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DESCRIPTION
INSPECTION METHOD, INSPECTION AND REPORTING
METHOD, MANUFACTURING METHOD INCLUDING THE INSPECTION
METHOD, INSPECTION APPARATUS, AND MANUFACTURING
APPARATUS

TECHNICAL FIELD

The present invention relates to an inspection
method for inspecting a board-shaped inspection object,
an 1inspection and reporting method, a manufacturing
method for manufacturing a board with a pattern and
including the inspection method, an inspection apparatus,
and a manufacturing apparatus for manufacturing a board

patterned with hole-1like dents.

BACKGROUND ART

Processed product surfaces of large-size
building boards such as gypsum boards have been visually
inspected by workers.

However, because processed product surfaces
have wvarious shapes and patterns, it is laborious for
workers to wvisually inspect the processed product
surfaces to detect defects.

Also, when processed product surfaces have a
complex pattern, it is often difficult to detect
irregularities of the pattern and differentiate between
pattern elements and flaws by visual inspection.
Accordingly, defective products cannot be removed
completely by visual inspection and may remain in final
products. For the above reasons, there is a demand for a
machine that can inspect even complex patterns.

For example, Patent Document 1 proposes an inspection

apparatus that inspects an inspection object having a
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vertical pattern represented by a grayscale 1image by

using image processing.

[Related-Art Document]
[Patent Document]
[Patent Document 1] Japanese Laid-Open Patent

Publication No. 2000-132684

However, the ©proposed inspection apparatus
only detects foreign matter in regqular vertical patterns
and can inspect only limited types of patterns on
inspection objects. Also, the proposed 1inspection
apparatus cannot detect irregularities of the pattern.
SUMMARY OF INVENTION

Preferred embodiments of the present invention
aim to provide an inspection method that can improve
inspection efficiency —regardless of the types of
patterns on inspection objects.

An aspect of the present invention provides an
inspection method for inspecting a board-shaped
inspection object with a pattern. The inspection method
includes an imaging step of capturing an original image
of an inspection surface of the inspection object, a
digitization step of generating an 1image with two or
three gradation levels by digitizing the original image
captured by the imaging step using a threshold, and a
determination step of inspecting the inspection object
using the image generated by the digitization step. The
pattern of the inspection object is comprised of hole-
like dents formed on the inspection surface with a white
or high-brightness color, and the determination step
includes a pattern determining step of determining

whether a ratio of an area occupied by the pattern
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comprised of the hole-1like dents is within a
predetermined range using the image generated Dby the
digitization step and thereby determining whether the
inspection object is acceptable, wherein the
determination step includes a defect determining step of
comparing the image generated by the digitization step
with a reference image used as a comparison criterion
for inspection to determine whether a defect exists on
the inspection surface of the inspection object and
determine whether the inspection object is acceptable.
Another aspect of the invention provides a
manufacturing method for manufacturing a board patterned
with hole-1like dents, the manufacturing method
comprising: a step of obtaining a processing object by
molding a material into a board shape; a processing step
of forming a pattern on the processing object, the
processing step including a pressing step of pressing an
inspection surface of the processing object by a
pressing part including protrusions and indentations to
form the Thole-like dents; an inspection step of
inspecting, as an inspection object, the patterned board
on which the pattern is formed by the processing step;
and a processing control step of controlling the
processing step according to an inspection result of the
inspection step, wherein the inspection step includes an
imaging step of capturing an original image of an
inspection surface of the inspection object, a
digitization step of generating an image with two or
three gradation levels by digitizing the original image
captured by the imaging step using a threshold, and a
determination step of inspecting the inspection object
using the 1image generated Dby the digitization step,

wherein the determination step includes a defect
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determining step of comparing the image generated by the
digitization step with a reference image used as a
comparison criterion for inspection to determine whether
a defect exists on the inspection surface of the
inspection object and determine whether the inspection
object i1s acceptable.

A  further aspect of the present invention
provides an inspection apparatus for inspecting a board-
shaped inspection object patterned with hole-like dents,
the 1inspection apparatus comprising: an imager that
captures an 1image of an inspection surface of the
inspection object; a digitizer that generates an image
by binarizing or ternarizing the image of the inspection
surface; and a determining wunit that inspects the
inspection object wusing the 1mage generated Dby the
digitizer, wherein the determining unit is configured to
compare the 1image generated by the digitizer with a
reference 1image wused as a comparison criterion for
inspection to determine whether a defect exists on the
inspection surface of the inspection object and
determine whether the inspection object is acceptable.

Yet a further aspect of the present invention
provides a manufacturing apparatus for manufacturing a
gypsum board patterned with hole-like dents, the
manufacturing apparatus comprising: a processing
apparatus that forms hole-like dents on a processing
object shaped like a board; and an inspection apparatus
that inspects, as an inspection object, the processing
object on which the hole-like dents are formed by the
processing apparatus, wherein the inspection apparatus
includes an imager that captures an original image of a
surface of the inspection object, a digitizer that

generates an image with two or three gradation levels by
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digitizing the original image captured by the imager
using a threshold, and a determining unit that inspects
the inspection object using the image generated by the
digitizer, wherein the determining unit is configured to
compare the 1image generated by the digitizer with a
reference 1image used as a comparison criterion for
inspection to determine whether a defect exists on the
inspection surface of the inspection object and
determine whether the inspection object is acceptable.
Preferred embodiments of the ©present
invention make it possible to improve inspection
efficiency of an inspection method regardless of the

types of patterns on inspection objects.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a processing
and inspection system according to a first embodiment of
the present invention;

FIG. 2 is an elevational view of an inspection
system;

FIG. 3 is a perspective view of an inspection
apparatus;

FIG. 4 1is a side view of an inspection
apparatus and a chamfering apparatus;

FIG. 5 1s a Dblock diagram illustrating an
inspection apparatus and a control system;

FIG. 6 1is a flowchart illustrating an entire
manufacturing process;

FIG. 7 is a flowchart illustrating details of
an inspection step;

FIG. 8 is drawing used to describe
binarization;

FIG. 9 1is drawing used to describe pattern
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determination;

FIG. 10 1is a drawing i1llustrating detected
deteetssy

FIG. 11 is a drawing illustrating example 1 of
a detected defeckt;

FIG. 12 is a drawing illustrating example 2 of
a detected defect;

FIG. 13 1is a drawing 1llustrating a state
where a defect is being reported in an area around a
sorting table;

FIG. 14 is a drawing illustrating a processing
and inspection system according to a second embodiment
of the present invention;

FIG. 15 1is a drawing used to describe
formation of hole-like dents by a pressing apparatus;

FIG. 16 is a drawing illustrating differences
between patterns formed by two pressing apparatuses; and

FIG. 17 is a drawing illustrating inspection
results obtained after reducing differences between

patterns formed by two pressing apparatuses.

DESCRIPTION OF EMBODIMENTS
Embodiments of the ©present invention are
described Dbelow with reference to the accompanying

drawings.

<OVERALL DESCRIPTION>

FIG. 1 1is a perspective view of a processing
and 1inspection system (manufacturing apparatus) 1}
according to a first embodiment of the present invention.
FIG. 2 is a drawing used to describe an outline of an
inspection apparatus 10 in FIG. 1 and an inspection step

performed around the inspection apparatus 10.
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A Dboard-shaped object to be conveyed and
inspected in the present inventions is, for example, a
gypsum board. Gypsum boards are manufactured by forming
a long board-shaped material by calcining, molding, and
drying gypsum used as a raw material, cutting the board-
shaped material into boards, and forming a pattern on
each of the boards. Also, a resin sheet may be bonded to
a surface of each of the gypsum boards. The gypsum
boards manufactured as described above are used, for
example, as interior materials for ceilings and walls.

The thickness of a gypsum board to Dbe
processed is, for example, 9.5 mm, 12.5 mm, 15 mm, or 21
mm .

The size of a gypsum board to be processed is,
for example, 910 mm x 1820 mm (3 Japanese feet x 6
Japanese feet), 910 mm x 2420 mm (3 Japanese feet x 8
Japanese feet), 910 mm x 2730 mm (2 Japanese feet x 9
Japanese feet), 910 mm x 910 mm (3 Japanese feet x 3
Japanese feet), or 455 mm x 910 mm (1.5 Japanese feet x
3 Japanese feet).

Although the present invention can be applied
to a gypsum board with any thickness and any size, the
first embodiment is described based on an assumption
that a gypsum board has a size of 455 mm x 910 mm (1.5
Japanese feet x 3 Japanese feet).

As an example, the processing and inspection
system 1 includes a pressing apparatus 30, a painting
apparatus 40, the inspection apparatus 10, a reporting
apparatus 60, and a sorting (classifying) table 70 for
processing performed after formation of a board-shaped
material in a process of manufacturing a long gypsum
board.

A gypsum board formed by calcination, molding,
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and drying 1s cut into boards with a predetermined
length by a cutting apparatus (not shown). Each board Bl
obtained by cutting (which is hereafter referred to as a
predetermined-size board) has a size of, for example,
1.5 Japanese feet x 3 Japanese feet.

Here, it 1s assumed that a gypsum board
(patterned board) B3, which is an inspection object of
the first embodiment, has a travertine pattern that
includes a large number of fine hole-like dents on a
surface having a white or high-brightness color (e.g., a
cream color or a gray color).

The predetermined-size board Bl is conveyed as
a processing object to the pressing apparatus 30 that is
a processing apparatus (a press apparatus, a patterning
apparatus). The pressing apparatus 30 includes a planar
press 31, a pressure-applying part 32, and a support
table 33. Details of the pressing apparatus 30 are
described later with reference to FIG. 15.

The pressing apparatus 30 presses a surface on
which protrusions and indentations are formed against
the predetermined-size board Bl, which is a processing
object, to form a large number of fine hole-like dents
constituting the travertine pattern on the surface of
the predetermined-size board Bl.

A Dboard (dented board) B2 on which hole-1like
dents are formed is conveyed to the painting apparatus
40. A coating material applied by the painting apparatus
(paint applying apparatus) 40 is, for example, paint.
The color of the coating material is preferably white or
a high-brightness color close to white.

