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Abstract. Despite a rapid technological evolution in the field of technical assistance for people
with motor disabilities, their ability to move independently in a wheelchair is still limited. New
information and communication technologies (NICT) such as augmented reality (AR) are a real
opportunity to integrate people with disabilities into their everyday life and work. AR can af-
ford real-time information about buildings and locations’ accessibility through mobile applica-
tions that allow the user to have a clear view of the building details. By interacting with aug-
mented environments that appear in the real world using a smart device, users with disabilities
have more control of their environment. In this paper, we propose a decision support system
using AR for motor disabled people navigation assistance. We describe a real-time wheelchair
navigation system equipped with geological mapping that indicates access path to a desired
location, the shortest route towards it and identifies obstacles to avoid. The prototyped wheel-
chair navigation system was developed for use within the University of Lille campus.

Keywords: Geological Mapping, Augmented Reality, Wheelchair Users, Short Path, Inclusion,
Smart Glasses, Accessibility.

1 Introduction

Currently, around 1% of the general population uses wheelchairs. For 850,000 of
these people, motor deficiency is predominant. Despite the existence of several New
information and communication technologies (NICT) which can be used to help and
assist them, most of the research done concerns sensory disabilities, namely deafnhess
and blindness. However, living conditions improvement for people with motor disa-
bilities could represent an immense hope for them. This improvement includes mobil-
ity assistance, which consists of guiding them during their travels. This assistance
covers the journey from a source point to a desired destination. It concerns public
transport, information on places accessible to people with a wheelchair, tourist infor-
mation, etc. Each person has some specific criteria for choosing a path while moving
from a place to another. Normal people usually choose the shortest path, but disabled
people may choose a longer route that does not include an uphill for example. They
do not have the ability to make their own choices for their movements. They usually
try to memorize routes and accessibility information for every environment they visit
which can be problematic in future times if building architecture has been changed, in
case of an under-construction road, or the presence of a dynamic or static obstacle that



could vary from his previous experience. Motor disabled people cannot even easily
try a new route because they do not have the information about the surroundings and
feel disposed to various kinds of risks such as being blocked in front of a building
with no elevator. Many wheelchair users balk to visit a foreign place, as they have no
information about the new environment and its accessibility conditions[1]. Some
wheelchair users may address these obstacles and others may not. Therefore, obstacle
detection becomes an important point while dealing with wheelchair users. Obstacles
include narrow aisles, lighting, bad weather, sidewalk width, door handles and/or door
pressure, gravel surfaces, etc.[2].

Navigation assistance becomes a crucial point for people with motor deficiency.
NICT are a suitable option to improve motor disabled people inclusion in their envi-
ronment while moving. Among various technologies that exist nowadays, AR tech-
nology is suited to make motor disabled people life easier and more comfortable. This
technology mixes real and virtual objects using the 3D interaction devices of virtual
reality in real space.

2 Related Work

In the literature, various studies have been conducted to detach wheelchair users
from dependency. They have been working on social inclusion improvements of mo-
tor disabled people. In [3], authors have classified motor disabled people into differ-
ent categories based on their hand stability, and have evaluated various types of inter-
faces. In [4], a smart wheelchair that can be controlled by gestures has been presented.
As well [5] submitted a smart and powered wheelchair based on pattern recognition
that could help users become more independent without much physical effort. Ac-
cording to many studies, the number of motor disabled people has been increasing
worldwide and there should be solutions able to provide autonomy for wheelchair
users. In [6], [7] authors have developed a robotic arm, allowing wheelchair users to
individually collect an object from a shelf. [8] has presented an algorithm which re-
turns the optimum path from a source to a destination, and re-orients the user if an
obstacle is detected along the path. In fact, navigation path has been studied in robotic
movement context [9], [10], [11], where the robot studies all environments and pro-
poses a path to reach the destination while averting any obstacle that can be found in
the user environment. Navigation path is based on several approaches such as me-
taheuristic techniques: genetic algorithm, Dijkstra algorithm, graph theory, etc. These
algorithms are designed to provide the optimal path. In [3] authors described an appli-
cation based on AR and radio frequency identification (RFID) technologies allowing
wheelchair users to do shopping and browsing independently with the help of a
smartphone or a tablet. Besides, the smart glasses “Glasschair” are used to control the
electric wheelchairs with the help head movementst.The meaning of the word AR is
vast; some of the expert uses a general meaning for it, although others mean some-

1 https://www.rehacare.com/cgi bin/md_rehacare/lib/pub/tt.cgi/GLASSCHAIR_Controlling_wheelchairs_with_smart_glasses.html?0id=46573&lang=2&ticket=g_u_e_s_t
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thing very definite. AR, as a technological facilitator, is becoming on top of charts in
different fields such as health, education, science, navigation, etc [12].

In the literature, a small number of studies have been dealing with the wheelchair
user’s requirement using AR. In the previous studies, numerous methods with very
different approaches for motor disabled people movement assistance have been pro-
posed. However, none of these systems provides real-time navigation assistance with
obstacles management for wheelchairs users.

3 Solution architecture

3.1 Presentation

With the help of ORA-2 [1] a smart glass that features mobile computing and AR,
the ARSAWP (augmented reality system for the assistance of wheelchair people)
gives an augmented touch to accessibility information. It is an innovative way to in-
teract between users and accessibility information in the real world; it gives a secure
guidance from a place to another. ARSAWP ensures real-time navigation, provides
the shortest path to the destination and redirects the user to an emergency route in
case of obstacles are encountered.

