EP 4 283 031 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 4 283 031 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
29.11.2023 Bulletin 2023/48

(21) Application number: 21921352.7

(22) Date of filing: 24.12.2021

(51) International Patent Classification (IPC):
D04B 35/00 (2006.07) DO04B 1/00 (2006.07)

(562) Cooperative Patent Classification (CPC):
D04B 1/00; D04B 35/00

(86) International application number:
PCT/JP2021/048124

(87) International publication number:
WO 2022/158251 (28.07.2022 Gazette 2022/30)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 22.01.2021 JP 2021008627

(71) Applicant: SHIMA SEIKI MFG., LTD.
Wakayama 641-0003 (JP)

(72) Inventors:

¢ TERAI Koichi

Wakayama-shi, Wakayama 641-0003 (JP)
* YASUDA Kazuki

Wakayama-shi, Wakayama 641-0003 (JP)
* YUl Manabu

Wakayama-shi, Wakayama 641-0003 (JP)
* NOBORIO Yoshifumi

Wakayama-shi, Wakayama 641-0003 (JP)

(74) Representative: Carstens, Dirk Wilhelm
Wagner & Geyer Partnerschaft mbB
Patent- und Rechtsanwailte
GewiirzmiihlstralBe 5
80538 Miinchen (DE)

(54)
INVERSE PLATING

(57) Ininverse plating, a flat knitting machine is used,
two knitting yarns are fed from at least one carrier, one
as a front yarn and the other as a back yarn, a carriage
is moved in one direction such that a knitted fabric is
knitted by plating and, at the same time, assignment of
the front yarn and the back yarns is switched without
interrupting the knitting. A learned regression analysis
device is used to generate correction data for the switch-
ing. In the regression analysis device, the knitting condi-
tions at the time of the switching is the explanatory var-
iables and the correction data for the switching is the
objective variable.

PRODUCTION METHOD AND PRODUCTION SYSTEM FOR CORRECTION DATA FOR
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Description
Field of the Invention

[0001] This invention relates to the generation of cor-
rection data for inverse plating. Plating is a knitting meth-
od where two knitting yarns are fed to knitting needles
from one or two carriers in a flat knitting machine and
one of them is knitted as the front yarn and the other is
knitted as the back yarn. The inverse plating is one type
of plating in which the assignment of the front and back
yarns is switched. By the way, the kicking back of the
carriers performed in intarsia knitting is not included in
inverse plating. Correction data for inverse plating is, for
example, the data that specifies the timing to start switch-
ing of the assignment of front and back yarns.

Background Art

[0002] Inverse plating is a new alternative to jacquard
knitting and intarsia knitting, etc. Patent Document 1
(EP3315,642B and JP6562,890B) proposes to perform
inverse plating by using the difference in tensions applied
to a pair of knitting yarns. The yarn with the larger tension
is positioned below in the hook of the needles and be-
comes the front yarn, and the yarn with the smaller ten-
sion is positioned above in the hook of the needles and
becomes the back yarn. Therefore, when the tension is
switched during plating, the assignment of front and back
yarns can be switched. Patent Document 2
(JP2018-178,292A) proposes the switching between the
front and back yarns by movable sinkers.

[0003] However, accurate switching between the front
and back yarns at the desired positions is difficult to be
performed. When the switching positions between the
front and back yarns fluctuate, the blur of colors between
the front yarn and the back yarn appear in the knitted
fabric, for example. The current problem in inverse plat-
ing is to accurately switch the front and back yarns at the
desired positions, and, in particular, to reduce the varia-
tion in the switching positions.

