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(54) INSPECTION APPARATUS AND INSPECTION METHOD FOR FILTER ROD

(57) This inspection apparatus (20) for a filter rod FR
that becomes a filter element of a flavor inhalation article,
comprises: a camera (22) which inspects the filter rod FR
at a conveyance section (4) and captures an image of an
end portion (40) of the filter rod FR from a radial direction
X orthogonal to the axial direction Yof the filter rod FR; an
illuminating device (24) which illuminates the end portion
(40) from an illumination direction that faces the imaging

direction of the camera across said end portion (40); an
image processing unit (30) which processes the image
captured by the camera (22) so as to detect shading (42)
of the end portion (40); and a determination unit (32)
which determines the quality of the filter rod FR on the
basis of the shading (42) detected by the image proces-
sing unit (30).
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Description

Technical Field

[0001] The present invention relates to an inspection
apparatus and an inspection method for a filter rod, and,
specifically, relates to an inspection apparatus and an
inspection method, which, in a conveyance process,
inspect a filter rod that becomes a filter element of a
flavor inhalation article.

Background Art

[0002] PTL 1 discloses an inspection apparatus for a
filter rod. The inspection apparatus includes a plurality of
light sources that emit light beams of different wavelength
distributions, an adjusting unit that forms inspection light
from the light beams emitted from the respective light
sources, an illuminating unit that illuminates the filter rod
with the inspection light formed by the adjusting unit, a
photodetector that receives measurement light obtained
as a result of the inspection light applied from the illumi-
nating unit acting upon the filter rod, and a determination
unit that determines the quality of the filter rod based on
the measurement light received by the photodetector.
The adjusting unit adjusts the color of the inspection light
by mixing the light beams emitted from the respective
light sources.
[0003] PTL 1 also discloses a filter rod manufacturing
machine including the inspection apparatus above. The
manufacturing machine includes a conveyance drum
that conveys the filter rod, and the conveyance drum
includes a cylindrical core in whose interior a suction
source and the illuminating unit are disposed, and a drum
shell that covers the cylindrical core and that is rotatably
disposed with respect to the cylindrical core. The cylind-
rical core has a communication port that causes the
suction source and the drum shell to communicate with
each other in a peripheral direction thereof and a first
illumination port at which the illuminating unit is posi-
tioned.
[0004] The drum shell has a plurality of holding grooves
that are arranged with an interval therebetween in a
peripheral direction thereof and that each hold a filter
rod, a suction hole that communicates with the commu-
nication port as the drum shell rotates, and a second
illumination port that opens into a bottom wall of each
holding groove. By, as the drum shell rotates, positioning
each filter rod with respect to the suction hole at each
holding groove such that the second illumination port
overlaps the first illumination port, the filter rods held
by the holding grooves are illuminated with the inspection
light.
[0005] The suction hole of the manufacturing machine
is used as a second illumination port of the inspection
apparatus, and the second illumination port is formed into
a long hole whose length is greater than or equal to the
length of each filter rod. This makes it possible to perform

good inspection of each filter rod independently of the
type, in particular, the color of each filter rod to be in-
spected, and without requiring a complicated apparatus
structure, such as an apparatus structure involving com-
plicated threshold setting or complicated spectral analy-
sis.

