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Abstract

For transmitting scent together with other media, it is
necessary to control the presentation of scent in accordance
with changes in images/sounds over time. In movie scenes
especially, it is thought that the sense of realism is enhanced
by delivering scent adapted to specific images. However,
it was previously impossible to express the 'movement’ of
scent (such as gradually fading away or appearing) since
the inability to precisely control scent emission led to scent
lingering in the air, causing adaptation to the scent. There-
fore, we approached such a problem by using pulse ejec-
tion which emits scent for just a very short period of time.
We measured human olfactory characteristics for the pulse
ejection technique by subjective assessments in order to de-
velop a scent presentation technique that would create a dy-
namic perspective of scent that could be synchronized with
changes in specific images/sounds. Experimental results re-
vealed that receivers reported feeling a dynamic perspec-
tive of scent when the ejection quantity of scent was in-
creased(or decreased) stepwise logarithmically. It is ex-
pected that the presentation of scent using the proposed
method when transmitted together with images/sounds will
make the synchronization between media easier.

1. Introduction

Information transmission and communication tends to be
limited to visual information and audio information. How-
ever, the transmission of information via all five senses
(sight, hearing, touch, smell and taste) has lately attracted
much attention [1]. Olfactory information recognized by
the olfactory organs differs from the information recognized
via the other four senses. The sense of smell powerfully af-
fects humans since olfactory information is directly trans-
mitted to the cerebral limbic system that governs emotions.
In addition, olfactory information has high importance since
it is thought that the presentation of olfactory information
is effective as a means to enhance the sense of reality like
three-dimensional vision and sound [2]. Therefore trials on
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the transmission of olfactory information together with that
of audio/visual information are currently being conducted
in the field of multimedia.

For transmitting scent together with other media, it is
necessary to control the presentation of scent in accordance
with the changes in images/sounds over time. In movie
scenes especially, it is thought that realistic sensation is in-
creased by delivering scent adapted to the specific images
being viewed. This study presents a presentation technique
of scent that enables the receivers to feel a dynamic change
in the perception of scent in accordance with the changes in
images/sounds over time.

However, problems exist with regard to the amount of
scent that is emitted to enhance the multimedia experience
using current techniques. Too much scent emitted over a
continuous period leaves scent in the air and causes human
adaptation to the scent, and thus, the goal of olfactory in-
formation transmission is not reflected in the actual human
response. Such a problem means that the conventional pre-
sentation technique of scent cannot be changed in accor-
dance with changes in images/sounds over time. The re-
ceivers would merely perceive a scent that does not change
or correspond to changing events.

To resolve this problem, and based on the hypothesis that
a small amount of ejected scent presents discrete and tran-
sient bursts of olfactory stimulation thereby reducing the ef-
fect of adaptation [3], we co-developed an ink-jet olfactory
display with Canon Inc. The display realizes high-precision
emission control of scent by providing stable pulse emis-
sion of scents. In general, it is known that humans can de-
tect scents only when they inhale. So, in order to use pulse
ejection, it is important that the timing of scent presentation
is synchronized with breathing [4]. Therefore, we devel-
oped a breath sensor for breath synchronization [5] which
we used for presenting the pulse ejection upon each inspira-
tion. The human olfactory characteristics for pulse ejection
were then measured to develop a presentation technique of
scent such that the receivers can feel a dynamic perspective
that changes stepwise in accordance with changes in im-
ages/sounds over time. The utility of the developed method
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was evaluated and its potential application in the multime-
dia filed is discussed.

2. Related Work

Trials on the transmission of olfactory information to-
gether with audio/visual information are currently being
conducted. Work first started in the 1950s when Heilig
developed Sensorama [6], the first virtual reality (VR)
system that presented olfactory information together with
audio/visual information. The recently developed virtual
space system, Friend Park [7], provides users with an in-
creased sense of reality by generating the aroma of a vir-
tual object or environment, where the aroma is defined as
the area in which a scent can be perceived. Kaye’s article
[8] describes some systems that add scent to web content,
and computer controlled olfactory displays such as iSmell
[9] and Osmooze [10] are utilized in these systems. An-
other type of display, the air cannon olfactory display that
generates toroidal vortices of scent in order to present it in
restricted space, has been proposed in [11].

Nakamoto et al. [12] designed a smell synthesis device
that presents the scent of a virtual object remotely. The sys-
tem analyzes the smell to be transmitted and presents the
analyzed data as the composition ratio of the scent elements.
On the receiver side, a feedback control changes the ratio of
the scent elements owned by the receiver to reproduce the
target scent.

