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ABSTRACT 
I present a power wheel chair driving simulator. It was developed 
for students at Kennedy Krieger with motor impairment issues, 
with the guidance of an occupational therapist. It is a 3D 
simulation that is unlike other solutions because it both costs very 
little and is easily configurable by occupational therapists both 
digitally and physically. It operates by joysticks with handles 
shaped like those used by the students. The purpose is to acquaint 
students with a power wheelchair while mitigating the cost and 
safety issues associated with a new power wheelchair and new 
driver. 

Categories and Subject Descriptors 
I.6.0 [General [Simulation] 

K.3.1 [Computer Uses in Education] 

K.4.2 [Social Issues] 

 

General Terms 
Performance, Design, Human Factors. 

Keywords 
Mobility, Simulation, SecondLife. Virtual Environments, 
Training, Wheelchairs. 

1. INTRODUCTION 
Power wheel chairs grant individuals with limited mobility 
freedom of movement. If a power chair is chosen to enhance 
someone’s lifestyle, at some point the operator will need to learn 
to drive it in the environment they plan to use it. Power wheel 
chairs are made from metal and hard plastic, normally weighing 
over three hundred pounds; and can travel upwards of ten miles 
per hour. In the case of children with mobility issues, especially 
those who have had no experience moving at even close to that 
velocity and mass; furniture, walls and even pedestrians beware, 
new operators are in the halls. I propose to create a low-cost and 
easily configurable power-wheelchair drivers education simulator. 
A virtual environment offers incredibly rich opportunities for 
configuration. In some cases it can offer a perspective that mirrors 
what is visible to the trainee in ‘real life’. One such environment 

is the MMORPG (Massive Multiplayer Online Role Playing 
Game) SecondLife. 

2. PREVIOUS WORK 
Useful computer simulators for wheelchair operation have been 
explored by academics since the least the 1990s, and as the area 
has matured, study has moved from general to specific and with 
the progression of technology. This sample from the large body of 
work falls into three categories, those that use wheelchairs, parts, 
such as the control arm and those that do not use either. 

2.1 Previous Simulators 
2.1.1 Whole Chairs 
Recently Archambault compared operating a virtual power 
wheelchair with a physical chair. His participants were all healthy 
adults, radically differing them from the population this project is 
defining itself to help. The author’s comparison found it "…was 
significantly different for the more difficult tasks and for those 
requiring backwards driving, such as a lateral maneuver (pivoting 
in place)." [3]. 

Adelola created a solution that received input from any 
wheelchair's wheels [4]. The user would operate the chair 
normally and the avatar would move through the virtual 
environment. Unfortunately no user studies were performed. Also, 
the environment was created in AutoCAD, so changes were only 
possible if someone understood this program. Obviously, a fully 
functional power wheelchair was required, eliminating any ability 
to 'try before you buy'. 

2.1.2 Partial Chairs 
Rossol had eight graduate students with no mobility issues use a 
modified power chair that controlled an avatar in a virtual 
environment [6]. While the rendering software was open source, 
which made it more available to the end user for reconfiguration. 
It used a power chair, which is an expensive investment and is at 
least temporarily inoperable as a simulator. 

Desbonnet also rendered with AutoCAD but also incorporated an 
open source environment, World Toolkit. They used a functioning 
control arm from a power-chair for accuracy but it limited cost 
effectiveness [5]. It was also suggested a tilt platform be utilized 
for realism, which would unfortunately trade off cost and 
potentially portability if evaluation and training needed to occur in 
different environments, for instance if the end user had severe 
mobility issues. 

2.1.3 Chairless Simulators 
One early example was Stredney exploring the integration of the 
new ADA (Americans with Disabilities Act) standards and 
stereoscopic polarized lenses to view the virtual world as a means 
to explore what this new environment would be like [1]. 
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Shortly afterwards Hasdai compared novice and experienced child 
wheelchair users in a maze with a joystick interface. 
Unfortunately realism is called into question in the author's own 
discussion section, "...the two-dimensional simulator program 
used in this study was relatively basic and unsophisticated" [2]. 

Herrlich addressed several of these issues by rendering this 
environment with the Unreal 3 engine [7]. While this is 
potentially a lower bar for configuration when compared to 
commercial solutions like AutoCAD; it is still a hurdle for non-
computer users. There was no user study done and the interface 
was a joystick and not modified for people that need fine motor 
control support. 

2.2 A Potential Virtual World 
Studies have shown people who are in wheelchairs in real life 
have enjoyed full mobility in SecondLife. This could offer 
students the opportunity to become familiar with the interface and 
increase social interactions as well as improvements to self-
esteem as described in Stewart’s work [8]. Dancing is described in 
several places in SecondLife as well as in Stewart’s work as a 
very common activity. 

3. REALIZING THE MENTOR’S VISION 
3.1 Mentor Expectations 
Initial expectations for this project were communicated in the 
form of a brief paragraph from the instructor of IS698, Dr. Amy 
Hurst. Communication with a professional in the industry was 
established via email. The professional would be a both a mentor 
and a stakeholder, who would define the scope of this deliverable 
and receive the final product. A meeting, phone conversation and 
several emails clarified their expectations. 

3.2 Proposed Solution Physical Draft 
One of the most important constraints for this design is the ability 
to be used with multiple types of wheelchairs without knowing the 
specifications in advance. This was met with a simple design that 
used inexpensive materials, which could be easily modified. The 
design had three iterative drafts that provided information for the 
final draft. PVC pipe was chosen because of its low cost and ease 
of manipulation. It is also relatively strong and has many types of 
uniform connectors. Finally, it’s curved surface meshes well with 
our joystick, which is also curved due to ergonomics. 

