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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a combination weighing device.

BACKGROUND ART

[0002] A configuration for a combination weighing device is conventionally known in which
means is provided for sensing, in non-contact manner, the stacking height, the sparseness or
density, or another characteristic (physical quantity for assessing the quantity of articles loaded
on a drive feeder) of articles on a drive feeder for conveying the articles to a weighing part, in
order to appropriately control the supplying of articles to the weighing part. For example,
Patent Literature 1 (International Publication WO 95/31702) discloses a combination weighing
device in which a camera for capturing an image of conveyed articles from a direction
orthogonal to a conveyance direction of the drive feeder is provided to each drive feeder, and
cameras above and side obliquely above the combination weighing device are provided for
capturing an image of the drive feeders as means for sensing, in non-contact manner, a
physical quantity for assessing the quantity of articles loaded on the drive feeder.

[0003] WO 2013/136933 A1 and US 2015/021103 A1 disclose a combination weighing device
capable of easily grasping the states of a dispersion part of a combination weighing unit and
feeders when it is difficult to install a camera capable of giving a bird's eye view of the
dispersion part and the feeders directly above the dispersion part. A combination weighing
device is provided with a dispersion table, a plurality of radial feeders, a plurality of cameras,
an image processing unit, and a touch panel. The dispersion table receives the supply of a
large number of articles and disperses the articles. The radial feeders are disposed so as to
radially extend from the dispersion table, receive the articles dispersed by the dispersion table,
and convey the articles in directions away from the dispersion table. The cameras are
disposed at positions out of a space directly above the dispersion table, and capture images of
the dispersion table and the radial feeders. The image processing unit synthesizes the images
captured by the cameras and generates a plan view image of the dispersion table and the
radial feeders. The touch panel outputs the plan view image.

[0004] US Patent No. 5753866 describes a combinational weigher which measures articles
with a plurality of measuring devices and selects a combination of the articles with a total
weight within an allowable range. The weigher has a device for supplying the articles, cameras
for taking pictures of at least either this article supplying device or the articles thereon, an
image processing device for determining the condition of the article supply on the basis of
image signals from the cameras, a predicting device for predicting the change in the amount of
the supplied articles on the basis at least of the condition thus determined, and a control device
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for changing the operating conditions of the supplying device on the basis of this prediction so
as to control changes in the supply rates of articles to the measuring devices.

[0005] WO 2013/179849 A1 discloses a combination measurement device capable of
determining, with good precision, congestion of articles in an article conveyance unit. The
combination measurement device is provided with an article conveyance unit, a camera, and a
controller. The article conveyance unit has a placement section on which numerous articles are
placed, and vibrates the placement section to convey numerous articles to a measurement
hopper. The camera captures a conveyance unit image. The conveyance unit image is an
image of the article conveyance unit for conveying numerous articles. The controller acquires
the difference between two conveyance unit images having different capture times, and
determines the congestion region of numerous articles in the article conveyance unit on the
basis of the difference.

[0006] JP HO3 42529 A describes a goods supply device for a combinational scale to supply a
required quantity of goods by providing a turning distributing supply chute and equally giving
an opportunity of goods supply to respective first supply troughs and controlling the quantity of
goods supplied to the distributing chute. When an nth trough out of a plurality of supply troughs
is detected, a signal is sent to a control part and is compared with the standard layer thickness
of goods set by a means, and a driving signal corresponding to the degree of reduction of
goods is given to an oscillator of a second supply trough. Then, goods are supplied from the
trough to a distributing chute and pass a slide face and reach the base end part of the trough
from a sending part. When they are detected by a sensor, time differences with which goods
reach troughs from the trough through the chut are controlled by the changeable angle
between the direction of the sending part of the chute and the attaching position of the sensor
to the center of turning based on the detection of the sensor. Consequently, goods sent from
the trough in accordance with the degree of reduction of goods in the nth trough detected by
the sensor are supplied to the base part of the trough.

SUMMARY OF THE INVENTION

<Technical Problem>

[0007] The drive feeders are illustrated as being flat in Patent Literature 1 (International
Publication WO 95/31702). However, it is actually common for the drive feeders to be provided
with troughs having side walls, and the side walls prevent articles from mixing with articles on
an adjacent drive feeder (see Patent Literature 2 (Japanese Laid-open Patent Publication No.
2010-151787), for example). Above a dispersion feeder, a charge chute for leading articles to
the dispersion feeder is also commonly arranged between the dispersion feeder and a cross
feeder on which articles are conveyed to the combination weighing device (see Patent
Literature 2 (Japanese Laid-open Patent Publication No. 2010-151787), for example).
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[0008] Therefore, even when a camera is provided for capturing an image of the articles from
a direction orthogonal to the conveyance direction of the drive feeders, as in Patent Literature
1 (International Publication WO 95/31702), obstruction by the side walls of the troughs
sometimes makes it difficult to capture an image of the conveyance state of the articles. The
state of article conveyance on the conveyance path can be assessed only locally by a camera
capturing an image of the articles from a direction orthogonal to the conveyance direction of
the drive feeders. It is also difficult for a camera capturing an image of the drive feeders from
side obliquely above the combination weighing device to capture an image of a portion
obscured by a side wall of a trough. It is also difficult for a camera capturing an image of the
drive feeders from above the combination weighing device to capture an image of a portion
obscured by the charge chute. When it is difficult to obtain an overall assessment of the
conveyance state of articles in conveyance paths as explained above, it is also difficult for
cameras to accurately sense the physical quantity for assessing the quantity of articles loaded
on the drive feeders.

[0009] An object of the present invention is to provide a combination weighing device whereby
a physical quantity for assessing the quantity of articles loaded on a conveyance path for
conveying articles to a weighing part can be accurately sensed in non-contact manner in order
to appropriately control the supplying of articles to the weighing part, without the sensing being
affected by a structure above the combination weighing device and/or side walls provided to
sides of the conveyance path.

<Solution to Problem>

[0010] The combination weighing device according to the present invention is provided with a
plurality of conveyance means each configured to convey articles to a weighing part, and
sensing means. Each of the conveyance means has side walls for surrounding a side of an
article conveyance path, the side walls extending upward and along a conveyance direction of
the articles. The sensing means is configured to sense, in non-contact manner, a physical
quantity for assessing a quantity of articles loaded on the conveyance means. The sensing
means is configured to sense the physical quantity from above the conveyance means, in an
obliquely downward direction from an upstream side to a downstream side in the conveyance
direction. The sensing means is a plurality of cameras configured to capture an image of the
articles on the conveyance means over an entire range of the conveyance means from an
upstream end to a downstream end in the conveyance direction. The respective cameras are
configured to capture the image of the articles on two or more of the conveyance means to
sense the physical quantity for said two or more conveyance means.

[0011] Here, the sensing means senses the physical quantity for assessing the quantity of
articles loaded on the conveyance means (sometimes referred to simply as the physical
quantity hereinafter), in a direction along the conveyance direction of the conveyance means,
and can therefore obtain an overall assessment of the conveyance state of articles in the
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conveyance means, in contrast with a case in which the physical quantity is sensed from a
direction orthogonal to the conveyance direction. When the physical quantity is sensed from a
direction orthogonal to the conveyance direction, the side walls may obstruct to sense the
physical quantity. Whereas, in the present invention, the physical quantity is sensed in the
direction from the upstream side to the downstream side in the conveyance direction, and the
ability to assess the conveyance state of the articles is unaffected by the side walls. It is
therefore possible by this configuration to accurately sense, in non-contact manner, the
physical quantity for assessing the quantity of articles loaded on the conveyance means
without the sensing being affected by the side walls.

[0012] Preferably, the combination weighing device is provided with a plurality of conveyance
means, a dispersing means, a charge chute, and a sensing means. The conveyance means
are each configured to convey articles to a weighing part. The dispersing means is configured
to disperse and supply the articles to the conveyance means. The charge chute is arranged
above the dispersing means. The articles to be supplied to the dispersing means are charged
into the charge chute. The sensing means is configured to sense, in non-contact manner, a
physical quantity for assessing a quantity of articles loaded on the conveyance means. The
sensing means is configured to sense the physical quantity from a location which is above the
conveyance means and other than directly above the charge chute, and in an obliquely
downward direction from an upstream side to a downstream side in the conveyance direction.

[0013] Here, the sensing means senses the physical quantity for assessing the quantity of
articles loaded on the conveyance means, in a direction along the conveyance direction of the
conveyance means, from a location which is above the conveyance means and other than
directly above the charge chute, and it is therefore possible to obtain an overall assessment of
the conveyance state of articles in the conveyance means without the assessment being
affected by the presence of the charge chute, in contrast with a case in which the physical
quantity is sensed from directly above the charge chute. It is therefore possible by this
configuration to accurately sense, in non-contact manner, the physical quantity for assessing
the quantity of articles loaded on the conveyance means without the sensing being affected by
the presence of the charge chute.

