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(57) ABSTRACT 

A method and apparatus for cutting patterned sheet material 
to provide a predetermined relationship betWeen a pattern 
characteristic and the part to be cut. An estimated position of 
a pattern characteristic is projected onto the sheet material 
and a distance betWeen the estimated position and an actual 
position of the pattern characteristic is identi?ed. A trans 
forming program calculates a position for other pattern 
characteristic positions and cutting instructions are then 
created and executed. 
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METHOD AND APPARATUS FOR 
TRANSFORMING A PART PERIPHERY TO BE 
CUT FROM A PATTERNED SHEET MATERIAL 

FIELD OF THE INVENTION 

[0001] The present invention relates to cutting parts from 
a patterned sheet material, and more particularly, to trans 
forming part peripheries or markers prior to cutting, in 
response to a distance betWeen a pattern characteristic 
projected on the sheet material at an estimated location and 
a corresponding actual location on the patterned sheet mate 
rial. 

BACKGROUND OF THE INVENTION 

[0002] Upholstered furniture is generally covered With 
leather, vinyl or fabric. A signi?cant part of the manufac 
turing cost of furniture is associated With cutting the fabric. 
Therefore, most inexpensive furniture is covered With vinyl, 
plain fabric, or fabric With a small overall pattern. When 
plain fabric, fabric With a small overall pattern or vinyl is 
used, it can be cut by placing one layer on top of another, 
building a stack that is then cut in a single process. For this 
kind of production, automatic machines are knoWn that can 
stack the sheet material and then cut the stack in the required 
pattern pieces With a computer guided cutter. 

[0003] More expensive furniture uses fabric that must be 
matched When applied. Examples of matching are (1) a 
pattern characteristic that “extends” across multiple compo 
nents of a piece of furniture, such as a stripe that starts at the 
loWer back of a sofa and continues up the back, over the top 
and doWn the seat back, across the seat and doWn the front 
to the bottom; (2) a particular pattern characteristic having 
a predetermined location on the ?nished product, such as 
each cushion having a particular ?oWer centered thereon; or 
(3) a single pattern characteristic that is retained by adjacent 
furniture components, such as trees or animals that are larger 
than single piece of fabric in the furniture and Which must 
appear to How in an uninterrupted manner across tWo or 
more pieces. 

[0004] Matched fabric is typically manufactured by Weav 
ing, knitting or printing. The manufacturing process usually 
includes passing the fabric over many rollers. As a result of 
the manufacturing process, the fabric typically has a skeW 
(the ?ller or yarn going from one edge to the other across the 
Web is not perpendicular to the length of the fabric), or boW 
(the ?ller yarn is not straight), or both. Moreover, the fabric 
is typically printed With a printing cylinder or by screen 
printing. With either method, the repeat of the pattern is not 
necessarily constant. Even if the repeat Was originally per 
fect, the fabric may stretch as it is processed, thereby 
introducing error. 

[0005] Accordingly, the manufactured fabric typically dif 
fers considerably from an “ideal” in terms of skeW, boW and 
repeat. The fabric may also have defects including, but not 
limited to dropped threads, holes and printing defects. 
Because of these many defects, patterned fabric cannot be 
stacked With any reliability of pattern match and must 
therefore be cut one layer at a time. 

[0006] The most common method for matching and cut 
ting patterned fabric includes spreading the fabric on a 
cutting table. A highly trained operator places or nests the 
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individual templates of the pattern on the fabric in the 
appropriate places so that after cutting, seWing and uphol 
stering the furniture, the pattern on the furniture matches in 
the desired con?guration. After the individual templates of 
the pattern are in their proper place, the operator marks With 
chalk around each template. The pattern templates are then 
removed and the fabric is cut With a rotary knife or scissors. 

[0007] Alternatively, an initial nest is generated by a 
computer program. The program can automatically position 
pattern pieces Within a digital periphery of the fabric, or 
accept a manual override. Traditionally, the computer 
applies the nesting program to an ideal fabric pattern. In 
recent developments, an actual pattern of the fabric is 
scanned into the computer. The scanned fabric and template 
peripheries are then displayed on a monitor for rotation 
and/or translation by an operator. 

[0008] After nesting is complete, the data is used to guide 
an automated cutting machine. Even With a scanned fabric 
pattern and computer generated nesting, the cutting machine 
instructions include moving the cutting knife to the center of 
the fabric pattern for each major nested group, Where a stop 
instruction is implemented to stop the cutting machine. Once 
stopped, the operator can align the cutter With a particular 
location on the fabric pattern. That is, the operator can move 
the cutting machine by using a joy stick or jog buttons so that 
the pattern nest coincides With the actual pattern on the 
fabric. 