The painting apparatus 40 includes, ter
example, an application roller 42, a doctor roller 41, a

supplier 43, and a supply tube 44. The supply tube 44
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supplies paint to the supplier 43, and the supplier 43
supplies the paint to a position above an interface
between the doctor roller 41 and the application roller
42. The doctor roller 41 adjusts the amount of paint on
the surface of the application roller 42, and the
application roller 42 applies the paint to the surface
of the dented board B2. The supplier 43 extends in a
direction that is the same as the axial direction of the
application roller 42. The paint 1is applied to the
dented board B2 by the outer surface of the application
roller 42 that 1is in contact with the dented board B2.
Accordingly, the application roller 42 can apply the
paint so that the paint does not enter the holes formed
in the dented board B2.

The patterned board B3 on which the paint is
applied is conveyed to the inspection apparatus 10 and
inspected by the inspection apparatus 10. Details of the
inspection apparatus 10 are described later with
reference to FIGs. 3 through 5.

Edges of the inspected patterned board B3 are
processed (chamfered) by a chamfering apparatus 50. As
illustrated in FIG. 4, the chamfering apparatus 50
includes a left chamfering part 51 and a right
chamfering part 52 that are disposed on outer sides
(edges) 1in the width direction with respect to the
conveying direction, and chamfer two sides (cut away
right-angled edges) of the patterned board B3 that are
parallel to the conveying direction. For example, the
chamfering apparatus 50 cuts away right-angled edges of
the patterned board B3 to form sloping or round edges
and thereby form a completed board (processed board) B4.

In the example of FIG. 1, the chamfering

apparatus 50 1s disposed downstream of the inspection
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apparatus 10. However, the chamfering apparatus 50 may
be disposed upstream of the inspection apparatus 10 as
long as the chamfering apparatus 50 is disposed
downstream of the painting apparatus 40. Also, multiple
chamfering apparatuses 50 may be provided upstream and
downstream of the inspection apparatus 10 to perform
chamfering in stages.

Because sound 1is generated when the edges of a
board are chamfered by the chamfering apparatus 50, a
sound-proof wall is preferably provided upstream of the
sorting table 70 near which a worker M performs checking
and sorting.

The chamfered processed board B4 is conveyed
to the sorting table 70.

At the sorting table 70, the worker (M)
finally determines whether the processed board B4 is a
conforming product (acceptable product) or a defective
product (unacceptable product). Here, in the first
embodiment of the present invention, to improve the
efficiency in the sorting step, the inspection result is
reported before the sorting step to attract attention of
the worker M. In addition or alternatively, during the
sorting step, a defect position in a defective board may
be indicated by illuminating the defect position with
visible light to attract attention of the worker M.

A conforming product conveying apparatus 85 is
provided downstream of the sorting table 70 to convey
the processed Dboard B4 to a shipping stage where
processed boards B4 are packaged and loaded for shipment.
Among processed boards (completed Dboards) B4, the
conforming product conveying apparatus 85 conveys boards
(conforming boards) Bbc determined to be conforming

products to the next stage.
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On the other hand, boards (defective boards)
B5d determined to be defective products are manually
placed in a trolley 90 by the worker M.

Alternatively, as in another exemplary
configuration illustrated Dby FIG. 2, the defective
boards B5d may be sorted out by an automatic sorter 86
and ejected from the manufacturing 1line (into, for
example, a stack trolley 91) Dby a defective product
conveying apparatus 87. For example, the defective
product conveying apparatus 87 may be inclined downward
and toward the downstream end and configured to convey
and cause the defective boards B5d determined to be
defective products to fall into the stack trolley 91
shaped like a box.

When a predetermined number of defective
boards B5d are accumulated in the trolley 90/91, the
trolley 90/91 1is replaced. The trolley 90/91 with the
accumulated defective boards B5d is moved to a recycling
apparatus.

Also, at least between the apparatuses, the
boards B1l, B2, B3, B4, B5c, and B5d in the respective
stages are conveyed by a conveying apparatus 80. The
conveying apparatus 80 includes, for example, conveyer
belts, conveyer rollers, conveyer supports, position
limiting parts, and direction changing parts.

For example, each conveyer belt 1is stretched
between conveyer rollers to which a driving force 1is
applied and is rotated by the conveyer rollers to convey
boards. Each direction changing part changes the
direction (e.g., by 90 degrees) 1in which boards are
conveyed by the transfer belts

In the conveying apparatus 80, the conveyer

belts, the conveyer rollers, and the direction changing
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parts are supported by support parts as necessary. The
conveying apparatus 80 may also include ©position
limiting parts such as 1limiting rollers for guiding
boards being conveyed.

As exemplified by FIG. 1, in addition to the
conforming product conveying apparatus 85 (and the
automatic sorter 86 and the defective product conveying
apparatus 87 as necessary), the conveying apparatus 80
includes a pre-press conveying apparatus 81, a post-
press conveying apparatus 82, a pre-inspection conveying
apparatus 83, and a post-inspection conveying apparatus
84. Further each apparatus includes a conveying
apparatus necessary to perform an operation for the

corresponding step.

<INSPECTION APPARATUS>

FIG. 3 is a perspective view of the inspection
apparatus 10, and FIG. 4 is a side view of the
inspection apparatus 10 and the chamfering apparatus 50.
Referring to FIGs. 3 and 4, the inspection apparatus 10
includes an imager 11, an illuminator 16, and an
inspection controller 19 (see FIGs. 2 and 5). The imager
11 and the illuminator 16 are supported by, for example,
a support part 18 disposed above the imager 11 and the
illuminator 16.

The imager 11 takes and generates (captures)
an image of an upper surface of the patterned board B3
that is a board-shaped inspection object. The imager 11
is, for example, a camera module including a
semiconductor imaging device such as a CMOS sensor or a
CCD sensor. Here, an 1imaging operation indicates a
process up to the reading of charges generated according

to captured light (in this example, reflected light from
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the patterned board B3) received by pixels. CMOS stands
for “Complementary Metal Oxide Semiconductor Image
Sensor”. CCD stands for “Charge Coupled Device”.

The illuminator 16 illuminates the surface of
the patterned board B3 when the imager 11 captures an
image of the surface of the patterned board B3.

Here, when a CCD camera 1is used as a typical
small imager 11, the middle portion of the captured
image tends to become bright. For this reason, it 1is
preferable to 1illuminate the outer portion of the
patterned board B3 to be captured so that this tendency
is compensated for and the captured image has uniform
brightness. For this purpose, the illuminator 16 is
configured as described below.

As illustrated in FIG. 4, the illuminator 16
includes a pair of illuminating lamps 161 and 162 that
are arranged so as to be positioned above two facing
sides lefii the patterned board B3. Each of the
illuminating lamps 161 and 162 is, for example, one of a
fluorescent lamp, a light-emitting diode (LED), a
tungsten lamp, a halogen lamp, and a =xenon lamp. AS
illustrated in FIG. 3, the illuminating lamps 161 and
162 extend in a direction that is substantially parallel
to a conveying direction of the patterned board B3
indicated by an outlined arrow.

Further, reflecting plates (163a and 163b,
164a and 164b) are provided on the inner sides (i.e.,
sides closer to the center in the width direction) or on
the inner sides and the outer sides (edge sides) of the
pair of the illuminating lamps 161 and 162.

The reflecting plates 163a and 164a, which are
provided on the inner sides of the illuminating lamps

161 and 162 in the width direction orthogonal to the
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conveying direction of the patterned board B3, extend
substantially vertically downward and are disposed
substantially vertically above the facing two sides of
the patterned board B3. The reflecting plates 163a and
164a make it possible to prevent light emitted by the
illuminating lamps 161 and 162 from directly entering an
inspection side (surface) of the patterned board B3 that
is a board-shaped inspection object.

Arranging the illuminating lamps 161 and 162
and the reflecting plates 163a and 164a as described
above enables the imager 11 to capture an image of the
patterned board B3 with uniform brightness regardless of
the characteristic of a CCD camera used as the imager 11.

When a board is uniformly illuminated by light
that is emitted from an illuminator with a predetermined
high intensity and reflected by a reflector, and an
image of the board is captured by a camera (the imager
11) disposed directly above the board, the captured
image has uniform brightness, and no shadow is formed in
the image. This in turn eliminates the need to process
the image to reduce the influence of a shadow in the
image and makes it possible to improve inspection
agccuracy.

Also, when the patterned board B3 is
illuminated with wuniform, high-intensity 1light, fine
irregularities on the surface of the patterned board B3
are uniformly illuminated by the light. As a result, the
fine irregularities Dbecome undetectable, and only
defects greater than or equal to a predetermined
threshold become detectable. Therefore, inspection
accuracy can be improved. Also, the depth and the size
of fine irregularities to Dbe made undetectable by

illumination with light can be adjusted by adjusting the
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intensity of light for illuminating the board.

Further, a light-quantity adjuster (light-
quantity adjusting wunit) 17 for adjusting the 1light
intensity of the illumination lamps 161 and 162 1is
preferably provided so that the surface of a board can
be properly illuminated even when the illumination
intensity changes due to dust that rises when the board
is processed.

As 1illustrated in FIG. 2 the inspection
controller 19 1s connected to the imager 11. The
inspection controller 19 performs image processing on an
original image obtained by the imager 11 and performs an
inspection process. The light-quantity adjuster 17 may
be provided in the inspection controller 19, or may be

configured to be manually adjustable.

<CONTROL BLOCK>

FIG. 5 is a control block diagram illustrating
the entire processing and inspection system 1 including
the inspection apparatus 10. As illustrated in FIG. 5,
the inspection controller 19 of the inspection apparatus
10 is a part of a control system 100 (see FIG. 2).

The control system 100 for controlling the
entire processing and inspection system 1 of the present
invention includes, in addition to the inspection
controller 19, a system controller 101, and a pressing
apparatus controller 300, an inspection apparatus
controller L0, a report controller 600, and a
conveyance controller 800 LOF controlling the
corresponding apparatuses.