[0004] For inverse plating, the exact timing to start
switching the assignment of the front and back yarns
should be specified. However, the correction data for this
purpose can not be easily determined because it is af-
fected by various factors. They are, forexample, the com-
bination of carriers used, the relative position in the di-
rection of the front to the back of the flat knitting machine
from a viewpoint in front of the flat knitting machine, in
addition, the relative position in the direction of the knit-
ting, the knitting speed, the knitting direction, and the
needle bed used. For determining the correction data, it
is necessary to perform test-knitting (trial knitting) many
times on the flat knitting machine. Therefore, it is unre-
alistic to determine manually the appropriate correction
data.

[0005] Another related piece of prior art will be de-
scribed. In the embodiments of the invention, autono-
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mously running carriers are used. Autonomously running
carriers have been known and it is also known that they
can be used for plating (Patent Document 3:
EP2246,466B and W02009/081,583). However, Patent
Document 3 does not refer to inverse plating.

List of Prior art documents
Patent Document
[0006]

Patent Document 1: EP3315,642B (JP6562,890B)
Patent Document 2: JP2018-178,292A

Patent Document 3: EP2246,466B
(W02009/081,583)

Summary of the Invention
Problem to be Solved by the Invention

[0007] The problem ofthisinventionistogenerate eas-
ily the correction data for inverse plating accompanying
less blurring. This makes inverse plating more practical.

Means for Solving the Problem

[0008] The inventive method for generating correction
data for inverse plating that uses a flat knitting machine,
feeds two knitting yarns from at least one carrier, one as
a front yarn and the other as a back yarn, moves a car-
riage in one direction, knits a knitted fabric by plating,
and switches the assignment of the front yarn and the
back yarn without interrupting the knitting,

is characterized by using a learned regression analysis
device that has explanatory variables comprising knitting
conditions at the time of the switching and an objective
variable comprising correction data for the switching, and
generating the correction data for the switching by the
learned regression analysis device.

[0009] The inventive system for generating correction
data for inverse plating where a flat knitting machine is
used, two knitting yarns are fed from at least one carrier,
one as a front yarn and the other as a back yarn, a car-
riage is moved in one direction, a knitted fabric is knitted
by plating, and the assignment of the front yarn and the
back yarn is switched,

is characterized by a learned regression analysis device
having explanatory variables comprising knitting condi-
tions atthe time of the switching and an objective variable
comprising correction data for the switching, and config-
ured to generate the correction data for the switching
from the input of the knitting conditions at the time of the
switching.

[0010] Accordingtotheinvention, alearned regression
analysis device generates the correction data from the
knitting conditions at the time of switching between front
and back yarns in inverse plating. Since the correction
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data is generated by the learned regression analysis de-
vice, there is no need to manually obtain the correction
data for all the knitting conditions. In addition, regression
analysis enables to generate the correction data usable
in practice with fine adjustments through trial knitting.
[0011] Preferably, a knitted fabric is test-knitted on a
flat knitting machine, according to the correction data for
the switching generated from the learned regression
analysis device, and the correction data for the switching
is finely adjusted based on the test-knitted fabric. Since
there are factors not taken into account in the regression
analysis, such as the type of yarn used in the knitting and
the lot number of the yarn, there is no guarantee that the
correction data will enable appropriate inverse plating
from the beginning. Therefore, the test-knitting of the knit-
ted fabric and the fine adjustment of the correction enable
inverse plating with less blur.

[0012] More preferably, an image of the test-knitted
fabricis taken by a camera, the switching portion between
the knitting yarns in the image is image-recognized by
an image recognition means, and the correction data for
the switching is finely adjusted automatically or manually.
In this way, the fine adjustment of the correction data is
easily performed. In particular, using the image recogni-
tion means allows the fine adjustment of the correction
data almost automatically.

[0013] Preferably, a pair of autonomously running car-
riers are moved in synchronization with the carriage,

the assignment of the front yarn and the back yarn
is switched by switching the back-and-forth relation-
ship between the two autonomously running carriers
in the direction of the running of carriage, and

the knitting conditions at the time of the switching
comprises:

the carrier to be corrected;

the knitting speed;

the needle bed;

the knitting direction;

the distinction whether the carrier to be correct-
ed will be switched from the leading position to
the following position or from the following posi-
tion to the leading position; and

the distinction whether the carrier to be correct-
edisrelatively positioned ata front-ward position
or a rear-ward position in the flat knitting ma-
chine, compared to the other carrier of the pair
of carriers, from a viewpoint in front of the flat
knitting machine.

