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@ PATTERN MATCHING METHOD AND APPARATUS FOR AUTOMATIC CUTTING MACHINES.

@ A pattern matching method and a pattern match- data are corrected by an amount of deflection by the
ing apparatus for automatic cutting machines, which marking unit (2).

are used to easily carry out the automatic marking

and cutting of a pattern-carrying sheet material, such Fig.1

as a part of clothes. A sheet material (14) is spread 1

and fixed on a table (13) of a cutting apparatus (1). A /

camera (11b) is two-dimensionally movable above {
the sheet material (14). A signal V of an image taken ’
by the camera (11b) is applied to a deflection con-
troller (3) through a line (L2), and displayed on a
monitor (31). The monitor (31) displays a reference
mark, which is superposed on an image of a pattern, 0
by reference to reference marking data M sent from

a marking unit (2) thereto through a line (L3). When 2(2 i 3
a deflection regulator (32) of the deflection controller o vVoi
(3) is operated, deflection data D are supplied to the By Ha
marking unit (2) through a line (L4), and a head _‘L_T_ [:]L
moving signal (O) is sent therefrom to the cutting Pulfloo oo

apparatus (1) through a line (L1) to move the head 23 2 A
(11). When the reference mark agrees with the char-
acteristic point set on the pattern in advance, the
pattern matching operation finishes, and the pattern
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Technical Field

The present invention relates to a pattern
matching method and apparatus for an automatic
cutting machine which automatically marks and
cuts a sheet-type material such as a patterned
fabric.

Background Art

The manufacturing of clothing or like products
out of a woven or knitted fabric involves a cutting
process in which individual parts such as fronts,
backs, and sleeves are cut out of the fabric. In the
cutting process, uses an automatic cutting appara-
tus is used for automatically cutting a single sheet
or a plurality of sheets of material such as fabric,
which are stacked in layers on a flat table. The
layout of the paris to be cut with the automatic
cutting apparatus is adjusted by a marking opera-
tion which aims at obtaining the maximum number
of parts from the sheet-type material by minimizing
the remaining portion thereof after cutting. When
the marking operation is performed manually, cloth-
ing patterns in the shapes of individual parts are
used. It is also possible to automatically perform
the marking operation by means of an automatic
marking apparatus without using such clothing pat-
terns.

In manufacturing clothing or like products out
of a sheet-type material with a design, such as a
patterned fabric, a pattern-matching operation is
required in the sewing process in which individual
parts are sewed together. In the case where pat-
terns, which characterize individual parts such as
the front and sleeves, are not matched after sew-
ing, the market value of the finished product as
clothing may be lowered. However, it is difficult fo
carry out the entire matching operation solely in
the sewing process. Therefore, it is important to
intentionally cut out individual parts in the cutting
process so that their patterns will be matched after
sewed together.

In a conventional automatic marking apparatus
the layout of the parts is adjusted, without consid-
ering the matching of their patterns, so as to mini-
mize the remaining portion of a sheet-type material
after cutting. Hence, it is difficult to use the auto-
matic marking apparatus when the parts to be cut
have patterns to be matched, though the automatic
making apparatus can be used when automatic
cutting is to be performed with respect to a sheet-
type material with no pattern or with patterns which
might be ignored to match. This is because fabrics
and like materials stretch or shrink easily when a
sheet-type material is unrolled, the patterns thereon
shifts easily from their intended positions. Con-
sequently, it is necessary after automatic marking
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to adjust the position of the sheet-type material so
as to match with the marking data. However, this
procedure is extremely difficult, since clothing pro-
ducts, particularly men's or women's clothes, are
mostly made of patterned fabrics.

When the conventional marking apparatus is
used in combination with the automatic cutting ap-
paratus, it is necessary to eliminate the shift in
position of the patterns on a real sheet-type ma-
terial from the calculated data on patterns. In prac-
tice, the sheet-type material is often shifted from its
intended position due to its stretching or shrinking.
To realize the matching with ideal patterns, the
sheet-type material, after being positioned on the
table of the cutting apparatus in accordance with
layout data stored in the memory of the marking
apparatus, is fixed thereto with needles or the like.
Such procedures require a plenty of time, so that
time-saving effects cannot be expected from the
automatic marking and cutting of the sheet-type
material. In addition, though the time required for
cutting may be further saved by cutting a plurality
of layered sheets at a time, more labor is needed
to adjust the positions of the patterns. Moreover,
since the sheet-type material spread over the table
of the cutting apparatus is large in size, a plurality
of operators are needed to adjust the positions of
the patterns on the sheet-type material.

Japanese unexamined patent publication No.
JP A 2-277878 and Japanese examined patent
publication No. JP B 1-33587 propose the im-
proved methods of maiching patterns. According to
the prior art disclosed in Japanese unexamined
patent publication No. JP A 2-277878, manual
marking is performed prior to cutting: first, clothing
patterns in the shapes of individual parts are man-
ually laid out on a sheet-type material to be cut so
that the patterns on the sheet-type material are
matched; and, then, the surface of the sheet-type
material on which the clothing patterns are laid out
is scanned by a scanner to obtain cutting data by
image processing, followed by automatic cutting.
According to the prior art disclosed in Japanese
examined patent publication No. JP B 1-33587,
each part to be cut is provided with a point at
which patterns are matched for each design: the
position of each pattern on the unrolled sheet-type
material is adjusted based on a matching relation-
ship determined by the whole design with respect
to the pattern-matching points, followed by auto-
matic cutting.