[0009] US. Pat. No. 3,805,650 discloses the use of sub 
programs for individual pieces to be positionally correlated 
With the designs, Wherein a plastic template With an index 
mark is manually positioned on the fabric. The index marks 
on the plastic template are then aligned With a pointer on the 
cutting head to completely identify the position of the 
templates by providing both location and orientation of the 
templates and corresponding pieces. 
[0010] US. Pat. No. 5,172,326 discloses the use of a video 
camera for capturing the image of a printed fabric and 
displaying the captured image on a computer screen. Pattern 
templates are called from a memory and superimposed upon 
the captured pattern piece on the screen. A customiZed 
template pattern is then formed by reorientation of the 
pieces, and the resulting cutting instructions are forWarded 
to an automated cutter. 

[0011] US. Pat. No. 4,739,487 discloses storing image 
coordinates of a pattern in a computer. The stored image 
coordinates are used to form an image and the image is 
projected onto the material. The operator may translate or 
rotate the projected image to achieve a preferred arrange 
ment on the material. 

[0012] US. Pat. No. 4,941,183 discloses a method of 
optimiZing the pieces of material to be cut from a sheet 
including preparing a reduced scale template corresponding 
to the shapes of pieces to be cut; placing the templates on a 
projection device and projecting the images of the templates 
onto the material; manually positioning the templates to 
optimiZe the position of the templates; generating a digital 
template representation and cutting the material. 

[0013] US. Pat. No. 4,941,183 discloses a system for 
capturing an image of a pattern sheet material and automati 
cally and electronically aligning match points in matching 
relationships With the patterned fabric and displaying the 
result on a monitor. 
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[0014] The prior art systems that are relatively inexpen 
sive address only a speci?c ?aW type in a pattern. Alterna 
tively, those systems that address multiple ?aWs such as 
skeW and bow require extensive image capturing equipment 
and are hence prohibitively expensive. Further, While the 
prior art systems employing scanners for acquiring an image 
of the patterned fabric reduce human intervention, the scan 
ners currently have limited resolutions and may fail to 
identify minor ?aWs in the pattern. In addition, the scanners 
require relatively sophisticated calibration to obtain their 
maximum ef?ciency. 

[0015] Therefore, the need exists for a system of adjusting 
a nested or individual template With respect to any of a 
variety of ?aWs on a piece of patterned sheet material. The 
further need exists for employing operator input to identify 
and adjust an estimated point projected on the sheet material 
to accommodate a ?aW in the patterned fabric, thereby 
forming a distorted or shifted part periphery or template 
corresponding to the actual pattern on the fabric. 

SUMMARY OF THE INVENTION 

[0016] The present invention includes a method and appa 
ratus for adjusting a marker or a part periphery With respect 
to a patterned sheet material to accommodate ?aWs in the 
sheet material such as varying repeat, boW and skeW. 

[0017] Generally, the present invention includes selecting 
a given pattern characteristic of a patterned sheet material; 
projecting a reference image at an estimated position on the 
sheet material; identifying an actual corresponding pattern 
characteristic and modifying the estimated position in 
response to a difference betWeen the estimated position and 
the actual corresponding pattern characteristic. The modi? 
cation of the estimated position includes a transformation of 
the estimated pattern characteristics in response to the 
identi?ed actual pattern characteristic, thereby reducing the 
need to scan an entire segment of the fabric or identify and 
input every pattern characteristic With a given segment. The 
calculated difference betWeen the ideal fabric pattern and the 
estimated fabric pattern is used to transform the parts to be 
cut from the sheet material, Wherein the parts may be 
proximal to or spaced apart from the portion of the sheet 
material in Which the actual corresponding pattern charac 
teristic resides. The transformation may include a transla 
tion, rotation, distortion or any combination. As used herein, 
distortion includes a manipulation that changes the relative 
position of tWo locations of a part periphery. A distortion of 
a part periphery includes a change in the relative position of 
the constituent line segments. Translation and rotation retain 
the relative position of all the constituent line segments in a 
part periphery, and are therefore not a distorting manipula 
tion. 

[0018] Speci?cally, the present invention encompasses 
shifting a part periphery in response to a distance betWeen an 
estimated and actual repeat frequency in the fabric, and 
transforming an estimated pattern or part periphery in 
response to an actual deviation of the patterned sheet mate 
rial from an ideal pattern. The identi?cation and inputting of 
the actual pattern characteristics includes projecting an 
estimated pattern characteristic position or part periphery 
upon the actual fabric. The process of projecting an esti 
mated pattern characteristic position and adjusting its loca 
tion to an actual pattern characteristic location can be 
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implemented at spaced apart locations on the sheet material, 
Wherein an interpolation process is applied to the interme 
diate area of the sheet material. Similarly, the projecting and 
adjusting can be implemented at adjacent locations on the 
sheet material and an extrapolative process is used to 
determine the pattern characteristics spaced from the pro 
jected area. Further, a combination of techniques may be 
employed depending upon the particular pattern character 
istic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a perspective vieW of a cutting assembly 
employing the present invention. 

[0020] FIG. 2 is a plan vieW of a section of a patterned 
sheet material. 

[0021] FIG. 3 is a plan vieW shoWing a segment of a 
patterned sheet material With part peripheries. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] As shoWn in FIG. 1, the present system includes a 
cutting table assembly 20, an automated cutter 40, a con 
troller 60, a projection system 70, an operator input device 
80 and a transforming program 100. 

