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ABSTRACT:

Disability has been one of the most important problems of social communities throughout the ages. As population and
urbanization have grown dramatically over recent years, this problem has more and more created the gap between people with
disabilities and ordinary people in terms of access to resources, social services and social partnerships. Therefore, this study attempts
to demonstrate the ratio of presence of wheelchair users in a community compared to the total population of the same community and
evaluate their patterns of presence in different conditions, for example, various weather conditions. For this purpose, we used the You
Look Only Once version 3 (YOLOv3) algorithm which is a multilayer deep learning object detection tool to analyze and extract
wheelchair users from three different sets of images taken by a camera located in an intersection proximate to a rehabilitation center
in Quebec, Canada. The results show that the proportion of wheelchair users in the sample community is 7.4%, while the population

with mobility disabilities in Canada is 9.6%.

1. INTRODUCTION

Disability is a dynamic, multidimensional and universal
phenomenon that has been and continues to be present in all
societies. This phenomenon can occur during the life of most
people in a community, temporarily or permanently (World
Health Organization, 2011; Avades et al., 2016). The growth and
severity of this phenomenon depends on many factors, including
the increase in the world population, medical and technological
advances, environmental issues and access to resources, all of
which have been dramatically increased in recent years
considerably (Oberlink, 2006; Peters & Cotton, 2016). On the
other hand, the advancement of technology, urbanization and
access to various resources has resulted in the quality of life
improvement and the ease of everyday life, which has led to an
increase in life expectancy and a rise in certain diseases such as
diabetes (Centers for Disease Control and Prevention, 2017;
Klonoff, 2009; Centers for Disease Control and Prevention,
2017). Many of these diseases are considered to be causing or
intensifying the disability, for example, HIV and diabetes (WHO,
2011). Since most of these phenomena are taking place in the city
and the city also occupies a large part of the world's population
and, on the other hand, urbanization is expanding more
intensively (Khetani et al., 2014), therefore there is a strong need
to create an appropriate and smart urban environment for citizens.
Many cities do not have the proper infrastructure for people with
disabilities, and this creates an imbalance in the fair access to and
use of urban resources and services (Forsyth, Colver, Alvanides,
Woolley, & Lowe, 2007; WHO, 2002). The environment also has
a significant impact on the incidence of disability, so that in many
definitions, disability is defined in relation to the environment
(Botticello, Rohrbach, & Cobbold, 2014; Gleeson, 1999). In
many studies, the role of social participation and its positive
impact on the brain and physical functioning of all individuals in
a community, especially the elderly and people with disabilities
have been identified (Ashida, Kondo, & Kondo, 2016; a.S. et al.,
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2009; J et al., 2011; Véandanen et al., 2009). One of the most
important necessities in society is the mobility of individuals.
Mobility is one of the most basic and essential elements for
welfare and the main factor of social participation, but urban
spaces and pedestrians often do not meet these needs (Iwasawa,
Nagamine, Yairi, & Matsuo, 2015). The lack of infrastructure
and urban services for people with disabilities results in the
isolation of this part of society and lack of their participation in
the community. Therefore, this study seeks to establish a suitable
framework by using the power of new innovations in YOLOv3
algorithm for monitoring these individuals and their share of the
population in the community.

2. METHODS

Since its emergence, the YOLO! algorithm has been one of the
fastest and most accurate algorithms for identifying objects.
There are three different versions of this algorithm, each one was
one of the best in its time and this is approved by different papers
(Huang, Pedoeem, & Chen, 2019; J. Redmon & Farhadi, 2016,
2017;J. S. D. R. G. A. F. Redmon, 2016; Ren, Fang, & Djahel,
2017; Rijthoven, Swiderska-chadaj, & Ciompi, 2018). This study
was performed using the YOLOV3 algorithm and three sets of
images, while each set has obtained from a different source.
Figure 1 illustrates that the YOLOV3 algorithm consists of 106
layers called Darknet-53 (J. Redmon & Farhadi, 2017) and has
been changed compared to YOLOv2, such as the use of the
Softmax function instead of the Sigmoid function, as well as
identifying objects in three different scales using the concept of
feature pyramid networks and a complex 106-layer network (Hui,
2018). The mean average precision of the algorithm with the
trained data is 81.76% which is acceptable in this study.

The images used in this research are from a simple camera
located at an intersection in Quebec, Canada. The reason for
choosing this intersection is the proximity to a rehabilitation
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center for people with disabilities. The data was monitored over
a period of 4 months and from 6 am to 10 pm in a 15-minute
interval, resulting in a total of 60 photos per day. The obtained
photographs were analyzed using the YOLOv3 algorithm, and
the two desired objects, normal people and wheelchair users,
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were extracted from images.

3. RESULTS

This study covers a period of 134 days starting on 29/03/2017
and continuing until 09/08/2017. Chart (1) shows the results
obtained from these 134 days and indicates a lower percentage of
wheelchair users share in the first month of the study (the first
month of spring) compared to the first month of the summer,
which is affected by atmospheric changes and weather condition
in the area which created restrictions for wheelchair users. The
results show a correlation between temperature and presence of
the wheelchair users on the community. The collected data from
the heat sensors placed with the camera at the intersection shows
that an increase in the temperature will cause a rise in the number

Figure 1. YOLOV3 network Architecture

of wheelchair users seen at the intersection. Overall, the
percentage of wheelchair users participation is 7.4% compared to
normal people and this ratio is only obtained from the number of
wheelchair users and normal people in the photos, while the
percentage of the people with mobility disabilities in Canada is
10% (Morris, Fawcett, Brisebois, & Hughes, 2017). However,
this proportion of participation of wheelchair users is also
affected by the proximity of the intersection to the rehabilitation
center for people with disabilities, also the accuracy of the
algorithm should be taken into account.
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Chart 1. Relation of temperature and presence of wheelchair
users

Chart (2) shows the number of wheelchair users and normal
people based on different hours of the day. The correlation
between these two graphs is 93.6%, however, there is a
considerable difference between social activities of wheelchair
users and other people. As displayed in the chart, the initial peak
for normal people happens around 09:00, while for wheelchair
users it happens around 12:00. This difference can be caused by
many reasons, for instance, the high age of wheelchair users, the
lack of employment of these people or avoiding the traffic jams
in the morning. The numbers in both groups start to decrease after
12:00, although by 15:00 they again start to increase. Between
16:00 and 18:00 they experience a dramatic fall, and after 18:00
they decrease steadily until 22:00.

Chart of wheelcair users and people in different hours of day
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Chart 2. Number of wheelchair users and people in different
hours of the day

4. CONCLUSION

In all societies, there are constraints for people with disabilities
both in terms of structure and environmental effects. While the
presence of wheelchair users can be affected by the weather
condition, generally, it follows the same pattern as the presence
of the normal people, i.e. when the number of normal people
increases at the scene, the number of wheelchair users is also
increasing almost by the same proportion. Also, the hour of the
day is a determining factor in the presence of the wheelchair users
which is illustrated by Chart (2). Overall, it can be said that the
presence of wheelchair users and normal people follow the same
pattern and the proportion of wheelchair users in the community
often remains constantly around 7.4%.
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