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(54) KNIT DESIGN SYSTEM AND KNIT DESIGN METHOD

(57) It is an object of the present invention to enable
knitting of a knit fabric according to a directed size without
performing trial knitting.

Configuration: A knit design system (2) includes a
color monitor (6), a manual input device (8), and a display
controller (22) configured to perform display on the color
monitor (6) and to interpret an input from the manual input
device (8). The knit design system (2) is configured to
output design data for designating stitch numbers, a
stitch type, and connection relationship between stitches
in a course direction and a wale direction of a knit fabric,
based on inputs of shape data for defining a shape of the
knit fabric, gauges of stitches in the course direction and
the wale direction, and a knit structure. The knit design
system (2) obtains calculation values of the size of a knit
fabric after completion that vary depending on a knit
structure, based on design data that is output or knit data,
compares a directed size of the knit fabric with the cal-
culation values of the size of the knit fabric, and corrects
the shape data on the knit fabric, the design data, or the
knit data so that a correction error is reduced.
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Description

Technical Field

[0001] The present invention relates to knit design, and
particularly relates to knitting a knit fabric having a target
size without trial knitting.

Background Art

[0002] It is difficult to knit a knit fabric having a size
substantially as directed. Accordingly, after designing a
knit fabric, trial knitting and correction of the design such
that an error with respect to the directed size is reduced
are performed repeatedly, which wastes time and costs.
In order to prevent this, a measure to make it possible to
knit a knit fabric having a size substantially as directed
without trial knitting has been considered.
[0003] Patent Literature 1 (JP 2676182B) discloses
that a plurality of texture samples are knitted while con-
trolling the loop length, and the most appropriate texture
sample is selected after finish processing. By performing
knitting according to the loop length of the most appro-
priate sample, a knit fabric that has a size close to a
directed size and an excellent texture is obtained. How-
ever, by the method of Patent Literature 1, it is difficult
to knit a knit fabric having a structure pattern, such as
side movement, in a size close to a directed size.
[0004] Besides, estimating the shape of a knit fabric
based on knit data has been considered. For example,
in Patent Literature 2 (WO 2007/013296A), a tension, a
distortion, and a flexure that are applied on each stitch
are calculated, and the position of the stitch is shifted. In
Patent Literature 3 (JP 4237601B), positions of stitches
are shifted so that a distance between upper and lower
stitches and a distance between right and left stitches
approach the pitch of the stitches and the directions of
right and left stitches are aligned. In both methods, in
order to simulate the shape of a knit fabric, it is necessary
to repeatedly perform calculation until the shape of the
knit fabric converges. Furthermore, simulation is per-
formed to understand an image of a knit fabric, such as
the similarity shape of the knit fabric and the connection
state of stitches, and not to obtain the size itself of the
knit fabric. In other words, it is sufficient if the shape sim-
ilar to the actual knit fabric is obtained, and less signifi-
cance is placed on obtainment of the size itself of the knit
fabric.
[0005] Furthermore, Patent Literature 4 (JP
2009-120987A) discloses that if it is necessary to change
the course number between right and left parts of a knit
fabric, that is, between a part of the knitting width and
the remaining part, differences in course number are ar-
ranged in a distributed manner in the wale direction. This
is usable for correcting the design in the present inven-
tion.

Citation List

Patent Literature

[0006]

[Patent Literature 1] JP 2676182B
[Patent Literature 2] WO 2007/013296A
[Patent Literature 3] JP 4237601B
[Patent Literature 4] JP 2009-120987A

Summary of the Invention

[0007] It is an object of the present invention to esti-
mate whether or not it is possible to knit a knit fabric
having a size substantially as directed, and, if it is esti-
mated that such knitting is impossible, to realize easy
correction of design and to knit the knit fabric having a
size substantially as directed without trial knitting.
[0008] It is an object of the present invention to realize
knitting of a knit fabric even with a knit structure, such as
side movement, in a size substantially as directed without
trial knitting.
[0009] The present invention is directed to a knit design
system that includes: a color monitor; a manual input
device, and a display controller configured to perform
display on the color monitor and to interpret an input from
the manual input device; and that is configured to output
design data for designating stitch numbers, a stitch type,
and connection relationship between stitches in a course
direction and a wale direction of a knit fabric, based on
inputs of a directed size, a shape and a knit structure,
and gauges of stitches in the course direction and the
wale direction.
[0010] The knit design system of the present invention
further includes:

a calculation unit configured to obtain calculation val-
ues of a size of a knit fabric after completion that vary
depending on the knit structure, based on the design
data that is output, or knit data; and
a design correction unit configured to compare the
shape data on the knit fabric with the calculation val-
ues of the size of the knit fabric, and to correct the
shape data on the knit fabric, the design data, or the
knit data so that an error is reduced.

