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ABSTRACT

This study introduces the design of OlfaCare, a portable system to facilitate self-
assessment and rehabilitation for individuals with olfactory impairments. OlfaCare
provides real-time feedback, progress tracking, and interactive support to enhance
user autonomy and adherence. Through iterative prototyping and planned user
testing, the system demonstrates potential to improve olfactory recovery while
addressing accessibility and usability challenges.
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INTRODUCTION

Olfactory dysfunction, a partial or total loss of the ability to smell (Hummel
et al., 2009), is a common impairment. Multiple studies have shown that
it has a high prevalence in the population and negatively affects people’s
quality of life, psychological well-being, and safety of life (Deems et al., 1991;
Miwa et al., 2001; Temmel et al., 2002; Shu et al., 2011; Hiittenbrink et al.,
2013; Philpott and Boak, 2014; Blomqpvist et al., no date). The problem with
olfactory dysfunction is the lack of easy-to-use and accessible measures for
detection, rehabilitation, and monitoring.

This study investigates the feasibility of designing a more user-friendly
solution. The OlfaCare system is designed to bridge the research gaps by
providing a comprehensive, user-friendly solution for olfactory dysfunction.
The proposed solution consists of four main components: a portable
olfactory test box, odour capsules, a capsule case, and a mobile application.
Key features include olfactory testing and training sessions, progress tracking,
reminders and communication. The system is designed to enhance user
autonomy by offering a seamless, engaging experience that encourages
sustained participation in olfactory training, and future evaluations
and user feedback will further refine the system’s effectiveness and
usability.
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LITERATURE REVIEW

Olfactory dysfunction is a common disorder that shows partial or total
absence of the sense of smell (Hummel et al., 2009). It is estimated that the
general prevalence of olfactory dysfunction is 16%, and the prevalence of
anosmia (losing the ability to smell) is around 5% (Vennemann, Hummel
and Berger, 2008). Olfactory dysfunction is prominent in all age groups, with
19% of the population over the age of 20 and 24% of the population over
the age of 53 having different levels of olfactory dysfunction (Murphy, 2002;
Bramerson et al., 2004). These numbers tend to be lower than the number
of people with actual olfactory dysfunction due to a number of potential
patients who may not be aware of their reduced sense of smell (Mullol et al.,
2012).

Causes and Effects

The causes of olfactory loss are varied. Two major causes include sinus
disease and post-viral olfactory loss (PVOL) (Damm et al., 2004; Khan et al.,
2023). In addition, recent studies indicate that the COVID-19 virus can have
an impact on olfactory functions (Le Bon et al., 2021; Gudziol et al., 2022;
Schepens et al., 2023), causing more cases of olfactory dysfunction.

Olfactory dysfunction can have huge negative impacts on people’s life
quality. Studies have shown that it is mainly presented in several aspects:
difficulty in identifying spoilt food, reduced ability to eat and cook, difficulty
in perceiving gas leak and smoke, reduced enjoyment of eating, less awareness
of personal hygiene, etc. (Deems et al., 1991; Miwa et al., 2001; Temmel
et al., 2002; Shu et al., 2011; Blomqvist et al., no date). Also, decreased
capacity of olfaction has been shown to trigger depression (Pause et al., 2001;
Negoias et al., 2010). These factors may significantly affect the physical,
mental, and social well-being of people with olfactory dysfunction (Philpott
and Boak, 2014). In addition, difficulty perceiving dangerous scenarios
can also pose a threat to people’s life experience and even their safety
(Hiuttenbrink et al., 2013). These effects suggest that olfactory dysfunction is
a widespread and high-impact hidden disability.

Existing Testing and Rehabilitation Solutions

Although the principles of olfaction are still under research, some simple
detection and training methods can be effective. Odour devices and scales are
generally required for olfactory testing. A common testing method is Sniffin’
Sticks, which is an olfactory testing kit to detect olfactory dysfunction and
can be completed in several minutes. An odour dispenser stick is placed under
the subject’s nose, and the subject is required to identify the odour from a list
of four choices (Hittenbrink et al., 2013). While Sniffin’ Sticks are more
versatile and less costly, they have the disadvantage of not being portable
and needing to be performed in a clinic or laboratory.