The control system 100 is a type of a computer
and includes a processor (system controller 101) such as

a CPU or an ASIC, storage devices such as a RAM, ROV,
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NVRAM, and an HDD, and a communication unit such as a
network interface. CPU stands for “central processing
unit”. ROM stands for “read only memory”. RAM stands for
“random access memory”. NVRAM stands for “non-volatile
RAM” .

The inspection controller 19 of the inspection
apparatus 10 is described with reference to FIG. 5. The
inspection controller (inspection control means) 19 of
the inspection apparatus 10 includes an image processor
12, a determining wunit 13, a determination result
storage 14, and an output unit 15.

The image processor 12 1is, for example, an
application specifiec dntegrated eirxcuit (ASIC), .and
generates, regenerates, and updates inspection images.
The 1image processor 12 includes an original image
generator 121, a pattern clarifier 122, a position
corrector 123, and a digitizer 124.

Here, it 1s assumed that the components 121
through 124 of the image processor 12 are implemented by
software in a single ASIC. However, some or all of the
original image generator 121, the pattern clarifier 122,
the position corrector 123, and the digitizer 124 may be
implemented by hardware (e.g., by dedicated ASICs).

The pattern clarifier 122 performs so-called
“edge detection” where a boundary (edge) Dbetween a
pattern portion and a non-pattern portion in a captured
image 1s detected based on density wvariation, and
thereby clarifies the pattern portion. For example,
there is a method where a location at which the density
changes greatly is determined as an edge, and there is a
method where a density threshold is set and a portion
with a density greater than the density threshold 1is

determined as a pattern portion.
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The position corrector 123 corrects a
positional error based on a pattern portion clarified by
the pattern clarifier 122. Specifically, the position
corrector 123 performs a pattern search to search a
captured image for a characteristic pattern in a
reference image, and corrects an X-axis position, a Y-
axis position, and/or an angle 0 of the captured image
based on the characteristic pattern found in the
captured image.

The digitizer 124 digitizes a pattern based on
the color density of the pattern. For example, when a
pattern is expressed by one color (when the patterned
board B3 to be inspected includes two colors: a color of
a pattern portion and a color of a non-pattern portion),
the pattern can be simply digitized based on the color
density without requiring complex calculations. The
values obtained by digitization can also be binarized by
using a threshold. Also, when, for example, a logo is
printed on a board in addition to a pattern, the wvalues
can be ternarized (converted into ternary values) by
using thresholds.

The determining wunit 13 includes a pattern
determining unit 131, a defect determining unit 132, and
a master 1image storage 133. The determining unit 13
examines defects and/or a pattern in the patterned board
B3 that is an inspection object, and determines whether
the processed board B4 is acceptable.

Here, it is assumed that the determining units
131 and 132 of the determining unit 13 are implemented
by software in a single ASIC. However, one or both of
the pattern determining wunit 131 and the defect
determining unit 132 may be implemented by hardware

(e.g., by dedicated ASICs).
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The pattern determining Unit (pattern
determining means) 131 determines whether the patterned
board B3 is acceptable based on the ratios of wvalues
obtained Dby the digitizer 124 or Dby comparison
(difference extraction) with a reference image
(conforming image) corresponding to a board that is a
sample of a conforming product.

The defect determining iBUalhine (defect
determining means) 132 detects flaws and smears on the
patterned board B3 by comparison (difference extraction)
with a reference image used as a comparison criterion
for inspection and determines whether the patterned
board B3 is acceptable.

An inspection program that performs image
processing and calculations for determination processes
based on a captured image of the patterned board B3 1is
stored in a storage device of the control system 100.
The 1inspection program causes the system controller
(CPU) 101 to perform the above inspection process.

The inspection program may be provided as an
installable or executable file stored in a computer-
readable storage medium such as a CD-ROM or a flexible
disk (FD). Also, the inspection program may be stored in
a computer-readable storage medium such as a CD-R, a DVD,
a Blu-ray disk (registered trademark), or a
semiconductor memory. DVD stands for “digital versatile
disk”. The inspection program may also be installed via
a network such as the Internet. Further, the whole or a
part of the inspection program may be pre-stored in, for
example, a ROM of a device (e.g., the imager 11).

In the master image storage 133, a reference
image wused for comparison performed by the defect

determining unit 132 is stored in advance. The reference
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image is obtained by capturing an image of a board used
as a sample of a conforming product and by processing
the image.

In FIG. 5, the master image storage 133 and
the determination result storage 14 are illustrated as
separate components. However, data in these components
may be stored in the same storage device such as a RAM,
a ROM, an NVRAM, or an HDD.

Determination results of the determining unit
13 are stored in the determination result storage 14 for
later reference and are also output via the output unit
15 to the report controller 600 and the pressing
apparatus controller 300.

As described above and indicated by a dotted
line in FIG. 5, the control system 100 for controlling
the entire processing and inspection system 1 of an
embodiment of the present invention includes, in
addition to the inspection controller 19, the system
controller 101, and. controllers 300; 400, 110, ©00; and
800 for controlling the corresponding apparatuses. Also,
although omitted in FIG. 5, the control system 100 may
also include a chamfering apparatus controller.

The system controller 101 is a main controller
and totally controls processing and inspection
operations performed by the processing and inspection
system 1.

The pressing apparatus controller 300 controls
the ©pressing apparatus 30. The ©painting apparatus
controller 400 controls the painting apparatus 40. The
inspection apparatus controller 110 adjusts various
settings of the inspection apparatus 10. The chamfering
apparatus controller (not shown) adjusts the width of an

edge of a board to be chamfered and the type of
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chamfering (e.g., the shape of a chamfered edge).

The conveyance controller 800 controls
conveyance by the conveying apparatus 80.

Specifically, a press amount controller 310 of
the pressing apparatus controller 300 adjusts a control
parameter (press amount) of the pressing apparatus 30.
The pressing apparatus 30 may be adjusted based on
inspection results that are fed back from the inspection
apparatus 10. Adjustment of the press amount 1is
described in detail in a second embodiment.

The report controller 600 adjusts a control
parameter related to reporting. The report controller
600 dincludes a defective ©portion storage 610, a
defective-product line-position identifier 620, and a
report timing adjuster 630.

The conveyance controller 800 includes a pre-
press conveyance controller 810 for controlling the pre-
press conveying apparatus 81, a post-press conveyance
controller 820 for controlling the post-press conveying
apparatus 82, a pre-inspection conveyance controller 830
for controlling the pre-inspection conveying apparatus
83, a post-inspection conveyance controller 840 for
controlling the post-inspection conveying apparatus 84,
and a conforming product conveyance controller 850 for
controlling the conforming product conveying apparatus
85 ;

Also, when the conveying apparatus 80 includes
the automatic sorter 86 as illustrated in FIG. 2, the
conveyance controller 800 may also include an automatic
sorting controller 860 for controlling sorting at the
automatic sorter 86 and a defective product conveyance
controller 870 for controlling the conveyance of an

automatically-sorted defective product.
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The defective-product line-position identifier
620 of the report controller 600 is configured to
continuously identify the position on the manufacturing
line of a board that is determined by the determining
unit 13 as a defective product (unacceptable product).
For example, the position of the defective product may
be identified based on a conveying speed of the
manufacturing line and an elapsed time provided as
conveyance information from the post-inspection
conveyance controller 840 connected to the post-
inspection conveying apparatus 84, or based on the
number of processed boards B4 in a section up to the
sorting table 70 or the automatic sorter 86.

The defective portion storage 610 stores (or
records) information indicating the ©position of a
defective portion of the patterned Dboard B3 (the
processed board B4) determined as a defective product by
the determining unit 13 in association with a position
on the manufacturing line identified by the defective-
product line-position identifier 620.

The report timing adjuster 630 controls the
timing at which information is reported by a manual-
sorting reporter 61 of the reporting apparatus 60.
Determination results of the determining unit 13 are
reported by a defective product warning unit 62 and a
defect position reporting unit 63 at the timing adjusted
by the report timing adjuster 630.

As illustrated in FIG. = the reporter
(manual-sorting reporter) 61 includes the defective
product warning unit 62 and the defect ©position
reporting unit 63.

The defective product warning unit 62 attracts

attention of the worker M by using an alarm and/or light
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before the worker M sorts a defective product. For
example, the defective product warning unit 62 sounds an
alarm when a defective product comes <close to the
sorting table 70. Sounding an alarm makes it possible to
reduce the chance that a defective product is overlooked
in the final inspection performed by the worker M at the
sorting table 70.

The defect position reporting unit 63
highlights a defective portion detected by the
determining unit 13 by, for example, illuminating the
defective portion with wvisible light. Illuminating the
defective portion makes 1t easier to identify the
defective portion by visual inspection and makes it
easier to determine whether a product is acceptable.

The defect position reporting wunit 63 1is
preferably a projection mapping system. A projector may
be disposed directly above or diagonally above a board.
Illuminating a board from a position diagonally above
the board necessitates complex calculations to correct
the relative distance. Therefore, it 1is preferable to
illuminate a board from a position directly above the
board.

Also, to simplify calculations, when
illuminating a defective portion of a processed board B4,
it is preferable to temporarily stop the processed board
B4 at a position directly below the projector. Also, the
defect position reporting unit 63 may be configured to
report a defective portion using audio.

Further, the defect position reporting unit 63
may include, in addition to or instead of a projection
mapping system, a result display (inspection result
display unit) 64.

Providing both of the defective product
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warning unit 62 and the defect position reporting unit
63 makes it possible to attract attention of the worker
M before the sorting operation by sounding an alarm and
enable the worker M to easily identify a defective
portion during the sorting operation. Thus, Ehidis
configuration makes it possible to warn the worker M
twice and to reduce the chance of overlooking a
defective product during visual inspection.

Also, an 1input apparatus (input unit) 72 is
provided near the worker M. The input apparatus 72 1is
used by the worker M to input decision information when
the result of wvisual inspection is different from a
reported inspection result.

A conforming board B5c, which has not been
ejected at the sorting table 70 from the system by
referring to a reported inspection result, is conveyed
by the conforming product conveying apparatus 85 to a
downstream stage where a shipping operation is performed.