Citation List

Patent Literature

[0006] PTL 1: International Publication No.
2019/077665

Summary of Invention

Technical Problem

[0007] A filter rod is obtained by, for example, after
forming a raw-material rod by rolling up a filter fiber
bundle, such as acetate tow, into a rod shape, wrapping
the raw-material rod with an inner plug wrapper and
cutting the raw-material rod. In a process of conveying
the filter rod to the conveyance section, glue used to wrap
the filter rod adheres to a conveyance path and the glue
accumulates and hardens, as a result of which the glue
may grow into a needle-shaped glue residue.
[0008] In the process of conveying the filter rod, the
needle-shaped glue residue may get stuck into or adhere
to an end surface of the filter rod that is oriented in a
conveyance direction. When the needle-shaped glue
residue gets stuck into or adheres to the end surface
of the filter rod, the filter rod becomes a defective product,
and thus a filter element used in a flavor inhalation article
(may not contain a tobacco raw material) becomes a
defective product. Since the defective product needs to
be eliminated in the next step and subsequent steps,
when the filter element and thus the flavor inhalation
article have their productivity reduced, and become pro-
ducts without being eliminated, the quality of the flavor
inhalation article is reduced and a user may no longer
have confidence in the products.
[0009] In PTL 1, although the second illumination port
is formed into a long hole whose length is greater than or
equal to the length of the filter rod, since the suction hole
opens into the bottom wall of each holding groove that
holds a corresponding filter rod, the width of the suction
hole, that is, the width of the second illumination port is
smaller than the diameter of the filter rod. Since the
inspection light that is applied from the illuminating unit
illuminates the filter rod by passing through the second
illumination port, a radial-direction part of the filter rod
protruding from the width of the second illumination port
and the end portion of the filter rod are positioned in blind
spots of an inspection region, and cannot be inspected.
[0010] Therefore, even when the glue residue gets
stuck into or adheres to the end surface of the filter
rod, such a foreign substance cannot be detected, and
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the filter rod is not eliminated as a defective product.
Thus, capturing an image of the end surface of the filter
rod from a forward side and inspecting the end surface of
the filter rod may be considered. However, even when a
foreign substance gets stuck into or adheres to the end
surface of the filter rod, when an image of the end surface
of the filter rod is captured from the forward side, the
needle-shaped glue residue may be image-recognized
only as almost a point, and thus is difficult to be identified
as a glue residue.
[0011] Since the color of the end surface of the filter rod
and the color of the glue residue are colors that are
substantially close to white, even if, as with the adjusting
unit of the inspection apparatus of PTL 1, the color of the
inspection light is adjusted by mixing the colors of the light
beams emitted from the respective light sources, the glue
residue is difficult to identify. Therefore, there is a demand
for efficiently detecting a defective product by inspection
at the stage of the filter rod to eliminate the filter rod, the
defective product being damaged by a foreign sub-
stance, such as a glue residue, getting stuck into or
adhering to the end surface of the filter rod, or the end
surface of the filter rod coming into contact with a foreign
substance, such as a glue residue.
[0012] The present invention has been made in view of
such problems, and it is an object of the present invention
to provide an inspection apparatus and an inspection
method for a filter rod, which are capable of efficiently
inspecting the filter rod and improving the quality of the
filter rod.

Solution to Problem

[0013] To this end, an inspection apparatus for a filter
rod according to an aspect is an inspection apparatus that
inspects at a conveyance section the filter rod that be-
comes a filter element of a flavor inhalation article, and
that includes a camera that captures an image of an end
portion of the filter rod from a radial direction orthogonal to
an axial direction of the filter rod, an illuminating device
that illuminates the end portion in an illumination direction
that faces an imaging direction of the camera across the
end portion, an image processing unit that processes the
image captured by the camera so as to detect shading of
the end portion, and a determination unit that determines
a quality of the filter rod based on the shading detected by
the image processing unit.
[0014] An inspection method fora filter rod according to
another aspect is an inspection method of inspecting at a
conveyance section the filter rod that becomes a filter
element of a flavor inhalation article, and the inspection
method includes an imaging step of capturing an image of
an end portion of the filter rod from a radial direction
orthogonal to an axial direction of the filter rod; an illumi-
nation step of illuminating the end portion in an illumina-
tion direction that faces an imaging direction in the ima-
ging step across the end portion; an image processing
step of processing the image captured in the imaging step

so as to detect shading of the end portion; and a deter-
mination step of determining a quality of the filter rod
based on the shading detected in the image processing
step.

Advantageous Effects of Invention

[0015] It is possible to efficiently inspect a filter rod and
to improve the quality of the filter rod.

Brief Description of Drawings

[0016]

[Fig. 1] Fig. 1 is a schematic view of a filter rod
manufacturing machine.
[Fig. 2] Fig. 2 shows an actual captured image cap-
tured by a camera.
[Fig. 3] Fig. 3 is a side view of a conveyance drum.
[Fig. 4] Fig. 4 is an inspection flowchart of an inspec-
tion by an inspection apparatus.
[Fig. 5] Fig. 5 is a diagram for describing steps S41 to
S45 and steps S51 to S54 of the inspection flowchart.
[Fig. 6] Fig. 6 is a diagram for describing steps S46
and S47 and step S55 of the inspection flow chart.
[Fig. 7] Fig. 7 shows a captured image after binary
black-and-white reversal processing when an end
portion is normal.
[Fig. 8] Fig. 8 shows a captured image after binary
black-and-white reversal processing when a foreign
substance is stuck in an end surface.
[Fig. 9] Fig. 9 is a diagram for illustrating steps S48
and S56 of the inspection flowchart.

Description of Embodiments

[0017] Fig. 1 is a schematic view of a filter rod manu-
facturing machine. The filter rod manufacturing machine
includes a roll-up section 2 and a conveyance section 4.
In the roll-up section 2, for example, a filter material
formed from a filter fiber bundle, such as acetate tow,
is rolled up into a rod shape. Then, a raw-material rod is
wrapped with an inner plug wrapper to form a continuous
raw-material rod, and the raw-material rod is cut to man-
ufacture filter rods FR.
[0018] Note that it is possible to line up by using a
combiner a plurality of types of raw-material rods cut
out from different filter materials and form a continuous
body, and wrap the continuous body with an outer plug
wrapper and connect the continuous body, to thereby
form the filter rods FR. The raw-material rod may be
formed by embedding a capsule into the filter material,
adding activated carbon particles to the filter material, or
adding particles of a hydrotalcite compound to the filter
material. The filter material may be a filler in which a
nonwoven fabric is folded, or a filler in which a paper web
is gathered.
[0019] Each filter rod FR manufactured by the roll-up

