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(57) ABSTRACT

A scent presentation method is provided that includes gen-
erating a random number, determining a presentation con-
dition based on the generated random number, and present-
ing a scent through pulse ejection based on the determined
presentation condition.
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SCENT PRESENTATION METHOD, SCENT
PRESENTATION APPARATUS, AND
OLFACTION IMPROVING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on and claims the
benefit of priority to Japanese Patent Application No. 2015-
130118 filed on Jun. 29, 2015, the entire contents of which
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a scent presenta-
tion method, a scent presentation apparatus, and an olfaction
improving apparatus for presenting a scent through pulse
ejection.

[0004] 2. Description of the Related Art

[0005] The human sense of smell (olfactory sense) is
indispensable for detecting dangers and the like in everyday
life, such as the odor of an oil stove, the odor of a gas leak,
a burning odor from a fire, or the odor of spoiled food, for
example.

[0006] Tt is known that olfactory capabilities of humans of
the modern age are gradually declining due to aging or
improved environmental sanitation, for example. Further, an
overall wellness or decline in health of a person can be
determined based on the olfactory capabilities of that per-
son.

[0007] Thus, the sense of smell is important in various
fields for realizing a safe and prosperous living environment
in modern society.

[0008] 1In recent years, scent presentation methods and
scent presentation apparatuses for stimulating the human
olfactory capabilities are subject 1o research and develop-
ment. For example, a technique is known for ejecting a
plurality of different types of scents through pulse ejection
in a predetermined order over a designated period through
computer control (see, e.g., Japanese Laid-Open Patent
Publication No. 2014-219644).

[0009] Note that pulse ejection of a scent refers to the
ejection of scents at short time intervals.

[0010] According to recent reports, a decline in olfactory
capabilities may appear as early symptoms of diseases such
as Alzheimer-type dementia. It is desirable to prevent such
decline in olfactory capabilities to enable continued engage-
ment in various hobbies and entertainment involving olfac-
tion, for example.

[0011] One example study has been conducted that sug-
gests a method of improving olfactory capabilities. In this
study, the olfactory capabilities of wine experts who habitu-
ally make conscious efforts to smell odors were compared
with the olfactory capabilities of wine novices (see Wendy
V. Parr et al.: Demystifying Wine Expertise: Olfactory
Threshold, Perceptual Skill and Semantic Memory in Expert
and Novice Wine Judges; Chem. Senses (July 2002) 27 (8),
pp. 747-755). In this study, an experiment was conducted
where two groups of scents each consisting of various spices
and fruits were sequentially presented to the participants
after which the participants were asked to determine whether
a scent included in the second group was also included in the
first group. The results of the experiment revealed that the
olfactory recognition capabilities of the wine experts were

Dec. 29, 2016

superior to those of the wine novices. The above findings
suggest that habitually making a conscious effort to smell
odors can lead to improvement of olfactory capabilities.
[0012] Thus, there is a demand for a scent presentation
method and a scent presentation apparatus for improving,
maintaining, and enhancing olfactory capabilities.

[0013] Note that while techniques are known for present-
ing a scent to a user through pulse ejection for the purpose
of preventing the user from becoming adapted to the scent,
these techniques are not suited for effectively improving,
maintaining, and enhancing olfactory capabilities of the
user.

SUMMARY OF THE INVENTION

[0014] According to one aspect of the present invention a
scent presentation method, a scent presentation apparatus,
and an olfaction improving apparatus are provided for
improving, maintaining, and enhancing olfactory capabili-
ties.

[0015] According to one embodiment of the present inven-
tion, a scent presentation method is provided that includes
generating a random number, determining a presentation
condition based on the generated random number, and
ejecting a scent through pulse ejection based on the deter-
mined presentation condition.

[0016] According to another embodiment of the present
invention, a scent presentation apparatus is provided that
includes an ejection unit configured to eject a scent through
pulse ejection, and a control unit configured to control the
pulse ejection of the scent by the ejection unit based on a
presentation condition that is determined by a random
number generated randomly.

[0017] According to another embodiment of the present
invention, an olfaction improving apparatus is provided that
includes an information processing apparatus including a
random number generating unit configured to generate a
random number and an arithmetic processing unit config-
ured to determine a presentation condition based on the
random number generated by the random number generating
unit, a scent presentation apparatus including a control unit
configured to control ejection of a scent through pulse
ejection based on the determined presentation condition, and
a display terminal configured to display an image associated
with the scent on a display screen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a conceptual diagram showing an olfac-
tion improving apparatus that implements a scent presenta-
tion method according to an embodiment of the present
invention;

[0019] FIG. 2 is a diagram showing a system configuration
of the olfaction improving apparatus that implements the
scent presentation method according to an embodiment of
the present invention;

[0020] FIG. 3 is a flowchart showing an example process
flow of the scent presentation method according to an
embodiment of the present invention;

[0021] FIG. 4 is a flowchart showing an example process
for determining a type of scent using a random number;
[0022] FIG. 5 is a flowchart showing another example
process flow of the scent presentation method according to
an embodiment of the present invention;
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[0023] FIG. 6 is a flowchart showing a basic flow of a
process for determining a presentation condition using a
random number;

[0024] FIG. 7 is a diagram showing an example display of
guidance information for a detection threshold test;

[0025] FIG. 8is a diagram showing an example display of
guidance information for an olfaction improving treatment;
and

[0026] FIGS. 9A-9E are tables indicating results of per-
forming the olfactory improving treatment on patients 1 to
5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] In the following, embodiments of the present
invention are described with reference to the accompanying
drawings.

Overall Configuration

[0028] FIG. 1 is a conceptual diagram showing an overall
configuration of an olfaction improving apparatus 1 that
implements a scent presentation method according to an
embodiment of the present invention.

[0029] The olfaction improving apparatus 1 includes a
scent presentation apparatus 200 for presenting a plurality of
scents to a user H through pulse ejection, a tablet terminal
300 (as an example of a display terminal) for displaying an
image associated with the scent being presented on a display
screen, and an information processing apparatus 400 for
controlling the scent presentation apparatus 200 and the
tablet terminal 300.