[0023] The present method and apparatus align a part 120, 
part periphery 122 or marker 140 With a fabric pattern 150 
on a sheet material 160, thereby alloWing the use of inte 
grated automatic marking and cutting systems so that a part 
may be readily cut from a patterned fabric sheet material 
having a ?aW. As used herein, the term “marker”140 
includes any part 120, panel, piece or shape to be cut from 
the sheet material 160. HoWever, it is understood that a 
marker 140 may include a single or multiple parts that may 
or may not be nested. 

[0024] The present invention is particularly applicable to 
a patterned fabric having a pattern characteristic 152 With a 
repeat frequency 154. The repeating pattern characteristic 
152 may be any of variety of pattern components, such as a 
stripe, stripe groupings, ?oral compositions, designs, ani 
mals, colors or any combinations. A given patterned fabric 
may have a plurality of repeat frequencies, depending upon 
the particular characteristic. That is, some pattern charac 
teristics may repeat every inch, While other pattern charac 
teristics repeat every tWelve inches, as disclosed in US. Pat. 
No. 4,853,866 herein incorporated by reference. 

[0025] The cutting table assembly 20 includes a support 
surface 22 upon Which the sheet material 160 is spread. The 
support surface 22 may be in the form of a conveyor or an 
elongate ?at table Which preferably provides a multiplicity 
of Workstations, such as a projecting/identifying station, a 
cutting station and a picking station. Alternatively, the 
support surface 22 can be in the form of a drum or inclined 
plane. The support surface 22 may be any of a variety of 
materials, but it is preferably a vacuum permeable surface 
that permits vacuum retention of the sheet material 160 on 
the support surface, as Well knoWn in the ?eld. The speci?c 
construction and material of the support surface 22 are at 
least in part dictated by the type of sheet material 160 to be 
cut as Well as the particular type of cutting assembly 20. As 
shoWn in FIG. 1, the system de?nes a longitudinal direction 
X of the cutting assembly and the sheet material (extending 
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generally from the lower left to the upper right of FIG. 1) 
and a shorter, perpendicular direction Y of the cutting 
assembly and the sheet material (extending generally from 
the upper left to the loWer right of FIG. 1). 

[0026] The automated cutter 40 includes a carriage 44 or 
gantry movable relative to the support surface 22 for car 
rying a cutting implement 44 such as a laser, knife, Water jet, 
blade or Wheel cutter. The carriage 42 and cutting implement 
44 are controlled by signals from the controller 60 to cut the 
sheet material 160 as retained on the support surface 22. 

[0027] The controller 60 includes a computer 62 having a 
standard processor and may include a display 64 for dis 
playing the image on a CRT or LCD. The computer 62 
includes, or is connected to a storage device for retaining 
sufficient data to form the marker 140 or the periphery of 
parts to be cut as Well as the programs for preliminary 
nesting and generation of cutting instructions. 

[0028] A transforming program 100 runs in the controller 
60 for accepting signals from an operator input device 80 to 
locate actual speci?c pattern characteristic 152 positions on 
a patterned sheet material 160 disposed upon the support 
surface 22. The operator input device 80 is operably con 
nected to the controller 60 or computer 62 and projection 
system 70 and may be any of a variety of mechanisms such 
as a trackball, mouse, pointer or keypad. 

[0029] The operator input device 80 and transforming 
program 100, alloW a reference image 170, part periphery or 
segment to be transformed including a translation, rotation, 
distortion or any combination. The reference image 170 may 
be a portion of the part periphery 122, a portion of the 
marker 140, merely a line corresponding to the part(s) to be 
cut, a line corresponding to a pattern characteristic, or a 
point. 
[0030] The program 100 alloWs the effective increase, 
decrease, or bending of a portion of the reference image 170, 
the projected line segment and/or adjacent line segments to 
generate or calculate a difference or distance betWeen a 

projected estimated location(s) 180 on the sheet material 160 
and an actual location 190 of the particular pattern charac 
teristic 152. In addition, the transforming program 100 
performs an interpolative process betWeen spaced apart 
positions on the sheet material 160 to accommodate for 
variations in the sheet material betWeen the spaced apart. 
The transforming program 100 may also perform an 
extrapolative process based upon adjacent actual pattern 
characteristics input, to estimate pattern characteristics at 
locations on the sheet material 160 that are beyond the input 
locations. The interpolating or extrapolating process may be 
any of a variety of mathematical processes such as straight 
line or smooth curve ?tting. 

