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Description

Title of Invention: ODOR SENSING SYSTEM
Background

Typically, an odor is recognized as a result of intricately combined information as-
sociated with different kinds of odor molecules. Therefore, it is extremely difficult to
identify an odor by measuring the amount of a single kind of odor molecule. Higher
animals recognize an odor through the following mechanism. First, olfactory receptors
(approximately ten million olfactory cells), which are present on the olfactory ep-
ithelium in the depth of the nasal cavity, recognize individual odor molecules. Then,
detection signals of the odor molecules from the olfactory receptors are input, in the
form of electrical pulses, to the olfactory bulb located in front of the cerebrum via
electrical wires called axons. Finally, the detection signals are transformed into a two-
dimensional image represented by an ignition pattern of glomeruli present on the
surface of the olfactory bulb.

One type of conventional odor sensing system is configured to have a plurality of
odor sensors to identify odor molecules by simulating the above explained odor
recognition mechanism of higher animals. In such a conventional odor sensing system,
the detection accuracy strongly depends on the number of odor sensors. However, a
large number of such odor sensors limits downsizing of the odor sensing system. Due
to this, a small odor sensing system capable of detecting a variety of odors with suf-
ficiently high accuracy has not been developed as of yet. Considering the steady
expansion in the need for on-the-spot odor sensing, the development of a small, high
accuracy odor sensing system is desired.

Summary

In accordance with one embodiment, an odor sensing system is provided. The odor
sensing system comprises a plurality of odor sensors configured to output a detection
signal in response to at least one odor molecule, at least one chromatographic
membrane disposed at the plurality of odor sensors through which the odor molecule
diffuses to reach the odor sensor, and a pattern analyzer configured to analyze the
detection signals over time to identify the odor molecule.

In accordance with another embodiment, an odor sensing method is provided. The
odor sensing method comprises a plurality of odor sensors, each odor sensor being
configured to output a detection signal in response to at least one odor molecule, at
least one chromatographic membrane disposed at the plurality of odor sensors through
which the odor molecule diffuses to reach the odor sensor, and a pattern analyzer
configured to analyze the detection signals over time to identify the odor molecule,

exposing a sample to the odor sensing system, where the sample comprises at least one
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odor molecule, and

analyzing the detection signals over time.
In accordance with yet another embodiment, a method of manufacturing an odor

sensing system is provided. The method comprises providing a plurality of odor
sensors, each odor sensor being configured to output a detection signal in response to
at least one odor molecule, providing at least one chromatographic membrane disposed
at the plurality of odor sensors through which the odor molecule diffuses to reach the
odor sensor, and programming a pattern analyzer to analyze detection signals over time

to identify the odor molecule.

Brief Description of Drawings

[fig.1]Figure 1 shows an odor sensing system in accordance with an embodiment of the
present disclosure.

[fig.2]Figure 2 shows a cross-sectional view of a chromatographic membrane in ac-
cordance with an embodiment of the present disclosure.

[fig.3]Figure 3 shows a change in a detection signal over time in accordance with an
embodiment of the present disclosure.

[fig.4]Figure 4 shows a change in detection signals over time in accordance with an
embodiment of the present disclosure.

[fig.5]Figure 5 shows a schematic view of a plurality of chromatographic membranes
in accordance with an embodiment of the present disclosure.

[fig.6]Figure 6 shows a change in detection signals over time in accordance with an
embodiment of the present disclosure.

[fig.7]Figure 7 shows the number of partitions and the distribution ratio of the odor
molecules in the mobile phase with different numbers of plates (with the distribution
ratio being 0.5, and N denoting the number of theoretical plates) in accordance with an
embodiment of the present disclosure.

[fig.8]Figure 8 shows the number of partitions and the distribution ratio of the odor
molecules in the mobile phase (with the number of theoretical plates being N = 250) in
accordance with an embodiment of the present disclosure.

[fig.9]Figure 9 shows a height equivalent to a theoretical plate (the Van Deemter
equation) in accordance with an embodiment of the present disclosure.

[fig.10]Figure 10 is a flowchart showing an odor sensing method in accordance with an
embodiment of the present disclosure.

[fig.11]Figure 11 is a flowchart showing a method of manufacturing an odor sensing
system in accordance with an embodiment of the present disclosure.

[fig.12]Figure 12 shows a result of calculating a height equivalent to a theoretical plate

for different odor molecules in accordance with an embodiment of the present
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disclosure.

[fig.13]Figure 13 shows a result of the number of theoretical plates for different odor
molecules in accordance with an embodiment of the present disclosure.

[fig.14]Figure 14 shows a mass chromatogram of a mixed solution in accordance with
an embodiment of the present disclosure.

[fig.15]Figure 15 shows temporal changes in a mass chromatograph of two different
kinds of odor molecules using an ultrafilter as a chromatographic membrane in ac-
cordance with an embodiment of the present disclosure.