Olfactory rehabilitation treatment relies on chemicals, olfactory training,
or other physical stimuli (Hummel et al., 2009). However, they are not
readily accessible or are difficult to operate. In contrast, olfactory training,
a non-pharmacological method that exposes patients to a variety of odours
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(Doty, 2019), is relatively effective and has minimal harm, and is therefore
widely recommended (Miwa et al., 2019; Hura et al., 2020). Besides, several
studies have shown that the olfactory pathway has neuroplasticity (Mainland
et al., 2002; Kollndorfer et al., 2015), and vision is strongly associated
with olfactory function (Gottfried and Dolan, 2003). This suggests that
multisensory stimulation using vision in conjunction with olfaction can help
to stimulate olfactory neuroplasticity to enhance olfactory sensitivity.

The most effective duration of training has yet to be investigated,
but most studies have set the duration at 3-14 months (Kattar et al.,
2021). For trainees, prolonged training may pose problems in compliance
and transparency, affecting the effectiveness of olfactory detection and
rehabilitation. In studies using physical diagnostic tools, commonly used
supervision measures include telephone reminders (Hummel et al., 2009)
and nicely designed user diaries (Birte-Antina et al., 2018). However, these
measures are difficult to motivate users to maintain their training habit
(Niedenthal et al., 2021).

With advances in electronic technology, new designs aim to utilise digital
interaction technology to improve adherence and participation in training
tasks for people with olfactory dysfunction. In 2021, Niedenthal et al. (2021)
presented Exerscent, an olfactory assessment kit based on Arduino and 3D
printing implementations. It consists of a base, RFID reader and tags, and
bottles containing odorous substances. The whole system can be controlled
by a computer where the user uses a laptop for olfactory assessment and
training. The device includes a gamified interface and has been tested and
proven to make it easier for users to detect and train their sense of smell
at home (Niedenthal et al., 2021). However, Exerscent’s wooden table mat
requires a relatively large space, and the system needs to be connected to a
computer. This may restrict users’ possibility to perform olfactory recovery
training outdoors. For users to persist with olfactory training, the training
device needs to be made more portable and accessible.

Problem Statement

Olfactory disorders have problems with low testing participation and
difficulties with in-home training. Only a relatively small proportion of
patients with olfactory disorders have formal assessment of olfactory
function on a routine basis (McNeill, Ramakrishnan and Carrie, 2007). This
may be due to the lack of a convenient, home-operated olfactory assessment
and assisted rehabilitation service on the market. At the same time, although
digital interaction technology reduces the ease of use and increases user
autonomy, existing methods are facing difficulties in supervising the users’
ongoing rehabilitation. Based on the above issues, this project proposes the
following research questions:

RQ1: How might we design a method to enable more portable and easy-to-
use olfactory assessment and rehabilitation service for people with olfactory
dysfunction?

RQ2: Is the proposed method effective in testing and rehabilitation?

RQ3: Does the proposed method make users more likely to use it?
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DESIGN PROCESS

This study adopts the Double Diamond Model as its approach (Design
Council, 2025). The Double Diamond Model is an effective method in
creating tangible and impactful designs (Shen et al., 2024). It involves
four processes: discover (background and user research), define (problem
statement and ideation), develop (prototyping of mobile app, electronic
functions and physical products) and deliver.

Ideation

The project summarised the common characteristics of young people with
olfactory dysfunction and created a user persona. The project is theoretically
suitable for any age group, but in its early stage, the users were identified
mainly as people aged 20 to 40. To explore the possible directions of
the project’s outputs, a brainstorming session based on digital olfactory
interaction technology was conducted by three students with a background
of disability design, and several possible directions were generated.

« Difficulty in recognising expired food

e Loss of interest in food
Alex lost part of his sense of smell * Problems with hygiene
e after getting Covid. Olfactory

W%’ ; dysfunction has caused him a lot of + Quick offactory tests
b Age: 29 gistess: « On-the-go rehabilitation
| B . N 1ot

ol \ Gender: Male Alex does not have time to go to Offaction monitoring

4 | % Occupation: Lawyer clinic. He is looking for a

iy Location: London convenient solution for olfactory « Recover soon

- testing and rehabilitation. « Regain pleasure in food and drink
i

Figure 1: User persona.

Solution Design

After investigating and analysing the users, and diffusely generating a
variety of potential solutions, this study proposes the design of OlfaCare, a
portable olfactory testing and rehabilitation assistance service. The system
is designed to provide users with convenient, safe and efficient olfactory
testing and rehabilitation training support to help them better manage their
olfactory health in their daily lives while reducing their reliance on healthcare
providers. The system consists of several key components: A box, several
scent capsules, a capsule case, and a mobile application.