In the prior art disclosed in Japanese unex-
amined patent publication No. JPA 2-277878, it is
necessary in the marking process to lay out in-
dividual clothing patterns while matching designs.
When the sheet-type material such as a fabric has
patterns, the layout of patterns in a given position
of the sheet-type material is different from sheet to



3 EP 0 577 842 A1 4

sheet, due to the elasticity of the sheet-type ma-
terial. Although the conventional marking apparatus
calculates the data on the layout of parts on the
basis of the theoretical layout of patterns, desired
layouts of patterns are not realized on parts, due to
the shift of patterns from the intended positions. In
the prior art disclosed in Japanese examined pat-
ent publication JP B 1-33587, it is required to
provide a spacing for adjustment between each
adjacent two patterns, so that it is difficult to use
the sheet-type material fully efficiently.

An object of the present invention is to provide
a pattern matching method and device for an auto-
matic cutting apparatus whereby both automatic
marking and cutting can be performed with respect
to a patterned sheet-type material, such as a fabric,
by eliminating the difference in position between
the theoretical layout and real layout of the patterns
so that the sheet-type material can be used effi-
ciently.

Disclosure of Invention

The present invention provides a pattern-
matching method for an automatic cutting appara-
tus whereby a part which needs pattern maiching
is cut out of a patterned sheet-type material, com-
prising the steps of:

selecting a characteristic point of a theoretical
pattern layout on the sheet-type material and stor-
ing in a memory positional data of the characteris-
tic point and part data which indicates the position
of the part which needs pattern matching with
respect to the characteristic point;

detecting the position of the characteristic point
on the unrolled sheet-type material with patterns on
the basis of the theoretical pattern layout;

calculating a deflection between the detected
position of the characteristic point and the posi-
tional data of the characteristic point which has
been stored in the memory; and

placing the part which needs pattern maiching
in an adjusted position on the unrolled sheet-type
material with patterns, the adjusted position being
determined by modifying the part data stored in
the memory on the basis of the deflection cal-
culated.

The invention is characterized in that, in the
case where the position of the pattern-matching
part pattern is adjusted and the part consequently
overlaps another pattern-matching part pattern
which has already had its position adjusted, the
position of the pattern-matching part pattern is ad-
justed again on the basis of another characteristic
point in another position which is different from the
characteristic point detected on the sheet-type ma-
terial on the basis of the theoretical pattern layout.
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The invention is also characterized in that a
part which does not need pattern matching is also
cut out of the patterned sheet-type material.

The invention also provides a pattern-matching
device for an automatic cutting apparatus whereby
a part which needs pattern matching is cut out of a
patterned sheet-type material fixed onto a table,
comprising;

a memory for storing positional data of a char-
acteristic point which is in advance determined in a
theoretical pattern layout on the sheet-type material
and part data which indicates the position of the
part which needs pattern matching with respect to
the characteristic point;

means for capturing, over the unrolled sheet-
type material with patterns, the surface vision
thereof in the vicinity of the position indicated by
the positional data of the characteristic point stored
in the memory;

means for calculating, in response o an output
from the vision capturing means, the deflection
between the position of the characteristic point on
the unrolled sheet-type material with patterns,
which was detected from the surface vision, and
the positional data of the characteristic point which
has been stored in the memory; and

means for marking which determines, in re-
sponse to an output from the deflection calculating
means, the position of the part which needs pattern
matching on the unrolled sheet-type material with
patterns by modifying the part data stored in the
memory on the basis of the deflection calculated.

The invention is further characterized in that
the vision capturing means is movable over the
table, and the deflection detecting means com-
prises: means for displaying the surface vision in
the vicinity of the characteristic point in response to
the output from the vision capturing means so that
the position of the characteristic point stored in the
memory is superpose on the surface vision being
displayed;

means for directing the vision capturing means
to move over the table with reference to the display
means; and

means for calculating the deflection, in re-
sponse to an output from the directing means, on
the basis of the distance covered by the vision
capturing means which has been moved so as fo
shift the characteristic point in the surface vision
displayed by the display means to the position of
the characteristic point superposed on the surface
vision displayed.

According to the invention, the automatic cut-
ting apparatus cuts the parts which need pattern
matching out of the patterned sheet-type material.
Pattern matching in the cutting process is per-
formed by modifying the part data stored in the
memory. The position of a part is adjusted by
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selecting a characteristic point of the theoretical
pattern layout on the sheet-type material, calculat-
ing the positional deflection between the theoretical
characteristic point and the real characteristic point
on the unrolled sheet-type material, and modifying
the part data on the basis of the deflection cal-
culated. The positional adjustment is repeatedly
carried out for all the parts that need pattern
matching, so that their theoretical pattern layouts
coincide with their real pattern layouts on the
sheet-type material. Thus, marking can be per-
formed by easily placing the parts which need
pattern matching on the sheet-type material even
when the pattern layout on the sheet-type material
undergoes a change due to the elasticity or the like
of the sheet-type material. The modified part data
or marking data is stored in the memory, based on
which automatic cutting is performed.

