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ABSTRACT
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When anti-shrinkage precaution is taken for finishing processes, shrinkage could be observed with cotton and viscose fabrics by 8-
15% and 20%, respectively. Therefore, capability of estimation of shrinkage rate for fabrics at the end of finishing would be a significant
advantage. This study tried to estimate the shrinkage of single jersey and interlock fabrics at the end of relaxation processes by means of
the Artificial Neural Networks (ANN). To that end totally 72 varieties of fabric were manufactured in two groups of the elastane and the
non-elastane fabrics. Then, in each of two groups included 36 different varieties on the basis of single jersey and interlock weaving types
using six different raw materials in three different densities. The processes were applied to fabrics during finishing process are thermo-
fixing, washing, drying and sanforizing process. ANN model was used to predict dimensional change at the end of the sanforizing. For
ANN, the two-layer feed-forward perceptron, also called single hidden layer feed-forward neural network was used to estimate
dimensional change of width and length. Finally, the ANN exhibited successful performance in prediction of dimensional change in
fabrics. The prediction of the dimensional properties produced by the neural network model was proved to be highly reliable (R2> 0.98).
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1. Introduction

Dimensional stability is considered as one of the most
important properties of fabrics. Especially, dimensional
change problem encountered with jersey fabric emerges as
a significant quality issue.

Due to the tensions applied to the fabric during knitting, the
shape of the loop changes. When the knitting process is
finished and the forces are removed, the loops try to return
their natural shape. This change in the shape of the loop is
also reflected in the knitted fabric and the shape of the fabric
also changes. This change is called fabric relaxation. Dry,
wet, wash, full and industrial relaxations are defined by
researchers [1].

In the event that no any measure is taken against shrinkage
during finishing, cotton and viscose fabrics could be seen
shrinkage up to 8-15% and 20%, respectively.

Fabrics are required to be relieved from internal tension and
to be processed to prevent swelling in unit section while
they are taken in process in finishing facilities. Following

measures are taken to avoid fabric tension; operating
machines causing minimum tension during finishing as
much as possible; giving rest breaks; checking tension
during process; using systems such as conveyor bands for
transfer of fabrics; applying non-tension mercerization in
other words causticization; working with advance based on
feed-forward principle during stenter drying; applying anti-
wrinkle finishing to fabrics; and machines such as
sanforizing machines which ensure mechanical resistance
against shrinkage must be employed. The most effective
finishing process in gaining dimensional stability is applied
the drying operation with heating [2].

Controlling dimensional changes since raw fabric production
is essential to prevent the problem of dimensional change.
Estimation of dimensional change before manufacturing
could allow us to maintain control over dimensional change.
Application of the Artificial Neural Networks (ANN) in
predictive studies in textile industry has increased recently.
ANN has been harnessed in numerous fields such as
classification of errors in textile manufacturing; prediction of
yarn quality parameters; classification of weaving and
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knitted fabrics; prediction of fabric behavior characteristics;
prediction of garment comfort; air permeability of features of
woven and knitted fabrics; prediction of drape of fabric;
prediction of concentration of dyestuff, and prediction of
color recipe [3-16]. ANN method was also harnessed in
prediction of the dimensional characteristics of rib fabrics. In
the relevant study, it was emphasized that prediction
capability of the model established with the ANN method
towards the rib fabric was satisfactory [17-18].

With the effect of tension and wet processes on the finishing
process, the fabric will undergo a shape change and will try
to return to its natural state at the first time it gets rid of the
fabric tension. This is a great inconvenience as it may result
in becoming smaller and shrinkage of the garment during
use. During the production of ready-made garments, in
order to avoid problems in the fabrics coming from the
finishing treatments, it is necessary to perform the right
shrinkage process from the beginning of the fabric and to
control all the processes from the raw fabric. All mechanical
stresses and feeds should be kept under control during
finishing operations.

In this study, it is aimed to prediciton the dimensional
changes of various knitted fabrics by ANN at the end of
finishing operations. Firstly, ANN input parameters were
determined, then single jersey and interlock fabrics were
produced and measurements were taken on raw fabric.
After the raw fabric measurement procedures, finishing
treatments were applied to the fabrics. Dimensional
changes were measured at the end of finishing treatments
and dimensional changes were predicted with ANN.