[0011] In a knit design method of the present invention,
calculation values of a size of a knit fabric after completion
that vary depending on the knit structure are obtained by
the calculation unit of the knit design system, based on
the design data that is output or knit data, and the shape
data on the knit fabric, the design data, or the knit data
is corrected by the design correction unit of the knit design
system so that an error is reduced.
[0012] In the present invention, the size of a knit fabric
after completion is obtained by calculation. Data to be
used is design data, or knit data that is obtained by con-
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verting the design data into data for driving a knitting ma-
chine. Based on the data, the construction of the knit
fabric becomes clear. The sizes of stitches are defined
by gauges, and, instead of directly using the gauges, the
pitches of stitches that correspond to the inverses of the
gauges, or the like may be used. The interaction between
stiches due to side movement or the like changes the
positions of stitches. By obtaining how the array of stiches
changes due to the interaction between the stitches, it is
possible to obtain the size of the knit fabric after comple-
tion.
[0013] Estimation of the size of a knit fabric includes
dynamic simulation in which calculation is performed only
assuming that the knit fabric is made of a yarn having a
predetermined elasticity coefficient and stitches have a
predetermined loop length, but the dynamic simulation
needs a large calculation amount and a long processing
time. The estimation further includes semiempirical sim-
ulation disclosed in Patent Literatures 2 and 3, in which
a standard size of stitches is assumed to be based on
gauges or the like, and a model is assumed, for example,
such that stitches maintain the size and try to be aligned.
By adding data on the size, such as the pitch, of stitches
to the semiempirical simulation, it is possible to estimate
the size of the knit fabric without keeping a user waiting
for a long time. However, short time calculation is difficult.
Additionally, there is a simple calculation method shown
in FIGS. 9 to 16. In this calculation method, the pitch of
stitches is assumed, and it is also assumed that stitches
in a course are likely to move while being aligned and
stitches in a wale are also likely to move while being
aligned. Any calculation method may be used but it is
preferable that calculation be accomplished in a short
time.
[0014] According to the present invention, a size of a
knit fabric after completion is calculated, and the design
is corrected so that an error with respect to shape data
for defining the shape of the knit fabric is reduced. Shape
data on a knit fabric includes a target size (directed size)
of the knit fabric, data on the external shape of the knit
fabric, and the like. To reduce an error means, for exam-
ple, to solve the error or to substantially solve the error.
Preferably, the loop length of a stitch of the knit fabric is
settable, and the design correction unit corrects at least
one of the shape data on the knit fabric, the stitch number,
the loop length of a stitch. To change the loop length
substantially means to change the size of a stitch (the
pitch of a stitch). As described above, in the present in-
vention, design of a knit fabric is realized so that a knit
fabric having a size substantially as directed is achieved
without trial knitting. Note that in the specification, the
description regarding the knit design system is also ap-
plied directly to the knit design method.
[0015] It is preferable that the display controller be con-
figured to display, on the color monitor, the shape data
on the knit fabric and the design data corrected by the
design correction unit in an overlapping manner, and the
knit design system is configured to output the corrected

design upon a user accepting the corrected design data
using the manual input device, and to enable the user to
further correct the corrected design data using the man-
ual input device.
[0016] The design data is automatically corrected by
the design correction unit and the corrected design data
is displayed on the color monitor, thereby mitigating the
user’s burden. Then, the user changes the size of the
knit fabric by changing the shape data on the knit fabric,
the stitch number, the loop length of a stitch, or the like,
and corrects the external shape of the knit fabric, the knit
structure, or the like, thereby improving the design. Here,
when the external shape of the knit fabric in the original
design and the external shape of the knit fabric that was
obtained by calculation are displayed while overlapping
each other, it becomes clear how much extent and which
part of the knit fabric should be corrected. Preferably, two
screens, namely, a screen of the above-described over-
lapping display and a screen for inputting a correction of
design of a knit fabric are displayed on the color monitor
so that a user can easily correct the design.
[0017] It is preferable that the knit design system fur-
ther include a database for storing the design data that
is to be output, the loop length, and the actually measured
size of the knit fabric knitted by a knitting machine, and
the database is configured to be referenced when the
shape data on the knit fabric is input or the design data
is corrected.
[0018] If the size of a knit fabric that is obtained with
respect to a design is recognized, it is easy for a user to
correct the design data or to initially input a directed size,
for example. Furthermore, if it is recognized at which po-
sition the size of a knit fabric is likely to shift from a directed
size, the correction of the design becomes easier.
[0019] It is preferable that the calculation unit be con-
figured to calculate a size of the knit fabric by:

generating, for each course, a grid line in the course
direction indicating positions of stitches along the
course of the knit fabric;
generating, for each wale, a grid line in the wale di-
rection indicating positions of stitches along the wale
of the knit fabric;
deforming the grid line in the wale direction using an
average of pitches of stitches belonging to the grid
line in the wale direction, the average being obtained
using pitches of stitches in the course direction when
face and face stitches or rear and rear stitches are
connected to each other, and pitches of stitches in
the course direction when face and rear stitches are
connected to each other, the pitches corresponding
to the gauges; and
deforming the grid line in the course direction using
an average of pitches of stitches belonging to the
grid line in the course direction, the average being
obtained using pitches of stitches in the wale direc-
tion when face and face stitches or rear and rear
stitches are connected to each other, and pitches of
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stitches in the wale direction when face and rear
stitches are connected to each other, the pitches cor-
responding to the gauges.