[0031] The transforming program 100 generates a set of 
cutting instructions for controlling the automated cutter 40. 
The cutting instructions accommodate the difference 
betWeen projected estimated pattern characteristics 180 and 
actual pattern characteristics locations 190. The actual pat 
tern characteristics locations 190 are identi?ed by the opera 
tor examining the actual sheet material 160. The difference 
betWeen the estimated positions and the actual positions are 
then input to the controller 60 and transforming program 100 
by the operator. The transforming program 100 thus obtains 
the actual position of the pattern characteristic 152 as Well 
as the distance or variance from the estimated position. 
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[0032] The projection system 70 is operably connected to 
the computer 62 and includes a projector 72, preferably a 
laser projector and optics for projecting the reference image 
170 onto the support surface 22, or sheet material 160 
disposed on the support surface. The laser may be coupled 
to the computer display 64, if one is employed, so that the 
reference image 170 projected on the sheet material 160 is 
identical to the image on the computer display. The optics 
include re?ective surfaces such as mirrors and lenses knoWn 
in the ?eld for directing the laser beam along an optical path 
to intersect the support surface 22. 

[0033] The projection system 70 may employ either a 
coherent or incoherent light source. The control and accu 
racy of a coherent source render lasers a preferred source. 
The coherent source is a commercially available helium 
neon laser. The laser is located above the support surface, 
and depending upon the speci?c structure of the system may 
be af?xed relative to the support surface. That is, a projec 
tion path is orthogonal to support surface 22 for some 
locations and oblique With respect to remaining portions. 

[0034] The projector 72 cooperates With an XY scanner 74 
for directing the optical path. The scanner 74 is manufac 
tured by General Scanning, Inc. A control card inserted into 
the computer may be used to generate an analog signal for 
driving the XY scanner 74. The control card is commercially 
available through Metrabyte and converts a digital signal 
into an analog signal. The controller 60 includes a shutter for 
selectively permitting and precluding passage of an image. 

[0035] Alternatively, the projection system 70 may 
include a commercially available LCD projector that can be 
readily connected to a personal type computer. 

OPERATION 

[0036] The parts 120 to be cut from the patterned sheet 
material 160 are digitiZed in the computer memory. If 
multiple parts 120 are to be cut, the parts may be arranged 
With respect to each other and an ideal fabric pattern to form 
a preliminary nesting. This operation is generally knoWn as 
marking and may be fully automatic or interactive, With the 
assistance of integrated programs. While an object of the 
nesting procedure is to minimiZe the amount of fabric 
required for cutting of all the parts 120, the nesting must 
accommodate any required match points. The ideal fabric 
pattern characteristics are those repeat frequencies 154 and 
pattern characteristic positions that Would occur in a piece of 
perfectly formed fabric. 

[0037] Match Points 

[0038] Amatch point 144 is a speci?c location on the part 
120 to be cut that is selected to align With a given pattern 
characteristic 152. That is, the match point 144 places a 
given portion (or point) of a pattern characteristic 152 at a 
predetermined location on the part 120. For example, if the 
sheet material 160 includes pattern having a ?eld of red 
?oWers With intermittent White ?oWers, aesthetics may 
dictate that a White ?oWer be centered (or at some other 
predetermined location) on the ?nal product (pilloW) to 
dispose the White ?oWer at the center of the pilloW. After, the 
cutting, seWing and upholstering, the White ?oWer must be 
physically located at the speci?c position on the piece of 
material that forms the front of the pilloW. This speci?c 
position is designated as a match point 144, Which must be 
accurately aligned With a particular pattern characteristic 
152. 
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[0039] Pattern Characteristic 

[0040] The match point 144 is distinguished from a pattern 
characteristic 152. A pattern characteristic 152 is any iden 
ti?able portion of the pattern. Generally, a pattern charac 
teristic 152 repeats at a regular repeat frequency 192. As 
shoWn in FIG. 2, a given pattern may have a plurality of 
pattern characteristics 152, each having a unique repeat 
frequency. Some pattern characteristics may be physically 
large, such as Wide bands or broad indicia. Alternatively, the 
pattern characteristic 152 may be very Well de?ned inter 
sections of narroW stripes or lines. Amatch point 144 on the 
sheet material 160 is a pattern characteristic 152. 

[0041] In the process of marking a patterned fabric, a 
desired alignment betWeen the marker 140 and the sheet 
material 160 is de?ned. The alignment includes the corre 
spondence of a particular point in the part 120 to be cut and 
speci?c pattern characteristic 152 on the sheet material 160. 
That is, any match points 144 are identi?ed and the rela 
tionship of the match point to a speci?c pattern characteristic 
152 is created. 

[0042] The alignment of the match points 144 is accom 
plished through the identi?cation of a variance betWeen an 
estimated position 180 of a pattern characteristic and an 
actual position 190 of a corresponding pattern characteristic. 
The variance, or distance betWeen the position of the esti 
mated position 180 of the pattern characteristic and the 
actual position 190 of the actual pattern characteristic may 
reside in repeat frequency variation or a distortion such as 
boW and skew. The identi?cation and inputting of any 
variance is accomplished by projecting the reference image 
170 corresponding to an estimated position of a pattern 
characteristic 152 onto the sheet material and directly com 
paring by operator inspection the estimated position of the 
pattern characteristic With the actual position 190 of the 
corresponding pattern characteristic 152 of the sheet 160, 
upon Which the reference image is projected. 