[0014] When two autonomously running carriers runin
synchronization with the carriage and the assignment of
the front and back yarns is switched by switching the
leading and following relationship between the autono-
mously running carriers in the carriage running direction,
the blur according to inadequate switching between the
front and back yarns is reduced. In this case, the above
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six types of knitting conditions are related to the correc-
tion data, and there are very many combinations of them.
Appropriate correction data can be generated for the
large number of combinations by using aregression anal-
ysis device.

[0015] Preferably, the learned regression analysis de-
vice is a support vector regression analyzer. Since the
correction data for inverse plating does not depend line-
arly on the explanatory variables, a regression analyzer
suitable for the analysis of nonlinear phenomena is pref-
erable. Among regression analyzers, a support vector
regression analyzer is preferable. The present inventors
have succeeded in generating appropriate correction da-
ta using a support vector regression analyzer.

Brief Description of the Drawings
[0016]

Fig. 1 is a block diagram of a design system accord-
ing to an embodiment, with a peripheral server and
a peripheral flat knitting machine.

Fig. 2 is a schematic diagram indicating a fine ad-
justment mechanism of the correction data.

Fig. 3 is a flowchart of an algorithm for generating
correction data for inverse plating.

Fig. 4 is a schematic drawing indicating the switching
positions between the front and back yarns (the A-
Aline) in inverse plating by switching the front-back
relationship between the carriers.

Fig. 5is a schematic drawing indicating the switching
between the front and back yarns by switching their
leading and following relationship of the carriers, in
inverse plating.

Fig. 6 is a schematic drawing of the switching shown
in Fig. 5 with the inversions of the motional directions
of the carriers.

Fig. 7 is a schematic drawing of the switching be-
tween the front and back yarns by switching the rel-
ative height of the yarn feeders in the carriers.

Fig. 8 is a drawing indicating an example comprising
the switching in Fig. 7 and the reverse motion of yarn
feeders in the height direction.

Fig. 9is adiagramindicating an example of the learn-
ing data and the prediction data of the correction
data outputted by a support vector regression ana-
lyzer (SVR). The objective variable is the position to
start the switching of the leading and following rela-
tionship between yarn feeders (correction data), and
the switching mechanism is one indicated in Fig. 5.
Fig. 10 is a diagram indicating another example of
the learning data, and the prediction data of the cor-
rection data outputted by the support vector regres-
sion analyzer (SVR).

Fig. 11 is a photograph of the knitted fabric that was
knitted by the inverse plating according to the cor-
rection data generated in Figs. 9 and 10.
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Features for Carrying out the Invention

[0017] The best embodiment will be described.
Embodiment
[0018] Figs. 1to 11 indicate a design system 2 (a gen-

eration system for correction data for inverse plating) and
a method for generating the correction data, according
to the embodiment. In Fig. 1, the design system 2 is con-
nected to one or more flat knitting machines 4, and the
program of the learned support vector regression ana-
lyzer (SVR) 8 and the data for regression analysis are
provided from a server 5 and they are implemented in
the design system 2. The SVR 8 uses the switching con-
ditions between front and back yarns extracted from the
knitting data as the explanatory variables, and outputs
the positions where the switching operation should start
(correction data) as the objective variable. By implement-
ing the learned SVR 8 in the design system 2, the cor-
rection data for inverse plating can be automatically gen-
erated. By the way, an unlearned SVR can be implement-
ed in the design system 2, and the SVR can learn in the
design system 2 to generate the data for regression anal-
ysis in the design system 2.