A wearable olfactory display with a position sensor has
also been developed [ 1 3]. By controlling the density of odor
molecules, it can present the spatiality of olfaction in an
outdoor environment. The olfactory information transmit-
ting system consists of the aforementioned display, a sens-
ing system using three gas sensors, and matching database.
The user can experience a real sense of smell through the
system by translating obtained olfactory information.

AROMA [14] tries to introduce the olfactory modality as
a potential alternative to the visual and auditory modalities
for messaging notifications. Experimental findings indicate
that while the olfactory modality was less effective in de-
livering notifications than the other modalities, it had a less
disruptive effect on user engagement in the primary task.

The addition of a scent to image media such as movies
has been proposed by a number of researchers. Okada et al.
[15] measured the viewer’s mental state by his/her brain-
waves, and analyzed the relation between the scent and the
viewer’s feelings while watching. A movie that adds olfac-
tory information to the visual/audio information has been
created, but because the synthetic perfume did not accord
with the image and the scent was not deodorized, the movie
could not be widely distributed.

ICAT 2008
Dec. 1-3, Yokohama, Japan
ISSN: 1345-1278

3. Characteristics of Olfaction
3.1. Olfactory Threshold

The olfactory threshold is the value used as a standard to
express the strength and weakness of a scent. Three kinds
of values are generally used for the olfactory threshold: the
detection threshold, the recognition threshold, and the dif-
ferential threshold [16], usually expressed in units of mol
(concentration) and mass percentage.

The detection threshold is the smallest density at which
scent can be detected and where the user does not need to
recognize the kind of a smell. The recognition threshold is
the smallest density at which the kind of scent can be rec-
ognized, and its value reflects the ability of the user to ex-
press quality and characteristics of the scent. The differen-
tial threshold is the density at which the user can distinguish
the strength of a scent, where its value reflects the ability of
the user to detect changes in the stimulus and to quantify
the change. Generally such changes are expressed as the %
change of stimulation quantity of the original. In the case
of olfaction, it differs with different kinds of scent, but is in
the range of about 13-33%.

3.2. Adaptation

Adaptation is the phenomenon where sensory nerve ac-
tivity is decreased by continuous smell stimulation. Adap-
tation itself and the speed of recovery from adaptation dif-
fer with different kinds of scent. Adaptation is gradually
strengthened over time but is restored for a short time (3-5
minutes) by eliminating the scent.

In addition, there are various patterns of adaptation, in-
fluenced by the kind of scent and recognition factors.

4. Pulse Ejection Technique of Scent to Create
Dynamic Perspective

In this study, we propose scent presentation techniques
to create a dynamic perspective for the multimedia viewer.
The conventional olfactory presentation method continues
emitting scent at high density for a long time. In other
words the finely-tuned control of the ejection of scent from
one second to another is not accomplished. As such, this
presentation method creates various problems of olfactory
adaptation and scent lingering in the air, and it is therefore
impossible to create a dynamic perspective with scent un-
der such conditions. For example, for visual information
using the zoom function of the camera, and for audio infor-
mation using volume adjustment, we can create a dynamic
perspective easily(Figure 1). However, even if the trans-
mitter in scent media presents scent in a method similar to
that used for images and sounds(Figure 1-(D), the receiver
does not actually sense this, as shown in Figure 1-(3). For
our current purposes of developing a multimedia transmis-
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sion system for scent alongside visual/audio information,
we must overcome olfactory adaptation and scent lingering
in the air.

In this study, we developed a scent presentation tech-
nique (Figure 1-)) to create the dynamic perspective syn-
chronized with changes in images/sounds where, using
pulse ejection, scent was emitted for just very short periods
of time. The x axis of Figure 1 shows time, and the vertical
axis shows quantity of ejection. In a previous experiment,
we confirmed that scent did not remain in the vicinity of the
receiver when presented by pulse ejection with the wind ve-
locity above a certain level [17]. In addition, pulse ejection
presented in discrete and transient bursts of olfactory stim-
ulation has been shown to reduce the effect of adaptation
[3].

However, it is important to synchronize the presentation
of olfactory stimuli with breathing pattern, because pulse
ejection represents only a very short presentation of scent.
In general, it is known that humans can detect scents only
when they inhale [18]. So, in order to use pulse ejection,
it is important that the timing of scent presentation is syn-
chronized with breathing [4]. Therefore, in the proposed
technique, pulse ejection is presented by an ejection method
synchronized with the user’s breathing, using a breath sen-
sor and taking into account human olfactory characteris-
tics. In order to develop the scent presentation technique
to create a dynamic perspective when synchronized with
changes in images/sounds, we must consider carefully the
olfactory characteristics of humans in relation to pulse ejec-
tion. However, to date, as comparatively little information
has emerged concerning such characteristics, we first exam-
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Figure 2. Olfactory display

ined these characteristics.