The reporting apparatus 60 may include, in
addition to the manual-sorting reporter 61 for reporting
information to the worker M who performs a final
decision step, an automatic-sorter defective-product
warning unit 65 that reports to (or warns) the automatic
sorter 86 of the conveying apparatus 80 that a defective
product 1is to reach the automatic sorter 86. The
automatic-sorter defective-product warning unit 65 has a
configuration similar to the configuration of the
defective product warning unit 62.

In the above descriptions, it is assumed that
boards are manually sorted into conforming products and
defective products on the sorting table 70. Instead of
by manual operations of the worker M at the sorting

table 70, boards may be sorted (separated) automatically
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as illustrated in FIG. 2.

When Dboards are automatically sorted, the
report controller 600 identifies the ©positions of
defective boards based on determination results of the
determining unit 13, and the automatic sorter 86
separates and sorts the boards into conforming products
and defective products under the control of the
automatic sorting controller 860. Boards sorted into
defective products by the automatic sorter 86 are
automatically ejected by the defective product conveying
apparatus 87 as defective boards B5d. Similarly to the
case described above, boards sorted into conforming
products are conveyed Dby the conforming product
conveying apparatus 85 to a downstream stage where a
shipping operation is performed.

Even when automatic sorting 1s performed,
arrival of defective products may also be reported to
the worker M by the automatic-sorter defective-product
warning unit 65 so that the worker M can visually
confirm, on a checking table 74 (see FIG. 2) disposed
near the automatic sorter 86, that the defective
products are properly ejected out of the system by the
automatic sorter 86.

In the example of FIG. 1, the system 1is
centrally managed by the system controller. However, the
system may be implemented as a distributed control
system where the respective controllers (e.g., the
pressing apparatus controller, the inspection apparatus
controller, the report controller, and the conveyance
controller) independently control the corresponding

apparatuses.

<ENTIRE MANUFACTURING PROCESS>
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FIG. 6 1is a flowchart illustrating an entire
manufacturing process according to the present invention.
Here, it 1is assumed that a board manufactured in this
process has a travertine pattern where a large number of
fine hole-like dents are formed on a surface having a
white or high-brightness ¢olor. Also, din FIG. 6, it Ais
assumed that a chamfering step is optional, and the
patterned board B3, which is a board with a pattern and
used as an 1inspection object, 1s equivalent to the
processed board B4 to be sorted.

The process starts when formation
(preparation) of a gypsum board is completed.

$10l: €utting Step

The formed board with a large size is cut into
predetermined-size boards Bl (see FIG. 1) having a
predetermined size.

S5102: Processing Step

A pattern of indentations is formed on the
predetermined-size board Bl, which 1s a processing
object, to form a dented board B2.

S$103: Painting Step

A paint 1is applied to the patterned dented
board B2 to form an inspection object (patterned board
BA) .

S5104: Inspection Step

The patterned board B3, i.e., an inspection
object, 1s inspected by the inspection apparatus 10.
Details of an inspection method are described later with
reference to FIGs. 7 through 12.

S5105:; Defective-Product Line-Position
Determining Step + Report Control Step

The defective-product line-position identifier

620 of the report controller 600 identifies (determines)
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the position on the manufacturing line of the patterned
board B3 that is determined by the inspection apparatus
10 as a defective product, and controls the timing at
which the reporting apparatus 60 performs reporting.

S5106: Reporting Step (Warning of Defective
Product)

An alarm 1is sounded as a warning when the
board determined as a defective product comes close to
the sorting table 70.

S107: Reporting Step (Reporting of Defect
Position)

The position of a defective portion such as a
defect or a portion whose density (the density of a
pattern) 1is greater than or equal to a threshold is
indicated using visible light.

5108: Final Decision Step

Taking into account the attention attracting
information provided at S106 and S107, the worker M
visually inspects the processed board B4 and finally
determines whether the processed board B4 is acceptable.

$109: Sorting Step

The worker or the defective product conveying
apparatus 87 ejects the defective board B5d from the
manufacturing line.

The above inspection step makes it possible to
automatically detect defects such as flaws and smears in
a predetermined range and thereby makes it possible to
reduce the load of the worker in sorting boards.

When the worker M detects a defect in a board
that is overlooked at the inspection step, the worker M
may decide to eject the board as a defective board Bb5d.
Also, when the worker M determines that a Dboard

determined as a defective product at the inspection step
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is within an acceptable range, the worker M does not
have to eject the board and may treat the board as a
conforming board Bb5c.

The manufacturing process is completed through
the above steps, and the conforming board B5c, which has
not been ejected at S109, is conveyed by the conforming
product conveying apparatus 85 to a shipping stage.

In parallel with the reporting, at S110, the
press amount controller 310 of the pressing apparatus
controller 300 may control, based on the inspection
result of S104, the processing step (press amount)
performed by the pressing apparatus 30. Details of S110

are described in detail in the second embodiment.

<INSPECTION STEP>

FIG. 7 is a flowchart illustrating details of
the inspection step. FIG. 7 corresponds to S104 in FIG.
6. The inspection step includes image processing steps
(81=84) ; determination steps (S5 and S and
determination result storing steps (S6 and S8).

S1: Imaging Step

The 1imager 11 captures an image of an
inspection surface of the patterned board B3 that is an
inspection object.

S2: Edge Detection Step

The pattern clarifisr 1272 performs edge
detection on the image captured at the imaging step (S1)
to clarify a pattern formed on the inspection surface.

S3: Position Correctiom Step

Based on the image on which edge detection is
performed, the position of the patterned board B3 on the
conveying path is detected. Then, based on the detection

result, the position corrector 123 corrects the position
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of the patterned board B3 in the image to be inspected.

The position of the patterned board B3 may be
detected, for example, by

(1) directly detecting a corner of the
patterned board B3 and determining a misalignment with a
reference image based on the corner;

(ii) extracting two intersecting sides of the
patterned board B3, detecting an intersection point
between the two sides as a corner, and determining a
misalignment with a reference image based on the corner;

(iii) detecting a characteristic pattern in
the 1image and determining a misalignment with a
reference image based on the characteristic pattern; and

(iv) determining a corner based on a
positional relationship between the characteristic
pattern detected in method (iii) and the corner and
determining a misalignment with a reference image based
on the edrner:

However, with method (i), because a pattern is
formed on the patterned board B3, the pattern may be
confused with a vertex, and the vertex may not be
directly detected. To accurately detect a vertex even
when a captured image 1is misaligned, methods (ii)
through (iv) are preferable. Also, to reduce the number
of elements to be detected, method (iii) is preferable.

S4: Digitization Step (Binarization of
Pattern)

The patterned board B3 used as an inspection
object has a travertine pattern where a large number of
fine hole-like dents are formed on a surface with a
white or high-brightness color. Therefore, in the
digitization step S4, the digitizer 124 can binarize the

original image obtained at the imaging step to generate
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an image with two gradation levels that correspond to a
white portion of the inspection surface and black
portions representing the hole-like dents (pattern P).

FIG. 8 (b) illustrates an example of a
binarized image. The binarization at S4 simplifies the
image. This 1in turn eliminates the need to perform
complex calculations for inspection based on the ratios
of values and differences from a reference image, and
thereby makes 1t possible to simplify the inspection
process.

S5: Pattern Determining Step

In the pattern determining step, based on the
image (FIG. 8) generated at the digitization step
(binarization of pattern), the pattern determining unit
131 determines whether the ratio of an area occupied by
the pattern p 1is within a predetermined range and
thereby determines whether the patterned board B3 1is
acceptable (conforming product or defective product).
Specifically, the pattern determining unit 1370
determines the density of the pattern. That is, the
pattern determining unit 131 measures the area of black
portions, which correspond to dents, in the binarized
image.

For example, patterned boards having a hole-
like dent pattern and manufactured according to the
manufacturing method of the present invention are gypsum
boards used for ceilings and walls. Depending on the
size of a room, multiple gypsum boards of the same type
are attached to a ceiling and/or walls.

If the density of a pattern, i.e., the area of
black portions, varies depending on gypsum boards
arranged adjacent to each other on a ceiling or a wall,

the appearance of the ceiling or the wall becomes uneven.
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To prevent uneven appearance, the pattern density on
respective gypsum boards arranged adjacent to each other
needs to be within a predetermined range.

Also, even 1in one board, the density of a
pattern may vary due to variation in applied pressure.
For this reason, it 1s more preferable to divide the
patterned board B3, which is a board-shaped inspection
object, into multiple sections, to measure the pattern
density for each of the sections, and to determine
whether the pattern density is within a predetermined
range for each of the sections.

FIG. 9 illustrates a case where a pattern is
inspected for each section. In FIG. 9, the patterned
board B3 is divided into four sections. For example, in
FIG. 9, a reference range is set for the ratio of the
area of black portions (pattern portions) to the entire
area (of each of the four sections) in a binarized image.
For example, a reference range between an upper limit of
60000 pixels and a lower limit of 20000 pixels 1is set
for each of the four sections (sections (1), (2), (3)
and (4)) in FIG. 9.

S6: Pattern-Determination-Result Storing Step

In the pattern-determination-result storing
step, the result of determining the acceptability of the
patterned board B3 at the pattern determining step and
the positional information of defective portions are
stored in the determination result storage 14.

S7: Defect Determining Step

In the defect determining step, the defect
determining unit 132 compares the image generated at the
digitization step (S4) with a reference image used as a
comparison criterion for inspection to determine whether

any defect such as a flaw or a smear different from
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pattern elements exists on the surface of the patterned
board B3 to be inspected. Based on the determination
result, the defect determining wunit 132 determines
whether the patterned board B3 is acceptable.

FIG. 0 illustrates examples of defects
detected by the comparison. In a method, a captured
image 1is divided into areas, and one or more of the
areas 1including defects are roughly determined. 1In
another method, exact positions of defects are
determined. For example, the exact positions of defects
may be determined based on the entire captured image. In
another method, portions corresponding to the pattern
portions of the patterned board B3 are removed from a
captured image, a vertex of the patterned board B3 is
detected, and the relative position of a defect with
reference to the vertex is determined.

