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Abstract: Physical disabilities significantly impact indiwidls' ability to perform activities of daily livingADL), leading
to reduced autonomy and difficulty to accomplisiydéving tasks. One such barrier is the diffiguthr inability to open
doors, preventing access to different rooms inrtfesidence (bathroom, bedroom, etc.), rooms akwar shopping
areas. Existing solutions, such as robotic armsvieeelchairs and door openers mounted at the tajfpafs, remain
expensive, complex to install, and relatively dififit for the target population to use. Addresshig thallenge, this study
introduces a Robotic Wheel Door Opener System (R\WWDd&signed to facilitate the opening and closiinthe door.
The RWDOS is installed at the bottom of a door iarmbntrolled remotely through a smartphone appticaThe paper
presents the mechanical design and control sydterg aith a cost analysis. It concludes with iditesults and outlines
the future directions for the project.

1 Introduction 2 Literaturereview

The inability to use one's arms or hands to grasp, Existing solutions to open doors, such as assistive
manipulate, and move objects significantly limita a humanoid robots, robotic arms installed in wheelsH#],
individual's ability to perform daily living taskejork, and and automatic door openers and closers above tird&lp
leisure activities. This is a common challengedeople can be expensive, and a significant proportionatéptial
living with physical and cognitive disabilities, weh users are unable to afford these assistive deviedact,
restricts their activities of daily living (ADLs)a, in turn, the leading reason for not obtaining the assistie@ce
affects their autonomy and quality of life [1]. Maver, a needed is cost (77% of the reasons) [7]. In additome
study revealed that the risk of ADL impairment e&ses installation of these assistive devices can become
with the number of chronic diseases in both middied complicated due to several factors and, as a rdsotier
(45-59 years) and older adult (60-74 years) gr¢gps the implementation of these solutions.

An example of a crucial and simple ADL task essénti  In the case of assistive humanoid robots, the
for daily life is opening a door. This action allewsers to complexity of installation and maintenance requires
access different rooms in their residence (bathroorspecialized knowledge and infrastructure, which may
bedroom, etc.) and enables them to go out for worke readily available in all homes. Furthermores¢h®bots
shopping, and other needs outside the home. Theultly often need significant space to operate effectjwelyich
or inability to open a door autonomously and safep can be a constraint in smaller living environmehtstly,
significantly impact a person's ability to maintdimeir ensuring that the robot is compatible with the urigeeds
ADLs, level of autonomy, and overall quality ofdif and preferences of each user adds another layer of

To address this problem, home adaptations have badifficulty, as it often requires customization aoxgoing
developed. A systematic review has shown that addles adjustments.
housing has a positive physical and cognitive irhjec As for the robotic arm on a wheelchair, the coshese
patients' health [3]. However, in 2017, 13% of Ghaas advanced assistive devices can be prohibitive,tifigi
with physical disabilities indicated that they werable to their accessibility for many users. In fact, thashnology
obtain the accessibility features and aids that treeded is mostly used for various tasks such as pick dpr&k or
in their home [4]. a phone. Moreover, the installation process can be

complex, requiring modifications to both the whéelic
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and the home environment, which may not always ba the air and by increasing adherence betweemvtiezl

feasible or practical. Additionally, the roboticraneeds to
be finely calibrated to ensure it can operate vexitypes
of door mechanisms reliably, which can be challeggn
diverse home settings. The integration of suchrieldyy
with existing wheelchair systems also demands afieed

maintenance and troubleshooting, which may not be

readily available.

Finally, door openers installed above doors, alghou

cheaper and less complex than the previous sohtiiiti
require significant modifications to the existingod
structure and hardware, which may not be feasibdmme
cases or need the intervention of a techniciandtail the
device correctly, which will increase the coststfar user.

The originality of this article lies in its develment of
a robotic door opener system designed througlesative
process that closely involved occupational thetapasd
potential users. Specifically, the system is desigto be
low-cost and easily installable on a door withadquiring
any modifications to the door itself. The systenapd
mechanically to uneven surfaces and can be comtrolh
a smartphone. The system was refined through aanis
feedback from actual users, ensuring that it effelt
aligns with their specific needs and constraints.

3 Objective

and the floor.

Figure 1 Side view of the WRDOSfixed on a door

The wheel is directly connected to a 25GA-370 DC
motor (6V 280 rpm), responsible for its rotationvament.
The DC motor, shown in Figure 2, was chosen to rensu
the door can open in less than 10 seconds. Theagasio
achieve an actuation time that is not too longtlier user,
while being slow enough for safety considerations.

The goal of this project is to enable people to

independently move between different rooms
accessibility, autonomy, reduced need for assistazued

access to commerce and work. To achieve this goal,

objective of this study is to design a Robotic WHaeor

Opener System (RWDOS) that can be installed instiser

residences and be controlled remotely. In such eraiins
project will ensure accessibility for people livingith
upper limb disabilities. The main evaluation ciigiexill be
manufacturing and installation cost, efficiencyorey as
installation simplicity.

