
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
23

8 
55

2
B

1
*EP003238552B1*

(11) EP 3 238 552 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
14.07.2021 Bulletin 2021/28

(21) Application number: 14909081.3

(22) Date of filing: 26.12.2014

(51) Int Cl.:
A24C 5/34 (2006.01) A24D 3/02 (2006.01)

(86) International application number: 
PCT/JP2014/084599

(87) International publication number: 
WO 2016/103477 (30.06.2016 Gazette 2016/26)

(54) FILTER INSPECTION APPARATUS

FILTERPRÜFUNGSVORRICHTUNG

APPAREIL D’INSPECTION DE FILTRE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(43) Date of publication of application: 
01.11.2017 Bulletin 2017/44

(73) Proprietors:  
• Japan Tobacco Inc.

Tokyo 105-8422 (JP)
• Hakko Automation Co., Ltd.

Minami-ku,
Fukuoka-shi,
Fukuoka 8150073 (JP)
Designated Contracting States: 
BE CY FR GR IE IT LT LV MC MT NL SI 

(72) Inventors:  
• KIDA, Shinzo

Tokyo 130-8603 (JP)
• NAKAMURA, Satoshi

Tokyo 130-8603 (JP)

• ISHIDA, Naoki
Kasuya-gun
Fukuoka 811-2304 (JP)

• KOREEDA, Yuichi
Kasuya-gun
Fukuoka 811-2304 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwälte PartmbB 
Arabellastraße 30
81925 München (DE)

(56) References cited:  
WO-A1-2013/145163 WO-A2-2009/099793
WO-A2-2014/078290 DE-A1-102013 201 512
JP-A- S59 131 375 JP-A- 2003 219 855
JP-A- 2005 351 678 JP-A- 2005 516 181
JP-A- 2006 090 802 JP-A- 2008 131 856
JP-A- 2011 518 544 JP-A- 2012 063 324
JP-A- 2014 178 117 JP-U- H 041 437

• None



EP 3 238 552 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to an inspection
apparatus for inspecting quality related to a placement
state of a predetermined object to be disposed which is
to be disposed inside a filter for a smoking article.

Background Art

[0002] Cigarettes provided with filters including liquid-
filled capsules disposed therein are known. The content
liquid of the liquid-filled capsule is composed of, for ex-
ample, a flavoring agent, and a solvent which dissolves
the flavoring agent. In a case where the cigarette provid-
ed with such a filter including the capsule therein is used,
a user crushes the liquid-filled capsule prior to smoking
or during smoking, so that the content liquid is leaked,
and an aroma of the flavoring agent can be contained in
mainstream smoke of the cigarette. In the cigarette pro-
vided with such a filter, since existence of the liquid-filled
capsule greatly influences the quality, it is necessary to
inspect whether or not the liquid-filled capsule is normally
disposed inside the filter. For example, International Pub-
lication No. WO 2014/078290 discloses a form in which
a filter of an object to be inspected is irradiated with an
electromagnetic wave in a frequency band of 0.1 THz to
10 THz, and the transmission electromagnetic wave is
utilized, in order to determine a placement state of a cap-
sule to be disposed in a filter of a cigarette.
[0003] In a technology described in International Pub-
lication No. WO 2014/005677, an inspection apparatus
is formed such that sensor transmitters are disposed on
respective bottoms of a plurality of grooves provided on
a drum, and sensor receivers are disposed so as to be
fixed to the outside of the drum. Additionally, the inspec-
tion apparatus is formed such that during inspection, the
drum is rotated in a state where a filter is placed so as
to cover the sensor transmitters of a storage unit of the
drum, and at this time, a plurality of the sensor receivers
can receive transmission electromagnetic waves result-
ing from transmission of electromagnetic waves trans-
mitted from the sensor transmitters through the filter. On
the basis of reception results of these sensor receivers,
a state of a capsule inside the filter is detected.
[0004] WO 2014/078290 A2 describes an inspection
system for inspecting an insertion status of an object dis-
posed within a filter of a cigarette. The system comprises
an emitter for emitting an initial signal to the filter, a sensor
for receiving a resultant signal resulting from interaction
of the initial signal with the filter, and an analyzing unit
for determining the insertion status of the object based
on the resultant signal. A converging lens for focusing
the initial signal is disposed at a first side of the filter and
a collimator lens for straightening the resultant signal is
disposed on an opposite second side of the filter.
[0005] DE 10 2013 201 512 A1 discloses an inspection

system comprising microwave resonators being ar-
ranged around a circumference of a filter having an object
disposed therein, and an acquisition unit. The microwave
resonator comprises a bottom and sidewalls defining an
opening through which microwaves are irradiated to the
filter, and a central conductor which bundles the micro-
waves.
[0006] From WO 2009/099793 A2 an inspection sys-
tem configured to determine an insertion status with re-
spect to inspection/detection of an object is known. Fur-
ther, WO 2013/145163 A1 describes a filter inspection
device for inspecting a color of a filler for a filter element,
wherein the device comprises an optical sensor and a
light irradiating unit irradiating light waves to the filler el-
ement.

Summary of Invention

Technical Problem

[0007] In a conventional technology, in order to inspect
quality of a placement state of a predetermined object to
be disposed such a capsule which is to be disposed in-
side a filter, a filter which is an object is irradiated with
an electromagnetic wave, and a transmission electro-
magnetic wave obtained by transmitting the electromag-
netic wave through the filter is utilized. In a determination
technology of such an electromagnetic wave transmis-
sion type, when the electromagnetic wave is transmitted
through the filter, the placement state of the predeter-
mined object to be disposed inside the filter is reflected
in the electromagnetic wave, so that inspection related
to the placement state is possible. Therefore, an irradi-
ation unit of the electromagnetic wave and a receiving
unit of a transmission electromagnetic wave need to be
disposed on respective opposite sides with the filter being
an object therebetween. As a result, space volume nec-
essary for a constitution for inspection of the placement
state (hereinafter, referred to as an "inspection constitu-
tion") must be increased.
[0008] In filters which are mass-produced such as fil-
ters of cigarettes, when a placement state of a predeter-
mined object to be disposed which is to be disposed in-
side each filter is determined, the determination is pref-
erably performed so as not to prevent efficient production
of the filters or the cigarettes. Therefore, when the filter
as an object is conveyed on a production line, determi-
nation related to the placement state of the predeter-
mined object to be disposed inside the filter is preferably
performed. However, when inspection is performed by
utilizing a transmission electromagnetic wave like con-
ventional technologies, the space volume necessary for
the inspection constitution is increased, and it becomes
difficult to exactly dispose the inspection constitution on
the production line, particularly on a line where the filter
is being conveyed.
[0009] The present invention has been made in view
of the above problem, and an object of the present in-
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vention is to attain miniaturization of an inspection appa-
ratus that inspects a placement state of a predetermined
object to be disposed inside a filter for a smoking article.

Solution to Problem

[0010] In the present invention, in order to solve the
above problems, a constitution in which a single antenna
unit irradiates a target filter as an object to be inspected
with an inspection electromagnetic wave, and receives
a reflected electromagnetic wave which returns from the
target filter resulting from the irradiated electromagnetic
wave is adopted. With this constitution, it is possible to
reduce space volume necessary for acquiring informa-
tion related to the placement state of the predetermined
object to be disposed inside the target filter.
[0011] More specifically, the present invention is an
inspection apparatus according to claim 1.
[0012] The inspection apparatus according to the
present invention has the antenna unit disposed so as
to face the target filter. This antenna unit conveys the
inspection electromagnetic wave and the reflected elec-
tromagnetic wave. Therefore, when the inspection elec-
tromagnetic wave emitted from the irradiation unit reach-
es the target filter through the antenna unit, at least a
part of the inspection electromagnetic wave is reflected
by the target filter, and is received by the receiving unit
through the antenna unit. Even an electromagnetic wave
transmitted through the target filter among the inspection
electromagnetic wave, which is reflected on a part other
than the target filter to go toward the receiving unit, is
sometimes received by the receiving unit through the an-
tenna unit. Such an electromagnetic wave obtained by
reflecting the inspection electromagnetic wave is referred
to as a reflected electromagnetic wave in order to distin-
guish this from an inspection electromagnetic wave with
which the target filter is irradiated. Physical action result-
ing from the placement state of the predetermined object
to be disposed in the target filter is reflected in this re-
flected electromagnetic wave. That is, in a case where
the target filter is irradiated with the inspection electro-
magnetic wave, and the irradiated inspection electro-
magnetic wave is reflected on the target filter, the place-
ment state of the predetermined object to be disposed
such as the shape and the deformed state of the prede-
termined object to be disposed, and a position of the pre-
determined object to be disposed inside the filter is re-
flected in the intensity or the phase of the reflected elec-
tromagnetic wave.
[0013] Herein, the predetermined object to be dis-
posed whose quality related to the placement state is
inspected by the inspection apparatus of the present in-
vention is to be disposed inside the filter, and may be
any object, or any structure whose information related to
the placement state can be reflected in the reflected elec-
tromagnetic wave by the inspection electromagnetic
wave. A liquid-filled capsule which is filled with a prede-
termined flavoring liquid can be cited as an example of

