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ABSTRACT

The sense of smell is perhaps the most pervasive of all senses,
but it is also one of the least understood and least exploited
in HCI. We present Essence, the first olfactory computational
necklace that can be remotely controlled through a smartphone
and can vary the intensity and frequency of the released scent
based on biometric or contextual data. This paper discusses the
role of smell in designing pervasive systems that affect one’s
mood and cognitive performance while being asleep or awake.
We present a set of applications for this type of technology
as well as the implementation of the olfactory display and the
supporting software. We also discuss the results of an initial
test of the prototype that show the robustness and usability of
Essence while wearing it for long periods of time in multiple
environments.
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INTRODUCTION

A considerable amount of effort in HCI has been directed to
make the user experience more seamless, natural and inte-
grated in our physical lives. When designing user interfaces,
we aim to create tools that will enable the user to accomplish
certain tasks with a minimum effort, time and difficulty. When
evaluating these tools, we take into account individuals per-
ception of the system such as utility, easy of use and efficiency.
However, we tend to consider the user as a conscious thinking
mind. In reality, a lot of our perception of the environment and
our behavior is unconscious and does not involve deliberate
rational thinking.
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Figure 1. The Essence necklace. (A) A 3D printed cover holds the piezo-
electric on top of the cotton stick filter, soaking up the fragrance from
the container. Once the fragrance is depleted, the user can easily un-
screw the cap and refill the container. (B) Back part of the necklace that
contains the micro-controller and the rest of electronics to control the
release of scent.

We perceive the world indirectly by processing and interpret-
ing the raw data from our senses and our thoughts and behavior
are frequently biased by our senses [21, 26, 25].

Among the so-called "five senses", olfactory perception takes
an exceptional position in the neurological processing of sen-
sory stimuli. The olfactory bulb has direct connections to
the two brain areas that control emotions and memories: the
amygdala and hippocampus [37]. Interestingly the sense of
sound, sight and touch do not pass through these brain areas,
they are routed through the thalamus which is the reason why
sound, sight and touch interrupt sleep [27]. This makes smell
an especially interesting modality to use in human-machine
interaction during sleep as well as wake states because it is
processed by the brain but does not disrupt the ongoing brain
processes as easily.

Scent has a hidden power in our behavior and the unconscious.
Positive and negative emotions not only transfer between indi-
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viduals through mimicry of vision and hearing but also through
smell [11, 32, 12]. Other studies show that stress and anxiety
can be reduced with the use of essential oils [36, 29]. Recent
findings found that a single night of olfactory aversive condi-
tioning during sleep, significantly reduced cigarette-smoking
behavior in the wakefulness state and persisted for several
days [5]. Such functional studies continue to remain in the
realms of research laboratories. The main aim of Essence was
to fabricate a technology that people could use in their daily
life, without the need for medical assistance nor burdensome
devices. In this paper we describe the design and implemen-
tation of the prototype and describe potential applications for
HCIL.

RELATED WORK

While scent has been widely explored in Psychology, Neuro-
science, Chemistry and Art, the olfactory system has been less
appreciated in the world of personal technologies. Current per-
sonal, wearable devices that promote wellbeing, such as fitness
and sleep trackers, mostly make use of visual, auditory and
the haptic stimuli. The HCI research community has formerly
looked into some of the challenges and possibilities for smell-
based technology [33, 24, 23]. Most recent HCI research and
product development efforts have focused on enabling scent
to become part of digital communications [4, 38, 34, 42, 9,
10]. Most systems use off the shelf aromas in their prototypes,
focusing research efforts on the device itself. Ranasinghe et
al. [35] explored the use of smell for digital communication,
enabling the sharing of smell over the Internet. By recreating
smell though form, Clayodor [22] explores the possibility of
form as a user-controlled navigator for smell.

The state of the art in smell-enhanced technologies is mostly
limited to non-portable and non-fashionable devices that can-
not be comfortably used in everyday life situations. Some
artists have explored the use of scent in fashion or using the
body as an atomizer [41, 28]. ICT Scent Collar [20] it is a
scent delivery device in the form factor of a collar or bib that is
meant to be used in a virtual environment. The "Smoke Dress"
by artist Anouk Wipprecht [44] releases a cloud of smoke
when it detects a person approaching. "Climate Dress" has an
array of LEDs that light up depending on the CO2 levels in
the air [13].

