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Abstract. Olfactory displays (human-computer interfaces that generate and dif-
fuse odors to a user with a purpose) have been researched to complement or
supplement other human sensory modalities, as well as using odors as effective
sensory stimuli. We developed an olfactory display with a commonly-used mi-
crocontroller board and off-the-shelf components. A challenge in olfactory dis-
plays is diffusing the right odor concentration to a user. We developed and ap-
plied an electronic nose (e-nose) to determine if an intended odor is not linger-
ing, otherwise our olfactory display will generate an excessive amount of odor.
As a proof of concept, we developed a virtual environment that activates our ol-
factory display when a virtual lemon is visible on it, diffusing a lemon odor if
the odor is not already present around the user, detected by our e-nose. Our in-
formal prototype tests shown that it is feasible to use an e-nose to control the
odor concentration generated by an olfactory display, thus avoiding an excess
of odor that may produce a negative user experience. The Evolutionary Proto-
typing methodology was very useful for developing our olfactory display sys-
tem and electronic nose. 

Keywords: Olfactory Display, Electronic Nose, Smell,  Odor, Virtual Environ-
ment, Microcontroller Board.

1 Introduction

Since the 1990s [1, 2], computer-based olfactory displays have been proposed and re-
searched in a number of domains, with the purpose of complementing and supple-
menting sensory modalities with the use of the olfactory modality. An olfactory dis-
play is a computer system with a human-computer interface that generates, controls
and diffuses one or more odors towards a user with a purpose [2, 3], providing an ol-
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factory stimulus to its user. In the nineties, olfactory displays were initially researched
as a technology that could incorporate the sense of smell in multimodal virtual reality
(VR) [4]. For example, [5] explored the use of smell in a virtual reality simulation to
support firefighters training, exposing them to possible smoke smells. Odors in virtual
reality and virtual environments may support training transfer and immersion[6]. Re-
cent research on odors in VR include support for well-being and relaxation (e.g. [7])
and for supporting education and training [8], among other applications. Olfactory
display research has been conducted on odor generation and delivery technologies [9],
including research about how users perceive and interact with the diffused odors gen-
erated by olfactory interfaces. The sense of smell has been underused in human-com-
puter interaction [2], although recent advances in microcontroller boards (small self-
contained computers used for controlling sensors and actuators) have facilitated the
prototyping  of  olfactory  display  applications  [8].  For  instance,  [10]  used  an  AT-
Mega2560 microcontroller to control the fan speed of an olfactory display system.

A major challenge in olfactory displays is removing the odor from the envi-
ronment after its use. Many odors tend to linger, and in some applications they need
to be removed quickly [8], for example,  when they are used in video games [11].
Some olfactory display systems include a mechanism for removing the diffused odor
when it is no longer used or needed, such as fans and air filters [12]. A way to over-
coming this challenge is to produce the right concentration of odor in an olfactory in-
terface to avoid olfactory adaptation or over-saturation [13, 14]. Other problems with
lingering odors may occur, such as masking (an odor suppresses another one) and
multiplicity (an odor enhances another one) [9].  In this paper, we describe a method
to produce a controlled odor diffusion in an olfactory display system using an elec-
tronic nose, or e-nose. An e-nose is an electronic sensing system that detects one or
more specific odors, and their concentration in the environment [15]. An e-nose can
be used to analyze one or more specific gases or volatile organic compounds (VOCs)
and their concentration in the air [16, 17]. This can be useful to avoid an excess of
odor production that may affect the user’s odor perception. The e-nose analyzes the
air surrounding the user and the olfactory display generates a particular odor if that
odor is not lingering around the user. There is previous research on olfactory display
systems using e-noses. [18] successfully used an e-nose  for evaluating the accuracy
of odor concentration diffused by an olfactory display. [2] and [9] describe a number
of  techniques  for  storing,  generating  and  diffusing  odors  in  olfactory  displays.
Scented essential oils have been used in olfactory displays [19], where the odors can
be diffused towards the user with the help of a fan [20]. 

2 Statement of the Objective

The objective of this paper is to demonstrate the use of an e-nose for controlling the
odor diffusion of an olfactory display that is activated by a virtual environment.  In
our prototype, the e-nose analyzes the air surrounding the user and the olfactory dis-
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play generates  a particular  odor if that  odor is not  lingering around the user,  thus
avoiding an excess of odor production that may affect the user’s odor perception.