[0043] Preferably, the alignment of the marker and the 
sheet material 160 is accomplished before the segment of 
sheet material is disposed at the automated cutter 40. That is, 
ef?ciency is improved When the cutting station is not 
required in the alignment process. Thus, the cutter 40 may 
be exclusively used for cutting the sheet material 160 rather 
than aligning a marker 140 With the sheet material. There 
fore, before the cutting operation, any preliminary nesting of 
parts 120 or single part to be cut is transformed to account 
for variations in the speci?c segment of fabric from Which 
the part is to be cut. 

[0044] Pattern Repeat 

[0045] For accommodating repeat frequency variations of 
a pattern characteristic 152, an ideal repeat frequency of the 
pattern characteristic 152 is input into the controller 60, or 
computer 62, as Well as an estimated location of the pattern 
characteristic on the sheet material. The ideal repeat fre 
quency and corresponding location(s) may be used as ?rst 
estimated positions of the pattern characteristic. A plurality 
of estimated positions 180 of the pattern characteristic are 
projected onto the sheet material 160. The estimated posi 
tions 180 of the pattern characteristic may be projected alone 
or in combination With a part periphery 122. The estimated 
positions 180 of the pattern characteristic may be all the 
positions for the given pattern characteristic in the speci?c 
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segment of sheet material 160. Alternatively, only a subset 
of the total number of estimated positions 180 of the pattern 
characteristic Within the segment may be projected. Prefer 
ably, at least tWo estimated positions of the pattern charac 
teristic are projected. The projected estimated positions 180 
of the pattern characteristic may be consecutive occurrences 
of the pattern characteristic, or spaced apart by a distance 
greater than the repeat frequency of the pattern characteris 
tic. 

[0046] Adifference or distance betWeen the location of the 
projected estimated positions 180 of the pattern character 
istic 152 and the corresponding actual position 190 of the 
pattern characteristic is identi?ed by visual inspection of the 
projection on the sheet 160 for a plurality of the projected 
positions of the pattern characteristic. As stated, not all the 
projected estimated positions 180 of the pattern character 
istic 152 need to be examined. Only a subset need be 
identi?ed. The variance, distance, is input into the controller 
60 by the operator Who inspects the segment of sheet 
material 160 upon Which the estimated positions 180 of the 
pattern characteristic are projected. The operator employs 
the input device 80 to input into the computer 62, the 
distance betWeen an estimated position 180 of a pattern 
characteristic 152 and the actual position 190 of a corre 
sponding pattern characteristic. The transforming program 
160 can then calculate the location of any pattern charac 
teristics 152 intermediate of the input positions. The calcu 
lation may be an interpolation if the input pattern charac 
teristic positions are spaced apart by a distance greater than 
the repeat frequency, of eXtrapolative if the input pattern 
characteristic positions are consecutive or adjacent. This 
interpolation or extrapolation may folloW a linear or curve 
?tting formula, depending upon the pattern of the sheet 
material, the intended application of the sheet material, and 
the available tolerances including Waste alloWance. The 
program then adjusts the marker in response to the identi?ed 
differences and the shifted part periphery is then cut. 

[0047] For example, With a patterned fabric, a speci?c 
pattern characteristic 152 is associated With a match point 
144. This pattern characteristic 152 is designated as a match 
point characteristic 156. An estimated position 180 of the 
match point characteristic 156 is projected onto a segment of 
the sheet material 160. Depending upon the fabric and the 
particular match point characteristic, there may be on the 
order of 10 or more occurrences Within the segment of the 
sheet material 160. The system projects a number of esti 
mated positions 180 of the match point characteristic 156 
onto the sheet material 160 When the sheet material is not at 
the cutting station. 

[0048] As the controller 60 created the projected estimated 
positions 180 of the match point characteristic 156 projected 
estimated positions. An operator then inputs the actual 
location 190 of the corresponding actual pattern character 
istic 152 for the projected estimated match point character 
istic. The operator visually inspects the projections on the 
sheet material 160, identi?es a location of a corresponding 
match point characteristic 156 and employs the input device 
80 to communicate to the controller 60 the distance betWeen 
the projection and the match point characteristic. Preferably, 
the operator inputs the location of at least tWo of the actual 
match point characteristics 156. The match point character 
istics 156 may be consecutive occurrences in the patterned 



US 2002/ 0002416 A1 

fabric or the positions may be spaced apart by a distance 
greater than the repeat frequency. 

[0049] The transforming program 100 then calculates, by 
extrapolation (if the points are consecutive) or interpolation 
(if the points are spaced apart greater than the respective 
repeat frequency), the position of a remaining match point 
characteristic 156 based upon the input actual locations and 
adjusts the position of the remaining estimated match points. 

