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Abstract. We present a model for optimizing laser-cutting process parameters to improve fabric-
cutting quality in the textile industry. We use two methods to predict fabric-cutting quality based
on customized laser-cutting parameters, Response Surface Methodology (RSM) and Artificial
Neural Network (ANN). RSM had an R-squared (R?) value of 0.952, showing high accuracy. As
a result of varying iterations and nodes, the results of the ANN models were different. As a result
of 10,000 iterations on an architecture with six nodes and one hidden layer, the ANN model with
an R-squared of 0.998 was the best optimization model. The novelty of'this study found that ANNs
with six nodes and 10,000 iterations optimize the laser cutting process for fabrics more effectively
than models with fewer nodes and fewer iterations. RSM and ANNs are effective tools for
improving fabric-cutting quality in specific applications, as well as providing theoretical
contributions through this research.

Keywords: laser cutting, textile industry, response surface methodology (RSM), artificial neural
networks (ANNS), process optimization.

1. Introduction

The fabric-cutting process in the Textile and Textile Products (TPT) industry holds significant
importance and cannot be overlooked [1-3]. This process is crucial as it directly influences the
final quality of the product and the profitability of the company. The precision and quality of fabric
cutting have a direct impact on the final output of textile products, while the efficiency of the
cutting process affects the overall production costs, thereby influencing the company’s
profitability [4]. Consequently, the demand for high-quality fabric cutting has spurred
advancements in the process, utilizing state-of-the-art technology to achieve optimized
fabric-cutting outcomes. Laser cutting has emerged as a prominent technique in the textile industry
for fabric cutting [5]. This method ensures high precision and efficiency, thereby enhancing
product quality and reducing overall production costs [5]. Laser cutting quality is predominantly
influenced by two machine parameters — speed and power — and one material variable, fabric
thickness. The interplay of these three factors critically determines the overall cutting quality
[5-7]. These parameters must be meticulously adjusted to achieve optimal cutting outcomes.
Presently, the adjustment of these parameters 1s conducted manually, often relying on a trial-and-
error approach to ascertain the most effective combination for each specific cutting task. However,
the manual adjustment of these parameters is time-consuming and often results in suboptimal
fabric-cutting processes using laser technology [8]. Therefore, developing a mathematical model
to standardize the settings of laser cutting parameters is imperative. This approach aims to enhance
the efficiency of the cutting process and ensure the production of fabric pieces of the highest
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quality. Artificial Neural Networks (ANNs) and Response Surface Methodology (RSM) are two
prominent mathematical approaches widely employed to model parameter responses across
various disciplines, including science and engineering. Artificial Neural Networks (ANNs) are
computational models inspired by the structure and functioning of biological neural networks in
humans. These models are adept at recognizing intricate and abstract patterns [9], [ 10]. In contrast,
Response Surface Methodology (RSM) comprises a collection of statistical techniques used for
modeling and analyzing the responses of complex systems within experimental settings. RSM aids
in exploring the relationships between independent variables and system responses and optimizing
these responses [11], [12]. Both approaches offer distinct advantages and disadvantages,
depending on the specific requirements and nature of the problem under consideration. In some
cases, integrating these methodologies can lead to optimal results [13-15]. This study employs
Artificial Neural Networks (ANNs) and Response Surface Methodology (RSM) to develop
models aimed at optimizing laser-cutting parameters to achieve superior fabric-cutting quality and
enhanced production efficiency. The application of ANNs and RSM in this research represents a
novel contribution to the field. Notably, this study is the first to formulate a model for fine-tuning
laser-cutting process parameters, which are crucial in determining the quality and efficiency of
fabric-cutting outcomes. The findings of this research have significant implications for the Textile
and Textile Products (TPT) industry, enhancing the reliability of the production process. The
developed model enables the optimal adjustment of laser-cutting process parameters, thereby
ensuring the production of high-quality fabric pieces. Additionally, the model reduces the time
required to fine-tune these parameters, which 1s traditionally a time-consuming process.
Consequently, improving the efficiency and effectiveness of the laser cutting process substantially
contributes to elevating the overall quality of product manufacturing within the TPT industry.