The defect determining step may also Dbe
performed for each of sections (e.g., four sections)
obtained by dividing a captured image.

In the defect determining step, a change from
a black portion to a white portion is not detected as a
defect. On the other hand, a change from a white portion
to a black portion is detected as a defect. That is, an
error around a pattern portion 1s not strictly
determined as a defect.

Specifically, when the image generated at the
digitization step (S4) 1is compared with the reference
image corresponding to a conforming product 1in the
defect determining step, 1in the Dbinarized image, a
difference in size of an element that has a shape
similar to a hole-like dent and whose perimeter extends
along the perimeter of the hole-like dent is not

determined as a defect. This 1s because the sizes of
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pattern elements become slightly different from those in
the reference image depending on the adjustment of the
press amount of the pressing apparatus 30.

FIGs. 11 and 12 illustrate examples of defects
detected at the defect determining step. As illustrated
in FIG. 10, the defects illustrated in FIGs. 11 and 12
are detected Dby comparing an inspection image with a
reference image.

More specifically, differences Dbetween an
inspection image (an image where a pattern is digitized)
and a master 1image (reference 1image) are determined
(differences are extracted). As described with reference
to FIG. 6, the pattern in the present embodiment 1is
formed by pressing a board with protrusions formed on a
die of the pressing apparatus 30. The formed pattern is
compared with a reference pattern to determine whether
each pattern portion is formed by the pressing.

The defect in FIG. 11 has a shape that is
apparently different from a pattern portion and 1is
detectable by visual inspection. Therefore, the board is
determined as a defective product also at the sorting
step. On the other hand, the defect in FIG. 12 has a
shape that is similar to the shapes of surrounding
pattern portions. Therefore, even 1f the board is
determined as a defective product Dby the inspection
apparatus 10, the board is not necessarily ejected as a
defective product 1if the worker determines at the
sorting table 70 that the board is within an acceptable
range.

In the example of FIG. 7, the image obtained
by binarizing the original image at S4 is used as a
common image at the pattern determining step S5 and the

defect determining step S7. Alternatively, different
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thresholds may be used to binarize the original image
for the pattern determining step S5 and the defect
determining step S7. That 1is, images obtained by
digitizing one captured image using different thresholds
may be used for the pattern inspection and the defect
inspection.

S8: Defect-Determination-Result Storing Step

In the defect-determination-result storing
step, the result of determining the acceptability of the
patterned board B3 at the defect determining step and
the positional information of defective portions are
stored in the determination result storage 14. Also,
after storing the positional information, it is
preferable to mark the defective portions so that the
defective portions can be tracked and identified at a
later final decision step.

For example, defective portions may be marked
with physical markings or contactless markings. Because
even a patterned board B3 mechanically determined as a
defective product may be determined as a conforming
product by visual inspection, it is preferable to mark
the patterned board B3 with a contactless marking rather
than a physical marking. As an example of a contactless
marking, an identified defective portion may be recorded
in a computer.

Also, at the storing steps S6 and S8, 1in
addition to numeric data of the inspection results, the
entire captured image (original 1image) 1s preferably
stored in a storage device such as the determination
result storage 14. The stored information makes it
possible to determine the tendency of apparatuses in a
long span and can be referred to in case a trouble

occurs.
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The inspection step 1is completed as described
above (End). After the inspection step, the process
proceeds to step S105 in FIG. 6.

When the board reaches a predetermined
position on the manufacturing line such as the sorting
position or a position immediately before the sorting
position, the reporter 61 reports, based on the
inspection results of the above inspection step, the
position of a defect in a defective product and/or a
section of the defective product where the density of a
pattern is out of a predetermined range.

The inspection results of the inspection
apparatus are used supplementarily for sorting. The
above configuration makes it possible to automatically
detect defects such as flaws and smears and determine
whether the density of a pattern is within a
predetermined range, and thereby makes it possible to
reduce the load of the worker M in sorting the patterned
board B3.

Here, an exemplary process (S106 through S108
in FIG. 6) where the worker M sorts the patterned board
B3 with reference to the inspection results of the

inspection apparatus 10 is described.

<FINAL DECISION BY VISUAL INSPECTION>

FIG. 13 illustrates an area around the sorting
table 70. Near the sorting table 70, there is provided
the reporting apparatus 60 including the defective
product warning unit 62, the defect position reporting
unit 63, and the inspection result display unit 64. In
the example of FIG. 13, a board is conveyed from right
to left on the table where the worker M performs

operations. However, apparatuses may Dbe arranged as
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1 such that a board is conveyed from

left to right seen from the worker M.

board

The worker M determines whether the processed

B4 conveyed t

o the sorting table 70 1is a

conforming product or a defective product taking into

account

inspection re

apparatus 60.

sults reported by the reporting

A mirror 71 is provided near the sorting table

70. The worker M may use the mirror 71 to check the

further portion of the processed board B4.

Before the

worker M determines whether the

processed board B4 is acceptable,

warning unit 62 reports,

the defective product

with a sound or light, that the

processed board B4 determined as a defective product by

the inspection apparatus 10 reaches the sorting table 70.

The defective product warning unit 62 is, for example, a

siren or a Patlite

(registered trademark).

The defect position reporting unit 63 reports

the position of a defect when the worker M manually

determines whether the processed board B4 is acceptable.

The defect position reporting unit 63 is, for example, a

projector.

For example,

when 1t

is determined 1in the

pattern determifniing step 85 of EIG. 7 that the ratio ef

a pattern area in a section of an inspection surface of

the patterned board B3 is out of the predetermined range,

the defect position reporting unit 63 illuminates the

corresponding position on the surface of the processed

board B4 as illustrated in FIG. 13

patterned board B3

Also, when a

the defect position

section

including the

(Light Iy ig FIG. 13) .

defect (flaw) is detected on the

in the defect determining step S7,

reporting unit 63 illuminates a

defect or

the position of the
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defect itself in the inspection surface of the processed
board BA4. Illuminating the defective portion as
described above makes 1t possible to improve the
efficiency of the sorting performed by the worker M.
Also, the input apparatus 72 (e.g., a touch
panel) 1is provided near the worker M. The input
apparatus 72 is used by the worker M to input decision
information when the result of wvisual inspection 1is

different from a reported inspection result.

<PROCESSING CONTROL>

An embodiment of the present invention may
include a processing control step where the processing
step is controlled based on inspection results obtained
at the inspection step. The processing control step may
include, for example, a step (e.g., step S110 in FIG. 6)
of adjusting the press amount of the pressing apparatus
30 by the press amount controller 310 of the pressing
apparatus controller 300 illustrated in FIG. 5.

In the processing control step, when defects
are detected <consecutively 1n surface inspection,
information on the defects is fed Dback to the
apparatuses to control the processing step. Various
adjusting units may be provided to detect consecutively-
occurring defects and to restore the machine to good
condition.

Below, an example of feedback of inspection
results to the processing step is described based on an
assumption that the surface of the patterned board B3
has a travertine pattern where a large number of fine
hole-like dents are formed on a surface with a white or
high-brightness color.

When pressing is performed in the processing
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step, an error 1in a press position or a variation in
press amount caused by a problem in the pressing
apparatus 30 may result in consecutive detection of
defects. In such a case, the problem in the pressing
apparatus 30 is fixed by adjusting the pressing pressure

in the processing step.

<SECOND EMBODIMENT (FEEDBACK) >

FIG. 14 illustrates a processing and
inspection system (manufacturing apparatus) 2 according
to a second embodiment. As illustrated in FIG. 14, after
a gypsum board is formed and cut into predetermined-size
boards Bl, the predetermined-size Dboards Bl may be
conveyed through different conveying paths, patterned
using different pressing apparatuses, and then caused to
converge.

More specifically, in a first processing step,
hole-like dents are formed by a first pressing apparatus
30a on a first predetermined-size board Bl and the first
predetermined-size board Bl is painted to form a
patterned board B3x; and in a second processing step,
hole-like dents are formed by a second pressing
apparatus 30f on a second predetermined-size board Bl
and the second predetermined-size board Bl is painted to
form a patterned board B3f. Then, before the inspection
step, a specific number of the patterned boards B3a and
a specific number of the patterned boards B3R are
alternately conveyed into a same path.

For example, one board B3a patterned by a
press No. 1 (the first pressing apparatus 30a and a
first painting apparatus 40a) and one board B3p
patterned by a press No. 2 (the second pressing

apparatus 30 and a second painting apparatus 40p) are
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alternately conveyed. Then, the board B3a and the board
B33 converge at a position before the inspection
apparatus 10.

FIG. 15 1is a drawing wused to describe
formation of hole-like dents (patterning) by the
pressing apparatus 30 used in the first embodiment and
the second embodiment. The pressing apparatus 30
includes the planar press 31 that is a pressing part,
the pressure-applying part 32, and the support table
(pad) 33.

The planar press 31 or the pressing part
includes a ©pressing surface (lower surface) having
substantially the same size as the predetermined-size
board Bl to be pressed. The pressing surface includes
multiple protrusions 31p that protrude from a reference
surface 31lr. The pressure-applying part 32 presses the
planar press 31 downward using, for example, hydraulic
pressure. The pressing part may also be implemented by a
roller having a cylindrical shape.

The support table 33 supports the
predetermined-size board Bl at least while the planar
press 31 1is being pressed downward. As a result of
pressing the predetermined-size board Bl with the planar
press 31 and the support table 33, a pattern of
indentations 1s formed on the upper surface (front
surface) of the predetermined-size board Bl.

Before being pressed, the predetermined-size
board Bl may be pushed onto the support table 33 by a
subsequent predetermined-size board Bl. The dented board
B2 formed by pressing is pushed out of the support table
33 onto the conveying apparatus 80 by the subsequent
predetermined-size board Bl that 1is pushed by another

predetermined-size board Bl following the subsequent
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predetermined-size board Bl.

As an example of the present embodiment, the
patterned board B3 has a travertine pattern where a
large number of fine hole-like dents are formed on a
surface with a white or high-brightness color.