[0020] With this measure, it is possible to estimate the
size of the knit fabric in a short time.
[0021] The present invention is further directed to a
knit design system that includes: a color monitor and a
display controller configured to perform display on the
color monitor and to interpret an input from the manual
input device; and that is configured to output design data
for designating stitch numbers, a stitch type, and con-
nection relationship between stitches in a course direc-
tion and a wale direction of a knit fabric, based on inputs
of shape data for defining a shape of the knit fabric, gaug-
es of stitches in the course direction and the wale direc-
tion, and a knit structure, characterized in that the knit
design system further includes:

a calculation unit configured to obtain calculation val-
ues of a size of a knit fabric after completion that vary
depending on the knit structure, based on the design
data or knit data; and
that the display controller is configured to display, on
the color monitor, the size of the knit fabric that was
obtained by calculation and the input shape data for
defining a shape of the knit fabric in an overlapping
manner, and
a manual input device, and
that the knit design system is configured to enable
a user to compare the shape data on the knit fabric
with the calculation values of the size of the knit fab-
ric, and to correct, using the manual input device,
the shape data on the knit fabric, the design data, or
the knit data so that an error is reduced.

[0022] With this measure, it is possible to easily per-
form manual correction so that a desired size is realized.
[0023] It is preferable that the average be a moving
average along a grid line, and the average varies de-
pending on the position on a grid line. An interaction acts
on stitches that are close to each other so as to align
their positions, and an interaction that acts on stitches
that are apart from each other is weak. Therefore, a mov-
ing average is used to realize more exact estimation of
the size of a knit fabric.

Brief Description of the Drawings

[0024]

FIG. 1 is a block diagram showing a knit design sys-
tem according to an embodiment.
FIG. 2 is a diagram showing correction of knit data
in the embodiment.
FIG. 3 is a diagram showing the flow from a directed
size to knit data.
FIG. 4 is a diagram showing designation of a stitch

number and data for assisting simulation.
FIG. 5 is a diagram showing the types and features
of simulation.
FIG. 6 is a diagram schematically showing a config-
uration of a database for use in the embodiment.
FIG. 7 is a diagram showing correction of design
data with reference to the database.
FIG. 8 is a diagram showing a difference in simulation
result of the same pattern data between a simple knit
fabric and a knit fabric with a complicated structure.
FIG. 9 is a flowchart showing an algorithm for calcu-
lating an external size of a knit fabric according to a
modification.
FIG. 10 is a diagram showing pitches of stitches and
grid lines in the modification.
FIG. 11 is a diagram showing a method for calculat-
ing a pitch of a stich that is moved to the side in the
modification.
FIG. 12 is a diagram showing another method for
calculating a pitch of a stich that is moved to the side
in the modification.
FIG. 13 is a diagram showing yet another method
for calculating a pitch of a stich that is moved to the
side in the modification.
FIG. 14 is a diagram showing a method for calculat-
ing a pitch of stretched stitches in the modification.
FIG. 15 is a diagram showing deformation of the grid
lines of the modification with respect to a 232 cable
pattern.
FIG. 16 is a diagram showing deformation of the grid
lines of the modification with respect to a part having
a bind-off.

Description of Embodiments

[0025] Hereinafter, an optimal embodiment for carry-
ing out the present invention will be described.