2. Material and Method
2.1 Test and Measurement Plan

Table 1 exhibits test plan, followed standards and
measurement points within the scope of the study. The
study is planned as follows.

1. Determination of ANN input parameters
2. Production of raw fabrics

3. Raw fabric measurements (after initial and dry relaxation
from the knitting machine-Course Density, Areal Density,
Fabric Roll Width)

4. Drawing of all fabrics with the dimensional pattern
5. Finishing treatments

6. Finished fabric measurements (Dimensional Change,
Areal Density, Fabric Roll Width)

7. Prediction of dimensional change with ANN.

2.2. Fabric Manufacturing and Raw Fabric
Measurements

Within the scope of the study, 72 different fabrics were
manufactured whose characteristics were showed in Table
2. In order to determine the effect of addition of elastane into
fabric on dimensional change; fabrics were manufactured in
two distinct groups. Whereas elastane was not included in
the first fabric group, 5% elastane was added in the second
fabric group. Due to their common application in the
industry, cotton, cotton/viscose, viscose, cotton/polyester,
polyester and polyester/viscose fabrics were preferred.
Polyester fiber and polyester blends which exhibit
dimensional stability were also included in the scope of the
study. For the single jersey fabrics of Gauge is (E) 28, and
machine diameter of is 32 inches. For the interlock fabrics of
Gauge is (E) 24, and machine diameter of is 32 inches.
Yarn count of all fabrics is 20 tex.

All fabrics were manufactured by means of the three
different pile yarn length in dense, medium and loose
patterns. The fabrics were coded in a specific order. For
instance, the fabric with LS 5 code was no 5. single jersey
fabric with lycra form including 5™ fiber 100% polyester.

Specimens from 72 different fabrics manufactured were
taken from the knitting machines. After that raw fabric
measurements were taken as shown in Table 1. Finally,
they were applied dry relaxation process by remaining them
on a smooth plane surface under standard atmosphere
conditions for a week.

2.2.1. Course Density Measurement

The loop stitches, which are 1 cm long of the fabric, were
counted by means of a lupe. This measurement was
repeated five times at different areas of the fabric for each
specimen; and their average value was taken into
consideration (TS EN 14971).

Table 1. Test and Measurement Plan

Measurement Point No Activity / T_es_ted Test Standard Measurement Point
Characteristics
Course Density Right After Process in the Machine
! Measurement TS EN 14971 After Dry Relaxation
Wale Density Right After Process in the Machine
1.Raw Fabric (Knitted 2 Measurement TS EN 14971 After Dry Relaxation
Fabric) 3 Areal Density TS 251 Right After Process in the Machine
Measurement After Dry Relaxation
. ) Right After Process in the Machine
4 | Fabric Roll Width ) After Dry Relaxation
1 | Dimensional Change | TS EN ISO 3759- 2009 |After Drying
After Sanforizing
2.Finished Fabric 2 Areal Density TS 251 After Drying
(Finishing) Measurement After Sanforizing
. ) ) After Drying
3 Fabric Roll Width After Sanforizing
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Table 2. Fabric Characteristics