3 Our Olfactory Display System + Electronic Nose Prototype

We describe in this section the technical aspects of our olfactory display and our e-
nose. An Arduino Uno [21] microcontroller board was used for controlling a com-
puter fan and an odor generator (an off-the-shelf Honeywell Mini Mist humidifier
[22]), containing an essential oil reservoir. The microcontroller board also controls a
computer fan that suctions air through a filter that we made with an activated carbon
sheet. The frame holding the air filter was 3D printed to give it robustness. Another
Arduino Uno microcontroller  board obtains data from a Keyestudio SEN-CCS811
odor sensor module [23]. This microcontroller board and the sensor module makes up
the  e-nose.  The  SEN-CCS811 sensor  module  measures  the  concentration  of  total
volatile organic compounds (TVOC) in the environment. TVOCs are human-made or-
ganic chemicals that evaporate at room temperature, used in many household products
such as aromatizers and essential oils [24], although VOCS are also present in nature
[25]. The SEN-CCS811 odor sensor module used in our prototype can detect TVOC
concentrations from 0 to 32,768 parts per billion (PPB). We used in our olfactory dis-
play the Ellia 100% pure lemon (Citrus Limon) essential oil, developed by Homedics
[26], by placing 10 drops of the essential oil in the humidifier’s reservoir.  After a
number of trials and as part of the prototyping process, we found that this number of
drops was optimal for its diffusion using the humidifier. Lemon odors have been suc-
cessfully used in olfactory displays, providing an effective olfactory sensory stimulus
[27].

Fig. 1 shows the main components of our designed olfactory display system
and our e-nose. We decided to use the Arduino Uno microcontroller board because it
is easy to program and to interface with, and is powerful enough to control the PC
fans, the odor sensor module and the odor generator. We used a special electronic cir-
cuit with transistors and a 12v external power source for controlling the fans. The mi-
crocontroller board interfaces through a USB cable with a MacBook Pro laptop com-
puter with 16 GB of RAM, containing the M1 microprocessor. This computer is used
to read data from the e-nose to activate the humidifier and fans, and to run a 3D vir-
tual environment created as a proof of concept for testing the olfactory display system
and the electronic nose.

The Honeywell humidifier that we selected for our olfactory display is low-
cost and easy to operate, facilitating our prototype development. The Ellia lemon es-
sential oil that we used in our olfactory display is easily available from many depart-
ment stores and online distributors, as well as the activated carbon sheet used for the
air filter.
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Fig. 1. Schematic diagram of the proposed olfactory display system with the e-nose.

The algorithm that runs on the laptop computer for activating the olfactory display
and the e-nose is listed as follows:

1. If the virtual lemon is visualized on the computer screen, do the following:
        1a. Read the odor sensor data. 
        1b. If the lemon odor is detected in the environment, do the following: 
            1b.1 Do not activate the olfactory display. 
            1b.2 Activate the air filter.
2. If the lemon odor is not detected in the environment do the following:
         2a. Activate the olfactory display (fan+humidifier) for some seconds.
         2b. Activate the air filter.
3. Go to step 1.

We coded the algorithm in a Python program, which access the Arduino mi-
crocontroller board through a laptop’s USB port. In order to run the virtual environ-
ment more efficiently, all the e-nose data acquisition and processing is done on one of
the microcontroller boards to free up computational processing power from the laptop
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computer. We developed and improved the olfactory display and the e-nose following
an adaptation of the Evolutionary Prototyping methodology  [28].  Fig. 2  shows our
prototype containing the olfactory display and the electronic nose.

Fig 2. The complete olfactory display+electronic nose set up.

As Fig. 2  shows, A solid-state relay was used for turning the humidifier on and off
with one of the Arduino Uno microcontroller boards. The PC fan (also controlled by
the microcontroller board) placed on top the humidifier diffused the odor towards the
user.