5

10

15

20

25

30

35

40

45

50

55



4

5 EP 4 445 754 A1 6

section 2 is conveyed to the conveyance section 4. In the
conveyance section 4, a drum row in which a plurality of
rotatable conveyance drums are arranged in a row is
disposed. Fig. 1 shows only one conveyance drum 6 in
the drum row. The conveyance drum 6 includes a cylind-
rical core 10 in whose interior a suction source 8 is
disposed, and a drum shell 12 that covers the cylindrical
core 10. The drum shell 12 rotates around a rotational
axis Ra as a center with respect to the cylindrical core 10.
[0020] A plurality of holding grooves 14 that hold the
filter rods FR are formed in an outer peripheral surface of
the drum shell 12 along a peripheral direction Z. A suction
pressure from the suction source 8 is applied to each
holding groove 14. In an orientation in which an axial
direction Y (see Fig. 2) of each filter rod FR is parallel to
the rotational axis Ra, the filter rods FR are held by the
holding grooves 14 in the outer peripheral surface of the
drum shell 12 by the suction pressure of the suction
source 8. Therefore, each filter rod FR is conveyed along
the peripheral direction Z of the conveyance drum 6 as
the drum shell 12 rotates.
[0021] The filter rods FR on the conveyance drum 6 are
conveyed while successively being transferred onto an
adjacent conveyance drum on a downstream side in the
drum row, and then are supplied to a next section 16. In
the next section 16, the filter rods FR are processed in a
next step. For example, the filter rods FR are canned in
the next section 16 and conveyed to an apparatus of the
next step, or are subjected to filter attachment processing
in the next section 16. In the filter attachment processing,
after the filter rods FR are connected to rods, which
become flavor elements or tubular elements, through
tipping paper, they are cut and become filter elements
that constitute a flavor inhalation article.
[0022] An inspection apparatus 20 for the filter rods FR
is disposed at the conveyance section 4. The inspection
apparatus 20 includes a camera 22, an illuminating de-
vice 24, a sensor 26, and a control unit 28. The control unit
28 includes an image processing unit 30 and a determi-
nation unit 32. The camera 22 and the sensor 26 are
electrically connected to the control unit 28. The illumi-
nating device 24 is, for example, an LED illuminating
device of white light, and electrical power is supplied
thereto by a power source 34.
[0023] The camera 22 captures an image of an end
portion 40 of a filter rod FR from a radial direction X
orthogonal to the axial direction Y of the filter rod FR.
An end surface 40a of the end portion 40 is shown on a
near side in Fig. 1. The sensor 26 detects a sending of the
filter rod FR into the conveyance section 4, and outputs
an imaging start signal to the control unit 28. The camera
22 receives the imaging start signal and captures the
image of the end portion 40 at a timing in which the filter
rod FR to be inspected that has been sent into the
conveyance section 4 is conveyed to an imaging position
P.
[0024] The illuminating device 24 illuminates the end
portion 40 in an illumination direction (shown by an