According to the invention, when the pattern-
matching part pattern overlaps, while its position is
being adjusted, another pattern-matching part pat-
tern which has already had its position adjusted,
the positional adjustment of the pattern-maiching
part pattern is continued on the basis of another
characteristic point. When cutting is conducted
based on the part data including ten parts which
need pattern matching, for example, a case is
supposed in which overlapping is caused by the
marking procedure for the fifth part that needs
pattern matching in the theoretical part data stored
in the memory. The data on the first to fourth parts
that need pattern maiching is not modified again,
for their positions have already been adjusted.
Marking is performed again based on the data on
the remaining parts including the fifth to tenth pat-
terns with patterns to be matched, which have not
been processed yet. Pattern matching is performed
on the basis of the characteristic points in this
marking process, similarly to the first marking pro-
cess. Thus, the theoretical positions of the parts
which need pattern matching can easily be ad-
justed on the basis of the deflection of the pattern
layout on the real sheet-type material. In addition,
marking is repeated only when necessary, so that
the optimum automatic marking can be performed
in accordance with real patterns on the sheet-type
material. Consequently, pattern matching and
marking can be carried out appropriately.

According to the invention, the part which does
not need pattern matching is also cut out of the
patterned sheet, so that scope for adjusting the
positions of the parts which need pattern matching
is enlarged by repositioning the patterns which do
not need pattern matching.

According to the invention, the automatic cut-
ting apparatus cuts parts which need pattern
matching out of the patterned sheet-type material
fixed onto the table. The pattern matching device
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includes the memory, vision capturing means, de-
flection calculating means, and marking means. In
the memory are stored the positional data of the
characteristic point which is determined in advance
in the theoretical pattern layout on the sheet-type
material and the part data which indicates the posi-
tions of the parts which need pattern matching with
respect to the characteristic point. The vision cap-
turing means captures the surface vision in the
vicinity of the position indicated by the positional
data of the characteristic point stored in the mem-
ory. In response to an output from the vision cap-
turing means, the deflection calculating means cal-
culates the deflection between the positional data
of the characteristic point stored in the memory
and the real position of the characteristic point on
the unrolled sheet-type material with patterns, so
that the deflection data obtained is supplied to the
marking means by feedback. The marking means
modifies the part data stored in the memory on the
basis of the deflection calculated, so as to deter-
mine the position of the part which needs pattern
matching on the unrolled sheet-type material. Since
the deflection between the characteristic points is
calculated in order to modify the part data and to
determine the position of the part which needs
pattern matching, pattern matching can be carried
out easily and promptly.

According to the invention, the vision capturing
means is movable over the table. The deflection
detecting means includes the display means and
the calculating means. The display means displays
the vision of the vicinity of the characteristic point
which was captured by the vision capturing means
and superimposes, on the vision being displayed,
the position of the characteristic point obtained
from the content of the memory. The directing
means directs the vision capturing means to move
over the table while capturing the vision to be
displayed. The calculating means calculates the
deflection on the basis of the distance covered by
the vision capturing means which has been moved
so as to shift the characteristic point in the surface
vision displayed by the display means to the posi-
tion of the theoretical characteristic point superim-
posed on the surface vision. Thus, the deflection
necessary for pattern matching can be calculated
easily and promptly.

As described above, according to the invention,
the deflection between the characteristic point in
the theoretical pattern layout on the patterned
sheet-type material and the real characteristic point
on the unrolled sheet-type material is calculated,
and the part data is modified based on the deflec-
tion calculated, so as to position the related part
which needs pattern matching on the sheet-type
material. Consequently, the shift of the real pattern
layout from the theoretical pattern layout is elimi-
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nated, thereby realizing automatic marking and cut-
ting of the patterned sheet-type material. Since the
position of the part which needs pattern matching
is adjusted by eliminating the shift of the real
pattern layout from the theoretical one on the basis
of the distinct characteristic points, pattern maich-
ing can easily be carried out on the basis of the
characteristic points. That is, after automatic mark-
ing is performed on the basis of the theoretical
pattern layout, the marking data obtained can be
modified in accordance with the unrolled sheet-
type material. Since an exira spacing is not pro-
vided between each two adjacent patterns, the
sheet-type material can be used efficiently.

According to the invention, when overlapping
occurs between the part with the pattern to be
matched wherein the position of which is adjusted,
and another part with the pattern to be matched
wherein the position of which has already been
adjusted, the position of the part with the pattern to
be maiched is adjusted on the basis of another
characteristic point which is different from the char-
acteristic point detected based on the theoretical
pattern layout on the sheet-type material, and
therefore, the part with the pattern to be matched is
repositioned only when required without changing
the position of another pattern with a pattern to be
matched which has already been adjusted. For
example when cutting is conducted based on the
part data including ten parts which need pattern
matching, a case is supposed in which overlapping
is caused by the marking procedure for the fifth
part that needs pattern matching in the theoretical
part data stored in the memory. The data on the
first to fourth parts that need pattern maiching is
not modified again, for their positions have already
been adjusted. Marking is performed again based
on the data on the remaining parts including the
fifth to tenth parts with patterns to be matched,
which have not been processed yet. Pattern maich-
ing is performed on the basis of the characteristic
points in this marking process, similarly to the first
marking process. Thus, the theoretical positions of
the parts which need pattern matching can easily
be adjusted on the basis of the deflection of the
pattern layout on the real sheet-type material. In
addition, when the shift of the real pattern layout
from the theoretical one is remarkable, marking is
repeated only when necessary, so that the opti-
mum automatic marking can be performed in ac-
cordance with real patterns on the sheet-type ma-
terial. According to the present invention, pattern
matching can easily be carried out, even when the
shift between the real and theoretical pattern lay-
outs is remarkble, by repositioning parts which do
not need pattern matching.