[fig.16]Figure 16 shows temporal changes in a peak area ratio of two different kinds of
odor molecules using an ultrafilter as a chromatographic membrane in accordance with
an embodiment of the present disclosure.

[fig.17]Figure 17 shows temporal changes in a mass chromatograph of two different
kinds of odor molecules using a membrane filter as a chromatographic membrane in
accordance with an embodiment of the present disclosure.

[fig.18]Figure 18 shows temporal changes in a peak area ratio of two different kinds of
odor molecules using a membrane filter as a chromatographic membrane in accordance
with an embodiment of the present disclosure.

Detailed Description

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. Further, the drawings are
intended to be explanatory and may not be drawn to scale. The illustrative em-
bodiments described in the detailed description, drawings, and claims are not meant to
be limiting. Other embodiments may be used, and other changes may be made, without
departing from the spirit or scope of the subject matter presented herein. It will be
readily understood that the aspects of the present disclosure, as generally described
herein, and illustrated in the Figures, can be arranged, substituted, combined,
separated, and designed in a wide variety of different configurations, all of which are
explicitly contemplated herein.

Figure 1 shows an odor sensing system 10 in accordance with an embodiment of the
present disclosure. The odor sensing system 10 may be provided with a plurality of
odor sensors 30, each odor sensor 30 being configured to output a detection signal in
response to at least one odor molecule 50; at least one chromatographic membrane 20
disposed at the plurality of odor sensors 30, through which the odor molecule 50
diffuses to reach the odor sensor 30; and a pattern analyzer 40 configured to analyze
the detection signals over time so as to identify the odor molecule 50. The detection
signals are transferred from the odor sensors 30 to the pattern analyzer 40. The pattern

analyzer 40 may be configured to store data 41 of changes in the detection signals over
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time. The plurality of odor sensors 30 may be configured to individually detect a
different odor molecule 50.

Figure 2 shows a cross-sectional view of the chromatographic membrane 20 in ac-
cordance with an embodiment of the present disclosure. The chromatographic
membrane 20 may have a plurality of pores 21 through which the odor molecule 50
diffuses to reach the odor sensor 30. For example, the chromatographic membrane 20
may be a microporous membrane having a plurality of penetrating pores configured to
allow natural diffusion of the odor molecules 50. The microporous membranes may be
made, for example, from a polymer material, a metal material, a ceramic material, or a
glass material. A diameter of the pore 21 and a thickness of the chromatographic
membrane 20 may be selected so as not to disturb the natural diffusion of the odor
molecules 50 in a gaseous state. For example, the diameter of the pore 21 may be from
about 1 nanometer to about 10 micrometers. The thickness of the chromatographic
membrane 20 may be from about 1 micrometer to about 10 millimeters. The pores 21
may be formed, for example, by self-organization through phase separation, nanofiber
integration, or laser machining. The chromatographic membrane 20 may be replaced
with a new chromatographic membrane 20 periodically or for every odor detection, as
desired. Replacement of the membrane between samples reduces or eliminates the risk
of contamination.

Figure 3 shows a change in a detection signal 61 over time in accordance with an em-
bodiment of the present disclosure. The odor sensors 30 output the detection signal 61
in response to the odor molecule 50. Here, the detection signal 61 changes over time
and the change depends on the behavior of the odor molecule 50 when the molecule 50
is going through the pore 21 toward the odor sensor 30. Depending on the affinity
between the odor molecule 50 and a chemical property of the pore 21, the manner in
which the odor molecule 50 diffuses through the pore 21 toward the odor sensor 30
may be changed. For example, in one aspect, a diffusion velocity of the odor molecule
50 may depend on the affinity between the odor molecule 50 and the chemical property
of the pore 21. In another aspect, a change in the number over time of odor molecules
50 diffused through the chromatographic membrane 20 per unit time may depend on
the affinity between the odor molecules 50 and the chemical property of the pore 21. In
a further aspect, a change in a ratio over time of the number between two different
kinds of odor molecules 50 diffused through the chromatographic membrane 20 per
unit time may depend on a difference in the affinity between the two different kinds of
odor molecules 50 with respect to the chemical property of the pores 21.

For example, as shown in Figure 4, the detection signals 61 and 62 are those output
from the odor sensors 30 in response to two different kinds of odor molecules 50. The

difference between the detection signals 61 and 62 may depend on a difference in the
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affinity between the two different kinds of odor molecules 50 with respect to the same
chemical property of the pores 21. Consequently, not only the combination of the
plurality of detection signals at one point in time, but also the changes in one or more
of the detection signals at respective time points (t1, t2, .., tn) can be used to identify
one or more kinds of the odor molecules 50. The change in the detection signal 61 over
time may be discretely sampled at respective time points (t1, t2, . ., tn) to create the
data 41. The pattern analyzer 40 may detect the change in the detection signal 61 and
continuously conduct multivariate analysis or pattern recognition to compare the
change in the detection signal 61 with the data 41 of the sampled detection signal 61 so
as to identify the odor molecule 50 with sufficiently high accuracy, even with a small
number of the odor sensors 30. The data 41 of the sampled detection signal 61 may be
associated with the chemical property of the pore 21 through which the odor molecule
50 diffuses. The pattern analyzer 40 may have a database 42 of the detection signals
correlated with known odor molecules 50.