Embodiment

[0026] FIGS. 1 to 16 show an embodiment and its mod-
ification and, specifically, FIG. 1 shows a knit design sys-
tem 2 according to the embodiment, in which the refer-
ence numeral 4 denotes a bus, the reference numeral 6
denotes a color monitor, the reference numeral 8 denotes
a manual input device such as a stylus, a mouse, and a
keyboard. The reference numeral 10 denotes a file in-
put/output device, such as a LAN interface, a disk drive,
or an external memory, that inputs/outputs a file such as
a directed size, pattern data, knit design data (hereinaf-
ter, referred to as design data), or knit data (data for driv-
ing a knitting machine). The reference numeral 12 de-
notes a color printer, and the reference numeral 14 de-
notes a memory that stores arbitrary data, a database,
a program, and the like. Additionally, a CPU (not shown)
is provided.
[0027] A knit design unit 16 generates design data for
a knit fabric in accordance with an input from the manual
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input device 8, the file input/output device 10, or the like.
During this operation, the design that is being generated
is displayed on the color monitor 6, and the input from
the manual input device 8 is interpreted by the display
controller 22. Furthermore, a user interface for perform-
ing, for example, display on the color monitor 6 is realized
by the display controller 22. Then, the knit design unit 16
converts the design data into data (knit data) for driving
a knitting machine such as a flat knitting machine.
[0028] A calculation unit 18 calculates and estimates
the size of a knit fabric after completion based on the
design data or knit data. In addition to the design data
and the like, data indicating the size of stitches, such as
the loop length, the gauges, the pitch of the stitches, is
input into the calculation unit 18.
[0029] A design correction unit 20 performs process-
ing, such as comparing shape data on the knit fabric,
such as a directed size, with the size of the knit fabric
that was calculated by the calculation unit 18, or com-
paring pattern data on a target shape of the knit fabric
with the size of the knit fabric that was calculated by the
calculation unit 18. Accordingly, a difference between the
external shape of the designed knit fabric and the external
shape of the knit fabric after completion becomes clear.
The design correction unit 20 performs processing, such
as changing the directed size of the knit fabric, increas-
ing/decreasing the number of stitches (hereinafter, re-
ferred to as the stitch number), or changing the loop
length of stitches, so that this error is solved. If the di-
rected size or the stitch number is changed, the shape
of the knit fabric changes, and thus the design correction
unit 20 also performs processing with respect to design,
such as moving the positon of a knit structure, or chang-
ing the positions and the number of stitches that are
moved to the side. Furthermore, the arm holes of the
body are often designed straight although they are in-
tended to be curved, and thus a portion in which design
should be corrected and a portion in which design does
not need to be corrected are distinguished in accordance
with a rule that, for example, design data on a curved
arm hole is not corrected. The design corrected by the
design correction unit 20 is processed again by the knit
design unit 16 if needed, and is converted into design
data and knit data.
[0030] The display controller 22 controls display on the
color monitor 6, interprets an input from the manual input
device 8, and provides a user interface.
[0031] A database 24 stores design data on a knit fab-
ric, the actual size of a knit fabric after completion, and
the like so that they are searchable. By searching the
database 24, a user recognizes what extent of error oc-
curs between design data and an actual knit fabric in
what kind of design and under what kind of condition
(type of the knitting machine, type of yarns, and the like).
This recognition is used for design of a knit fabric, cor-
rection of design data, or the like.
[0032] FIG. 2 shows the flow of design in the embod-
iment. In order to input shape data on a knit fabric, a

directed size (a distance between main points of the knit
fabric, or the like) is input or the external shape of the
knit fabric is input as a graphic. Note that any method is
used for inputting the shape of a knit fabric. The knit de-
sign unit 16 converts, by gauge conversion, the size of
the knit fabric into the stitch number, and regards the
stitch number as pattern data. Note that gauges refer to
the numbers of stitches per a predetermined length in
the wale direction and in the course direction, and if the
size and the gauges of a knit fabric are defined, then the
stitch numbers are defined. A knit structure, such as a
rib, garter, tuck, miss, side movement, bind-off, stitch in-
creasing, stich decreasing, or the like, is input with re-
spect to pattern data to obtain design data. Then, the
design data is converted into knit data for driving a knitting
machine. In the embodiment, for example, pitches of
stitches (the inverses of the gauges) are used for desig-
nating the size of stitches, but the yarn length, that is, the
loop length of each stitch may as well influence on the
size of stitches. Accordingly, the loop length is added to
the knit data, or the loop length will be added in the next
simulation. Processing from input of a directed size to
conversion into knit data is performed by the knit design
unit 16.
[0033] The calculation unit 18 obtains the size of a knit
fabric after completion based on the design data or the
knit data, by calculation using simulation or the like. The
external shape of the knit fabric is extracted from the
simulation result, and the design correction unit 20 ob-
tains an error with respect to the shape data on the knit
fabric, and performs processing, such as changing the
shape of the knit fabric, such as the size of the knit fabric,
the stitch number, the structure of the knit fabric, or the
loop length so that the error is reduced. Then, the knit
design unit 16 adds necessary data to complete design
data, and converts the design data into knit data, and the
size of the knit fabric after completion is re-calculated.
Processing regarding correction of the design data is au-
tomatically performed by the design correction unit 20,
instead of in response to an instruction from a user. Note
that the re-calculation of the size of the knit fabric may
be omitted, and only executed in response to a user’s
request.
[0034] In order to make an error between the calculat-
ed size and the originally input shape data on the knit
fabric clear, for example, a simulated image of the knit
fabric and the shape data on the knit fabric or the like are
displayed in an overlapping manner on the color monitor
6. If a user accepts the display, the knit data or the design
data is output. If a user wants to perform correction, the
user uses the color monitor 6 and the manual input device
8 to correct the shape data on the knit fabric, the pattern
data, or the design data, or the knit data. With the above-
described procedure, knit data for knitting a knit fabric
having a size that substantially matches a directed size
is obtained without trial knitting.
[0035] FIG. 3 shows the meaning of data at the respec-
tive stages in the embodiment. Shape data on a knit fabric
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is constituted by the directed size, which designates the
size of the main portion of the knit fabric, or the external
shape itself of the knit fabric. Pattern data is data that is
obtained by converting the shape data on the knit fabric
into the stitch number, and designates the course number
and the wale number. Design data designates a knit
structure by designating the stitch type, the connection
relationship, side movement, and the like with respect to
stitches of the pattern data (stitch type and the connection
relationship are not yet designated). The construction of
the knit fabric is uniquely defined by the design data. Knit
data is obtained by converting the design data into data
for enabling knitting of a knitting machine. The size of the
knit fabric is calculated by adding the loop length, the
pitch of stitches, or the like to the knit data, and the nec-
essary type of data depends on the calculating method.
[0036] FIG. 4 shows data that is to be input into the
design system 2 and is used for calculation of the size
of a knit fabric. Gauge data refers to the stitch numbers
per a predetermined length in the course direction and
the wale direction of a plain fabric (knit fabric constituted
only by face stitches or rear stitches). Based on the gauge
data, pitches of stitches become clear when the same
type of stitches are continued, the pitches including a
pitch in the course direction and a pitch in the wale di-
rection.
[0037] Preferably, pitches of stitches in the cases
where face and rear stitches are connected to each other
are also input into the design system 2. The case includes
two types of fabrics, namely, a rib fabric (face stitches
and rear stitches are adjacent to each other in the course
direction) and a garter fabric (face stitches and rear stitch-
es are adjacent to each other in the wale direction), and
each fabric has a pitch in the course direction and a pitch
in the wale direction.
[0038] Furthermore, preferably, pitches of stitches in
the course and wale directions of a fabric in which a stitch
is moved to the side, that is, shifted in the course direction
are input. Since there are a plurality of types of the side
movement, depending on by how many stitches a stitch
is to be moved to the side (by how many stitches a stitch
is to be shifted), a plurality of pitches are input depending
on the number of stitches a stitch is to be shifted by. The
pitch when face and rear stitches are connected to each
other, the pitch when a stitch is moved to the side, and
the like can actually be measured by including these knit
structures into texture samples as in Patent Literature 1
when they are knitted. Alternatively, the pitches may also
be obtained by the calculation unit 18 using an appropri-
ate model from gauge data, instead of inputting these
types of data.
[0039] In addition to the construction of a knit fabric,
the target loop length of stitches may influence the size
of the knit fabric. The loop length is designated for each
knit structure such as a plain fabric, a rib fabric, or a garter
fabric. Note that the loop length may also be changed
depending on the position in a knit fabric even of the
same type of stitches. Estimation of the size of a knit