5. Olfactory Presentation System
5.1. Olfactory Display

We developed an olfactory display in conjunction with
Canon Inc. Figure 2 shows the prototype olfactory display.
This display is ink-jet in order to produce a jet which is
broken into droplets from the small hole in the ink tank.

Figure 3 shows the olfactory display in ground plan. The
display can set up 3 scent ejection heads. Since each head
can store one large tank and 3 small tanks, the display can
present, in total, 12 kinds of scents utilizing 3 large tanks
and 9 small tanks. There are 256 minute holes in the head
connected to the large tank and 127 in the head connected to
the small tank. Moreover, the display can emit scent from
multiple holes at one time, so the ejection quantity is adapt-
able to 1-256 (large tank), 1-127 (small tank). We denote
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Figure 3. Plain view of the olfactory display

the average ejection quantity from each minute hole as the
“unit average ejection quantity (UAEQ)”, and the number
of minute holes emitting at one time as “the number of si-
multaneous ejections (NSE)”.

The unit average ejection quantity from two small tanks
is 4.7 pl for lavender scent and 3.7 pl for lemon scent. Ex-
amination at Canon Inc confirmed the quantity to be approx-
imately constant without depending on the residual quantity
of ink. In addition, the user can set the number of ejection
times from one hole in 100 msec to 1-150 times, which we
denote the "volume”. In this study, we use two small tank
and always set the volume to 150 times. Therefore, the ejec-
tion quantity (EQ) is calculated as follows.

EQ (pl) = 4.70r3.7 (pl: UAEQ) x 1 — 127 (NSE)

x 150 (times : Volume) ()
The scent is diluted by 5% with ethanol and water.
Scent quantity (pl) = EQ (pl) x 0.05 2)

Ejection control is possible for a unit of 100 msec. Also,
the display is equipped with a fan and there are 10 phases
of wind velocity control in the range of 0.8 m/sec-1.8 m/sec.
The scent presentation hole is a rectangle of 2 cm length and
24 cm width.

Figure 4 is a photograph showing the use of the olfactory
display. The user places the chin on the chin rest, fixing the
distance from the olfactory ejection point to the nose at 10
cm.
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Figure 4. Use of the olfactory display
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Figure 5. Conceptual diagram of the breath sensor system

5.2. Olfactory Ejection with Breathing Synchro-
nization

When we inhale, as already mentioned, we detect
scent molecules. To match the timing of pulse ejection
with breathing, we developed an olfactory ejection system
that synchronized with breathing [5]. Figure 5 shows a
schematic of the system.

The user wearing a breath sensor sits in front of the ol-
factory display and is presented with scent. The system ac-
quires the user’s breath data via the breath sensor and trans-
fers the value to a control computer. The control computer
runs a program to monitor breath data constantly and to de-
tect the beginning of inspiration. At the point the program
judges the beginning of inspiration, a signal of scent presen-
tation is sent to the olfactory display, which then presents
scent to the user. The above represents the process of smell
presentation by the olfactory ejection system. Characteris-
tics such as breathing intervals differ from person to person,
and each user must therefore calibrate the breathing sensor
before use.

6. Experiment

As the shortest ejection continuance time of the olfactory
display is 100 msec and this olfactory display can stably
present a scent, we assumed a pulse ejection of 100 msec in
the present study. Using this olfactory display it is possible
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to control 127 phases of ejection quantity. The experiment
was conducted using 100 msec pulse ejections of lavender
scent and lemon scent.

6.1. Preliminary Experiment

6.1.1 Detection Threshold

The experiment to determine the detection threshold was
conducted using 100 msec pulse ejections of lavender scent
and lemon scent with 6 participants. Olfactory ejection was
synchronized with the timing of breathing of each partic-
ipant. The participants were instructed to respond when
they detected a scent. With the following pair compari-
son method [19], we measured the detection threshold of
the scent. The olfactory display presented scented and un-
scented ejections to each participant, and we instructed the
participant to indicate which of the two was the scented
ejection. Ejection quantity was decreased until the partici-
pant selected the distracter. Two kinds of scent were emitted
in turn in order to avoid the problem of adaptation, which
occurs when smelling the same scent successively.

As a result, the average detection threshold of 6 partic-
ipants was an ejection quantity of 24 of the 127 phases of
lavender scent and of 19 of the 127 phases of lemon scent.