[0030] The scent presentation apparatus 200 presents a
plurality of scents to the user H through pulse ejection. In the
present example, the scent presentation apparatus 200 is an
olfactory display called “FIMC (Fragrance Jet for Medical
Checkup)”. The scent presentation apparatus 200 stores a
plurality of types of scents and is configured to present the
scents through pulse ejection. Specifically, the scents are
stored in a plurality of tanks that are installed in the scent
presentation apparatus 200, and ejection technology for
inkjet printers is used to eject the scents. The scent presen-
tation apparatus 200 is a highly precise and sophisticated
apparatus that is capable of switching the ejection quantity
and/or the type of scent within a very short time, ejecting a
scent through pulse ejection, and reducing the effects of
lingering scents and adaptation to scent. Also, the scent
presentation apparatus 200 is preferably a demountable unit.
Note that the scent presentation apparatus 200 shown in FIG.
1 has a control unit 210 that is provided outside a main body
of the scent presentation apparatus 200. In this way, the size
of the main body of the scent presentation apparatus 200
may be reduced. However, the control unit 210 may also be
arranged inside the main body of the scent presentation
apparatus 200.

[0031] The tablet terminal 300 is a terminal apparatus
including a liquid crystal flat screen or the like. The tablet
terminal 300 may be a smartphone, for example. The tablet
terminal 300 may include an input unit, a display unit, an
audio generating unit, an external I/F (interface), a RAM
(storage unit), a ROM (storage unit), a CPU, a communi-
cation I/F, and a HDD (hard disk drive), for example. In
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some embodiments, the tablet terminal 300 may be a so-
called wearable device that can be attached to the body, for
example.

[0032] The information processing apparatus 400 may be
a PC (personal computer) or the like that is operated by an
administrator K. The information processing apparatus 400
includes an output unit 401, such as a monitor, and an input
unit 402, such as a mouse and a keyboard.

[0033] The scent presentation apparatus 200 and the tablet
terminal 300 are electrically connected to the information
processing apparatus 400. The information processing appa-
ratus 400 transmits a control signal to the scent presentation
apparatus 200 for presenting a scent through pulse ejection.
The information processing apparatus 400 transmits a con-
trol signal to the tablet terminal 300 for displaying an image
associated with the scent being presented, and guidance
information for performing various operations on the tablet
terminal 300.

[0034] FIG. 2 is a block diagram showing an example
system configuration of the olfaction improving apparatus
that implements the scent presentation method according to
an embodiment of the present invention.

[0035] The information processing apparatus 400 includes
a memory 403, an arithmetic processing unit (control unit)
404, a user interface 405, an audiovisual information storage
unit 406, and an olfactory information storage unit 407. The
information processing apparatus 400 also includes an out-
put unit 401, such as a printer and/or a monitor, and an input
unit 402, such as a mouse and/or a keyboard. The arithmetic
processing unit 404 executes processes for implementing the
scent presentation method according to the present embodi-
ment. That is, the arithmetic processing unit 404 executes
processes, such as determining a presentation condition for
ejecting a scent, transmitting the presentation condition to
the scent presentation apparatus 200, and transmitting a
control signal for presenting an image (and/or audio) asso-
ciated with the scent to be presented by the scent presenta-
tion apparatus 200 to the tablet terminal 300. Note that in the
present embodiment, the presentation condition corresponds
to “type of scent”. Other examples of presentation condi-
tions include “intensity of scent”, “pulse ejection time”, and
“pulse ejection interval before a next scent ejection” (here-
inafter simply referred to as a “pulse ejection interval’), and
the like.

[0036] As described in detail below, the arithmetic pro-
cessing unit 404 according to the present embodiment
implements a function of randomly determining a presen-
tation condition for presenting a scent based on a random
number. As such, the processing unit 404 includes a random
number generating unit 404a. The random number generat-
ing unit 404q has a function of generating a random number.
In the present embodiment, a random number generated by
the random number generating unit 404q is an integer.
[0037] Note that in some embodiments, the arithmetic
processing unit 404 may be configured to determine whether
to display an image (and/or audio) associated with the scent
to be presented as a presentation condition, for example.
That is, the arithmetic processing unit 404 may determine
whether to control the tablet terminal 300 to display an
image (and/or audio) associated with the scent to be ejected
based on the random number generated by the random
number generating unit 404a, for example. In this way, for
example, in a case where the olfactory capabilities of a user
appears to have improved, the degree of improvement of the
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user’s olfactory capabilities may be determined by present-
ing a scent without an image and/or audio associated with
the scent.

[0038] The audiovisual information storage unit 406
stores image information and/or audio information associ-
ated with the scent to be presented. For example, with
respect to the presentation condition “type of scent”, image
information and/or audio information may be stored in
association with each type element (selection element), such
as “banana”, “mint”, “lavender”, or “rose”, provided as an
option for the “type of scent”. For example, with respect to
the type element “banana”, an image of bananas and audio
information of a voice saying “bananas” may be stored.
[0039] The scent information storage unit 407 stores infor-
mation relating to presentation conditions, such as “type of
scent”, “intensity of scent”, “pulse ejection time”, and
“pulse ejection interval”, and other various information
relating to scents, for example.

[0040] The tablet terminal 300 includes a control unit 301,
an input/output unit 302, and an audio generating unit 303.
The control unit 301 controls the input/output unit 302 to
display image information associated with a scent transmit-
ted from the information processing apparatus 400 on a
display screen. The control unit 301 also controls the audio
generating unit 303 to generate audio information associated
with a scent transmitted from the information processing
apparatus 400. The control unit 301 also controls the input/
output unit 302 to display guidance information transmitted
from the information processing apparatus 400 on a display
screen. The guidance information may include various infor-
mation items, such as information prompting a user to input
an instruction to start scent presentation, information
prompting the user to indicate whether the user has recog-
nized the scent, information prompting the user to indicate
whether to proceed to a next scent, and the like.