4 The 3D Virtual Environment

We developed a 3D virtual environment made in Godot [29, 30],  a popular video
game engine. A Godot script from the virtual environment sends a digital signal to the
Python program. This program activates the microcontroller board that controls the
humidifier and the fan when a virtual lemon is displayed on the center of the com-
puter screen, generating and diffusing the lemon odor by turning on the humidifier
containing the essential oil.  Fig. 2 shows the virtual environment that we developed
for our proof of concept, running on the laptop computer. The lemon 3D model that is
displayed on the virtual environment was downloaded from [31]. We also created and
displayed more than 200 virtual crates in the virtual environment to give the illusion
of perspective and to show 3D models other than the virtual lemon to deactivate the
olfactory display when the virtual crates were displayed. The crates were procedurally
generated in Godot and placed randomly in the virtual environment.
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5 Preliminary Results

We informally tested the virtual environment, the olfactory display and the electronic
nose a number of times, navigating in the virtual environment in 3D using the com-
puter's arrow keys. As expected, our olfactory display was activated every time the
virtual lemon appeared at the center of the computer screen, while we captured the
electronic nose data for 45.5 seconds. Fig. 3 shows the data that we sampled from the
SEN-CCS811 odor sensor module once every 0.5 seconds. According to the sensor
manufacturer, this is the minimum time required for reading data from the odor sen-
sor. The sensor data was obtained through the Arduino IDE’s Serial Monitor. 

Fig. 3. Data obtained from the electronic nose.

As  Fig. 3  shows, the valleys are the periods where the virtual lemon was not dis-
played on the screen, and no lemon odor was present or it was barely present in the
environment, when the sensor read very low odor concentrations from the environ-
ment. In addition, the low PPB readings indicated that the air filter was operating ef-
fectively during those periods. The peaks happened during the olfactory display acti -
vation, where two of them are values  greater  than 30 PPB. During the peaks,  the
lemon odor was distinctive. We will need to conduct further user studies to confirm
this. There is a small peak at the beginning of the readings. We believe that it hap-
pened because the sensor required an initial self-calibration adjustment, according to
the sensor module’s specifications [23]. We found in a number of trials that TVOC
concentrations of the lemon odor of less than 20 PPB were barely noticeable, but we
will need to confirm that in further user testing. We then set up the program for stop-
ping the olfactory display when the electronic nose obtained values of 20 PPB or less.
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A video recording showcasing the olfactory display, the electronic nose data
and the virtual environment is shown in [32].

6 Conclusions

This paper presented an olfactory display system and an e-nose, with the objective of
diffusing the right amount of odor to a user, avoiding an excess of odor production in
the user’s environment that may affect user’s odor perception. Both the olfactory dis-
play  and  the  e-nose  were  interfaced  to  a  laptop  computer  using  microcontroller
boards. A 3D virtual environment running on the laptop computer activated the olfac-
tory display system when a 3D model of a lemon was displayed on the screen. The
Evolutionary Prototyping methodology was very useful for developing our olfactory
display system and our e-nose. 

Our  paper  demonstrated  the  application  of  easy-to-use  electronic  compo-
nents, and a low-cost yet capable microcontroller board for developing a rapid proto-
type of an olfactory display and an e-nose. In addition, the Godot game engine facili -
tated the virtual environment prototyping. We found that the SEN-CCS811 odor sen-
sor module was effective for measuring the concentration of the essential oil odor in
the environment. Our informal prototype tests shown that it is technically possible to
use an  e-nose to  measure the odor concentration generated by an olfactory display,
thus avoiding generating an excess of odor that may produce a negative user experi-
ence. Further user studies are needed to corroborate this.

For future work, we will adapt the virtual environment made in Godot to run
on a virtual reality headset. We are planning to send the activation data from the vir-
tual reality environment to the microcontroller board controlling our olfactory display
using the Message Queuing Telemetry Transport MQTT protocol [33]. In addition,
we plan to  develop and test an array of two or more VOC odor sensors connected to
the virtual environment and the olfactory display. The array should provide more sen-
sor data accuracy [34],  since individual e-noses performance and data results may
have false or unreliable odor classifications, provided that an optimal classification
pattern algorithm is applied to them. The array may be needed because sensors some-
times present an inherent problem of sensor signal drift and other technical issues. In
addition, environmental factors such as humidity and temperature may affect sensor’s
performance [35]. These problems should be minimized by getting data from an array
of sensors, where one or more sensors will compensate for any affected odor sensor.
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