[0019] The regression analyzer can be a neural net,
kNN (a k-nearest neighbor method analyzer), etc., in-
stead of the SVR 8. The correction data for inverse plat-
ing, the objective variable in regression analysis, has
strong non-linearity with respect to the explanatory var-
iables. Therefore, SVR, a neural net, kNN, and so on,
are preferable among multiple regression analyzers, and
SVR is particularly preferable.

[0020] Indicated by 9 is a user interface, such as a
display, a mouse, a keyboard, a pen, and so on. The
memory 10 stores the driving data of the flat knitting ma-
chine 4 (knitting data) , and the knitting data includes the
positions where the front yarn and the back yarn are
switched in inverse plating. It further includes the identi-
fication numbers of the pair of carriers supplying the front
yarn and the back yarn, their leading and following rela-
tionship, their front and back relationship, the knitting
speed, the knitting direction, the needle bed used, etc.
The data include all the relevant data to the switching
conditions of the front yarn and the back yarn.

[0021] Animage recognition device 11 recognizes the
actual position where the front yarn and the back yarn
are switched during trial knitting from the images of the
camera 14 installed in the flat knitting machine 4. A gen-
eral-purpose memory 12 stores the correction data, etc.,
for switching the front and back yarns. The type of flat
knitting machine 4 is optional, and the design system 2
can be installed in the flat knitting machine 4 as shown
in Fig. 1, or in the server 5.

[0022] The relationship between the flat knitting ma-
chine 4, the design system 2, and the camera 14 is shown
in Fig. 2. The flat knitting machine 4 has, for example, a
pair of front and back needle beds 15, 15, and a carriage
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16 that operates the needles in the needle beds 15. Au-
tonomously running carriers 25, 26, or the like supply the
knitting yarns to the needles for inverse plating. The cam-
era 14 is installed on the carriage 16 or autonomously
running carriers 25, 26, etc. The carriers may not be an
autonomously running type but may be a type of carriers
driven by the carriage 16. In general, the carriers feed
the knitting yarns from the yarn feeders at the bottom of
the carriers. In addition, when multiple yarn feeders are
installed in one carrier and a mechanism is installed to
switch the relative heights of the yarn feeders, one carrier
may be enough for inverse plating.

[0023] In inverse plating, the assignment of the front
and back yarns is switched, but it is difficult to switch
them accurately at the desired positions. Therefore, the
knitted fabric or the stitches on the trick gap between the
needle beds are imaged, the captured image is inputted
to the design system 2, and the correction data is finely
adjusted. Indicated by 18 is the controller of the flat knit-
ting machine 4 and it controls the carriage 16, the auton-
omously running carriers 25, 26, and so on.

[0024] Returning to Fig. 1, the image recognition de-
vice 11 in the design system 2 recognizes the positions
where the front and back yarns are switched and outputs
the deviations from the desired positions of the switching.
Then, for example, the correction data is finely adjusted
by the amount of the deviations. Alternatively, the cor-
rection data can be finely adjusted by processing the de-
viations with an Al (a machine learning device) such as
SVR 8. In either case, test-knitting is performed again, if
necessary. In this way, the correction data can be gen-
erated almost automatically and finely adjusted by trial
knitting without human intervention, and appropriate cor-
rection data are resultant. In addition, the correction data
can also be finely adjusted by an operator who manually
looks atthe image from the camera 14 or visually inspects
the knitted fabric, without using the design system 2.
[0025] Fig. 3 indicates the learning of the SVR 8 (gen-
eration of the prediction model), the transfer of the pre-
diction model to the design system 2 (Step S1 to Step
S3), and the generation of correction data (Step S4 to
S9). The correction data for inverse plating, i.e., the data
for each knitting condition, specifying the switching op-
eration between front and back yarns, are affected by
the following explanatory variables according to the ex-
periences of the inventors.