fabric is easier as the variety of data is larger, and if the
variety of input data is small, estimation will depend on
the dynamic model, resulting in an increase in calculation
amount.
[0040] FIG. 5 shows a method for calculating the size
of a knit fabric. In dynamic simulation, the shape of a knit
fabric that is to be knitted according to knit data is simu-
lated based on the loop length and the elasticity coeffi-
cient of stitches. The dynamic simulation ordinarily needs
a large calculation amount. Examples of semiempirical
simulation are disclosed in Patent Literatures 2 and 3. In
the semiempirical simulation, a user does not need to
wait for a long time, but it is impossible to say that the
size of a knit fabric can be estimated in a short time. The
grid model is as shown in FIGS. 10 to 16, and enable
estimation of the size of a knit fabric in a short time. Which
simulation to use is determined according to the calcu-
lation ability of the knit design system 2.
[0041] FIG. 6 shows a configuration of the database
24. Data 30 has stored, for each design of a knit fabric,
design data before correction and design data after cor-
rection if any, knitting condition such as a yarn type and
a knitting machine type, the actually measured size of
the knit fabric after completion, a key word for searching,
and the like. Actual measurement of the size of a knit
fabric is ordinarily performed before mass-production.
Furthermore, a key word for searching preferably in-
cludes design data, or a picture or the like of the knit
fabric as a thumbnail image. A search engine 32 displays
the thumbnail image or the like on the color monitor 6,
and displays, on the color monitor 6, the piece of the data
30 that was selected by an input through the keyboard
from the manual input device 8 or selection of the thumb-
nail image.
[0042] As shown in FIG. 7, the database 24 is used to
search for a knit fabric having a similar design (step S1),
and to recognize how the size of the knit fabric is likely
to change from the directed size, based on the design
before correction, the design after correction, the actually
measured size, and the like. Furthermore, it is also rec-
ognized at which position of the knit fabric the change is
likely to occur. Accordingly, the information is used, for
example, for correction of the design data (step S2), and
thereby it is possible to design more exact the knit fabric
having a size substantially as directed.
[0043] FIG. 8 shows an image in which shape data
(outer frame) on a knit fabric, a plain fabric (a large knit
fabric in a light color based on face stitches, including a
knit structure such as side movement or bind-off for struc-
ture formation), and a knit fabric (a slightly small knit fabric
in a slightly dark color) with a knit structure such as a
cable structure are displayed in an overlapping manner.
These knit fabrics have the same directed sizes and pat-
tern data, but have different knit structures. Furthermore,
both of them are images obtained by semiempirical sim-
ulation. If a knit structure is added, the shape of the knit
fabric will change. For example, even in the case of a
plain fabric based on face stitches, the knit fabric shrinks

9 10 



EP 2 921 580 A1

7

5

10

15

20

25

30

35

40

45

50

55

in the width direction (course direction) as compared with
the shape data on the knit fabric by adding a side move-
ment or bind-off for structure formation. Furthermore, the
knit fabric tends to shrink more significantly in the knitting
width direction by adding a knit structure such as a cable
structure to a part of the knit fabric, such as the body. In
the present invention, design correction, change of the
shape, such as the size, of a knit fabric, change of the
stitch number, change of a knit structure of the knit fabric,
and the like are performed so as to eliminate an error
between the shape data on the knit fabric and the calcu-
lated size of the knit fabric. In the embodiment, since the
size of a knit fabric after completion is estimated, it is
possible to knit, without trial knitting, a knit fabric having
a size substantially as directed.