As a further example, as shown in Figure 4, the detection signals 61 and 62 may be
combined into a composite signal 70. The change in the composite signal 70 over time
may be discretely sampled at respective time points (t1, t2, . ., tn) to create the data 41.
The pattern analyzer 40 may detect the change in the composite signal 70 and con-
tinuously conduct multivariate analysis or pattern recognition to compare the change in
the composite signal 70 with the data 41 of the sampled composite signal 70 so as to
identify the two different kinds of odor molecules 50 with sufficiently high accuracy,
even with a small number of the odor sensors 30. The data 41 of the sampled
composite signal 70 may be associated with the chemical property of the pores 21
through which the two different kinds of odor molecules 50 diffuse. The pattern
analyzer 40 may have a database 42 of the composite signals correlated with known
odor molecules 50.

As shown in Figure 5, the at least one chromatographic membrane 20 may be
provided with a plurality of chromatographic membranes 20A, 20B, 20C, and 20D. In
one non-limiting aspect of the present disclosure, at least two of the plurality of chro-
matographic membranes 20A, 20B, 20C, and 20D may have different chemical
properties from one another. As shown in Figure 6, the detection signals 61A, 61B,
61C, and 61D are those output from the odor sensors 30 in response to the same kind
of odor molecules 50. Depending on a difference in the affinity among the chro-
matographic membranes 20A, 20B, 20C, and 20D with respect to the same kind of
odor molecules 50, the manner in which the same kind of odor molecules 50 diffuse
through the pore 21 toward the odor sensors 30 may be changed. The chemical
properties of the chromatographic membranes 20A, 20B, 20C, and 20D may be
acidity, basicity, hydrophilicity, and hydrophobicity, respectively. Other chemical or
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biological properties may be used individually or in combination for the various chro-
matographic membranes.

The detection signals 61A, 61B, 61C, and 61D may be combined into a composite
signal 71. The change in the composite signal 71 over time may be discretely sampled
at respective time points (t1, t2, . ., tn) or continuously to create the data 41. The
pattern analyzer 40 may detect the change in the composite signal 71 and continuously
conduct multivariate analysis or pattern recognition to compare the change in the
composite signal 71 with the data 41 of the sampled composite signal 71 so as to
identify the same kind of odor molecules 50 with sufficiently high accuracy, even with
a small number of the odor sensors 30. The data 41 of the sampled composite signal 71
may be associated with the chemical properties of the chromatographic membranes
20A, 20B, 20C, and 20D through which the same kind of odor molecules 50 diffuse.
The composite signal 71, whose data amount is four times greater than the respective
detection signals 61A, 61B, 61C, and 61D, allows highly accurate odor sensing.

Alternatively, instead of preparing the plurality of chromatographic membranes 20A,
20B, 20C, and 20D with each having different chemical properties from one another,
different surface treatments may be applied to different surface areas of the one chro-
matographic membrane 20 so that each of the different surface areas may have
different chemical properties from one another.

Alternatively, the plurality of chromatographic membranes 20A, 20B, 20C, and 20D
may have the same chemical property instead of different chemical properties.

The odor sensor 30 may be a commercially available sensor used for odor sensing,
such as a ceramic semiconductor sensor, a quartz resonator sensor, a conductive
polymer sensor, a bulk acoustic wave sensor, a surface acoustic wave sensor, an
acoustic plate mode sensor, or an infrared absorption sensor. In one aspect, at least two
of the plurality of odor sensors 30 may be configured to output different detection
signals in response to the same odor molecule so that a combination of the detection
signals can be used to identify the odor molecule 50. The plurality of odor sensors 30
may be arranged, for example, in a 2-dimensional grid pattern, specifically in two
mutually perpendicular directions. For example, in the case where the plurality of odor
sensors 30 are arranged in an array of 10 rows and 10 columns, it may be possible to
form the plurality of odor sensors 30 having an entire size of a few square millimeters
to a few square centimeters.

The pattern analyzer 40 may be a computer having an arithmetic processor and a
memory programmed to analyze the detection signals over time so as to identify the
odor molecule 50.