the predetermined object to be disposed. The liquid-filled
capsule is a capsule which is filled with the predetermined
flavoring liquid, and change of electromagnetic wave in-
tensity by the reflection of the inspection electromagnetic
wave, or phase shift is reflected in the reflected electro-
magnetic wave by the flavoring liquid. As the placement
state, a state related to placement of the predetermined
object to be disposed inside the filter, for example, a state
related to the position of the predetermined object to be
disposed inside the filter, which is a state where the pre-
determined object to be disposed is suitably disposed, a
state where the predetermined object to be disposed is
suitably disposed inside the filter without damage, defor-
mation, or the like, a state where the predetermined ob-
ject to be disposed exists inside the filter, or the like can
be cited as an example.
[0014] Herein, the reflected electromagnetic wave is
received by the receiving unit, and the reflected signal
formed therein is a signal related to the intensity or the
phase shift of the reflected electromagnetic wave reflect-
ing the placement state of the predetermined object to
be disposed. The acquisition unit acquires, on the basis
of the reflected signal obtained by the receiving unit, the
predetermined information related to the intensity or the
phase shift of the reflected signal, as information reflect-
ing the placement state of the predetermined object to
be disposed. The determination unit can grasp the place-
ment state of the predetermined object to be disposed,
on the basis of the predetermined information, and there-
fore determines the quality of the placement state. For
example, when the intensity or the phase shift of the re-
flected signal as the predetermined information belongs
to a reference range, the determination unit can deter-
mine that the placement state of the predetermined ob-
ject to be disposed is a suitable state, or the like.
[0015] Thus, the antenna unit faces the target filter,
and the inspection electromagnetic wave is transmitted
and the reflected electromagnetic wave is received
through the antenna unit, so that inspection necessary
for the quality related to the placement state of the pre-
determined object to be disposed is performed for only
a space existing between the antenna unit and the target
filter, and it is possible to make the inspection space com-
pact compared to a conventional transmission type in-
spection apparatus. Furthermore, in a reflection type in-
spection apparatus like the present invention, the inven-
tors of this application found out that a frequency range
of the inspection electromagnetic wave can be set to be
relatively low. For example, an electromagnetic wave
having a frequency belonging to a range of 10 GHz to
100 GHz can be suitably utilized as the inspection elec-
tromagnetic wave. More suitably, an electromagnetic
wave having a frequency belonging to a range of 20 GHz
to 30 GHz can be utilized as the inspection electromag-
netic wave.
[0016] In the inspection apparatus described above,
the antenna unit may be formed so as to transmit the
inspection electromagnetic wave to the target filter, and
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receive the reflected electromagnetic wave from the tar-
get filter, in the same antenna case. With such a config-
uration, it is possible to make a constitution of the antenna
unit compact, and reduce space volume necessary for
inspection as small as possible, and therefore it is pos-
sible to facilitate miniaturization of the inspection appa-
ratus.
[0017] In the inspection apparatus of the present in-
vention, the receiving unit can receive not only the re-
flected electromagnetic wave obtained by directly reflect-
ing the inspection electromagnetic wave by the target
filter, but also the electromagnetic wave that results from
the inspection electromagnetic wave receiving any action
from the target filter, reflects the placement state of the
predetermined object to be disposed, and goes toward
the receiving unit from the target filter, as the reflected
electromagnetic wave. Thus, a plurality of kinds of the
electromagnetic waves that reflect the placement state
of the predetermined object to be disposed are utilized
as the reflected electromagnetic wave, so that the place-
ment state of the predetermined object to be disposed is
more exactly reflected in the predetermined information
acquired by the acquisition unit, and it is possible to im-
prove determination accuracy by the determination unit.
[0018] According to the present invention, the inspec-
tion apparatus further includes a reflection unit that is
disposed on a rear part of the target filter, the rear part
being located on a side opposite to the antenna unit, and
is formed so as to reflect a transmission electromagnetic
wave on a side of the target filter again, the transmission
electromagnetic wave being a part of the emitted inspec-
tion electromagnetic wave and being transmitted through
the target filter, and in this case, the receiving unit re-
ceives a secondary reflected electromagnetic wave
which is an electromagnetic wave obtained by reflecting
the transmission electromagnetic wave by the reflection
unit, in addition to the reflected electromagnetic wave
from the target filter. The secondary reflected electro-
magnetic wave is transmitted through the target filter
once in a process from the irradiation unit to the reflection
unit, and then transmitted through the target filter again
in a process from reflection by the reflection unit to the
receiving unit. Therefore, the secondary reflected elec-
tromagnetic wave relatively strongly reflects the place-
ment state of the predetermined object to be disposed
inside the target filter. Therefore, the receiving unit re-
ceives the secondary reflected electromagnetic wave in
addition to the above reflected electromagnetic wave,
and the predetermined information is acquired from the
secondary reflected electromagnetic wave, so that the
determination unit can perform more precise determina-
tion related to the quality of the placement state.
[0019] Herein, as the above constitution in which the
receiving unit can receive the secondary reflected elec-
tromagnetic wave by the reflection unit, a form, in which
the inspection apparatus of the present invention further
includes a conveyance device that conveys a plurality of
the filters for smoking articles in a state where the filters

for smoking articles are placed on a conveyance table,
and is disposed with respect to the antenna unit such
that the target filter included in the filter for a smoking
article conveyed by the conveyance device is irradiated
with the inspection electromagnetic wave, wherein the
reflection unit is a predetermined member included in the
conveyance table and made of metal, can be cited as an
example. In this form, when the irradiation unit of the
antenna unit irradiates the target filter in the plurality of
filters with the inspection electromagnetic wave in a state
where the plurality of filters are placed on the conveyance
table of the conveyance device to be conveyed, the sec-
ondary reflected electromagnetic wave reflected by the
predetermined member made of metal of the conveyance
table is received by the receiving unit of the antenna unit,
in addition to the direct reflected electromagnetic wave
by the target filter. Therefore, according to this form, qual-
ity determination related to the placement state of the
predetermined object to be disposed inside the filter is
determined during conveyance of the filter, and therefore
it is possible to implement efficient and high-accurate de-
termination.
[0020] Herein, in the inspection apparatus described
above, the predetermined information may be informa-
tion related to intensity of the reflected signal, the inspec-
tion apparatus may further include a correction unit that
corrects the predetermined information acquired by the
acquisition unit, on the basis of information related to a
reference signal intensity previously obtained by irradi-
ating a reference filter with the inspection electromagnet-
ic wave having the predetermined frequency, the refer-
ence filter being a filter for a smoking article in which the
predetermined object to be disposed is not disposed. Ad-
ditionally, the determination unit may determine the qual-
ity of the placement state of the predetermined object to
be disposed which is disposed in the target filter, on the
basis of the predetermined information corrected by the
correction unit.
[0021] It can be said that the reference signal intensity
obtained by the receiving unit when the reference filter
in which the predetermined object to be disposed is not
disposed is irradiated with the inspection electromagnet-
ic wave reflects information other than the placement
state of the predetermined object to be disposed in the
filter, in other words, noise to the information related to
the placement state. Therefore, the correction unit cor-
rects the predetermined information on the basis of this
information related to the reference signal intensity, so
that it is said that the information related to the placement
state of the predetermined object to be disposed in the
target filter can be exactly extracted. As a result, the de-
termination unit performs determination related to the
quality of the placement state on the basis of the correct-
ed predetermined information, so that it is possible to
improve the determination accuracy.
[0022] In the inspection apparatus described above,
the target filter being conveyed may be irradiated with
the inspection electromagnetic wave from the irradiation
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unit, and in this case, while the target filter passes through
a predetermined irradiation range set so as to enable
irradiation of the inspection electromagnetic wave by the
irradiation unit, and reception of the reflected electromag-
netic wave by the receiving unit, the acquisition unit may
acquire information related to intensity of the reflected
signal, or information related to phase shift of the reflect-
ed signal a plurality of times, and may acquire intensity
information in which change with respect to the inspec-
tion electromagnetic wave is maximum, or phase shift
information in which change with respect to the inspec-
tion electromagnetic wave is maximum, as the predeter-
mined information, from among the acquired intensity in-
formation, or the acquired phase shift information. Thus,
in a case where the information related to the intensity
of the reflected signal, or the information related to the
phase shift of the reflected signal is acquired a plurality
of times, it is said that the intensity information in which
the change with respect to the inspection electromagnet-
ic wave is maximum, or the phase shift information in
which the change with respect to the inspection electro-
magnetic wave is maximum is information corresponding
to a state where the reflected electromagnetic wave most
exactly reflects the placement state of the predetermined
object to be disposed in the target filter. Therefore, de-
termination by the determination unit is performed by uti-
lizing the predetermined information which is the intensity
information in which the change is maximum, or the
phase shift information in which the change is maximum,
so that the accuracy is improved.

