Olfactory display development in interaction design education
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Olfactory display development poses non-trivial design challenges and often takes place within high-end research laboratories. There is,
however, increasing interest in identifying lo-fidelity methods enabled by rapid fabrication methods to allow quick prototyping of scent
presentation and interaction qualities [2]. Manipulating scent qualities in interactive digital systems can be an effective means of exploring
the implications of tangible and embodied interaction in an educational setting. We present four olfactory displays developed over four
weeks in an undergraduate interaction design curriculum. We have found that the use of simple electronic components and
microcontrollers, hacking off-the-shelf components, paper prototyping, and fabrication methods such as 3D printing and laser cutting can
support the development of olfactory displays in time-limited projects. These prototypes are sufficiently robust to be employed in small-
scale user studies to draw conclusions about olfactory interaction in application areas that include ambient notification, smell training and

blend perception.
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1 INTRODUCTION

Interaction design has long since moved beyond the graphical interface paradigm. Sensor-based interaction and theoretical
groundings of embodiment have opened new opportunities to engage the body and our abilities for understanding and
acting in the physical world [3]. As a chemical sense, olfaction offers a novel and challenging domain in which to explore
the field of tangible and embodied interaction, a design practice that future interaction designers will need to anticipate and
understand to design effectively.

2 CONTEXT

Three olfactory displays were developed in a 10-week course on Tangible and Embodied Interaction, taught in the second
year of the undergraduate Interaction Design program at Malmd University, Sweden.! Lectures covering the basic
psychophysiology of smell, as well as the history of scented media and current state of digital olfaction, introduced students
to the design domain, and a smell workshop offered a hands-on opportunity to fabricate simple smell toys and play smell
games, and to manipulate non-digital scent delivery methods such as vortex cannons. The course is supported by facilities
that include a woodworking workshop with laser cutting and 3D printing capabilities, and an electronics workshop as a
resource for working with microcontrollers and prototyping with sensors. The brief for a 4-week final project allowed
students to choose to work with digital olfaction. Based upon our ongoing research in the field, and our workshop and lab
capabilities, we focused upon supporting the development of scent output devices, olfactory displays.

! QuadraVortex, also presented here, is a further iteration of VortexNova and was developed in a later course.



3 WHAT IS AN OLFACTORY DISPLAY?

According to Barfield and Danas [1], an olfactory display is “a collection of hardware, software and chemicals that can be
used to present olfactory information” (p. 110). Yanagida identifies 4 key functions of an olfactory display: the provision
of scent materials, vaporisation of scent materials, blending, and delivery to the nose [4]. Some of the most common
vaporisation techniques described by Yanagida are natural diffusion (non-accelerated vaporization) and atomisation using
frequency (piezo transducers). Standard methods for scent delivery include the use of electrical and physical fans, and
toroidal vortices (essentially, scented smoke rings).

4 TECHNICAL DESCRIPTION

4.1 Scentony (2018-’19) (Fig. 1).

Scent materials: essential oils, including chocolate and lemon grass, diluted in perfumers’ alcohol, in glass bottles
Microcontroller: Arduino Micro

Additional electronics: wires and five pushbuttons, breadboard, prototyping printed circuit boards (PCB)

Vaporisation: 4 hacked mini-USB humidifiers (Biltema), modified humidifier wicks

Blending? Y, blending of scents at 5 fixed proportions. Version 1 (2 scents) 100/0, 75/25, 50/50, 25/75, 0/100. Version 2
(4 scents) combinations ranging from 75%-0%.

Delivery: 5v 80mm computer fan

Housing materials and fabrication: 3D printed, polylactic acid (PLA)

Application area: entertainment, blend perception

Figure 1: a) Scentony 3D printed housing, fan, and scent containers. b) Piezo array and circuit boards.

4.2 VortexNova/QuadraVortex (2021-°22) (Fig. 2).

Scent materials: cinnamon, ginger, banana, and anise essential oils, undiluted

Microcontroller: Arduino Micro

Additional electronics: Tower Pro SG90 Micro Servo 9g, pressure sensor, breadboard, male-to-male and male-to-female
jumper wires. QV: 2 Nema 17 stepper motors

Vaporisation: Natural diffusion, 10 drops of essential oil infused directly into vortex chamber

Blending? N

Delivery: Toroidal vortices



Materials and fabrication: Laser cut medium-density fibreboard (MDF); modelling done in InDesign. Two gears of
different sizes, one striker, 1-4 compressed paper vortex cannons with latex glove membrane, a rubber band, five metal

pins, four wooden discs, two wooden triangles, two feet, and the frame that holds it all together, hot melt adhesive.

