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Abstract

Studies aiming at increasing the sense of reality by using scents with the picture medium, such as movies, have
lately attracted much attention. In the picture medium, multiple objects with different scents are seen at the same
time. Therefore, it is thought that by controlling the presentation of scent in accordance with the various scented
objects seen, the viewer will experience a greater sense of realism. This realism will be further heightened by
expressing through scent the distance relation between the multiple objects, that is, stronger scent for objects in
the foreground and weaker scent for those in the background. However, this requires a technique that can not only
present multiple scents which must be perceived simultaneously, but also express a distance relation between them.
In this study, by using pulse ejection which emits scents for only very short periods of time and by measuring the
olfactory characteristics for various scent presentation patterns by changing the relative amount and presentation
frequency of the two scents, we succeeded in enabling around 90% of users to sense the distance relation between
two scents. The proposed method for presenting scent depicting multiple objects shown simultaneously in the
picture medium is expected to further enhance the sense of reality.

Categories and Subject Descriptors (according to ACM CCS): H.5.2 [Information Interfaces and Presentation]: User
Interfaces—User-centered design

1. Introduction tation of scent in accordance with the various scented ob-
jects seen, the viewer will experience a greater sense of real-
ism. Sensing multiple objects through olfactory information
is affected by the relative positions between the objects. For
example, in the case that not only a foreground object, but
also the space surrounding it (e.g. the background of a for-
est) is scented, it is thought that we experience the scent of
the foreground object strongly and that of the background
weakly. Thus, in a multimedia context aiming at enhancing
the sense of reality, it is necessary not only to present multi-
ple scents at the same time, but also to express the distance
relations between them.

The transmission and communication of information tends
to be limited to visual and audio media. However, the trans-
mission of information via all five senses (sight, hearing,
touch, smell and taste) has lately attracted much attention
[yus07]. Olfactory information recognized by the olfactory
organs differs from the information recognized via the other
four senses. The sense of smell powerfully affects humans
since olfactory information is directly transmitted to the
cerebral limbic system that governs emotions. In addition,
olfaction is thought to be an effective means by which to
convey information that will enhance the sense of reality, as
occurs with the use of three-dimensional vision and sound
[Hir07]. It is expected that the addition of scent to the trans-
mission of audio-visual information in particular will further

In this study, we developed a scent presentation technique
that expresses the relative distance between a foreground
(strong) and a background (weak) scent that corresponds

enhance the sense of reality.

In the picture medium, such as movies and television,
multiple objects with different scents are seen at the same
time. Therefore, it is thought that by controlling the presen-
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with the relation between two items presented in the picture
medium. In order to develop such a technique, we needed
to address the problem of olfactory adaptation associated
with conventional olfactory presentation methods. Conven-
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tional methods continue emitting scent at high density for a
long time to enable everyone to experience the scents easily.
However, this creates the problem of scent lingering in the
air and leads to adaptation, which makes it impossible for
users to experience the many separate scents that correspond
with the many changes of objects and sounds appearing in
the picture medium. Therefore, we approached this prob-
lem by using pulse ejection, a method which emits scents
for only a very short period of time. Pulse ejection was real-
ized using a display [SOBOO08] that provides high-precision
emission control of scent.

2. Related Work

Trials on the transmission of olfactory information together
with audio-visual information are currently being conducted.
Work first started in the 1950s when Heilig developed Sen-
sorama [urlb], the first virtual reality (VR) system that pre-
sented olfactory information together with audio-visual in-
formation. The recently developed virtual space system,
Friend Park [SHO*01], provides users with an increased
sense of reality by generating the aroma of a virtual object or
environment, where the aroma is defined as the area in which
a scent can be perceived. Kaye’s article [Kay04] describes
some systems that add scent to web content, and computer
controlled olfactory displays such as iSmell [WJS*04] and
Osmooze [urla] are utilized in these systems. Another 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 [YNTTO03].

Nakamoto et al. [NNHMO1] designed a smell synthesis
device that presents the scent of a virtual object remotely.
The system analyzes the smell to be transmitted and presents
the analyzed data as the composition ratio of the scent ele-
ments. On the receiver side, a feedback control changes the
ratio of the scent elements owned by the receiver to repro-
duce the target scent.

