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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the manufac-
ture of corrugated boards generally and in particular, to
the accurate assessment of the number of boards,
boxes or similar items within a stack,

BACKGROUND OF THE INVENTION

[0002] Corrugated boards are generally produced on
an automated line in which web guiding systems are
commonly used to correctly guide and tension the mate-
rial on the web. Since the board material which is
guided in web form is generally thin, there is a tendency
for the material to wander from its correct alignment on
the web. Other factors, such as material irregularity, web
speed or faulty machinery, are also liable to lead to a
percentage of the manufactured boards being sub-
standard. Generally, these sub-standard boards are
removed during the production process. Generally, the
corrugated boards are stacked in piles of several hun-
dred, commonly 400 boards per stack.

[0003] Reference is now made to Fig. 1 which illus-
trates three stacks, designated 10A, 10B and 10C, of
manufactured boards 12 being conveyed together along
the corrugated board production line, generally desig-
nated 1. Each of the sticks contains a plurality of corru-
gated boards 12, laid one on top of each other. In the
typical example, shown in Fig. 1, stack 10A contains
more boards than stack 10B and stack 10C contains
more boards than 10A.

[0004] An enlarged detail of the top of stacks 10A and
10B is shown in Fig.2, to which reference is now made.
The top rows of the corrugated boards are referenced
14, 16, 18 and 20 in stack 10A, and 22 and 24 in stack
10B. Stack 10A contains two extra boards, 14 and 16.
Boards 18 and 20 of stack 10A are aligned with boards
22 and 24 of stack 10B.

[0005] During manufacture, the width of the boards
may vary, as exaggerately illustrated in Fig. 2, so that
board 16 is narrower than boards 14 and 18, for exam-
ple.

[0006] The depth of each corrugated board may vary
so that it is not possible to measure the total height of a
stack in order to calculate the number of boards con-
tained therein.

[0007] Since sub-standard boards are removed during
the production process from any or all of the stacks, the
final number of boards in each stack will vary and fur-
thermore, the manufacturer cannot easily determine
their number. Since the purchaser is paying for a stack
of 400, say, any shortfall is made up by the manufac-
turer. Usually, manufacturers add 10 - 20 extra boards to
each pack to satisfy the purchaser. This over-compen-
sation by the manufacturer is inefficient and costly.
[0008] The applicant has realized that since each cor-
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rugated board has a characteristic but distinctive flute or
"wave corrugation”, it is possible to determine the
number of boards in a stack by counting the number of
"wave corrugations”. One possible system, illustrated in
Fig. 3, utilizes a camera 30 together with a parabolic
reflector 32 to "scan” a stack 34 of corrugated boards
36. However, it was found that in order to scan the whole
stack, the camera has to be placed far away from the
stack. The resultant resolution was too low to accurately
determine the number of boards.

[0009] An alternative configuration used a plurality of
cameras, each of which scanned a portion of the stack.
For example, it was found that to obtain a high enough
resolution, each camera could only scan 40 boards.
Since, the standard stack contains approximately 400
boards, ten cameras would be needed. In addition to
being costly, it is difficult to ascertain where each cam-
era begins and ends its "scan”. To overcome the prob-
lem of scan overlap, a "laser pointer is additionally
required.

[0010] The previous embodiments have the further
disadvantage in that the line must be stationary at the
time the scan takes place.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to provide
a method and system for accurately ascertaining the
number of produced corrugated boards, boxes and sim-
ilar items which overcomes the limitations and disad-
vantages of existing systems.

[0012] A further object of the present invention is to
provide a method and system for accurately ascertain-
ing the number of ltems within a stack of items whether
static or moving on a production line.

[0013] A yet further object of the present invention is
to accurately ascertaining the number of items within
each of a plurality of a stack of items, adjacent to each
other.

[0014] There is thus provided, in accordance with a
preferred embodiment of the present invention, a sys-
tem for determining the number of boards within a stack
of boards, each board having a characteristic configura-
tion. The system includes an imaging device attached to
a moveable carriage, the imaging device being actuated
to move to image the stack of boards and a processing
unit, coupled to the imaging device, for identifying the
characteristic configuration of each of the stack of
boards from the scanned images.

[0015] Additionally, there is provided, in accordance
with a preferred embodiment of the present invention, a
system for determining the number of boards within
each of a plurality of stacks of boards adjacent to each
other, each board having a characteristic configuration.
The system includes an imaging device attached to a
moveable carriage, the imaging device being actuated
to move to image the proximate stack of boards, a
processing unit, coupled to the imaging device, for iden-
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tifying the characteristic configuration of each of the
imaged stack of boards and a height sensor coupled to
the processing unit, for determining the height of each
of the plurality of stacks of boards.