According to the invention, the vision in the
vicinity of the characteristic point on the unrolled
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sheet-type material with patterns is captured so as
o calculate the deflection between the characteris-
tic point in the vision captured and the positional
data of the characteristic point stored in the mem-
ory. The deflection data is fed back so as to adjust
the position of the part with the pattern to be
matched in accordance with the real pattern layout
on the unrolled sheet-type material with patterns,
so that pattern matching can easily be carried out
in the marking process.

According to the invention, the vision capturing
means for capturing the vision in the vicinity of the
characteristic point on the unrolled sheet-type ma-
terial with patterns is movable over the table, and
the deflection detecting means displays, on the
display means, the surface vision from the vision
capturing means together with the theoretical posi-
tion of the characteristic point. When the directing
means directs the vision capturing means to move
so as to shift the real characteristic point to the
theoretical characteristic point, the deflection can
easily be calculated based on the distance covered
by the vision capturing means, and therefore, pat-
tern matching can be carried out easily and promp-

tly.
Brief Description of Drawings

FIG. 1 is a block diagram diagrammatically
showing the structure of an embodiment of the
present invention;

FIG. 2 is a partially cutaway side view dia-
grammatically showing the cutting apparatus 1
shown in FIG. 1;

FIG. 3 is a front view diagrammatically showing
the deflection controller regulator 3 shown in
FIG. 1;

FIG. 4 is a front view diagrammatically showing
a vision on the monitor 31 shown in FIG. 1;

FIG. 5 is a plan view showing the layout of parts
on the sheet-type material 14 shown in FIG. 1;
FIG. 6 is a plan view showing the layout of parts
on an ideal sheet-type material 14i, wherein the
sheet-type material 14 shown in FIG. 1 is as-
sumed to have no elasticity;

FIG. 7 is a plan view of a fabric 15 for inputting
the layout data to the memory 23 in the embodi-
ment shown in FIG. 1;

FIG. 8 is a plan view showing the fabric data
15a to be inputted to the memory 23 shown in
FIG. 1;

FIG. 9 is a plan view showing a part 60 to be
stored in the memory 23 shown in FIG. 1;

FIG. 10 is a plan view showing the relationship
between the part 60 to be inputted to the mem-
ory 23 shown in FIG. 1 and a pattern matching
mark 60b serving as a reference point;
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FIG. 11 is a flow chart showing the procedure
sequences of the pattern matching method in
the embodiment shown in FIG. 1; and

FIG. 12 is a block diagram diagrammatically
showing the electric constitution of the pattern
matching device in the embodiment shown in
FIG. 1.

Best Mode for Carrying Out the Invention

FIG. 1 diagrammatically shows the structure of
an apparatus for practicing the pattern-matching
method of the present invention. A cutting appara-
tus 1 carries out cutting in response to a head
moving signal 0 fransmitted from a marking ap-
paratus 2 via a line L1. To achieve the patterns
matching in cutting, the cutting apparatus provides
a video signal V for a deflection controller 3 via a
line L2. The marking apparatus 2 supplies marking
reference data M fo the deflection controller 3 via a
line L3. As described below, the marking reference
data M is produced based on the positional data of
the characteristic point. The deflection controller 3
calculates deflection data D, in accordance with the
video signal V and the marking reference data M,
and provides it with the marking apparatus 2 via a
line L4. The marking apparatus 2 modifies the head
moving signal 0 which is provided on the basis of
the deflection data D for the cutting apparatus 1 via
the line L1.

To the cutting apparatus 1 is provided a sheet-
type material such as a fabric, which has been
unrolled by an unrolling device 4. The part of
clothes which were cut by the cutting apparatus 1
are picked up by a pickup device 5.

The cutting apparatus 1 will be further de-
scribed with reference to FIG. 2. FIG. 2 is a cross
sectional view diagrammatically showing the cutting
apparatus 1. The cutting apparatus 1 is provided
with a head portion 11 which is moved in response
fo the head moving signal 0 fransmitted via the line
L1. The head portion 11 can be moved horizontally
over a table 13 by a moving device 12. The head
portion 11 includes a cutter 11a and a camera 11b.
The camera 11b is attached directly to the cutter
11a. A blade 11¢ extends vertically downward from
the cutter 11a. The blade 11c cuis the sheet-type
material 14 laid on the table 13. As shown in the
partial cross section, the surface of the table 13 is
composed of a brush 13a for pulling down the
sheet-type material 14 by suction to be fixed.
When the sheet-type material 14 is composed of
several layers of fabrics, a plastic sheet 14a is
superposed on top of the layers to ensure the
fixing of the sheet-type material 14 onto the table
13 by suction.