alternate long and two short dash line) that faces the
imaging direction (shown by an alternate long and short
dash line) of the camera 22 across the end portion 40.
Note that the illuminating device 24 may be electrically
connected to the control unit 28, or may be provided with
a display unit (not shown) that displays the captured
image captured by the camera 22.
[0025] Fig. 2 shows an actual captured image captured
by the camera 22. The image processing unit 30 pro-
cesses the captured image and detects shading 42 of the
end portion 40. In the captured image shown in Fig. 2,
portions corresponding to the end portion 40 and the end
surface 40a in the shading 42 are indicated by the same
reference numerals. This also applies to subsequent
figures of captured images.
[0026] When a filter rod FR is normal, as shown in Fig.
2, in a monochromatic image captured by the camera 22,
the end portion 40 is detected as the shading 42 that is
black and rectangular in an orientation in which an up-
down direction is the axial direction Yof the end portion 40
and a left-right direction is the radial direction X of the end
portion 40. The end surface 40a of the end portion 40
appears as a substantially straight boundary in an upper
end of the shading 42.
[0027] Fig. 3 is a side view of a conveyance drum 6.
With the end portion 40 of each filter rod FR protruding to
an outer side of the drum shell 12 in the direction of the
rotational axis Ra, each filter rod FR is held by the
corresponding holding groove 14 of the drum shell 12.
That is, the length of each filter rod FR in the axial
direction Y is larger than the length of the drum shell
12 in the direction of the rotational axis Ra. The illuminat-
ing device 24 is fixed to an outer peripheral surface of the
cylindrical core 10 that is positioned across the end
portion 40.
[0028] By, for example, a bracket (not shown), the
camera 22 is fixed directly above the imaging position
P that is situated above the illuminating device 24. There-
fore, the camera 22 is capable of capturing an image of
the end portion 40 from the radial direction X and the
shading 42 appears in the captured image. The determi-
nation unit 32 determines the quality of a filter rod FR
based on the shading 42 detected by the image proces-
sing unit 30.
[0029] Fig. 4 is an inspection flowchart of an inspection
by the inspection apparatus 20. When an inspection of a
filter rod FR is started, the sensor 26 detects a sending of
the filter rod FR into the conveyance section 4, and out-
puts an imaging start signal to the control unit 28 (filter rod
detection step S1). Next, the camera 22 receives the
imaging start signal through the control unit 28, and, at a
timing in which the filter rod FR to be inspected that has
been sent into the conveyance section 4 is conveyed to
the imaging position P, captures an image of the end
portion 40 of the filter rod FR in the radial direction Y, and
transmits captured image data to the image processing
unit 30 (imaging step S2).
[0030] At the same timing as the imaging step S2 or
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before this timing, the illuminating device 24 illuminates
the end portion 40 in the illumination direction that faces
the imaging direction of the camera 22 across the end
portion 40 (illumination step S3). Next, the image proces-
sing unit 30 processes the captured image transmitted
from the camera 22 and detects the shading 42 of the end
portion 40 (image processing step S4). Next, the deter-
mination unit 32 determines the quality of the filter rod FR
based on the shading 42 detected by the image proces-
sing unit 30 (determination step S5).
[0031] With reference to Fig. 5 to Fig. 9, steps S41 to
S48 that constitute the image processing step S4 and
steps S51 to s58 that constitute the determination step S5
are described in detail below. Fig. 5 is a diagram for
describing steps S41 to S45 and steps S51 to S54 of
the inspection flowchart. In step S41, an area S of the
shading 42 is calculated and the process proceeds to
step S51.
[0032] In step S51, it is determined whether or not the
area S of the shading 42 is greater than or equal to a
predetermined first threshold value T1. When the deter-
mination result is Yes and S ≥ T1 holds, it is determined
that the filter rod FR properly exists at the imaging posi-
tion P and that the filter rod FR can be inspected, and the
process proceeds to step S42. On the other hand, when
the determination result in step S51 is No and S≥T1 does
not hold, that is, when the area S of the shading 42
becomes less than the first threshold value T1, there
may be a problem in the capturing of the image of the
end portion 40.
[0033] Specifically, the filter rod FR that is held by the
drum shell 12 may be inclined, or the imaging timing of the
camera 22 may be deviated and the image of the end
portion 40 may not be properly captured. In this case, the
process proceeds to step S52 and an output is made that
the filter rod FR cannot be properly inspected and the
inspection of the filter rod FR ends.
[0034] In step S42, two first edges E1 that are posi-
tioned on respective sides of the shading 42 in the radial
direction X are detected. Next, in step S43, a first inspec-
tion region A1 that is defined by a region extending from
inner sides of the two respective first edges E1 in the
radial direction X of the shading 42 to the center of the
shading 42 and including an upper end of the shading 42
in the axial direction Y is set. Next, in step S44, in the first
inspection regionAl, a plurality of second edges E2 that
are positioned on the upper end of the shading 42 in the
axial direction Yare detected with a predetermined inter-
val d existing in the radial direction X.
[0035] Next, in step S45, an imaginary straight line L
obtained by subjecting each second edge E2 to approx-
imation linear processing is formed, and the process
proceeds to step S53. In step S53, the quality of the filter
rod FR is determined based on the imaginary straight line
L. Specifically, it is determined whether or not a standard
deviation SD of a displacement amount w between the
imaginary straight line L and each second edge E2 in the
axial direction Y exceeds a predetermined second