[0041] The input/output unit 302 may be a touch panel, for
example. The input/output unit 302 has the function of
displaying an image on a monitor and the function of
accepting a touch operation performed on the monitor. The
audio generating unit 303 may be a speaker, for example. In
the present embodiment, in contemplation of potential users
that may be visually impaired, the tablet terminal 300 is
preferably configured to generate audio associated with a
scent, such as a voice saying “bananas”, via the audio
generating unit 303 in addition to displaying an image
associated with the scent, such as an image of bananas, on
the touch panel 302. This may be accomplished by storing
corresponding image information and audio information
associated with each type element (selection element) pro-
vided as an option for the “type of scent” corresponding to
one example of a presentation condition as described above.
Also, in some embodiments, audio information notifying the
presentation timing of the scent may be generated.

[0042] The scent presentation apparatus 200 includes the
control unit 210, a scent tank 220, a scent ejecting unit 230,
and a light emitting unit 240.

[0043] The control unit 210 controls the scent ejecting unit
230 to eject a scent stored in the scent tank 220 based on one
or more presentation conditions determined by a random
number transmitted from the information processing appa-
ratus 400, for example.

[0044] The scent tank 220 is capable of storing a scent.
Applying inkjet printer technology to scent presentation, the
scent tank 220 is set up in a cartridge.

LUS)

Dec. 29, 2016

[0045] The cartridge preferably accommodates two types
of tanks including a large tank and a small tank, for example.
By installing two types of tanks including a large tank and
a small tank in the cartridge, the amount of scent being
ejected may be easily controlled, for example. Note that in
some embodiments only small tanks may be installed in the
cartridge. In this way, more types of scents may be pre-
sented, for example. The cartridge is capable of accommo-
dating a plurality of tanks storing different scents, and
different combinations of the scents may be ejected.
[0046] The scent ejecting unit 230 is an example of an
ejection unit that ejects a scent through pulse ejection using
inkjet printer technology. For example, the scent ejecting
unit 230 may use a Bubble Jet (trade name) head that emits
a scent in liquid form into the air from minute holes formed
at the bottom of the tanks. The scent ejecting unit 230 may
also use a piezo head, for example.

[0047] In the present descriptions, “pulse ejection” refers
to ejecting a scent over one waveform component of a pulse
wave (rectangular wave) generated for presenting a scent.
[0048] In the present embodiment, the large tank has 255
minute holes and the small tank has 128 minute holes. By
controlling the number of holes from which a scent is to be
simultaneously ejected and the pulse ejection time, the
ejection quantity of a scent from each tank may be dynami-
cally adjusted to 256 different levels (0-255) for the large
tank or 128 different levels (0-127) for the small tark. The
ejection quantity can be calculated by the following equation

@D

Ejection Quantity (pL)=Unit Average Ejection Quan-
tity (pL/(number*sec))xNumber of Simultane-
ous Ejections (number)xPulse Ejection Time

(sec) (1)

[0049] Note that “Unit Average Fjection Quantity” refers
to the average ejection quantity from each minute hole,
“Number of Simultaneous Ejections” refers to the number of
minute holes ejecting a scent at the same time. In the present
embodiment, “intensity of scent” corresponds to the number
of simultaneous ejections (height of pulse waveform). Also,
in the present embodiment, “pulse ejection time” refers to
the time during which a scent is ejected (width of pulse
waveform). Thus, the ejection quantity may be determined
by determining the “intensity of scent” and the “pulse
ejection time”.

[0050] The scent ejecting unit 230 is capable of switching
the intensity of scent and the type of scent every 100 ms
(milliseconds). The pulse ejection time can be set up in units
of 100 ms (e.g., 100 ms, 200 ms, or 300 ms), and further, a
number between 1 and 150 may be set up as the number of
continuous pulse ejection time units over which a scent is to
be continuously ejected within the 100-ms pulse ejection
time.

[0051] Thus, the minimum pulse ejection time that can be
set up for the scent ejecting unit 230 is 667 ps (microsec-
onds), which is obtained by dividing 100 ms by 150. That is,
the number of continuous pulse ejection time units may be
set to 1 to obtain a pulse ejection time of 667 ps, and the
number of continuous pulse ejection time units may be set
to 150 to obtain a pulse ejection time of 100 ms. Note that
in the present embodiment, the ejection time is adjusted to
be in the range of about 100-300 ms.

[0052] The light emitting unit 240 (corresponding to an
example of an ejection notification unit) may be an LED
element that is provided at the outer peripheral surface of the
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control unit 201, for example. The light emitting unit 204
may also be provided at the outer peripheral surface of the
scent presentation apparatus 200, for example. The LED
element may be configured to emit light at the time a scent
is being ejected. The color of the LED element may be set
up for each tank to enable visual determination of whether
a scent is being properly ejected from a designated tank, for
example.

[0053] The scent presentation apparatus 200 having the
above-described configuration may have a fan installed at its
rear side (opposite side of the ejecting direction) such that a
scent being ejected may be blown toward an ejection port 20
(see FIG. 1) by a wind generated by the fan. The fan can be
adjusted to generate a wind at 10 different velocities (0-9).
Also, a nozzle may be attached to the ¢jection port 20, and
medical equipment, such as a nose piece, may be attached to
the nozzle as necessary or desired. Note that in some
embodiments, an inkjet head with a piezoelectric element
may be used for ejecting a scent, for example.

[0054] <Scent Presentation Method>

[0055] In the following, a scent presentation method
according to an embodiment of the present invention is
described. FIG. 3 is a flow chart showing an example
process flow of a scent presentation method implemented by
the olfaction improving apparatus 1 including the scent
presentation apparatus 200 as described above. Note that in
the following descriptions, it is assumed that a scent is
repeatedly presented (ejected) for a predetermined time
period.