[0014] When the conveyance means have the side walls, extending upward and along the
article conveyance direction, for surrounding sides of the article conveyance path, the
combination weighing device according to the present invention is preferably further provided
with a dispersing means and a charge chute. The dispersing means is configured to disperse
and supply the articles to the conveyance means. The charge chute is arranged above the
dispersing means. The articles to be supplied to the dispersing means are charged into the
charge chute. Preferably, the sensing means is configured to sense the physical quantity from
a location which is above the conveyance means and other than directly above the charge
chute, in the obliquely downward direction from the upstream side to the downstream side in
the conveyance direction.

[0015] By this configuration, it is possible to accurately sense, in non-contact manner, the
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physical quantity for assessing the quantity of articles loaded on the conveyance means
without the sensing being affected by the presence of the charge chute or the side walls of the
conveyance means.

[0016] Preferably, in the combination weighing device according to the present invention, the
side walls of the conveyance means have a highest portion thereof on a downstream side
relative to a center part of the conveyance means in the conveyance direction.

[0017] In such cases as when a large quantity of articles is present on a certain conveyance
means and few articles are present on a conveyance means adjacent to that conveyance
means, a configuration in which the side walls are formed so as to be relatively low on the
upstream side in the conveyance direction makes it possible for articles to be transferred from
the conveyance means on which a large quantity of articles is present to the conveyance
means on which a small quantity of articles is present. In other words, because the side walls
on the upstream sides of the conveyance means are formed so as to be relatively low, the
upstream sides of the conveyance means can function as article stock parts for supplying
articles equally to each conveyance means. Meanwhile, on the downstream sides of the
conveyance means, in order to appropriately control the quantity of articles conveyed to each
weighing part, the side walls of the conveyance means are formed so that the height is
greatest on the downstream side, and articles are prevented from moving between
conveyance means.

[0018] When the side walls have the highest portions thereof on the downstream side, effects
such as those described below are obtained by a configuration in which the sensing means
senses the physical quantity, which is a quantity for assessing the quantity of articles loaded on
the conveyance means, from the upstream side to the downstream side in the conveyance
direction.

[0019] When the physical quantity is sensed for articles on a plurality of conveyance means by
a single sensing means and the side walls of the conveyance means are formed so that the
height is greatest on the downstream side in the conveyance direction, a problem emerges
that some portions are obscured by the side walls, and sensing of the physical quantity is
prone to be obstructed when the physical quantity is to be sensed by the sensing means from
the downstream side. In contrast, because the physical quantity is sensed from the upstream
side to the downstream side in the conveyance direction in this configuration, the physical
quantity of the articles on a plurality of conveyance means can readily be sensed by a single
sensing means.

[0020] Further, in this configuration, because the height of the side walls of the conveyance
means is largest on the downstream side of the conveyance means and articles do not readily
move between conveyance means on the downstream side of the conveyance means, the
conveyance state on the downstream side of the conveyance means is relatively easy to
estimate when the conveyance state on the upstream side of the conveyance means is
assessed. Also, because the sensing means senses the physical quantity from the upstream
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side to the downstream side in this configuration, for assessing the quantity of articles loaded
on the conveyance means, an overall assessment of the conveyance state of the conveyance
means is easily obtained even in cases where the physical quantity for the more distant
downstream side cannot be sensed.

[0021] Preferably, in the combination weighing device according to the present invention, the
combination weighing device includes one or more sensing means, and each of the sensing
means is configured to sense the physical quantity of the articles on two or more of the
conveyance means.

[0022] Here, because the physical quantity is sensed for the articles on a plurality of
conveyance means by a single sensing means, it is possible to reduce the number of sensing
means and reduce the manufacturing cost of the combination weighing device, compared to a
case in which the physical quantity of the articles on a single conveyance means is sensed by
a single sensing means.

[0023] Preferably, in the combination weighing device according to the present invention, the
sensing means is installed in a portion further upstream in the conveyance direction than a
center part of the conveyance means in the conveyance direction.

[0024] Here, because the sensing means is installed in a portion further upstream than the
center part of the conveyance means in the conveyance direction, an overall assessment of
the conveyance state of articles in the conveyance path is easily obtained. The physical
quantity for assessing the quantity of articles loaded on the conveyance means therefore can
be accurately sensed in non-contact manner.

<Advantageous Effects of Invention>

[0025] In the combination weighing device according to the present invention, when the
conveyance means have side walls, the sensing means senses the physical quantity for
assessing the quantity of articles loaded on the conveyance means, in a direction along the
conveyance direction of the conveyance means, and can therefore obtain an overall
assessment of the conveyance state of articles in the conveyance means, in contrast with a
case in which the physical quantity is sensed from a direction orthogonal to the conveyance
direction. When the physical quantity is sensed from a direction orthogonal to the conveyance
direction, the side walls may obstruct to sense the physical quantity. VWhereas, in the present
invention, the physical quantity is sensed in the direction from the upstream side to the
downstream side in the conveyance direction, and the ability to assess the conveyance state of
the articles is unaffected by the side walls. It is therefore possible by this configuration to
accurately sense, in non-contact manner, the physical quantity for assessing the quantity of
articles loaded on the conveyance means without the sensing being affected by the side walls.

[0026] In the combination weighing device according to the present invention, when the charge
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chute is present above the dispersing part for supplying articles to a conveyance part, the
sensing means senses the physical quantity for assessing the quantity of articles loaded on the
conveyance means, in a direction along the conveyance direction of the conveyance means,
from a location which is above the conveyance means and other than directly above the
charge chute. It is therefore possible to obtain an overall assessment of the conveyance state
of articles in the conveyance means without the assessment being affected by the presence of
the charge chute, in contrast with a case in which the physical quantity is sensed from directly
above the charge chute. It is therefore possible by this configuration to accurately sense, in
non-contact manner, the physical quantity for assessing the quantity of articles loaded on the
conveyance means without the sensing being affected by the presence of the charge chute.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG. 1 is a schematic side elevational view of the combination weighing device according to a
first embodiment of the present invention.

FIG. 2 is a schematic plan view of the combination weighing device of FIG. 1 as viewed from
above. FIG. 2 omits the supply feeder and the charge chute.

FIG. 3 is a block diagram of the combination weighing device illustrated in FIG. 1.

FIG. 4 is a side elevational view of a trough of a radial feeder of the combination weighing
device illustrated in FIG. 1.

FIG. 5 is a diagram for explaining the merits of capturing an image of the articles on the radial
feeders of the combination weighing device illustrated in FIG. 1 so that the image of the articles
is captured in a direction from the upstream side to the downstream side in the conveyance
direction of the articles on the radial feeders. FIG. 5 omits the supply feeder and the charge
chute. FIG. 5(a) is a view illustrating a case in which a camera captures an image of the
articles on the radial feeders in the direction from the upstream side to the downstream side in
the conveyance direction of the articles of the radial feeders. FIG. 5(b) is a view illustrating a
case in which a camera captures an image of the articles on the radial feeders in the direction
from the downstream side to the upstream side in the conveyance direction of the articles of
the radial feeders.

FIG. 6 is a schematic side elevational view of the combination weighing device according to a
second embodiment of the present invention.

FIG. 7 is a schematic side elevational view of the combination weighing device according to a
third embodiment of the present invention.

FIG. 8 is a schematic plan view of the combination weighing device according to Modification
A
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DESCRIPTION OF EMBODIMENTS

[0028] Embodiments of the combination weighing device according to the present invention will
be described with reference to the accompanying drawings. The embodiments described
below are specific examples of the present invention, and do not limit the technical scope of
the present invention, which is defined by the appended claims.

<First Embodiment>

[0029] A combination weighing device 10 according to a first embodiment of the present
invention will be described.

(1) Overall configuration

[0030] As illustrated in FIGS. 1 through 3, the combination weighing device 10 according to a
first embodiment of the present invention has primarily a charge chute 91, a dispersing table
20, fourteen conveyance/weighing mechanisms 300, a collection discharge chute 80, three
cameras 60, a control device 70, and a touch panel 75. The conveyance/weighing
mechanisms 300 are arranged annularly about the dispersing table 20 as viewed from above
(see FIG. 2). Each of the conveyance/weighing mechanisms 300 has a radial feeder 30, a pool
hopper 40, and a weighing hopper 50. The combination weighing device 10 is supported by a
main body frame 81 (see FIG. 1).

[0031] The combination weighing device 10 functions generally as described below.