threshold value T2. When the determination result is
Yes and SD > T2 holds, it is supposed that a portion
(indicated by reference numeral 44; this also applies
below) corresponding to a foreign substance, such as
a glue residue, exists in the end surface 40a of the end
portion 40.
[0036] Therefore, the process proceeds to step S58
and an output is made that the filter rod FR is defective,
and the inspection ends. When the inspection ends
through step S58, the defective filter rod FR is eliminated
from a conveyance path of the conveyance section 4.
This also applies in the description below. On the other
hand, when the detection result of step S53 is No and SD
> T2 does not hold, that is, when the standard deviation
SD of the displacement amount w between the imaginary
straight line L and each second edge E2 in the axial
direction Y becomes less than the second threshold
value T2, the process proceeds to step S54.
[0037] In step S54, it is determined whether or not an
inclination angle α of the imaginary straight line L with
respect to the radial direction X exceeds a predetermined
third threshold value T3. When the determination result is
Yes and α > T3 holds, it is supposed that a foreign
substance 44, such as a glue residue, exists in the end
surface 40a. Therefore, the process proceeds to step s58
and an output is made that the filter rod FR is defective,
and the inspection ends. On the other hand, when the
determination result is No and α > T3 does not hold, that
is, when the standard deviation SD of the displacement
amount w between the imaginary straight line L and each
second edge E2 in the axial direction Y becomes less
than the second threshold value T2, the process pro-
ceeds to step S46.
[0038] Fig. 6 is a diagram for describing steps S46 and
S47 and step S55 of the inspection flowchart. In step S46,
a second inspection region A2 that is defined by a region
extending to outer sides of the two respective first edges
E1 in the radial direction X of the shading 42 and situated
on an upper side of the imaginary straight line L in the
axial direction Y is set. Note that, for the sake of conve-
nience of drawing of the figures and descriptions, in Fig.
6, the imaginary straight line L extends in the radial
direction X, and coincides with a lower end frame of
the second inspection region A2.
[0039] Next, in the determination step S5, the quality of
the filter rod FR is determined based on the second
inspection region A2. Specifically, after setting the sec-
ond inspection region A2 in step S46, the process pro-
ceeds to step S47, and, in step S47, the second inspec-
tion region A2 is subjected to binary black-and-white
reversal processing. Fig. 7 shows a captured image after
the binary black-and-white reversal processing when the
end portion 40 is normal. Next, in step S55, it is deter-
mined whether or not one or more white regions AW
formed in the second inspection region A2 by the binary
black-and-white reversal processing exist and whether or
not an area Sw of the white region AW is greater than or
equal to a predetermined fourth threshold value T4.
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[0040] When the determination result is Yes and, in the
white region AW that exists, Sw ≥ T4 holds, since it is
supposed that the foreign substance 44, such as a glue
residue, exists in the end surface 40a, the process pro-
ceeds to step S58 and an output is made that the filter rod
FR is defective, and the inspection ends. Fig. 8 shows a
captured image after the binary black-and-white reversal
processing when the foreign substance 44, such as a
glue residue, is stuck in the end surface 40a. In the
captured image, the foreign substance 44 appears
clearly as the white region AW.
[0041] On the other hand, when the determination
result is No and Sw ≥ T4 does not hold, that is, even
when the white region AW does not exist or when the area
Sw becomes less than the fourth threshold value T4 even
when the white region AWexists, the process proceeds to
step S48. Fig. 9 is a diagram for illustrating steps S48 and
S56 in the inspection flowchart. In step S48, upon termi-
nating the binary black-and-white reversal processing
performed in step S47 and restoring the second inspec-
tion region A2 to the original state, the second inspection
region A2 is divided into a plurality of division regions AD,
and the density of the color of each division region AD, in
other words, the shade of black or gray is detected.
[0042] Next, in step S56, it is determined whether a
change rate Rv of the density of the color of each division
region AD is greater than or equal to a predetermined fifth
threshold value T5. Specifically, the change rate Rv of a
particular division region AD is compared with the change
rates Rv of the densities of the colors of three adjacent
division regions AD in the radial direction X, the axial
direction Y, or an oblique direction of the particular divi-
sion region AD. When the determination result is Yes and
Rv ≥ T5 holds, since it is supposed that the foreign
substance 44, such as a glue residue, exists in the end
surface 40a, the process proceeds to step S58 and an
output is made that the filter rod FR is defective, and the
inspection ends.
[0043] On the other hand, when the determination
result is No and Rv ≥ T5 does not hold, that is, when
the change rate Rv of the density of the color of each
division region AD becomes less than the fifth threshold
value T5, the process proceeds to step S57 and output is
made that the filter rod FR is normal, and the inspection
ends. In this way, each time the sensor 26 detects a filter
rod FR, the inspection of each filter rod FR that is being
conveyed is successively performed in accordance with
the inspection flowchart.
[0044] As described above, the inspection apparatus
20 of the embodiment inspects the filter rod FR that
becomes a filter element of a flavor inhalation article
during a conveyance process at the conveyance section
4. The illuminating device 24 illuminates the end portion
40 in the illumination direction that faces the imaging
direction of the camera 22 across the end portion 40,
as a result of which it is possible to easily and reliably
detect by the shading 42 of the end portion 40 that the
foreign substance 44, such as a glue residue, is stuck in