The manner in which the chromatographic membrane 20 separates the odor

molecules 50 based on the principles of chromatography will be explained below.
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Chromatography can be considered as continuously performing countercurrent dis-
tribution (which is applied to separation of substances having close distribution ratios)
to separate substances. With a distribution ratio D, the amount p of solute in the upper
layer and the amount Y of solute in the lower layer upon reaching equilibrium can be

expressed as:

[Math.1]
P= L cee (1)
1+D
[Math.2]
Y= 1— e (2)
1+D

Here, Y=1-p, and expressing this equation in terms of the distribution ratio D by using
the binomial theorem yields:
[Math.3]

( 2, ! >n—1 )
1+D 1+D |

The portion T,, in the r-th tube after n transfers can be expressed as:
[Math.4]

- ( ; >nDr‘—"" PP - @
rli(n-r)! \ 1+D - ri(n-r)! (1-F)

Figure 7 shows a graph of the distribution ratio of the odor molecules in the mobile
phase according to equation (4) in the case where n transfers are performed with a dis-
tribution ratio of 0.5. Figure 8 shows a graph of the distribution ratio of the odor
molecules in the mobile phase in cases where the number of partitions n is 250 and the
distribution ratio is 0.4, 0.5, and 0.6, respectively.

In chromatography, the horizontal axis is considered to represent progress in time.
The odor molecules 50 having different adsorption properties (having different dis-
tribution ratios) can be separated in time as shown in Figures 7 and 8. The composition
ratio of the odor molecules 50 having different distribution ratios varies from time to
time. The separation of the odor molecules 50 becomes easy with a combination
having a large difference between their distribution ratios (i.e., the affinity between the
odor molecule 50 and the pore 21). By combining pores 21 having different chemical

properties, even if the separation of the odor molecules 50 is incomplete, the odor
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sensing system in the present disclosure can be applicable as long as the changes in the
detection signals over time is detected. Precision of the identification improves as the
separation efficiency improves in the separation by use of the chromatographic
membrane 20. Considering the efficiency in terms of the column efficiency in chro-
matography, the efficiency can be evaluated in terms of the number of theoretical
plates N (or the height equivalent to a theoretical plate: HETP). Figure 9 shows a
height equivalent to a theoretical plate (the Van Deemter equation).

[Math.5]

2
t
N= <—R> cee (5)
q;

[Math.6]
H __L (6)
N
[Math.7]
H=A+——+Cu -+ ()
Where:

tz denotes progress in time;

L denotes a column length;

24, denotes a peak standard deviation;

H denotes a height equivalent to a theoretical plate;

N denotes the number of theoretical plates;

A denotes a multipath diffusion;

B denotes a molecular diffusion;

C denotes a non-equilibrium diffusion of odor molecule transfer in the liquid phase/gas
phase; and

U denotes an average flow speed of carrier gas.

According to equation (7), in order to improve the separation efficiency (decrease
HETP), reducing the multipath diffusion (A), the molecular diffusion (B), and the non-
equilibrium diffusion of odor molecule transfer in the liquid phase/gas phase (C) is
effective. Since the present disclosure assumes natural diffusion, it can be considered
that the carrier gas speed (u) is constant. In order to decrease the multipath diffusion
(A), it is desired that penetrating pores having no branches are provided.

Furthermore, in order to satisfy both the detection sensitivity and the separation ef-
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ficiencys, it is desired that a large number of penetrating pores, having a size smaller
than the size of each odor sensor 30, be provided on top of the sensors 30. In the case
where a microporous membrane (in which horizontal diffusion may occur) is used as
the chromatographic membrane 20, it is desired that the diameter of the pore 21 be
small.

The molecular diffusion (B) can be considered as being constant since it is de-
termined by the diffusion coefficient of the odor molecule 50 in the carrier gas. As the
molecular diffusion (B) decreases, HETP decreases and the separation efficiency
improves. The non-equilibrium diffusion of odor molecule transfer in the liquid phase/
gas phase (C) varies between the pore centers and the pore surfaces, so it is desired that
the diameter of the pore 21 be as small as possible.

By estimating HETP according to equation (8) or (12), it is possible to estimate the
thickness (L) of the chromatographic membrane 20 required for separation
(concentration distribution in the present disclosure). B, Cs, and Cm in equation (8) are
calculated according to the formulae below, where Ds = Cg and Dm = CL
[Math.8]

HETP =4+

HCHC) u -~ (8)
[Math.9]

B=2Dg = (9)

[Math.10]
r? I1+gK+11K?
Cg= X > (10)
Dg 24(1+K)
[Math.11]
=Y 2K e (1)
DI 3(1+K)?
Where:

Cs denotes a mass transfer resistance in the stationary phase;

Cm denotes a mass transfer resistance in the mobile phase;

Dg denotes a diffusion coefficient of the odor molecule 50 in the carrier gas;
Dl denotes a diffusion coefficient of the odor molecule 50 in the liquid phase;
r denotes a radius of the capillary column;

df denotes a membrane thickness in the liquid phase; and

k denotes a distribution ratio (weight of the solute in the liquid phase/weight of the
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solute in the gas phase).