A wearable olfactory display with a position sensor has
also been developed [YTHHO04]. 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 sensing
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 [BCNO04] tries to introduce the olfactory modal-
ity as a potential alternative to the visual and auditory modal-
ities for messaging notifications. Experimental findings in-
dicate that while the olfactory modality was less effective
in delivering 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. [OA03] measured the viewer’s mental state by his/her
brainwaves, and analyzed the relation between the scent and
the viewer’s feelings while watching. A movie that adds ol-
factory information to the audio-visual 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. In addition, the "scent com-
munication mobile™ [kao], a mobile phone service, now de-
livers scent via the Internet, so-called "scent communica-
tion".

However, the scent presentation techniques of previous
works were designed merely to create the sense of experi-
encing a scent, and they used higher densities and longer
presentation times of scent than actually necessary, and thus
were hindered by the problem of olfactory adaptation due
to scent lingering in the air. To this end, we describe in the
next section our proposed technique that makes it possible
to experience multiple scents at the same time and which ex-
presses the distance relation between objects as presented by
the audio-visual information.

3. Proposed Scent Presentation Technique to Express
Distance Relations between Foreground and
Background

We are focusing on the development of a scent ejection con-
trol technique that will make communication via olfactory
information widespread. In the area of the multimedia, the
addition of scents in accordance with audio-visual contents
was found to have marked effects on content understand-
ing; however, multiple objects, each of which have scent,
frequently appear on the screen at the same time. For ex-
ample, in the case of a movie scene where someone eats an
apple in a forest, both the apple and the forest have distinct
scents. If both scents are presented at the same time and we
can sense them both simultaneously, it should enhance the
sense of reality because we can sense, by olfaction, that there
are two objects present. As mentioned earlier, it is also im-
portant to convey the distance relations between objects for
an enhanced sense of realism, where we would expect to ex-
perience the smell of the foreground apple strongly and the
background of the forest weakly.

We previously succeeded in enabling a user to sense two
scents in a single breath by using pulse ejection [SOK*08],
and in the present study, we sought to develop the scent
presentation technique further to express the distance rela-
tion between objects presented in the foreground and back-
ground. The pulse ejection method used is shown in Figure
1. The olfactory display used in this study [SOBO08] can
control scent ejection for units of 100 msec. Therefore, we
define "pulse ejection™ in the following experiments as scent
ejection for a 100?msec period (delta t shown in Figure 1.

In order to create the sense that there are two objects at
the same time, it is necessary to experience two scents in
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as short a time as possible. We thus define the foreground
and background distance relation as "the intensity relation
between two scents perceived in a single breath when pre-
sented simultaneously". The foreground scent is expressed
by a strong scent, and the background scent by a weak scent.
Figure 2 illustrates the proposed method.

In addition, hypothesizing that a lower frequency of pre-
sentation would make it difficult to sense two scents pre-
sented at the same time, we decided that each scent would
be presented either at least once in two breaths.

To express the distance relation, we needed to alter the
density of the two scents presented in a single breath by
highlighting the foreground scent, by increasing its density,
while reducing the relative density of the background scent.
So, to determine a suitable difference in density between the
two scents and a suitable order of presentation that would
enable the user to experience the two scents and the distance
relation, we developed two methods of scent presentation in
a single breath.

The first method involved two pulse ejections where the
relative intensity of the stimuli was changed by varying the
ejection amounts of the first and second pulses. This method
is hereafter referred to as the "pulse mode™ method. Figure 3
shows examples of this method, where (a) shows the pattern
presenting the higher density scent first, and (b) and (c) show
the patterns presenting the higher density scent second. Fig-
ure 3-(b) shows a greater difference in density between the
two scents, and (c) a lesser difference.

Since we considered that using the pulse mode might
mean that the lower density scent is little sensed, we devel-
oped a second presentation method (Figure 4) in which the
presentation of the lower density scent is long and the higher
density scent is presented by pulse ejection. Here, we refer
to the weak scent with long presentation as the "base scent",
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Figure 3: Pulse mode method of scent presentation.
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Figure 4: Base mode method of scent presentation.

and the strong scent presented by pulse ejection as the "sin-
gle pulse”, and we call this method the "base mode" method.
In addition, the base scent has the lowest of the densities
tested. Figure 4 shows examples of the base mode method in
which we use the pattern of presenting the base scent either
(a) first or (b) second.