The marking apparatus 2 shown in FIG. 1 in-
cludes a central processing unit (hereinafter re-
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ferred to as CPU) 21, a monitor 22, and a memory
23. The CPU 21 executes the marking and like
processings and provides the head moving signal 0
for the cutting apparatus 1 via the line L1. The
monitor 22 displays a part to be cut and the like.
Data on a part to be cut and other information are
stored in the memory 23.

Referring now to FIGS. 3 and 4, the deflection
controller 3 will be described. FIG. 3 is a front view
diagrammatically showing the deflection controller
3 and FIG. 4 shows a vision for a monitor 31
included by the deflection controller 3. In addition
to the monitor 31, the deflection controller 3 in-
cludes a deflection adjusting device 32 as well. The
monitor 31 displays, based on the marking refer-
ence data M provided from the marking apparatus
2 via the line L3, a reference mark 33 in the center
of the screen which is superposed on the vision of
the surface of the sheet-type material 14. On the
surface of the sheet-type material 14, an intersect-
ing point of a vertical pattern 40 and a lateral
pattern 50, for example, is selected as the char-
acteristic point, so that the vision of the intersecting
point is superposed on the reference mark 33 when
the sheet-type material is not stretched or shrunk.
Hence, an arrow mark 34 shows the direction in
which adjustment should be performed.

The deflection controll 32 comprises a deflec-
tion amount indicator 35 and operation indicator 36
so as to adjust the deflection in the direction 34 on
the monitor 31. The deflection amount indicator 35
includes a movement directing element 35a, which
can be composed of a truck ball or the like, and a
rotation directing element 35b. The operation in-
dicator 36 includes a button 36a which shows the
completion of the movement or rotation directed by
the deflection amount indicator 35 and a button
36b which shows the execution of various other
commands.

As shown in FIG. 4, the reference mark 33
serves as a reference in defining the outer configu-
ration of a part 60 which needs pattern maiching.
The monitor 31 may display the part 60 only par-
tially. When the deflection is regulated so as to
locate the reference mark 33 on the characteristic
point, the deflection is also modified with respect to
the other portion of the part 60 that is not displayed
on the monitor 31. The data on the position of the
characteristic point and the data on the parts which
need pattern matching relating to individual char-
acteristic points are stored in the memory 23.

FIG. 5 shows the layout of parts on the shest-
type material 14 before the deflection is modified.
FIG. 6 shows the layout of the parts on the ideal
sheet-type material 14i which is free from stretch-
ing and shrinking. The sheet-type material 14 has,
for example, a checkered pattern consisting of ver-
tical lines and lateral lines. Clothes made of a
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fabric with such a checkered pattern definitely
need pattern matching, for a mismatch of the pat-
terns is conspicuous in this case. Consequently,
vertical reference lines 41 to 45 and lateral refer-
ence lines 51 to 53 are selected so that their
intersecting points serve as the characteristic
points.

FIGS. 7 and 8 show the selection of the vertical
and lateral reference lines. The fabric 15 shown in
FIG. 7 has a checkered pattern which is composed
of the vertical pattern 40 and the lateral pattern 50.
Since the vertical pattern 40 and lateral pattern 50
consist of a plurality of stripes, the lateral reference
lines 50a designated by (D and @ and the vertical
reference lines 40a designated by @) and @ are
selected so as to produce fabric data 15a shown in
FIG. 8 and store it in the memory 23 of the
marking apparatus 2. In this way, the vertical refer-
ence lines 41 to 45 and lateral reference lines 51 fo
53 are determined on the ideal sheet-type material
14i. Parts 61 to 65 which need the patterns maich-
ing of are laid out on the basis of the intersecting
points of the vertical reference lines 41 to 45 and
lateral reference lines 51 to 53, which serve as the
characteristic points. Parts 66 and 67 which do not
need patterns maiching of are laid out around the
parts 61 to 65 which need pattern matching. In the
case of a design other than checks, reference lines
which characterize the design are similarly selected
to produce the fabric data, so as to provide the
characteristic points.

On the sheet-type material 14 shown in FIG. 5,
shifs arise between the characteristic points of the
parts 61, 64, and 65 with patterns to be matched,
due to the stretching or shrinking of the sheet-type
material 14. In order to modify the deviations, the
visions of the regions denoted by reference nu-
merals 31a, 31b, and 31c are displayed on the
monitor 31, so that the positions of the paris 61,
64, and 65 are adjusted in the directions 34a, 34b,
and 34c on the basis of the reference marks 33a,
33b, and 33c, respectively. In the case where the
part 61, 64, or 65 which needs pattern matching
overlaps the part 66 or 67 which does not need
pattern matching, the position of the part 66 or 67
is modified. In the case where one of the paris 61
to 65 with patterns to be matched overlaps another
of the parts 61 to 65 which has already had its
position adjusted, another point is selected as the
characteristic point for matching patterns.