Stitch
. length . Stitch length
;le::izf g?)l:lzlc Type of yarn (100 ;le::izf g?)l;?c Type of yarn (100 needle
needle /em)
/cm)
S.1 100%Cotton 27 INT.1 100%Cotton 32
S.2 %350 Cotton - %50 Viscose 27 INT.2 %350 Cotton - %50 Viscose 32
S.3 100%Viscose 27 INT.3 100%Viscose 32
S.4 %350 Cotton -%50 Polyester 27 INT 4 %350 Cotton -%50 Polyester 32
S.5 %100 polyester 27 INT.5 %100 polyester 32
S.6 %350 Polyester -%50 Viscose 27 INT.6 %350 Polyester -%50 Viscose 32
S.7 100%Cotton 29 INT.7 100%Cotton 34
S.8 %50 Cotton - %50 Viscose 29 INT.8 %350 Cotton - %50 Viscose 34
Single |S.9 100%Viscose 29 Interlock 1NT.9 100%Viscose 34
Jersey |[S.10 %350 Cotton -%50 Polyester 29 INT.10 %350 Cotton -%50 Polyester 34
S.11 %100 polyester 29 INT.11 %100 polyester 34
S.12 %50 Polyester -%50 Viscose 29 INT.12 %350 Polyester -%50 Viscose 34
S.13 100%Cotton 32 INT.13 100%Cotton 36
S.14 %350 Cotton - %50 Viscose 32 INT.14 %350 Cotton - %50 Viscose 36
S.15 100%Viscose 32 INT.15 100%Viscose 36
S.16 %350 Cotton -%50 Polyester 32 INT.16 %350 Cotton -%50 Polyester 36
S.17 %100 polyester 32 INT.17 %100 polyester 36
S.18 %50 Polyester -%50 Viscose 32 INT.18 %350 Polyester -%50 Viscose 36
LS.1 100%Cotton 27 LINT.1 100%Cotton 32
LS.2 %50 Cotton - %50 Viscose 27 LINT.2 %350 Cotton - %50 Viscose 32
LS.3 100%Viscose 27 LINT.3 100%Viscose 32
LS.4 %50 Cotton -%50 Polyester 27 LINT.4 %350 Cotton -%50 Polyester 32
LS.5 %100 polyester 27 LINT.5 %100 polyester 32
LS.6 %50 Polyester -%50 Viscose 27 LINT.6 %350 Polyester -%50 Viscose 32
Single [LS.7 100%Cotton 29 LiNT.7 100%Cotton 34
Jersey LS.8 %350 Cotton - %50 Viscose 29 Interlock L¥NT.8 %350 Cotton - %50 Viscose 34
/ LS9 100%Viscose 29 /L LINT.9 100%Viscose 34
LS.10 | %50 Cotton -%50 Polyester 29 YCIa  'TINT.10 | %50 Cotton %30 Polyester | 34
Lycra [Ts71 %100 polyester 29 (95/5) LINT.11 %100 polyester 34
(95/5) [Ls.12 %50 Polyester -%50 Viscose 29 LINT.12 | %50 Polyester -%50 Viscose | 34
LS.13 100%Cotton 32 LINT.13 100%Cotton 36
LS.14 %50 Cotton - %50 Viscose 32 LINT.14 %350 Cotton - %50 Viscose 36
LS.15 100%Viscose 32 LINT.15 100%Viscose 36
LS.16 %50 Cotton -%50 Polyester 32 LINT.16 %350 Cotton -%50 Polyester 36
LS.17 %100 polyester 32 LINT.17 %100 polyester 36
LS.18 %50 Polyester -%50 Viscose 32 LINT.18 %350 Polyester -%50 Viscose 36

2.2.2. Wale Density Measurement

The loop stitches, which are 1 cm wide of the fabric, were
counted by means of a lupe. This measurement was
repeated five times at different areas of the fabric for each
specimen; and their average value was taken into
consideration (TS EN 14971).

2.2.3. Areal Density Measurement

The weight of the 100 cm? fabric specimens prepared with
the sample cutter was weighed using a sensitive scale. This
measurement was repeated for five different areas of fabrics
and their average was taken into consideration (TS 251).

2.2.4. Fabric Width Measurement

The width of all manufactured fabric rolls were measured by
tapeline and recorded. This measurement was repeated
three times at different areas of fabrics; and their average
was considered.

2.3. Fabric Finishing Processes

Following measurements of the raw fabrics used in the
empirical study, they were incurred in finishing process to
obtain finished fabric specimens. Knitted fabrics were
processed according to their fiber types in the same way so

as to minimize variation caused by the finishing process
(Table 3). The processes were applied to fabrics during
finishing process are thermo-fixing, washing, drying and
sanforizing process.

Washing process was carried out with 1/6 flotte ratio. The
fabrics emerged as a rope in the washing process were
squeezed by water in a tube-cutting machine and turned
into a dekatur (folded fabric) and dried in a drying machine.
Sanforizing process has been applied to the fabrics for
dimensional stability. At the end of the sanforizing process,
the dimensional change and areal density values were
measured and recorded as shown in Table 3.