[0032] A cross feeder 90 conveys articles to the combination weighing device 10. The articles,
which are to be supplied from the cross feeder 90 to the dispersing table 20, are charged into
the charge chute 91 arranged above the dispersing table 20. The articles supplied to the
dispersing table 20 via the charge chute 91 are dispersed and supplied to the plurality of
conveyance/weighing mechanisms 300. Specifically, the articles supplied from the cross feeder
90 are dispersed and supplied to the plurality of radial feeders 30 by the dispersing table 20.
Each of the radial feeders 30 conveys articles supplied from the dispersing table 20 to the pool
hopper 40 of the conveyance/weighing mechanism 300 to which that radial feeder 30 belongs,
and supplies the articles to that pool hopper 40. The articles supplied to each pool hopper 40
are transferred to a weighing hopper 50 arranged below that pool hopper 40. The control
device 70 performs combination calculation of a weighing value of the articles in the plurality of
weighing hoppers 50 and selects a combination of articles in which the result of the
combination calculation has the smallest value within a predetermined allowable range. The
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articles in the weighing hopper 50 included in the selected combination are discharged to the
collection discharge chute 80. The articles discharged to the collection discharge chute 80 are
supplied, for example, to a bag-making packaging machine or the like installed at a stage
subsequent to the combination weighing device 10.

(2) Detailed configuration

[0033] The combination weighing device 10 will be described in detail.

(2-1) Charge chute

[0034] The charge chute 91 is a chute into which the articles to be supplied to the dispersing
table 20 are charged by the cross feeder 90 (see FIG. 1). The charge chute 91 is arranged
below an end part of the cross feeder 90 from which articles drops, and above the dispersing
table 20 (see FIG. 1). The charge chute 91 is formed as a hollow inverted truncated cone
shape, a lower end (dispersing table 20 side) of which is narrower than a top part (cross feeder
90 side) thereof (see FIG. 1). Due to the presence of the charge chute 91, articles charged
from the cross feeder 90 are not prone to scattering out of the dispersing table 20, and are
readily supplied onto the dispersing table 20.

(2-2) Dispersing table

[0035] The dispersing table 20 is an example of dispersing means. The articles supplied from
the cross feeder 90 are dispersed and supplied to the plurality of radial feeders 30 by the
dispersing table 20 (see FIG. 1).

[0036] The dispersing table 20 is formed in a conical shape (see FIG. 1). The dispersing table
20 receives a supply of articles from the cross feeder 90 arranged above the dispersing table
20 via the charge chute 91. The dispersing table 20 is oscillated by an electromagnet not
illustrated in the drawings, whereby the articles supplied from the cross feeder 90 are
conveyed radially outward while being dispersed in a circumferential direction, and are
supplied to the radial feeders 30. The quantity of articles conveyed from the dispersing table
20 to the radial feeders 30 varies according to the quantity of articles supplied from the cross
feeder 90 to the dispersing table 20, and/or the oscillation intensity of the dispersing table 20.

(2-3) Radial feeders

[0037] The radial feeders 30 are examples of conveyance means. The radial feeders 30
convey articles to the weighing hoppers 50 via the pool hoppers 40 (see FIG. 1). Each of the
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radial feeders 30 is equipped with a trough 31 (see FIGS. 1 and 2). The troughs 31 are formed
so as to be concave and open at a top thereof, and have side walls 31a for surrounding sides
of an article conveyance path. The side walls 31a extends upward and along a conveyance
direction of the radial feeders 30 (see FIG. 1). The radial feeders 30 convey articles on the
troughs 31 to the pool hoppers 40.

[0038] The troughs 31 of the plurality of (fourteen in this case) radial feeders 30 are arranged
annularly on a periphery of the dispersing table 20 so that the troughs 31 extend radially from
the dispersing table 20 (see FIG. 2). Articles are supplied from the dispersing table 20 to the
troughs 31. Each of the troughs 31 is oscillated by an electromagnet not illustrated in the
drawings, whereby the articles supplied from the dispersing table 20 are conveyed radially
outward toward an outside edge of that trough 31. In other words, the articles on each of the
troughs 31 are conveyed in a direction away from the dispersing table 20. The articles
conveyed on each of the troughs 31 are supplied to the pool hopper 40 arranged below an
outside edge side of that troughs 31. The quantity of articles conveyed from each of the
troughs 31 to the pool hopper 40 varies according to the quantity of articles supplied from the
dispersing table 20 to each of the radial feeders 30, and/or the oscillation intensity and
oscillation time of each of the troughs 31.

[0039] The side walls 31a of the troughs 31 will be described. The side walls 31a of each of
the troughs 31 are formed so as to have a height along the conveyance direction (see the
arrow D in FIG. 4) of articles on each of the radial feeders 30 as described below.

[0040] Each side wall 31a is formed so that a height thereof is a minimum height H1 from an
end part on an upstream side thereof to a predetermined position in the conveyance direction.
In each side wall 31a, the height thereof gradually increases toward the downstream side in
the conveyance direction from an end part on a downstream side of a portion thereof formed
at the minimum height H1, and the height reaches a maximum height H2 at a predetermined
position. Each side wall 31a is furthermore formed so as to gradually become lower toward the
downstream side in the conveyance direction from a portion thereof having the maximum
height H2. The height of the side walls 31a at the end parts on the downstream sides in the
conveyance direction is greater than the minimum height H1.

[0041] The portion of each side wall 31a where the height thereof is the minimum height H1 is
arranged further upstream in the conveyance direction than a center part M of the trough 31 of
each radial feeder 30 in the conveyance direction of the articles (see FIG. 4). The portion of
each side wall 31a where the height thereof is the maximum height H2 is arranged further
downstream in the conveyance direction than the center part M of the trough 31 of each radial
feeder 30 in the conveyance direction of the articles (see FIG. 4). The minimum height H1 is
30 mm, for example, and the maximum height H2 is 90 mm, for example. These numerical
values of the minimum height H1 and the maximum height H2 are given by way of example
and are not limited to these values.

[0042] The average of the height of the side walls 31a on the upstream side relative to the
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center parts M of the troughs 31 of the radial feeders 30 in the article conveyance direction is
less than the average of the height of the side walls 31a on the downstream side relative to the
center parts M.

[0043] Since the side walls 31a of the troughs 31 are formed so that the height thereof is lower
on the upstream side and higher on the downstream side in the conveyance direction of the
articles, following effects are obtained.

[0044] First, forming the side walls 31a so as to be relatively low on the upstream side thereof
in the conveyance direction of the articles makes it possible for articles to be transferred from a
trough 31 on which a large quantity of articles is present to a trough 31 on which a small
quantity of articles is present. A specific description will now be given. In an example, a large
quantity of articles (reaching a position higher than a side wall 31a) is present on the upstream
side of a certain trough 31, and few articles are present on a trough 31 adjacent to that trough
31. In this case, articles are expected to cross over the side wall 31a and move from the trough
31 on which a large quantity of articles is present to the trough 31 on which few articles are
present. In other words, because the side walls 31a on the upstream sides of the troughs 31
are formed so as to be relatively low, the upstream sides of the radial feeders 30 can function
as article stock parts for supplying articles equally to each of the troughs 31.

[0045] Meanwhile, the troughs 31 are formed so that the side walls 31a are highest on the
downstream sides thereof, and articles are therefore easily prevented from moving between
troughs 31 on the downstream sides of the troughs 31. The quantity of articles transferred
from each of troughs 31 to the weighing hopper 50 installed at a stage subsequent to that
trough 31 can therefore be appropriately controlled.

(2-4) Pool hoppers

[0046] Articles supplied from the radial feeders 30 arranged above the pool hoppers 40 are
temporarily retained in the pool hoppers 40. Each of the pool hoppers 40 is arranged below the
outside edge side of the trough 31 provided to the radial feeder 30 of the respective
conveyance/weighing mechanism 300 to which that pool hopper 40 belongs.

[0047] Each of the pool hoppers 40 has a PH gate 40a in a bottom part thereof. WWhen each
PH gate 40a is opened, the articles in the pool hopper 40 are supplied to the weighing hopper
50 arranged below that pool hopper 40. Each of the PH gates 40a is opened/closed by
actuating a link mechanism not illustrated in the drawings by a stepping motor 41 (see FIG. 3).
Opening/closing by the stepping motor 41 is controlled by the control device 70.

(2-5) Weighing hoppers
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[0048] The weighing hoppers 50 are examples of the weighing part. The weighing hoppers 50
measure the weight of articles supplied from the pool hoppers 40, i.e., the weight of articles
supplied from the radial feeders 30 via the pool hoppers 40. Each of the weighing hoppers 50
is arranged below the pool hopper 40 of the respective conveyance/weighing mechanism 300
to which each weighing hopper 50 belongs.

[0049] Each of the weighing hoppers 50 has a WH gate 50a in a bottom part thereof. When
each WH gate 50a is opened, the articles in the weighing hopper 50 are supplied to the
collection discharge chute 80. Each of the WH gates 50a is opened/closed by actuating a link
mechanism not illustrated in the drawings by a stepping motor 51 (see FIG. 3).
Opening/closing by the stepping motors 51 is controlled by the control device 70.

[0050] Each of the weighing hoppers 50 has a load cell 52 for weighing the articles retained in
the weighing hopper 50 thereof. Results of weighing by the load cells 52 are transmitted as
weighing signals to a multiplexer 71 of the control device 70 described hereinafter, via an
amplifier not illustrated in the drawings.