[0016] Furthermore, in accordance with a preferred
embodiment of the present invention, the stack of
boards are moving along a production line.

[0017] Furthermore, in accordance with a preferred
embodiment of the present invention, the boards are
corrugated boards and the common characteristic con-
figuration is a sine-wave.

[0018] Additionally, in accordance with a preferred
embodiment of the present invention, the movement of
the imaging device is coordinated with the movement of
the production line. The movement of the imaging
device is generally perpendicular to the stack of boards.
[0019] Furthermore, in accordance with a preferred
embodiment of the present invention, the height sensor
is an ultrasonic sensor or a laser displacement sensor.
[0020] Furthermore, in accordance with a preferred
embodiment of the present invention, the imaging
device is a charge coupled device (CCD) camera.
[0021] Additionally, there is provided, in accordance
with a preferred embodiment of the present invention, a
method for determining the number of boards within a
stack of boards, each board having a common charac-
teristic configuration. The method includes the steps of:

a) imaging the stack of boards; and
b) identifying the characteristic configuration for
each of the imaged stack of boards.

[0022] This method further includes the step of meas-
uring the height of the imaged stack of boards.

[0023] Furthermore, there is provided, in accordance
with a preferred embodiment of the present invention, a
method for determining the number of boards within
each of a plurality of stacks of boards adjacent to each
other, each board having a common characteristic con-
figuration. The method includes the steps of:

a) imaging the stack of boards, proximate to the
imaging device;

b) identifying the characteristic configuration for
each of the imaged stack of boards;

¢) counting the number of boards within the imaged
stack of boards;

d) measuring the height of each of the plurality of
stacks of boards; and

e) comparing the measured heights of each of the
plurality of stacks of boards to count the number of
boards within each of the adjacent stacks of
boards.

[0024] Furthermore, in accordance with a preferred
embodiment of the present invention, the identifying
step includes the steps of;
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a) correcting for non-uniform illumination;
b) determining the type of sheet and type of charac-
teristic configuration; and
¢) applying a filter to the characteristic configuration
shape.
[0025] The determining step includes the steps of:
a) scanning the stack a multiplicity of times; and

b) applying statistical analytical procedures to indi-
vidually recognize and identify each of the boards.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The present invention will be understood and
appreciated more fully from the following detailed
description taken in conjunction with the appended
drawings in which:

Fig. 1 is a schematic isometric illustration of manu-
factured corrugated boards;

Fig. 2 is an enlarged detail of corrugated boards at
the top of a stack of boards;

Fig. 3 is a schematic illustration of a prior art system
for scanning a plurality of corrugated boards;

Fig. 4 is a generally isometric illustration of a sys-
tem for determining the number of corrugated
boards on a moving production line, constructed
and operative in accordance with a preferred
embodiment of the present invention;

Fig. 5 is a generally isometric illustration of a sys-
tem for determining the number of corrugated
boards on a moving production line constructed
and operative according to a further preferred
embodiment of the present invention; and

Fig. 6 is a flow chart illustration of the method for
determining the number of boards within a stack.

DETAILED DESCRIPTION OF THE PRESENT INVEN-
TION

[0027] The applicant has realized that it is possible to
accurately determine the number of corrugated boards
or boxes in a stack on a moving production line by utiliz-
ing a single movable imaging device to scan the line.
For the purposes of example only, reference hereinbe-
low is made to corrugated boards but it will be appreci-
ated that the a description is also applicable to boxes
and other similar items stored in a pile.

[0028] Reference is now made to Fig. 4 which is a
generally isometric illustration of a system for determin-
ing the number of corrugated boards on a moving pro-
duction line, generally referenced 40, constructed and
operative according to a preferred embodiment of the
present invention.

[0029] The production line 40 comprises a stack 10 of
manufactured boards. The stack 10, which is similar to
the stack 10A, described hereinabove with respect to
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Fig. 1, contains a plurality of manufactured boards 12.

[0030] The board counting system comprises an
imaging device 50, attached to a moveable carriage 52
and a processing unit 54 coupled to the imaging device
50. Production line 40 moves in a generally longitudinal
direction, indicated by arrow 56.

[0031] The moveable carriage 52 is suitably attached
to a stand 60 which allows the moveable carriage 52 to
move in a generally vertical direction, indicated by arrow
58, that is perpendicular to the movement of the boards.
[0032] Theimaging device 50 scans the boards as the
production line 40 moves across (arrow 56) the cam-
era’s field of view. The imaging device 50 is initially set
in line with the top of the stack 10 and as the imaging
device 50 scans the stack of boards, the carriage 52 is
actuated to move downwards (arrow 58). Imaging
device 50 initially images the characteristic "wave" of
the leftmost edge of the top board stack 10. The move-
ment of imaging device 50 is coordinated with the move-
ment of the production line 40, so that the imaging
device 50 scans the stack of boards from top to bottom
during the time it takes for the stack of boards to move
across the imaging device, thereby ensuring that all the
boards are scanned. At the end of the scan, imaging
device 50 images the rightmost edge of the bottom
board.