3.2.1 First Draft: materials test 
The first draft explored the need of a stable mounting surface with 
the ability to be mounted to various angled wheelchair frames. 
This was achieved with two 90-degree elbows connected to a t-
shaped pipe, with the supporting leg attached vertical element. 
(see Figure 1). These connections are not glued and allow three-
hundred-sixty degrees of rotation. This is desirable because one 
solution should fit many chairs. Also visible in Figure 1 is the 
threaded connector on the vertical element. This was the most 
robust choice available and used to reinforce the areas of the 
design that potentially will receive the most strain plus wear and 
tear. The next draft explored modifying store bought pieces. 

 
Figure 1. First draft: T-Joint detail. 

 

3.2.2 Second Draft: Testing Stability 
The second draft sought to better seat the controller and produce a 
platform that more closely resembled the scale of arm of a 
wheelchair. This manipulation was done with ratcheting PVC 
scissors, which cost less than $20 and are within the budget of this 
project to provide to the final user. The length as well as the width 
of the platform was shortened with single ‘snips’ at each point, 
which required minimal physical effort. This version was 
mounted on a chair with gasket clamps, which can be easily 
replicated on the frame of a wheelchair. Alternately, the diameter 
of the PVC should fit inside the tubular constructions of most 
wheelchair frame. While this fixed most usability issues, stability 
at the expense of tight, button-activating connectors became a 
problem. To combat this the platform needed both more stability 
from twisting stress as well as more places to connect the 
controller. 



3.2.3 Final Draft: Ready for Stakeholder Feedback 
The third draft addressed small forward stability issues and 
offered a means to attach the controller without inadvertently 
activating the buttons on the front or top. The two long supports 
each had a cross socket introduced which were then tied together 
and capped (figure two). Potentially this will be nearly identical to 
the prototype that is submitted to Kennedy Krieger with the 
exception of the frame of the future version being more 
permanently secured to the PS3 controller. Progress has also been 
made on the electronic part of the prototype. 

 
Figure 2. Final draft: Detail support piece. 

3.3 Exploring SecondLife 
A temporary SecondLife account was created and several newbie 
friendly areas were explored with ‘New Citizens Incorporated’ 
(NCI) selected based on its approachable administrators and its 
comparatively large amount of citizens. Associating the PS3 
controller with second life is a straightforward process, once the 
steps are known. The preferences in the SecondLife Viewer allow 
different controllers to guide the avatar. This particular controller 
gives false signals, which require the yaw (rotation) to be shut off. 
There is currently no work around but should be addressed with 
future builds. Other joysticks are supported, and could easily be 
tested for usefulness as the PVC frame is designed for flexibility. 
Next a power wheelchair was purchased through the SecondLife 
Marketplace (SLM) (https://marketplace.secondlife.com/). It 
should be noted, classrooms, buildings, elevators, trees, toys, balls 
and a myriad of other physical objects to navigate around and 
through can be found on the SLM. I then explored how personal 
space works. Land is rented, normally through intermediary 
"realtors" unless vast tracks are required which are rented from 
the parent company. Private land is slightly more expensive but at 
the current exchange rate of $L238 (Linden Dollars) to one USD, 
space ranges between one and five USD a week. 

3.4 Feedback from the Mentor 
Overall the mentor was very pleased. At the 12/11 poster session 
the co-originator of the association between our department and 
Kennedy Krieger and I had a frank discussion about her taking the 
prototype that evening. However a few issues need to be either 
addressed or mitigated before final delivery. Land in SecondLife 
is rented. While the cost is negligible (normally less than ten 
dollars a month) will a regular budget item at KK exist for this 
expenditure? This budget will also need room for additionally 
small expenditures for buildings, classrooms, elevators and any 
other piece of the environment they wish to use. During original 
configuration the camera was severely misaligned and requires 
regular tweaking. This will be solved with Kennedy Krieger's own 
avatar or group of avatars. A process for adding padding or an air 
bladder for the inside of the joystick needs to be established for 
different degrees of fine motor disability. Space between the arm 

support pipes should be filled with a non-latex supportive 
material. 

 
Table 1. A Timeline of project deliverables 

Deliverable Date 
Use a joystick to operate the avatar. Begin to 

gather specifications on real power chairs. 10/16/12 

Build an object in SecondLife that has the 
general functionality desired. 

Continue gathering specs. 
10/23/12 

Hurricane Sandy 10/30/12 

Proof Report. Poster Submit. 11/6/12 
Interim Report.  

Gather joystick handle, and arm 
specifications/dimensions. Build arm. Buy SL 

wheelchair. 

11/13/12 

Map PS3 to resemble real PWC functionality. 
3D model and print joystick handles. 11/20/12 

Create a usable wheelchair in second life that 
is controlled by a joystick. 11/27/12 

Submit Poster. 12/4/12 

Poster Session 2 12/11/12 

Final Paper 12/18/12 

Turn prototype over to Julia Klag for use January 2013 
 

3.5 Timeline 
The proposed timeline is details in Table 1.  
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5. CONCLUSIONS 
When this prototype is delivered, the hope is that simulator will be 
relatively quick, easy and inexpensive to modify. PCV sells for 
less than a dollar a foot in a myriad of diameters with many 
fittings and caps. While slightly more dangerous than an ordinary 
pair of scissors, the PVC scissors are similar to operate. Complete 
configurations are available for relatively small monetary 
expenditures and if this is an option, these configurations can be 
created by individuals with no training and only some experience. 
The most expensive part of this interface other than the computer 
is a twenty-five dollar game controller. This should prove to be a 
solution that can be modified or even created by an Occupational 
Therapist for under fifty dollars and potentially in less than a 
dozen man-hours. 
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