Based on the results of our previous study in which a hu-
man subject was able to detect scents easily for 1200 msec
from the beginning of inspiration [OKS*08], here the in-
terval between the two pulse ejections in the pulse mode
method was set to 1000 msec and the presentation time of
the base scent was set to 1100 msec.

Finally, in order to eject scents that evoke a specific dis-
tance relation, it is necessary to consider the olfactory char-
acteristics that enable humans to experience pulse ejection.
Therefore, in the next section, after clarifying the detection
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threshold, we examine in Experiment 1 how two scents in a
single breath are experienced with the pulse mode and the
base mode method by carrying out a subjective evaluation.
We then apply the results in Experiment 2 in order to express
the distance relation over six consecutive breath cycles.

4. Experiments

In our previous study [KSBOO08], we confirmed that no scent
lingers in the air when the wind velocity control of the olfac-
tory display is set at more than 1.2 m/sec. Here, we set the
wind velocity control at 1.8 m/sec, which is the maximum
setting of this olfactory display, in order to reduce the delay
from emitting scent from the olfactory display’s exit hole to
reaching the nose of the user. We used three kinds of natural
fragrance: lemon, cinnamon and heliotrope.

4.1. Detection Threshold

The experiment to determine the detection threshold was
conducted using pulse ejections of the three scents with 11
subjects (8 male, 3 female) who were students in their 20s
majoring in information technology. We instructed subjects
to breathe in accordance with a sonant cue, to sniff the scent
patterns presented in accordance with their breath cycle, and
then to answer whether they were able to detect the spe-
cific scents presented. Using the paired comparison method
[syuO5], we measured the detection threshold of the scent.
The olfactory display presented a scented and an unscented
ejection to each subject, and we instructed subjects to indi-
cate which of the two was the scented ejection. We started
the trial from the ejection amount that the subjects could
sense easily, and it was decreased until the subject selected
the distracter. As a result, the average detection threshold of
the 11 subjects was an ejection quantity of 11 of the 127
phases of lemon scent, 8 of the 127 phases of cinnamon
scent and 6 of the 127 phases of heliotrope scent. In our pre-
vious study, we determined that the perceived intensity of
each of the scents is about the same at each detection thresh-
old [SOBOO08]. In addition, it is known that the perceived
intensity of a stimulus is proportional to the logarithm of the
physical magnitude of the stimulus [KNTO3]. Therefore, we
defined three phase levels of scent ejection, from 1 to 3, as
shown in Table 1, to use in the experiment. Ejection level
1 was set to double the ejection quantity of the detection
threshold, and the ejection levels were increased stepwise
logarithmically from ejection level 1 in three levels. Table 1
shows the ejection quantity of 127 phases of the three scents
corresponding with the three ejection level phases.

4.2. Experiment 1: Expressing the distance relation in a
single breath

First, we examined a suitable technique for expressing the
distance relation between two scents in a single breath. This
experiment was conducted using pulse ejections of the three

Table 1: Ejection quantity (in 127 phases) of each scent for
the three ejection levels.

Ejection Level | lemon | cinnamon | heliotrope
1 22 14 12
2 44 28 24
3 88 56 48

Figure 5: Experimentation environment for Experiment 1.

scents with 22 subjects (18 male, 4 female) who were stu-
dents in their 20s majoring in information technology. Fig-
ure 5 shows the experimentation environment.

4.2.1. Experimental method

Before the experiment, we conducted the following confir-
mation and measured the olfactory characteristics for two
scents presented in a single breath.

Preliminary procedure

1. Subjects noted down age, name, gender, physical condi-
tion, appetite, and condition of the nose.

2. Subjects were instructed to fix the position of their nose
by resting their chin on the stand and smelling the scents
slowly in a relaxed state.

3. Subjects became familiarized with the three scents used
in this experiment, and then confirmed whether they
could detect the kinds of two scents presented in a sin-
gle breath in the different presentation patterns.

We prepared 6 patterns of pulse mode presentation as
shown in Figure 6 (3 combinations of the first scent’s ejec-
tion level * 3 combinations of the second scent’s ejection
level - 3 combinations where the two scent’s ejection level
is the same.) and 2 patterns of base mode presentation as
shown in Figure 7 (where the first scent is the base scent,
and then where the second scent is the base scent). We used
a total of 48 patterns (abovementioned 8 patterns multiplied
by 6 combinations of the three scents).