2. Research and method
Fig. 1 illustrates the research design, which encompasses four stages: (1) data collection,

(2) data preparation, (3) model development, and (4) evaluation of the model results pertaining to
the tuning of laser cutting process parameters and their impact on the quality of fabric cuttings.
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Fig. 1. Research design

The study employs three key laser cutting process parameters: power (%), speed (m/s), and
fabric surface density (g/m?), to evaluate the quality of fabric cuttings. Power indicates the
percentage of power used during the cutting process, speed refers to the velocity of the laser
cutting movement measured in meters per second, and fabric surface density represents the weight
of the fabric per unit area. These parameters are considered independent variables that influence
the quality of the fabric cut, which serves as the dependent variable. Table 1 details the
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specifications of the variables used in developing the fabric cut quality prediction model.

Table 1. Specification model
Parameter Unit Function
Quality of cutting Index = Dependent variable
Power Yo
Speed m/s | Independent variable
Fabric surface density | g/m?

3. Result and discussion
3.1. Data collection

The experimental data from the Textile and Textile Products (TPT) industry were meticulously
gathered by experts adhering to the industry-specific standards. Table 2 shows the three process
parameters as the independent variables, with piece quality serving as the dependent variable.

Table 2. Data collection

Input Qutput
sumple Xy (Power (%)) | x; (Speed (m/s)) (Fabric Surl"ac: aensily (z/m™)) ¥ Quality)
1 26 08 238.5 3 (Moderate Quality)
2 26 103 250.8 3 (Moderate Quality)
3 26 108 263.2 2 (Good Quality)
4 26 113 2755 1 (Excellent quality)
5 26 118 287.9 1 (Excellent quality)
6 31 08 277.9 3 (Moderate Quality)
7 31 103 290.2 3 (Moderate Quality)
8 31 108 302.5 3 (Moderate Quality)
9 31 113 3149 3 (Moderate Quality)
10 31 118 327.3 4 (Poor Quality)

Table 3. Data normalization

x, (Power (%)) | X, (Speed (m/s)) | x4 (Fabric surface density (g/m?)) | ¥ (Quality)
0 0 0 0.666666667
0 0.25 0.139065614 0.666666667
0 0.5 0.278131228 0.333333333
0 0.75 0.417196843 0
0 1 0.556262457 0
1 0 0.443658721 0.666666667
1 0.25 0.582724335 0.666666667
1 0.5 0.721789949 0.666666667
1 0.75 0.860855563 0.666666667
1 1 0.999921177 1

3.2. Data preparation

To prepare data for Artificial Neural Network (ANN) modeling, standardization and
normalization are essential procedures to ensure data uniformity. Beyond aiding the ANN training
process, normalization can improve the model’s convergence. In this study, normalization is
conducted using the Xy, — Xinax method, as in Eq. (1):

X - Xmin

X = & Amin (1)

Xma:r - Xmin
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where X' represents the normalized data, where Xz, is the smallest value in the dataset, and
Xonax 18 the highest value in the dataset. Table 3 shows the results of the data normalization.

3.3. development
3.3.1. ANN model for quality of cutting

The ANN model has three input neurons, which indicate power, speed, and fabric surface
density. The output layer determines laser cutting quality. Egs. (2) and (3) can be used to express
the hidden layer output ( v;) as well as the quality of the laser cutting result (y):

v = ZZ wiiXi; + B, (2)

y=((p(s)+p), (3)

where v; represents the value of the hidden layer neuron, x;; denotes the input neuron, f is the
bias, w;; signifies the weight from the input to the hidden layer, ¢ is the activation function, and
in this study, a sigmoid activation function is employed y represents the weight of the output
neuron. In this research, ANN architecture was created that incorporates three types of nodes into
a single hidden layer. These variants were used to determine the best model, which was defined
by minimal evaluation criteria. Fig. 2 shows the structure of the Perceptron used in this first model.