2.3.1. Areal Density Measurement

The weight of the 100 cm? fabric specimens prepared with
the sample cutter was weighed using a sensitive scale. This
measurement was repeated for five different areas of fabrics
and their average was taken into consideration (TS 251).

2.3.2. Fabric Width Measurement

The width of all manufactured fabric rolls were measured by
tapeline and recorded. This measurement was repeated
three times at different areas of fabrics; and their average
was considered.
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Table 3. Fabric Finishing Processes

Raw Expander Thermo fixing |[Wet Treatment Drying Sanforizing
Machine [Fabric Expander Machines |[Stenter HT Drying Machine [Sanfor
Machine Speed (m/min) 60 m/min 15-30 m/min 2 rev./min. 25-30 m/min 15 m/min
Manufacturing Capacity 21 000 kg/day 200kg/hr. 20 000 kg/day 12000 kg/day  [4000 kg/day
Process Temperature (°C) - 185-198°C Washing80°C 120 °C 120 °C
Fabric Processing Speed 60 m/min. 24 m/min. 20-25 m/min 20-25 m/min 10 m/min.
500
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| & * ||
W L
i
g | £
Y. * &
W “
P i
130

Figure 1.Shrinkage scale (for measuring dimensional change) and signing fabric.

2.3.3. Dimensional Change

In order to determine longitudinal and latitudinal shrinkage
or elongation afterwards of the finishing process,
dimensional change test was applied to specimens. After
each finishing process, the dimensional change was
measured (TS EN ISO 3759- 2009). A special pattern was
used to determine longitudinal and latitudinal shrinkage or
elongation. In the beginning of finishing treatments, all
fabrics were drawn on the dimensional pattern (50cm x
50cm) using a permanent marker. After each finishing
process, dimensional change was measured by means of a
shrinkage scale that is shown in Figure1. Measurements
were taken inner borders of the first drawn line on the ruler
(35x35 cm).

3. Artificial neural networks and structure

ANN, which is the computer system, is developed by
modelling of human brain. Main properties of ANN are
automatically creating, deriving and exploring new
information using learning like human brain. Technically, the
major task of artificial neural networks is to predict an output
data set with respect to the entry data set given to them. In
accomplishing this task, the network is required to be
trained with examples of the relevant incident so that it could
make a generalization which enables the system to predict
output set corresponds to the similar events [19-20].

In the present study, MATLAB ® Neural Network Toolbox
was used for creating Multilayer Feed-Forward ANN that
has three layers as input layer, hidden layer and output
layer.

In the ANN model, initial weight and bias values were
assigned randomly; and task of changing weights was
performed online basis. In other words, the established ANN
alters weights one unit at each iteration online basis.
Whereas sigmoid activation function was used as the
activation function, training of the ANN model, commenced
with determined network parameter, is continued until
certain number of iteration (epoch) (It was set as 1.000 for
this study). The activation function employed in the study is
a sigmoid function that yields continuous responds in certain
pattern with respect to the data entered into the function.
These responds are certainly not discrete. Thus, sigmoid
function is commonly applied because it refers the most
appropriate function for the problems requiring sensitive
evaluations. The important point is that function needs to
allow derivation operation.

3.1. Input Parameters

Dimensional change in finished fabrics prepared for garment
manufacturing is determined by numbers of factors such as
raw material, knitting conditions and finishing processes.
Before delivered to garment manufacturing facility, fabrics
incur sanforizing process at the finishing stage as the last
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process. To the end of predicting dimensional change at the
end of sanforizing process, input data were selected
respectively. Raw fabric parameters (at the moment
operation on fabrics is completed in the machine in a way
that they were processed in the dry relaxation) that could be
effective on the ultimate properties of the fabric were
selected as mean areal density, fabric width, course and
wale density. Additionally, at the finishing process, areal
density, longitudinal and latitudinal dimensional change
values in the main drying process, the most effective
process on the dimensional change, were selected as input
parameters. Selected finished fabric input parameters were
coded as below for the purpose of digitalization of entry
data.