(2-6) Collection discharge chute

[0051] The collection discharge chute 80 collects the articles supplied from the weighing
hoppers 50 and discharges the articles out of the combination weighing device 10. The articles
discharged out of the combination weighing device 10 are supplied to a bag-making packaging
machine or the like not illustrated in the drawings which is installed below the collection
discharge chute 80, for example.

(2-7) Cameras

[0052] The cameras 60 are examples of sensing means. The cameras 60 are also examples
of imaging means. The cameras 60 capture an image of the articles on the troughs 31, i.e., on
the radial feeders 30. The cameras 60 obtain an image of the articles, whereby a physical
quantity for assessing the quantity of articles loaded on the troughs 31 of the radial feeders 30,
e.g., the stacking height of articles on the troughs 31 and/or the sparseness or density of
articles on the troughs 31 (area of a region occupied by articles on a conveyance surface with
respect to the entire area of the conveyance surface of the troughs 31) or another
characteristic, is sensed in non-contact manner. Sensing herein includes not only cases where
a physical quantity for assessing the quantity of articles loaded on the troughs 31 is
quantitatively sensed, but also cases of qualitative sensing. The cameras 60 capture a moving
image of a conveyance state of articles on the troughs 31. The number of cameras 60 is three.
The lenses of the cameras 60 are wide-angle lenses having a horizontal view angle of 120° or
greater.
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[0053] The cameras 60 are attached to an external peripheral surface of the charge chute 91
(see FIG. 1). The cameras 60 are installed in locations other than directly above the charge
chute 91. The cameras 60 are installed above the radial feeders 30. The cameras 60 are
installed in portions further upstream in the article conveyance direction of the radial feeders
30 than the center parts M (see FIG. 4) in the article conveyance direction of the radial feeders
30.

[0054] The cameras 60 are attached at intervals of 120° about a center of the charge chute 91
in plan view, so as to be arranged at equal intervals on the external peripheral surface of the
charge chute 91. The cameras 60 are attached to the external peripheral surface of the charge
chute 91 so that the lenses of the cameras 60 are oriented obliquely downward and radially
outward with respect to the center of the charge chute 91. The cameras 60 capture an image
of the articles on each of the radial feeders 30, i.e., on the respective troughs 31, from above
the radial feeders 30 and in an obliquely downward direction from the upstream side
(dispersing table 20 side) to the downstream side (pool hopper 40 side) in the conveyance
direction of the articles of the radial feeders 30. In other words, the cameras 60 sense the
physical quantity for assessing the quantity of articles loaded on the troughs 31, from above
the radial feeders 30 and in an obliquely downward direction from the upstream side to the
downstream side in the article conveyance direction of the radial feeders 30. The cameras 60
also capture an image of the articles on each of the troughs 31 from a location which is above
the radial feeders 30 and other than directly above the charge chute 91, in an obliquely
downward direction from the upstream side to the downstream side in the conveyance
direction of the articles of the radial feeders 30. That is to say, the cameras 60 sense the
physical quantity for assessing the quantity of articles loaded on each of the troughs 31, from a
location which is above the radial feeders 30 and other than directly above the charge chute
91, in an obliquely downward direction from the upstream side to the downstream side in the
conveyance direction of the articles of the radial feeders 30. The cameras 60 capture an image
of each of the troughs 31 as a whole. In other words, the cameras 60 are attached to the
charge chute 91 in a position and orientation whereby an image of the articles on respective
the troughs 31 can be captured over an entire range from a boundary portion between the
dispersing table 20 and the troughs 31 to external peripheral end parts of the troughs 31.

[0055] Each of the cameras 60 captures an image of articles on a plurality of troughs 31. In
other words, each of the cameras 60 senses the physical quantity for assessing the quantity of
articles loaded on the troughs 31 for the articles on a plurality of troughs 31. An image of the
articles on any of the troughs 31 is captured by at least one camera 60 from a location which is
above the troughs 31 and other than directly above the charge chute 91, in an obliquely
downward direction from the upstream side to the downstream side in the conveyance
direction of the troughs 31. The articles on a trough 31 may include articles for which images
are captured redundantly by a plurality of cameras 60.

(2-8) Control device
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[0056] The control device 70 has a CPU 76 and memory 77 such as ROM and/or RAM (see
FIG. 3). The control device 70 also has the multiplexer 71, an A/D converter 72, and a DSP
(digital signal processor) 73 (see FIG. 3).

[0057] The multiplexer 71 selects one weighing signal from the weighing signals of the load
cells 52 in accordance with an instruction from the DSP 73, and then transmits the weighing
signal to the A/D converter 72. The A/D converter 72 converts the weighing signal (analog
signal) received from the multiplexer 71 to a digital signal in accordance with a timing signal
transmitted from the DSP 73, and transmits the digital signal to the DSP 73. The DSP 73
performs filtering of the digital signal transmitted from the A/D converter 72.

[0058] The control device 70 is connected to the dispersing table 20, the radial feeders 30, the
stepping motors 41, 51, the cameras 60, the touch panel 75, and other components of the
combination weighing device 10. In the control device 70, the CPU 76 controls the components
of the combination weighing device 10 by executing a program stored in the memory 77.

[0059] The control device 70 specifically performs control as described below, for example.

[0060] For example, the control device 70 controls the electromagnets (not illustrated in the
drawings) of the dispersing table 20 and the electromagnets of the radial feeders 30 based on
an operating parameter such as an oscillation intensity for the dispersing table 20 and the
radial feeders 30, and/or an oscillation time for the radial feeders 30 inputted from the touch
panel 75, and causes the dispersing table 20 and the troughs 31 of the radial feeders 30 to
oscillate.

[0061] The control device 70 furthermore assesses the stacking height and/or the sparseness
or density or another characteristic (physical quantity for assessing the quantity of articles
loaded on the troughs 31 of the radial feeders 30) of articles on the radial feeders 30 using an
image captured by the cameras 60, as in Patent Literature 1 (WO 95/31702), for example. The
control device 70 then changes the operating parameter such as the oscillation intensity or
oscillation time of the radial feeders 30, as appropriate, based on the assessed result in order
to appropriately control the supplying of articles to the weighing hoppers 50.

[0062] The control device 70 also computes the weight of the articles retained in each of the
weighing hoppers 50 using the signal filtered by the DSP 73 and performs combination
calculation so that the total weights fall within a predetermined target weight range, for
example. The control device 70 determines a single combination of weighing hoppers 50 in
which the total weight falls within the predetermined target weight range and controls actuation
of the stepping motor 51 so that the WH gates 50a of the determined weighing hoppers 50
open. When any of the weighing hoppers 50 are empty, the control device 70 operates the
stepping motors 41 so as to open the PH gates 40a of the pool hoppers 40 arranged above
those weighing hoppers 50.

(2-9) Touch panel
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[0063] The touch panel 75 is a liquid crystal display (LCD) provided with both input and output
functions, and functions as an input part and an output part.

[0064] The touch panel 75 receives various types of settings and other inputs relating to
combination weighing. For example, the touch panel 75 receives inputting of the oscillation
intensity of the dispersing table 20 and the radial feeders 30 and/or the oscillation time of the
radial feeders 30, and other operating parameters.

[0065] Further, the operating state of the combination weighing device 10 is displayed on the
touch panel 75. For example, a moving image (moving image of the conveyance state of
articles on the troughs 31) of the articles on the troughs 31 captured by the cameras 60 is
displayed on the touch panel 75.

[0066] The image captured by the cameras 60 is displayed on the touch panel 75 in this
configuration, but the embodiment is not limited to this configuration. For example, a
configuration may be adopted in which a display other than the touch panel 75 is provided, and
the image captured by the cameras 60 is displayed on the display instead of on the touch
panel 75, or in addition to being displayed on the touch panel 75.