(© The Eurographics Association 2009.
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Figure 6: Ejection patterns used in the pulse mode method.
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Figure 7: Ejection patterns used in the base mode method.

\We instructed subjects to breathe in accordance with a so-
nant cue, to sniff the patterns presented at random in accor-
dance with their breath cycle, and then to answer the ques-
tions shown in Table 2. In addition, we previously told the
subjects what kind of scent was presented. Table 2 shows
the questions in the case of using cinnamon and lemon. We
asked the same questions in the case of using lemon and he-
liotrope, and using heliotrope and cinnamon.

Table 2: Subjective evaluation in the case of lemon and cin-
namon presentation).

Q1. How many kinds of scents did you smell?
Q2. (For those who answered two kinds
in question 1)
Which of the following did you feel?
(@ Lemon seemed much more in the foreground (stronger).
(@ Lemon seemed a little in the foreground (stronger).
@ The intensity of the two scent seemed about equal.
@ Cinnamon seemed a little in the foreground (stronger).
(®Cinnamon seemed much more in the foreground (stronger).

In the case that the subject answered one kind of smell for
question 1 shown in Table 2, we considered that he/she could
not detect the scents. We measured the detection ratio from

(© The Eurographics Association 2009.

the ratio of the answer when he/she answered two kinds. For
question 2, we also measured the average score the subject
assigned on a scale of -2 to +2, as shown in Table 3.

For example, when high intensity lemon and low inten-
sity cinnamon were presented in a single breath, a higher
score indicated a stronger sense of the distance relation, and
when low intensity lemon and high intensity cinnamon were
presented, a lower score indicated a stronger sense of the
distance relation. In the latter case, the score was normal-
ized by inverting the sign, where a higher score indicated a
stronger sense of the distance relation. The same applied to
other combinations of scents. We conducted the above trial
for all presentation patterns with all subjects. For preventing
olfactory adaptation, there were approximately 30-sec inter-
vals between the trials, and subjects were instructed to take
a break for around 5 minutes after every 8 trials, as shown in
Figure 6 and Figure 7.

Table 3: Intensity scores for the two kinds of scent emitted.

Score Judgment of the anteroposterior defference
+2 Lemon seemed much more in the foreground (stronger).
+1 Lemon seemed a little in the foreground (stronger).
0 The intensity of the two scent seemed about equal.
-1 Cinnamon seemed a little in the foreground (stronger).
-2 Cinnamon seemed much more in the foreground (stronger).
4.2.2. Results

Table 4 and Table 5 show the average score (standard devi-
ation) and detection ratio for the 22 subjects for the pulse
mode method and the base scent method, respectively.

Table 4: Average score (standard deviation) and detection
ratio using the pulse mode method.

Second

First Level 3 Level 2 Level 1
Level 3 0;5(2%%1) 1391‘(2‘.)/19)
Level 2 Ofgé_lo-gf) o.gg%{.}zn
Level 1 1-33%5)9) 0.33%526)

Table 5: Average score (standard deviation) and detection
ratio using the base mode method.

Second .
First Single-pulse Base scent
Single-pulse l.gg(g(.]/(li)%
i T.20(1.00)
Base-scent 99.2%

The vertical axis of Table 4 and Table 5 shows the first
scent presentation method, and the x axis shows the second
one. For example, the area for level 1 on the top and level 3
on the left shows the average score (standard deviation) and
detection ratio in the case of presenting the level 1 pulse first
and the level 3 pulse second. The higher the average score
(-2 - +2), the stronger the perception of the distance relation,
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and the higher the detection ratio(0% - 100%), the stronger
the perception of both scents.

The results were analyzed using a two-way ANOVA (kind
of scent, kind of presentation pattern). There was no signif-
icant difference for kind of scent (F(2,22)=0.64, P > 0.05),
but a significant difference for kind of presentation pattern
(F(7,22)=27.02, P < 0.01). For all 8 kinds of presentation
pattern as shown in Table 4 and Table 5, differences were
assessed using the Steel-Dwass method [ste].