1. Fabric Code: 4 types of fabric in S, LS, INT and LINT
were coded as fabric 1, 2, 3 and 4, respectively.

2. Yarn Type: 100% cotton, 50% cotton — 50% viscose,
100% viscose, 50% cotton — 50% polyester, 100%
polyester, and 50% polyester — 50% viscose. Since it
these verbal values could not be employed in an
artificial neural networks model, they were transformed
into digital codes a 1, 2, 3, 4, 5 and 6, respectively.

3. Stitch length (100 needle/cm) desired: values
determined as 27, 29, 32, 34 and 36 were coded for the
ANN model as 1, 2, 3, 4 and 5, respectively.

4. At the end of the machine operation (momentarily)
a. Areal Density (gr/mz)
b. Fabric Roll Width (cm.)
c. Course Density (course per cm.)
d. Wale Density (wale per cm.)

5. After dry relaxation
a. Areal Density (gr/m?)
b. Fabric Roll Width (cm)
c. Course Density (course per cm.)
d. Wale Density (wale per cm.)

6. After drying
a. Areal Density (gr/m?)

Fabric Code .

At the end of the machine
operation (momentarily)

After dry relaxation

Course Density [ ¥

[

After drying

“\ e l

v

Course Density . ;E‘{‘
4

o
=

b. Dimensional change (cm —width)
c. Dimensional change (cm —length)

3.2 Output Parameters

According to the established Network, parameters of
finished fabric parameters at the end of the sanforizing
process were given below:

1. Dimensional change (cm —width)
2. Dimensional change (cm —length)

In the training period of the Artificial Neural Networks model,
the assessment was conducted based on 72 different
values from 14 independent input variables and 2 output
variables (Figure 1). Whereas 70% of these values were
used for training, 15% were for confirmation and 15% were
for testing purposes. In other words, randomly selected 50
fabric rolls were used for training, 11 fabric rolls were for
confirmation and 11 fabric rolls were for testing.

In the light of information given above, this study examined
network performance with respect to different learning rule,
training function, momentum coefficient, number of hidden
layer and number of nodes in hidden layer in order to
determine the optimal ANN performance value. For training
purpose of the ANN, Levenberg-Marquardt model was
utilized; error was determined by means of the Mean
Square Error method. Accordingly, number of hidden layer
and cell numbers in hidden layer in the study were
determined based on the learning rate and momentum
coefficient found frequently in the literature. When learning
rate was 0.001; momentum coefficient was 0.8; then, hidden
layer was selected 1. In the proposed model, number of
neurons of the hidden layer was tried starting from 3 up to
50. Table 6 exhibits structure parameters of the established
ANN model.

Given input parameters, dimensional and width change that
could arise after sanforizing process were predicted
according to the yarn types in “cm”. Table 7 exhibits input
values of specimen taken randomly.

W\

) ensional change (cm —wi

Y Dimensional change (cum ~width)

imensional change (cm —len;
Dim al chi 1

Figure 1. Finished fabric network diagram
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Table 6. Artificial neural network parameters

Network Parameters

Number of input Parameters 14

Number of Hidden Layer 1

Number of Neuron in the Hidden Layer Between 3 and 50
Learning Rate 0.001

Momentum Coefficient 0.8

Number of Iteration 1,000

Number of Output Parameters 2

The Most Successful Network Number of Hidden Layer Neuron 14

The Most Successful Network Number of lteration 11

The Most Successful Network R? Value 0.96132

Table 7. Specimen finished fabric input data

At the end of machine operation | At the end of dry relaxation At the end of drying
process
. _ =