[0050] Pattern Repeat Relocation onto the Sheet Material 

[0051] The present system also accommodates those situ 
ations in Which the estimated position of the match point 
characteristic may fall outside of, or off the sheet material. 
For example, a part 120 may have an associated match point 
outside of the part periphery 122. That is, the con?guration 
of the part 120 or the particular pattern of the sheet material 
160 may provide that the match point is not Within the part 
periphery 122. In certain nestings, the particular part periph 
ery 122 may be nested adjacent to an edge of the sheet 
material 160. Upon this nesting, the corresponding match 
point may lie off the sheet material 160. Thus, upon inspec 
tion of the sheet material 160 the projected reference image 
170 does not appear on the sheet material. The controller 60, 
the input device 80 and transforming program 100 are 
employed such that an off edge reference image 170 may be 
shifted by an estimated (or actual) repeat of the pattern 
characteristic to locate the reference image on the sheet 
material. The controller 60 may be programmed to relocate 
an estimated position that Would be initially projected out 
side the periphery of the sheet material 160 to Within the 
periphery of the sheet material. In the relocation of the 
estimated position, the controller 60 moves the estimated 
position by repeat frequencies until the reference image 170 
is located Within the periphery. The repeat frequency may be 
an assumed perfect frequency, or a calculated frequency. 
Further, the projection of the pattern characteristic repeat 
frequency 154 results in an extrapolative process and the use 
of spaced apart reference images results in an interpolative 
process by the program 100. As in the repeat frequency 
analysis, the extrapolation and/or interpolation may be under 
any of a variety of regimes, such as linear or smooth curve 
?tting. 

[0052] Estimated Grid 

[0053] Alternatively, the transformation of the marker 140 
may be achieved through the use of a reference point, or 
points, lines or line segments Which form a portion of an 
estimated grid 196. The grid 196 incorporates the match 
point characteristic 156 by either directly associating a 
match point characteristic With a point on the projected grid 
or employing a match point characteristic that is a ?xed 
predetermined distance from a point on the grid. As used 
herein, the term “grid” includes the direct association of a 
match point characteristic and the grid. 

[0054] Preferably, the estimated grid 196 is composed of 
a plurality of perpendicular intersecting lines Which are 
projected onto the sheet material 160. The input device 80 
and projection system 70 alloW the operator to manipulate 
the projected estimated grid 196 including a distortion, 
shifting or rotation to nearly align at least a portion of the 
projected grid With a corresponding pattern characteristic. 
That is, if the patterned fabric exhibits a skeW, the lines of 
the projected grid 196 are moved to represent the skeW of the 
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fabric. Preferably, the transforming program 100 controls 
the projection of the grid 196 and in combination With the 
operator input device 80 alloW portions of the projected 
estimated grid to be displaced or moved relative to each 
other, thereby conforming or aligning the projected periph 
ery With the actual patterned fabric. 

[0055] The operator examines the projected estimated grid 
196 and the actual pattern characteristics 190 on the sheet 
material 160. The actual fabric pattern characteristics 190 on 
the sheet material 160 are identi?ed by the operator. A 
distance betWeen a portion of the projected estimated grid 
196 and the actual corresponding pattern characteristic 190 
is thus input into the computer 62 by the reference image 
170 may be suppressed until the reference image is calcu 
lated to be Within the periphery of the sheet material. 

[0056] Once the reference image 170 is on the sheet 
material 160, the operator may adjust the position of the 
reference image to correspond to the actual location 190 of 
the pattern characteristic. 

[0057] Pattern FlaWs and Distortions 

[0058] To address sheet material ?aWs such as boW and 
skeW, the present invention includes projecting the reference 
image 170 onto the sheet material 160, Wherein the reference 
image includes a plurality of points 180 estimated to corre 
spond to unique actual pattern characteristic positions 190. 
A number of actual pattern characteristic positions 190 
proximal to the projected reference image 170 that corre 
spond to the estimated positions 180 are identi?ed by visual 
operator inspection and input into the controller 60 via the 
input device 80. A distance or vector betWeen each of the 
projected estimated positions 180 and the actual reference 
positions 190 is calculated, and a part periphery 122 is 
modi?ed in response to the calculated distances. The con 
troller 60 thus is able to calculate a local distortion of the 
ideal pattern characteristic in the area of the projected 
reference image. The transforming program 100 may adjust 
the relevant part periphery, or a local area of the sheet 
material to account for the input variance. 

[0059] The present invention further includes the projec 
tion of a second reference image 170‘ Wherein the same 
procedure of projecting, identifying (inspecting), inputting 
and calculating is conducted. The second reference 170‘ 
image may be projected substantially proximal to the ?rst 
image (With a pattern characteristic repeat frequency), or in 
a remote segment of the sheet material. With tWo input 
reference image variations, the transforming program 100 is 
able to calculate an amount of pattern characteristic trans 
formation, such as rotation or distortion necessary to trans 
late from the ?rst to the second projected reference image 
170, 170‘. The program 100 then applies the calculated 
transformation to the marker. It is understood that the use of 
adjacent reference images 170, 170‘ or lines Within the 
operator via the input device 80. A laser pointer may be 
positioned at a point on the projected grid 196 and this 
location entered into the computer 62 and the laser pointer 
is then positioned at the actual corresponding pattern char 
acteristic on the fabric and this location is entered into the 
computer. 