Application area: smell training game (VN), material exploration of toroidal vortices as a scent delivery means (QV).

Figure 2: a) VortexNova front quarter view. b) QuadraVortex front quarter view. ¢) QuadraVortex rear quarter view, details of
membranes and striker assembly.

4.3 Ambians (2022-°23) (Fig. 3).

Scent materials: Kiwi aromatic essence, food grade (Le Meilleur du Chef), diluted 1:10 with water in a recycled plastic
bottle top reservoir

Microcontroller: Arduino Uno

Additional electronics: Mini breadboard (46x35x9mm), jumper cables

Vaporisation: piezo transducer, hacked floating humidifier (Kikkerland), Wettex wick

Blending? N

Delivery: paper fan on wooden pin driven by Tower Pro SG90 Micro Servo 9g

Housing materials and fabrication: laser cut 6mm plywood

Application area: ambient notification

Figure 3: a) Ambians housing and fan. b) Piezo assembly.

5 PAPER PROTOTYPING

The prototypes were initially sketched and prototyped in paper form, before moving on to rapid fabrication processes.



Initial sketches and paper prototypes were created to ideate and instantiate scent delivery methods, to work out the spatial
relationships of different components, evaluate feasibility and functionality, and explore aesthetics and form factors.

The Scentony paper prototype (Fig. 4a) utilised a wooden base and a paper tube as mixing chamber and incorporated
two scents rather than the final four to test the feasibility of their blending system.

The VortexNova team created lo-fi manually activated vortex cannons using materials that included paper tubes and
plastic cups as vortex chambers, with rubber gloves as vortex-creating membranes (Fig. 4b). They used these prototypes
to determine which design was the most efficient, and they also informed the team’s decision to develop a digital system
for driving the cannon.

The Ambians paper prototype (Fig. 4c) featured a paper housing with natural diffusion of scent material and a 360-
degree fan to explore control, presentation, and delivery of liquid scent materials, as well as aesthetic aspects of the design.

Figure 4: a) Scentony paper prototype with two scents. b) VortexNova paper vortex cannon with manually operated membrane. c)
Ambians paper prototype with natural diffusion.

6 APPLICATION AREAS AND RESULTS

Development of the prototypes was not an end in itself; rather, each prototype was intended to be used to answer a research
question in an experiment evaluation, most often through a research through design approach [5]. The application areas
for these prototypes include entertainment and blend perception, smell training and ambient notification.

Scentony was originally conceived as a device to support entertainment uses, but insights from testing of the prototype
were most relevant for understanding scent blending: When there was one dominant smell (75% of the mixture), it was not
hard to detect both smells and differentiate between their proportions. However, the closer the percentages got to (50%
each), the harder it became to identify the scent components. A mixture that contained an equal proportion of the two
scents created a brand-new scent that was hard to relate to its basic components. That assured the team that the mixing
system was functioning well and offered a valuable insight on scent-mixing.

The vortex cannon prototypes were developed to explore the possible effects and uses of targeted scent delivered over
medium distance. VortexNova was developed as part of a smell training game system, in which users are challenged to
identify scents from four vortex cannons in a timed session. Toroidal vortices were employed as a method to allow the user
to move freely in an open space and at the same time to encourage bodily movement. The insights gained from this was
the bodily movement required to partake in the game made the testers more focused and engaged. The fact that testers were

timed made them competitive and wanted to redo to get a better time. The QuadraVortex project expanded upon the original



design, and adopted a material exploration approach, proposing to explore possible smell interactions between the user and
the vortex ring. The range and accuracy of the vortex rings was tested, as well as blending capacity and haptic effects.
Findings indicated that the vortex cannon could deliver scent with precise accuracy to the nose at up to 90cm, with contact
at the face possible up to 150cm. When the vortex ring collapsed after 150cm it created a temporary cloud of scent.
Individual scents delivered in sequence retained their character: the insight gained from the testing was that when a vortex
ring hit a user the only scent that they could sense was the one being delivered. Even after a vortex ring had hit a user, a
new scent could be delivered, and the users could still distinguish between the two scents.