[0033] Processing unit 54 processes the scanned
data received from imaging device 50 and by identifying
the waveform of the corrugated boards computes the
number of boards within the stack.

[0034] Imaging device 50, which is preferably any suit-
able CCD (charge coupled device) camera, known in
the art, transmits the images scanned to processing unit
54.

[0035] The processing unit 54 comprises a suitable
computer arrangement, known in the art, such as a PC
(personal computer) having memory, storage input and
display monitor capabilities.

[0036] As previously described hereinabove, the cor-
rugated boards 12 have a distinctive flute or waveform
when viewed from the front. Each wave represents a
single board 12. By vertically scanning a stack of
boards, the change ins image represented by the scan-
ning of the wave can be specifically identified. Process-
ing unit 54 converts the scanned waves into a number of
boards. The number of boards can be displayed on the
attached monitor.

[0037] For the purposes of example only, and without
being in any way limiting to the invention, an imaging
device moving at a rate of 1-2 meters per minute can
scan a standard stack of approximately 400 corrugated
boards (having a length of approximately 2 meters),
traveling on a line moving at a rate of 1 - 2 meters per
second in less than 2 seconds.

[0038] Since the imaging device 50 can move in a ver-
tical direction and is able to scan any stack height, the
imaging device 50 can be located close to the produc-
tion line 40 thus allowing for a high resolution scan of
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the image.

[0039] Reference is flaw made to Fig. 5 which is a
generally isometric illustration of a further embodiment
of a system for determining the number of corrugated
boards on a moving production line, constructed and
operative according to a preferred embodiment of the
present invention.

[0040] The production line 40 of Fig. 5 is similar to the
line, described hereinabove with respect to Fig. 1. That
is, the production line 40 comprises a plurality of stacks,
referenced 10A, 10B and 10C, of manufactured boards,
generally designated 12. In the example of Fig. 5 (simi-
lar to Fig. 1), stack 10A, contains more boards than
stack 10B and stack 10C contains more boards than
10A.

[0041] The board counting system, illustrated in Fig.
5, is similar to the elements which have been previously
described hereinabove, with respect to the preferred
embodiment of Fig. 4. That is, the board counting sys-
tem comprises a imaging device 50, attached to a
moveable carriage 52, and a processing unit 54 coupled
to imaging device 50. Production line 40 moves in a
generally longitudinal direction, indicated by arrow 56
and Imaging device 50 scans the proximate stack of
boards 10A as carriage 52 is actuated to move down-
wards (arrow 58) along stand 60. Similar elements are
similarly designated and will not be further described.
[0042] The embodiment of Fig. 5 further comprises a
height sensor, generally designated 70, schematically
shown located above the stacks 10A, 10B and 10C.
Height sensor 70 is any suitable sensing device, known
in the art, capable of high resolution and accurate
measurement, to determine the difference in the heights
of the stacks 10A, 10B and 10C. An exemplary sensor
is a semiconductor laser displacement sensor, such as
the LB series, manufactured by Keyence Corp. of
Osaka, Japan. The LB laser displacement sensor also
has a wide measuring range eliminating the need to
reposition the sensor head for the various stacks of
boards.

[0043] Alternatively, the height differences between
the stacks 10A, 10B and 10C, may be determined by an
ultrasonic sensor, such as the MIC-301/U, manufactured
by "Microsonic Gmbh" of Dortmund, Germany. The
MIC-301/U uses a narrow ultrasonic beam to emit short
burst impulses. The time taken for the impulse to return
is used to calculate the distance to the detected object
[0044] Height sensor 70 can be actuated to move ina
generally horizontal direction (indicated by arrow 72,
perpendicular to the longitudinal direction of the moving
stacks (arrow 56).

[0045] Knowing the initial number of boards in stack
10A from the imaging carried out by imaging device 50,
and the height of a standard corrugated board 12, it is
thus possible, by reference to the differential readings
for each of the stacks 10A, 10B and 10C, to also accu-
rately ascertain the number of boards in stacks 10B and
10C.
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[0046] Reference is now made to Fig. 6 which is a flow
chart illustration of the method for determining the
number of boards within a stack. The method individu-
ally recognizes and identifies each board.

[0047] In step 202, a correction is made, for non-uni-
form lllumination to correct for non-homogeneous light-
ing thereby to ensure that each board receives a
uniform amount of illumination. In step 204, the start
and end of the stack of boards being counted is deter-
mined.