% b
7
\w,
Xy W; y

Wy
1’3/

Fig. 2. Neural network architecture model of perceptron
3.3.1.1. Perceptron model

The model employed consists of three input neurons and one output neuron, as illustrated in
Fig. 2. The determination of weights, as referenced in Eq. (2), can be derived through Eqgs. (4) to

(6):

(1) = (W) + (Wpxp) + (Wyzxs) + B, (4)
(v2) = (Wa1x1) + (Wazxz) + (Wasx3) + f, (5)
(v3) = (Wa1x1) + (Wszx2) + (Wasxs) + f. (6)

Then, m matrix form, the sum of the weights (v;) can be expressed in equations follows:

vy Wi Xy WypXz  WigXzy /X B1
(v)) = | V2 | = WarXy WapXp WeaXz | | Xz |+ | f;
Vg W31Xy WsaaXy WizXz/ \X3 i (7)
WXy WXy Wygdpy /N B1
=( 0 0 0 ) Xy )+ Pz | = wirxg + wyaxz + wysxs,
0 0 0 X3 ﬁg

4 ISSN PRINT 2351-5279, ISSN ONLINE 24244627




A NEW MATHEMATICAL MODEL FOR OFTMIZING LASER CUTTING PARAMETERS TO IMPROVE FABRIC QUALITY.
Lisa SAMURA, MUHAMAD DANIL PRATAMA, VALENTINUS GALIH VIDIA PUTRA, FANDI ACHMAD, Y USRIL YUSUF, FADIL ABDULLAH

X1 b1
Total Weight = (wy w; ws) [ X2 |+ | B>
X3 B3
8
X1 B )
= (—03246 —1.1754 — 1.3678) [ Xz |+ f-

X3 183

A simple one-node model can be stated as follows, where [ 1s the node’s index and j is the

index of the input x. In a one-node output model with three inputs, the bias f can be ignored as it
is a factor related to information storage and acquired as a constant in the model. To calculate this
result, we use the activation function ¢ (v;) in Eq. (10):

1 1
y = (pw)) = (1 T e—v!) = (1 n e—((—o.324511)+(—1.1?5412)+(—1.35?513)))' (9)
3.3.1.2. The feed forward ANNs with four nodes in one hidden layer

In the second ANN model architecture, a feed-forward propagation model was constructed,
comprising four nodes within a single hidden layer. This architecture was evaluated under two
different iteration scenarios: the first with 1,000 iterations and the second with 10,000 iterations.
The effectiveness of both models was assessed using the correlation coefficient and mean absolute
percentage error (MAPE). Fig. 3 depicts the architecture of this ANN model.

Power

Speed

( :L > Quality

Fabric Surface
Density

Input layer hidden layer output layer
Fig. 3. Architecture ANNs with four node one hidden layer

In Fig. 3, the arrows and circles represent the signal flow and neurons, respectively. The weight
matrices of the first and second layers are denoted by the terms (w;;) and (wf;). The weighted sum
can be determined using Eqs. (10) and (11):

W= wy g, (10)

lPl w 'TE) xl
: = ( ;1 w43 )4>(3 . ’ (1 1]
LP*'-I- 4%l xz Ix1

The terms 1; and w;; are the weighted sum of the first layer and the first layer weight matrix,

respectively. The terms xy, x3, and x3 are the input parameters. The neuron feeds the weighted
sum into the sigmoid function and produces the result shown in Eq. (12):
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b1 ?E‘ﬁ'i;
¢ | sy
b e | - (12)

qu. 4x%1 5'{:11':'4-) 4%1

Eq. (12) is the input of the second layer, which results in a weighted sum, m;, at the second
layer, as seen in Eqs. (13) and (14):

M = ZZ wi; @ ¢ (), (13)

¢(¥1)
¢(2)
¢(P3)
¢(Ys) a1

= w1 @ o ws) (14)

The neuron inputs the weighted sum into a linear function, which generates the output. The
neuron’s properties is characterized by this linear output function, as expressed in Egs. (15) and
(16):

c(¥1)
d=2@) =) ) wy@ ) = W@ . wi, @i ggﬂ : (15)
g{:tf’q—;’ 4x1
¢(11)
d=wi? . wi®ia ggz; ) (16a)
g{:tpﬂl-) 4x1
aen xl
d=21(w,® .. W14(2))1x4§'((w5“ W43)(4x3)<x2) ) (16b)
X3/ 3%1

The constants derived through the optimization process in Egs. (15), (16a) and (16b), as well
as the ANN architecture with four nodes in one hidden layer for 1,000 and 10,000 iterations, are
detailed in Eq. (17a) and (17b):

X1
d=A(-1.8721 .. —3.5394);.4 (,'((0'5:302 —1.8221) (xz) ), (17a)
) (#x3) \x3 3x1
0.9360 n
d=1(-149769 .. 40608 uac( ("7 " 03716) x| (17b)
' (93 \x3 3x1