Ambians was conceived of as an ambient notification system intended to display slow, gradual, and non-urgent
information in a desktop environment. Testing the device focused upon evaluating the awareness of 8 users (4 of whom
had been familiarised with the kiwi scent over a week-long training process, 4 who had not) to changes in the surrounding
smells cape while engaged in a primary task (GeoGuessr). The participants were asked to notify the observer as soon as
they noted a change in fragrance, and generally remark upon changes in the local smell-scape throughout. The average
detection time was 1 minute and 7 seconds, with trained participants being slightly slower (avg. 1:21) than the untrained
(avg. 0:50). The lab study results confirmed the assumption of smell notifications being non-intrusive yet noticeable, while
repeated exposure did not prove to have any significant impact on the participants susceptibility to the notifications.
Further, most users expressed appreciation for the artefact’s appearance, which is primarily due to a paper sail and patterned
grid.

7 DISCUSSION

Taken as a group, the prototypes offer an opportunity to reflect upon the affordances and drawbacks of working with rapid
prototyping methods, as well as potential advantages and pitfalls of utilising simple off-the-shelf hardware and materials.

Developing olfactory displays during time-limited projects foregrounds simplicity and efficiency as key considerations
in the design process. We see the outcomes of the three prototypes as testifying to two core design values: visibility and
tangibility. Visibility refers to the way in which inner workings of the devices are revealed, and invisible scent release
made apparent. The laser cut gearing and striker of the vortex cannons, for example, offers a visual representation of the
way in which changes in pressure on a membrane serve to compress air in a chamber behind an aperture, before being
forced out in an internally rotating, scented donut shape that maintains its shape over distance. Piezo transducers have
several drawbacks as a vaporisation method, but one strength of the piezo in olfactory interaction design is that it creates
a visible mist. One finding of the Ambiens project is that the smoke-like mist produced by the device offered delight and
visual appeal, almost evoking the visual spectacle of incense.

Though tangible haptic effects of puffs of scented air on the skin are sometimes considered to be unnatural in our
smelling experience, and thus to be avoided, one finding of the vortex cannon projects is that haptic effects can provide
useful feedback in use situations that involve deliberate judgements about scent. The non-contact feedback provided by
the collision of vortex ring with skin proved appropriate in a smell training context.

Piezo transducers offer a mixed set of attributes when working with rapid olfactory display development. It is not
difficult to obtain them, but they do produce a characteristic mist. Though aesthetically pleasing, the mist has the drawback
of being composed of droplets that will eventually sink and may build up on surfaces, leaving residue or causing
contamination. Our Scentony students occasionally had difficulty with the copper in piezos delaminating during soldering,
and both groups working with piezo ended up hacking commercially available floating humidifiers. Piezos must be
positioned in close contact with a wick that draws up scent material to the piezo mesh, and our groups had differing
experiences with wick materials. The Scentony group modified the wick the came with the humidifier, while the Ambiens



group created custom wicks with Wettex sponge material. The Wettex wicks proved susceptible to mould when stored in
open containers and had to be regularly refreshed.

Finally, our groups reflected upon the olfactory profiles of rapid prototyping processes. Laser cut wood materials have
a characteristic burnt smell, which proved to be distracting when used in a more intimate setting such as a desktop within
reach of a user. Laser cut wood had no effect, however, on the perception of scent over medium distance in the vortex
cannon projects. This suggests that proximity and the space of interaction should be carefully considered before laser

cutting is used in olfactory display prototypes.

8 CONCLUSION

Rapid development of olfactory displays in time-limited educational projects offers student a valuable opportunity to study
direct sensory perception in a very unfamiliar design space, and to gain concrete experience of prototyping with a
fascinating design material. Additionally, students learn to decompose novel design challenges, a skill that can be
transferred to other domains on the frontiers of interaction design. We have found that the use of simple electronics and
microcontrollers, hacking off-the-shelf components, paper prototyping, and fabrication methods such as 3D printing and
laser cutting can support the development of olfactory displays in time-limited projects, and quickly give students the

opportunity to make a seemingly abstract sensory modality much more tangible.
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