(3) Features

(3-1)

[0067] The combination weighing device 10 according to the present embodiment is provided
with the cameras 60 and the plurality of radial feeders 30 each for conveying articles to the
weighing hopper 50. The weighing hoppers 50 are examples of the weighing part, the radial
feeders 30 are examples of conveyance means, and the cameras 60 are examples of sensing
means. The radial feeders 30, or more specifically, the troughs 31 of the radial feeders 30,
have side walls 31a for surrounding sides of article conveyance paths. The side walls 31a
extend upward and along the conveyance direction of the articles. The cameras 60 capture an
image of the articles on the troughs 31 of the radial feeders 30, and thereby sense, in non-
contact manner, the physical quantity for assessing the quantity of articles loaded on the
troughs 31. The cameras 60 capture an image of the articles from above the radial feeders 30,
in an obliquely downward direction from the upstream side to the downstream side in the
conveyance direction. In other words, the cameras 60 sense the physical quantity for
assessing the quantity of articles loaded on the troughs 31, from above the radial feeders 30
and in an obliquely downward direction from the upstream side to the downstream side in the
conveyance direction.
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[0068] Here, the cameras 60 capture an image of the articles in a direction along the
conveyance direction of the radial feeders 30, and can therefore obtain an overall assessment
of the conveyance state of articles in the radial feeders 30, in contrast with a case in which an
image of the articles is captured from a direction orthogonal to the conveyance direction. In
other words, the cameras 60 sense the physical quantity for assessing the quantity of articles
loaded on the troughs 31 of the radial feeders 30 (sometimes referred to simply as the physical
quantity hereinafter), in a direction along the conveyance direction of the radial feeders 30, and
can therefore obtain an overall assessment of the conveyance state of articles in the radial
feeders 30, in contrast with a case in which the physical quantity is sensed from a direction
orthogonal to the conveyance direction. When an image of the articles is captured from a
direction orthogonal to the conveyance direction, the side walls 31a may obstruct to capture an
image of the articles. Whereas, in the configuration of the present embodiment, an image of
the articles is captured in the direction from the upstream side to the downstream side in the
conveyance direction, and the ability to capture an image of the conveyance state of the
articles is unaffected by the side walls 31a. In other words, when the physical quantity is
sensed from a direction orthogonal to the conveyance direction, the side walls 31a may
obstruct to sense the physical quantity. Whereas, in the configuration of the present
embodiment, the physical quantity is sensed in the direction from the upstream side to the
downstream side in the conveyance direction, and the ability to assess the conveyance state of
the articles is unaffected by the side walls 31a. It is therefore possible by this configuration to
accurately sense, in non-contact manner, the physical quantity for assessing the quantity of
articles loaded on the troughs 31 without the sensing being affected by the side walls 31a.

[0069] The particular merit obtained by capturing an image of the articles on the troughs 31 of
the radial feeders 30 by the cameras 60 in the direction from the upstream side to the
downstream side in the article conveyance direction of the radial feeders 30 (sense the
physical quantity in the direction from the upstream side to the downstream side in the
conveyance direction) will be described using FIG. 5.

[0070] FIG. 5(a) is a view from above illustrating a state in which a single camera 60 captures
an image of the articles on the troughs 31 of a plurality of (four in this case) radial feeders 30 in
the direction from the upstream side to the downstream side in the article conveyance direction
of the radial feeders 30. Here, in plan view, the camera 60 captures an image of the articles on
a plurality of troughs 31 from a vicinity of a center O of the dispersing table 20, and from an
inside of the radial feeders 30 (dispersing table 20 side) to an outside (pool hopper 40 side)
thereof. In this case, the conveyance direction of the articles of the radial feeders 30, for which
an image of the articles on the troughs 31 is captured by the camera 60, and an imaging
direction (sight-line direction of the camera 60) of the camera 60 are parallel in plan view (see
FIG. 5(a)). Parallelism herein includes not only perfect parallelism but also rough parallelism of
the conveyance direction of the articles of the radial feeders 30 with the imaging direction of
the camera 60. Because the side walls 31a of the troughs 31 extend radially with respect to the
center O of the dispersing table 20 in plan view, straight lines extending in the imaging
direction of the camera 60 from the lens position of the camera 60 in the vicinity of the center
O of the dispersing table 20 do not intersect with the side walls 31a (FIG. 5(a)).



DK/EP 3098580 T3

[0071] Therefore, when an image of the articles on the troughs 31 is captured in the direction
from the upstream side to the downstream side in the conveyance direction of the articles of
the radial feeders 30, as in FIG. 5(a), an image of the articles on a plurality of troughs 31 can
be efficiently captured by a single camera 60 for the entire plurality of troughs 31. Specifically,
when an image of the articles on the troughs 31 is captured in the direction from the upstream
side to the downstream side in the conveyance direction of the articles of the radial feeders 30,
the physical quantity can be efficiently and accurately sensed for the articles on a plurality of
troughs 31 by a single camera 60.

[0072] FIG. 5(b) is a view from above illustrating a state in which a single camera 60' is
installed outside of the radial feeders 30, and an image of the articles on a plurality of (four in
this case) troughs 31 is captured by the camera 60' in the direction from the downstream side
to the upstream side in the conveyance direction of the articles of the radial feeders 30. In plan
view, the camera 60’ captures an image of the articles on a plurality of troughs 31 from the
outside of the radial feeders 30 (pool hopper 40 side) to the inside (dispersing table 20 side)
thereof. Here, for one of the radial feeders 30 for which an image of the articles on the trough
31 thereof is captured by the camera 60', the conveyance direction of the articles of the radial
feeders 30 and the imaging direction (sight-line direction of the camera 60') of the camera 60’
are parallel in plan view (see FIG. 5(b)). However, for the other radial feeders 30 for which an
image of the articles on the troughs 31 thereof is captured by the camera 60, the conveyance
direction of the articles of the radial feeders 30 and the imaging direction of the camera 60’ are
not parallel in plan view (see FIG. 5(b)). For the radial feeder 30 in which the conveyance
direction of the articles and the imaging direction of the camera 60' are parallel, the side walls
31a of the trough 31 and a straight line extending in the imaging direction of the camera 60
from the lens position of the camera 60' do not intersect with each other in plan view. However,
for the other radial feeders 30, in which the conveyance direction of the articles and the
imaging direction of the camera 60' are not parallel, the side walls 31a of the troughs 31 and
straight lines extending in the imaging direction of the camera 60' from the lens position of the
camera 60' intersect with each other in plan view, and the side walls 31a block the capturing of
an image of the articles by the camera 60'.

[0073] Therefore, when an image of the articles on the troughs 31 is captured in the direction
from the downstream side to the upstream side in the conveyance direction of the articles of
the radial feeders 30, as in FIG. 5(b), it is difficult for an image of the articles on a plurality of
troughs 31 to be captured by a single camera 60' for the entire plurality of troughs 31.
Specifically, when an image of the articles on the troughs 31 is captured in the direction from
the downstream side to the upstream side in the conveyance direction of the articles of the
radial feeders 30, it is difficult for the physical quantity to be accurately sensed for the articles
on a plurality of troughs 31 by a single camera 60'.

(3-2)
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[0074] The combination weighing device 10 according to the present embodiment is provided
with the plurality of radial feeders 30, the dispersing table 20, the charge chute 91, and the
cameras 60. The radial feeders 30 are examples of the conveyance means, the dispersing
table 20 is an example of the dispersing means, and the cameras 60 are examples of the
sensing means. The radial feeders 30 convey articles to the weighing hoppers 50. The
weighing hoppers 50 are examples of the weighing parts. The dispersing table 20 disperses
and supplies articles to the radial feeders 30. The charge chute 91 is arranged above the
dispersing table 20. The articles to be supplied to the dispersing table 20 are charged into the
charge chute 91. The cameras 60 capture an image of the articles on the troughs 31 of the
radial feeders 30, and thereby sense, in non-contact manner, the physical quantity for
assessing the quantity of articles loaded on the troughs 31. The cameras 60 capture an image
of the articles from a location which is above the radial feeders 30 and other than directly
above the charge chute 91, in an obliquely downward direction from the upstream side to the
downstream side in the conveyance direction. Specifically, the cameras 60 sense the physical
quantity for assessing the quantity of articles loaded on the troughs 31, from a location which is
above the radial feeders 30 and other than directly above the charge chute 91, in an obliquely
downward direction from the upstream side to the downstream side in the conveyance
direction.

[0075] Here, the cameras 60 capture an image of the articles in a direction along the
conveyance direction of the radial feeders 30, from a location which is above the radial feeders
30 and other than directly above the charge chute 91, and it is therefore possible to obtain an
overall assessment of the conveyance state of articles in the radial feeders 30 without the
assessment being affected by the presence of the charge chute 91, in contrast with a case in
which an image of the radial feeders 30 is captured from directly above the charge chute 91. In
other words, the cameras 60 sense the physical quantity for assessing the quantity of articles
loaded on the troughs 31 of the radial feeders 30, in a direction along the conveyance direction
of the radial feeders 30, from a location which is above the radial feeders 30 and other than
directly above the charge chute 91, and it is therefore possible to obtain an overall assessment
of the conveyance state of articles in the radial feeders 30 without the assessment being
affected by the presence of the charge chute 91, in contrast with a case in which the physical
quantity is sensed from directly above the charge chute 91. It is therefore possible by this
configuration to accurately sense, in non-contact manner, the physical quantity for assessing
the quantity of articles loaded on the troughs 31 without the sensing being affected by the
presence of the charge chute 91.

(3-3)

[0076] In the combination weighing device 10 according to the present embodiment, the side
walls 31a of the troughs 31 of the radial feeders 30 have the highest portion thereof on the
downstream side relative to the center part M of the radial feeders 30 in the conveyance
direction.
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[0077] Because the side walls 31a on the upstream sides of the troughs 31 of the radial
feeders 30 are formed so as to be relatively low, the upstream sides of the radial feeders 30
can function as article stock parts for supplying articles equally to each radial feeder 30, as
described above. Meanwhile, on the downstream sides of the radial feeders 30, in order to
appropriately control the quantity of articles conveyed to the weighing hoppers 50, the side
walls 31a of the troughs 31 of the radial feeders 30 are formed so that the height is greatest on
the downstream side, and articles are prevented from moving between radial feeders 30.