No significant difference was found for the pattern using
level 2 (P>0.05). Moreover, no significant difference was
found for the pattern not using level 2 (the pattern using
level 1 and level 3 as shown in Table 4 and the pattern using
single-pulse and base scent as shown in Table 5 (P>0.05)).
However, there was a significant difference for all combi-
nations of the first pattern and the second pattern (P<0.05).
This shows that there is large individual variation in the sen-
sation of scent for the pattern using level 2 density since
the standard deviation is large, that is, there is no connec-
tion of result when using level 2 density. Two scents which
are presented on one breath when there is 1 level of differ-
ence are not universally perceived by all subjects because
of a tendency for the differences in perceived distance to
be assessed subjectively. It is therefore necessary to present
the two scents where the stimulus difference is more than
4 times different (i.e., more than 2 levels of difference) in
order to express the distance relation.

In addition, the detection ratio results indicate that it is
difficult to detect two scents by using the scent presenta-
tion technique which presents the high density scent first
and the low density scent second, irrespective of using the
pulse mode or base mode method. It is thought that the sec-
ond weaker stimulus is difficult to sense because of olfactory
adaptation caused by first stronger scent stimulus. In addi-
tion, we previously explained to the subjects that stronger
scents express much more in the foreground and weaker
scents express much more in the background.

We conclude that the scent presentation method which
presents the first scent at level 1 density and then the second
scent at level 3 density is suitable for expressing the distance
relation in a single breath cycle.

4.3. Experiment 2: Expressing the distance relation in
consecutive breaths

In this next experiment, we presented two scents in a single
breath over six consecutive breaths and measured the hu-
man olfactory characteristics related to this. The experiment
was conducted using pulse ejections of three scents with 20
subjects (17 male, 3 female) who were students in their 20s
majoring in information technology.
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Figure 8: The two scent ejection patterns used in a single
breath.

4.3.1. Experimental Method

Prior to Experiment 2, the preliminary procedure was con-
ducted in the same manner as described for Experiment 1 in
Section 4.2.1.

In this experiment, the patterns presented in a single
breath corresponded to the pattern which showed a high
score and high detection ratio in Section 4.2.2. In other
words, we used the pattern of the pulse mode method in
which the level 1 pulse was presented first and the level 3
pulse was presented second, and the pattern of the base mode
method in which the base scent was presented first and the
single pulse was presented second, as shown in Figure 8.

In addition, we prepared two patterns in which the presen-
tation frequency was changed: one in which the same pattern
in a single breath was presented 6 times consecutively as
shown in Figure 9 (ratio of number of times of scent presen-
tation between the first scent and the second scent is 1:1),
and the other in which the second scent in a single breath
was presented two times more than the first scent as shown
in Figure 10 (ratio of number of times of scent presentation
between the first scent and the second scent is 1:2).

Each of these patterns was presented in the pulse mode
and the base mode. In addition, in the preliminary experi-
ment, we had used the abovementioned pattern when the ra-
tio was 2:3, but since the results were very close to those of
the pattern for the ratio of 1:1, it was omitted from the main
experiment.

We used a total of 24 patterns (the above 4 patterns as
shown in Figure 9 and Figure 10 multiplied by 6 combina-
tions of the three scents). We instructed subjects to breathe in
accordance with a sonant cue, to sniff patterns presented at
random in accordance with their breath cycle, and to answer
the same questions as shown in Section 4.2.1.

For preventing olfactory adaptation, there were approxi-
mately 30-sec intervals between the trials, and subjects were
instructed to take a break of about 5 minutes for every 4 tri-
als, as shown in Figure 9 and Figure 10

4.3.2. Results

Table 6 shows the average score (standard deviation) and
detection rate for 20 subjects. The vertical axis of Table 6

(© The Eurographics Association 2009.
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Figure 9: Ejection pattern when the ratio of the number of times of scent presentation between the first scent and the second

scent is 1:1).
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Figure 10: Ejection pattern when the ratio of the number of times of scent presentation between the first scent and the second

scent is 1:2).

Table 6: Average score (standard deviation) and detection
ratio for each ejection pattern.