We propose Essence, a wearable olfactory display that was de-
signed to be lightweight, fashionable and comfortable enough
for people to be used in daily life. The main contributions that
are distinct from previous work are the design of a fashion-
able olfactory necklace that is wirelessly-controlled and can
be used in every-day life situations as well as the automated
control of that device based on contextual and physiological
data of the user. We also propose a set of novel applications for
this type of technology that make use of biometric and contex-
tual information in order to intervene with scent in particular
instances.

SYSTEM DESCRIPTION
In order to make the prototype aesthetically appealing and as
light as possible, most of the electronic components and the
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Figure 2. (A) 3D printed cover that protects and holds (B) a piezoelectric
transducer with a small metal plate that vibrates at high frequency to
release the fragrance. The piezo is connected to the rest of the electronics
through the thread. (C) are the GND and Vcc cables. (D) is the cotton
stick filter that soaks the liquid from the container (E).

battery of the necklace are placed at the back of the neck so as
to be hidden (see Figure 1).

A variety of form factors and materials were considered to
make the prototype pretty, functional and comfortable (see
Figure 3). One of our goals was to make the necklace as small
and lightweight as possible so as to be comfortable enough to
be worn on the neck all day and potentially all night, so that
ideally the back part of the necklace would be flexible and
neck-adaptable (see Figure 3 C).

Scent Release

The front part of the necklace holds a container with an encap-
sulated piezoelectric transducer that controls the release of the
scent (see Figure 2). In order to make the piezoelectric vibrate,
it needs a frequency of 100KHz, 10VAC (20Vpp). Alternating
current (AC) voltage makes the plate oscillate at the same fre-
quency and produce ultrasonic sound. These ultrasonic sounds
are inaudible to the user, but they are capable of breaking
the water into small particles that look like vapor. Therefore,
the device transforms the fragrance/essential oil from the con-
tainer into a fine mist, instantaneously distributing the scent
all around the necklace. Essence has 7ml capacity that can
operate for 27-28 hours with continuous 1-20-sec release. The
default duty cycle frequency of 1 second of scent every 20 sec-
onds was chosen to assure there was enough time in between
burst for the smell to fade, while being enough noticeable for
the average user (avoiding habituation and desensitization [8]).

Scent Selection

We used 3 different types of scents. One is natural essential oil
commonly used in Aromatherapy (like lavender, peppermint,
eucalyptus, etc.), the second type are fragrances, perfumes
and diluted oils. Finally, we tried some experimental odor-less
scents and pheromone perfumes that claim to use a patented
blend of "human pheromones" including Androstadienone,
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Figure 3. A) Close up of the different braided cables and cords of the Essence necklace (including conductive cord and Vcc/GND cables). The cord
is 2mm diameter made of carbon-black impregnated conductive rubber. B) 3D printed results from Shapeways and Formlabs. C) Final design with
small decorative gold/bronze-style accessories. The necklace is approximately located 7 inches from the nose (enough to reach the nose and not be too
noticeable by the user). D) Design and fabrication of the Essence necklace.

Androstenol, Androstenone and Androsterone [2, 1]. Aside
from pheromone perfumes, Essence can also be used with
liquid forms of hormones or other types of medicines such as
Oxytocin nasal sprays.

Conductive Thread

Usually jewelry string serves only as a decorative element, the
materials used for necklaces or other wearable jewelry do not
include electronic components or cables. In this prototype we
braided two cables (Vcc and GND) with a conductive rubber
cord stretch sensor (see Figure 3.A). Therefore, the thread not
only serves as a decorative component but also as a connector
between the microcontroller and the piezoelectric. The neck-
lace thread is a key element in the design of the wearable since
it transfers power and data from the back part of the necklace
to the piezoelectric (front part). The sensor measures stretch
forces: as you pull on it, the resistance increases. When these
values go over a certain threshold the scent is released. The
necklace can also release the scent without manual activation
and can be controlled to release scent automatically without
user involvement, for example based on physiological sensor
data.