FIGS. 9 and 10 illustrate a method of selecting
the characteristic point for the part 60 with a pat-
tern to be matched with reference to the fabric data
15a. The configuration of the part 60 which needs
pattern matching is defined on the basis of the
pattern matching reference line 60a. The relation-
ship between the pattern maiching reference line
60a and the vertical and lateral patterns 40a and
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50a is determined by selecting the pattern match-
ing mark 60b as the characteristic point. The pat-
tern matching mark 60b is selected in the vicinity
of the center of the part 60 where the striped
design is distinct. Once the positional relationship
between the pattern matching mark 60b and the
pattern matching reference line 60a is determined,
the position of the part 60 with a pattern to be
matched, which has been determined on the basis
of the pattern matching reference line 60a, can also
be determined on the basis of the pattern matching
mark 60b.

Each of the displayed regions 31a, 31b, and
31c shown in FIG. 5 is about the size of a square
side 30 cm. The modification in size of the sheet-
type material 14 being stretched or shrunk is about
1 cm. Accordingly, it is easy for an operator to
adjust the deflection, while observing the monitor
31, by means of the deflection adjusting device 3.

According to the present embodiment, the
sheet-type material 14 composed of a single sheet
can be spread on the table 13 by alignment at the
sides thereof, so that one operator can easily modi-
fy its position while observing the vision displayed
on the monitor 31. The sheet-type material 14
composed of a plurality of layers can also be cut
by fixing the layers so that the pattern layout of
one layer is not shifted from that of another layer,
without matching the pattern layout of the real
sheet-type material 14 with that of the ideal sheet-
type material 14i. Furthermore, since it is not re-
quired to provide a spacing between each adjacent
two of the patterns, the sheet-type material 14 can
be used efficiently, which is beneficial especially
when the sheet-type material 14 is expensive.

FIG. 11 is a flow chart showing the procedure
sequences of the pattern matching method in an
embodiment of the invention described above. The
procedures are initiated with a step al. In a step
a2, an ideal pattern pitch, which is the data on the
vertical reference lines 41 to 45 and lateral refer-
ence lines 51 to 53 on the ideal sheet-type material
14i shown in FIG. 6, is inputted to the marking
apparatus. In a step a3, as shown in FIG. 6, the
parts 61 to 65 which need pattern matching and
parts 66 and 67 which do not need pattern match-
ing are laid out on the ideal sheet-type material 14i
so as to carry out marking. In a subsequent step
a4, the marking apparatus 2 transmits the head
moving signal 0 to the cutting apparatus 1, so that
the part which needs pattern matching is selected
from the marking data and that the camera of the
head portion is moved to the pattern matching
point. In a step ab, it is examined on the monitor
31 of the deflection controller whether the pattern
matching point obtained from the marking data
which was marked in accordance with the ideal
pitch coincides with the real pattern layout of the



13 EP 0 577 842 A1 14

fabric or not. And in a step a6, as illustrated in
FIGS. 3 and 4, it is judged whether the pattern
matching point from the marking data coincides
with the pattern on the fabric or not. In the case of
no coincidence, the camera 11b of the head por-
tion is moved by the deflection amount indicator
35.

In a step a8, the amount of deflection is cal-
culated based on the movement of the camera
11b. The deflection controller 3 provides the de-
flection data D, which shows the amount of deflec-
tion calculated, for the marking device 2. In a step
a9, the marking apparatus 2 moves the part de-
pending on the amount of deflection. In a step a0,
it is examined whether the pattern-matching part
pattern, which has been moved, overlaps with an-
other part or not. In a step all, the presence of
such overlapping is judged. In the case of overlap-
ping, the procedures go on to a step al2 in which
it is examined whether the overlapping is with
another part of the pattern which has already been
matched or not. The judgment on the examination
is conducted in step a13, and when the answer is
no, the procedures go on to a step al4 in which
the other parts are marked again. When the answer
obtained in the stem al13 is yes, the camera 11b
attached to the head portion 11 is moved to an-
other pattern on the fabric. When the step a15 is
finished, the procedures from the step a8 are re-
peated.

In the case where it is judged in the step 6a
that there is a coincidence, where it is judged in
the step al1 that there is no overlapping, or where
the step al4 is finished, the procedures go on fo a
step al6 in which the pattern of another part is
matched. In the case where there are no more
parts left that need pattern matching, it is judged in
a step al17 that the previous part is the final. In a
step al18, since the marking data is finished in
accordance with the real fabric, the marking ap-
paratus 2 fransfers to the marking data the cutting
apparatus 1, based on which the sheet-type ma-
terial 14 is cut. Subsequently, the procedures are
finished by a step al19. In the case where it is
judged in the step a17 that the previous part is not
the final one, the procedures from the step a4 are
repeated.

As described above, the deflection data D is
provided for to the marking apparatus 2 by feed-
back, so that the theoretical pattern layout which is
stored in the memory 23 is modified to coincide
with the real pattern layout on the unrolled sheet-
type material 14. Such a procedure is conducted
with an electric constitution shown in FIG. 12. The
cutting apparatus 1 includes a controller 16 for the
cutting apparatus, a circuit 17 for driving the head
in the X direction, a circuit 18 for driving the head
in the Y direction, a cutter-driving circuit 19 and a
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moving device 12. As described above, the camera
11b is attached to the moving device 12.

To the controller 16 in the cutting apparatus 1
is provided a head moving signal 0 from the mark-
ing apparatus 2 via the line L1, so as to control the
moving device 12 via the driving circuits 17 and 18.