The storage box serves as the outer packaging for the entire kit. It holds the
scent capsules and comes with RFID reading and Bluetooth functions. RFID
module is used to read the RFID tags on scent capsules, and Bluetooth module
transmits the contents of the tags to the accompanying mobile application.

The odour capsules are made of plastic and contain a variety of odour
essence oil (e.g. floral, citrus, coffee, etc.). The concentration of each sample is
scientifically regulated to accurately assess the user’s olfactory sensitivity and
recognition ability. The capsule has a rounded shape, which can be less likely
to harm the users’ nasal passages. There are small holes at the top and bottom,
which can accelerate air circulation and prevent children from accidentally
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swallowing it and blocking their airways. Each scent capsule is affixed with a
pre-written RFID tag. Its contents can be read by the RFID reader on the box
while the user is unaware of the contents. This design is intended to reduce
the possibility of users cheating behaviour during olfactory testing.

The Capsule case is an easy-to-hold plastic bottle. It is hollow inside and
can hold a scent capsule and keep it uncontaminated when carried outdoors.
Since some young users tent to not reveal their impairments due to potential
discrimination or stigma (Temmel et al., 2002), the capsule case provides
protection as well as decoration. It can be used as a pendant on the user’s
bag. This also aims to alleviate their shame in using assistive rehabilitation
devices outdoors.

The Mobile application is the core control platform of the whole system,
which undertakes functions such as data recording, rehabilitation guidance
and user interaction. The testing module guides the user with the portable
olfactory test kit and generates an easy-to-understand feedback report,
containing detection results and olfactory level trend in real time. The
rehabilitation module provides users with different phases of olfactory
training programmes, including reminders, progress tracking and incentives
to increase participation. Users can follow the guidance to gradually carry
out olfactory training, and the system will monitor the recovery progress and
dynamically adjust the users’ training programmes. The social and support
module allows users to share their experiences with others who are also
experiencing olfactory dysfunction through the platform.

Application Development

Wireframe was created using Figma, with the aim of identifying broad page
categories and functional hierarchies. The main functional layers of the
mobile application include the main interface, testing, rehabilitation, test
reports and forum. Screen-based prototypes were printed out and to uncover
possible problems with interaction processes. It was found that too many
menu bars could lead to redundancy of functionality and affect the user’s
interest. Considering that users would complete the test in a short time,
some of the functions were reduced or grouped together on the same page.
For example, recent test results and data will be placed on the home page
instead of using a separate screen to make the interface more intuitive. High-
fidelity Prototypes were created using Figma software, using some of the
open-source iPhone components. This Prototype is designed using iPhone
16 as the base size.

Digital Prototyping

Digital prototyping includes the implementation of RFID writing, reading
and Bluetooth transmission functions. A total of Arduino Uno, A-Z RC-522
RFID kit and A-Z RC-05 Bluetooth transmission component are used in this
study.

The RFID writing function will not be available to the user, but only to
the manufacturer; the RFID component will read the RFID tag and erase the
information on it, after which it will write words in blocks 1 and 4 of the tag
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and encode them in ASCII. For example, if the first odour is citrus, the word

‘citrus’ will be written.

- QD <+~ - QD «v= - QD -+ v QD <+ o QD v - QD <+
OlfaCare Olfactory Test Offactory Test Offactory Test Offactory Test OffaCare
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Figure 2: Some of the high-fidelity prototypes of OlfaCare’s mobile application.

Manufacturers write Label is attached to
odour information % the capsule with the %
on RFID labels corresponding odour

User gets the capsule

Figure 3: RFID writing function (before using).

The RFID reading function is implemented using the same RC522 kit. the
reader detects the tag and reads the code on block 1 and block 4 of it and

decodes it into the pre-written word.

The Bluetooth module is responsible for transmitting word information to
the OlfaCare mobile application and choosing to reveal or not depending on
the scenario. For example, during olfactory testing, the application will not
disclose odour information, whereas during rehabilitation training, the user

will be informed of what scent capsule they are choosing.

User places the RFID reader reads User inhales from
capsule on the RFID odour information,
" P capsule and does
detection area on and send it to olfactory test
the box mobile phone app Y

Mobile app
determines whether
the user’s selection

is correct

Figure 4: RFID writing function (during olfactory test).

