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(57) Abrégée/Abstract:
Provided Is an abnormality monitoring apparatus that monitors abnormalities of a system having a plurality of components or
products. The components or products include a plurality of kinds of microcapsules that respectively discharge a plurality of
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(57) Abrege(suite)/Abstract(continued):

chemical marker substances due to specific factors, saild chemical marker substances having different ion mobilities. The
monitoring apparatus has an ion mobility sensor that detects the chemical marker substances. Occurrence of the abnormalities,

Kinds of the abnormalities, area where the abnormalities occurred, and degree of the abnormalities can be identified by having the
monitoring apparatus detect the chemical marker substances.
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ABSTRACT

There is provided a monitoring apparatus that monitors
abnormalities in a system including a plurality of components or
products. The plurality of components or products respectively
include a plurality of types of microcapsules that release, due to
specific causes, a plurality of marker chemical substances
respectively, the marker chemical substances having respectively
different ion mobilities. The monitoring apparatus includes an ion
mobility sensor that detects the plurality of marker chemical
substances. By detecting the marker chemical substances, the
monitoring apparatus is capable of identifying the occurrence of an

abnormal state, the type of abnormal state, the occurrence location,
the extent of the abnormal state, and the like.
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DESCRIPTION

APPARATUS MONITORING FOR ABNORMALITIES

TECHNICAL FIELD
[0001]

The present invention relates to a monitoring apparatus using
marker substances that are detectable by an ion mobility sensor.

BACKGROUND ART
[0002]

Japanese Laid-Open Patent Publication No. 2009-187227
discloses the provision of an odor-generating alarm apparatus and an
abnormal state warning method that are highly safe and have a very
clear effect in attracting attention. The odor-generating alarm
apparatus in this document includes an odor substance vessel, a
driving unit, a detector, and a circuit as a control unit. The odor
substance vessel stores an odor substance. The concentration of the
odor substance in air at which the odor is so strong as to become
unbearable for humans is lower that the no observed effect
concentration of the odor substance. The driving unit releases the
odor substance from the odor substance vessel. The detector detects
the occurrence of an abnormal state and outputs a detection signal.
The control unit receives input of the detection signal from the
detector and has the driving unit release the odor substance in
accordance with the detection signal.

[0003]

Japanese Patent Publication No. 2008-508693 (International
Publication No. WO2006/013396) discloses an apparatus that
measures physical phenomena based on differences in ion mobility

between substances. In particular, such publication discloses an ion
mobility spectrometer with an ion filter in the form of at least one ion

channel that includes a plurality of electrodes. With this ion mobility
spectrometer, it is possible for the filler to selectively input ion types
according to the potential applied to the conductive layer that
changes over time. Such potential has a drive electric field
component and a transverse electric field component, and in a
preferred embodiment, the respective electrodes contribute to the
generation of both the drive electric field component and the
transverse electric field component. Such device can be used even

without a drift gas flow.

DISCLOSURE OF THE INVENTION
[0004]
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When an abnormal state has occurred, the odor-generating
alarm apparatus disclosed in Japanese Laid-Open Patent Publication
No. 2009-187227 informs people of the occurrence of the abnormal
state by releasing an odor substance at a concentration where the
odor is so strong as to become unbearable for humans. Even if the
number of types of odors is increased, it is difficult to give an
indication of what kind of abnormality has occurred and where. Also,
even if it is possible to release a plurality of odors, if a plurality of
odors are simultaneously released, it is difficult to determine what
kind of abnormality has occurred.

[0005]

One aspect of the present invention is an apparatus that
monitors abnormalities in a system including a plurality of
components or products. The plurality of components or products
respectively include a plurality of types of capsules that release, due
to specific causes, a plurality of marker chemical substances
respectively, the marker chemical substances having respectively
different ion mobilities. Also, the apparatus includes an ion mobility
sensor that detects the plurality of marker chemical substances. The
capsules (microcapsules) have a predetermined resistance to
pressure (pressure resistance), for example, and are destroyed when
a predetermined pressure or higher is applied. The capsules may
also be capsules with predetermined resistance to heat (heat
resistance), light resistance, weather resistance, or chemical
resistance.