[0056] In step ST1, the arithmetic processing unit 404,
acting as a timer, starts counting to a predetermined time
period (e.g., 5 minutes), which is set up in advance as a scent
presentation period. The timer may be started by a user
touching a start button that is displayed on the touch panel
of the tablet terminal 300, for example. Note that although
a predetermined time period is set up as the scent presen-
tation period in the above example, in other examples, a
number of times a given scent is to be presented may be set
up as a parameter for defining the scent presentation period,
for example.

[0057] Then, in step ST2, the arithmetic processing unit
404 determines the presentation condition “type of scent”.
Note that in the scent presentation method according to the
present embodiment, when determining a presentation con-
dition, the random number generating unit 404a of the
information processing apparatus 400 generates a random
number, and the presentation condition is randomly deter-
mined based on the generated random number.

[0058] In the following, specific procedures of step ST2
are described with reference to FIG. 4.

[0059] FIG. 4 is a flowchart showing an example process
for randomly determining the “type of scent” based on a
random number. In the example of FIG. 4, four selection
elements are provided as options for the presentation con-
dition “type of scent”.

[0060] Instep ST20, the arithmetic processing unit 404 of
the information processing apparatus 400 controls the ran-
dom number generating unit 404a to generate a random
number. In the present example, the random number to be
generated may be any integer.

[0061] Then, in step ST21, the arithmetic processing unit
404 divides the generated random number by the number of
selection elements that are provided as options for the “type
of scent” (i.e., “4” in the present example). Note that in the
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present example, four selection elements including
“banana”, “mint”, “lavender”, and “rose” are provided as
options for the “type of scent”.

[0062] Then, in step ST22, the arithmetic processing unit
404, determines whether the remainder after dividing the
random number by “4” is “1”. If the remainder is “1” (YES
in step ST22), the arithmetic processing unit 404 proceeds to
step ST23 where it determines the “type of scent” as
“banana” and terminates the determination process.

[0063] Ifit is determined in step ST22 that the remainder
is not “1” (NO in step ST22), the arithmetic processing unit
404 proceeds to step ST24 where it determines whether the
remainder is “2”. If the remainder is “2” (YES in step ST24),
the arithmetic processing unit 404 proceeds to step ST25
where it determines the “type of scent” as “mint” and
terminates the determination process.

[0064] 1fitis determined in ST24 that the remainder is not
“2” (NO in step ST24), the arithmetic processing unit 404
proceeds to step ST26 where it determines whether the
remainder is “3”. If the remainder is “3” (YES in step S26),
the arithmetic processing unit 404 proceeds to step ST27
where it determines the “type of scent” as “lavender” and
terminates the determination process. If it is determined in
step ST26 that the remainder is not “3” (i.e., if the remainder
is “0™), the arithmetic processing unit 404 proceeds to step
ST28 where it determines the “type of scent” as “rose”, and
terminates the determination process.

[0065] To implement the above process steps, the remain-
der values are associated with corresponding selection ele-
ments. That is, in the above example, “banana” is selected if
the remainder is “1”, “mint” is selected if the remainder is
“2”, “lavender” is selected if the remainder is “3”, and
“rose” is selected if the remainder is a value other than 1-3.
In this way, the presentation condition “type of scent” can be
randomly selected based on a random number that has been
generated. Also, in the present embodiment, the selection
elements for the “type of scent” are associated with corre-
sponding images, and in this way, the tablet terminal 300 can
display an image associated with the selected scent.
[0066] Referring back to FIG. 3, when the “type of scent”
is determined by the process steps of FIG. 4, the process
proceeds to step ST3 where the arithmetic processing unit
404 controls the scent presentation apparatus 200 to present
(eject) the determined type of scent to the user H.

[0067] For example, if “banana” is designated as the “type
of scent”, a corresponding banana scent (isoamy! acetate) is
ejected from the scent ejecting unit 230 of the scent pre-
sentation apparatus 200 through pulse ejection. Also, an
image of bananas 1s displayed on the input/output unit 302
(touch panel) of the tablet terminal 300. Further, audio of a
voice saying “bananas” or the like may be generated by the
audio generating unit 303. Also, in some embodiments,
audio information notifying the scent presentation timing
may be generated in addition to the above information on the
type of scent, for example. Note that the audio information
to be generated may be designated in advance or the user
may be able to select the desired audio information, for
example.

[0068] After the determined type of scent is presented to
the user in step ST3, the arithmetic processing unit 404
proceeds to step ST4 where it determines whether the
predetermined time period (e.g., 5 minutes) has elapsed. If
the predetermined time period has not yet elapsed (NO in
step ST4), the arithmetic processing unit 404 returns to step
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ST2, and repeats the determination process to determine the
next “type of scent” to be presented to the user H. If the
predetermined time period has elapsed (YES in step ST4)
the scent presentation process is ended.

[0069] Note that in the example of FIG. 3, presentation
conditions, such as “intensity of scent”, “pulse ejection
time”, and “pulse e¢jection interval”, are designated in
advance, and the scent presentation process is performed
based on the pre-designated values set up for these presen-
tation conditions.

[0070] However, the presentation conditions, such as
“Intensity of scent”, “pulse ejection time”, and “pulse ejec-
tion interval”, may also be randomly determined based on a
random number.

[0071] In the following, referring to FIG. 5, a scent
presentation method that involves randomly determining a
plurality of presentation conditions based on a random
number is described.

[0072] In step ST30, the arithmetic processing unit 404
starts counting to a predetermined time period (e.g., 5
minutes) that is set up in advance as the scent presentation
period. Then, in step ST31, the arithmetic processing unit
404 determines the “type of scent” corresponding to one of
the presentation conditions. Note that the “type of scent”
may be determined by the determination process as shown
in FIG. 4, and as such, descriptions thereof are omitted.
[0073] After the “type of scent” is determined by the
determination process of FIG. 4, the process proceeds to step
ST32 of FIG. 5 where the arithmetic processing unit 404
determines the “intensity of scent” corresponding to another
one of the presentation conditions.