Wireless Communication

To endow the necklace with communication capabilities to
be remotely controlled through the smartphone Android ap-
plication, we used a microprocessor that controls the whole
system and a Bluetooth Low Energy (BTLE) board that im-
plements the wireless communication with the smartphone.
When activated, the default values are 1 second of burst of
scent every 20 seconds, additionally the user can manually
release extra bursts of scent by pulling the necklace down.
The system is powered with a 3.7V Lithium Battery. The user
can easily charge the necklace through a small USB micro
connector and additionally there is a turn on/off button. The
microprocessor is an ATmega32u4, the hardware interface to
transfer the commands is UART.
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Physiological Data and Context Awareness

The system is capable of releasing scent based on context data
from the smartphone such as location (GPS), date and current
time. We also experimented with releasing scent based on
physiological data such as Heart Rate, Electrodermal Activity
and brain activity. For the HR and EDA we used the E4
Wristband [16]. In the case of brain activity we used the
EEG MUSE Headband [31] to detect the concentration levels
accordingly to the brainwave frequency. We detect when the
user is emitting Gamma brainwaves - usually seen in states
of peak performance, high focus and concentration. These
values increase when the user is focused and directs his/her
attention with intensity. We mapped the values from O to 1
and synchronized them with the burst of scent.

APPLICATIONS

Sleep and Memory

Sleep has been identified as a state that optimizes the con-
solidation of memories [40, 14]. Neuroscientists conducted
laboratory studies that cued new memories in humans dur-
ing sleep by presenting an odor that had been presented as
context during a prior learning episode, and showed that reac-
tivation indeed causes memory consolidation during sleep [14,
6]. These medical studies suggest that the optimal learning
point occurs when memories are processed in SWS (Slow
Wave Sleep) and REM sleep (Rapid Eye Movement). Work
on [5] supports the need for detecting biometric information
of the user to ensure that scent are released at a specific point
in time.

Using Essence users could benefit from these studies and
experiment outside of laboratories, for example while they are
sleeping at their homes. The convenience of having a portable
device that can be used anywhere will help to deploy the device
for larger number of users and make it possible to analyze the
biometric data and contextual information collected by the
smartphone.
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Learning and Cognitive Performance

It has been proved that peppermint scent promotes a general
arousal of attention, and that it causes people to stay focused
on their task and increases their concentration [39]. It has
also been proven that memory recall can be improved by
presenting contextual stimuli that were present at the time
memories were recorded [7, 17]. Essence can release a specific
scent while a user is studying and then help them retrieve the
learned facts by releasing the same scent again. Other use
cases could potentially help a person concentrate or focus, like
when meditating or doing yoga.

Social Interactions and Immersive Environments

When coupled with Virtual Reality or Mixed Reality, the addi-
tion of smell significantly enhances the sense of immersion to
augment digital experiences and creates a more complete sen-
sorial experience [45]. Beyond immersive systems we could
also use Essence as a subtle way of communication among
remote users.

In a physical social interaction, people are constantly using
their sense of smell. Even though we are not very aware of
doing so, our brain is responding to odors [37, 15]. Odor-less
scents like pheromones or hormones can be used to remotely
intersect users’ realities and perceptions [43, 30, 19]. As previ-
ously mentioned in this paper, chemical signals communicate
human emotions [11, 12, 32]. We secrete different odors de-
pending on the emotional state that we are in, such as the
"smell of fear" or "aggression". We may induce pleasurable
scents, mask body odors, or may put subjects into a state of
high suggestibility. Using olfactory devices like Essence, the
user can have complete control over the secreted scent sig-
nals that could potentially trigger stronger social responses
between subjects.