[0078] When the side walls 31a have the highest portions thereof on the downstream side,
effects such as those described below are obtained by a configuration in which the cameras 60
capture an image (obtain an image and sense the physical quantity for assessing the quantity
of articles loaded on the radial feeders 30) of the articles from the upstream side to the
downstream side in the conveyance direction.

[0079] When an image of the troughs 31 of a plurality of radial feeders 30 is captured by a
single camera 60 and the side walls 31a of the troughs 31 are formed so that the height is
greatest on the downstream side in the conveyance direction, some portions are prone to be
obscured by the side walls 31a when an image of the articles is captured by the camera 60
from the downstream side. In contrast, because an image of the articles is captured from the
upstream side to the downstream side in the conveyance direction in this configuration, and an
image of a plurality of troughs 31 can be readily captured by a single camera 60, or, in other
words, the physical quantity of the articles on a plurality of troughs 31 can readily be sensed by
a single camera 60.

[0080] In this configuration, because the height of the side walls 31a of the troughs 31 of the
radial feeders 30 is greatest on the downstream side of the radial feeders 30, and articles do
not readily move between troughs 31 on the downstream side of radial feeders 30, the
conveyance state on the downstream side of the radial feeders 30 is relatively easy to estimate
when the conveyance state on the upstream side of the radial feeders 30 can be assessed.
Also, because the cameras 60 capture an image of the articles on the troughs 31 of the radial
feeders 30 from the upstream side to the downstream side in this configuration, an overall
assessment of the conveyance state of the radial feeders 30 is easily obtained even in cases
where a clear image of the more distant downstream side cannot be obtained. In other words,
even in cases where the cameras 60 cannot sense the physical quantity on the more distance
downstream side, an overall assessment of the conveyance state of the radial feeders 30 is
easily obtained, and the physical quantity for assessing the quantity of articles loaded on the
troughs 31 can easily be sensed accurately and in non-contact manner.

(3-4)

[0081] In the combination weighing device 10 according to the present embodiment includes a
plurality of cameras 60, and each of the cameras 60 senses the physical quantity of the articles
on the troughs 31 of two or more radial feeders 30.
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[0082] Here, because an image of a plurality of troughs 31 is captured by a single camera 60,
it is possible to reduce the number of cameras 60 and reduce the cost of the combination
weighing device 10 relative to a case in which an image of the trough 31 of a single radial
feeder 30 is captured by a single camera 60, and the physical quantity is sensed for the
articles on a single trough 31.

(3-5)

[0083] In the combination weighing device 10 according to the present embodiment, the
cameras 60 are installed in portions further upstream in the conveyance direction than the
center parts M of the radial feeders 30 in the conveyance direction.

[0084] Here, because the cameras 60 are installed in portions further upstream than the
center parts M of the radial feeders 30 in the conveyance direction, an image of the entire
conveyance path is readily captured, the physical quantity for assessing the loaded quantity of
articles is easily sensed for the entire conveyance path, an overall assessment of the state of
articles in the conveyance path is easily obtained, and the physical quantity for assessing the
quantity of articles loaded on the troughs 31 can be accurately sensed in non-contact manner.

<Second Embodiment>

[0085] A combination weighing device 110 according to a second embodiment of the present
invention will be described.

[0086] A schematic side elevational view of the combination weighing device 110 according to
the second embodiment of the present invention is shown in FIG. 6. Because the combination
weighing device 110 is the same as the combination weighing device 10 according to the first
embodiment, except for a camera 160, only the camera 160 of the combination weighing
device 110 will be described.

[0087] In the combination weighing device 110, rather than being arranged on the external
peripheral surface of the charge chute 91 into which articles to be supplied to the dispersing
table 20 are charged, the camera 160 is arranged inside the charge chute 91. Specifically, in
the combination weighing device 110, a plurality of (four, for example) support brackets 160a
are attached to an internal peripheral surface of the charge chute 91 so as to extend toward a
center of the charge chute, and the camera 160 is supported by the support brackets 160a.
Articles charged into the charge chute 91 from the cross feeder 90 pass between the support
brackets 160a, and are supplied to the dispersing table 20.

[0088] The camera 160 is installed in a location other than directly above the charge chute 91.
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The camera 160 is installed above the radial feeders 30. The camera 160 is installed in a
portion further upstream in the conveyance direction of the radial feeders 30 than the center
parts M (see FIG. 4) of the troughs 31 of the radial feeders 30 in the conveyance direction.

[0089] In the combination weighing device 110, the camera 160 is an omnidirectional camera
capable of capturing a 360° image. The camera 160 as a single camera captures an image of
the articles on all of the troughs 31. The camera 160 captures an image of the articles on the
troughs 31 of the radial feeders 30, from above the radial feeders 30 and in an obliquely
downward direction from the upstream side (dispersing table 20 side) to the downstream side
(pool hopper 40 side) in the conveyance direction of the articles of the radial feeders 30. In
other words, the camera 160 senses the physical quantity for assessing the quantity of articles
loaded on the troughs 31, from above the radial feeders 30 and in an obliquely downward
direction from the upstream side to the downstream side in the conveyance direction of the
articles of the radial feeders 30. The camera 160 also captures an image of the articles on the
trough 31 of each of the radial feeders 30 from a location which is above the radial feeders 30
and other than directly above the charge chute 91, in an obliquely downward direction from the
upstream side to the downstream side in the conveyance direction of the articles of the radial
feeders 30. Specifically, the camera 160 senses the physical quantity for assessing the quantity
of articles loaded on each of the troughs 31, from a location which is above the radial feeders
30 and other than directly above the charge chute 91, in an obliquely downward direction from
the upstream side to the downstream side in the conveyance direction of the articles of the
radial feeders 30. The camera 160 captures an image of the respective troughs 31 as a whole.
In other words, the camera 160 is installed in a position from which an image of the articles on
each of the troughs 31 can be captured over an entire range from a boundary portion between
the dispersing table 20 and that trough 31 to external peripheral end part of that trough 31.

[0090] The combination weighing device 110 according to the second embodiment has the
same features as described above in sections (3-1) through (3-3) and section (3-5) of the first
embodiment. Except for having a single camera 160, the combination weighing device 110 also
has the same features as described above in section (3-4) of the first embodiment.

<Third Embodiment>

[0091] A combination weighing device 210 according to a third embodiment of the present
invention will be described.

[0092] The combination weighing device 210 according to the third embodiment of the present
invention is illustrated in FIG. 7. Because the combination weighing device 210 is the same as
the combination weighing device 10 according to the first embodiment, except for a charge
chute 291 and cameras 260, only the charge chute 291 and the cameras 260 of the
combination weighing device 210 will be described.

[0093] In the combination weighing device 210, the cameras 260 are not attached to the
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charge chute 291. The charge chute 291 is made of stainless steel and is mirror-finished so
that the troughs 31 of the radial feeder 30 are reflected in an external peripheral surface
thereof. The other aspects of the charge chute 291 are the same as in the charge chute 91 of
the combination weighing device 10 according to the first embodiment, and therefore will not
be described here.

[0094] In the combination weighing device 210, the cameras 260 are supported by support
brackets 82 extending upward from the main body frame 81 of the combination weighing
device 210. The number of cameras 260 in the combination weighing device 210 is four.

[0095] The cameras 260 are installed further to the outside from the dispersing table 20 as a
reference point than the external peripheral end parts of the troughs 31 of the radial feeders
30. Specifically, the cameras 260 are installed in locations other than directly above the charge
chute 91. The four cameras 260 are installed at intervals of 90° about the center of the
dispersing table 20 in plan view, so as to be arranged at equal intervals around the radial
feeders 30.