4 Development
4.1 Mechanical design

The RWDOS design includes a motorized wheel fixed

to a door, as shown in Figures 1 andThe 62-mm

diameter wheel is attached to a two-bar mechanisn t

allows the wheel to move vertically, adapting teven
floor levels during the opening or closing of thead If the
mechanism were simply a rigid bar, the wheel cdode
contact with the floor at some points, or the fleould
exert significant force on the assembly at othentsadue

to its unevenness. The two-bar mechanism compens

for vertical floor height variations but cannot apphe
necessary force to keep the wheel in contact Wwétfloor.
To address this, a pair of springs was added tontbebar
mechanism at the junction between the wheel sugpott
the base. These springs, shown in Figure 1, keeplteel
in constant contact with the floor, preventingdrh rolling

for

Figure 2 Front view of the wheel door opener system
4.2 Algorithm and on-board computer system
The DC motor, and consequently the door's movement,

e controlled by a microcontroller (ESP32 MH-ET

inikit) through a motor driver (L298N). When the
microcontroller receives the appropriate signactivates
the DC motor to produce the desired door movenidrd.
components are powered by a 9V battery placeckabih
of the RWDOS. A functional scheme of the whole syst
is shown in Figure 3. The section below descrilletha
considerations taken to develop the RWDOS.
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Figure 3 Functional diagram of the wheel door opener system

As mentioned, the DC motor must be actuated at a

speed that allows efficient and safe opening/ctpsiithe
door. To this extent, a 1.5s — 7s — 1.5s speedlgrof
(acceleration phase of 1.5s, constant speed pfidseaad
deceleration phase of 1.5s) has been chosen fobthe
motor's operation. However, a challenge is thattitine
required to open a door can vary depending onifasteh
as the door's size and weight. A pre-programmedioge
duration that is too short would prevent the dawmnf
opening completely, while a duration that is tong@ould
result in a collision between the door and a w@h. the
other hand, an adjustable duration might be curobezs Door Qpener Control App
and less intuitive for the user. Open the door
To that end, an ultrasound sensor was installethen
front side of the RWDOS (see Figure 2). When arathj
such as the wall, is detected within a predeterchiaage,
the motor will immediately stop.

422 User interface
Many options can be used as the user interface for

opening or closing the door, each with distinctaattages

and drawbacks. For instance, a push button could be

installed on the door, connected either via a vdre

wirelessly, but this requires the patient to phgiéjcreach

and press the button, which may be challenginghose

with limited mobility. A classic IR remote controbuld be ¥ %

used, but this would require the user to always/dgawith -

them and can suffer from signal loss when theranis Figure 4 Wheel door opener control application

obstruction, such as a door, between the remotettand ) )

receiver. Presence detection systems, such as asmep  Discussion

although effective, are often prohibitively expemesand In this paper, the design of a Robotic Wheel Door

complex to implement. In contrast, a smartphon®pener System (RWDOS) was presented. The general

application, as shown in Figure 3, offers a supesatution objective of this project is to enable people to

by allowing the door to be opened from a considerabindependently move between different rooms for

distance with ease, making it accessible for a wadge of accessibility, autonomy, reduced need for assistazed

users. access to commerce and work. At this point, the RY8D
can open and close a standard door in less thaacthds
successfully. Additionally, the response time te trder
sent by the smartphone application is almost itaterous.
The ultrasound sensor allowed a quick reactionhef t
system in case of room wall detection, stoppingntia¢or
before any physical contact. Finally, the costha first
prototype has been evaluated at 300 CAD as shown in
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Table 1. Nevertheless, this cost analysis was basdtle References
production of approximately ten prototypes using1] Gouvernement du Québec, Understanding the sause

prototyping components. If the project reachesthge of
manufacturing for personal use, fabrication proegssd
product design will be reviewed to reduce the cost
make the product more accessible.

Table 1 Cost analysis of the project.

Parts/componer 5%
Raw material 25%
Manufacturing Process 110 $
Other costs (maintenance charges, 40 %
training for users, et

Subtota 250 $
Unforeseen (as a percentage adde 20%
the subtota

Total 300%

and recognizing the signs of loss of autonomy in
seniors, [Online], Available: https://juridigc.gage.c
al/en/seniors-experiencing-a-loss-of-
autonomy/understanding-and-planning-for-a-loss-of-
autonomy/assessing-and-preserving-your-
autonomy/understanding-the-causes-and-recognizing-
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[21 Jun 2024], 2024.

[2] Al, Z., TANG, C., WEN, X., KARTHEEPAN, K.,

TANG, S.: Examining the impact of chronic diseases
on activities of daily living of middle-aged anddef
adults aged 45 years and above in China: A national
representative cohort studyrontiersin Public Health,

Vol. 11, pp. 1-10, 2024.
https://doi.org/10.3389/fpubh.2023.1303137

[3] CHO, H.Y., MACLACHLAN, M., CLARKE, M.,

6 Concluson

The future of this project will primarily involve
validating the device with rehabilitation professds and
end-users. In other words, the device will be tkste
household environments with the involvement of

MANNAN, H.: Accessible home environments for
people with functional limitations: A systematic
review, International Journal of Environmental
Research and Public Health, Vol., 13, No. 8, 826, pp.
1-24, 2016. https://doi.org/10.3390/ijerph13080826

rehabilitation professionals to evaluate its peadti [4] GAMEY, J.. What is ‘accessible housing’ and why

usability and impact on daily rehabilitation acties.
Indeed, gathering feedback from real users widgential
for evaluating the system's efficiency and usesfattion,
thereby informing iterative design improvementss&h
on the results and feedback received, the systditbevi
enhanced. Additionally, technical improvements voii
made to the device, focusing on sourcing partetinge

costs and redesigning elements for cost efficienc{5.]

Through these efforts, we aim to refine the robasisistant
system to better meet the needs of therapists atiehfs,
ultimately contributing to a higher quality of caesmd
increased independence for users.
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