As mentioned in the "Physiological Data and Context Aware-
ness" section, Essence is capable of using date, location and
time information. A remote user could remotely control the
necklace and release the scent at a certain location or time of
the day as a means of subliminal messaging and notifications
as if "I am thinking of you" or "I am worried". For example,
if the user goes to the doctor and stress levels go beyond a
certain threshold, the remote wearer could sense the "scent of
fear", increasing empathy between them. The remote person
could then trigger a nice scent to calm the stressed person
down, or the system itself could automatically release a burst
of scent when the doctor’s location is detected.

Wellbeing

There are a variety of application scenarios related to health
purposes ranging from using Essence for mindfulness and
meditation or as a personal, wearable device for cold and flu
treatment, allergies, asthma or other respiratory problems to
beauty treatments like face moisturizer for dry skin. In the
same way, we could potentially release the scent of lavender or
vanilla to reduce stress levels or pain for diseases like cancer.
Studies have already shown that stress and anxiety can be re-
duced with the use of essential oils. Researchers administrated
Heliotropin (a vanilla fragrance) to patients undergoing cancer
treatment [36]. The results reported that the administration of
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fragrance was associated with 63% less anxiety versus placebo
effect.

TESTS

‘We conducted a set of tests to evaluate Essence in a mobile,
everyday life context. We were mainly interested in testing
the robustness and usability of the prototype for long periods
of time in multiple scenarios.

4 participants (men, with a mean of 29 years old) were asked to
use the necklace during 3 days in 6 different campus locations
(3 indoor and 3 outdoor). The participants reported not using
accessories or necklaces in their daily life (a drawback that
might bias against the study).

The type of scents used were tea tree, peppermint and rose.
The smell selection was based on previous studies that exam-
ined how "positive" fragrances induce feelings of relaxation,
reduced anxiety and alertness [29, 36, 39].

Evaluation

We used computer-based surveys, questionnaires and in-
person final interview to gain an understanding of the par-
ticipants’ perception of the system.

Users were asked to fill out a questionnaire and a survey about
their experience wearing the necklace for each one of the
environments. The questionnaires asked to rank ease of use,
satisfaction and comfort of the necklace.

The questions of the surveys were related to the feel of the
necklace and the intensity and frequency of the scent to iden-
tify opportunities for improvement. Some of the questions
related to the olfactory experiences included awareness of the
scent and the necklace, intensity, pleasantness, distraction or
to what extent the scent helped them relax or focus.

Results

The results of the initial testing of the prototype show that the
Essence prototype is robust and usable enough to be used for
long periods of time in multiple environments. The necklace
successfully worked during all the tests and participants ranked
the experience of wearing the Essence necklace very positively
Figure 4. The results suggest that users generally found easy
and effortless to wear the necklace.

User Experience

When asked to describe the experience of wearing the necklace
in different environments, participants mentioned: "Effortless,
it was nice to feel the good smell from time to time", "Most
of the time I completely forgot it was there, except for some
moments when the scent suddenly became more noticeable,
either stronger or just different. However even when it was
noticeable it was pleasant, it never became an inconvenience."
"The scents were pleasant and relaxing and otherwise I hardly
noticed it was there." "It was very seamless, and enhanced the
environment nicely." "The necklace wasn’t too invasive. I did
feel some weight of the device in the back of my neck, but
quickly forgot about it".
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Figure 4. The chart show user feedback (P=4) where 5 = very effortless,
very satisfying and very comfortable, suggesting that users found the sys-
tem easy to use and were satisfied overall with the experience of wearing
the necklace. Ease of use (mean = 4.464, std = 0.744), satisfaction (mean
=3.964, std = 0.961), and overall comfort (mean = 4.035, std = 0.961).

Awareness

When asked to rank how aware they were of the necklace, most
of the users mentioned that they were not aware (mean of 2,
were 1 is "not atall", and 5 is "very much"). However, although
the mean was 2, one of the participants ranked negatively the
necklace and mentioned he was aware of it all time because the
scent was too strong for him, especially the Peppermint (mean
of 3.4). Another interesting thing happened with P11, he
ranked awareness in all situations "1" - as if he was not aware
of the necklace, however in day 2, he ranked the necklace as
"5" - very aware, because the scent was "too strong" for him.
Interestingly, the type of scent and intensity were exactly the
same in day 1, but then he ranked it as "1" - not aware of the
necklace. That day, in the report he wrote, "I am almost not
aware of the necklace. However, I could smell the scent much
less at the beginning. Seems like I need some time to get used
to the smell. Maybe it’s because I was biking right before
doing the study."

