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Editorial
Approximately 25 million people in the United States (11.4 percent) 

have had an ambulatory disability, whereby 2.7 million reported using 
a wheelchair or similar device [1]. The needs of most users are met by 
traditional manual or power-driven wheelchairs. However, a portion 
of the users have found it difficult to use traditional wheelchairs 
independently [2]. For example, those users could be individuals with 
visual issues, upper body physical impairments (e.g., ataxia, tremors), 
or cognitive deficits [3]. Since 1980, researchers have been developing 
technologies for smart wheelchairs (SWs) and continue to do so today. 
Smart wheelchairs could maximize the human potential of users to live 
more independently than they could ever have imagined.

Simpson [2] has defined the SW as a standard power wheelchair 
with a computer and a collection of sensors or a mobile robot-base with 
an added seat. This integrated device allows independent mobility, as 
well as other functions, such as communication, telehealth monitoring 
or safety surveillance [4,5]. The degree of intelligence of the SW is 
based on its ability to perceive its environment through its sensors [6].

Simpson [2] conducted a literature review and listed a large 
number of SWs; Leaman and La [4] updated this listing in 2017. From 
this extensive list, he identified common components of each SW: 
(a) type of form, (b) input methods, (c) sensors, (d) control software, 
(e) operating modes, and (f) internal map [2] Early on, SWs utilized 
mobile robots with seats; however, the form typically used today is a 
power-driven wheelchair with advanced technology. There are also 
“add-on” units that may be attached to the underlying power systems. 
The biggest advantage to the add-on units is to invest in the system one 
time and use it with multiple chairs over a lifetime. Traditional input 
methods may be used, such as joysticks or pneumatic switches [2]. Other 
advanced methods include voice control, user sight activation through 
electrooculographic (EOG) activity, or the use of machine vision 
[2,4]. Sensors on SWs are important for avoidance of environmental 
objects and clearance through narrow pathways, such as doorways. The 
sensors may use ultrasonic acoustic range finder, infrared light range 
finder, laser range finder, laser striper, or computer vision system [2]. 
Although the ultrasonic and infrared finders are less expensive, they 
have difficulty with reading stairs, curbs, or potholes. The two laser 
types of sensors are more expensive and require more power. Greater 
control at a reasonable price is the computer vision system, which uses 
small video cameras for landmark detection [7]. The control software is 
dependent on the various functions supported by SWs and its sensors 
[2] The operating modes may be fully controlled by SWs, whereby the 
user gives the system a destination and it executes automatically to the 
target [2,4,6]. In order to be successful, these systems typically require 
an internal map of the environment. In contrast, operating modes may 
have collision avoidance, but allows the user to plan and navigate the 
system [2,4,6]. As mentioned some systems require an internal map 
and others have autonomous navigation, such as following floor tracks.

The advancements of technology have made it possible to integrate 
a variety of functions into the current smart wheelchair, including 
position changes; environmental navigation options; communication 
devices; environmental control units; and telehealth monitoring and 
surveillance systems. The wheelchair itself may change positions, such 

as into a reclined position of the backrest; a standing position of the 
user; tilt in space of the wheelchair itself; or lowered seat to the floor. 
Each of these position changes have specific purposes for users. For 
example, the reclining backrest and the tilt in space features would 
be helpful for maintenance of skin integrity for the user. Secondly, 
SWs may have various navigation options to allow safe collision-free 
mobility; to aid in specific tasks (e.g., passing through doorways), 
and to provide autonomous transport between locations [8]. A third 
option could involve the use of a communication device, allowing 
communication in the direct environment, through the phone 
system, or internet. A fourth possibility would be the inclusion of an 
environmental control unit, allowing control over household devices 
and objects, such as the television, lights, and doors. Finally, SWs 
could be equipped with telehealth monitoring and surveillance systems 
to monitor users’ temperature, pulse, and/or blood oxygen levels [9] 
Interestingly, Madigan and Newman [5] found that users prefer the 
safety and telehealth functions of smart wheelchairs [5].

Along with the multiple benefits, smart wheelchairs have some 
challenges. These additional functions may be seen as intrusive or 
bothersome by some users [5]. The SW may be too complicated for 
some individuals to use and certainly would require training [2,4,5]. 
Not only the cost of the SW, but also the cost of training and long-
term service could be a barrier to some users [2,4,5]. Madigan and 
Newman [5] conducted a pilot study involving five wheelchair users, 
who lived in an assisted living facility. Through a questionnaire and a 
focus group, the investigators found that the benefits outweighed any 
intrusiveness [5].

Simpson, LoPresti, and Cooper [3] have projected that the number 
of wheelchair users that could benefit from a SW would be 3.9 million 
individuals. Given this projection and the advancements of technology, 
clinicians need to consider the SW as a viable option for environmental 
independence. The rehabilitation team needs to consider the future 
direction of SWs through collaboration with all stakeholders such as 
rehabilitation engineers, scientists, physicians, and clinicians, but most 
importantly the users, themselves. The literature provides a glimpse 
into some future possibilities [3].

One advancement with an input device is the Emotiv EPOC headset 
for Brain computer interface (BCI). A BCI is a device that utilizes the 
user’s brain signals (e.g., through an electroencephalograph) and a 
computer that analyzes the signals and maps them into a particular 
response of the wheelchair [4,8,10]. Not only would this device assist 
with the wheelchair mobility, it also could potentially assist with the 
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control of robotic arms [4,8].
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Another advancement used for localization and navigation within 
the environment is the global positioning systems [4]. These systems 
have been readily used with our vehicles, today. Unfortunately, they are 
not always reliable in tree covered environments. However, Leaman 
[4] reported that the fusion of the GPS system with wheel odometry 
information through a filter could allow the SW to achieve better 
localization.

Collision detectors have also been used with our vehicles and most 
certainly could be applied to SWs. This device would detect frontal 
collisions and could stop the wheelchair [4]. Not only could SWs have 
this simple feature of collision detection, technology has grown to the 
point of incorporating a prompter, which uses a Partially Observable 
Markov Decision Process to determine the optimal prompting strategy. 
In other words, the prompter would analyze users’ past abilities to 
navigate and provide verbal prompts to assist with navigating safely to 
their destination [4].

Smart wheelchairs have continued to evolve, whereby future 
wheelchairs could utilize a multi-modal interface, which combines 
multiple inputs, such as computer vision, touch, voice, and brain 
control. This system will be able to create internal maps, using mobile 
sensors and to navigate the environment by analyzing data in real-time 
through computer applications. With these advancements, users will 
have improved quality of life by maximizing their abilities to function 
independently in their environment. The key to this evolvement of 
the SW is continued research and development with the entire team, 
including the user.
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