Carrier number: An identification number assigned
to carriers 25, 26, etc., in the order from the front to
the back of the flat knitting machine 4, indicating the
position of the carriers in the front to back direction
of the flat knitting machine 4. In the embodiments,
the number is 1 to 8.

Front/back: A binary data indicating whether the rel-
ative position of the carrier to be corrected is either
front or back between the pair of carriers for switching
the frontand back yarns, in the front to back direction
of the flat knitting machine 4.
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Leading/following: A binary data indicating whether
the carrier to be corrected is either leading or follow-
ing between the relevant pair of carriers.

Needle bed: A binary data indicating whether the
front or back needle bed is used for the instantane-
ous knitting. Regarding flat knitting machines having
four needle beds of front and back and up and down,
the data indicates fours positions of the front and
back and the up and down, and the data has a value
same to the number of needle beds in the flat knitting
machine.

Knitting direction: Abinary data indicating the knitting
direction when the frontand back yarns are switched.
It comprises "towards the right" and "towards the left"
from a viewpoint in front of the flat knitting machine 4.
Knitting speed: The knitting speed (the movement
speed of the carriage) when the front and back yarns
are switched. In the embodiments, the data compris-
es, for example, 10 levels.

[0026] In the embodiment, there are a total of 1,280
combinations of these explanatory variables. It is unre-
alistic to obtain the optimum correction data for 1280
combinations by actually operating the flat knitting ma-
chine 4 for all the combinations. Therefore, for example,
about 100 combinations, or in other words, about 10%
of all the combinations of explanatory variables, the flat
knitting machine 4 is operated to generate the appropri-
ate correction data at the combinations. The generated
appropriate correction data and combinations of explan-
atory variables are inputted to the SVR in the server 5
(Step S1) .

[0027] The SVRn the server 5 generates a prediction
model that outputs the appropriate correction data as the
objective variable for the input combination of explana-
tory variables, by machine learning (Step S2). In other
words, a learned SVR 8 is generated within the server
5, and the generated learned SVR (the SVR’s program
and data for regression analysis) is implemented in the
design systems 2 which are placed in knitting factories,
etc., via communication lines, etc., (Step S3). Regarding
the switching between knitting yarns in inverse plating,
the correction data is strongly non-linear to the explana-
tory variables. Therefore, SVR, neural net, kNN, and so
on, which are suitable for non-linear phenomena, are
preferable for the regression analyzer.

[0028] In the design system 2, explanatory variables
regarding the switching between knitting yarns for in-
verse plating are extracted from the knitting data (Step
S4). The extracted explanatory variables are inputted in
the SVR 8, and the objective variable (the prediction data
of the correction data) is generated (Step S5). Since the
knitting yarns are switched plural times during knitting
one piece of knitted fabric in inverse plating, the correc-
tion data is outputted for each combination of knitting
conditions when switching.

[0029] The design system 2 inputs the correction data
according to the prediction values to the flat knitting ma-
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chine 4, and test-knitting (trial knitting) is performed (Step
S6). A camera 14, for example, mounted on an autono-
mously running carrier or the carriage 16, images the
knitted stitches, and the image recognition device 11 con-
firms the position where the front yarn and the back yarn
are switched in the image from the camera (Step S7).
When the switching position deviates from the desired
position, the correction data is finely adjusted to modify
the correction data by this deviation (Step S8). Therefore,
the trial knitting is performed once more, and, if satisfac-
tory correction data is generated, trial knitting is complet-
ed and the correction data is outputted (Step S9). The
fine adjustment of the correction data may be done man-
ually or automatically. In the fine adjustment of the cor-
rection data, itis preferable to vary, for example, the cor-
rection data in multiple steps so that the user can deter-
mine how the correction data is most preferably adjusted.
It is also possible to manually observe the knitted fabric
without using the camera 14. Trial knitting after the fine
adjustment may be omitted.