[0006]

In this system, a cause to be monitored can be freely set by
selecting the material, strength, and the like of the capsules. Also,
the marker chemical substance that is released can be changed
according to the monitored cause and changed according to the
component or product to be monitored. Accordingly, identification of
the monitored cause, and identification of a component or product to
be monitored (which includes means of identification of a specific
individual part, identification of an installed location, and the like) are
possible by detecting a marker chemical substance using an ion
mobility sensor.

[0007]

Another aspect of the present invention is particles that
generates a signals for use by an ion mobility sensor, including: a
plurality of marker chemical substances with different ion mobilities:
and a plurality of types of capsules (microcapsules) that encapsulate
the plurality of marker chemical substances respectively and release,
due to specific causes, the respective marker chemical substances.
Such particles may be provided having been included in products or
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may be provided having been included in semifinished products, such
as paints, resins, or members.

10008]

Yet another aspect of the present invention is a monitoring
system including: a component or product to be monitored including
the particles described above; and an ion mobility sensor that detects
the plurality of marker chemical substances.

[0009]

Yet another aspect of the present invention is a control
method of an apparatus that monitors a system including a plurality
of components or products for abnormalities (problems). The
plurality of components or products respectively include a plurality of
types of capsules that release, due to specific causes, a plurality of
marker chemical substances respectively, the marker chemical
substances having respectively different ion mobilities, and the
monitoring apparatus includes an ion mobility sensor that detects the
plurality of marker chemical substances. The control method includes
determining, when the ion mobility sensor detects a marker chemical
substance out of the plurality of marker chemical substances, a
component or product related to the detected marker chemical
substance out of the plurality of components or products.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]
[FIG. 1]
FIG. 1 shows an overview of a monitoring system.
[FIG. 2]
FIG. 2 is a cross-sectional view of a pipe being monitored.
[FIG. 3]
FIG. 3 shows an enlargement of a layer including particles that

detect pressure.
[FIG. 4]

FIG. 4 is a flowchart showing a process that monitors for
abnormalities using a monitoring system.
[FIG. 5]

FIG. 5 is a different example of a monitoring system.
[FIG. 6] '

FIG. 6 shows an enlargement of paint including particies that
detect temperature.

DETAIL DESCRIPTION

[0011]
FIG. 1 shows an overview of a monitoring system that uses

particles that generate a signal or signals for an ion mobility sensor.
Such monitoring system 10 monitors a monitored object (target) 11

3
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that is disposed, installed, or assembled in an enclosed or semi-
enclosed space 1 for the presence of damage. In this example, the
monitored object 11 is a pipe and a monitoring layer 13 including
particles is formed in the wall 12 of the pipe. The monitoring system
10 also includes a monitoring unit 50 that detects chemical
substances (including molecules, compounds, compositions, and the

like) that are released from the pipe 11 being monitored when an
abnormality occurs.

10012]

The monitoring unit (monitoring apparatus, monitor) 50
includes a sampling pump 51 that samples the air inside the space 1,
an ion mobility sensor 55 that measures or detects chemical
substances included in the sampled gas, and a communication unit 57
that outputs a detection result via a means such as a wireless LAN.
The monitoring unit 50 transmits information 80 on an abnormal
state via a base station 61, for example, to a host connected to the
Internet, for example a personal computer 63.

[0013]

The monitoring unit 50 may also include a database 58 and a
control unit (processor) 59 that determines an abnormal state based
on information stored in the database 58. The database 58 includes
information specifying the chemical substances to be monitored and
information showing the relationship between components, products
and causes to be monitored and the chemical substances. The
database 58 and the function 59 that determines an abnormal state
may be included at the host 63.