or adheres to the end surface 40a of the filter rod FR.
[0045] Therefore, at the stage of the filter rod FR, it is
possible to detect and reliably eliminate the defective
filter rod FR, and to improve inspection efficiency and
the quality of the filter rod FR. More specifically, when, in
the filter rod detection step S1, the camera 22 receives an
imaging start signal output from the sensor 26, the cam-
era 22 captures an image of the end portion 40 at a timing
in which the filter rod FR to be inspected that has been
sent into the conveyance section 4 is conveyed to the
imaging position P. Therefore, it is possible to reliably
inspect filter rods FR that are successively sent to the
conveyance section 4 without omitting any filter rod FR.
[0046] With the end portion 40 of each filter rod FR
protruding to the outer side of the drum shell 12 in the
direction of the rotational axis Ra, each filter rod FR is
held by the outer peripheral surface of the drum shell 12,
and the illuminating device 24 is fixed to the outer per-
ipheral surface of the cylindrical core 10 across the end
portion 40. Therefore, in the conveyance drum 6 that is
disposed at the conveyance section 4, it is possible to
reliably inspect the end surface 40a of each end portion
40 without producing blind spots of inspection at the end
portion 40 of each filter rod FR that is being conveyed.
[0047] In the determination step S5, when the area S of
the shading 42 becomes greater than or equal to the first
threshold value T1, the determination unit 32 determines
that the filter rod FR properly exists at the imaging posi-
tion P and that the filter rod FR can be inspected. There-
fore, a case in which the inspection cannot be properly
performed due to inclination of the filter rod FR at the time
of the inspection or occurrence of a deviation in the
imaging timing is previously eliminated. Consequently,
it is possible to further improve inspection precision and
inspection efficiency of the filter rod FR.
[0048] In the image processing step S4, the image
processing unit 30 detects two first edges E1 of a cap-
tured image, sets the first inspection regionAl, and forms
the imaginary straight line L. Further, in the determination
step S5, the determination unit 32 determines the quality
of a filter rod FR based on the imaginary straight line L.
Here, the filter rod FR is obtained by, after forming a raw-
material rod by rolling up a filter fiber bundle into a rod
shape, wrapping the raw-material rod with an inner plug
wrapper and cutting the raw-material rod.
[0049] Due to the cutting of the raw-material rod, a cut
end of the inner plug wrapper protrudes slightly from the
end surface 40a of the filter rod FR. However, by inspect-
ing the first inspection region A1, it is possible to prevent
the cut end of the inner plug wrapper from being erro-
neously recognized as the foreign substance 44 existing
in the end surface 40a. Therefore, it is possible to further
improve inspection precision and inspection efficiency of
the filter rod FR.
[0050] In the determination step S5, when the standard
deviation SD of the displacement amount w between the
imaginary straight line L and each second edge E2 in the
axial direction Yexceeds the second threshold value T2,
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the determination unit 32 determines that the filter rod FR
is defective. Therefore, even when a plurality of foreign
substances 44 intermittently exist in the end surface 40a,
since it is possible to detect unacceptably large foreign
substances 44, it is possible to further improve inspection
precision and inspection efficiency of the filter rod FR.
[0051] In the determination step S5, when the inclina-
tion angle α of the imaginary straight line L with respect to
the radial direction X exceeds the third threshold value
T3, the determination unit 32 determines that the filter rod
FR is defective. Therefore, even when a plurality of
foreign substances 44 intermittently exist in the end sur-
face 40a, it is possible to detect unacceptably large
foreign substances 44 with even higher precision.
[0052] In the image processing step S4, the image
processing unit 30 sets the second inspection region
A2 in a captured image. Further, in the determination
step S5, the determination unit 32 determines the quality
of the filter rod FR based on the second inspection region
A2. Therefore, it is possible to efficiently detect a foreign
substance 44 that protrudes toward the region extending
to the outer sides of the two respective first edges E1 in
the radial direction X of the shading 42 and including the
upper side of the imaginary straight line L in the axial
direction Y, that is, the region existing on an outer side and
an upper side of the first inspection region A 1 from the
end surface 40a.
[0053] In the image processing step S4, the image
processing unit 30 performs binary black-and-white re-
versal processing on the second inspection region A2.
Further, in the determination step S5, when one or more
white regions AW formed in the second inspection region
A2 by the binary black-and-white reversal processing
exist and the area Sw of the white region AW becomes
greater than or equal to the fourth threshold value T4, the
determination unit 32 determines that the filter rod FR is
defective. Since the foreign substance 44 appears clearly
as the white region AW, it is possible to further improve
inspection precision and inspection efficiency of the filter
rod FR.
[0054] In the image processing step S4, the image
processing unit 30 divides the second inspection region
A2 into a plurality of division regions AD and detects the
density of the color of each division region AD. Further, in
the determination step S5, when the change rate Rv of
the density of the color of each division region AD be-
comes greater than or equal to the fifth threshold value
T5, the determination unit 32 determines that the filter rod
FR is defective. Therefore, even if the foreign substance
44 is one that protrudes in a posture or orientation in
which the shading 42 is unlikely to occur from the end
surface 40a or the shade of the shading 42 is light, it is
possible to detect the difference between the densities of
the colors. Thus, it is possible to further improve inspec-
tion precision and inspection efficiency of the filter rod FR.
[0055] Although the description of the embodiment
above will be ended, the embodiment above is not lim-
itative, and various changes can be made within a scope