[0030] Fig. 4 schematically shows the switching be-
tween the front and back yarns in inverse plating. The A-
A line in the figure indicates the desired positions for the
switching, and the error is how long the actual switching
position deviates from the A-A line and also the direction
of deviation of the left and the right. In simple processing,
the correction data may be finely adjusted by the amount
of this error. For more complex processing, the error is
processed by Al (machine learning device).

[0031] Examples of how the front and back yarns are
switched in inverse plating are shown in Figs. 5 to 8. In
Fig. 5, the cam 28 of the carriage 16 operates the needles
23A to C, etc., and switches the front and back yarns
from the knitting stitch formed by the needle 23C, for
example. Sinkers 24 are placed between the needles 23,
the carriage 16 runs towards the rightin this embodiment.
Indicated by 25, 26 are autonomously running carriers
that supply the knitting yarns 21, 22 to the needles 23A-
C, etc. The knitting yarn 21 is the front yarn up to needle
23B and becomes the back yarn from needle 23C. In
addition, the carrier that supplies the front yarnis leading,
and the carrier that supplies the back yarn is following.
Between the knitting yarns 21 and 22, the one with the
smaller yarn supply angle from the horizontal plane be-
comes the front yarn, and the one with the larger angle
becomes the back yarn. The yarn supply angles are in-
dicated by Alpha and Beta. P1 and P2 indicate the relative
positions of the autonomously running carriers 25 and
26 with respect to the carriage 16, and L1 and L2 indicate
the distances between the carriage 16 and the autono-
mously running carriers 25 and 26.

[0032] In the switching between the front and back
yarns, the carriers 25, 26 are switched in the leading and
following relation, and the switching position is deter-
mined with reference to the position of needle 23C where
the switching takes place. For example, the carriers 25
and 26 intersect at an intersection position CP which is
determined with reference to the position of needle 23C.
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Therefore, the leading autonomously running carrier 25
is decelerated and the following autonomously running
carrier 26 is accelerated such that the carriers 25 and 26
intersect at the intersection position CP. After the relative
positions to the carriage 16 are swapped, the carriers 25
and 26 are accelerated and decelerated such that they
move at the same speed. The start position of deceler-
ation and the start position of acceleration, for switching
the relative position of the autonomously running carriers
25 and 26, are the correction data.

[0033] In Fig. 6, the switching shown in Fig. 5 is im-
proved such that the carriers 25 and 26 are reversed as
shown by the white arrows in the figure, in the coordinate
system based on the position of carriage 16. P1’ and P2’
in Fig. 6 indicate the reversing positions of the move-
ments of carriers 26 and 25. When changing the positions
of the carriers 25 and 26, the knitting yarns 21 and 22
sometimes become entangled. When the position where
the knitting yarns become entangled is in front of the nee-
dle 23C in the carriage’s traveling direction, the knitting
yarns will not be switched correctly. However, when the
reversing operation is performed, the knitting yarns 21
and 22 become entangled only in the rear of the car-
riage’s travelling direction. As a result, the switching be-
tween the front yarn and the back yarn is controlled more
accurately, and the knitted fabric seems distinct without
conspicuous blur because the switching positions are
controlled accurately. In addition, the distance along
which the reversing motion is performed may be added
to the correction data.

[0034] Inverse plating can be carried out by switching
the heights P1 and P2 of the pair of carriers 31, 32. Two
embodiments are shown in Figs. 7 and 8. The angles
Alpha and Beta formed between the direction of the yarn
feeding tothe needles and the horizontal plane determine
the assignment of the front and back yarns, and the yarn
with the smaller angle becomes the front yarn. Therefore,
a pair of carriers 31, 32 are made taken by the carriage
16 or made to run autonomously by themselves. The
yarns are fed from the yarn feeders at the bottoms of the
carriers 31, 32, and the carriers 31 and 32 are provided
with elevating and lowering mechanisms for the yarn
feeders, then inverse plating is capable of being per-
formed.

