problem we faced was related to the
physical plant of the wheelchair. Our trial chair
employs freely turning castor wheels on the front
of the chair--as do many other powered chairs. If
the driver wished to go straight after turning the
wheelchair, the castors would still be in the
turned position, as a result the castors would
carry the wheelchair in that direction until it had
traveled a sufficient distance forward to
straighten the castors out thus unexpectedly
skewing the path of the chair. This became a
source of concern, as the remote driver could not
see the castors in the video feed.

Fig. 10 Castor wheels on the front
D. Inadequate Visual Information
Because we employed a single camera the
remote driver was provided with minimal
information about the path the wheelchair was
following. In fact, the chair’s camera was
pointed so as to provide a view several meters
beyond the chair. This was done for collision
avoidance purposes.
Despite the help the driver received from
assistants and the fact that the driver was very
familiar with the hallway, the chair had several
collisions with walls, people and the safety rails
of the path. Clearly this is an area requiring
additional work.

Fig. 9 Unexpected Collision
IV. FUTURE WORK
We believe the techniques demonstrated in our
NEPWAK trial can be extended to other domains
using powered wheelchairs as highly reliable
tele-operated devices.
In the future we intend to extend this work
through the introduction of MAX technology in
order to make communication and control more
robust and reliable.
In addition, it has become clear that it is
desirable to make provisions for connections to
secondary networks through the use of existing
cell phone networks. This could potentially
mitigate the signal loss problem and avoid
concerns over wheelchairs being “stranded” due
to do dropped connections.
While our interface worked reasonably well, it
did not allow for manual joystick override, nor
did it have good low speed resolution. These
areas will be addressed in later work.
An area which we believe might have
considerable applicability is that of intelligent
network support subsystems related to doorway
access as discussed in [21] and [22]. These could
be employed to provide assistance to wheelchair
passengers having difficulty maneuvering in
certain passageways on an “on demand” basis.
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