3.3.1.3. Feed-forward ANNs with a sixth node in one hidden layer

In the third ANN model architecture, a feed-forward propagation model was developed,
comprising six nodes within a single hidden layer. This architecture was subsequently tested with
two different iteration scenarios: the first with 1,000 iterations and the second with 10,000
iterations. The effectiveness of both models under these iteration variations was then assessed
using the correlation coefficient and Mean Absolute Percentage Error (MAPE) metrics. Fig. 4
illustrates the architecture of this ANN model.
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Fig. 4. Architecture ANNs with sixth node one hidden layer

In Fig. 4, the arrows and circles represent the signal flow and neurons, respectively. The weight
matrices of the first and second layers are denoted by the terms (w;;) and (wﬁ-]. The weighted sum
can be determined using Egs. (18) and (19):

q’i=zzwﬁxp (18)
¥

Xy

w 'TE) .
y - ( 11 W43)5x3 : ' (19)
kPﬁ 6x1 X2 3x1

The terms 1; and w;; are the weighted sum of the first layer and the first layer weight matrix,

respectively. The terms xy, x3, and x3 are the input parameters. The neuron feeds the weighted
sum into the sigmoid function and produces the result shown in Eq. (20):

Py ¢(¥1)
P ¢(2)
P3 | s(a)
s | s(y) ' (20)
bs c(is)

b6/ 6x1 c(We) oy

Eq. (20) is the input of the second layer, which results in a weighted sum, 7;, at the second
layer, as seen in Eqs. (21) and (22):

M = ZZWE';'(Z) c(W;), (21)

¢(i1)
¢(¥2)
¢(3)
¢(s)
¢(s)
c(We) ¢rq

The neuron passes the weighted sum to a linear function, which generates the output. The
linear output function, as given in Egs. (23) and (24), identifies the neurons function:
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¢(¥P1)
c(y2)
A=) =2) > wy® o) = wu® .. Wi ggﬁg . (23)
c(Ps)
g(wﬁ) 61
c(¥y)
¢(13)
d= (W@ . w®)iwe Eﬁg ) (24a)
¢(¥s)
{:(1)“)6) 6x1
W aaw xl
— @) @) 11
d /"I.{Wu e Wyg )1x6§((5 WGE)(EXEJ(ii)EXI)- (24b)

The constants derived through the optimization process in Egs. (23), (24a) and (24b), as well
as the ANN architecture with four nodes in one hidden layer for 1,000 and 10,000 iterations, are
detailed in Eq. (25a) and (25b):

X1
d= A(~3.1459 .. —43038)1x6¢ (_4'5.'379 1.4698) X : (25a)
: ' (Bx3) xz ax1
4.0728 N
d= A(-58118 .. 6.7229)146¢ (_ " 05534) Xz . (25b)
: : (B8x3) X5 a1

The result of the mapping is measured based on three different ANN models, with different
nodes in the hidden layer, and different iterations for each model. Table 4 shows the optimized
results for the ANNs architecture model.

Table 4. Result of ANNs model

Actual | Perceptron model One hidden laver (4 nodes) One hidden laver, (6 nodes)
Iteration 1,000 | Iteration 10,000 | Iteration 1,000 | Iteration 10,000
3 25 3.2836 3.0694 3.3619 2.9725
3 2.527 2.5426 2.9647 2.6119 3.0922
2 2.5537 1.855 1.8676 1.8586 1.8928
1 1.5807 1.4635 1.2769 1.4203 1.1776
1 1.6074 1.279 1.1026 1.2223 1.0375
3 2.7496 3.0604 31558 2.9011 3.0565
3 27757 3.1381 3.025 3.0214 29716
3 28015 32122 2.9053 3.1927 2.9074
3 2.8273 32734 3.064 3.3598 3.1069
4 3.8528 33169 385 3.481 3.8608

3.3.2. RSM model for quality of cutting

In this investigation, the RSM model is constructed based on three independent variables:
Power (x,), speed (x;), and fabric surface density (x5), which collectively influence the Quality
of Fabric Cutting (@Q,). The core equation of RSM is represented as follows Eq. (26):

Q = ag + ayxy + azx, + azx; + €, (26)
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where, x4y, x3, and x3 denote the mdependent variables, specifically power, speed, and fabric
surface density, respectively. The terms ap, @;, az, and az represent the regression model
constants for the respective variables, while & represents the model error. Fig 5 illustrates the
architecture of the RSM model used.