6.1.2 Comparison of the perceived intensity of scent

It is known that the perceived intensity of a stimulus is
proportional to the logarithm of the physical magnitude of
stimulus [20]. An olfactory stimulus is no exception. So,
ejection quantity of lavender scent and lemon scent was in-
creased stepwise on a logarithmic scale, and we measured
whether the perceived intensities of lavender and lemon
scents were the same at each the ejection quantity.

Ejection level 1 was set to the ejection quantity of the
detection threshold determined in the earlier experiment de-
scribed in 6.1.1, and the ejection levels were increased step-
wise logarithmically from ejection level 1 in three levels
(Tablel). Then, we determined the difference between each
participant’s perceptions of the intensities of the lavender
and lemon scents at each the ejection levels using the pair
comparison method [21]. In this experiment, two pulse
ejections of two kinds of scent were presented per inspira-
tion, and the participant rated the intensity of the two kinds
of scent on a scale of -2 to +2, as shown in Table 2. Order
and the ejection level of the ejection of two kinds of scent
were set at random.

Ten participants participated for a total of six trials
(lavender 1 (level) - lemon 1 (level), lavender 2 - lemon
2, lavender 3 - lemon 3, and 3 trials of the reverse order).
Table 3 shows the average score of the scent intensity for
each ejection level. The results show that the intensity of
two kinds of scent is perceived as approximately equal; the
evaluation point of the intensity of the two kinds of scent
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Table 1. Ejection quantity (in 127 phases) of each scent toward the
ejection level

Ejection Level | lavender | lemon
1 24 19
2 48 38
3 96 76

Table 2. Intensity scores for the two kinds of scent emitted

Score Judgment of the intensity
+2 Former is considerably stronger than next
+1 Former is slightly stronger than next
0 Intensity of former is the as same as that of next
-1 Former is slightly weaker than next
-2 Former is considerably weaker than next

is almost 0. In addition, there was little difference be-
tween individuals since the standard deviation was small.
We thus confirmed that the perceived intensities of laven-
der and lemon scents are about the same, and the ejection
quantity was set as shown in Table 1.

Table 3. Average intensity of scent score(standard deviation)
scent level 1 | level 2 | level 3
lavender | 0.25 0.15 -0.20

(0.35) | (0.53) | (0.48)
lemon -0.25 -0.15 0.20
(0.35) | (0.53) | (0.48)

6.2. Experiment 1: Measurement of the quantity
of pulse ejection to create perspectives of dis-
tance and proximity

Since the purpose of this study was to develop a scent
presentation technique to create a dynamic perspective syn-
chronized with changes in images/sounds, we first mea-
sured the quantity of pulse ejection that could create the
static perspectives of distance and proximity, that is “far”
and "near”.

In this experiment, two pulse ejections of two kinds of
scent were presented on one inspiration. The pair of fra-
grances were used for all combinations (a total of 18 trials)
of the three ejection levels (Table 1). The participant was in-
structed to choose one image most fitting to how he or she
felt about the fragrances from four images (Figure 6). The
four images shown in Figure 6 were combinations of the
image in which lavender appears in the distance or in close
proximity and the image in which lemon appears in the dis-
tance or in close proximity. The order and the ejection level
of the two kinds of scent were presented randomly.
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Figure 6. Image selection for the participant

Twenty subjects participated in a total of 18 trials for
each combination of order and ejection level of scent emit-
ted. As aresult, all of the participants chose the "far” image
when they smelled a scent at ejection level 1, and all of
the participants chose the “near” image when they smelled
a scent at ejection level 3. Thus, scent presented at ejec-
tion level 1 givean impression of distance while that pre-
sented at ejection level 3 gives an impression of proximity.
In contrast, at ejection level 2, there was variation in the
participants’ choices, suggesting that ejection level 2 gives
an impression of ”middle distance”.

6.3. Experiment 2: Presentation technique of creat-
ing a dynamic perspective using a breath sen-
sor

In Experiment 1, we decided upon the quantity of pulse
ejection needed to create a static perspective of distance and
proximity. In this next experiment, we examined the effec-
tiveness of the pulse ejection technique to create a dynamic
perspective, with a fragrance ”gradually fading away” and
”gradually appearing”. In this experiment, we tried to cre-
ated the dynamic perspective during six breathing cycles.
As already mentioned, when we inhale, we detect scent
molecules [18]. In this experiment, for breath synchroniza-
tion, olfactory presentation was controlled using a breath
sensor, as explained in section 5.2. One pulse ejection oc-
curred for each inspiration of the six breathing cycles. Then,
we developed six kinds of pulse ejection scent presenta-
tion techniques, as shown in Figure 7. Ejection level 2 was
changed between 0-2 times to indicate each event of ”grad-
ually fading away” and “gradually appearing”. Also, the
rest of the number of ejection allotted the number of times
of ejection level 1 and level 3 equally. Each participant was
presented at random with the six different kinds of presen-
tation technique for each of the two kinds of scent, and was
instructed to choose the most suitable item from seven eval-
uation items as follows.