Intensity and Frequency of Scent

The prototype released a burst of scent every 20 seconds (1
second per burst). As mentioned in the System Description
section of this paper, this is a default duty cycle that can be
changed by the user. In the surveys we asked if they would
increase or decrease the intensity or timing of every burst of
scent. The results were completely different for each person.
For example, P10 would increase the intensity of scent in all
conditions, whereas for P12 the scents were too strong so he
wanted to decrease them. In the same condition, P12 ranked as
"decrease intensity during this session. Too strong!", while the
rest of participants mentioned "just about right" or "increase".
Based on that feedback we confirmed how important was for
the user to be able to control the intensity and duration of the
scent depending on their preferences.

Use cases and Feedback

In the final survey, participants were asked if they would wear
the essence necklace in their daily life and in what kind of
cases they would use it. Some participants responded they
would use the necklace for meditation sessions, relaxing and
concentration. Some users mentioned they would prefer to use
it in private spaces since they do not usually wear necklaces
in public. Potential improvements people mentioned were
the ability to control intensity, and make the back part of the
necklace smaller and more compact.
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Limitations and Findings

We conducted an initial testing of the prototype with a small
number of participants that shows a robust prototype that can
be used in every-day life situations. The user tests show an
overall comfort, ease of use and satisfaction wearing the neck-
lace. Further study is required, including a larger sample size
and increased variety in participants’ demographics (olfactory
perception differs by gender, age and culture [18]).

In the following paragraphs we provide some of the qualitative
findings, limitations and recommendations for future designs
of olfactory devices based on users experiences’.

Customizable Bursts

In general, during the study and while interviewing people,
we corroborated how different people’s perceptions are in re-
gard to smell. While for one person the scent was not strong
enough, for the other it was too much. While some of them
loved the Peppermint scent, others did not like it at all. The
preferences even vary from day to day within the same person.
The feedback provided through the final interview and surveys
show the importance for future designs of olfactory devices
of creating systems that can be controlled by the user depend-
ing on their preferences (augmenting/decreasing intensity and
frequency of the scent like Essence).

Limitations and Potential Improvements

Some potential limitations of the current prototype are the
refilling need and the limit of one scent at a time. Although
the refilling need depends on the duty-cycle chosen by the
user, it is important to take into account for future designs of
olfactory interfaces habituation and desensitization and the
limits of intensity and frequency of scent (mentioned in the
Scent Release section of this paper).

Promising improvements for future designs of olfactory de-
vices include the miniaturization of the back part of the neck-
lace, the use of flexible materials or soft electronics and to
have a design that can accommodate multiple scents in one.
These improvements are specially relevant for night usage
and to enable use of scent for multiple use cases without the
need to replace the container (e.g. peppermint to focus while
studying, lavender to relax, and rose for sleep).

CONCLUSION AND FUTURE VISION

We presented Essence, a wearable olfactory display that can be
controlled manually or automatically to release subtle bursts
of scent. We designed a fashionable and comfortable necklace
that can be used in daily life. The results of the tests show
that it is important for future olfactory devices to let the users
change the default duty cycle and to have a customizable
system like Essence.

In future work we would like to deploy several of the Essence
prototypes so we can conduct user studies in different envi-
ronments, for longer periods of time and while the person
is awake and sleeping. We also want to further develop the
smartphone app so the user can configure biosensor-data based
release rules similar to https://ifttt.com/. For example, "if X
and Y then release scent for Z intensity and W frequency".



Innovative Sensing

The result could be personal, wearable devices that will pro-
mote health and wellbeing in very different ways than today’s
fitness and sleep trackers. We believe that in the future users
will be able to use this kind of systems to facilitate memory
consolidation for learning purposes, enhance mood and well-
being. We hope Essence will encourage discussion within the
community and open up contributions in the promising area
of olfactory devices for HCI systems.
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