[0035] InFig. 7, the knitting yarn 21 from the carrier 31
is at first the front yarn, and the knitting yarn 22 from
carrier 32 is at first the back yarn. The yarn feeders of
carriers 31, 32 are crossed in the height direction at the
crossing position CP. H1 is the height for feeding the front
yarn with the carriage being the reference height, and
H2 is the height for feeding the back yarn with the carriage
being the reference height.

[0036] InFig.8,the switchingin Fig. 7 is improved, and
the yarn feeder of the carrier 31 is raised to a position
P2", then the movement is reversed and the yarn feeder
is lowered. Also, the yarn feeder of carrier 32 is lowered
to a position P1", then the movement is reversed, and
the yarn feeder is raised. In the switching according to
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Fig. 8, knitted fabrics with less blur compared to those
according to Fig. 7 are knitted by inverse plating.
[0037] The method of inverse plating is arbitrary as
long as the correction data according to knitting condi-
tions is required for the switching between the front and
back yarns. For example, the yarn feeding angles to the
needle can be switched by rotating the carrier around the
vertical axis. It is also possible to switch the tensions to
the knitting yarns. In this case, the correction data indi-
cates, for example, the switching timing of the tensions.
In addition, the front yarn and the back yarn can be
switched using movable sinkers. However, compared to
these switching methods, the methods in Figs. 5to 8 can
switch the yarns with less blur, and in Figs. 6 and 8 which
involve the reversed operations, the yarns are switched
with further less blur.

[0038] Figs.9and 10indicate the examples of learning
data and prediction data of the objective variable (cor-
rection data) from SVR 8. SVR 8 learned for three speeds
among the ten knitting speeds, and learned only for a
portion of the carriers at the knitting speeds of 0.8 m/s
and 1.0 m/s. The objective variable (correction data) in-
dicates the position to start the switching of the carriers
in the forward direction from the needle where the yarns
are to be switched, in terms of needle pitch. The decimal
point in the objective variable indicates the switching is
controlled more accurately than the pitch of one needle.
When controlling the acceleration/deceleration pattern
of the carriers during the switching operation, the accel-
eration/deceleration pattern themselves may be added
to the objective variable in addition to the starting position
of acceleration/deceleration for switching.

[0039] For example, in the case of the left side of Fig.
9, the eighth carrier is moved from the leading to the
following at the knitting speed of 0.8 m/s. In this case,
the prediction value of SVR 8 is to start the switching
operation of the eighth carrier at a position being 17.3
needles ahead of the desired needle. The prediction val-
ue of SVR 8 is for the counterpart seventh carrier is to
start the switching operation at a position being 15.9 nee-
dles ahead of the desired needle, in order to move the
seventh carrier from a following position to a leading po-
sition. The starting positions of the switching operation
differ between the paired carriers.

[0040] Switching between the seventh and eighth car-
riers often requires subsequent switchings in the oppo-
site direction between the same pair of carriers. The cor-
rection data for the subsequent switching is indicated in
Fig. 10. In this case, the prediction value of the correction
data for the seventh carrier is ahead by 15.7 needles,
and for the eighth carrier, it is ahead by 16.3 needles.
[0041] Fig. 11 shows a knitted fabric knitted by inverse
plating using the correction data in Figs. 9 and 10. The
fabric was knitted by circular knitting, and "1" in the figure
indicates the position where the correction data of Fig. 9
was applied, and "2" in the figure indicates the position
where the correction data of Fig. 10 was applied. The
desired position for the switching is not the positions of



11 EP 4 283 031 A1 12

the sinker loops, but the positions of the needle loops. In
this embodiment, the correction data as predicted by
SVR 8 was used in the knitting without the fine adjust-
ment, but when the correction data is finely adjusted, the
switching positions of the front and back yarns can be
controlled more accurately. In the embodiment, a distinct
knitted fabric with less blur was obtained. Thus, with rel-
atively little preparation work, inverse plating can be used
to replace jacquard knitting and intarsia knitting. When
differences between individual flat knitting machines 4
are problematic, it is preferable to adjust finely the cor-
rection data for each flat knitting machine. With respect
to the explanatory variables, they may further include
yarn properties such as the width and the friction coeffi-
cient of knitting yarns, and the detailed yarn feeding di-
rection of knitting yarns to the carriers, such as from the
left, right, or top center of the needle beds.