In an embodiment of the present invention, the
predetermined-size board Bl is pressed with a pressing
part having protrusions to form hole-like dents. After a
pattern of hole-like dents is formed, a paint with a
white or high-brightness color is applied to the surface
of the board (dented board) B2 on which the hole-1like
dents have Dbeen formed. When seen from a distance,
dented portions or holes on the patterned board B3
manufactured as described above appear to have a color
(black) different form the background.

As illustrated im FIG. 15, as the
configuration of the ©pressing apparatus 30, the
protrusions 31lp are formed on the lower surface of the
planar press 31 that 1s a planar pressing part. The
protrusions 31p on the lower surface of the planar press
31 protrude <£from +the reference surface 3lr to form &
travertine pattern. Hole-like dents are formed on the
dented board B2 by inserting the protrusions 31lp into
the predetermined-size board Bl that is a processing
objeet .

As illustrated 1n FIG. 1517 each of the
protrusions 31lp formed on the lower surface has a shape
that becomes gradually narrower toward the end.
Therefore, as the pressing force (press amount) of the
planar press 31 increases, the protrusions 31lp enter
deeper 1into the predetermined-size board Bl that is a
processing object, and the holes formed in the dented

board B2 become larger.
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For example, if the planar press 31 is pressed
shallowly into the predetermined-size Dboard Bl as a
result of a weak pressing force or a short pressing time,
the size of holes (elements (dents) of pattern p in FIG.
8) becomes small and the total area of the holes in the
entire surface becomes small.

On the other hand, if the planar press 31 is
pressed deeply into the predetermined-size board Bl to
be processed as a result of a strong pressing force or a
long pressing time, the size of holes (elements of
pattern p) becomes large and the total area of the holes
in the entire surface becomes large. Here, a factor such
as a pressing force or a pressing time for adjusting the
size of pattern elements (or the density of a pattern)
is referred to as a “press amount”.

In the present embodiment, a painting step for
applying a paint 1is provided after a pressing step for
forming a pattern. Because a paint can be applied almost
evenly to boards, it is supposed that the wvariation in
appearance of boards is caused by the variation in depth
of pattern elements (dents).

Therefore, the wvariation 1in appearance of
painted patterned boards B3 to be inspected by the
inspection apparatus 10 can be reduced by feeding
inspection results back to the pressing apparatus 30 to
adjust the press amount and thereby reducing the
variation in depth of pattern elements on the dented
board B2.

FIG. 16 is a drawing illustrating differences
between patterns formed by two pressing apparatuses 30a
and 30f. In FIG. 16 (a) and FIG. 16 (b), the upper
graphs indicate changes 1in the pixel count (area) of

black portions measured at successive times. In the
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upper graphs (measurement graphs), the horizontal axis
indicates a time-series measurement count and the
vertical axis indicates the pixel count (area) of black
portions.

Also, 1in FIG. 16 (a) and FIG. 16 (b), the
lower graphs are histograms indicating the distribution
of pixel counts (areas) of black portions in the upper
graphs. In the lower graphs (histograms), the horizontal
axis indicates a pixel count (area) of black portions
and the vertical axis indicates the number of
occurrences.

As indicated by FIG. 16, it 1is possible to
know (visualize) the depth (density) of hole-like dents
formed by pressing by calculating the area of a pattern.
That is, data indicating a relationship between pressing
force and ©pattern density can be output through
inspection. This in turn makes it possible standardize
the press (pressure application) management of the
pressing apparatuses 30a and 30p.

When hole-like patterns are formed by the
pressing apparatuses 30« and 30B; the following
parameters influence the depth of holes:

(i) Setting of pressing time

(ii) Setting of pressure (which influences
pressing depth).

For example, even 1if the pressure-applying
part 32 is set at the same pressure, an actually applied
pressure deviates from the set pressure depending on
conditions such as in the morning, in the evening, and
weather changes. For example, when the planar press 31
is pressed shallowly, the pattern becomes thin and the
area occupied by the pattern becomes small. On the other

hand, when the planar press 31 1is pressed deeply, the
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pattern becomes thick and the area occupied by the
pattern becomes large. Thus, the parameters are adjusted
taking 1into account the wvariation in the area of a
pattern according to the time and weather.

The depth of dents forming a pattern also
depends on the hardness of a gypsum board to be
processed. The hardness of a gypsum board is determined
by wvarious factors such as gypsum materials, the method
of kneading water and calcined gypsum, and a drying
condition. Complex calculations are necessary to adjust
the hardness of a gypsum board. For this reason,
irregularities of the pattern can be more directly
solved by adjusting the pressing apparatus 30 for
forming the pattern.

At the step (processing control step) for
controlling the processing step, the area of the pattern
calculated at the inspection step 1is fed back to the
pressing apparatus 30a/30B; and at the processing step,
the press amount or the pressing time of the pressing
apparatus 30a/30B is adjusted to reduce the variation in
the depth of hole-like dents formed on the dented boards
B2.

Because the area of a pressed surface of the
dented board B2 1is large (e.g., 1.5 Japanese feet x 3
Japanese feet), the applied pressure may vary even in
the same dented board B2. As described above, in the
inspection step, a board is divided into sections, and
the pattern is inspected for each section. This makes it
possible to correct irregularities of a pattern in the
same board.

For example, irregularities of a pattern in
the same board can be corrected by adjusting pressures

applied to different portions of the board by changing
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the inclination of the planar press 31.

FIG. 17 1is a drawing illustrating inspection
results obtained before and after reducing differences
between patterns formed by two pressing apparatuses 30.
FIG. 17 (a) 1s a graph obtained by superposing the
histograms for the press No. 1 and the press No. 2 in
FIG. 16. FIG. 17 (b) is a graph obtained by superposing
histograms for the press No. 1 and the press No. 2 after
reducing differences Dbetween patterns formed by the
press No. 1 and the press No. 2.

Thus, in the inspection step, patterns formed
by the two pressing apparatuses 30a and 308 are
inspected Dby calculating the ratios of areas of the
patterns. Based on the inspection results, the press
amounts are adjusted such that patterns formed by the
first pressing apparatus 30a and patterns formed by the
second pressing apparatus 30 Dbecome substantially
uniform. This configuration makes it possible to reduce
irregularities in the ©pattern densities even when
products are manufactured using different ©pressing

apparatuses in the manufacturing process.

<THIRD EMBODIMENT>

In the first and second embodiments described
above, a patterned Dboard to be inspected has a
travertine pattern where a large number of fine hole-
like dents are formed on a surface with a white or high-
brightness color. However, an 1inspection object to be
inspected by the inspection method of the present
invention may have a pattern other than a travertine
pattern. For example, an inspection object may have a
woodgrain pattern and formed by laminating a board with

a decorative layer such as a woodgrain-pattern sheet.



15 Sep 2021

2017296488

10

15

20

25

30

=44 =

When a product is manufactured by laminating a
board with a decorative layer, the product may become
defective 1f the board and the decorative layer are
misaligned due to a problem in a laminating unit.

Also 1n the present embodiment, an 1image
generated at the digitization step is compared with a
reference 1image wused as a comparison criterion for
inspection to determine whether any defect different
from pattern elements exists on the inspection surface
of a patterned board that is an inspection object.

In the ©present embodiment, the sizes of
pattern elements Dbasically do not change. 1Instead,
depending on how a sheet 1is bonded to a board-shaped
object, the pattern may be positioned incorrectly.
Accordingly, the pattern is compared with a reference
image to determine whether the pattern 1is positioned
correctly.

For example, assuming that a board used in the
present embodiment has a woodgrain pattern, in the image
processing, an 1image of the woodgrain pattern is
captured, a threshold is set for orange-colored grain
portions constituting the woodgrain pattern, and the
grain portions are separated and extracted by color (the
captured image 1is binarized or ternarized) to generate
an image to be compared with a reference image.

Also 1in the present embodiment, inspection
results of the inspection apparatus may be reported in a
later step and used to support the sorting.

Also 1n the present embodiment, when defects
are detected consecutively in surface inspection, the
inspection results may be fed back to adjust the
apparatuses and correct the defects (adjusting

apparatuses may be provided).
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For example, 1in the processing step of the
present embodiment, the position on a board-shaped
object to which a resin sheet 1s bonded is adjusted
based on the inspection results of a pattern in the
inspection step. This in turn makes it possible to
restore the machine to good condition and to reduce

variations in manufacturing.

<FOURTH EMBODIMENT>

In the examples of the first and second
embodiments, a patterned board or an inspection object
has a travertine pattern; and in the example of the
third embodiment, an inspection object has a woodgrain
pattern. However, an inspection apparatus of the present
invention may be configured to inspect a pattern on
which information is printed.

For example, when gypsum boards are used for a
shop, a logo of a manufacturing company or a shop name
may be printed on the gypsum boards.

In such a case, an original 1image may Dbe
ternarized Dbased on pattern information and print
information stored in a memory to generate an inspection
image to be compared with a reference image.
Alternatively, binarization may be performed separately
for an image area including a pattern portion and a non-
pattern background portion and an image area including a
print portion and the non-pattern background portion to
generate an inspection image.

Other steps such as the inspection step, the
reporting step, and the feedback step are substantially
the same as those in the above embodiments.

A gypsum board used as an inspection object in

the first, second, and fourth embodiments of the present
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invention is formed, for example, by molding a material
that 1s prepared by adding a setting modifier and an
adhesion improver for a Dboard base paper to calcined
gypsum (CaSOs4* 1/2H20) and kneading the calcined gypsum
with water. As necessary, reinforcing fibers, a
lightweight aggregate, and additives such as a
refractory material, a setting modifier, a water-
reducing agent, bubbles, and a bubble-diameter modifier
may be added to calcined gypsum.

A gypsum board used as an inspection object in
the third and fourth embodiments of the present
invention is formed, for example, by covering one or
both sides of a core material made of gypsum with gypsum
board base paper and thereby molding the core material
into a plate-like shape.

Embodiments of the ©present invention are
described above. However, the present invention is not
limited to the specifically disclosed embodiments, and
variations and modifications may be made according to
applications without departing from the scope of the
present invention.