Advantageous Effects of Invention

[0023] According to the present invention, it is possible
to attain miniaturization of an inspection apparatus that
inspects a placement state of a predetermined object to
be disposed inside smoking articles.

Brief Description of the Drawings

[0024]

[Fig. 1] Fig. 1 is a diagram schematically illustrating
application of an inspection process by an inspection
apparatus according to the present invention to a
manufacturing process of a filter for a smoking article
and a cigarette.
[Fig. 2] Fig. 2 is a diagram illustrating a schematic
constitution of the inspection apparatus according to
the present invention.
[Fig. 3] Fig. 3 is a diagram for illustrating a correlation
between a position on a drum on which a filter for a
smoking article is disposed and the reception inten-
sity of a reflected electromagnetic wave, in the in-
spection apparatus illustrated in Fig. 2.
[Fig. 4] Fig. 4 is a diagram illustrating a correlation
between a frequency of an inspection electromag-
netic wave, and the reception intensity of a reflected

electromagnetic wave used in the inspection appa-
ratus according to the present invention.
[Fig. 5] Fig. 5 is a flowchart of an inspection process
performed in the inspection apparatus according to
the present invention.
[Fig. 6] Fig. 6 is a diagram illustrating a correlation
between a frequency of an inspection electromag-
netic wave, and phase shift of a reflected electro-
magnetic wave used in the inspection apparatus ac-
cording to the present invention.

Description of Embodiment

[0025] Hereinafter, a specific embodiment of the
present invention will be described with reference to the
drawings. The size, materials, shapes, and relative ar-
rangement and the like of the components described in
this embodiment are not intended to limit the technical
scope of the invention thereto, unless otherwise stated.
[0026] Fig. 1 is a diagram illustrating a flow of a man-
ufacturing process of a filter attached to a cigarette on a
capsule filter making machine 10, a manufacturing proc-
ess of the cigarette on a cigarette making machine 15,
and an inspection process of a liquid-filled capsule (here-
inafter, simply referred to as a "capsule") disposed inside
the filter, the inspection process being performed on the
cigarette making machine 15. Hereinafter, the content of
each process will be simply described. First, the flow on
the capsule filter making machine 10 will be described.
In the capsule filter making machine 10, a capsule is sup-
plied to be inserted into a filter material that is a bundle
of acetate fibers supplied by a filter material supply proc-
ess 11, by a capsule supply process 12, and thereafter
the filter material with the capsule inserted therein is
wound in a rod shape with wrapping paper in a winding
process 13. Thereafter, in a cutting process 14, the filter
rod is cut for each predetermined length with a cutter (not
illustrated), so that a capsule filter rod is obtained.
[0027] The manufactured capsule filter rod is sent to a
filter tip attachment 16 in the cigarette making machine
15. In the filter tip attachment, the capsule filter rod is first
integrally wound around a cigarette rod manufactured in
a previous process through tipping paper, in a tip winding
process 17. Generally, the capsule filter rod has a double
length, and the cigarette rod is disposed on both end
sides of the capsule filter rod with a double length on the
drum, and the tipping paper is wound, so that a double
cigarette is manufactured. This double cigarette is sent
to a cutting process 18 performed on another drum, and
is cut on this drum, so that cigarettes each having a length
equal to one cigarette are manufactured. Then, the man-
ufactured cigarettes are sent to an inspection process
19, effective inspection related to the capsule is per-
formed for the filter of each cigarette on machine by a
capsule inspection apparatus illustrated in Fig. 2, provid-
ed in the filter tip attachment 16. The capsule inspection
apparatus is equivalent to an inspection apparatus ac-
cording to the present invention.
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[0028] With reference to Fig. 2, a constitution of the
capsule inspection apparatus will be described. As illus-
trated in Fig. 2, the capsule inspection apparatus has a
control device 20 for performing various processes per-
formed by the inspection apparatus, a probe antenna 23
for inspection related to quality of a placement state of a
capsule 1a in a filter 1 of a cigarette 2, and a drum 30
that enables a conveyance of a plurality of the cigarettes
2 having the filters that become objects to be inspected.
[0029] Herein, a circulator 24 is connected to the probe
antenna 23, and an inspection electromagnetic wave
supplied from a noise source 21 passes through a low
pass filter 22, so that an inspection electromagnetic wave
in a predetermined frequency band is generated in the
circulator 24. Then, the inspection electromagnetic wave
is input to the circulator 24. Preferably, an electromag-
netic wave having an oscillation frequency of 22 GHz to
40 GHz generated in the noise source 21 passes through
the low pass filter 22, and an inspection electromagnetic
wave having 20 GHz to 30 GHz is generated. As another
example, the frequency of the inspection electromagnet-
ic wave input to the circulator 24 may belong to 10 GHz
to 100 GHz.
[0030] Furthermore, a wave detector 25 is connected
to an output unit of the circulator 24. This wave detector
25 extracts an electric reflected signal corresponding to
a reflected electromagnetic wave described below.
Thereafter, a predetermined electric process such as am-
plification and filtering is performed for the reflected sig-
nal by the amplifier filter 26, and the reflected signal is
delivered to the control device 20.
[0031] Herein, the probe antenna 23 has an oblong
antenna case, and is disposed such that a tip of the probe
antenna faces the filter 1 that is an object to be inspected.
Then, the inspection electromagnetic wave is emitted
from the tip. The emitted inspection electromagnetic
wave is reflected by the filter 1 or a drum body 31 as
described below, and the probe antenna 23 receives the
reflected electromagnetic wave again. Therefore, in the
capsule inspection apparatus illustrated in Fig. 2, both
the inspection electromagnetic wave and the reflected
electromagnetic wave are conveyed inside the probe an-
tenna 23. Therefore, a transmitting part of the inspection
electromagnetic wave and a receiving part of the reflect-
ed electromagnetic wave are disposed on the same side
with respect to the filter 1.
[0032] Therefore, the transmitting part of the inspec-
tion electromagnetic wave and the receiving part of the
reflected electromagnetic wave of the probe antenna 23
are installed at such a position as to face the drum 30
that rotationally drives. In this drum 30, a rotary encoder
32 is connected to the rotatably supported drum body 31
through a shaft.
[0033] The cigarette 2 having the filter 1 as the object
to be inspected is disposed on the drum body 31 of the
drum 30 as illustrated in Fig. 2. More specifically, the
drum body 31 is a cylindrical object made of metal, a
storage unit formed so as to axially store the cigarette 2