£ 5 | . 5 ~ £ |3

5 It > et ~ o

° g § g § a <

3 9 5 2 & § §

2 < 3 s | & 3 s | & 5 | %

S £ £ | 2 g E| s |& E E & &

= =) S 2 = > o o = > S 5
9 |z |2 | z|2]|¢z2|® = | = | 2| 3
° E s = g k%) ¥ = | & 2 ‘D g g
Q Q =X c ] c c [¢] = c
o| &1 & 5 4 o o 3  |© o & 2 2
e| F | =8| 32 o 3 Q o e |3 e ° < <
5|83 8| 5| 3 2 § | 5 |3 3 8 g g
[0 © E o] 9 [o o © 9 © o ®© 9 = =
w| > | ®o < w o = < w | O = < a a
1 1 1 128 113 22 12 135 112 23 12 140 39,95 52,75
1 2 1 133 114 21 12 143 112 22 12 162 38,85 47,6
1 3 1 135 116 20 12 142 114 21 12 179 37 49,95
1 4 1 130 115 21 12 136 113 22 12 172 41,5 42,5
1 5 1 137 114 20 12 150 112 21 12 199 44,75 40

Given input and output parameters, longitudinal and hidden layer of the ANN model was increased from 3 to 50

latitudinal dimensional changes that could arise as a result
of sanforizing process were predicted in centimeter with
respect to yarn types.

4. Results and Discussion

In order to test consistency of the obtained results,
performance value (accomplishment or accurate estimation
value) was measured. Thus, the number of node(s) in the

so that the weights of the model yielding the most accurate
result could be recorded.

In this article, it was determined that the ANN model gave
the most accurate result with hidden layer having 14 nodes
(Figure 2). Mean Absolute Error (MAE) value of this ANN
model is dimensional width 0.7623 and dimensional change
height 1.1619. MAE values of the first 10 sample is shown in
Table 8, and all values is plotted in Figure 3.

Hidden Layer

Input

14

14

Output Layer

2

Figure 2. Artificial neural network diagram illustrated for dimensional change in finished fabric
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Table 8. Mean Absolute Error Values of First 10 Sample

Sample No 1 2 3 4 5 6 7 8 9 10
Dimensional Change 0.1760 |1.9848 |1.0700 |2.4036 |0.2165 |5.7511 |1.6119 |1.4067 |0.4178 |3.6911
(cm - Width)
Dimensional Change 24464 |6.7724 |16965 |7.5441 |1.0408 |3.4202 |0.7061 |3.7837 |0.8337 |7.7827
(cm - Length)
Mean Absolute Error

10

4

2

i)

Dimensional

Change

{om - Width)

1 4 710131619 222528313437404346 495255

58 61 64 67 70

Dimensional
Change
{cm - Length)

Figure 3. Mean Absolute Error Value of Output

For evaluation of the dimensional change in finished fabrics,
output values were digitalized according to measurement
results. For instance at the end of the drying process, if
shrinkage was measured as -13.2% cm with the 50x50 cm
pattern with respect to the fabric input value, the real value
was digitalized as 43.50 cm similar to the value at the first
raw in Table 8. In other words, width of a fabric with 50 cm
original dimension was measured as 43.40 cm at the end of
the sanforizing process. On the other hand, the ANN model
predicted the output dimension as 43.24 cm. In terms of the
fabric width, the difference between the measured and
predicted values was 0.16 cm that was considered
prediction error of the ANN model. After the raw fabric was
incurred all operations following its entry, width of the raw
fabric in 50 cm dimension was measured at the end of the
sanforizing process as 43.40 cm. On the other hand, the
proposed ANN model predicted this dimension as 43.24 cm.
Similarly, whereas the length of the fabric in 50 cm original
size was measured as 46.70 cm at the end of the
sanforizing process, it was predicted by the ANN model as
46.297 cm.

Table 9 exhibits data regarding randomly selected specimen
taken at end of processes. According to the table, fabric
width and lengths measured at the end of the sanforizing

process displayed difference with respect to the one
predicted by the ANN.

Given the obtained results through the ANN model, the
performance plotting in Figure 4 ceased the iteration after
11 steps according to the MSE (Mean Square Error) method
after the best error value (where minimum error occurs) was
obtained regarding the Training, Validation and Test values.
In Figure 4, after the data was determined for training of the
ANN model, test and validation data were run in the ANN
model following the training, the smallest of these three
values was displayed on the MSE value plotting. In other
words, whereas the data isolated for the training purpose
were used during training of the ANN model, the most
appropriate MSE value was given as validation plotting for
the values predicted based on the training, validation and
test data during performance testing of the model.
Accordingly, it was observed that the model exhibited the
best performance at the 11" iteration. This iteration was
determined as the most successful prediction model since
the model displayed correlation coefficient (R?) was 0.96132
(Figure 5). It could be observed that the error displayed by
the ANN model reduced as number of iteration increased.
After the training of the model, correlation coefficient was
determined as 0.96132 that suggests strong correlation
between the real measurements and predicted values.