The present application is based on and claims
priority to Japanese Patent Application No. 2016-137994
filed on July 12, 2016, the entire contents of which are

hereby incorporated herein by reference.

EXPLANATION OF REFERENCE NUMERALS
14 2 Processing and inspection system

(manufacturing apparatus)

10 Inspection apparatus
Ll Imager (camera)
12 Image processor

L2 Original image generator
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150
1.32
133
14
16
161
163a,
19
30
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Pattern clarifier
Position corrector
Digitizer
Determining unit

Pattern determining unit
Defect determining unit
Master image storage
Determination result storage
Illuminator

162 Illuminating lamp
163b Reflecting plate
Inspection controller

Pressing apparatus (press apparatus,

processing apparatus)

30
30B

apparatus)

S
310
40
60
61
62
63
600
620
70
80
Bl
B2
B3

a pattern)

B4

Pressing apparatus (first pressing apparatus)

Pressing apparatus (second pressing

Planar press
Press amount controller
Painting apparatus (processing apparatus)
Reporting apparatus
Manual-sorting reporter
Defective product warning unit
Defect position reporting unit
Report controller
Defective-product line-position identifier
Sorting table
Conveying apparatus
Predetermined-size board (processing object)
Dented board

Patterned board (inspection object, board with

Processed board (board with a pattern)
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Conforming board

Defective board
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CLAIMS

1. An inspection method for inspecting a
board-shaped inspection object with a pattern, the
inspection method comprising:

an imaging step of capturing an original image
of an inspection surface of the inspection object;

a digitization step of generating an image
with two or three gradation 1levels by digitizing the
original image captured by the imaging step using a
threshold; and

a determination step of inspecting the
inspection object wusing the 1mage generated Dby the
digitization step, wherein

the pattern of the inspection object 1is
comprised of hole-like dents formed on the inspection
surface with a white or high-brightness color; and

the determination step includes a pattern
determining step of determining whether a ratio of an
area occupied by the pattern comprised of the hole-like
dents 1s within a predetermined range using the image
generated by the digitization step and thereby
determining whether the inspection object is acceptable,

wherein the determination step includes a
defect determining step of comparing the image generated
by the digitization step with a reference image used as
a comparison criterion for inspection to determine
whether a defect exists on the inspection surface of the
inspection object and determine whether the inspection

object i1s acceptable.

2. The inspection method as claimed in claim 1,

wherein in the pattern determining step, the inspection
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surface of the board-shaped inspection object is divided
into multiple sections, the ratio of the area occupied
by the pattern is calculated for each of the sections,
and whether the ratio of the area occupied Dby the
pattern is within the predetermined range is determined

for each of the sections.

3. The inspection method as claimed in claim 1
or 2, wherein

the determination step includes the pattern
determining step and a defect determining step of
comparing the image generated by the digitization step
with a reference image used as a comparison criterion
for inspection to determine whether a defect exists on
the inspection surface of the inspection object; and

when the image generated by the digitization
step is compared with the reference image in the defect
determining step, 1in the image having two or three
gradations levels, a difference in size of an element
that has a shape similar to an element of the pattern
and whose perimeter extends along a perimeter of the

element of the pattern is not determined as a defect.

4. The inspection method as claimed in any one
of claims 1 to 3, wherein in the digitization step, the
original image captured by the imaging step is binarized
to generate the 1image with two gradation levels
corresponding to a portion of the inspection surface
with the white or high-brightness color and portions of
the inspection surface where the hole-like dents are

formed.

5 An inspection and reporting method,
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CoOMmprilsings

an inspection step of inspecting an inspection
object according to the inspection method of any one of
claims 1 to 4;

a conveying step of conveying the inspection
object on a manufacturing line by a conveying apparatus;

a defective-product line-position identifying
step of identifying a position on the manufacturing line
of the inspection object that 1is determined by the
inspection step as a defective product; and

a reporting step of reporting information
based on the identified position on the manufacturing

line.

6. The inspection and reporting method as
claimed in claim 5, wherein

the reporting step includes reporting with a
sound; and

the reporting with the sound is performed
after the inspection step and before a step where the
inspection object 1s inspected by a human to determine

whether the inspection object is acceptable.

7. The 1inspection and reporting method as
claimed in claim 5 or 6, wherein

the reporting step includes reporting with
visible light; and

the reporting with the wvisible 1light 1is
performed after the inspection step and during a step
where the inspection object is inspected by a human to

determine whether the inspection object is acceptable.

8. The inspection and reporting method as
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claimed in claim 7, wherein

in the determination step, the inspection
surface of the board-shaped inspection object is divided
into multiple sections, and whether a ratio of an area
occupied by the pattern is within a predetermined range
is determined for each of the sections; and

in the reporting with the wvisible 1light, a
position of each of the sections where the ratio of the

area is out of the predetermined range is illuminated.

9. The inspection and reporting method as
claimed in claim 7 or 8, wherein

in the determination step, the inspection
surface of the board-shaped inspection object is divided
into multiple sections, and whether a defect different
from elements of the pattern exists is determined for
each of the sections; and

in the reporting with the wvisible 1light, a
position of each of the sections including the defect or

a position of the defect is illuminated.

10. A manufacturing method for manufacturing a
board patterned with hole-like dents, the manufacturing
method comprising:

a step of obtaining a processing object by
molding a material into a board shape;

a processing step of forming a pattern on the
processing object, the processing step including a
pressing step of pressing an inspection surface of the
processing object by a pressing part including
protrusions and indentations to form the hole-like
dents;

an inspection step of 1inspecting, as an
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inspection object, the patterned board on which the
pattern is formed by the processing step; and
a processing control step of controlling the
processing step according to an inspection result of the
inspection step,
wherein the inspection step includes

an imaging step of capturing an original
image of an inspection surface of the inspection object,

a digitization step of generating an
image with two or three gradation levels by digitizing
the original image captured by the imaging step using a
threshold, and

a determination step of inspecting the
inspection object wusing the 1image generated Dby the
digitization step, wherein the determination step
includes a defect determining step of comparing the
image generated by the digitization step with a
reference 1image wused as a comparison criterion for
inspection to determine whether a defect exists on the
inspection surface of the inspection object and

determine whether the inspection object is acceptable.

11. The manufacturing method for manufacturing
the board patterned with the hole-like dents as claimed
in claim 10, wherein

the pattern on the inspection surface of the
inspection object 1is comprised of the hole-like dents
formed on a surface with a white or high-brightness
color; and

the processing step includes, after the
pressing step of forming the hole-like dents on the
processing object, a step of applying a paint with the

white or high-brightness color to the inspection surface.
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12. The manufacturing method for manufacturing
the board patterned with the hole-like dents as claimed
in claim 11, wherein in the processing control step, a
press amount or a pressing time of the pressing step is
adjusted based on a depth of the hole-like dents that is
calculated based on a ratio of an area occupied by the
hole-like dents obtained in the inspection step and that

is fed back to the processing step.

13. The manufacturing method for manufacturing
the board patterned with the hole-like dents as claimed
in any one of claims 10 to 12, wherein

in the processing step, inspection surfaces of
first 1inspection objects are patterned in a first
processing step using a first pressing apparatus and
inspection surfaces of second inspection objects are
patterned in a second pressing step using a second
pressing apparatus, and a specific number of the first
inspection objects and a specific number of the second
inspection objects are alternately conveyed into a same
path before the inspection step; and

in the processing control step, the processing
step is controlled based on pattern inspection results
of the inspection step so that hole-like dents formed by
the first pressing apparatus and hole-like dents formed

by the second pressing apparatus become uniform.

14. The manufacturing method for manufacturing
the board patterned with the hole-like dents as claimed
in any one of «claims 11 through 13, wherein the
determination step of the inspection step includes a

defect determining step of comparing the image generated
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by the digitization step with a reference image used as
a comparison criterion for inspection to determine
whether a defect different from the hole-like dents
exists on the inspection surface of the inspection
object and determine whether the inspection object 1is

acceptable.

15. The manufacturing method for manufacturing
the board patterned with the hole-like dents as claimed
in claim 10, wherein

the processing step includes a sheet bonding
step of bonding a resin sheet having the pattern to at
least the inspection surface of the inspection object to
form the pattern; and

in the processing control step, based on an
inspection result of the inspection step, a position on
the board-shaped processing object to which the resin

sheet is bonded is adjusted.

16. The manufacturing method for manufacturing
the board patterned with the hole-like dents as claimed
in claim 15, wherein the determination step of the
inspection step includes a defect determining step of
comparing the image digitized by the digitization step
with a reference image used as a comparison criterion
for inspection to determine whether a defect different
from elements of the pattern exists on the inspection

surface of the inspection object.

17. An inspection apparatus for inspecting a
board-shaped inspection object patterned with hole-like
dents, the inspection apparatus comprising:

an imager that captures an 1image of an
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inspection surface of the inspection object;

a digitizer that generates an image Dby
binarizing or ternarizing the image of the inspection
surface; and

a determining unit that inspects the
inspection object wusing the 1mage generated Dby the
digitizer, wherein the determining unit is configured to
compare the 1image generated by the digitizer with a
reference 1image wused as a comparison criterion for
inspection to determine whether a defect exists on the
inspection surface o the inspection object and

determine whether the inspection object is acceptable.

18. The inspection apparatus as claimed in
claim 17, wherein the imager includes an illuminator
that illuminates the inspection surface of the board-

shaped inspection object.

19. The inspection apparatus as claimed in
claim 18, wherein

the illuminator includes a pair of
illuminating lamps that are arranged so as to Dbe
positioned above two facing sides of the board-shaped
inspection object and extend 1in a direction that 1is
substantially parallel to a conveying direction in which
the inspection object is conveyed; and

the pair of illuminating lamps include
reflecting plates that prevent 1light emitted by the
illuminating lamps from directly entering the inspection

surface of the board-shaped inspection object.

20. The inspection apparatus as claimed in

claim 19, wherein
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the reflecting plates of the pair of
illuminating lamps are disposed on inner sides of the
illuminating lamps in a width direction of the
inspection object that 1s orthogonal to the conveying
direction; and

the reflecting plates extend substantially
vertically downward from positions near the inner sides
of the illuminating lamps, and are disposed
substantially vertically above the facing two sides of

the board-shaped inspection object.