is disposed along the axial direction on a surface of the
cylindrical object, the cigarette 2 is stored inside the stor-
age unit on the drum body 31 in a state where the filter
1 is located on a right end face side of the drum body 31
in Fig. 2, and a tobacco rod is located on a left end face
side of the drum body 31 in Fig. 2. The placement of the
cigarette 2 illustrated in Fig. 2 is a state where the one
cigarette 2 stored in the storage unit is projected on a
sectional surface including a shaft of the cylindrical ob-
ject.
[0034] Then, a plurality of the cigarettes 2 are rotation-
ally conveyed while being stored on the surface of the
cylindrical object of the drum body 31 at the same time.
The filters 1 of the cigarettes 2 being rotationally con-
veyed on the drum body 31 are disposed on the surface
of the cylindrical object of the drum body 31, and therefore
in a part of the rotational conveyance process, as de-
scribed above, such a positional relation that the trans-
mitting part of the inspection electromagnetic wave of the
probe antenna 23, and the receiving part of the reflected
electromagnetic wave are capable of facing, namely, a
positional relation that belongs to an inspection region in
which the probe antenna 23 can emit the inspection elec-
tromagnetic wave, and receive the reflected electromag-
netic wave is formed between the probe antenna 23 and
the filter 1. Therefore, in a process of rotationally con-
veying a plurality of the cigarettes 2 by the drum 30, the
respective filters 1 of the plurality of cigarettes 2 are se-
quentially subjected to the inspection process by irradi-
ation of the inspection electromagnetic wave from the
probe antenna 23 by the capsule inspection apparatus
illustrated in Fig. 2.
[0035] The rotary encoder 32 is driven by a drum driv-
ing shaft, and a pulse signal obtained from the rotary
encoder 32 and a drum clock pulse (DCP) corresponding
to each cigarette generated from the making machine
are delivered to the control device 20 of the capsule in-
spection apparatus. Therefore, on the basis of the pulse
signal and the DCP, the capsule inspection apparatus
can grasp whether the inspection process is performed
for the filters 1 of any of the cigarettes on the drum 30.
[0036] Herein, with reference to Fig. 3, inspection of a
placement state of the capsule 1a inside the filter 1 by
the capsule inspection apparatus will be described in de-
tail. As the placement state in this embodiment, a state
where the capsule 1a is normally disposed inside the
filter 1 without being damaged, that is, without leaking
flavoring liquid therein (hereinafter referred to as a "nor-
mal placement state"), and a state where the capsule 1a
is damaged, and the flavoring liquid therein is leaked
(hereinafter referred to as an "abnormal placement
state") can be cited as an example. In an upper stage
(a), a middle stage (b), and a lower stage (c) of Fig. 3,
respective storage states of the cigarette 2 in the drum
30 are schematically illustrated, and the reception inten-
sity of a reflected electromagnetic wave corresponding
to each of the storage state is illustrated. More specifi-
cally, each of (a) to (c) illustrates a transition of the re-
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ception intensity of a reflected electromagnetic wave with
respect to a conveyance distance in the width direction
(in the direction perpendicular to a plane of Fig. 3) when
the filter 1 is conveyed in the width direction with respect
to the probe antenna 23 by the drum 30 in a state where
the inspection electromagnetic wave is emitted. Specif-
ically, a line L1 denotes a reception intensity transition in
a case where the placement state of the capsule 1a in
the filter 1 is the normal placement state, and the line L2
denotes a reception intensity transition in a case where
the placement state of the capsule 1a in the filter 1 is the
abnormal placement state.
[0037] The upper stage (a) of Fig. 3 corresponds to the
storage state of the cigarette 2 which is a state where an
end face of the filter 1 of the cigarette 2 (right end face
in Fig. 3) is flush with a right end face of the drum body
31, that is, a state where a protrusion amount ΔL1 of the
right end face of the filter 1 from the right end face of the
drum body 31 is zero. In this storage state, a metal side
face 31a of the drum body 31 is located on a side, oppo-
site to the probe antenna 23, of the capsule 1a inside the
filter 1. Additionally, the middle stage (b) of Fig. 3 illus-
trates the storage state of the cigarette 2 where the right
end face of the filter 1 protrudes from the right end face
of the drum body 31, and the protrusion amount is ΔL2.
In this storage state, while the filter 1 protrudes from the
right end face of the drum body 31, the metal side face
31a of the drum body 31 is still located on the side, op-
posite to the probe antenna 23, of the capsule 1a inside
the filter 1. Furthermore, the lower stage (c) of Fig. 3
illustrates the storage state of the cigarette 2 where the
right end face of the filter 1 protrudes from the right end
face of the drum body 31, and the protrusion amount is
ΔL3. In this storage state, the filter 1 protrudes from the
right end face of the drum body 31, and the metal side
face 31a of the drum body 31 is not located on the side,
opposite to the probe antenna 23, of the capsule 1a inside
the filter 1.
[0038] The filter 1 is irradiated with an inspection elec-
tromagnetic wave emitted from an irradiation unit 23b so
as to have fixed spread, and therefore the filter 1 in each
of the storage states of (a) to (c) of Fig. 3 is located in a
region where the inspection electromagnetic wave from
the irradiation unit 23b is emitted. Herein, a part of the
emitted inspection electromagnetic wave becomes a re-
flected electromagnetic wave that is reflected on the filter
1 side to go toward the probe antenna 23. Then, the re-
flected electromagnetic wave includes electromagnetic
waves reflected on various parts on the filter 1 side, and
roughly the following four reflected electromagnetic
waves can be cited as examples of forms.

(1) A reflected electromagnetic wave on a surface
of the filter 1
(2) A reflected electromagnetic wave on a surface
of the capsule 1a inside the filter 1 (that is, a boundary
surface between the capsule 1a and the filter 1)
(3) A reflected electromagnetic wave on the metal

side face 31a of the drum body 31 by a transmission
electromagnetic wave that is transmitted through the
filter 1 and is not transmitted through the capsule 1a
(4) A reflected electromagnetic wave on the metal
side face 31a of the drum body 31 by a transmission
electromagnetic wave that is transmitted through the
filter 1 and the capsule 1a

[0039] In each of the reflected electromagnetic waves
(1) and (3) among the above reflected electromagnetic
waves (1) to (4), the inspection electromagnetic wave
substantially does not act on the capsule 1a, and there-
fore information related to the placement state of the cap-
sule 1a is not reflected in each of the reflected electro-
magnetic waves (1) and (3). On the other hand, in the
reflected electromagnetic wave (2), the inspection elec-
tromagnetic wave is reflected by the capsule 1a to be
filled with the flavoring liquid, and therefore a part of the
inspection electromagnetic wave is absorbed or the like
at the time of this reflection. As a result, existence of the
flavoring liquid inside the capsule 1a is reflected in the
reception intensity of the reflected electromagnetic wave.
Additionally, in the reflected electromagnetic wave (4),
reflection of the electromagnetic wave is performed by
the metal side face 31a, and the inspection electromag-
netic wave is transmitted through the capsule 1a during
the process of this reflection, and therefore a part of the
inspection electromagnetic wave is absorbed or the like.
As a result, existence of the flavoring liquid inside the
capsule 1a is reflected in the reception intensity of the
reflected electromagnetic wave similarly to the reflected
electromagnetic wave (2).
[0040] The capsule inspection apparatus according to
the present invention performs an inspection process as
to the quality of the placement state of the capsule 1a in
the filter 1, that is, as to the normal placement state or
the abnormal placement state, by utilizing the reflection
of the existence of the flavoring liquid inside the capsule
1a to the reception intensity of this reflected electromag-
netic wave. More specifically, in the storage state illus-
trated in Fig. 3(a), the metal side face 31a exists on a
back face of the capsule 1a as viewed from the probe
antenna 23, and therefore the above reflected electro-
magnetic waves (2) and (4) can be received by the probe
antenna 23. When the capsule 1a is in the normal place-
ment state, the flavoring liquid collectively exists in a fixed
region inside the filter 1, and therefore the absorption
degree of the inspection electromagnetic wave becomes
large, and the reception intensity by the probe antenna
23 is largely lowered. In this embodiment, the capsule
1a is disposed at almost the center in the width of the
filter 1, and therefore it can be understood from Fig. 3(a)
that when the capsule 1a is in the normal placement state,
a transition in which the reception intensity is largely low-
ered at almost a median value of a conveyance distance
is illustrated. On the other hand, when the capsule 1a is
in the abnormal placement state, the flavoring liquid is
diffused into the filter 1, and therefore the absorption de-
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gree of the inspection electromagnetic wave becomes
small, and the lowering amount of the reception intensity
in the reception intensity transition become small com-
pared to the case of the normal placement state. As a
result, when the lowering amount of the reception inten-
sity in the reception intensity transition in the normal
placement state is compared with the lowering amount
of the reception intensity in the reception intensity tran-
sition in the abnormal placement state, a clear difference
ΔV1 can be found as illustrated in Fig. 3(a). Therefore, it
is possible to separately determine the normal placement
state and the abnormal placement state by utilizing the
difference ΔV1 in the lowering amount of the reception
intensity.
[0041] Also in the storage state illustrated in Fig. 3(b),
while the filter 1 protrudes from the end face of the drum
body 31, the metal side face 31a exists on the back face
of the capsule 1a as viewed from the probe antenna 23,
and therefore the reflected electromagnetic waves (2)
and (4) can be received by the probe antenna 23. There-
fore, also in this case, when the lowering amount of the
reception intensity in the reception intensity transition in
the normal placement state is compared with the lowering
amount of the reception intensity in the reception intensity
transition in the abnormal placement state, a clear differ-
ence ΔV2 can be found as illustrated in Fig. 3(b).
[0042] Herein, in the storage state illustrated in Fig.
3(c), the metal side face 31a does not exist on the back
face of the capsule 1a as viewed from the probe antenna
23, and therefore the above reflected electromagnetic
wave (2) can be received by the probe antenna 23, but
the reflected electromagnetic wave (4) is not generated
and cannot be received. Therefore, in this storage state,
a difference ΔV3 between the lowering amount of the
reception intensity in the reception intensity transition in
the normal placement state and the lowering amount of
the reception intensity in the reception intensity transition
in the abnormal placement state is smaller than the dif-
ference in the above state illustrated each of Figs. 3(a),
and 3(b), but it is possible to grasp the difference as the
clear lowering amount of the reception intensity to some
extent. Therefore, even in such a storage state, it is pos-
sible to separately determine the normal placement state
and the abnormal placement state by utilizing the differ-
ence ΔV3.
[0043] Herein, in the capsule inspection apparatus of
this embodiment, an inspection electromagnetic wave in
22 GHz to 28 GHz is emitted. In order to separate the
normal placement state from the abnormal placement
state by utilizing the difference in the lowering amount of
the reception intensity as described above, an electro-
magnetic wave with a frequency, at which the difference
in the lowering amount of the reception intensity between
the normal placement state and the abnormal placement
state is the largest, in a frequency band of 22 GHz to 28
GHz is preferably utilized. Therefore, in order to under-
stand a correlation of the frequency of the inspection elec-
tromagnetic wave and the reception intensity, transition