[0014]

FIG. 2 shows a cross section of the pipe 11 to be monitored.
FIG. 3 shows an enlargement of the monitoring layer 13 including the
particles 30. The particles 30 for signal generation include
microcapsules 35 with a size of around 0.1ym to 5mm and a marker
substance (chemical substance) 31 that is sealed inside the
microcapsules 35. The marker substance 31 encapsulated in the
microcapsules 35 is one (a type) of a large number of chemical
substances detected by the ion mobility sensor 55 and a spectrum
produced when such marker substance 31 is detected by the ion
mobility sensor 55 is registered in the database 58 or the like.
[0015]

As examples, FAIMS (Field Asymmetric Waveform Ion Mobility
Spectrometry) or DIMS (Differential Ion Mobility Spectrometry) can
be used as the ion mobility sensor 55. A different type of ion mobility
sensor may also be used. The chemical substances that can be
measured (detected) by a FAIMS are compounds, compositions, and
molecules that can be ionized, the property whereby ion mobility is
unique to each chemical substance is used, and a differential voltage

4
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(or "DV”, “"Dispersion Voltage”, “Vd voltage”, “electric field voltage
Vvrf”, or “"AC voltage”, hereinafter simply “Vf”) and a compensation
voltage (or "CV”, “compensation voltage”, “"DC voltage”, hereinafter
simply "Vc"”) are applied while causing such chemical substances to
move in a buffer gas. By appropriately controlling the values of Vf
and V¢, the detection target chemical substances that have been
lonized will reach a detector and be detected as current values.
[0016]

The microcapsules 35 are any out of a plurality of types of
microcapsules including materials and/or wall films designed so that
the fracture temperature and/or pressure ranges do not overlap each
other. Although there are a number of methods for manufacturing
the microcapsules 35, examples include interfacial polymerization and
in situ microcapsules, with representative examples of microcapsules
manufactured by such methods being polyurethane capsules that use
polyvalent isocyanate and melamine-formaldehyde resin capsules. In
the case of capsules made of polyurethane, both the polyvalent
iIsocyanate and a polyhydroxy compound are melted at the same time
into the oil phase, such substances are emulsified and dispersed in a
protective colloid aqueous solution, the temperature is raised further,
and a reaction occurs to form capsule walls. In the case of capsules
made of melamine-formaldehyde resin, a melamine-formaldehyde
prepolymer that is soluble in water is used. By adding such
prepolymer solution to an O/W emulsion where an oil produced by
melting a dye precursor has been emulsified and dispersed in a
protective colloid aqueous solution and then heating and stirring in a
weakly acidic region (with a pH of 3 to 6), polymer is deposited on
the O/W interfaces to produce microcapsules. As the protective
colloid, it is possible to use a colloid that functions as an acid catalyst
that promotes a polycondensation reaction of the melamine-

formaldehyde resin (as examples, a styrene sulfonic acid polymer, a
copolymer of styrene and maleic anhydride, a copolymer of ethylene

and maleic anhydride, gum arabic, and polyacrylic).
[0017]

The materials and method of manufacturing the microcapsules
are not limited to the above. Provided that the microcapsules are
capable of sufficiently holding their content without being destroyed
under pressure conditions and heating conditions that occur during
storage or transportation before use and are microcapsules capable of
being destroyed when subjected to heat or pressure under
predetermined conditions so as to release the encapsulated chemical
substance 31, there are no particular limitations and it is possible to
use capsules manufactured using various known materials and
methods of manufacturing.

[10018]
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If the microcapsules 35 are destroyed, damaged, dissolved, or
caused to disappear under predetermined conditions, the particies 30
for generating a signal will release the specified chemical substance
31 that was encapsulated inside the microcapsules 35. Accordingly,
by changing the type of chemical substance 31 according to the
cause of destruction, and by detecting the chemical substance 31
released to the atmosphere, the monitoring unit 50 is capable of
identifying the cause of destruction of the microcapsules 35.