3.2  Solution features

Fig. 1 represents the global architecture of ARSAWP system, which is composed
of AR and Android technology combined. Wheelchair user connects via his profile to
the ARSAWP system. All of these flows and connections are managed by a connec-
tion management system.
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Fig. 1. Global architecture



Wearing the AR smart glasses, wheelchair user is able to choose a place to go to
among several destinations according to his current location. But before that,
ARSAWP gives him a glimpse of accessibility information concerning the desired
destination whether it is accessible, accessible with assistance or not accessible at all.
Once the user has chosen his destination, ARSAWP will proceed to creating the ac-
cessibility graph towards the desired location in real-time according to the user’s GPS
coordinates and the area cartography. We propose an innovative method based on
Dijkstra algorithm to calculate the shortest path. In case there’s an obstacle blocking
the user’s way, he can report it. The ARSAWP can then proceed to rerouting to an-
other obstacle-free path. If obstacles are already reported by other users, then obsta-
cles management is handled in terms of notifying wheelchair users of potential obsta-
cles reported that is when a redirection process towards an emergency route is applied
by modifying the proposed algorithm based on Dijkstra algorithm. ARSAWP handles
a real-time display of obstacles and paths on a map using google maps API. This op-
eration is managed by applying the proposed method based on Dijkstra algorithm
alongside accessibility graphs and Google maps API. All these data are stored in a
local database and a remote database hosted in a cloud server. Each reported obstacle
is recorded in a Firebase, which is a real time database, so that ARSAWP can instan-
taneously display the obstacles on the map.

3.3  Methodology implementation

Fig. 2 shows the proposed algorithm flowchart combined with the real-time behav-
ior of our system. The algorithm ShortPath() returns the optimum path from source to
destination. It uses the following arrays:

Visited[i]=1; if the shortest is found from srctoi | Visited[i]=0; if not
d[i] denotes the optimum distance from ‘src’ to ‘i’ | parent[i] denotes the parent of node ‘i’ in the shortest path

Get the user’s location(s_Ing,s_lat)

and his desired destination (d_Ing,d_lat)

S =DrawPolyline(s_Ing, s_lat, d_Ing, d_lat)

S =UpdatePol
d
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s _laf Ing. d_lat

Move to the next marker ‘n*in S on map

Last marker (s_Ing,s_lat) =n

Obstacle
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Add obstacle on real-time database ()

Show real-time obstacle on map ()

Fig. 2. Algorithm flowchart
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4 Simulation and results

Various tests were performed for different scenarios (location not accessible, a
route with obstacles and accessible with assistance) in Lille University in the north of
France. We considered students using wheelchair to test the developed prototype.

4.1 User scenario 1: Navigation with obstacles

In this use case scenario, whenever obstacles have been reported in the path select-
ed by the user, ARSAWP handles obstacles management by notifying him and redi-
rects him towards an alternative route proposed by our proposed algorithms as shown
in Fig. 11. At the same time, ARSAWP displays in real-time obstacles and paths on
the map that are saved in Firebase, which is a real time database.

4.2  User scenario 2: Desired destination accessible with assistance

If the user has to choose a place to go to according to his current location,
ARSAWP notifies him that this location is accessible with assistance. For instance, if
the entrance door that is not wide enough as shown in Fig. 3, our system suggests
finding assistance for him. It can also notify him in real time whether the toilets in the
first floor are in service or not. Once arrived at destination, ARSAWP checks if the
user has arrived at destination. If this is the case, a gauge of satisfaction is proposed to
the user as shown in Fig. 3.
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Fig. 3. Navigation system and accessibility information



5 Discussion

ARSAWP system is primarily aimed at providing access information to wheelchair
users to avoid creating this wall of not getting the right and useful information. Our
solution meets the need of comfort and well being of people with physical and mobili-
ty impairments. In fact, after a long and an interesting discussion made with them,
they clearly expressed their expectations from this kind of system. Afterwards, we
collected all these data and were able to specify the main features of our system which
uses AR to increase the accessibility of buildings and locations through a mobile ap-
plication that allows the user to have a clear view of the building details such as the
existence of an elevator, an access ramp in the entrance and if they need assistance in
the entrance door. AR makes it possible for users to overcome limitations and diffi-
culties of the environment and allows new ways of understanding it so that wheelchair
users will feel at ease. By interacting with augmented environments that appear in the
real world using a smart device, users with disabilities have more control of their
environment and interact with several information that they could not access before.
The proposed algorithm validates the specifications and criteria that a system must
provide to wheelchair users in order to ensure a proper route and a smooth navigation
from a source to a destination by guiding them through the shortest path in real-time.
Besides, using AR and the proposed algorithm we provide the necessary accessibility
information about the destination and can notify the users of a blocked path and redi-
rect them to an emergency route for a better guidance. Most importantly, we need to
ensure that the next step would be to enhance the developed system to meet the ex-
pectations of wheelchair users whom we interviewed.

6 Conclusion and Perspectives

ARSAWP is able to help many wheelchair users providing accessibility infor-
mation and allowing them to navigate freely and surely from a source to a destination
in real-time. We aim to make this system available not only for wheelchair users but
for all people who present other kind of disabilities, the system will provide guidance
according to the user’s profile and to the type of disability. The next step will be to
make the experience more accurate. In fact, an obstacle verification service has to be
included to be certain of the integrity of the obstacle being reported. The best route
for people with physical and mobility impairments is not only the shortest distance
route from a source to a destination but also the route with minimum of efforts and
energy spent that is why distance is negligible compared with time because the more
wheelchair users spend time to get to their desired destination the more effort they
provide. So taking time into consideration is a must. In addition, we plan to make
ARSAWP system more comfortable and easy to use to meet the users’ needs by add-
ing vocal guidance as a feature.
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