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Featured Application: A precise architectural design of a building adapted for wheelchair users
by realistic virtual navigation, with motion platforms, body tracking, and a VR headset. It was
remarkable for its potential use in training wheelchair users for diverse scenarios.

Abstract: Accessibility regulations towards building design and public places are more restrictive
than in past years. Along with energy efficiency, accessibility is one of the pillars of an optimal
building design. However, even buildings adapted for actual regulations are not always optimal, and
there is still much to do to avoid adding more difficulties for people with disabilities. We proposed
a wheelchair-user-assisted design methodology based on iterative bidirectional communication
between a wheelchair simulator user and the building designer to reach the optimum specifications
for an accessibility-friendly design. First-hand experience may be crucial to detect obstacles hardly
noticeable to people with no impairments. To this end, VR technology was employed along with the
mentioned wheelchair simulator to show the advantages of this kind of device when working on

real-life experiences.
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1. Introduction

Recently, the complexity and fragmentation of the building design process have con-
siderably grown, mainly driven by increasing specialization and tightening of regulations.
This fact has led to a significant increase in the availability of design support tools intended
to facilitate aspects of the design process.

In the phases that comprise the design of a building, a series of standards must be
met. Urban infrastructure and services are generally designed based on people without
impairments, and the specific needs of people with disabilities are often not taken into
account in the development of cities, public places, buildings and services [1]. Designers are
usually trained to design for a theoretical “average” person who does not exist. Universal
design was born with the purpose of designing products or environments that suit a broad
range of users, including children, older adults, people with disabilities, people of atypical
size or shape, people who are ill or injured, and people inconvenienced by circumstances.
In architecture, universal design means creating spaces so they can be accessed, understood,
and used to the greatest extent possible by all people, regardless of their age, size, ability,
or disability. From the arrangement of the rooms to the choice of colours, many details go
into the creation of accessible spaces [2]. Universal design is about looking at the project
from the perspective of the end-user and involving them in the design process. This was
the aim of the system presented in this paper: incorporating into the design process a type
of user that is not always considered when designing buildings.

When considering a wheelchair user, an element designed in compliance with all
current regulations may not be the optimal solution or may not even be usable. For
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the application used a virtual 3D model of the wheelchair with real dimensions and was
continuously checking if it fits the virtual trajectory, the perception problems of users with
eyeglasses would not be relevant in this case. However, there could be other analyses
where such distorted perception could lead to unreliable feedback. Therefore, this aspect
should also be considered and detected during the training phase.

The WUAD workflow not only proposed a new methodology that integrates universal
design standards but also demonstrated the advantages of using VR applications in research
and development fields. Although WUAD used a wheelchair-based simulator, it would
also be possible to use the VR device alone. For example, the virtual 3D model of the
wheelchair could be operated from other types of peripheral devices instead of a physical
wheelchair, such as keyboards or game controllers, which can be easily connected to Unity.

6. Conclusions and Future Work

In this work, we presented a proposal that contributed to further improving the
accessibility of buildings by promoting communication between wheelchair users and
designers. Being aware of the necessities people with any kind of disability have is crucial
to maintaining fairness and helping them live their lives with no more difficulties added. It
brought together the ideas of universal design, the achievements of wheelchair simulators,
and the advantages offered by virtual reality (VR) for the built environment.

WUAD should not be seen as a static method but as a different methodology, which
implies taking advantage of VR applications for simulations and iteratively reporting
suitable changes for a better and more practical design.

From this point of view, future work could be directed towards improving the VR
application, and the communication channel used to report changes in the proposed
method. Furthermore, it is planned to improve the report generated, increase the variety
of markers, and develop a multi-user online mode where the designer can be a passive or
active witness to the exploration phase.

It would also be interesting to analyse the usability of the application and to study if
the designed interfaces can be improved, as well as the format of the feedback between the
user and the architect and designer reports.

It is also necessary to study what percentage of users suffer from motion sickness and
if there are parts or actions within the application that cause symptoms in order to reduce it
as much as possible. In a way, our proposal could be considered as one more of the existing
tools to raise awareness about disability, which is essential to change the design paradigm.
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