[0019]

In addition, it is also possible to prepare particles 30 where the
microcapsules 35 are destroyed by the same cause but which include
different types of chemical substances 31 and to set such particles 30
that include different types of chemical substances 31 in different
members, in different equipment or at different locations. In such
case, by detecting the chemical substance 31 that has been released
to the atmosphere, the monitoring unit 50 is capable of identifying
(specifying) the destroyed member, equipment, or location and the
cause of destruction.

10020}

The monitoring layer 13 of the pipe 11 to be monitored may
be a material including resin that includes the particles 30 or may be
a member that includes the particles 30. If excessive pressure is
applied to the pipe 11 or a shock is applied and a crack 19 is
produced in the wall 12 of the pipe 11, excessive pressure will be
applied to the particles 30 of the monitoring layer 13. If pressure
equal to or larger than the withstand pressure of the microcapsules
35 is applied to the particles 30, the microcapsules 35 will be
destroyed or damaged and the encapsulated (embedded or included)
chemical substance 31 is released. On detecting the released
chemical substance 31, the monitoring unit 50 identifies that the pipe

11 that is one of the targets of monitoring has been damaged and
transmits information 80 including the occurrence of an abnormal

state to the computer 63.

[0021]
If particles 30 in which a different chemical substance 31 is

encapsulated are included at a different location on the pipe 11 being
monitored or in a second monitoring layer at a different location In
the thickness direction, by detecting the chemical substance 31
released from the particles 30, the monitoring unit 50 is capable of
obtaining information relating to the location where the crack 19 has
occurred and/or the depth of the crack 19. Accordingly, the
monitoring unit 50 provides information 80 that includes not only the
cause of an abnormal state but also the location where the abnormal
state has occurred and/or the extent of the damage due to the

abnormal state to the computer 63.
6
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[0022]

FIG. 4 shows a process of monitoring for an abnormal state
using the monitoring system 10 by way of a flowchart. If, in step 81,
the ion mobility sensor 55 of the monitoring unit 50 detects the
chemical substance (compound, marker substance) 31 used as a
marker, in step 82 the control unit 59 refers to the database 58 and
identifies the component, product, or cause related to the marker
chemical substance 31 that has been detected out of the components,
products, or causes being monitored. Next, in step 83, an alarm is
outputted and also information 80 that includes not only the
occurrence of the abnormal state but also the type of abnormal state,
occurrence location, and extent of the abnormal state is outputted to
the host 63. Depending on the object monitored in the monitoring
system 10 or the cause, the monitoring unit 50 may carry out
appropriate processing such as forcibly stopping the operation of the
apparatus or system including the component or product being
monitored or the host 63 that has received the information 80 may
carry out such processing.

[0023]

FIG. 5 shows a different example of a monitoring system. This
monitoring system 10 also includes a pipe 11 that is to be monitored
and is disposed in an enclosed space 1 and a monitoring unit 50. The
pipe 11 being monitored is painted with a plurality of types of
materials (semifinished products), for example paints 71 to 77. The
paints 71 to 77 include particles 30 where respectively different types
of chemical substances 31 are encapsulated in microcapsules 35 that
have different melting temperatures.

[0024]

FIG. 6 shows a state where the paint 75 has melted as one

example. It is desirable for the paints 71 to 77 to be paints with

different resistance to heat. The paint 75 meilts when the
temperature in the vicinity of the pipe 11 reaches a predetermined

temperature and the microcapsules 35 also melt. Accordingly, the
chemical substance 31 encapsulated in the microcapsules 35 is
released and by having the monitoring unit 50 identify the released
chemical substance 31, it is possible to know the temperature on the
inside or in the vicinity of the pipe 11. In addition, by preparing
particles 30 that include microcapsules 35 with the same resistance
to heat but which have different chemical substances 31 encapsulated
in the microcapsules 35 and applying such particles 30 at different
locations on the pipe 11, it is possible for the monitoring unit 50 to
know the temperature reached by the pipe 11 and the locations
where such temperature was reached along the pipe 11. Accordingly,
the monitoring unit 50 is capable of transmitting the information 80
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that includes not only the abnormal state but also the location and
content of the abnormal state to the computer 63.
[0025]