[0096] The cameras 260 capture a mirror image, reflected in the external peripheral surface of
the charge chute 291, of the articles on the troughs 31, i.e., on the radial feeders 30, as
indicted by dotted lines in FIG. 7. The cameras 260 are installed further to the outside from the
dispersing table 20 as a reference point than the external peripheral end parts of the troughs
31 of the radial feeders 30, but capture a mirror image reflected in the external peripheral
surface of the charge chute 291, and thereby capture an image of the articles from above the
radial feeders 30, in an obliquely downward direction from the upstream side to the
downstream side in the conveyance direction of the articles of the radial feeders 30, as
described above. In other words, the cameras 260 sense the physical quantity for assessing
the quantity of articles loaded on the troughs 31, from above the radial feeders 30 and in an
obliquely downward direction from the upstream side to the downstream side in the
conveyance direction of the articles of the radial feeders 30. By capturing a mirror image
reflected in the external peripheral surface of the charge chute 291, the cameras 260 capture
an image of the articles from a location which is above the radial feeders 30 and other than
directly above the charge chute 291 (from the external peripheral surface of the charge chute
291), in an obliquely downward direction from the upstream side to the downstream side in the
conveyance direction of the articles of the radial feeders 30. Specifically, the cameras 260
sense the physical quantity for assessing the quantity of articles loaded on the troughs 31,
from a location which is above the radial feeders 30 and other than directly above the charge
chute 291, in an obliquely downward direction from the upstream side to the downstream side
in the conveyance direction of the articles of the radial feeders 30. The cameras 260 capture
an image of the respective troughs 31 as a whole. In other words, the cameras 60 are
attached to the support brackets 82 in a position and orientation whereby an image of the
articles on each of the troughs 31 can be captured over an entire range from a boundary
portion between the dispersing table 20 and that trough 31 to external peripheral end part of
that trough 31.
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[0097] Each of the cameras 260 captures an image of articles on a plurality of troughs 31. An
image of the articles on any of the troughs 31 is captured by at least one camera 260 from a
location which is above the troughs 31 and other than directly above the charge chute 291, in
an obliquely downward direction from the upstream side to the downstream side in the
conveyance direction of the troughs 31. The articles on a trough 31 may include articles for
which images are captured redundantly by two cameras 260.

[0098] The combination weighing device 210 according to the third embodiment has the same
features as described above in sections (3-1) through (3-4) of the first embodiment.

<Modifications>

[0099] Modifications of the above embodiments are described below. The modifications
described below may be combined with other modifications insofar as the modifications are not
inconsistent with each other.

(1) Modification A

[0100] In the combination weighing devices 10, 110, 210 according to the first through third
embodiments, radial feeders 30 are arranged so that a plurality of troughs 31 extend radially
from the dispersing table 20, but the combination weighing device according to the present
invention is not limited to this type of combination weighing device.

[0101] For example, the combination weighing device according to the present invention may
be configured as a combination weighing device 410 in which a plurality of conveyance feeders
430 extend parallel to each other from a supply hopper 420, such as illustrated in FIG. 8.

[0102] The combination weighing device 410 will next be described.

[0103] In the combination weighing device 410, a cross feeder 90 supplies articles to a supply
hopper 420, on a bottom surface of which a plurality of (fourteen, for example) supply holes
421 are formed. The supply hopper 420 is an example of the dispersing means, and disperses
and supplies articles supplied thereto to a plurality of conveyance feeders 430 extending in the
same direction from below the respective supply holes 421. The articles supplied from the
supply hopper 420 to the conveyance feeders 430 are conveyed on troughs 431 provided to
the conveyance feeders 430 to weighing hoppers 450 which respectively correspond to the
troughs 431. Each of the troughs 431 is formed so as to be concave and opens at a top
thereof, and has side walls 431a for surrounding sides of an article conveyance path same as
the troughs 31 of the combination weighing device 10 according to the first embodiment. The
side walls 431a extends upward and along a conveyance direction of the radial feeders 430
(see FIG. 8). The shape of the side walls 431a is the same as that of the side walls 31a of the
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combination weighing device 10 according to the first embodiment, and the shape of the side
walls 431a has the highest portion thereof on the downstream side relative to a center part of
the troughs 431 in the conveyance direction of the articles of the conveyance feeders 430.

[0104] Cameras 460 are arranged on an opposite side of the supply hopper 420 with respect
to the conveyance feeders 430 (see FIG. 8). The cameras 460 are installed in portions further
upstream in the conveyance direction of the articles than the center parts of the troughs 431 in
the article conveyance direction of the conveyance feeders 430. Each of the cameras 460
captures an image of articles on a plurality of troughs 431. An image of the articles on any of
the troughs 431 is captured by at least one camera 460. The cameras 460 capture an image
of the articles from above the conveyance feeders 430, in an obliquely downward direction
from the upstream side to the downstream side in the conveyance direction of the conveyance
feeders 430. In other words, the cameras 460 sense the physical quantity for assessing the
quantity of articles loaded on the troughs 431 of the conveyance feeders 430, from above the
conveyance feeders 430 and in an obliquely downward direction from the upstream side to the
downstream side in the conveyance direction of the articles of the conveyance feeders 430.
The cameras 460 capture an image of the respective troughs 431 as a whole. In other words,
the cameras 460 are installed in a position and orientation whereby an image of the articles on
each of the troughs 431 can be captured over an entire range from a boundary portion
between the supply hopper 420 and that trough 431 to end part on the weighing hopper 450
side of that trough 431.

[0105] The combination weighing device 410 configured such as described above also has the
same features as described above in sections (3-1) and sections (3-3) through (3-5) of the first
embodiment.

(2) Modification B

[0106] In the combination weighing devices 10, 110, 210 according to the first through third
embodiments, the control device 70 changes an operating parameter such as the oscillation
intensity and/or oscillation time of the radial feeders 30 based on the physical quantity for
assessing the quantity of articles loaded on the troughs 31, obtained from images captured by
the cameras 60, 160, 260. However, the present invention is not limited to this configuration.

[0107] For example, a configuration may be adopted whereby, instead of the control device 70
of the combination weighing device 10, 110, 210 changing operating parameters, a worker
changes operating parameters such as the oscillation intensity or oscillation time of the radial
feeders 30 through use of the touch panel 75, based on the physical quantity for assessing the
quantity of articles loaded on the troughs 31, obtained from images captured by cameras 60.
The worker may also sense an abnormality in the radial feeders 30 based on the images
captured by the camera 60 and perform necessary maintenance work.

(3) Modification C
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[0108] In the combination weighing devices 10, 110, 210 according to the first through third
embodiments, the image captured by the cameras 60, 160, 260 is displayed without
modification thereof on the touch panel 75. However, the present invention is not limited to this
configuration. For example, in such cases as when the image captured by the cameras 60,
160, 260 is distorted, image processing may be performed for correcting the distortion, and the
processed image may be displayed on the touch panel 75.

[0109] When images of the articles on the troughs 31 are captured by a plurality of cameras
60, 260, as in the combination weighing devices 10, 210 according to the first and third
embodiments, an image obtained by synthesizing a plurality of captured images into a single
image may be displayed on the touch panel 75.

(4) Modification D

[0110] In the combination weighing devices 10, 110, 210 according to the first through third
embodiments, the cameras 60, 160, 260 capture an image of the articles on each of the
troughs 31 over the entire range from a boundary portion between the dispersing table 20 and
that trough 31 to external peripheral end parts of that trough 31. However, the present
invention is not limited to this configuration. On the downstream sides of the radial feeders 30,
articles are prevented from moving between troughs 31 by the side walls 31a, and the
conveyance state of articles on the troughs 31 is readily estimated, as described above, and it
is therefore sufficient insofar as the cameras 60, 160, 260 capture an image of at least the
upstream sides of the troughs 31 (sense the physical quantity for assessing the quantity of
articles loaded on the upstream sides of the troughs 31). An image of the boundary portion
between the dispersing table 20 and the troughs 31 is preferably captured.

[0111] However, in order to more accurately assess the conveyance state of articles on the
troughs 31 and accurately assess the physical quantity relating to the articles on the troughs
31, the cameras 60, 160, 260 preferably capture an image of the conveyance state of the
articles which spans the troughs 31 as a whole.

(5) Modification E

[0112] There are three cameras 60 in the combination weighing device 10 according to the
first embodiment, but this number of cameras 60 is given by way of example, and the present
invention is not limited to this configuration. For example, the number of cameras 60 may be
two, or four or more.

[0113] It is sufficient insofar as the horizontal view angle of the lenses of the cameras 60 is
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determined according to the number of cameras 60 and the desired image to be captured. The
larger the horizontal view angle of the lens of each camera 60 is, the more possible it is to
capture an image of the state of article conveyance on all of the troughs 31 using less number
of cameras 60. However, the larger the horizontal view angle of the cameras 60 is, the more
that distortion occurs at peripheral edges of the captured image. A smaller horizontal view
angle of the lenses of the cameras 60 is preferred in order to obtain a distortion-free image.

[0114] For example, a camera 60 may be provided to each of the radial feeders 30 in order to
capture a detailed image of the conveyance state of articles on each of the troughs 31 in the
combination weighing device 10. However, the number of cameras 60 is preferably kept as
small as possible in a range allowing the necessary image to be obtained, in order to minimize
the manufacturing cost of the combination weighing device 10.

(6) Modification F

[0115] The camera 160 is an omnidirectional camera in the combination weighing device 110
according to the second embodiment, but the present invention is not limited to this
configuration. For example, the combination weighing device 110 may be configured so that a
plurality of cameras the same as the cameras 60 of the combination weighing device 10
according to the first embodiment are attached as cameras 160 to the support brackets 160a,
and an image of the state of article conveyance on the troughs 31 is captured by the plurality
of cameras 160.

[0116] However, the use of an omnidirectional camera makes it possible to minimize the
number of cameras and to minimize the manufacturing cost of the combination weighing
device 110. The use of an omnidirectional camera as the camera 160 also makes it possible to
assess the state of article conveyance on all of the troughs 31 by a single captured image. The
camera 160 is therefore preferably an omnidirectional camera.

