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Abstract—This paper presents a 3D video game project that
incorporates smell generated by an olfactory display (an
ultrasonic humidifier and a PC fan) controlled by fuzzy logic. In
order to improve the olfactory display efficiency, we apply Edge
computing by running the fuzzy logic control software on the
microcontroller itself and not on the video game computer or a
network server. Our video game activates the olfactory display by
sending a wireless signal using MQTT data communication
protocol to the microcontroller board connected to a local wireless
network. The video game objective is to find a virtual lemon in less
than 15 seconds, hidden behind many virtual crates. The olfactory
display generates a lemon smell when the player is close to the
virtual lemon. The fuzzy logic controls the fan speed according to
the distance between the virtual lemon and the player’s main game
view. An early test showed that the fuzzy logic and the MQTT
protocol ran efficiently on the microcontroller board. This
demonstrates that Edge computing can be useful in simple
olfactory display applications.
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L. INTRODUCTION

We present a work in progress on a game development
project that incorporates an olfactory display to support player
experience. An olfactory display is a human-computer device
that generates and diffuses one or more smells to a user with a
purpose [1]. Barfield and Danas also define an olfactory display
as “a collection of hardware, software, and chemicals that can
be used to represent olfactory information to the virtual
environment participant” [2]. Olfactory displays have been
proposed and researched with applications in video games,
where smell was intended to support player’s emotional impact
[3], memorability [4] and multisensory gaming experiences [5],
among other applications.

We have developed an olfactory display for our game
development project controlled by fuzzy logic running on a
microcontroller board. The olfactory display takes advantage of
its Edge computing capabilities of running the software on the
microcontroller efficiently. Fuzzy logic is a soft computing set
of techniques applied in artificial intelligence (AI), modeling
human logical reasoning with imprecise or vague statements [6].
Fuzzy logic is based on fuzzy sets where “degrees of truth” are
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assigned to those sets [7]. Edge computing is a distributed
computing paradigm bringing data storage and computation
closer to the application location, enabling data acquisition and
processing closer to the edge of the computer network [8], [9],
allowing for small-scale and local data processing [10]. Edge
computing can run on a microcontroller with wireless network
connection. This is useful to control our olfactory interface,
since its video game data processing, the fuzzy logic code, and
olfactory interface’s actuator control are performed on the
microcontroller itself and not on the video game computer or a
network server, providing low latency between the
microcontroller and the video game. Our Edge computing code
was implemented with the Mosquitto library [11], a server/client
implementation of the standard Message Queuing Telemetry
Transport (MQTT) data communication protocol, used in loT
and Edge computing applications [12]. MQTT wuses a
publish/subscribe model, generally running with low network
overhead [13]. This makes it ideal for running on
microcontrollers and Edge computing applications that require
fast data communication among devices or sensors using a
wireless local area network (WLAN). The MQTT protocol
requires a broker for managing the messages among clients [14].
We ran the MQTT broker software on a Raspberry Pi 4 card-
size computer. The MQTT clients are an Arduino Nano 33 IoT
microcontroller board that controls a humidifier (used for
generating a smell) and a PC fan, and a MacBook Pro laptop
running a minigame. A solid-state relay connected to the
microcontroller board activated the humidifier. The
microcontroller board, the laptop and the Raspberry Pi were
connected to the same WLAN. The minigame activated the fan
and the humidifier by sending messages to the MQTT broker,
which were received by the microcontroller board (see Fig. 1).
We programmed the client software for the microcontroller
board using the ArduinoMqttClient Library for Arduino [15].
The Arduino Nano 33 IoT microcontroller board was powered
with a USB power bank, making it a stand-alone application.

In this project, we wanted to see if the olfactory display’s
response time for generating a smell worked at the right time on
Edge computing when the video game is played, validating what
was proposed by [16], where Edge computing can improve the
response time of Al techniques running on a local computer or



microcontroller board, running closer to the video game player
in gaming applications.