(DThe fragrance has suddenly gone

@The fragrance is gradually fading away

(3 There was no change in feeling the scent was far” or
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" fading away”

The ejection
level 2 level 3

§ The ejection ’ The ejection

level 1

Figure 7. Method for creating a dynamic perspective using a
breath sensor

’7near79
@ The fragrance is gradually appearing
(® The fragrance has suddenly appeared

(6 The fragrance irregularly changed from feeling “far”
or "near”

(D There was no fragrance since the middle point

We defined that a presentation technique that would cre-
ate a dynamic perspective would not to result in the re-
ceivers feeling a fragrance “has suddenly gone away” or
”suddenly appeared”, but rather resulted in them feeling
it ”is gradually fading away” or “is gradually appearing”.
Therefore, we determined that the presentation techniques
required to create a dynamic perspective is the ejection
method with the most number of the answers for 2) and

@.

Twenty-two subjects participated in a total of 12 trials
for each presentation technique and kind of scent. Figure
8 shows the number of the answers for 2) for three kinds
of scent presentation techniques to create the impression
of ”gradually fading away”. Similarly, Figure 9 shows the
number of answers for 3 for three kinds of scent presen-
tation techniques to create the impression of “gradually ap-
pearing”. As can be seen from these two figures, 90% of
the answers related to the presentation technique of 2 times
at ejection level 2 and has the highest number of answers
for the three kinds of presentation techniques. The results
of Experiment 2 indicate that the receivers could feel a dy-
namic perspective when the ejection quantity of scent was
increased or decreased stepwise logarithmically.
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6.4. Experiment 3: Presentation technique of cre-
ating a dynamic perspective without using a
breath sensor

In Section 6.3, we described a successful scent presen-
tation technique using a breath sensor: however, it is not
always practical to use such a sensor during scent presen-
tation. In this section, we therefore propose a different
presentation method for creating a dynamic perspective of
smell without using a breath sensor.

In our previous study, receivers could detect a scent at
any timing of inspiration when scent was ejected in 1.3 sec
intervals [3]. It is known that one breath cycle at rest in
able-bodied people takes about 5 seconds. In this experi-
ment, to allow the receivers to sense a fragrance between
six breath cycles, scent was ejected at intervals of 1.3 sec
over a 30 second period. In Section 6.3, it was revealed that
presentation 2 times of ejection level 2 is suitable for cre-
ating a dynamic perspective during six breath cycles when
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olfactory characteristics
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Figure 11. Response weighting toward creating a dynamic per-
spective using olfactory characteristics

using a breath sensor. Therefore, we developed a technique
to present the pulse ejection at ejection level 2 between 10-
20 seconds, as shown in Figure 10, in order to match the
presentation technique of 2 times of ejection level 2 used in
Experiment 2.

Twenty subjects participated in a total of 8 trials for each
presentation technique and kind of scent. The presentation
techniques is two presentation methods as shown in Figure
10 and an ejection method of uniform density, and an ejec-
tion method of uncertain density. During the randomly pre-
sented eight kinds of presentation technique for each of the
two kinds of scent, the participant chose the most suitable
item from seven evaluation items.

Figure 11 shows the results of Experiment 3. When scent
was presented by the developed method, 80-95% of the par-
ticipants chose ”(2) The fragrance is gradually fading away”
and (@) The fragrance is gradually approaching” Thus, we
have developed a presentation method without the need for
a breathing sensor that enables users to feel the dynamic
perspective of scent.

7. Conclusion

For transmitting scent together with other media, it is
necessary to control the presentation of scent in accordance
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with changes in images/sounds over time. This requires res-
olution of the problem of scent remaining in space that re-
sults in adaptation. Therefore, we approached the problem
using pulse ejection which emitted scent for just very short
periods of time. In this study, we confirmed that a user could
feel the dynamic perspective of scent. The experimental re-
sults revealed that the receivers could feel such a dynamic
perspective when the ejection quantity was increased log-
arithmically. In addition, they could feel the dynamic per-
spective when the ejection quantity was increased stepwise
logarithmically. Our developed pulse ejection technique of
scent which was determined based on a study of human
olfactory characteristics for pulse ejection, enabled about
90% of participants to feel the dynamic perspective of scent.

It is expected that the presentation of scent using
the proposed method when transmitted together with im-
ages/sounds will make the synchronization between media
easier.
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