Modification

[0044] In the present invention, it is essential to realize
short time calculation of the size of a knit fabric. A stitch
is connected to adjacent stitches in the course direction
and adjacent stitches in the wale direction, and thus the
shape of that stitch changes under the influence of the
peripheral stitches. FIGS. 9 to 16 show processing for
obtaining the external size of a knit fabric in a short time
while taking into consideration the influence of the pe-
ripheral stitches, without repeatedly performing calcula-
tion. Furthermore, a modification will be described only
with respect to calculation of the size of a knit fabric. The
processing is executed by the calculation unit 18.
[0045] In step S11 of FIG. 9, shape data on a knit fabric
is defined based on a directed size and the like, and in
step S12, the shape data on the knit fabric is converted
into the stitch numbers based on gauges, the stitch num-
bers serving as pattern data. In step S 13, design data
is defined by adding a knit structure, a stitch type, and
the like. Then, in step S 14, the design data is converted
into knit data.
[0046] In step S 15, a grid line in the course direction
and a grid line in the wale direction are deformed based
on the pitch between face-rear stitches and the pitch of
side movement, and more actual positions of stitches are
obtained. In step S16, the external size of the knit fabric
is calculated based on the obtained positions of the stitch-
es.
[0047] A grid line model is shown in dashed lines in
FIG. 10. Courses c1 to c4 and wales w1 to w5 are indi-
cated, in which the wales w1 to w3 are face stitches and
the wales w4 and w5 are rear stitches, and j denotes the
course number and i denotes the wale number. A straight
or curved line on which stitches are arranged in each of
the courses c1 to c4 and the wales w1 to w5 are grid
lines. Furthermore, the starting point of a knit fabric is
arranged in, for example, the lower left portion of FIG.
10. The pitch between the wales w2 and w1 is assumed
to be an average of pitches xpj in the x direction of four
stitches (j = 1 to 4) of the wale w2. The pitch between the
courses c1 and c2 is assumed to be an average of pitches