A. Related Work

The application of smell in entertainment technology has
long been suggested and researched as a potential sensory
stimulus supporting immersion, including virtual reality, as
initially proposed by [2]. Smell has been researched as a way to
support multisensory player experience in video games. [17]
developed a multisensory virtual reality video game and an
olfactory display composed of an Arduino microcontroller
board, a small fan and a smoke generator that vaporized
“ethereal o0il” scents. Their research found that dense smell
stimuli should be applied in video games that incorporate smell.
In addition, their olfactory display demonstrated that rapid
prototyping made with Arduino microcontroller boards is an
effective way to develop a simple yet effective smell interface.
[18] reviewed early commercial video games that included smell
cues using a number of olfactory technologies, including
scratch-and-sniff cards. [19] conducted a perception pilot
experiment with an olfactory display producing a mixture of
coffee and tea smells. 10 participants estimated the smell
intensity from different samples, finding that healthy users can
identify binary smell mixtures with some accuracy. In another
experiment, the same researchers ran an event-based
memorization experiment with 15 participants playing a 2D
memory video game, where players memorized smell and card
locations. Results suggested that previous smell training helped
to identify the card locations. The researchers also developed a
3D game where they will test out spatial smell memorizations.
On the other hand, in [20], participants were presented with a
virtual reality environment where most of them successfully
identified the spatial position of two smells, lemon and cedar,
generated by a handheld olfactory display housing a
microcontroller board.

Fuzzy logic was researched by [21] to control scented
dispensers used in a large store as a way to support consumer’s
emotional state and olfactory experiences. This also proved a
successful marketing application. [22] developed an 3D
educational game that incorporates a smell working as an
olfactory reward for children players that complete a math
problem in the game. A smell of pineapple was generated and
diffused when the player correctly counted the number of
pineapples shown in the game. The amount of smell was
generated according to the distance between the player and the
game, measuring it using an ultrasonic sensor and fuzzy logic.

II. OUR OLFACTORY DISPLAY

We developed an olfactory display consisting of a Noctua
NF-P12 PC fan and an off-the-shelf Honeywell Mini Mist™
ultrasonic humidifier containing an essential oil reservoir. We
placed 20 drops of Homedics.™ Ellia 100% pure lemon (Citrus
Limon) essential oil in the reservoir. Both the fan and the
humidifier were controlled by an Arduino Nano 33 IoT
microcontroller board [11]. This board model has been used in
Internet of Things (IoT) projects (e.g. [12]) and Edge computing
applications, for example in [13], taking advantage of its WIFI
network connectivity. The humidifier generated the smell and
the PC fan directed it towards the player. We used fuzzy logic
for controlling the fan speed to regulate the smell intensity,

depending on the distance between the virtual lemon and the
camera in the game. The closer the player to the virtual lemon
is, the faster the fan spins and thus the more lemon smell reaches
the player. After various software testing iterations, we found
that the smell generation should happen between 0 and 10 units
in our 3D game. The complete olfactory display prototype is
shown in Fig. 1.

Fig. 1. Our olfactory display prototype.

As Fig. 1 shows, the PC fan is placed on top of the humidifier
to diffuse the lemon smell.

III. Fuzzy LOGIC IMPLEMENTATION

We used the eFLL library for Arduino microcontroller
boards [23] for developing our fuzzy logic control software,
running on the Arduino Nano 33 IoT board. Our fuzzy rules are
as follows:

e [F distance between game camera and virtual lemon =
close THEN activate humidifier AND fan speed = high

e [F distance between game camera and virtual lemon =
near THEN activate humidifier AND fan speed =
medium

e [F distance between game camera and virtual lemon = far
THEN activate humidifier AND fan speed = slow

Fig. 2 shows the input fuzzy sets containing the degrees of
truth for the distance between the player’s view (the game
camera position, controlled by the player) and the virtual lemon.
The fuzzy sets’ values were determined in a number of iterative
tests done with the olfactory display and the video game.
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Fig. 2. The input fuzzy sets used in the olfactory display.