[0048] A statistical analysis of the properties of the
boards is carried out to determine the type of board,
whether single, double or triple is made (step 206). Non-
linear filtering is used to determine the type of flute (step
208). The height and pitch of the flute is scanned a mul-
titude of times (non-limiting example being at least 500
times) in order to statistically obtain an accurate indica-
tion of the type and number of boards and to overcome
inaccuracies due to obscured boards, for example.
[0049] A filter is then applied in order to reduce the
flute to a single white strip. (step 210), Finally, the
number of strips is counted (each strip thus represent-
ing a single board), to accurately calculate the number
of boards within the stack (step 212). That is, each
board in the stack is individually recognized and identi-
fied.

[0050] It will be appreciated by persons skilled in the
art that the invention is applicable to any type of board
having a characteristic configuration and not restricted
to stacks of corrugated boards. Furthermore, the inven-
tion is applicable to boards stacked horizontally, in
which case, the imaging device would scan in a gener-
ally horizontal direction to identify the characteristic con-
figuration of the boards. Additionally, the invention is
applicable to static stacks of items as well as items on a
production line. A short time exposure camera can also
be used to obtain the image of he stack to be counted.
[0051] Furthermore, it will be appreciated by persons
skilled in the art that the present invention

[0052] It will be appreciated by persons skilled in the
art that the present invention is not limited by what has
been particularly shown and described herein above,
Rather the scope of the invention is defined by the
claims which follow:

Claims

1. A system for determining the number of items
within a stack of items, each item having a charac-
teristic configuration, the system comprising:

a) an imaging device attached to a moveable
carriage, said imaging device being actuated to
move to image said stack of items; and

b) a processing unit, coupled to said imaging
device, for identifying the characteristic config-
uration of each of said stack of items from said
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scanned images.

2. A system for determining the number of items
within each of a plurality of stacks of items adjacent
to each other, each item having a characteristic
configuration, the system comprising:

a) an imaging device attached to a moveable
carriage, said imaging device being actuated to
move to image a proximate stack of items:

b) a processing unit, coupled to said imaging
device, for identifying the characteristic config-
uration of each of said imaged stack of items
from said scanned images; and

¢) a height sensor coupled to said processing
unit, for determining the height of each of said
plurality of stacks of items.

3. A system according to claim 2 and wherein said
height sensor is actuated to move in a direction,
perpendicular to the direction of movement of said
production line.

4. A system according to any of claims 2-3 and
wherein said height sensor is a laser displacement
sensor or an ultrasonic sensor.

5. A system according to any of claims 1-4 wherein
said stack of items are moving along a production
line.

6. A system according to claim 4 and wherein the
movement of said imaging device is coordinated
with the movement of said production line.

7. A system according to any of claims 1 - 6 wherein
said items are corrugated boards and said common
characteristic configuration is at least one sine-
wave.

8. A system according to any of claims 1 - 7 wherein
the movement of said imaging device is generally
perpendicular or parallel to the stack of items.

9. A system according to any of claims 1 - 8 wherein
said imaging device is a charge coupled device
(CCD) camera.

10. A method for determining the number of items
within a stack of items, each item having a common
characteristic configuration, the method comprising
the steps of:

imaging said stack of items; and
identifying said characteristic configuration for
each of said imaged stack of items.
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A method for determining the number of items
within each of a plurality of stacks of items adjacent
to each other, each item having a common charac-
teristic configuration, the method comprising the
steps of:

imaging said stack of items, proximate to the
imaging device;

identifying said characteristic configuration for
each of said imaged stack of items;

counting the number of items within said
imaged stack of items;

measuring the height of each of said plurality of
stacks of items; and

comparing the measured heights of each of
said plurality of stacks of items to count the
number of items within each of said adjacent
stacks of items.

A method according to any of claims 10-11 and fur-
ther comprising the step of coordinating the move-
ment of the imaging device.

A method according to any of claims 10-11 wherein
said identifying step comprises the steps of:

correcting for non-uniform illumination;
determining the type of sheet and type of char-
acteristic configuration; and

applying a filter to said characteristic configura-
tion shape.

A method according to claim 13 wherein said deter-
mining step comprises the steps of:

scanning said stack a multiplicity of times; and
applying statistical analytical procedures to
individually recognize and identify each of said
items.

A method according to any of claims 10-14 and fur-
ther comprising the step of measuring the height of
said imaged stack of items.

A method according to any of claims 10-15 and fur-
ther comprising the step of coordinating the move-
ment of the imaging device.

A method according to any of claims 10-16 wherein
said item is any of a group including corrugated
boards and boxes.
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