that does not depart from the spirit of the present inven-
tion. For example, in the embodiment, as shown in the
inspection flowchart of Fig. 4, by performing each deter-
mination in stages, it is possible to improve inspection
precision and inspection efficiency of the filter rod FR.
[0056] However, each step that constitutes the image
processing step S4 and each step that constitutes the
determination step S5 need not be necessarily per-
formed in the order described in the embodiment. In
addition, since each step has the operational effect de-
scribed above, not all of the steps need to be performed.
For example, the determination of step S56 may be
performed before the determination of step S55, or only
one of steps S55 and S56 may be performed.
[0057] Alternatively, the determination of step S54 may
be performed before the determination of step S53, or
only one of the steps S53 and S54 may be performed.

Reference Signs List

[0058]

4 conveyance section
6 conveyance drum
8 suction source
10 cylindrical core
12 drum shell
20 inspection apparatus
22 camera
24 illuminating device
26 sensor
30 image processing unit
32 determination unit
40 end portion
42 shading
A1 first inspection region
A2 second inspection region
AW white region
AD division region
d predetermined interval
E1 first edge
E2 second edge
FR filter rod
L imaginary straight line
P imaging position
Ra rotational axis
S area of shading
SD standard deviation
Sw area of white region
T1 first threshold value
T2 second threshold value
T3 third threshold value
T4 fourth threshold value
T5 fifth threshold value
w displacement amount
X radial direction
Y axial direction
α inclination angle
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S1 filter rod detection step
S2 imaging step
S3 illumination step
S4 image processing step
S5 determination step

Claims

1. An inspection apparatus for a filter rod that inspects
at a conveyance section the filter rod that becomes a
filter element of a flavor inhalation article, the inspec-
tion apparatus comprising:

a camera that captures an image of an end
portion of the filter rod from a radial direction
orthogonal to an axial direction of the filter rod;
an illuminating device that illuminates the end
portion in an illumination direction that faces an
imaging direction of the camera across the end
portion;
an image processing unit that processes the
image captured by the camera so as to detect
shading of the end portion; and
a determination unit that determines a quality of
the filter rod based on the shading detected by
the image processing unit.

2. The inspection apparatus for the filter rod according
to claim 1, comprising:

a sensor that detects a sending of the filter rod
into the conveyance section and outputs an
imaging start signal,
wherein the camera receives the imaging start
signal and captures the image of the end portion
at a timing in which the filter rod to be inspected
that has been sent into the conveyance section
is conveyed to an imaging position.

3. The inspection apparatus for the filter rod according
to claim 2,

wherein the conveyance section includes a con-
veyance drum that conveys the filter rod,
wherein the conveyance drum includes

a cylindrical core in whose interior a suction
source is disposed, and
a drum shell that covers the cylindrical core,
that is disposed so as to be rotatable around
a rotational axis as a center with respect to
the cylindrical core, and that, in an orienta-
tion in which the axial direction is parallel to
the rotational axis, holds the filter rod at an
outer peripheral surface of the drum shell by
a suction pressure of the suction source,

wherein, with the end portion protruding to an
outer side of the drum shell in a direction of the
rotational axis, the filter rod is held at the outer
peripheral surface of the drum shell, and
wherein the illuminating device is fixed to an
outer peripheral surface of the cylindrical core
positioned across the end portion.

4. The inspection apparatus for the filter rod according
to claim 3,
wherein, when an area of the shading becomes
greater than or equal to a predetermined first thresh-
old value, the determination unit determines that the
filter rod properly exists at the imaging position and
that the filter rod is capable of being inspected.

5. The inspection apparatus for the filter rod according
to claim 4,

wherein, in the image that is captured, the image
processing unit detects two first edges that are
positioned on respective sides of the shading in
the radial direction, sets a first inspection region
that is defined by a region extending from inner
sides of respective ones of the two first edges in
the radial direction of the shading to a center of
the shading and including an upper end of the
shading in the axial direction, detects in the first
inspection region a plurality of second edges
that are positioned on the upper end of the
shading in the axial direction with a predeter-
mined interval existing in the radial direction,
and forms an imaginary straight line obtained
by subjecting each of the second edges to ap-
proximation linear processing, and
wherein the determination unit determines the
quality of the filter rod based on the imaginary
straight line.

6. The inspection apparatus for the filter rod according
to claim 5,
wherein, when a standard deviation of a displace-
ment amount between the imaginary straight line
and each of the second edges in the axial direction
exceeds a predetermined second threshold value,
the determination unit determines that the filter rod is
defective.

7. The inspection apparatus for the filter rod according
to claim 5 or claim 6,
wherein, when an inclination angle of the imaginary
straight line with respect to the radial direction ex-
ceeds a predetermined third threshold value, the
determination unit determines that the filter rod is
defective.