The universe of discourse from the three input fuzzy sets
shown in Fig. 2 are the input values of [0,10]. A value that
belongs to a fuzzy set can have a membership (degree of truth)
between 0.0 (the value does not belong to the input fuzzy set) to
1.0 (the value fully belongs to the input fuzzy set), or a
membership value in between. For example, as Fig. 2 shows, an
input value of 3 is a partial member of the Close fuzzy set with
a membership value of 0.8, and it is also a partial member of the
Near fuzzy set with a membership value of 0.2. The video game
does not activate the olfactory interface when the distance
between the virtual lemon and the player exceeds 10 units in the
game. This means that the player is very far away from the
virtual lemon, thus no smell is generated. As Fig. 2 shows, the
three types of input sets are named with three fuzzy logic
linguistic variables that define the distance between the virtual
lemon and the camera: Close, Near and Far, respectively.

Our fuzzy logic code generated crisp output values used for
activating the humidifier and for changing the fan speed for
dispersing the smell towards the player. The values ranged from
0 (the fan stops) and 255 (the fan runs at full speed). These
values were used because of the 8-bit pulse-width modulation
(PWM) output function used by the Arduino microcontroller
board. PWM is a technique that is used to control the fan speed
by changing the pulse width (square waves) generated by the
Arduino microcontroller board [24]. The fuzzy output sets are
named with three fuzzy logic linguistic variables that define the
fan speed: Slow=[0,64,128], Medium=[64,128,192] and
Fast=[128,192,255], respectively.

IV. OUR 3D MINIGAME

We developed a first-person 3D minigame as a proof of
concept for testing our olfactory display and fuzzy logic code.
The video game was developed using Godot [25], a popular
video game engine. The game objective is to find a virtual lemon
hidden behind many crates in less than 15 seconds, using the
keyboard arrow keys to navigate in the 3D world. The game
procedurally generated 200 crates placed randomly, obstructing
the virtual lemon view and making it somewhat difficult to find
it. The game (shown in Fig. 1) displays a counter counting down
from 15 to 0 seconds. If the player is close, near or far to the
virtual lemon the olfactory display generates the scented mist
with the lemon smell. A Godot script was continuously
measuring the distance (in units) between the player and the
virtual lemon through their 3D positions (coordinates). When
the counter reaches 0, the game stops and the player can no
longer use the arrow keys to navigate in the 3D world, that is,
moving the game camera around. The olfactory display, its
software and the video game used in the project were developed
following the Evolutionary Prototyping method [26], taking
advantage of its iterative feature. We informally tested our
olfactory display and our video game. The test's main task was
to find the virtual lemon in our game as fast as possible in less
than 15 seconds.

V. PRELIMINARY RESULTS AND CONCLUSIONS

Our ongoing project demonstrates the use of a simple and
effective olfactory display system based on a wireless-capable
microcontroller board in a video game. Similar systems can be
applied in other domains that may incorporate olfactory stimuli
with wireless olfactory display control, for example, in

marketing applications. We found in the test that the fuzzy logic
code efficiently controlled the PC fan speed. Our test results
show that Edge computing can be useful in simple olfactory
display applications that generate one smell. There was no
perceived delay in managing the distance data between the
player and the virtual lemon with MQTT. The MQTT broker
running on the Raspberry Pi computer was very stable, running
nonstop during the prototype development for various weeks,
being an efficient and lightweight option for running our Edge
computing application. However, the humidifier took on
average 2.5 seconds to start generating its scented mist.
Although this delay was tolerable for our video game prototype,
it may not be acceptable for fast-paced video games such as
shooting games. Our olfactory display system faces some
technical limitations. It slowly generates just one smell, limiting
its use to very simple olfactory applications in video games.
Wirelessly connecting more clients (e.g. various olfactory
displays or computers) to the MQTT broker may slow down the
data transmission, but further tests are needed to confirm this. In
addition, the system does not filter out or eliminate the smell
from the environment after it was used in the game. This is a
common problem with olfactory displays, e.g. [27], that may be
tackled by generating the right amount of smell and using
mechanical air filters. Further work will include developing our
own ultrasonic mist generator for our olfactory display, in an
attempt to generate the mist faster. We will test the usability and
player experience of our olfactory display+video game
following research ethics protocols.
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