[0060] Alternatively, if the projected estimated grid 196 
includes an estimated position of a match point character 
istic 156, the match point characteristic may be identi?ed by 
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the operator and the projected grid distorted to align the 
estimated match point position and the corresponding actual 
match point characteristic. The operator input device 80 
allows the operator to select or isolate a given portion of the 
projected estimated grid 196, Which may include a match 
point 144, or be ?xed With respect to a match point. The 
image of the projected estimated grid 196 is then dragged 
across the fabric pattern until the operator aligns the esti 
mated match point With the corresponding match point 
characteristic. The program 100 then distorts the portion of 
the grid and/or adjacent portions of the grid 196. 

[0061] Upon the necessary transformation of the projected 
estimated grid 196, the controller 60 determines a vector 
representing the difference betWeen the estimated pattern 
characteristic or grid and the actual pattern characteristic 
position to calculate a transformation vector or matrix. The 
dimensions or parameters de?ning the transformation are 
applied to the marker 140 to be cut, thereby forming a set of 
cutting instructions. 

[0062] Longitudinal 
[0063] The projected reference image 170 or the estimated 
grid 196 may include a longitudinally extending component 
that can be manipulated in response to a fabric distortion that 
extends parallel to a length of the fabric, along the X 
direction. The projections for accommodating boW and skeW 
distortions run perpendicular to the length of the fabric. That 
is, across the Y dimension FIG. 1. In contrast, the longitu 
dinal component of the projected reference image 170 or the 
estimated grid 196 runs parallel to the X axis in FIG. 1. 

[0064] Further, it is contemplated the present system can 
be applied to a ?rst pattern characteristic for identifying and 
calculating a vector representing the difference betWeen the 
estimated and actual pattern characteristic positions 180, 
190, Wherein the transformation is then applied to a second 
different pattern characteristic that Was not actively mea 
sured. 

[0065] While prior devices capture and store the image of 
the fabric to be cut, the present invention does not require 
any system hardWare to obtain the image, but rather projects 
an estimate onto the fabric pattern of a sheet material 160. 
The operator is able to employ the input device 80 to input 
a variance or distance betWeen the estimated point 180 and 
the corresponding actual point 190, or transform portions of 
projected grid 196 to align projected estimated positions 
With corresponding actual pattern characteristic positions on 
the fabric. Therefore, the digitiZed part peripheries, markers, 
are distorted in response to fabric ?aW input data from the 
operator. The digitiZed part peripheries are distorted Without 
having to be displayed on either the fabric or a display 
device such as a computer screen. 

[0066] Further, the present invention permits the creation 
of a marker With only a real match point. The real match 
point may be spaced from the corresponding part periphery. 
Parts having relative match points are identi?ed by folloW 
ing the linking of parts and match points to the parent match 
point. Often the parent match point Will be spaced from the 
corresponding part. 

[0067] While a preferred embodiment of the invention has 
been shoWn and described With particularity, it Will be 
appreciated that various changes and modi?cations may 
suggest themselves to one having ordinary skill in the art 
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upon being apprised of the present invention. It is intended 
to encompass all such changes and modi?cations as fall 
Within the scope and spirit of the appended claims. 

I claim: 
1. Amethod of transforming a digitiZed periphery of a part 

to be cut from a patterned sheet material having a plurality 
of repeating pattern characteristics, comprising: 

(a) disposing a ?rst segment of the patterned sheet mate 
rial upon a support surface; 

(b) selecting a ?rst pattern characteristic occurring in the 
?rst segment; 

(c) projecting a reference image onto the ?rst segment at 
an estimated position of the ?rst pattern characteristic; 

(d) visually inspecting the sheet material and the projected 
reference image to identify a corresponding pattern 
characteristic position proximal to the projected refer 
ence image; 

(e) identifying a difference betWeen the projected refer 
ence image at the estimated position and the corre 
sponding pattern characteristic position proximal to the 
projected reference image; and 

(f) rotating the digitiZed periphery of the part in response 
to the identi?ed difference. 

2. Amethod of calculating an estimated position of a third 
occurrence of a pattern characteristic on a patterned sheet 
material having repeating occurrences of the pattern char 
acteristic, comprising: 

(a) projecting a ?rst reference image onto the sheet 
material at a ?rst estimated position of the pattern 
characteristic; 

(b) visually inspecting the sheet material and the projected 
?rst reference image to identify a corresponding ?rst 
pattern characteristic position; 

(c) identifying a difference betWeen the ?rst reference 
image on the sheet material at the ?rst estimated 
position and the corresponding ?rst pattern character 
istic position; 

(d) projecting a second reference image onto the sheet 
material, the second reference image including a sec 
ond estimated position of the pattern characteristic; 

(d) visually inspecting the sheet material and the projected 
second reference image to identify a corresponding 
second actual pattern characteristic position; 

(e) identifying a difference betWeen the second reference 
image on the sheet material at the second estimated 
position and the corresponding second pattern charac 
teristic position; and 

(f) calculating a position of a third occurrence of the 
pattern characteristic based upon a difference betWeen 
the ?rst estimated position and the ?rst actual pattern 
characteristic position, and the second estimated posi 
tion and the second actual pattern characteristic posi 
tion. 