1:2 1:1
1.46(0.74) 0.96(1.32)
Pulse mode 91.7% 95.0%
-0.56(1.05) | -0.92(1.32)
Base mode 98.3% 97.5%

shows the scent presentation method in a single breath, and
the x axis shows the presentation frequency of the first scent
and the second scent. For example, the area shown as 1:2
on the top and the base mode on the left presents the av-
erage score (standard deviation) and detection ratio in the
case that the base scent was presented first, the single-pulse
was presented later and the ratio of the number of times of
scent presentation between these scents is 1:2. The higher
the average score (-2 - +2), the stronger the perception of
the distance relation, and the higher the detection ratio(0% -
100%), the stronger the perception of both scents.

The results were analyzed using a two-way ANOVA (kind
of scent, kind of presentation pattern). There was no signif-
icant difference for kind of scent (F(2,22)=1.72, P > 0.05),
but there was a significant difference for kind of presentation
pattern (F(7,22)=58.46, P < 0.01).

(© The Eurographics Association 2009.

For all 4 kinds of presentation pattern, differences were
determined using the Steel-Dwass method [ste]. Significant
differences were found for all 4 kinds (P<0.05).

To begin with, we focused on the presentation method in
a single breath. There was a significant difference between
the pulse mode and the base mode (P<0.05), with the score
using the pulse mode being higher than that using the base
mode. This shows that subjects could sense differences in
the distance much more readily with use of the pulse mode.
We also focused on the presentation frequency. There was a
significant difference between the pattern in which the ratio
of the number of times of scent presentation is 1:1 and that
in which it is 1:2 for both the pulse mode and base mode
methods (P<0.05), with the score for the second pattern be-
ing higher than for the first pattern. This shows that subjects
could sense differences in the distance more readily with use
of the pattern in which the ratio of the number of times of
scent presentation was 1:1.

One possible reason why the pulse mode is superior to
base mode concerns the ejection amount. Only the differ-
ence in the density affected the sense of distance relation in
a single breath. However, it is thought that difference in the
ejection amount also has a large effect in the case of consec-
utive breaths. The fact that the pattern of the ratio of 1:2 is
superior to that of 1:1 supports this. Another possible reason
concerns the architecture of the base mode. This mode had
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no interval between the base scent and single-pulse, and thus
it is thought that there was a slight mixing of the two scents.
This had little effect in a single breath, but had a larger effect
in consecutive breaths.

We conclude that the scent presentation method which
presents the scents by pulse mode when the ratio of the num-
ber of times of scent presentation between the first scent
and the second scent is 1:2 is suitable for expressing the
foreground-background distance relation in multiple breath
cycles.

5. Conclusion

Studies designed to enhance the sense of reality by present-
ing scents to correspond with the picture medium, such as
movies, has lately attracted much attention. Such a medium
often shows multiple objects at the same time and there is
a distance relation between these objects. Any use of scent
to enhance the audio-visual media needs to express this dis-
tance relation between multiple scents presented simultane-
ously. We approached this problem by using pulse ejection to
emit scents for only a very short period of time. Users were
able to sense two scents at the same time in a single breath.
We also confirmed that they could sense the distance relation
between a scent in the foreground (strong) and one in the
background (weak) by changing the scent intensity (density)
and the presentation frequency of the two scents using the
"pulse mode™ method and "base mode™ method. We subse-
quently confirmed that they could sense the distance relation
using the pulse mode method over six consecutive breaths
cycles under the following conditions:

e When the difference in density between two scents is
more than 4 times.

e \When the low intensity scent is presented before the high
density one.

e When the frequency of presentation of the first scent is
half that of the second one.

The proposed scent presentation technique, which was de-
termined based on the results of this study, enabled around
90% of the subjects to sense the foreground-background dis-
tance relation with respect to the scents presented.

This study demonstrated a scent presentation technique
that simultaneously expresses two smells of different in-
tensity. Future work remains to determine if a visual stim-
ulus with this technique allows people to understand dis-
tance due to smell intensities without discomfort. The pro-
posed method for presenting scents depicting multiple ob-
jects shown simultaneously in the picture medium is ex-
pected to further enhance the sense of reality.