Table 9. Data of samples of finished fabrics at the end of processes (in cm)

Measured Value Predicted Value by ANN Measured — Predicted (Error) l\EAr?srn (,;A/Db)solute Percentage
Dimensional | Dimensional Dimensional | Dimensional | Dimensional | Dimensional

Dimensional Dimensional Change Change Change Change Change Change

Change Width Change Length | Width Length Width Length Width Length

434 50.0 43.240 51.582 0.160 -1.582 0.37 3.16

42.5 46.7 41.990 46.297 0.510 0.403 1.20 0.86

38.5 54.5 37.585 56.433 0.915 -1.933 2.38 3.55

441 39.35 43.318 38.316 0.782 1.034 1.77 2.63

45.0 39.0 44.661 37.92 0.339 1.080 0.75 2.77
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Best Validation Performance is 5.0532 at epoch 5
0’y
Train
= Yalidation
Test
frmy Best
t
E
10 F
.
(=]
=
w
-
<
]
b |
-3 0
Wb
=
[]
@
=
(o7 VR . S D
0 1 2 3 4 5 5 7 g [ [ |
11 Epochs

Figure 4. Training of the network yielding the best result for the
finished fabric dimensional change.

5. Conclusions

In the ANN model structured for prediction of dimensional

learning rule and sigmoid transfer function were
implemented. As a result of the study, it was observed that
the ANN model displayed successful predictions regarding
dimensional change in finished fabric.

Owing to the tensions subject to finishing process and effect
of the wet treatments, dimensional changes would occur in
fabrics and they would try to return their very original form
as soon they are relieved from these tensions. This situation
is considered as a significant nuisance since it would lead
shrinkage of clothing after washed. Afterwards of the
finishing process, it is required to deliver fabrics with desired
shrinkage values to the garment manufacturing stage. In
order to avoid garment manufacturers to experience
problems with fabrics sent from the finishing facilities, it is
required to implement non-shrinkage process on fabrics
from the very beginning accurately and to keep all
processes under control since the raw fabric stage. It is
considered that in case shrinkage prediction methods such
as artificial neural networks are utilized for the fabrics with
high dimensional change potential, it would be possible to
reduce additional precautions necessary to eliminate

change, feed-forward, back propagation, momentum shrinkage and to increase productivity.
Training: R=0.97397 Validation: R=0.93067
w0 B5 < Data w B5 < Data K
o Fit b Fit &
% RS, % ........ V=T o
) 0 & B0 . 2
S e o g0
4 % T 55 ’
I~
3 ™ e C;é%
b Y s '
g 2
= 45 34
45 80 85 Bl S 45 50 B85 B0  ES
Target Target
Test: R=0.96455 All: R=0.96132
@ B4 < Data O ™~ EB5 < Data
':’_’ Fit : 'f
L ollovar ol
ﬂé, ﬂé, &0
e e
o 5 o 55
@« «
(=] [=]
Y a5 Y &0
5 5
= £
3 45 3 45
=] o
15 0 55 B0 = 45 &0 B5  BD GBS
Target Target
Figure 5. Correlation coefficient of the network
REFERENCES

1. Marmarali A. Atki Ormeciligine Giris, Izmir, Ege Universitesi Yayinlari, 2004.

2. Coban, S., (1999), “Genel Tekstil Terbiyesi ve Bitim islemleri, izmir”, Ege Universitesi Yayinlari, pp:248-265
Matusiak M. (2015), “Application of Artificial Neural Networks to Predict the Air Permeability of Woven Fabrics”, FIBRES & TEXTILES in Eastern Europe,

Vol: 23, 1(109), pp: 41-48.