In this way, by combining the characteristics of the
microcapsules 35 and the chemical substance 31 in which the
microcapsules 35 are encapsulated in the particles 30 used for signal
generation, it is possible to supply a signal (information) that, in
addition to information relating to the environment in which the
particles 30 are installed, specifies the location, the appliance or the
member where the particles 30 are installed via the chemical
substances 31 to the monitoring unit 50. Accordingly, even if the
product, iocation, or the like being monitored cannot be visually seen
from the monitoring unit 50, there is no room to install measuring
equipment, or it is not possible to attach measuring equipment to the
product or location, it is still possible for the monitoring unit 50 to
acquire a signal showing an abnormal state via the chemical
substances 31.

[0026]

The microcapsules 35 for generating a signal are not limited to
capsules with a predetermined resistance to pressure and resistance
to heat. It is also possible to provide microcapsules 35 with certain
weather resistance, light resistance, chemical resistance, and the like,
and possible to detect the occurrence of abnormalities with various
different conditions according to the combination of the particles 30
and the monitoring unit 50 equipped with the ion mobility sensor 55.
[0027]

The monitoring unit 50 equipped with the ion mobility sensor
55 is not limited to a fixed device and may be mobile, such as a
mobile terminal. By using the particles 30 for generating a signal, it
is possible to positively and appropriately transmit the occurrence of

an abnormal state to the monitoring unit 50. Also, aside from
damage to equipment, when debris, dust, foreign matter, or the like

is produced due to some kind of situation, if the particles 30 for
generating a signal are included, it is possible to easily detect the
presence of such debris or the like by detecting the chemical
substances 31 released from the debris. Accordingly, it is possible to
prevent the occurrence of a situation such as when foreign matter Is

mixed into food, from the outset.
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CLAIMS

[Claim 1]

An apparatus that monitors abnormalities in a system
including a plurality of components or products,

wherein the plurality of components or products respectively
include a plurality of types of capsules that release, due to specific
causes, a plurality of marker chemical substances respectively, the
plurality of marker chemical substances having respectively different
ion mobilities, and

the apparatus comprises an ion mobility sensor that detects
the plurality of marker chemical substances.

[Claim 2]

The apparatus according to claim 1,

wherein the plurality of types of capsules respectively have a
predetermined resistance to pressure, resistance to heat, weather
resistance, light resistance, or chemical resistance.

[Claim 3]

Particles that generate signals for use by an ion mobility
Sensor, comprising:

a plurality of marker chemical substances with different ion
mobilities: and

- a plurality of types of capsules that encapsulate the plurality of

marker chemical substances respectively and release, due to specific
causes, the respective marker chemical substances.

[Claim 4]

The particles according to claim 3,

wherein the plurality of types of capsules respectively have a
predetermined resistance to pressure, resistance to heat, light
resistance, weather resistance, or chemical resistance.

[Claim 5]
A semifinished product including the particles according to
claim 3 or claim 4.

[Claim 6]
A monitoring system comprising:
a component or product to be monitored including the particles

according to claim 3 or claim 4; and
an ion mobility sensor that detects the plurality of marker

chemical substances.
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[Claim 7]

A control method of an apparatus that monitors a system
including a plurality of components or products for abnormalities,

wherein the plurality of components or products respectively
include a plurality of types of capsules that release, due to specific
causes, a plurality of marker chemical substances respectively, the
plurality of marker chemical substances having respectively different
ion mobilities, and the apparatus includes an ion mobility sensor that
detects the plurality of marker chemical substances,

and the control method comprises determining, when the ion
mobility sensor detects a marker chemical substance out of the
plurality of marker chemical substances, a component, product, or
cause related to the marker chemical substance detected out of the
plurality of components, products and causes.

10
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