of the reception intensity of the reflected electromagnetic
wave by the probe antenna 23 when the inspection elec-
tromagnetic wave with each frequency is utilized is illus-
trated in Fig. 4. More specifically, Figs. 4(a) to 4(e) cor-
respond to respective inspection electromagnetic waves
with frequencies of 22 GHz, 24 GHz, 26 GHz, 28 GHz
and 30 GHz, respectively, and a line L3 denotes a recep-
tion intensity transition in a case where the placement
state of the capsule 1a in the filter 1 is the normal place-
ment state, and a line L4 denotes a reception intensity
transition in a case where the placement state of the cap-
sule 1a in the filter 1 is the abnormal placement state. A
reference numeral of the reception intensity of each re-
ception intensity transition illustrated in Fig. 4 is reverse
to a reference numeral of the reception intensity of each
reception intensity transition illustrated in Fig. 3.
[0044] As understood from Fig. 4, in this embodiment,
the difference in the change amount of the reception in-
tensity between the normal placement state and the ab-
normal placement state is relatively largely expressed in
any frequency in a frequency band of 22 GHz to 28 GHz,
and therefore it can be said that the inspection electro-
magnetic wave having the frequency can be suitably uti-
lized in the inspection process related to the placement
state of the capsule 1a. However, particularly, in a case
where the frequency of the inspection electromagnetic
wave is 24 GHz or 26 GHz, it is found that this difference
is the largest, and therefore the inspection process relat-
ed to the placement state of the capsule 1a is most pref-
erably performed by utilizing the inspection electromag-
netic wave with 24 GHz or 26 GHz. It is considered that
the frequency of suitable inspection electromagnetic
wave for this inspection process is changed depending
on the shape, the size of the capsule 1a or the filter 1,
components of the flavoring liquid inside the capsule 1a,
the material of the filter 1, or the like, and therefore the
frequency of the inspection electromagnetic wave may
be appropriately set considering these factors.
[0045] Herein, with reference to Fig. 4, the inspection
process of the filter 1 performed by the capsule inspection
apparatus of the present invention, that is, the inspection
process related to the placement state of the capsule 1a
inside the filter 1 by utilizing the above inspection elec-
tromagnetic wave will be described in detail. In this in-
spection process, a predetermined control program is
performed in the control device 20. The inspection proc-
ess is a process performed for the filter 1 provided in the
single cigarette 2. Therefore, in a case where cigarettes
are sequentially sent into the capsule inspection appa-
ratus by the drum 30 as described above, the inspection
process is repeatedly performed for the filter 1 of each
cigarette 2. The inspection process of this embodiment
is performed when the storage state of the cigarette 2
with respect to the drum body 31 is the storage state
illustrated in Fig. 3(a).
[0046] First, in S101, it is determined whether or not
the filter 1 of the cigarette as an object to be inspected
reaches the inside of the inspection region, that is, wheth-
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er or not the filter 1 reaches the inside of an irradiation
region of the inspection electromagnetic wave from the
probe antenna 23. As described above, the control de-
vice 20 can grasp a relative position of the cigarette to
the inspection region by utilizing a pulse signal and the
like from the rotary encoder 32, and therefore can deter-
mine that the filter 1 of the cigarette 2 conveyed by the
drum 30 reaches the inside of the inspection region.
When positive determination is performed in S101, the
process advances to S102. When negative determina-
tion is performed, the process of S101 is repeatedly per-
formed, and reaching of the filter 1 to the inspection re-
gion is waited.
[0047] In S102, the filter 1 that reaches the inspection
region is irradiated with an inspection electromagnetic
wave from the probe antenna 23. When the process of
S102 is terminated, the process advances to S103. In
S103, a reflected electromagnetic wave is received by
the probe antenna 23. As described above, in this in-
spection process, the storage state of the cigarette 2 with
respect to the drum body 31 is the storage state illustrated
in Fig. 3(a), and therefore the reflected electromagnetic
wave received by the probe antenna 23 includes all the
above reflected electromagnetic waves (1) to (4). When
the process of S103 is terminated, the process advances
to S104.
[0048] In S104, the reception intensity of the reflected
electromagnetic wave received in S103 is corrected.
More specifically, the control device 20 previously has
reception intensity by the probe antenna 23 when a non-
disposed filter that is a reference filter and does not have
the capsule 1a disposed therein is irradiated with the in-
spection electromagnetic wave from the probe antenna
23, as a reference signal intensity. Then, it can be said
that reception intensity obtained by deducting the refer-
ence signal intensity from the reception intensity of the
reflected electromagnetic wave received in S103 (here-
inafter referred to as "corrected reception intensity") is
logically reception intensity reflecting only the placement
state of the capsule 1a. Therefore, accuracy of the in-
spection process related to the placement state of the
capsule 1a can be improved by utilizing the corrected
reception intensity. When the process of S104 is termi-
nated, the process advances to S105.
[0049] In S105, it is determined whether or not the cor-
rected reception intensity acquired in S104 is updated,
that is, whether or not corrected reception intensity hav-
ing lower intensity is acquired. As described with refer-
ence to Fig. 3, in a case where first inspection electro-
magnetic wave irradiation is performed after the filter 1
reaches the inside of the inspection region, no corrected
reception intensity acquired in the past exists, and there-
fore positive determination is performed in S105 in this
case. Additionally, in a case where second and subse-
quent inspection electromagnetic wave irradiation is per-
formed, corrected reception intensity acquired in the past
inspection electromagnetic wave irradiation (corrected
reception intensity stored in a memory of the control de-