[Math.12]
2 2
2GD,, w(dptdc)’v  Rds’v
H =2sdp » D, Dg (12)
Where:

H denotes a plate height;

s denotes a particle shape;

dp denotes a particle diameter;

G, w, and R are constants;

Dm denotes a diffusion coefficient of a mobile phase;
dc denotes a capillary diameter;

df denotes a film thickness; and

Ds denotes a diffusion coefficient of a stationary phase.

Here, the diffusion coefficient D12 (Dg or Dm above) can be expressed by equation

(13):
[Math.13]
1
D =i<2(3.14)KT M, M, >2 ! £y - (13)
2 16 MM, ) n(3.14)q;,°Wp, P

Where:

M1 and M2 denote molecular weights of first and second odor molecules;
N denotes the number of molecules in the mixture;

K denotes a Boltzmann coefficient (1.380 * 10-23]J/K);

T denotes an absolute temperature;

W5, denotes a collision integral in diffusion;

ql2 denotes a molecule diameter (collision diameter) calculated according to the law

of intermolecular forces; and

fp denotes a correction term of approximately 1.
When the ideal gas law holds and f, = 1, equation (14) holds:

[Math.14]

L
2

3
372 [(M; M)/ MM, ]
Pq;°Wp
Here, q12 and Wy, are given by equations (15), (16), (17) and (18):

D,,=1.858 x10 e (14)
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[Math.15]
(15)

[Math.16]

,_ A ¢ E G
b~ r*B expDT* expFT* expHT™

-+ (16)
[Math.17]
T =——= ... (17)

[Math.18]

a;,= (a;a,)* - (18)

[0030] Where:
A is 1.06036;
B is 0.15610;
C s 0.19300;
D is 0.47635;
E is 1.03587;
Fis 1.52996;
G is 1.76474; and
His 3.89411.

[0031]  The HETPs of the odor molecules 50 in the chromatographic membrane 20 can be
calculated according to the above equations, and the number of theoretical plates N
corresponding to the thickness of the chromatographic membrane 20 and changes in
the pore diameter can be calculated according to equation (6). The separation status
shown in Figures 7 and 8 can be estimated by using the values obtained by the above
calculation and different distribution ratios corresponding to the variation in the type of
chromatographic membrane 20.

[0032]  Figure 10 is a flowchart showing an odor sensing method. First, the odor sensing
system 10 is provided (step 1001). Next, a sample is exposed to the odor sensing
system 10 (step 1002). Here, the sample includes at least one odor molecule 50. Then,
the detection signals are analyzed over time to identify the odor molecule 50 (step
1003). The analyzing step 1003 may be performed continuously. In one non-limiting

aspect, the analyzing step 1003 may further include a step of detecting a change in one
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or more of the detection signals to identify the odor molecule 50 or a step of as-
sembling the detection signals into a composite signal and then detecting a change in
the composite signal to identify the odor molecule 50.

Figure 11 is a flowchart showing a method of manufacturing the odor sensing system
10. First, the plurality of odor sensors 30 are provided (step 1101). Next, at least one
chromatographic membrane 20 is provided so as to be disposed at the plurality of odor
sensors 30 through which the odor molecule 50 diffuses to reach the odor sensor 30
(step 1102). Then, the pattern analyzer 40 is programmed to analyze the detection
signals over time to identify the odor molecule 50 (step 1103). The programming step
1103 may further include a step of programming the pattern analyzer 40 to detect
changes in the detection signals.

Examples

Example 1: Calculating HETP and N for Different Odor Molecules

The results of calculating the height equivalent to the theoretical plate (HETP) and
the number of theoretical plates (N) for different kinds of odor molecules 50 with
respect to the chromatographic membrane 20 having a thickness of 1 millimeter are
shown in Figures 12 and 13. The calculation conditions are shown in Table 1. The
results show that the chromatographic membrane 20 can effectively separate the
different kinds of odor molecules 50 by optimizing the parameters below. The
separation of the different kinds of odor molecules 50 makes it possible to differentiate
how the odor molecule 50 diffuses through the chromatographic membrane 20
depending on the difference in the affinity among the different kinds of odor molecules
50 with respect to the chemical property of the chromatographic membrane 20.

[Table 1]

Parameters Case 1 Case 2 Case 3 Case 4
Membrane thickness L (cm) 0.1 0.1 0.1 0.1
Diffusion coefficient Dg (cm™/s) | 0.03 0.1 0.2 0.33
Radius » (cm) 0.0125 0.0125 0.0125 0.0125
Distribution ratio % 100 100 100 100

Example 2: Sensing Odor Molecules
As samples of two different kinds of odor molecules 50, D-limonene (i.e., odor of

lemon) expressed by chemical formula 1 and hexyl acetate (i.e., odor of apple)

expressed by chemical formula 2, were selected.
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[0038]  As two chromatographic membranes 20 having different chemical properties from
one another, an ultrafilter expressed by chemical formula 3 and a membrane filter

expressed by chemical formula 4, were selected.