[0074] FIG. 6 is a flowchart showing a basic flow of a
determination process for determining a presentation con-
dition according to an embodiment of the present invention.
The “intensity of scent” may be determined by implement-
ing the determination process of FIG. 6, for example. Note
that the process flow of FIG. 6 is basically the same as the
process flow of FIG. 4 in that it involves determining the
presentation condition based on a random number.

[0075] Instep ST40, the arithmetic processing unit 404 of
the information processing apparatus 400 controls the ran-
dom number generating unit 404a to generate a random
number. The random number to be generated may be any
integer.

[0076] Then, in step ST41, the arithmetic processing unit
404 divides the generated random number by the number of
selection elements that are provided as options for the
“intensity of scent”. Note that the number of selection
elements provided as options for the “intensity of scent” is
preferably a small number of about 2 to 10, for example.
[0077] Then, in step ST42, the arithmetic processing unit
404 selects a selection element based on the remainder
obtained by dividing the random number by the number of
selection elements to determine the presentation condition.
To implement such a process, the remainder values are
associated with the corresponding selection elements.
[0078] After the “intensity of scent” is determined by the
above determination process of FIG. 6, the process proceeds
to step ST33 of F1G. 5 where the “pulse ejection time” of the
scent is determined. Note that the determination process of
FIG. 6 may similarly be implemented to determine the
“pulse ejection time” in step ST33. Note that if the “pulse
ejection time” of a scent is too long, the user is more likely
to become adapted to the scent. Accordingly, pulse ejection
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times that are short enough to prevent adaptation (e.g., pulse
ejections times less than or equal to 1 sec) are preferably
provided as selection elements for the “pulse ejection time”.

[0079] After the “pulse ejection time” is determined in
step ST33, the arithmetic processing unit 404 proceeds to
step ST34 where it determines whether to present an image
and/or audio associated with the type of scent determined in
step ST31. In step ST34, the determination process using a
random number as shown in FIG. 6 may be implemented, or
the above presentation condition may be set up in advance
by the administrator K or the user H, for example. The
presentation condition of whether to present an image and/or
audio associated with the selected scent may be set up in
advance, in a case where the olfactory capabilities of the
user appear to have improved, for example. By presenting a
randomly selected type of scent to the user without an
associated image and/or audio, the degree of improvement
of the olfactory capabilities of the user may be determined,
for example. Also, by presenting no image or audio associ-
ated with the type of scent selected, the user may be able to
concentrate on smelling the scent and thereby further
improve his/her olfactory capabilities, for example.

[0080] Then, in step ST35, the arithmetic processing unit
404 sends the presentation conditions determined by the
above process steps to the control unit 210 of the scent
presentation apparatus 200 and controls the scent presenta-
tion apparatus 200 to present the scent to the user H. Also,
if it is determined in step ST34 that an image and/or audio
associated with the scent is to be displayed/generated, the
arithmetic processing unit 404 sends the corresponding
image information and/or audio information associated with
the scent to the control unit 301 of the tablet terminal 300.

[0081] After the scent is presented (ejected) in step ST35,
the arithmetic processing unit 404 proceeds to step ST36
where it determines the “pulse ejection interval” between the
present scent ejection and a next scent ejection. Note that the
process of determining the “pulse ejection interval” in step
ST36 may also be implemented by the determination pro-
cess of FIG. 6, and as such, descriptions thereof are omitted.

[0082] Then, in step ST37, the arithmetic processing unit
404 calculates a total time T1 by adding the “pulse ejection
interval” and the time elapsed from the start of the scent
presentation process. Then, in step ST38, the arithmetic
processing unit 404 determines whether the total time T1
exceeds the predetermined time period (e.g., 5 minutes) that
has been set up in advance as the scent presentation period.
If the total time T1 does not exceed the predetermined time
period (NO in step ST38), the arithmetic processing unit 404
returns to step ST31 and repeats the above determination
process for determining the presentation conditions for
presenting a next scent. If the total time T1 exceeds the
predetermined time period (YES in step ST38), the arith-
metic processing unit 404 ends the scent presentation pro-
cess.

[0083] Note that the processes of steps ST32, ST33, and
ST36, do not necessarily have to be implemented by the
determination process using a random number as shown in
FIG. 6. For example, in some embodiments, certain values
may be set up in advance for the “intensity of scent”, the
“pulse ejection time”, and/or the “pulse ejection interval”,
and fine adjustments may be made to these values to suit
each individual user.
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Example Application

[0084] 1In the following, an example application of the
present invention is described. Note, however, that applica-
tions of the present invention are not limited to this example.
[0085] In the present example application, an experiment
that involved performing an olfaction improving treatment
on test subjects was conducted using the scent presentation
method, the scent presentation apparatus, and the olfaction
improving apparatus according to the above-described
embodiments of the present invention.

[0086] In the present experiment, the olfaction improving
treatment was performed on 5 test subjects. The test subjects
consisted of 5 women at an average age of 66.7+8.78 years
old. All of the 5 test subjects were patients experiencing
some olfactory impairment, such as difficulty in perceiving
scents.

[0087] The olfaction improving apparatus 1 as shown in
FIG. 1 was used in the present experiment, and the olfactory
display (FIMC developed by Keio University) that is
capable of ejecting a scent through pulse ejection as
described above was used as the scent presentation appara-
tus 200. The olfactory display uses a Bubble Jet head to eject
a scent through pulse ejection. Further, the olfactory display
includes a large tank with 255 minute holes and small tanks
with 127 minute holes, and is capable of controlling the
ejection quantity of a scent by controlling the number of
holes from which a scent is simultaneously ejected from
each tank. More specifically, the olfactory display is capable
of adjusting the ejection quantity to 256 different levels
(0-255) for the large tank or 128 different levels (0-127) for
the small tank.

[0088] Also, four tanks each filled with four different
scents were installed in a cartridge. The four different scents
include is0-amyl acetate as the scent of bananas, peppermint
oil as the scent of mint, lavender oil as the scent of lavender,
and phenyl ethyl alcohol as the scent of roses. In the present
example, the banana scent was filled in the large tank, and
the other scents were filled in the small tanks.