Z i A manufacturing apparatus for
manufacturing a gypsum board patterned with hole-1like
dents, the manufacturing apparatus comprising:

a processing apparatus that forms hole-1like
dents on a processing object shaped like a board; and

an 1inspection apparatus that inspects, as an
inspection object, the processing object on which the
hole-1like dents are formed by the processing apparatus,

wherein the inspection apparatus includes

an imager that captures an original image
of a surface of the inspection object,

a digitizer that generates an image with
two or three gradation levels by digitizing the original
image captured by the imager using a threshold, and

a determining unit that inspects the
inspection object wusing the 1image generated by the
digitizer, wherein the determining unit is configured to
compare the 1image generated Dby the digitizer with a
reference 1image used as a comparison criterion for
inspection to determine whether a defect exists on the
inspection surface of the inspection object and

determine whether the inspection object is acceptable.
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22 The manufacturing apparatus for
manufacturing the gypsum board as claimed in claim 22,
wherein

the determining unit of the inspection
apparatus determines whether the inspection object is
acceptable; and

the manufacturing apparatus further comprises

a conveying apparatus that conveys the
inspection object on a manufacturing line,

a defective-product line-position
identifier that identifies a position on the
manufacturing line of the inspection object that is
determined by the inspection apparatus as a defective
product, and

a reporting apparatus that reports the
defective product determined by the inspection apparatus
based on the identified position on the manufacturing

line.

23 The manufacturing apparatus for
manufacturing the gypsum board as claimed in claim 21 or
22, further comprising:

an adjusting apparatus that adjusts a depth of
the hole-like dents formed by the processing apparatus
based on an inspection result of the 1inspection
apparatus.

Yoshino Gypsum Co., Ltd.
Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON



|

%

B1

;'_""——-_.._______

81(80)

FIG.1



¢ Ol

16
@) w ®)
omm | P |
+—(08)L8
O
)
L-pgg
F_)&\ N. — ] ] 1 ) H_|+|V_ NI,I _\_F,
VS (08)€8 g (08)¥8 (08)98 ogg  (08)S8
pi—"
l =
]
!
W
— e
0l
=<
. | €9
A

Q:voo_H




FIG.3



FIG.4

L8
T 17

164b—— | -
164 162—— i
164a— , P
D

—161
—163a

—163b
= 16

— 52
_£51}50

——B3



¥ITI0HLINOD WILSAS w
AITIONNGD!  hrouingo]  [SATIONINGD! | | 33 Bty | SONVAIANOD 403 %8t | | [N Bfw | | | -N3d "ty "
Ao Vet DNTINOS  terf 3OOl dot =A3NDD + —=1 =AIANDD b SAIANOD (b ~A3AN0D |
T0L87 098 i fogg” ] 1 S0v8 0e8” [ [T |oz8~ 018~ i
. 008" | 009 NEILIVd |!
| m ONIWIL 1HOd3d %_wzma _
1 3 | g } Y1 Y y30uINg) ||
J— NS [FovHoLS ITIONL| | ¥3TI04L ||| LNAOWY SS3Ud |
A ! 1oaNL N 3AIL [OF9||snivval  [TNOD SOLGre” T ugTioNl|:
...... b b oL -d-_|-3A1LD343dl| | -0343d -dV NOILL yuvddy -NO9 Sl
: Hsnivy i - -NOO 1LH40d3d H 0Ll |©©wm\ |||||||||||||||||||||| 1
:  |-YddV 1INN n i
[Phjod ] amEvm L [ Linn Lndino || RSHORGETTSE | .
1=C . 1] [12ALS3Ed ||| |: Gl~ bl GOl
HETTTONDT T | | =297 | S, (e “
4k w%}_m_m_ﬁ,p e _, __‘__zssﬁwzu_ﬁ_ LINN DNI H-ee |
m e 5 - ~NIWY3 130 “
; i[5 — ; 11| | NOLLISOd ! i
w:EmE |O_._.<_>_O._.D< 3 ¥9'€9” "_ €11 2€1~ 11INN Ozmz__\,_mm_,ﬁm_o “
i =dy DNI i|i| 697 1197 i _ boss3]  EeH|i
i ~KJANOD || i 08 T 71—l y3ziLmia < |
P LONA0¥d i o ven ok 98 v dy 1 _ . o0dd|—z1 |1
todAIL ' oy ! JOVINI i
P =443 ; . 43LHOS i £21—H1HH01034H00 NOILISOd i
e OLLVIOLNV i 5 | ¥ S-Cnt
SATVEV mw _..-.m._..._.m.ZH..-." | mmm_m,q._o NY3L1vd |-~22l -NOD|!
b, oNpiodnol B 1SYRYS) | mo-zmu,_mw L1zt _05u8 | --001
%@mmm m_ i 1 80 Ny & m IOVINL 1VNIDIHO NIt
) LndN | it |_>_<Ifo 61~ W3LSAS TOHINOD}| [SALVY SNivy
\ o we oy R S s | emmmmaoam s o i e o L el e e | e e e i 4 = =
a8 @F @ 08 |rgarsnrav | [wolvN SAIVHI| BNl | | BN
318v.l ALLLNVNO d3IOVINIL | -VddV —1NIVd -SS3yd
oL~ ONILHOS —LHON | | -TANTTI NOLL = =
[~ 91~ [~ -0adSNI[ol v o€



START
(PREPARATION
COMPLETED)

L _si01
CUTTING STEP
I _sio
PROCESSING STEP
l __S103 ~S110
PAINTING STEP PARgiﬁsArlY\lﬁ%lrf#T
I siod

INSPECTION STEP

| _S105

REPORT CONTROL STEP

\ _S106

REPORTING STEP
(WARNING OF DEFECTIVE PRODUCT)

/8107

REPORTING STEP
(REPORTING OF DEFECT POSITION)

| _s108

FINAL DECISION STEP

5109

SORTING STEP

< END >

FIG.6




IMAGE
PROC-
ESSING
STEPS

DETER-
MINATION
STEPS

DETER-
MINATION
RESULT
STORING
STEPS

START

(OBJECT REACHES POSITION
FOR INSPECTION STEP)

y

S

IMAGING STEP

Y

/82

EDGE DETECTION STEP

4

/83

POSITION CORRECTION STEP

/

/84

DIGITIZATION STEP

l S5 il ST
PATTERN DEFECT

DETERMINING STEP DETERMINING STEP

l —~S6 v S8
PATTERN- DEFECT-

DETERMINATION-RESULT
STORING STEP

l

DETERMINATION-RESULT
STORING STEP

l

4

END

(REPORT DEFECT POSITION AND LINE
POSITION OF DEFECTIVE PRODUCT)

FIG.7




8 9ld

(NOILYOd MOov1g) d (NY3L1Vd)
eq d NY3L11lvd eq 1N3Q

5% - —— ° M. m = A_o -z ‘% ) - —v - M. _”— . ﬂo = c% _

:  WRPYR Y LR B SR o D | B Sy ] B .
ov X .’ ./I .).. B m . ..f./ % :. .oo.—v v % o@ qu o&oo o . w h ucﬁuﬂw g ' .@o.a
S v.w..v... o S b v bowoawo.e ° ¥ .3

b

°

. \o . u . ° %o . .
h . A 22T - e \ - : L ;o
b .‘ ‘~ ¥ & /. % & . .H.‘oo- a* b .@ %o [} M- % = . i oMﬂoéooo o@

“- ? a d g g @ g 9 m

AOVINI d3ZI4VYNIg (9) JOVII d34NLdVO ()



4]
|

(SECTION DETECTION)

PATTERN
DETERMINATION

o i
o .
i
s,
1y ie
4 |
—_ %u@ 1 9
N o o 4
o o & v
o “
o
o L4
) o
1
(\>-oo] 11
[ Q@ “ q
] ) 0 rs . T
-SSRSO+

FIG.9



DEFECT DETECTION BASED ON REFERENCE IMAGE

(DETECTION OF NON-MATCHING PORTIONS

o o ] 7 P ] g

T

B3

FIG.10



EXAMPLE 1 OF DETECTED DEFECT
% 5

° . O & "

% Q

a . . ® ) DEFECT (FLAW)
ek ° . o
2}

FIG.11




EXAMPLE 2 OF DETECTED DEFECT

DEFECT

@ %
% %

" Y (FLAW) .
° % Q‘

FIG.12



(SNLYEVAAY s 1~
ONIYIINYHO WOHA). -~ 225

dOdHIN - 1L

&g ]

¢9 V9 €9
el = Moy
09

Q 68

¢l Old



¢ 'ON 1INN

oN|



32

._I
m

19

FIG



¢ 'ON SS3dd 1V I 'ON SS3Jdd 1V
a1o LNNGO 13XId a1o a1o LNNOY T13XId ao
-HS3HHL -HS3dHL —HSJHHL -HS3HHL
FIEIEFEEEEENEEENE R s T o O === = EE O
S 3
o s
TO TO
o o
- =T = 11
B ) @)
= =i - _nu\_._v ] i L 9
LIATT LINIT LIATT LIAI
d3ddn ddMO1 d3ddn d3IMO1

(SIS JNIL) ¢ 'ON SS3Hd

(S31Y3S INIL) 1 'ON SS3IHd
LV INNOD LNIJNIYNSYIN TV INNOD LNIWIHNSYIN

LINIT | | LINI

d3aMOT

NOILHOd MOV'14
40 INNOD 13XId

LIATT L1IATT]
d3dddn d3dddnn

—~
o]
=
—~
®©
~



1INNOD 13XId

| 'ON SS34d -[1

2 'ON SS3ud 'm| |

ANINLSNray Y314y (9)

L1Ol4

AINNOD "13XId

i

SAON3IHYHNDOD0 40 ON

I 'ON SS3ydd [ ]

¢ 'ON SS3dd ‘m

INIFWLISNray 3do43g (e)

SAONIHHINDODO0 40 'ON



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