[0042]

2 design system

4 flat knitting machine

5 server

6 design system main unit

8 support vector regression analyzer (SVR)

9 user interface

10 memory (knitting data)

11 image recognition device
12 memory (general-purpose)
14 camera

15 needle bed

16 carriage

18 controller

19 knitted fabric

21,22 knitting yarns

23At0 23C  Needles

24 sinker

25, 26 autonomously running carriers
28 cam

31, 32 up and down carriers

CP intersection position

L1, L2 distance from carriage

P1 front yarn supply position

P2 back yarn supply position

H1, H2 height of carriage reference

Alpha, Beta yarn feeding angle from a horizontal
plane

Claims

1. A method for generating correction data for inverse
plating, using a flat knitting machine, feeding two
knitting yarns from atleast one carrier, one as a front
yarn and the other as a back yarn, moving a carriage
in one direction, knitting a knitted fabric by plating,
and switching the assignment of the front yarn and
the back yarn without interrupting the knitting,
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being characterized by using a learned regression
analysis device having explanatory variables com-
prising knitting conditions at the time of the switching
and an objective variable comprising correction data
for the switching and generating the correction data
for the switching.

2. The method for generating the correction data for
inverse plating according to claim 1,
being characterized by performing test-knitting of
a knitted fabric on a flat knitting machine, according
to the correction data for the switching generated
from the learned regression analysis device, and
finely adjusting the correction data for the switching
based on the test-knitted fabric.

3. The method for generating correction data for in-
verse plating according to claim 2,
being characterized by taking an image of the test-
knitted fabric by a camera, image-recognizing the
switching portion between the knitting yarns in the
image by an image recognition means, and finely
adjusting the correction data for the switching auto-
matically or manually.

4. The method for generating correction data for in-
verse plating according to one of claims 1 to 3,

being characterized by running a pair of auton-
omously running carriers in synchronization with
the carriage,

switching the assignment of the front yarn and
the back yarn by switching the back-and-forth
relationship between the two autonomously run-
ning carriers in the direction of the running of
carriage, and being characterized in that

the knitting conditions atthe time of the switching
comprise:

the carrier to be corrected;

the knitting speed;

the needle bed;

the knitting direction;

the distinction whether the carrier to be cor-
rected will be switched from the leading po-
sition to the following position or from the
following position to the leading position;
and

the distinction whether the carrier to be cor-
rected isrelatively positioned at a front-ward
position or a rear-ward position in the flat
knitting machine, compared to the othercar-
rier of the pair of carriers, from a viewpoint
in front of the flat knitting machine.

5. The method for generating correction data for in-
verse plating according to one of claims 1 to 4, being
characterized in that the regression analysis de-
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vice is a support vector regression analysis device.

A system for generating correction data for inverse
plating that uses a flat knitting machine, feeds two
knitting yarns from atleast one carrier, one as a front
yarn and the other as a back yarn, moves a carriage
in one direction, knits a knitted fabric by plating, and
switches the assignment of the front yarn and the
back yarn,

being characterized by a learned regression anal-
ysis device having explanatory variables comprising
knitting conditions at the time of the switching and
an objective variable comprising correction data for
the switching, and configured to generate the cor-
rection data for the switching from the input of the
knitting conditions at the time of the switching.
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FIG. 3
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FIG. 4
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FIG. 5
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FIG. 7
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FIG. 9
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FIG. 10
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