[0089] In the olfaction improving treatment of the present
example, first, a detection threshold test was conducted to
measure the detection threshold of a test subject. Then,
based on the detection threshold measured for the test
subject, the intensity of scent as a presentation condition to
be applied in a subsequent olfaction improving treatment
was set up for the test subject, and the olfaction improving
treatment was conducted. Note that in the following descrip-
tions, a scent may also be referred to as “smell”.

[0090] In the detection threshold test, a test subject was
asked to sit in a chair, and the scent presentation apparatus
200 (FIMC) and the tablet terminal 300 were placed on top
of a desk in front of the test subject. The touch panel of the
terminal apparatus 300 was used to implement operations
relating to the detection threshold test (application). Note
that the user H in FIG. 1 corresponds to the test subject in
the present example, and the administrator K corresponds to
the person conducting the present experiment. In the present
example, it is assumed that the olfaction improving appa-
ratus 1 is configured such that the user H can operate the
tablet terminal 300 to go through the detection threshold test
and the olfaction improving treatment in one sitting.
[0091] (Detection Threshold Test)

[0092] In the following, the detection threshold test is
described in detail.
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[0093] In the detection threshold test, the minimum inten-
sity at which the test subject is able to detect a scent is
measured, and the minimum intensity is determined to be the
detection threshold for the scent. The scents used in the
present test included a banana scent, a mint scent, a lavender
scent, and a rose scent. The detection threshold test was
carried out by emitting the banana scent, the mint scent, the
lavender scent, and the rose scent in the above recited order.
The intensity of scent was controlled by varying the ejection
quantity of the scents in increments of 10. That is, with
respect to the banana scent stored in the large tank, the
ejection quantity was adjusted to vary in increments of 10
within the range of 10-250 (based on the number of holes in
the tank), and with respect to the other scents stored in the
small tanks, the ejection quantity was adjusted to vary in
increments of 10 within the range of 10-120 (based the
number of holes in the tank).

[0094] Also, in the detection threshold test, a triple-choice
comparison method was used where, in each trial, ejections
were performed three times (one being scented and the other
two being scentless), and the test subject was asked to
indicate at which time, out of the three times, a smell could
be detected. The scent was presented in ascending order,
from the weakest to the strongest. The test subject was
required to correctly detect the scented ejection over two
consecutive trials, and if successful, the intensity of the scent
presented at the time was determined to be the detection
threshold of the test subject. If the test subject made the
wrong choice, the intensity of scent was raised one step
higher, and the same test procedures were performed. Note
that the intensity of scent at the start of the detection
threshold test was set to 10, and the test was continued until
the test subject successfully detected the scent over two
consecutive trials, or until the intensity reached 250 (for
banana) or 120 (for mint, lavender, and rose) and the test
subject was still unable to correctly detect the scent.
[0095] The pulse ejection time of the scent presentation
was set to one of 100 ms, 200 ms, or 300 ms according to
the olfactory capabilities of the test subject. Because the
pulse ejection time was set to such a relatively short time
period, the scent presentation timing was signaled to the test
subject by a countdown display on the touch panel and audio
information from the audio generating unit 303 to assist the
test subject in smelling the scent.

[0096] Note that the test subject operated the touch panel
of the tablet terminal 300 to manipulate the guidance infor-
mation displayed on the touch panel while undergoing the
detection threshold test. FIG. 7 is a diagram showing an
example of a display screen of the touch panel of the table
terminal 300 displaying guidance information during the
detection threshold test.

[0097] The display component “SMELL: V4™ at the upper
left corner of the screen 50 shown in FIG. 7 indicates which
of the four types of scents is currently being tested. The
display component “1ST” at the center of the screen 50
indicates whether an upcoming ejection corresponds to a
first, a second, or a third ejection. In the present example,
three ejections including one scented ejection and two
scentless ejections were presented to the test subject in
random order. Then, the test subject was asked to indicate at
which time a scent could be detected. The display compo-
nent indicating a number “3” at the upper portion of the
screen 50 represents a countdown number for enabling the
test subject to adjust his/her inhalation timing according to
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the scent presentation timing. Also, the screen 50 includes a
“SMELL” button 51 to be pressed by the test subject. When
the test subject presses the “SMELL” button 51, the count-
down number being displayed changes from 3, 2, 1, to 0, and
a scent is presented to the test subject at the time the
countdown number is switched to 0. Further, the screen 50
includes three buttons 52 indicated as “1ST”, “2ND”, and
“3RD”. After three scent presentations (ejections), the test
subject selects (touches) one of the three buttons 52 to
indicate at which time the test subject was able to detect a
scent.

[0098] By conducting the above detection threshold test,
the minimum intensity at which the test subject is able to
detect a scent may be determined, and such information may
be used in performing the olfaction improving treatment on
the test subject. That is, the intensity of a scent to be
presented during the olfaction improving treatment may be
adjusted according to the detection threshold measurement
obtained for the test subject. In the following descriptions,
specific procedures of the olfaction improving treatment are
described. Note that in the example described below, it is
assumed that the “intensity of scent” for the test subject is
already determined based on detection threshold measure-
ments obtained by conducting the above-described detection
threshold test on the test subject.

[0099] (Olfaction Improving Treatment)

[0100] In the olfaction improving treatment conducted in
the present experiment, four types of scents were presented
to a test subject, and the test subject was asked to continue
smelling each scent for a predetermined time period.

[0101] Inthe present experiment, 5 patients (test subjects)
were asked to undergo the olfaction improving treatment
once a week for a period of 4 weeks. The patients are
identified as “patient 1, “patient 27, “patient 37, “patient 47,
and “patient 5” below.

[0102] Note, however, that patient 3 was not able to
participate in the first week of the experiment due to illness.
As such, the olfaction improving treatment was conducted
on patient 3 only 3 times.