[Chem.3]
¥ ﬁ
oY)
Il
CH, n
[Chem.4]
0 B e} N
/ 0]
O=N i\ CH;
Yo oo=y o0 O)J\CH3 o=

0
| O~N ‘N—-0 O=< HsC O
cHy N

O n

[0039]  The D-limonene was mixed with the hexyl acetate to prepare a mixed solution in
such a manner that ratios of the D-limonene and the hexyl acetate to the mixed solution
were both 50% by weight. After this, 0.1 grams of the mixed solution was poured into
a 2 milliliter vial. Here, a chromatographic membrane was used for a septum. This vial
was placed in a 15 milliliter vial and was left at a room temperature of about 23
degrees Celsius. Next, 0.1 milliliters of the internal gas within the vial was taken out at

regular intervals, and the quantity ratio of the two different kinds of odor molecules 50
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that diffused through the chromatographic membrane was calculated based on the area
ratio of the GC/MS peaks. As a reference, Figure 14 shows a mass chromatogram of
the mixed solution.

Figure 15 shows temporal changes in the mass chromatogram of the two different
kinds of odor molecules 50 that diffused through the chromatographic membrane in the
case where the ultrafilter was used as the chromatographic membrane 20. As a result of
plotting temporal changes in the ratio of the D-limonene/hexyl acetate detected, as
shown in Figure 16, it was observed that the ratio of the D-limonene was higher at
early stages but approached the reference ratio as time elapsed. The ultrafilter showed
high permeability for the D-limonene. Table 2 shows temporal changes in the peak
area ratio of the two different kinds of odor molecules 50, using the ultrafilter as the

chromatographic membrane 20.

[Table 2]
Time (minutes) Peak area ratio of D-limonene/hexyl acetate
10 1.201
20 1.179
30 1.185
40 1.138
60 0.958
120 0.830
130 0.878
180 0.685
190 0.725

Figure 17 shows temporal changes in the mass chromatogram of the two different
kinds of odor molecules 50 that diffused through the chromatographic membrane in the
case where the membrane filter was used as the chromatographic membrane 20. As a
result of plotting temporal changes in the ratio of the D-limonene/hexyl acetate
detected, as shown in Figure 18, it was observed that the ratio of the hexyl acetate was
higher at early stages but approached the reference ratio as time elapsed. The
membrane filter showed high permeability for the hexyl acetate. Table 3 shows
temporal changes in the peak area ratio of the two different kinds of odor molecules 50

using the membrane filter as the chromatographic membrane 20.
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[Table 3]
Time (minutes) Peak area ratio of D-limonene/hexyl acetate
10 0.382
20 0.429
30 0.478
40 0.490
60 0.502
70 0.522
125 0.564
135 0.527
145 0.525
[0042]  Meanwhile, temporal changes in the ratio of the D-limonene/hexyl acetate were not

[0043]

[0044]

observed with a glass filter sheet whose filtered particle diameter was about 0.6 mi-
crometers, or a PTFE membrane filter whose pore size was about 0.1 micrometers.

The above explained results demonstrate that the same combination of the different
kinds of odor molecules 50 exhibited different membrane permeation characteristics
depending on the choice of the chromatographic membrane material and the pore
diameter. Thus, it can be possible to obtain a detection signal that varies depending on
the chemical property of the chromatographic membrane 20 and that varies over time
by installing such a chromatographic membrane in front of the plurality of odor
sensors 30. By providing the database 42 of such detection signals, it can be possible to
sense an odor with accuracy.

While the present disclosure has been described with respect to a limited number of
embodiments, a person skilled in the art, having the benefit of this disclosure, would
appreciate that other embodiments can be devised which do not depart from the scope
of the present disclosure as disclosed herein. Accordingly, the scope of the invention

should be limited only by the attached claims.
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[Claim 8]

16

PCT/JP2012/007568

Claims

An odor sensing system comprising:

a plurality of odor sensors, each odor sensor being configured to output
a detection signal in response to at least one odor molecule;

at least one chromatographic membrane disposed at the plurality of
odor sensors through which the odor molecule diffuses to reach the
odor sensor; and

a pattern analyzer configured to analyze the detection signals over time
to identify the odor molecule.

The odor sensing system of claim 1, wherein the at least one chro-
matographic membrane comprises a plurality of chromatographic
membranes.

The odor sensing system of claim 2, wherein the chromatographic
membranes are microporous membranes.

The odor sensing system of claim 1, wherein the pattern analyzer is
configured to detect changes in the detection signals.

The odor sensing system of claim 2, wherein the microporous
membranes have a plurality of pores, and wherein at least two of the
plurality of pores have different chemical properties from one another.
The odor sensing system of claim 2, wherein the microporous
membranes are configured to change a diffusion velocity of the odor
molecule depending on an affinity between the odor molecule and the
chemical property of the pore of the microporous membranes through
which the odor molecule diffuses.