ypi in the y direction of five stitches (i = 1 to 5) of the
course c2. That is, stitches are not moved independently,
but the grid lines in the course direction and the wale
direction to which the stitches belong are deformed using
an average or a moving average of pitches of stitches.
Note that the pitches between the wales w1 and w2, the
wales w4 and w5, and the like are equal to pitches that
are defined by gauges. Furthermore, the pitch between
the courses c1 and c2 is a weighted average of a pitch
between face stitches 3 3 and a pitch between rear stitch-
es 3 2, in which the weight is the stitch number of that
pitch. Furthermore, the pitches from between the courses
c1 and c2 to between the courses c3 and c4 are the
same. Data for defining grid lines is, for example, a co-
ordinate arrangement of intersection points (stitches) of
the grid lines, and deforming the grid lines refers to mov-
ing the coordinates of stitches.
[0048] It is natural that a short grid line is close to a
straight line, and a long grid line deviates from a straight
line. In other words, a pitch of one stitch must hardly
influence the array of stitches that are widely distanced
from that stitch. Therefore, it is preferable to use a moving
average that is obtained by averaging of stitches in the
number that allows the positions of the stitches to be
aligned on a straight line.
[0049] FIG. 11 shows calculation of a pitch that is
moved to the side, and when the texture sample includes
a stitch to be moved to the side, a measured value is
used. It is assumed that the size itself of the stitch is not
changed due to side movement, and the size (xp2 +
yp2)1/2 is not changed, where xp and yp respectively refer
to standard pitches that correspond to the pitch between
face and face stitches and the pitch between face and
rear stitches (the same applies to below). Then, a stitch
71 is rotated so as to be a stitch 72 along a circle 73
centered on the reference position, such as a base end,
of the stitch. Note that another model for obtaining a pitch
of side movement is conceivable, and any approximating
method between the model and the pitch may be used.
[0050] Additionally, FIGS. 12 and 13 show a method
for calculating a pitch that is moved to the side. Only the
direction is shown in which the pitch of the stitch that is
moved to the side shrinks, and the pitch of this stitch
between the wales 3 and 4 is considered, where in FIG.
12, the black circle (d) denotes the starting point of the
stitch and the white circle (s) denotes the top end thereof.
It is assumed that a denotes the top end position of the
stitch before side movement, and a’ denotes the position
after side movement. It is assumed that when the position
a’ is on the wale 3, the pitch of this stitch between the
wales 3 and 4 is 0. If x and y with respect to the position
a’ are defined as in FIG. 12, the pitch of this stitch between
the wales 3 and 4 is -xp + x (where xp is a standard pitch),
and the pitch between the courses 2 and 3 is y. Then, x
and y are obtained assuming that the position a’ is located
on the line connecting between the base end and the
position a and the distance between the position a’ and
the base end is equal to yp. FIG. 13 shows the same
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calculation example with respect to another stitch.
[0051] FIG. 14 shows a way of thinking of the pitch of
a stretched stitch, and it is assumed that the top end of
this stitch converges from a position b to a position b’.
The pitch of this stitch between the courses 3 and 4 is
considered, and it is assumed that the pitch is 0 when
the top end positon b’ is located on the grid line of j = 3.
Since the top end position b’ converges on the grid line
of j = 2, it is assumed that the pitch between the courses
3 and 4 is -yp.
[0052] The models of FIGS. 12 and 13 are used to
calculate pitches between courses and pitches between
wales in FIG. 15. A course 1 and the like of FIG. 15 de-
notes a pitch between the courses 1 and 2, and the like.
Furthermore, a to d are reference numerals of stitches.
Note that the pitch between the wales 2 and 3 (xp + xp
- (xp - xpa) + xp)/4 is obtained assuming that there are
two stitches of a pitch xp, and the stitch a has a pitch -
(xp - xpa), and the base end of the stitch c contributes
the pitch xp. However, the detail of the calculation method
may be changed arbitrarily.
[0053] The model of FIG. 14 and the model of FIG. 12
and the like are used to calculate pitches in FIG. 16. The
pitch between the courses 3 and 4 is (2ypa + 0)/3, and
contribution of the stitch a and the stitch of the same
shape as that of the stitch a is 2ypa, and the top end of
a stitch e is likely to converge on the grid line of j = 3, and
thus contribution to the pitch is 0. The pitch between the
courses 4 and 5, and the like are calculated in a similar
manner. The pitch between the wales 1 and 2 is
(2xp+xpa)/3 that is obtained by averaging, since the
number of ordinary stitches is two and the contribution
is 2xp and the contribution of the stitch a is xpa.
[0054] In this manner, pitches of each stitch in the
course and wale directions are obtained and averaged
for each grid line indicated by a dashed line, and thereby
the position of the grid line after deformation is defined.
Note that FIGS. 15 and 16 show a simple average, but
a moving average is preferable if the grid line is long.
[0055] As described above, pitches in the case of side
movement are:

- measured using a texture sample; or
- obtained directly using the model of FIGS. 12, 13, or

14, or using a model obtained by correcting that mod-
el of FIGS. 12, 13, or 14.

[0056] These pitches are stored in a pitch storage unit
17, or obtained each time by calculation of a grid line
deforming unit 19. Furthermore, it is assumed that miss
and tuck stitches are irrelevant to deformation of grid
lines, but an appropriate model may also be defined sep-
arately. When it is determined how the grid line is de-
formed, the positions of stitches are defined. This
processing is executed in a short time without repeated
calculation, and thus the external size of a knit fabric is
obtained in a short time.
[0057] In the embodiment and the modification, the fol-

lowing effects are achieved.

1) The size of a knit fabric after completion is esti-
mated by the calculation unit 18 without trial knitting.
2) Design data and the like are corrected by the de-
sign correction unit 20 so that an error with respect
to a directed size or the like is solved.
3) The design corrected by the design correction unit
20 is accepted or edited by a user.
4) The database 24 enables searching for which ex-
tent of an error in shape occurs at which position with
respect to which design and under which knitting
condition.
5) In the processing in FIGS. 9 to 16, the size of a
knit fabric is calculated in a short time, and thus easy
design correction is achieved.

[0058] Note that the present invention is applicable not
only to design using a plurality of types of knitting yarns,
but also to design in which loop lengths are different be-
tween a part of a knit fabric and the remaining part. Fur-
thermore, any type of data may be input for estimation
of the size of the knit fabric. A knitting machine is not
limited to a flat knitting machine, and may also be another
knitting machine such as a circular knitting machine.

Reference Signs List

[0059]

2 Knit design system
4 Bus
6 Color monitor
8 Manual input device
10 File input/output device
12 Color printer
14 Memory
16 Knit design unit
17 Pitch storage unit
18 Calculation unit
20 Design correction unit
22 Display controller
24 Database
30 Data
32 Search engine
c1 to c5 Course
w1 to w5 Wale
xp Standard pitch along wale direction
yp Standard pitch along course direction

Claims

1. A knit design system (2) that comprises: a color mon-
itor (6); a manual input device (8); and a display con-
troller (22) configured to perform display on the color
monitor (6) and to interpret an input from the manual
input device (8); and that is configured to output de-
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sign data for designating stitch numbers, a stitch
type, and connection relationship between stitches
in a course direction and a wale direction of a knit
fabric, based on inputs of shape data for defining a
shape of the knit fabric, gauges of stitches in the
course direction and the wale direction, and a knit
structure,
characterized in that the knit design system (2) fur-
ther comprises:

a calculation unit (18) configured to obtain cal-
culation values of a size of a knit fabric after com-
pletion that vary depending on the knit structure,
based on the design data that is output, or knit
data; and
a design correction unit (20) configured to com-
pare the shape data on the knit fabric with the
calculation values of the size of the knit fabric,
and to correct the shape data on the knit fabric,
the design data, or the knit data so that an error
is reduced.