[0103] In the olfaction improving treatment, each test
subject was asked to sit in a chair, and the scent presentation
apparatus 200 (FIMC) and the tablet terminal 300 were
placed on top of a desk in front of the test subject as shown
in FIG. 1. Also, the touch panel 302 of the tablet terminal
300 was used to implement operations relating to the olfac-
tion improving treatment (application).

[0104] Parameters (presentation conditions) for presenting
a scent during the olfaction improving treatment include
type of scent, intensity of scent, treatment time, pulse
ejection time, and pulse ejection interval before a next scent
ejection.

[0105] Among the above presentation conditions, the type
of scent was set up to vary randomly based on a random
number, and the intensity of scent and the pulse ejection time
were set 10 suitable values according to the detection thresh-
olds and the olfactory capabilities of each test subject. The
other presentation conditions were set to fixed values.

[0106] The pulse ejection time was set up according to the
olfactory capabilities of each test subject. Specifically, the
pulse ejection time was set to 300 ms for patient 1, patient
2, and patient 3; and the pulse ejection time was set to 100
ms for patient 5. For patient 4, the pulse ejection time was
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set to 300 ms the first week and the second week; and the
pulse ejection time was set to 200 ms the third week and the
fourth week.

[0107] The intensity of scent was set to a value obtained
by adding 30 to the detection threshold measured by the
detection threshold test conducted immediately before the
olfaction improving treatment such that the test subject
would be able to more easily detect the scent to be presented.
However, in the case where the value obtained by adding 30
to the detection threshold of the test subject for a scent
exceeded the maximum intensity, the intensity of scent was
set to the maximum intensity of 250 if the scent was stored
in the large tank or 120 if the scent was stored in the small
tank.

[0108] The olfaction improving treatment involved per-
forming three sets of scent presentations, the first set being
performed for 4 minutes, and the second and third sets being
performed for 5 minutes each for a total presentation time of
14 minutes. A break (interval) was provided in between the
sets in order to prevent scent adaptation and fatigue from
continuously smelling scents.

[0109] Further, in the first set, the test subject was required
to continuously smell the four different types of scents in a
predetermined order, each for one minute; and in the second
and third sets, the test subject was required to continuously
smell the four different types of scents that were randomly
switched every minute.

[0110] Note that in the first set, the predetermined order in
which the four types of scents were presented to the test
subject was the same as the order in which the four types of
scents were presented in the detection threshold test (i.e.,
banana, mint, lavender, and rose). The scent presentation
was performed once every 8 seconds, and the pulse ejection
time of one scent presentation was set up to be the same as
the pulse ejection time used in the detection threshold test
conducted for each test subject. Further, as with the detec-
tion threshold test, the scent presentation timing was sig-
naled to the test subject by audio and the like to assist the test
subject in smelling the scent being ejected.

[0111] In the second and third set of scent presentations
performed in the present experiment, the scent presentation
method involving randomly determining the type of scent to
be presented based on a random number as described above
with reference to FIG. 3 and FIG. 4 was implemented.
[0112] Also, like the detection threshold test, the olfaction
improving treatment was performed by having the test
subject manipulate the guidance information displayed on
the touch panel of the tablet terminal 300. FIG. 8 is a
diagram showing an example of a display screen of the touch
panel of the tablet terminal 300 displaying guidance infor-
mation for implementing the olfaction improving treatment.
[0113] The olfaction improving treatment may be started
when a “START” button 61 displayed at a bottom portion of
the screen 60 shown in FIG. 8 is pressed. The display
component “TIME: 0 MIN 4 SEC” at the center of the
screen 60 indicates the time elapsed from the start of the
olfaction improving treatment. Also, a guidance message 62
is displayed below the display component indicating the
elapsed time. The guidance message 62 provides a descrip-
tion of the olfaction improving treatment to the test subject.
[0114] Further, a scent image 63 associated with the scent
being ejected from the scent presentation apparatus 200 is
displayed at the upper portion of the screen 60. Displaying
the scent image 63 may make it easier for the test subject to
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recognize the scent being presented. For example, in the
case where the banana scent is presented to the test subject,
an image of bananas may be displayed as the scent image 63
as shown in FIG. 8. Note that the scent image 63 is not
displayed before the “START” button 61 is pressed. When
a given set of scent presentations is completed, a transition
button 64 indicated as “NEXT" is displayed at the right side
of the “START” button 61. By pressing the transition button
64, the olfaction improving treatment may proceed to the
next set of scent presentations. The above operations may be
continued until scent presentation is performed for the
predetermined presentation time of 14 minutes, for example.

[0115] Note that in the second and third sets of scent
presentations where the type of scent to be presented is
randomly determined based on a random number, the test
subject may concentrate on trying to recognize the scent
being presented, and in this way, olfactory capabilities of the
test subject may be improved, maintained, or enhanced, for
example. Also, in a preferred embodiment, the second and
third sets of scent presentations are set up such that the
presentation condition of whether to present the image
and/or audio associated with the scent being presented is
randomly determined based on a random number, for
example. Such a setup may be particularly preferred for
presenting scents to a test subject whose olfactory capabili-
ties appear to be improving, for example.

Experimental Results

[0116] FIGS. 9A-9E are tables indicating the results of
conducting the above-described olfaction improving treat-
ment on the 5 patients (test subjects) once a week for a
period of for 4 weeks. FIGS. 9A-9E indicate values obtained
by converting the detection thresholds of the test subjects
into ejection quantities based on the detection thresholds and
the pulse ejection time. Specifically, the ejection quantities
were obtained using the above equation (1).

[0117] Note that FIG. 9A shows the results for patient 1,
FIG. 9B shows the results for patient 2, FIG. 9C shows the
results for patient 3, FIG. 9D shows the results for patients
4, and FIG. 9E shows the results for patient 5. Note that in
FIGS. 9A-9E, “UNMEASURABLE” represents a case
where the detection threshold of the patient could not be
measured. The numerical values represent ejection quanti-
ties in microliters [pL].

[0118] The experimental results obtained for each of the
patients are discussed below.