vice 20) is compared with corrected reception intensity
acquired in inspection electromagnetic wave irradiation
of this time. In a case where the corrected reception in-
tensity of this time is small, positive determination is per-
formed in S105. Then, when the positive determination
is performed in S105, the process advances to S106,
data of the corrected reception intensity stored in the
memory inside the control device 20 is rewritten to the
corrected reception intensity obtained in the inspection
electromagnetic wave irradiation of this time in S106. In
a case of the first inspection electromagnetic wave irra-
diation, no corrected reception intensity is stored in the
memory, and therefore the corrected reception intensity
obtained in the first inspection electromagnetic wave ir-
radiation is written in the memory with no change. On the
other hand, when negative determination is performed
in S105, the process advances to S107, and data of the
past corrected reception intensity stored in the memory
inside the control device 20 is maintained in S107, and
the corrected reception intensity obtained in the inspec-
tion electromagnetic wave irradiation of this time is not
utilized.
[0050] The reason why the data of the corrected re-
ception intensity is updated is because in a case where
the inspection electromagnetic wave is reflected on the
surface of the capsule 1a, the reflected electromagnetic
wave is received, the inspection electromagnetic wave
transmitted through the capsule 1a is reflected on the
metal side face 31a, and the reflected electromagnetic
wave is transmitted through the capsule 1a again and
thereafter received, that is, in a case where the probe
antenna 23 receives the above reflected electromagnetic
waves (2) and (4), it is considered the placement state
of the capsule 1a is most effectively reflected in the re-
flected electromagnetic wave, and the corrected recep-
tion intensity or the reception intensity of the reflected
electromagnetic wave at this time becomes the smallest.
When the process of S106 or S107 is terminated, the
process advances to S108.
[0051] In S108, it is determined whether or not the filter
1 leaves the inspection region. During the above proc-
esses in S102 to S106, and S107, the cigarette is rota-
tionally conveyed by the drum 30. Therefore, the relative
position of the cigarette to the inspection region at this
point is grasped by utilizing the pulse signal and the like
from the rotary encoder 32, and the determination proc-
ess in S108 is performed. When positive determination
is performed in S108, the process advances to S109.
When negative determination is performed, the process
of S102 and the subsequent processes are repeatedly
performed, and the acquiring process of corrected recep-
tion intensity by inspection electromagnetic wave irradi-
ation to the filter 1 is performed again.
[0052] In S109, the corrected reception intensity stored
in the memory of the control device 20 is finally deter-
mined as peak reception intensity Vp. The peak reception
intensity Vp is reception intensity which most intensely
reflects the placement state of the capsule 1a disposed
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inside the filter 1 as an object to be inspected. When the
process of S109 is terminated, the process advances to
S110. In S110, determination related to the placement
state of the capsule in the filter 1 as the object to be
inspected is performed on the basis of the peak reception
intensity Vp. More specifically, when the peak reception
intensity Vp is smaller than a predetermined threshold
value Rv, it is determined that the capsule 1a is in the
normal placement state inside the filter 1 (process of
S111). In the normal placement state where a state where
the flavoring liquid is suitably filled in the capsule 1a is
maintained, the flavoring liquid locally exists in the filter
1 without being diffused. Therefore, the existence state
of the flavoring liquid is reflected in the reflected electro-
magnetic wave, and the peak reception intensity Vp suit-
ably becomes a small value. The determination of S110
is performed considering this point.
[0053] On the other hand, when the peak reception
intensity Vp is not smaller than the predetermined thresh-
old value Rv, it is determined that the capsule 1a is in
the abnormal placement state inside the filter 1 (process
of S112). In the abnormal placement state where the
state where the flavoring liquid is suitably filled in the
capsule 1a is not maintained, the flavoring liquid is dif-
fused in the filter 1. Therefore, an absorption effect of the
flavoring liquid is unlikely to be reflected in the reflected
electromagnetic wave, and the peak reception intensity
Vp becomes a relatively large value. The determination
of S110 is performed considering this point. The cigarette
2 having the filter 1 for which abnormal determination is
performed in S112 is excluded from the drum 30 in S113.
In this exclusion process, a known device for exclusion
(not illustrated) (for example, a device that excludes by
using compressed air) is used. Thus, the cigarette for
which abnormal determination is performed is excluded,
so that it is possible to avoid the cigarette from being
packaged to be put on the market.
[0054] Thus, in this inspection process, inspection re-
lated to the placement state of the capsule 1a inside the
filter 1 utilizing the reflected electromagnetic wave from
the filter 1 side is performed by using the probe antenna
23 that transmits the inspection electromagnetic wave
and receives the reflected electromagnetic wave. Thus,
in a case where reflection type inspection is performed,
it is possible to reduce space volume necessary for in-
spection as small as possible compared to a case where
transmission type inspection of conventional technology
is performed, and therefore it is possible to facilitate min-
iaturization of the capsule inspection apparatus.
[0055] Furthermore, in the above capsule inspection
apparatus, supply of the inspection electromagnetic
wave to the probe antenna 23 and extraction of the re-
flected electromagnetic wave are performed through the
circulator 24. Consequently, in the single probe antenna
23, the inspection electromagnetic wave and the reflect-
ed electromagnetic wave are conveyed. In a case where
such a constitution is adopted, the inspection electro-
magnetic wave and the reflected electromagnetic wave

passes almost the same route in an inspection space
between the probe antenna 23 and the filter 1. Therefore,
in a case where the inspection electromagnetic wave is
transmitted through the filter 1, and is received as the
reflected electromagnetic wave by the probe antenna 23,
the inspection electromagnetic wave passes through the
same part of the filter 1, and therefore if the inspection
electromagnetic wave is transmitted through the capsule
1a, the state of the capsule 1a can be intensely reflected
in the reflected electromagnetic wave, and accuracy im-
provement of the inspection apparatus is expected.

<Modification 1>

[0056] In the above embodiment, the inspection relat-
ed to the placement state of the capsule 1a inside the
filter 1 is performed on the basis of the reception intensity
of the reflected electromagnetic wave. However, in place
of this form, the inspection may be performed on the basis
of phase shift of a reflected electromagnetic wave. This
phase shift means phase shift between an inspection
electromagnetic wave and a reflected electromagnetic
wave. Herein, in order to understand a correlation be-
tween a frequency of the inspection electromagnetic
wave and the phase shift, Fig. 6 illustrates a transition of
phase shift when an inspection electromagnetic wave
with each frequency is utilized. More specifically, Figs.
6(a) to 6(e) correspond to respective inspection electro-
magnetic waves with frequencies of 22 GHz, 24 GHz, 26
GHz, 28 GHz and 30 GHz, respectively, and a line L5
denotes a phase shift transition in a case where the place-
ment state of a capsule 1a in a filter 1 is a normal place-
ment state, and a line L6 denotes a phase shift transition
in a case where the placement state of the capsule 1a in
the filter 1 is an abnormal placement state.
[0057] As understood from Fig. 6, in order to separate
the normal placement state from the abnormal placement
state by utilizing the phase shift, in a case where the
frequency of the inspection electromagnetic wave is 26
GHz or 28 GHz, it is found that a difference between
phase shift corresponding to the normal placement state
and phase shift corresponding to the abnormal place-
ment state becomes large. Therefore, the inspection
process related to the placement state of the capsule 1a
based on the phase shift is preferably performed by uti-
lizing the inspection electromagnetic wave with 26 GHz
or 28 GHz. It is considered that the frequency of suitable
inspection electromagnetic wave for this inspection proc-
ess is changed depending on the shape, the size of the
capsule 1a or the filter 1, components of flavoring liquid
inside the capsule 1a, the material of the filter 1, or the
like, and therefore the frequency of the inspection elec-
tromagnetic wave may be appropriately set considering
these factors.

Reference Signs List

[0058]
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1 Filter
1a Capsule
20 Control device
23 Probe antenna
30 Drum
31 Drum body
31a Metal side face

Claims

1. A filter inspection apparatus for inspecting quality
related to a placement state of a predetermined ob-
ject to be disposed which is to be disposed inside a
filter for a smoking article (2), the filter inspection
apparatus comprising:

an irradiation unit (23b) that irradiates a target
filter (1) with an inspection electromagnetic
wave having a predetermined frequency, the
target filter (1) being the filter for a smoking ar-
ticle (2) as an object to be inspected;
a receiving unit that receives a reflected electro-
magnetic wave from the target filter (1), resulting
from the inspection electromagnetic wave emit-
ted by the irradiation unit (23b);
an antenna unit (23) that is disposed so as to
face the target filter (1), and propagates the in-
spection electromagnetic wave and the reflect-
ed electromagnetic wave;
an acquisition unit that acquires, on the basis of
a reflected signal obtained by the receiving unit,
predetermined information related to intensity of
the reflected signal or phase shift of the reflected
signal associated with the placement state of
the predetermined object to be disposed inside
the target filter (1);
a determination unit that determines the quality
of the placement state of the predetermined ob-
ject to be disposed which is disposed in the tar-
get filter (1), on the basis of the predetermined
information acquired by the acquisition unit; and
reflection unit that is disposed on a rear part of
the target filter (1), the rear part being located
on a side opposite to the antenna unit (23), and
is formed so as to reflect a transmission electro-
magnetic wave on a side of the target filter again,
the transmission electromagnetic wave being a
part of the emitted inspection electromagnetic
wave and being transmitted through the target
filter (1), wherein
the receiving unit receives a secondary reflected
electromagnetic wave which is an electromag-
netic wave obtained by reflecting the transmis-
sion electromagnetic wave by the reflection unit,
in addition to the reflected electromagnetic wave
from the target filter (1).