References

[BCNO4] BODNAR A., CORBETT R., NEKRASOVSKI D.:
Aroma: Ambient awareness through olfaction in a messaging ap-
plication. In ICMI *04 Proceedings (2004), pp. 183-190. 2

[Hir07] HIrROSE M.: Aroma Science Series 21 Smell Information
and Communication(in Japanese). Fragrance Journal Ltd., 2007.
1

[kao] http://journal.mycom.co.jp/news/2008/04/07/031/. 2

[Kay04] KAYE J.: Making scents: aromatic output for hci. Inter-
actions 11, 1 (2004), 48-61. 2

[KNTO3] KawAsakl T., NAKAJIMA M., TONOIKE T.: Aroma
Science Series 21 6. Fragrance Journal Ltd., 2003. 4

[KSBO08] KADOWAKI A., SATO J., BANNAI Y., OKADA K.:
Measurement and modeling of olfactory temporal characteristics.
Journal of Japan Association on Odor Environment(in Japanese)
39,1 (2008), 36-43. 4

[NNHMO01] NAKAMOTO T., NAKAHIRA Y., HIRAMATSU H.,
MoRiizumi T.: Odor recorder using active odor sensing system.
Sensors and Actuators B (2001), 465-469. 2

[OA03] OkADA K., AIBA S.: Toward the actualization of broad-
casting service with smell information. Institute of Image infor-
mation and Television Engineering of Japan Technical Report(in
Japanese) 27, 64 (2003), 31-34. 2

[OKS*08] OHTsu K., KADOWAKI A., SATO J., BANNAI Y.,
OKADA K.: Pulse ejection technique of scent in acordance with
a breath. In Information Processing Society of Japan, Broad-
cast Communication & Computing No.19(in Japanese) (2008),
pp. 77-84. 3

[SHO*01] SHIGENO H., HONDA S., OSAWA T., NAGANO Y.,
OKADA K., MATSUSHITA Y.: A virtual space expressed the
scent and wind -a virtual space system "friend park". Journal
of Information Processing Society of Japan(in Japanese) 42, 7
(2001), 1922-1932. 2

[SOBO08] SATO J., OHTSU K., BANNAI Y., OKADA K.: Pulse
ejection technique of scent to create dynamic perspective. In
Proc. of ICAT2008 (2008). 2, 4

[SOK*08] SATO J., OHTSU K., KADOWAKI A., BANNAI Y.,
OKADA K.: Measurement of olfactory characteristics for pulse
presentation of two kinds of scent in a single breath. In Insti-
tute of Image information and Television Engineering of Japan
Technical Report(in Japanese) (2008), vol. 21, pp. 81-84. 2

[ste] http://satellite.sourceforge.jp/manuals/reference-
ja/function_steeldwass.html. 6, 7

[syu05] Odor Simplified Measurement Guidebook(in Japanese).
Japan Association on Odor Environment, 2005. 4

[urla]  http://www.osmooze.com/osmooze/osmooshop_gb.html. 2

[urlb]  Retrofuture: Sensorama’s pre-virtual reality.
http://www.retrofuture.com/sensorama.html. 2

[WJS*04] WASHBURN D. A., JONES L. M., SATYA R. V,,
BoweRs C. A., CORTES A.: Olfactory use in virtual environ-
ment training. Modeling and Simulation Magazine 2, 3 (2004).
2

[YNTTO03] YANAGIDA Y., NOMA H., TETSUTANI N., TOMONO
A.: An unencumbering, localized olfactory display. In CHI 03
Extended abstracts (2003), pp. 988-989. 2

[YTHHO4] YOKOYAMA S., TANIKAWA T., HIROTA K., HIROSE
M.: Olfactory field simulation using wearable olfactory display.
Tans. of Virtual Reality Society of Japan(in Japanese) 9, 3 (2004),
265-274. 2

[yus07] Reports of the Association for Information and Commu-
nications Technology Using Five Senses. Ministry of Posts and
Telecommunications in Japan, 2007. 1

(© The Eurographics Association 2009.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DfW5Printer
    /DfW5PrinterBold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Impact
    /ImprintMT-Shadow
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /Oc_020
    /Oc_021
    /Oc_030
    /Oc_200
    /Oc_210
    /Oc_211
    /Oc_220
    /Oc_221
    /Oc_251
    /Oc_260
    /Oc_270
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SureThingDVDSymbolsII
    /SureThingSymbols
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Ucs_020
    /Ucs_021
    /Ucs_030
    /Ucs_200
    /Ucs_210
    /Ucs_211
    /Ucs_220
    /Ucs_221
    /Ucs_251
    /Ucs_260
    /Ucs_270
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 842.000]
>> setpagedevice