[0119] It can be appreciated from FIG. 9A that for patient
1, the detection thresholds for mint and lavender progres-
sively decreased as the olfaction improving treatment was
repeated. It can be appreciated from FIG. 9B that for patient
2, the detection thresholds for all of the scents progressively
decreased as the olfaction improving treatment was
repeated, and in particular, the detection threshold for
banana significantly decreased. It can be appreciated from
FIG. 9C that for patient 3, the detection thresholds for the
scents other than rose decreased. It can be appreciated from
FIGS. 9D and 9E that the detection thresholds of patient 4
and patient 5 were much lower than those of the other three
patients and they tended to fluctuate up and down. More-
over, considering the fact that patient 4 and patient 5 were
able to detect all of the scents despite the relatively short
pulse ejection time set up for the olfaction improving
treatment, it can be concluded that patient 4 and patient 5
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had no problems in detecting the four types of scents
presented in the present experiment.

[0120] In the following, it is assumed that patient 1,
patient 2, and patient 3 that were subject to the olfaction
improving treatment with the pulse ejection time set to 300
ms belong to group L with lower olfactory capabilities; and
patient 4 and patient 5 that were subject to the olfaction
improving treatment with the pulse ejection time set shorter
than 300 ms belong to group H with higher olfactory
capabilities.

[0121] With respect to the patients belonging to group L,
the detection thresholds for at least one type of scent
decreased as the olfaction improving treatment was
repeated, and the patients also reported experiencing
improved olfaction in their daily lives. On the other hand,
with respect to the patients belonging to group H, no
substantial decrease in the detection thresholds were
observed, and the patients experienced no particular change
in olfaction in their daily lives.

[0122] It can be appreciated from the above that the
olfaction improving treatment was effective for the patients
with low olfactory capabilities. The decrease in the detection
thresholds of the patients may be attributed to the effects of
olfactory stimulation through pulse ejection that was per-
formed in olfaction improving treatment. That is, the scent
presentation apparatus (olfactory display) used in the olfac-
tion improving treatment is capable of instantaneous scent
control through pulse ejection. Because the patients were not
accustomed to such instantaneous changes in olfactory
stimulation in their daily lives, the olfaction sensory cells of
the patients may have been stimulated by the olfaction
improving treatment to thereby cause the decrease in the
detection thresholds.

[0123] As described above, the scent presentation method,
the scent presentation apparatus, and the olfaction improv-
ing apparatus including the scent presentation apparatus
according to embodiments of the present invention are
configured to determine a presentation condition based on a
random number that has been generated.

[0124] In the application example described above, one
presentation condition (type of scent) was randomly altered
in presenting a scent to test subjects. As a result, improve-
ments in olfactory capabilities could be observed with
respect to test subjects with low olfactory capabilities. Also,
by randomly altering other presentation conditions and
causing test subjects to concentrate on trying to recognize a
scent being presented, olfactory capabilities may potentially
be maintained or enhanced even with respect to test subjects
with no substantial olfactory impairments, for example. In
particular, it is believed that olfactory capabilities may
potentially be enhanced by randomly altering the intensity of
scent.

[0125] Note that the scent presentation method, the scent
presentation apparatus, and the olfaction improving appara-
tus according to embodiments of the present invention may
be applied to various situations, such as to enable engage-
ment in hobbies and entertainment involving olfaction, for
example. Further, embodiments of the present invention
may be applied in the context of training professionals that
rely on their olfactory capabilities, such as sommeliers and
perfumers, for example.

[0126] Further, embodiments of the present invention are
not limited to a scent presentation method and a scent
presentation apparatus for improving, maintaining, or
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enhancing olfactory capabilities. That is, the present inven-
tion is highly versatile and can be used in various applica-
tions and industries including scent presentation methods
and scent presentation apparatuses used in entertainment, for
example.
[0127] Note that by applying embodiments of the present
invention in the field of entertainment, a variety of diverse
environments may be created, for example.
[0128] Although the present invention has been described
above with respect to certain illustrative embodiments, the
present invention is not limited to these embodiments, and
various variations and modifications may be made without
departing from the scope of the present invention.
What is claimed is:
1. A scent presentation method comprising:
generating a random number;
determining a presentation condition based on the gener-
ated random number; and
presenting a scent through pulse ejection based on the
determined presentation condition.
2. The scent presentation method according to claim 1,
wherein
the presentation condition is determined based on a
remainder obtained by dividing the generated random
number by a number of selection elements that are
provided as options for the presentation condition.
3. The scent presentation method according to claim 2,
wherein
the presentation condition corresponds to a type of the
scent.
4. The scent presentation method according to claim 2,
wherein
the presentation condition corresponds to an intensity of
the scent.
5. The scent presentation method according to claim 2,
wherein
the presentation condition corresponds to a pulse ejection
time.
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6. The scent presentation method according to claim 2,

wherein

the presentation condition corresponds to a pulse ejection
interval before presenting a next scent.

7. A scent presentation apparatus comprising:

an ejection unit configured to eject a scent through pulse
ejection; and

a control unit configured to control the pulse ejection of
the scent by the ejection unit based on a presentation
condition that is determined based on a random number
generated randomly.

8. The scent presentation apparatus according to claim 7,

further comprising:

an ejection notification unit configured to signal execution
of the pulse ejection.

9. An olfaction improving apparatus comprising:

an information processing apparatus including a random
number generating unit configured to generate a ran-
dom number, and an arithmetic processing unit config-
ured to determine a presentation condition based on the
random number generated by the random number gen-
erating unit;

a scent presentation apparatus including a control unit
configured to control ejection of a scent through pulse
ejection based on the determined presentation condi-
tion; and

a display terminal configured to display an image that is
associated with the scent on a display screen.

10. The olfaction improving apparatus according to claim

9, wherein

the display terminal includes an audio generating unit
configured to generate audio that is associated with the
scent.

11. The olfaction improving apparatus according to claim

9, wherein

the display terminal displays guidance information for

operating the display terminal.
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