The marking apparatus 2 includes, in addition
to the CPU 21, monitor 22 for display and memory
23, a marking operating circuit 24, a marking pro-
cessing circuit 25, and a display processing circuit
26. To the marking operating circuit 24 is inputted
the positional data for marking on the part 60 with a
pattern to be maiched and the pattern matching
mark 60b according to the method illustrated in
FIGS. 9 and 10. The marking processing circuit 25
fransmits a head moving signal 0 for moving the
camera 11b so as to capture the vision in the
vicinity of the reference point. The display process-
ing circuit 26 executes the processing for display-
ing the part 60 which needs pattern matching on
the monitor 22 of the marking apparatus and on the
monitor 31 of the deflection controller 3.

The deflection controller 3 includes the monitor
31 and the deflection regulator device 32. The
deflection regulator device 32 includes the deflec-
tion amount indicator 35 and a video signal syn-
thesizing circuit 37. The video signal synthesizing
circuit 37 synthesizes a video signal for displaying
a vision on the monitor shown in FIGS. 3 and 4, in
response to a video signal V fransmitted from the
camera 11b via the line L2 and to the marking
reference data M provided from the marking ap-
paratus 2 via the line L3, and transmits it to the
monitor 31.

Although the sheet-type material 14 laid on the
table 13 of the cutting apparatus 1 is fixed thereto
in the embodiment described above so that the
deflection amount is calculated by moving the head
portion 11, it will easily be understood that the
deflection amount can be calculated based on the
video signal V form the camera 11b. However,
since it is difficult to detect the characteristic point
solely from the video signal V, the more accurate
deflection amount can be obtained when an oper-
ator indicates the deflection amount by maiching
the characteristic point with the reference mark 33
in the center while observing the vision on the
monitor 31. Since the characteristic point is
matched with the reference mark 33 in the center
of the vision being displayed, the vision is not
susceptible fo the distortion in the marginal portion
of the screen, which is observed when a cathode-
ray tube (referred to as CRT) is used as the
display device.
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Industrial Applicability

As described above, according to the pattern

matching method and device for the cutting ap-
paratus of the invention, part of clothes which need
pattern matching can easily be cut out of the
sheet-type material such as the fabric. Since it is
possible to use the sheet-type material efficiently
even when pattern maiching is performed, they are
particularly suitable for cutting the expensive sheet-
type material.

Claims

1.

A pattern matching method of an automatic
cutting machine, for cutting pattern-matching
part pattern out of patterned-carrying sheet
material comprising:

selecting a characteristic point of a theo-
retical pattern layout on the pattern-carrying
sheet material and storing in a memory posi-
tional data of the characteristic point and part
pattern data to indicate the position of the
pattern-matching patterns part with respect to
the characteristic point;

detecting the position of the characteristic
point on the spread pattern-carrying sheet ma-
terial according to the theoretical pattern lay-
out;

calculating deflection between the detect-
ed position of the characteristic point and the
positional data of the characteristic point which
has been stored in the memory; and

arranging the pattern-matching part pattern
on the spread pattern-carrying sheet material
to the corrected position corresponding to the
part pattern data stored in the memory on the
basis of the calculated deflection.

The pattern matching method of an automatic
cutting machine as claimed in claim 1,
wherein, in case the position of the pattern-
matching part pattern is corrected, when a
pattern-matching part pattern is consequently
superposed on another pattern-matching part
pattern which arrangement has been already
corrected, correcting the arrangement of the
pattern-matching pattern on the basis of an-
other characteristic point which has different
position from the characteristic point detected
on the basis of the theoretical pattern layout of
the sheet material.

The pattern matching method for an automatic
cutting machine as claimed in claim 1 or 2,
wherein a part pattern which does not need
pattern-matching is also cut out of the pattern-
carrying sheet material.
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A pattern matching apparatus for an automatic
cutting machine to cut pattern-matching part
pattern out of pattern-carrying sheet material
fixed onto a table, comprising:

a memory for storing positional data of a
predetermined characteristic point of a deter-
mined theoretical pattern layout of the sheet
material in advance and part pattern data to
indicate the position of the pattern-maiching
part pattern with respect to the characteristic
point;

an image taking means for taking surface
image of spread pattern-carrying sheet ma-
terial in the vicinity of the position indicated by
the positional data of the characteristic point
stored in the memory;

a deflection calculating means, in response
to an output from the image taking means, for
displaying the surface image and for calculat-
ing the defection between the for the position
data indicates as position of the characteristic
point detected from the surface image on the
spread pattern-carrying sheet material and the
positional data of the characteristic point stored
in the memory; and

a marking means, in response to an output
from the deflection calculating means, for de-
termining arrangement of the pattern-matching
part pattern on the spread pattern-carrying
sheet material by correcting the part pattern
data stored in the memory on the basis of the
calculated defection.