2. The knit design system (2) according to claim 1,
characterized in that the knit design system (2) is
capable of setting a loop length of a stitch of the knit
fabric, and
the design correction unit (20) is configured to correct
at least one of the shape data on the knit fabric, the
stitch number, and the loop length of a stitch.

3. The knit design system (2) according to claim 1 or 2,
characterized in that the calculation unit (18) is con-
figured to re-calculate a size of the knit fabric after
completion based on the design data that is output
based on the data corrected by the design correction
unit (20), or the knit data,
the display controller (22) is configured to display,
on the color monitor (6), the shape data on the knit
fabric that was originally input and the size of the knit
fabric after completion that was re-calculated by the
calculation unit (18), in an overlapping manner, and
the knit design system (2) is configured to output the
corrected design upon a user accepting the correct-
ed design data using the manual input device (8),
and to enable the user to further correct the corrected
design data using the manual input device (8).

4. The knit design system (2) according to any one of
claims 1 to 3,
characterized in that the knit design system (2) fur-
ther comprises a database (24) for storing the design
data that is to be output, the loop length, and an
actually measured size of the knit fabric knitted by a
knitting machine, and the database (24) is configured
to be referenced when the shape data on the knit
fabric is input or the design data is corrected.

5. The knit design system (2) according to any one of

claims 1 to 4,
characterized in that the calculation unit (18) is con-
figured to obtain calculation values of the size of the
knit fabric by:

generating, for each course, a grid line in the
course direction indicating positions of stitches
along the course of the knit fabric;
generating, for each wale, a grid line in the wale
direction indicating positions of stitches along
the wale of the knit fabric;
deforming the grid line in the wale direction using
an average of pitches of stitches belonging to
the grid line in the wale direction, the average
being obtained using a pitch of stitches in the
course direction when face and face stitches or
rear and rear stitches are connected to each oth-
er, and a pitch of stitches in the course direction
when face and rear stitches are connected to
each other, the pitches corresponding to the
gauges; and
deforming the grid line in the course direction
using an average of pitches of stitches belonging
to the grid line in the course direction, the aver-
age being obtained using a pitch of stitches in
the wale direction when face and face stitches
or rear and rear stitches are connected to each
other, and a pitch of stitches in the wale direction
when face and rear stitches are connected to
each other, the pitches corresponding to the
gauges.

6. A knit design method for designing a knit fabric using
a knit design system (2) including: a color monitor
(6); a manual input device (8); a display controller
(22) configured to perform display on the color mon-
itor (6) and to interpret an input from the manual input
device (8); and a knit design unit configured to output
design data for designating stitch numbers, a stitch
type, and connection relationship between stitches
in a course direction and a wale direction of a knit
fabric, based on inputs of shape data for defining a
shape of the knit fabric, gauges of stitches in the
course direction and the wale direction, and a knit
structure, the method comprising steps for:

a calculation unit (18) of the knit design system
(2) obtaining calculation values of a size of a knit
fabric after completion that vary depending on
the knit structure, based on the design data that
is output, or knit data; and
a design correction unit (20) of the knit design
system (2) comparing the shape data on the knit
fabric with the calculation values of the size of
the knit fabric, and correcting the shape data on
the knit fabric, the design data, or the knit data
so that an error is reduced.
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7. A knit design system (2) that comprises: a color mon-
itor (6) and a display controller (22) configured to
perform display on the color monitor (6) and to inter-
pret an input from the manual input device (8); and
that is configured to output design data for designat-
ing stitch numbers, a stitch type, and connection re-
lationship between stitches in a course direction and
a wale direction of a knit fabric, based on inputs of
shape data for defining a shape of the knit fabric,
gauges of stitches in the course direction and the
wale direction, and a knit structure,
characterized in that the knit design system (2) fur-
ther comprises:

a calculation unit (18) configured to obtain cal-
culation values of a size of a unit fabric after
completion that vary depending on the knit struc-
ture, based on the design data or knit data; and
that the display controller (22) is configured to
display, on the color monitor (6), the size of the
knit fabric that was obtained by calculation and
the input shape data for defining a shape of the
knit fabric in an overlapping manner; and
that the knit design system (2) is configured to
enable a user to compare the shape data on the
knit fabric with the calculation values of the size
of the knit fabric, and to correct, using the manual
input device (8), the shape data on the knit fabric,
the design data, or the knit data so that an error
is reduced.
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