2. The filter inspection apparatus according to claim 1,
wherein
the antenna unit (23) is formed so as to transmit the
inspection electromagnetic wave to the target filter
(1), and receive the reflected electromagnetic wave
from the target filter (1), in the same antenna case.

3. The filter inspection apparatus according to claim 1
or 2, wherein
the predetermined frequency is a frequency belong-
ing to a range of 10 GHz to 100 GHz.

4. The filter inspection apparatus according to claim 1
or claim 2, wherein
the predetermined frequency is a frequency belong-
ing to a range of 20 GHz to 30 GHz.

5. The filter inspection apparatus according to claim 1,
further comprising
a conveyance (30) device that conveys a plurality of
the filters for smoking articles (2) in a state where
the filters for smoking articles (2) are placed on a
conveyance table, and is disposed with respect to
the antenna unit (23) such that the target filter (1)
included in the filter for a smoking article (2) con-
veyed by the conveyance device (30) is irradiated
with the inspection electromagnetic wave, wherein
the reflection unit is a predetermined member (31)
included in the conveyance table and made of metal.

6. The filter inspection apparatus according to any one
of claims 1 to claim 5, wherein
the predetermined information is information related
to intensity of the reflected signal,
the filter inspection apparatus further comprising
a correction unit that corrects the predetermined in-
formation acquired by the acquisition unit, on the ba-
sis of information related to a reference signal inten-
sity previously obtained by irradiating a reference
filter with the inspection electromagnetic wave hav-
ing the predetermined frequency, the reference filter
being a filter for a smoking article (2) in which the
predetermined object to be disposed is not disposed,
wherein
the determination unit determines the quality of the
placement state of the predetermined object to be
disposed which is disposed in the target filter (1), on
the basis of the predetermined information corrected
by the correction unit.

7. The filter inspection apparatus according to any one
of claims 1 to claim 6, wherein
the target filter (1) being conveyed is irradiated with
the inspection electromagnetic wave from the irradi-
ation unit (23b), and
while the target filter (1) passes through a predeter-
mined irradiation range set so as to enable irradiation
of the inspection electromagnetic wave by the irra-
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diation unit, and reception of the reflected electro-
magnetic wave by the receiving unit, the acquisition
unit acquires information related to intensity of the
reflected signal, or information related to phase shift
of the reflected signal a plurality of times, and ac-
quires intensity information in which change with re-
spect to the inspection electromagnetic wave is max-
imum, or phase shift information in which change
with respect to the inspection electromagnetic wave
is maximum, as the predetermined information, from
among the acquired intensity information, or the ac-
quired phase shift information.

8. The filter inspection apparatus according to any one
of claims 1 to claim 7, wherein
the predetermined object to be disposed is a liquid-
filled capsule (la) which is filled with a predetermined
flavoring liquid.

Patentansprüche

1. Filterinspektionseinrichtung zum Inspizieren von
Qualität bezüglich eines Platzierungszustands eines
vorgegebenen anzuordnenden Objekts, das inner-
halb eines Filters für einen Rauchartikel (2) anzu-
ordnen ist, wobei die Filterinspektionseinrichtung
umfasst:

eine Bestrahlungseinheit (23b), die ein Zielfilter
(1) mit einer elektromagnetischen Inspektions-
welle bestrahlt, die eine vorgegebene Frequenz
aufweist, wobei das Zielfilter (1) das Filter für
einen Rauchartikel (2) als ein zu inspizierendes
Ziel ist;
eine Empfangseinheit, die eine reflektierte elek-
tromagnetische Welle von dem Zielfilter (1)
empfängt, die von der elektromagnetischen In-
spektionswelle resultiert, die von der Bestrah-
lungseinheit (23b) emittiert wird;
eine Antenneneinheit (23), die angeordnet ist,
zu dem Zielfilter (1) zu zeigen und die elektro-
magnetische Inspektionswelle und die reflek-
tierte elektromagnetische Welle ausbreitet;
eine Beschaffungseinheit, die auf der Basis ei-
nes reflektierten Signals, das von der Emp-
fangseinheit erhalten wird, vorgegebene Infor-
mationen bezüglich Intensität des reflektierten
Signals oder Phasenverschiebung des reflek-
tierten Signals, die mit dem Platzierungszustand
des vorgegebenen Objekts verknüpft ist, das in-
nerhalb des Zielfilters (1) anzuordnen ist, be-
schafft;
eine Bestimmungseinheit, die die Qualität des
Platzierungszustands des vorgegebenen anzu-
ordnenden Objekts, das in dem Zielfilter (1) an-
geordnet ist, auf der Basis der vorgegebenen
Informationen, die von der Beschaffungseinheit

beschafft wurden, bestimmt; und
eine Reflexionseinheit, die an einem hinteren
Teil des Zielfilters (1) angeordnet ist, wobei das
hintere Teil an einer Seite gegenüber der An-
tenneneinheit (23) liegt und gebildet ist, eine
elektromagnetische Übertragungswelle an ei-
ner Seite des Zielfilters wieder zu reflektieren,
wobei die elektromagnetische Übertragungs-
welle ein Teil der emittierten elektromagneti-
schen Inspektionswelle ist und durch das Ziel-
filter (1) übertragen wird, wobei
die Empfangseinheit eine sekundäre reflektierte
elektromagnetische Welle, die eine elektroma-
gnetische Welle ist, die erhalten wird, indem die
elektromagnetische Übertragungswelle von der
Reflexionseinheit reflektiert wird, zusätzlich zu
der reflektierten elektromagnetischen Welle von
dem Zielfilter (1) empfängt.

2. Filterinspektionseinrichtung nach Anspruch 1, wobei
die Antenneneinheit (23) gebildet ist, um in demsel-
ben Antennengehäuse die elektromagnetische In-
spektionswelle an das Zielfilter (1) zu übertragen und
die reflektierte elektromagnetische Welle von dem
Zielfilter (1) zu empfangen.

3. Filterinspektionseinrichtung nach Anspruch 1 oder
2, wobei
die vorgegebene Frequenz eine Frequenz ist, die zu
einem Bereich von 10 GHz bis 100 Ghz gehört.

4. Filterinspektionseinrichtung nach Anspruch 1 oder
Anspruch 2, wobei
die vorgegebene Frequenz eine Frequenz ist, die zu
einem Bereich von 20 GHz bis 30 GHz gehört.

5. Filterinspektionseinrichtung nach Anspruch 1, wei-
ter umfassend
eine Beförderungsvorrichtung (30), die eine Vielzahl
der Filter für Rauchartikel (2) in einem Zustand be-
fördert, wo die Filter für Rauchartikel (2) auf einem
Beförderungsgestell platziert sind, und die derart in
Bezug auf die Antenneneinheit (23) angeordnet ist,
dass das Zielfilter (1), das in dem Filter für einen
Rauchartikel (2) beinhaltet ist, der von der Beförde-
rungsvorrichtung (30) befördert wird, mit der elektro-
magnetischen Inspektionswelle bestrahlt wird, wo-
bei
die Reflexionseinheit ein vorgegebenes Bauteil (31)
ist, das in dem Beförderungsgestell beinhaltet ist und
aus Metall hergestellt ist.