The pattern matching apparatus for an auto-
matic cutting machine as claimed in claim 4,
wherein

the image taking means is movable over
the table, and

the deflection calculating means com-
prises:

a displaying means, in response to an
output from the image taking means, for dis-
playing the surface image in the vicinity of the
characteristic point and for superposing the
position of the characteristic point stored in the
memory on the displayed surface image;

a directing means for directing the image
taking means to move over the table with refer-
ence to the displaying means; and

a calculating means, in response to an
output from the directing means for calculating
the deflection, on the basis of the distance of
the image taking means, when the image tak-
ing means being moved so as to shift the
characteristic point of the surface image dis-
played on the displaying means to the position
of the characteristic point superposed on the
displayed surface image.
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Amended claims

(Amended) A pattern matching method of an
automatic cutting machine, for cutting pattern-
matching part pattern out of patterned-carrying
sheet material on which the pattern-matching
part pattern is arranged according to a theo-
retical pattern comprising:

selecting a characteristic point easily iden-
tified to a theoretical pattern layout on the
pattern-carrying sheet material and storing in a
memory positional data of the characteristic
point and part pattern data to indicate the
position of the pattern-maiching patterns part
with respect to the characteristic point;

detecting the position of the characteristic
point on the spread pattern-carrying sheet ma-
terial;

calculating deflection between tfo indicate
the detected position of the characteristic point
and the positional data of the characteristic
point which has been stored in the memory;
and

arranging the pattern-matching part pattern
on the spread pattern-carrying sheet material
to the corrected position corresponding to the
part pattern data stored in the memory on the
basis of the calculated deflection.

The pattern matching method of an automatic
cutting machine as claimed in claim 1,
wherein, in case the position of the pattern-
matching part pattern is corrected, when a
pattern-matching part pattern is consequently
superposed on another pattern-matching part
pattern which arrangement has been already
corrected, correcting the arrangement of the
pattern-matching pattern on the basis of an-
other characteristic point which has different
position from the characteristic point detected
on the basis of the theoretical pattern layout of
the sheet material.

The pattern matching method for an automatic
cutting machine as claimed in claim 1 or 2,
wherein a part pattern which does not need
pattern-matching is also cut out of the pattern-
carrying sheet material.

(Addition) The pattern matching method of the
automatic cutting machine as claimed in claim
1 or 2, wherein the characteristic point is se-
lected one by one to each pattern-maiching
part pattern.

(Addition) The pattern matching method of the
automatic cutting machine as claimed in claim
1 or 2, wherein the characteristic point is se-

10

15

20

25

30

35

40

45

50

55

10

18

lected inside the pattern-matching part pattern.

(Amendment) A pattern matching apparatus for
an automatic cutting machine to cut pattern-
matching part pattern out of pattern-carrying
sheet material on which the pattern-matching
part pattern is arranged according to a theo-
retical pattern, fixed onto a table, comprising:

a memory for storing positional data of a
characteristic point easily identified to a deter-
mined theoretical pattern layout of the pattern-
carrying sheet material in advance and part
pattern data to indicate the position of the
pattern-matching part pattern with respect to
the characteristic point;

an image taking means for taking surface
image of spread pattern-carrying sheet ma-
terial in the vicinity of the position indicated by
the positional data of the characteristic point
stored in the memory;

a deflection calculating means, in response
to an output from the image taking means, for
displaying the surface image and for calculat-
ing the defection between the for the position
data indicates as position of the characteristic
point detected from the surface image on the
spread pattern-carrying sheet material and the
positional data of the characteristic point stored
in the memory; and

a marking means, in response to an output
from the deflection calculating means, for de-
termining arrangement of the pattern-matching
part pattern on the spread pattern-carrying
sheet material by correcting the part pattern
data stored in the memory on the basis of the
calculated defection.

(Amendment) The pattern matching apparatus
for an automatic cutting machine as claimed in
claim 6, wherein

the image taking means is movable over
the table, and

the deflection calculating means com-
prises:

a displaying means, in response to an
output from the image taking means, for dis-
playing the surface image in the vicinity of the
characteristic point and for superposing the
position of the characteristic point stored in the
memory on the displayed surface image;

a directing means for directing the image
taking means to move over the table with refer-
ence to the displaying means; and

a calculating means, in response to an
output from the directing means for calculating
the deflection, on the basis of the distance of
the image taking means, when the image tak-
ing means being moved so as to shift the
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characteristic point identified out of the surface
image displayed on the displaying means to
the position of the characteristic point super-
posed on the displayed surface image.

Brief statement of amendment under article
19(1)

The claims 4 and 5 on filing are changed fo the
corrected claims 6, 7 respectively, and new claims
4, 5 are added.

In claims 1 and 6, it is made clear that the
position of the part with the pattern to be matched
is adjusted by selecting the easily identified char-
acteristic point of the theoretical pattern layout on
the patterned sheet-type material on which the part
with the pattern to be maiched has already been
disposed.

In the second citation of reference JP, B2,1-
33587, after the pattern-matching points have been
determined, the distribution of the parts is
achieved, and the operation of adjusting the posi-
tion of pattern-matching points is automatically per-
formed by using the pattern-matching points.

In the first citation of reference JP, B2,2-46708,
at least a portion of the fabric design is memorized,
and after the vision which is detected by the cam-
era has been recognized, the fabric is moved for
adjusting the position.

In the present invention, the characteristic point
is selected after the process of disposing the part
which needs pattern matching has been completed,
with the result that the adjusting operation can be
intervened by a man easily.

In claims 4 and 5, it is made clear that the
selection of the characteristic point in claims 4 and
5 is different from that in the second citation of
reference.

In claim 7, the formation of instructing the
characteristic point by a man is made sure.
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