User places the RFID reader reads Mobile app tells user
capsule on the RFID odour information, the odzﬁr of the
detection area on > and send it to > capsule >
the box mobile phone app

User starts
rehabilitation training
with the capsule

Figure 5: RFID writing function (during olfactory rehabilitation).
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Physical Product

Based on ideation, a series of sketches were made, with the core components
(capsule and capsule case) being adapted in more detail. 3D modelling was
carried out using Rhinoceros 8 software. The model includes odour capsule
and capsule case. Considering the accuracy of 3D printing, the model has
undergone some minor adjustments in size.
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Figure 6: OlfaCare’s product specification and 3D printed prototypes.

DISCUSSION

This project explores the design concept, process and next stage of evaluation
of OlfaCare, a more accessible olfactory testing and rehabilitation service
based on digital olfactory interaction technology. The design improves on the
previous olfactory testing and rehabilitation services. Compared to Exerscent,
OlfaCare focuses more on portability, interchangeability and easier mobile
phone interaction. In addition, OlfaCare has added extra forum function to
increase communication between user groups and to develop user habits. The
new design makes it easier for users to interact with mobile phones and allows
for a variety of interaction modes, such as reminders and data viewing.

Limitations

Due to limited resources, the completion of this project is slightly flawed, as
evidenced by the fact that the Bluetooth transmission feature has not yet been
reflected in the application, and the flawed shape of the 3D printed capsule.
The current work is able to show the feasibility of the functionality, but the
product itself still deserves refinement.

This design is based on mobile application interaction, so it may be more
acceptable to younger users. However, it remains to be investigated whether
older users are more receptive to this new method of testing at home. Future
research may recruit older users for testing and discuss the suitability of this
group for the same design framework.

Although the design goal is to allow users to complete the testing and
rehabilitation training easily at home, users may face unfamiliarity with the
operation, omit the training steps, or not strictly follow the guidelines in
actual use, which may affect the rehabilitation effect and data accuracy.

Currently, the prototype has only been trialled on a small scale with
10 students and its effectiveness lacks systematic validation. Larger scale user
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testing will be conducted in subsequent research to explore the effectiveness
and ease of use of this product.

FUTURE WORK

Subsequent research plans to use a combination of qualitative and
quantitative methods to evaluate this design and to provide answers for RQ2
and RQ3.

The project plans to recruit 2-4 young users with self-reported mild
or moderate olfactory dysfunction to participate in a 15-day trial session.
Recruitment methods are flyer campaigns, social media, etc. Participants
need to do a simple questionnaire first to make sure they can stick to the
whole process. The questions include their basic information, whether they
have a history of diagnosed olfactory dysfunction, whether they agree to
participate in the test, and whether they agree to the data collection. Users will
then receive an OlfaCare Kit and download the OlfaCare mobile application.
participants will be asked to use OlfaCare for one test and one rehabilitation
session per day. To minimise the effect of extraneous variables on the test,
users will be asked to conduct it in a well-ventilated environment. Their score
for each olfactory test will be recorded by the system. Users who persist in
completing the user test will be rewarded at the end of the first week of the
test and at the end of the session.

Users who have completed the full testing process will be invited to fill out
a questionnaire. The questionnaire consists of a number of questions on a
Likert scale, including difficulty of use, effectiveness of use, and whether they
are more likely to use it. Thereafter, they will be invited to participate in an
interview, which will cover the experience of using the product, whether they
have developed a habit of using it, how they feel about using it outside the
home, and other feelings about using the product.

Participants’ 15-day test scores will be analysed to evaluate the
effectiveness of OlfaCare. SPSS will be used to evaluate the mean, standard
deviation, median and range. Their daily scores over a 15-day period will
be plotted on a line graph to show trends in their olfactory recovery.
Participants’ final questionnaires will be used to analyse the ease of use and
user acceptance of OlfaCare.

The interviews will be recorded and transferred to text using iflyrec
software. The texts will be further analysed using thematic analysis to provide
qualitative insights.

Through a combination of qualitative and quantitative evaluation
methods, this project plans to derive a multi-dimensional evaluation of user
satisfaction with OlfaCare. This will provide insights into parts that need to
be iterated in the future.

Short

User Questionnaire User . " .
= : Questionnaire Interview
recruitment and user testing

agreement

Figure 7: Evaluation process.
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CONCLUSION

This project is a step towards enhancing the quality of life for
people with olfactory impairments, encouraging self-sufficiency, and
decreasing dependence on medical professionals. Notwithstanding its current
limitations, this study could provide a feasible design idea and part of
the underlying validation for digital interventions in olfaction. Through
a combination of physical products and digital interventions, OlfaCare
addresses the major challenges and proposes a solution for individuals with
olfactory dysfunction.
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