4. Bhattacharjee D, Kothari VK. (2007), “A Neural Network System for Prediction of Thermal Resistance of Textile Fabrics”, Textile Research Journal, Vol: 77,

pp: 4-12,

50

TEKSTIL ve KONFEKSIYON 28(1), 2018



19.
20.

Hui CL, Lau TW, Ng SF, Chan KCC. (2004), “Neural Network Prediction of Human Psychological Perceptions of Fabric Hand”, Textile Research Journal,
Vol: 74 pp:375-383.

Park SW, Hwang YG, Kang BC, Yeo SW. (2000), “Applying Fuzzy Logic and Neural Networks to Total Hand Evaluation of Knitted Fabrics”, Textile
Research Journal, Vol:70, pp: 675-681,

Majumdar A., (2011), “Modeling of Thermal Conductivity of Knitted Fabrics Made of Cotton-Bamboo Yarns Using Artificial Neural Network”. The Journal of
The Textile Institute, Vol: 102(9), pp: 752-762.

Wong ASW, Li Y, Yeung PKW, Lee PWH., (2003),“Neural Network Predictions of Human Psychological Perceptions of Clothing Sensory Comfort”, Textile
Research Journal, Vol:73, pp:31-37.

Kumar V, Sampath VR., (2013), “Investigation on the Physical and Dimensional Properties of Single Jersey Fabrics made from Cotton Sheath—Elastomeric
Core Spun”, FIBRES & TEXTILES in Eastern Europe; Vol: 21, 3(99) pp: 73-75.

. Farooq A., (2014), “Predicting the Dynamic Cohesion in Drafted Slivers at Draw Frame Using Artificial Neural Networks”, Textile and Apparel, Vol: 24(3).
. Murrels, C.M., Tao, X.M., Xu, B.G., and Cheng, K.P.S., (2009), “An Atrtificial Neural Network Model for the Prediction of Spirality Fully Relaxed Single Jersey

Fabrics”, Textile Research Journal, Vol:79(3), pp: 227-234.

. Jianda, C., Xiaojun, G., Lianfu, Y., (2004), “Research on BP Neural Network Applied to Predict Cotton Fabric Handle”, Proceedings of The Textile Institute

83rd World Conference, pp:1265-1268.

. Hui, C-L, NG, S-F, (2005), “A New Approach for Prediction of Sewing Performance of Fabrics in Apparel Manufacturing using Artificial Neural Networks”,

The Journal of Textile Institute, Vol: 96,.6, pp: 401-405.

. Hui, C-L, NG, S-F,( 2005), “A new Approach for Prediction of Sewing Performance of Fabrics in Apparel Manufacturing Using Artificial Neural Networks”,

The Journal of Textile Institute, Vol: 96,6, pp: 401-405.

. Warren, J. Jasper, Kovacs, E. and Berkstresser, G. A., ( 1993 ). “Using Neural Networks to Predict Dye Concentrations in Multiple-Dye Mixtures”, Textile

Research Journal, Vol. 63, pp:545 - 551.

. Arikan Kargl, V. Sinem, (2014)., “A Comparison of Artificial Neural Networks and Multiple Linear Regression Models as in Predictors of Fabric Weft

Defects”, Textile and Apparel , Vol: 24(3), pp: 309-316.

. Saravana, K.T., Sampath, V., (2011 ), “An Atrtificial Neural Network System for Prediction of Dimensional Properties of Weft Knitted Rib Fabric”, Journal of

the Textile Association, Vol: 71(5) pp: 247-250.

. Saravana K.T, Sampath, VR.,(2012), “Prediction of Dimensional Properties of Weft Knitted Cardigan Fabric by Artificial Neural Network System”, Journal of

Industrial Textiles, Vol: 42(4), pp: 446-458.
Oztemel E., (2006), Yapay Sinir Adlari. Papatya Yayincilik Egitim, istanbul, Tiirkiye.
Ozdemir H., (2013), “Yapay Sinir Aglari ve Dokuma Teknolojisinde Kullanimi”, Tekstil Teknolojileri Elektronik Dergisi, Vol:7(1), pp: 51-68.

TEKSTIL ve KONFEKSIYON 28(1), 2018 51




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /TUR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