The odor sensing system of claim 2, wherein the microporous
membranes are configured to change the number over time of odor
molecules diffused through the microporous membrane per unit time
depending on an affinity between the odor molecules and the chemical
property of the pore of the microporous membranes through which the
odor molecules diffuse.

The odor sensing system of claim 2, wherein the microporous
membranes are configured to change a ratio over time of the number
between two different kinds of odor molecules diffused through the mi-
croporous membranes per unit time depending on a difference in an
affinity between the two different kinds of odor molecules with respect
to the chemical property of pores of the microporous membranes

through which the two different kinds of odor molecules diffuse.
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[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

[Claim 19]

[Claim 20]

[Claim 21]

[Claim 22]

[Claim 23]

[Claim 24]
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The odor sensing system of claim 5, wherein the chemical properties
are selected from acidity, basicity, hydrophilicity, and hydrophobicity.
The odor sensing system of claim 1, wherein the pattern analyzer is
configured to store data of changes in detection signals over time.

The odor sensing system of claim 10, wherein the data is associated
with a chemical property of a pore of the plurality of chromatographic
membranes through which the odor molecule diffuses.

The odor sensing system of claim 3, wherein a diameter of the pore of
the microporous membranes is from about 1 nanometer to about 10 mi-
crometers.

The odor sensing system of claim 3, wherein the microporous
membranes are made from a polymer material, a metal material, a
ceramic material, or a glass material.

The odor sensing system of claim 1, wherein the pattern analyzer is
configured to conduct multivariate analysis to analyze the detection
signals over time.

The odor sensing system of claim 1, wherein at least two of the
plurality of odor sensors are configured to output different detection
signals in response to the same odor molecule.

The odor sensing system of claim 1, wherein the plurality of odor
sensors are arranged in two mutually perpendicular directions.

The odor sensing system of claim 1, wherein the plurality of odor
sensors are arranged in a 2-dimensional grid pattern.

The odor sensing system of claim 2, wherein the plurality of chro-
matographic membranes are identical to one another.

The odor sensing system of claim 1, wherein the pattern analyzer is
configured to analyze the detection signals continuously.

The odor sensing system of claim 1, wherein the pattern analyzer is
further configured to detect a change in one or more of the detection
signals.

The odor sensing system of claim 1, wherein the pattern analyzer is
further configured to assemble the detection signals into a composite
signal.

The odor sensing system of claim 21, wherein the pattern analyzer is
further configured to detect a change in the composite signal.

The odor sensing system of claim 1, further comprising a database of
detection signals correlated with known molecules.

The odor sensing system of claim 21, further comprising a database of



WO 2014/080443

[Claim 25]

[Claim 26]

[Claim 27]

[Claim 28]

[Claim 29]

[Claim 30]

[Claim 31]

[Claim 32]

[Claim 33]
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composite signals correlated with known molecules.

An odor sensing method comprising:

providing an odor sensing system comprising:

a plurality of odor sensors, each odor sensor being configured to output
a detection signal in response to at least one odor molecule;

at least one chromatographic membrane disposed at the plurality of
odor sensors through which the odor molecule diffuses to reach the
odor sensor; and

a pattern analyzer configured to analyze the detection signals over time
to identify the odor molecule;

exposing a sample to the odor sensing system, where the sample
comprises at least one odor molecule; and

analyzing the detection signals over time.

The odor sensing method of claim 25, further comprising:

storing data of the detection signals over time.

The odor sensing method of claim 25, wherein the analyzing step is
performed continuously.

The odor sensing method of claim 25, wherein the analyzing step
further comprises detecting a change in one or more of the detection
signals.

The odor sensing method of claim 25, wherein the analyzing step
further comprises assembling the detection signals into a composite
signal.

The odor sensing method of claim 29, wherein the analyzing step
further comprises detecting a change in the composite signal.

The odor sensing method of claim 30, further comprising comparing
the detection signals over time against a database to identify the odor
molecule.

The odor sensing method of claim 30, further comprising comparing
the change in the composite signal over time against a database to
identify the odor molecule.

A method of manufacturing an odor sensing system, the method
comprising:

providing a plurality of odor sensors, each odor sensor being
configured to output a detection signal in response to at least one odor
molecule;

providing at least one chromatographic membrane disposed at the

plurality of odor sensors through which the odor molecule diffuses to
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[Claim 34]

[Claim 35]
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reach the odor sensor; and

programming a pattern analyzer to analyze detection signals over time
to identify the odor molecule.

The method of claim 33, further comprising:

applying different surface treatments to the at least one chro-
matographic membrane.