6. Filterinspektionseinrichtung nach einem der Ansprü-
che 1 bis Anspruch 5, wobei
die vorgegebenen Informationen Informationen be-
züglich Intensität des reflektierten Signals sind,
die Filterinspektionseinrichtung weiter umfasst
eine Korrektureinheit, die die vorgegebenen Infor-
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mationen, die von der Beschaffungseinheit beschafft
werden, auf der Basis von Informationen bezüglich
einer Referenzsignalintensität korrigiert, die zuvor
durch Bestrahlen eines Referenzfilters mit der elek-
tromagnetischen Inspektionswelle, die die vorgege-
bene Frequenz aufweist, erhalten wurden, wobei
das Referenzfilter ein Filter für einen Rauchartikel
(2) ist, in dem das vorgegebene anzuordnende Ob-
jekt nicht angeordnet ist, wobei
die Bestimmungseinheit die Qualität des Platzie-
rungszustands des vorgegebenen anzuordnenden
Objekts, das in dem Zielfilter (1) angeordnet ist, auf
der Basis der vorgegebenen Informationen, die von
der Korrektureinheit korrigiert werden, bestimmt.

7. Filterinspektionseinrichtung nach einem der Ansprü-
che 1 bis Anspruch 6, wobei
das beförderte Zielfilter (1) mit der elektromagneti-
schen Inspektionswelle von der Bestrahlungseinheit
(23b) bestrahlt wird, und
während das Zielfilter (1) durch einen vorgegebenen
Bestrahlungsbereich durchgeht, der eingestellt ist,
Bestrahlung der elektromagnetischen Inspektions-
welle durch die Bestrahlungseinheit und Empfang
der reflektierten elektromagnetischen Welle durch
die Empfangseinheit zu ermöglichen, die Beschaf-
fungseinheit Informationen bezüglich Intensität des
reflektierten Signals oder Informationen bezüglich
Phasenverschiebung des reflektierten Signals eine
Vielzahl von Malen beschafft und Intensitätsinforma-
tionen, in denen Änderung in Bezug auf die elektro-
magnetische Inspektionswelle maximal ist, oder
Phasenverschiebungsinformationen, in denen Än-
derung in Bezug auf die elektromagnetische Inspek-
tionswelle maximal ist, als die vorgegebenen Infor-
mationen unter den beschafften Intensitätsinforma-
tionen oder den beschafften Phasenverschiebungs-
informationen beschafft.

8. Filterinspektionseinrichtung nach einem der Ansprü-
che 1 bis Anspruch 7, wobei
das vorgegebene anzuordnende Objekt eine flüssig-
keitsgefüllte Kapsel (1a) ist, die mit einer vorgege-
benen Aromaflüssigkeit gefüllt ist.

Revendications

1. Appareil d’inspection de filtre pour inspecter une
qualité relative à un état de placement d’un objet
prédéterminé à disposer qui doit être disposé à l’in-
térieur d’un filtre pour un article à fumer (2), l’appareil
d’inspection de filtre comprenant :

une unité d’irradiation (23b) qui irradie un filtre
cible (1) avec une onde électromagnétique
d’inspection présentant une fréquence prédé-
terminée, le filtre cible (1) étant le filtre pour un

article à fumer (2) en tant qu’un objet à
inspecter ;
une unité de réception qui reçoit une onde élec-
tromagnétique réfléchie depuis le filtre cible (1),
découlant de l’onde électromagnétique d’ins-
pection émise par l’unité d’irradiation (23b) ;
une unité d’antenne (23) qui est disposée de
manière à faire face au filtre cible (1), et propage
l’onde électromagnétique d’inspection et l’onde
électromagnétique réfléchie ;
une unité d’acquisition qui acquiert, sur la base
d’un signal réfléchi obtenu par l’unité de récep-
tion, des informations prédéterminées relatives
à une intensité du signal réfléchi ou à un dépla-
cement de phase du signal réfléchi associé à
l’état de placement de l’objet prédéterminé à dis-
poser à l’intérieur du filtre cible (1) ;
une unité de détermination qui détermine la qua-
lité de l’état de placement de l’objet prédétermi-
né à disposer qui est disposé dans le filtre cible
(1), sur la base des informations prédétermi-
nées acquises par l’unité d’acquisition ; et
une unité de réflexion qui est disposée sur une
partie arrière du filtre cible (1), la partie arrière
étant située sur un côté opposé à l’unité d’an-
tenne (23), et est formée de manière à réfléchir
une onde électromagnétique de transmission
sur un côté du filtre cible à nouveau, l’onde élec-
tromagnétique de transmission faisant partie de
l’onde électromagnétique d’inspection émise et
étant transmise à travers le filtre cible (1), dans
lequel
l’unité de réception reçoit une onde électroma-
gnétique réfléchie secondaire qui est une onde
électromagnétique obtenue par réflexion de
l’onde électromagnétique de transmission par
l’unité de réflexion, en plus de l’onde électroma-
gnétique réfléchie depuis le filtre cible (1).

2. Appareil d’inspection de filtre selon la revendication
1, dans lequel
l’unité d’antenne (23) est formée de manière à trans-
mettre l’onde électromagnétique d’inspection au fil-
tre cible (1), et recevoir l’onde électromagnétique ré-
fléchie depuis le filtre cible (1), dans le même boîtier
d’antenne.

3. Appareil d’inspection de filtre selon la revendication
1 ou 2, dans lequel
la fréquence prédéterminée est une fréquence ap-
partenant à une plage de 10 GHz à 100 GHz.

4. Appareil d’inspection de filtre selon la revendication
1 ou 2, dans lequel
la fréquence prédéterminée est une fréquence ap-
partenant à une plage de 20 GHz à 30 GHz.

5. Appareil d’inspection de filtre selon la revendication
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1, comprenant en outre
un dispositif de transport (30) qui transporte une plu-
ralité des filtres pour articles à fumer (2) dans un état
dans lequel les filtres pour articles à fumer (2) sont
placés sur une table de transport, et est disposé par
rapport à l’unité d’antenne (23) de sorte que le filtre
cible (1) inclus dans le filtre pour un article à fumer
(2) transporté par le dispositif de transport (30) soit
irradié avec l’onde électromagnétique d’inspection,
dans lequel
l’unité de réflexion est un élément prédéterminé (31)
inclus dans la table de transport et constitué de mé-
tal.

6. Appareil d’inspection de filtre selon l’une quelconque
des revendications 1 à 5, dans lequel
les informations prédéterminées sont des informa-
tions relatives à une intensité du signal réfléchi,
l’appareil d’inspection de filtre comprenant en outre
une unité de correction qui corrige les informations
prédéterminées acquises par l’unité d’acquisition,
sur la base d’informations relatives à une intensité
de signal de référence préalablement obtenue par
l’irradiation d’un filtre de référence avec l’onde élec-
tromagnétique d’inspection présentant la fréquence
prédéterminée, le filtre de référence étant un filtre
pour un article à fumer (2) dans lequel l’objet prédé-
terminé à disposer n’est pas disposé, dans lequel
l’unité de détermination détermine la qualité de l’état
de placement de l’objet prédéterminé à disposer qui
est disposé dans le filtre cible (1), sur la base des
informations prédéterminées corrigées par l’unité de
correction.

7. Appareil d’inspection de filtre selon l’une quelconque
des revendications 1 à 6, dans lequel
le filtre cible (1) étant transporté est irradié avec l’on-
de électromagnétique d’inspection depuis l’unité d’ir-
radiation (23b), et
pendant que le filtre cible (1) traverse une plage d’ir-
radiation prédéterminée réglée de manière à per-
mettre une irradiation de l’onde électromagnétique
d’inspection par l’unité d’irradiation, et une réception
de l’onde électromagnétique réfléchie par l’unité de
réception, l’unité d’acquisition acquiert des informa-
tions relatives à une intensité du signal réfléchi, ou
des informations relatives à un déplacement de pha-
se du signal réfléchi une pluralité de fois, et acquiert
des informations d’intensité dans lesquelles un
changement par rapport à l’onde électromagnétique
d’inspection est maximal, ou des informations de dé-
placement de phase dans lesquelles un changement
par rapport à l’onde électromagnétique d’inspection
est maximal, en tant que les informations prédéter-
minées, parmi les informations d’intensité acquises
ou les informations de déplacement de phase acqui-
ses.

8. Appareil d’inspection de filtre selon l’une quelconque
des revendications 1 à 7, dans lequel
l’objet prédéterminé à disposer est une capsule rem-
plie de liquide (la) qui est remplie d’un liquide aro-
matisant prédéterminé.
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