(7) Modification G

[0117] There are four cameras 260 in the combination weighing device 210 according to the
third embodiment, but this number of cameras 260 is given by way of example, and the
present invention is not limited to this configuration. It is sufficient insofar as the number of
cameras 260 is appropriately determined so that an image of the conveyance state of articles
on all of the troughs 31 can be captured with the necessary image quality.

(8) Modification H

[0118] In the combination weighing device 210 according to the third embodiment, the external



DK/EP 3098580 T3

peripheral surface of the charge chute 291 is mirror finished, and a mirror image reflected by
the charge chute 291 is captured by the cameras 260. However, the present invention is not
limited to this configuration. For example, instead of mirror-finishing the charge chute 291, a
mirror for producing a mirror image may be installed on the external peripheral surface of the
charge chute 291. However, providing a separate mirror increases the number of components
of the combination weighing device 210, and mirror-finishing the external peripheral surface of
the charge chute 291 is therefore preferred in order to minimize the number of components.

(9) Modification |

[0119] The cameras 60, 160 are attached to the charge chute 91 in the combination weighing
devices 10, 110 according to the first and second embodiments, but the present invention is
not limited to this configuration. For example, support brackets 82 extending from the main
body frame 81 may be provided in the combination weighing devices 10, 110 in the same
manner as in the combination weighing device 210 according to the third embodiment, and
cameras 60, 160 may be supported by the support brackets 82 in the same positions as the
installation positions for the cameras 60, 160 of the combination weighing devices 10, 110.
However, when a charge chute 91 is present, the cameras 60, 160 are preferably attached to
the charge chute 91 in order to minimize the manufacturing cost of the combination weighing
devices 10, 110.

(10) Modification J

[0120] The combination weighing devices 10, 110, 120 according to the first through third
embodiments have the charge chute 91, but this configuration is not limiting, and the charge
chute 91 may also be omitted. However, the charge chute 91 is preferably provided in order to
prevent articles supplied from the cross feeder 90 from scattering out of the dispersing table
20.

(11) Modification K

[0121] The radial feeders 30 have side walls 31a in the combination weighing devices 10, 110,
120 according to the first through third embodiments, but this configuration is not limiting, and
the radial feeders 30 may not have side walls 31a. However, the side walls 31a are preferably
provided to the radial feeders 30 in order to prevent articles from moving between radial
feeders 30.

(12) Modification L
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[0122] The number of conveyance/weighing mechanisms 300 is fourteen in the combination
weighing devices 10, 110, 210 according to the first through third embodiments, but this
number of conveyance/weighing mechanisms 300 is given by way of example, and the present
invention is not limited to this configuration.

(13) Modification M

[0123] The cameras 60, 160, 260 as sensing means in the combination weighing devices 10,
110, 210 according to the first through third embodiments may be time-of-flight (TOF)-type
cameras. A TOF-type camera has an LED or other light source and an imaging part, and can
measure a distance to articles by measuring a delay time taken for light radiated from the light
source to reflect on the article and return to the imaging part. When a distance acquired in this
manner is used, the stacking height of articles on the troughs 31 is easily sensed as a physical
quantity for assessing the quantity of articles loaded on the troughs 31, for example.

(14) Modification N

[0124] Sensing means other than cameras may be used in the combination weighing devices
10, 110, 210 according to the first through third embodiments.

[0125] The sensing means may be an optical displacement sensor, for example. An optical
displacement sensor has a light source and a light-receiving element (position-sensitive device
(PSD) and/or a charge-coupled device (CCD) or the like), and can measure the distance to
articles by perceiving a change in the position at which light radiated from the light source and
reflected by the articles forms an image on the light-receiving element. When the optical
displacement sensor is configured so as to radiate light from the light source from a location
which is above the radial feeders 30 and other than directly above the charge chute 91, in an
obliquely downward direction from the upstream side to the downstream side in the
conveyance direction of the radial feeders 30, and receive reflected light through use of the
light-receiving element, for example, the optical displacement sensor can accurately sense the
stacking height or another characteristic of the articles on the troughs 31 as a physical quantity
for assessing the quantity of articles loaded on the troughs 31.

[0126] The sensing means may also be an ultrasonic displacement sensor, for example. The
ultrasonic displacement sensor has a sensor head for emitting ultrasonic waves and receiving
ultrasonic waves reflected from articles, and can measure the distance to the articles by
measuring a time difference between emission and reception of the ultrasonic waves. When
the ultrasonic displacement sensor is configured so as to emit ultrasonic waves from the
sensor head from a location which is above the radial feeders 30 and other than directly above
the charge chute 91, in an obliquely downward direction from the upstream side to the
downstream side in the conveyance direction of the radial feeders 30, and receive reflected
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ultrasonic waves through use of the sensor head, for example, the ultrasonic displacement
sensor can accurately sense the stacking height or another characteristic of the articles on the
troughs 31 as a physical quantity for assessing the quantity of articles loaded on the troughs
31.

[0127] The sensing means may also be configured so as to measure a loading state of articles
on the troughs 31 from a location which is above the radial feeders 30 and other than directly
above the charge chute 91, in an obliquely downward direction from the upstream side to the
downstream side in the conveyance direction of the radial feeders 30, and sense the stacking
height and/or the sparseness or density of the articles on the troughs 31 as a physical quantity
for assessing the quantity of articles loaded on the troughs 31 using a light-section method
and/or a pattern irradiation method or the like.

INDUSTRIAL APPLICABILITY

[0128] The combination weighing device according to the present invention is useful as a
combination weighing device whereby a physical quantity for assessing the quantity of articles
loaded on a conveyance path for conveying articles to a weighing part can be accurately
sensed in non-contact manner in order to appropriately control the supplying of articles to the
weighing part, without the sensing being affected by a structure above the combination
weighing device and/or side walls provided to sides of the conveyance path.

REFERENCE SIGNS LIST

[0129]

10, 110, 210, 410
combination weighing device

20

dispersing table (dispersing means)
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weighing hopper (weighing part)
60, 160, 260, 460

camera (imaging means)
91, 291

charge chute
430

radial feeder (conveyance means)
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Patentkrav

1. Kombinationsvaegtindretning (10) omfattende:

en flerhed af transportmidler (30), der hver er indrettet til at transportere genstande
til en vejedel, hvor hvert af transportmidlerne (30) har sidevaegge (31a) til at omgive
en side af en transportvej for en genstand, hvor sideveeggene (31a) straekker sig opad
og langs en transportretning af genstandene; og

et registreringsmiddel (60), der er indrettet til, pd en kontaktfri made, at registrere
en fysisk maengde til vurdering af en maengde af genstande, der er laesset pa trans-
portmidlerne (30),

hvor registreringsmidlet (60) er indrettet til at registrere den fysiske mangde fra oven
over transportmidlerne (30), og i en skrat nedadgaende retning fra en opstrgmsside
til en nedstrgmsside i transportretningen,

hvor registreringsmidlet (60) er en flerhed af kameraer, der er indrettet til at optage
et billede af genstandene pa transportmidlerne (30) over et helt omrade af transport-
midlerne fra en opstremsende til en nedstrgmsende i transportretningen,

hvor de respektive kameraer er indrettet til at optage billedet af genstandene pa to
eller flere af transportmidlerne til registrering af den fysiske mangde for de to eller

flere transportmidler (30).

2. Kombinationsvaegtindretning (10) ifglge krav 1, hvor kombinationsvaegtindretnin-
gen yderligere omfatter:

et spredemiddel (20), der er indrettet til at sprede og tilfgre genstandene til trans-
portmidlerne (30); og

en pafyldningssliske (91), som genstande, der skal tilfgres til spredemidlet (20), er
indrettet til at blive fyldt ind i, hvor pafyldningsslisken er anbragt over spredemidlet,
hvor registreringsmidlet (60) er indrettet til at registrere den fysiske maengde fra en
lokation, som er over transportmidlerne (30) og ikke direkte over pafyldningsslisken
(91).

3. Kombinationsvaegtindretning (10) ifglge krav 1 eller 2, hvor
sidevaeggene (31a) har en hgjeste del deraf pa en nedstrgmsside i forhold til en mid-

terdel af transportmidlerne (30) i transportretningen.

4. Kombinationsveegtindretning (10) ifglge et hvilket som helst af kravene 1 til 3, hvor

kombinationsvaegtindretningen (10) indbefatter et eller flere registreringsmidler
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(60), og
hvert af registreringsmidlerne (60) er indrettet til at registrere den fysiske maengde

af genstande pa to eller flere af transportmidlerne (30).

5. Kombinationsvaegtindretning (10) ifglge et hvilket som helst af kravene 1 til 4, hvor
registreringsmidlet (60) er installeret i en del laengere opstrgms i transportretningen

end en midterdel af transportmidlerne (30) i transportretningen.
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DRAWINGS

FIG. 1
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