The method of claim 33, wherein the programming step further
comprises programming the pattern analyzer to detect changes in the

detection signals.
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[Fig. 10]

[Fig. 11]

HETP

511

PCT/JP2012/007568

PROVIDING THE ODOR
SENSING SYSTEM

—— 1001

Y

EXPOSING A SAMPLE TO THE
ODOR SENSING SYSTEM

——1002

Y

ANALYZING THE DETECTION
SIGNALS OVER TIME

——1003

PROVIDING THE PLURALITY
OF ODOR SENSORS

——1101

Y

PROVIDING AT LEAST ONE
CHROMATOGRAPHIC MEMBRANE

——1102

Y

PROGRAMMING THE PATTERN
ANALYZER

—1103




6/11

PCT/JP2012/007568

WO 2014/080443

[Fig. 12]

— N < i i T
W W w wii _ _ ”“T
nnon ol ! _ e
< < < <. ! ! i
OO0 Qi “ “ “
b | | AT
i I T N . T\A&
| _
"
N .
~ o
o

[wold13H

FLOW SPEED[cm/s]

[Fig. 13]

——CASE 3
—-CASE 4

I
l
|||||||||||||| t--\--r-—-A - ————C
I I
I i I
I I
I . I
I l s I
I " I
I I I
I I I I
I I I I
I Y, I I
\ I 1 I I
\ 1 1 1 \ |
L i I I
-—f- ||rz|+|||||1|| e e e
I 1 I I
N 1 |
[y I g |
R I I
I I I
RN | B
I A} 1 I
I S |
I I
I M
I I
I
| .
|||||||||||||| 4 M
I L
I
I
I
I
|
I
I
I
I
I
I
L

<t N o 0 <o < N o

S31V1d TvOI1L3HO3HL 40 J39INNN

FLOW SPEED[cm/s]



711

WO 2014/080443 PCT/JP2012/007568
[Fig. 14]
A Hexyl acetate
D-limonene
()
7))
<
p=

[

SPECTRUM




8/11

WO 2014/080443 PCT/JP2012/007568
[Fig. 15]
A
D-limonene Hexyl acetate
10min "/ /
D-limonene Hexyl acetate
30min
o, .y il Hexyl acetate
C<’E> 60min i1 D-limonene i /
= s X
r. D-limonene {\ Hexyl acetate
120min l J/ ” P
180min {\ D-limonene ’\ ;exyl acetate

SPECTRUM



9/11

WO 2014/080443 PCT/JP2012/007568

[Fig. 16]
1.400
w 1.200 —m‘
<
W 1.000
20 14 R
<L
X 0.800 L J
MEn, ¢
T ‘
;ﬁm 0.600 :
< E without membrane
=
05  0.400
=
-
0.200
0.000 | ! ‘
0 50 100 150 200

TIME[min]



WO 2014/080443

PCT/JP2012/007568

[Fig. 17]
| .
10min
D-li r{i hene ;exyl acetate
| — :
30min D_"Qinene ;exyl acetate
0 P P
[ e e L LT T T repp—— S ' N e e -
< ]
< [\
60min D-limonene ) ;exyl acetate
| I \ Jx _
120min ﬂ Hexyl acetate

D-limonene

N (

Jiy

|7

|

\

SPECTRUM



11/11
WO 2014/080443 PCT/JP2012/007568
[Fig. 18]

0.7

0.6 without membrane

. 2
0.5 ‘—5ﬁ“ *

0.3

0.2

PEAK AREA RATIO
LEMONENE/HEXYL ACETATE

0.1

0 50 100 150 200

TIME[min]



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/007568

A. CLASSIFICATION OF SUBJECT MATTER
Int.Cl. GOIN33/00(2006.01)1i, GOIN30/00(2006.01)1i, GOIN30/94(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. GOIN33/00, GO1IN30/00, GOIN30/94

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2013
Registered utility model specifications of Japan 1996-2013
Published registered utility model applications of Japan 1994-2013

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

JSTPLlus/JMEDPlus/JST /580 (JDreamII)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2007-218704 A (Futaba Electronics) |1-35
2007.08.30, Claims (no family)

A JP 10-170422 A (Sanyo Electronics) 1998.06.26, [1-35
Claims (no family)

A JP 6-82431 A (Sanyo Electronics) 1994.03.22, |[1-35
Claims (no family)

iy JP 2010-112909 A (Showa Shell 0il) 2010.05.20, [1-35
Claims (no family)

{™  Further documents are listed in the continuation of Box C. {™  See patent family annex.

* Special categorie.s of cited documents: S “T» later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

“E” earlier application or patent but published on or after the inter-
national filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other

“X” document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
inventive step when the document is taken alone

special reason (as specified) “Y” document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such

“P” document published prior to the international filing date but later combination being obvious to a person skilled in the art

than the priority date claimed “&” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

31.01.2013 19.02.2013

Name and mailing address of the ISA/JP Authorized officer 2719408
Japan Patent Office Kazue KAGAMI

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3252

Form PCT/ISA/210 (second sheet) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report