3. The method of claim 2, Wherein calculating the position 
of the third occurrence includes one of a linear interpolation 
and linear extrapolation. 
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4. The method of claim 2, wherein calculating the position 
of the third occurrence includes one of a curve ?tting 
interpolation and curve ?tting extrapolation. 

5. A method of transforming a digitized part periphery 
relative to a patterned sheet, comprising: 

(a) projecting an estimated position of a pattern charac 
teristic and an estimated pattern distortion onto the 
sheet material; 

(b) identifying by visual operator inspection of the sheet 
material a ?rst vector relating the projected estirnated 
position of the pattern characteristic to a unique actual 
pattern characteristic position, and a second vector 
relating the estimated pattern distortion to an actual 
pattern distortion; and 

(c) transforming the digitiZed periphery in response to the 
identi?ed vectors. 

6. The method of claim 5, further comprising including 
one of a patterned sheet boW and a patterned sheet skeW in 
the estimated pattern distortion. 

7. The method of claim 5, Wherein the pattern character 
istic is a match point characteristic. 

8. The method of claim 5, further comprising simulta 
neously cutting a transformed part periphery and projecting 
an estimated position of a second pattern characteristic onto 
the sheet. 

9. The method of claim 8, further comprising simulta 
neously presenting a cut transforrned part periphery at a 
picking station. 

10. A method of transforming and distorting a digitiZed 
periphery of a part to be cut from a patterned sheet material 
having a repeating pattern characteristics, comprising: 

(a) disposing a ?rst segment of the patterned sheet mate 
rial upon a support surface; 

(b) projecting a reference image onto the ?rst segment at 
the estimated position of a ?rst pattern characteristic, 
the reference image including an estimated fabric dis 
tortion including one of a boW and a skeW; 

(c) visually inspecting the ?rst segment of the patterned 
sheet material to identify an actual fabric distortion; 

(d) visually inspecting the ?rst segment of the patterned 
sheet material and the projected reference image and 
identifying a difference betWeen the projected refer 
ence image and the actual fabric distortion; and 

(e) transforming the digitiZed periphery of the part in 
response to the identi?ed difference. 

11. The method of claim 10, Wherein transforming the 
digitiZed periphery in response to the identi?ed difference 
includes adjusting the projected reference image to corre 
spond the estimated fabric position to the actual fabric 
position. 

12. A method of identifying a fabric repeat characteristic 
in a patterned sheet material, comprising: 

(a) projecting a ?rst estirnated pattern characteristic posi 
tion onto the sheet material; 
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(b) identifying a ?rst actual pattern characteristic position 
corresponding to the ?rst estirnated pattern character 
istic position; 

(c) projecting a second estirnated pattern characteristic 
position onto the sheet material spaced apart from the 
?rst estirnated pattern characteristic position; 

(d) identifying a second actual pattern characteristic point 
corresponding to the second estirnated pattern charac 
teristic position; and 

(e) calculating a pattern characteristic repeat frequency 
for a portion of the sheet material intermediate the ?rst 
and the second actual pattern characteristic positions. 

13. The method of claim 12, Wherein calculating a pattern 
characteristic repeat frequency includes interpolating a por 
tion of the sheet interrnediate tWo identi?ed spaced apart 
actual pattern characteristic positions. 

14. The method of claim 12, Wherein calculating a pattern 
characteristic repeat frequency includes extrapolating a por 
tion of the sheet spaced apart from tWo adjacent identi?ed 
actual pattern characteristic positions. 

15. The method of claim 13, Wherein interpolating 
includes one of a linear and smooth curve ?tting interpola 
tion. 

16. The method of claim 14, Wherein extrapolating 
includes one of a linear and smooth curve ?tting eXtrapo 
lation. 

17. The method of claim 12, further comprising creating 
a revised pattern characteristic repeat frequency based upon 
the calculated pattern characteristic repeat frequency for a 
portion of the sheet material. 

18. A method of associating an estimated pattern charac 
teristic position and an actual pattern characteristic position 
located on a sheet material having a periphery, comprising: 

(a) identifying a reference image of an estimated pattern 
characteristic position located outside the periphery of 
the sheet material; 

(b) moving the reference image by one of an estimated 
pattern characteristic repeat and an actual pattern char 
acteristic repeat to locate the reference image Within the 
periphery of the sheet material; and 

(c) projecting the reference image Within the periphery of 
the sheet material. 

19. An apparatus for transforming a part periphery to be 
cut from a patterned sheet material, comprising: 

(a) a database containing coordinate information of the 
part periphery; 

(b) a projector for projecting a part periphery onto the 
sheet material; 

(c) an input device for entering offset data representing a 
difference betWeen a projected reference point and a 
corresponding point on the sheet material; and 

(d) a controller operably connected to the database and the 
projector for calculating a pattern characteristic posi 
tion in response to the offset data. 

* * * * * 