8. The inspection apparatus for the filter rod according
to any one of claims 5 to 7,
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wherein, in the image that is captured, the image
processing unit sets a second inspection region
that is defined by a region extending to outer
sides of respective ones of the two first edges in
the radial direction of the shading and situated
on an upper side of the imaginary straight line in
the axial direction, and
wherein the determination unit determines the
quality of the filter rod based on the second
inspection region.

9. The inspection apparatus for the filter rod according
to claim 8,

wherein the image processing unit performs
binary black-and-white reversal processing on
the second inspection region, and
wherein, when one or more white regions
formed in the second inspection region by the
binary black-and-white reversal processing ex-
ist and an area of the one or more white regions
is greater than or equal to a predetermined
fourth threshold value, the determination unit
determines that the filter rod is defective.

10. The inspection apparatus for the filter rod according
to claim 8 or claim 9,

wherein the image processing unit divides the
second inspection region into a plurality of divi-
sion regions and detects a density of a color of
each of the division regions, and
wherein, when a change rate of the density of the
color of each of the division regions is greater
than or equal to a predetermined fifth threshold
value, the determination unit determines that the
filter rod is defective.

11. An inspection method for a filter rod of inspecting at a
conveyance section the filter rod that becomes a
filter element of a flavor inhalation article, the inspec-
tion method comprising:

an imaging step of capturing an image of an end
portion of the filter rod from a radial direction
orthogonal to an axial direction of the filter rod;
an illumination step of illuminating the end por-
tion in an illumination direction that faces an
imaging direction in the imaging step across
the end portion;
an image processing step of processing the
image captured in the imaging step so as to
detect shading of the end portion; and
a determination step of determining a quality of
the filter rod based on the shading detected in
the image processing step.

12. The inspection method for the filter rod according to

claim 11, comprising:

a filter rod detection step of detecting a sending
of the filter rod into the conveyance section and
outputting an imaging start signal,
wherein, in the imaging step, the imaging start
signal is received and the image of the end
portion is captured at a timing in which the filter
rod to be inspected that has been sent into the
conveyance section is conveyed to an imaging
position.

13. The inspection method for the filter rod according to
claim 12,
wherein, in the determination step, when an area of
the shading becomes greater than or equal to a
predetermined first threshold value, it is determined
that the filter rod properly exists at the imaging posi-
tion and that the filter rod is capable of being in-
spected.

14. The inspection method for the filter rod according to
claim 13,

wherein, in the image processing step, in the
image that is captured, two first edges that are
positioned on respective sides of the shading in
the radial direction are detected; a first inspec-
tion region that is defined by a region extending
from inner sides of respective ones of the two
first edges in the radial direction of the shading to
a center of the shading and including an upper
end of the shading in the axial direction is set; in
the first inspection region, a plurality of second
edges that are positioned on the upper end of the
shading in the axial direction with a predeter-
mined interval existing in the radial direction are
detected; and an imaginary straight line ob-
tained by subjecting each of the second edges
to approximation linear processing is formed,
and
wherein, in the determination step, the quality of
the filter rod is determined based on the imagin-
ary straight line.

15. The inspection method for the filter rod according to
claim 14,
wherein, in the determination step, when a standard
deviation of a displacement amount between the
imaginary straight line and each of the second edges
in the axial direction exceeds a predetermined sec-
ond threshold value, it is determined that the filter rod
is defective.

16. The inspection method for the filter rod according to
claim 14 or claim 15,
wherein, in the determination step, when an inclina-
tion angle of the imaginary straight line with respect
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to the radial direction exceeds a predetermined third
threshold value, it is determined that the filter rod is
defective.

17. The inspection method for the filter rod according to
any one of claims 14 to 16,

wherein, in the image processing step, in the
image that is captured, a second inspection
region that is defined by a region extending to
outer sides of respective ones of the two first
edges in the radial direction of the shading and
situated on an upper side of the imaginary
straight line in the axial direction is set, and
wherein, in the determination step, the quality of
the filter rod is determined based on the second
inspection region.

18. The inspection method for the filter rod according to
claim 17,

wherein, in the image processing step, binary
black-and-white reversal processing is per-
formed on the second inspection region, and
wherein, in the determination step, when one or
more white regions formed in the second inspec-
tion region by the binary black-and-white rever-
sal processing exist and an area of the one or
more white regions is greater than or equal to a
predetermined fourth threshold value, it is de-
termined that the filter rod is defective.

19. The inspection method for the filter rod according to
claim 17 to claim 18,

wherein, in the image processing step, the sec-
ond inspection region is divided into a plurality of
division regions and a density of a color of each
of the division regions is detected, and
wherein, in the determination step, when a
change rate of the density of the color of each
of the division regions is greater than or equal to
a predetermined fifth threshold value, it is de-
termined that the filter rod is defective.
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