Input

Process

Power (%)

Speed (m/s) Response Surface Methodology Quality of Cutting

Fabric Thinckness (g/m*2)

Fig. 5. RSM architecture model

To obtain the constant value of Eq. (26), it can be determined by modeling it as illustrated in
Eqgs. (27) and (28):

n
D Q= agtay Y xutay Y xm tay Y X, (27a)
i=1

Qp, = @g + ayxyq + ApXy3 AzXys, Qp, = Ay + AyXg + ApXgy + A3Xy,, (27b)
Q,, = ap + @y1xpy + Azxpy + AzXy3,

Qtl 1 .. Xqp iy
T 0
th 1 .. Xnk ay

Q:, = X1Qy, (28b)
Q, = Xa. (28¢)

The difference between the experimental data, y and the model @, is defined as the error (€),
which 1s as follows:

Z-ﬂ{—"'i — Q) = (28d)

Using Eqs. (29) and (30), we use to find the model:

a=(XTX)1XTy, (29)
Qe = Xa =X(XTX)'XTy. (30)

Eq. (14) can be used to solve the linear equation produced by Eq. (26), resulting in the
formulation shown in Egs. (31) to (34):

Q; = ag+ayx; + azx, + azx; + €,

Q. =ay, +a,26 +a,98 + a;238.5,

Qiz = ap +a,26 + a; 103 + a3250.8,

Qiz =ap+a126 +a; 108 + a3263.2, (31)
Qs = ag +a,26 +a;113 + a5275.5,

Qs = ay+a,26 +a,118 + a;287.9,

Qi = ap+a;31 +a,98 + az277.9,

MATHEMATICAL MODELS IN ENGINEERING 9
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Qi7 = g+ @131 +a;103 + a3290.2,
Qg = ap+a;31 +a;108 + a3302.5,
Qg = ap+ ;31 +a,113 + a;314.9,
Qi10 = ag+a,31+ a;118 +a3327.3.

Eq. (31) can be converted into matrix form as in Eq. (32):

31 113 3149
31 118 3273

Qe,
Qh\ /1 26 98 2385
Q. 1 26 103 2508
0 1 26 108 2632
e 1 26 113 2755 | /%o
Qs |_|1 26 118 2879 |[ @ (32)
Qe 1 31 98 2779 [\@z2)
Q, 1 31 103 2902 [\as
1 31 108 3025
1
1

e
(==
—_

\oes)
Qfm

The values of ag, a;, a; in Eq. (31) are obtained through the parameter optimization method,
as in Eq. (33):

10 290 1080 2830 17t

290 8190 30780 81070
1080 30780 117140 306590

2830 81070 306590 806320

a=X"X)"'XTy =

-3_
3
2
1 1 1 1 1 1 1 1 1 1 1
26 26 26 26 26 31 31 31 31 31 1
98 103 108 113 118 98 103 108 113 118 | |3
238.5 250.8 263.2 275.5 287.9 2779 2902 3025 3149 327. g
3
4]
122480 -4610 -1450 590
—4610 170 50 —20 (33)
—1450 50 20 —10
590 -20 -10 0
3
3
2
1 1 1 1 1 1 1 1 1 1 1
26 26 26 26 26 31 31 31 31 31 1
98 103 108 113 118 98 103 108 113 118 | |3
2385 250.8 263.2 2755 2879 2779 290.2 3025 3149 3273 g
3
4]
g 492.15
_|@)_|[-1815
iz —5.86
{3 2.34
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Then, Eq. (34) is derived to assess the quality of fabric cutting results using laser cutting, as
follows:

Q, = 492.15 — 18.15x, — 5.86x, + 2.34x5. (34)

In Table 5, Eq. (34) is used to calculate prediction calculations to assess the quality of fabric
cutting after a,, a,, a,, and a; have been determined.

Table 5. RSM model prediction results
(Quality of fabric cutting) prediction = (Quality of fabric cutting) actual
3.0651
26168
2.1685
0.8778
12719
3.1137
3.1729
29192
27246
4.0695

e || | L | e | | | | [

3.4, Evaluation result model
34.1. MAPE (mean absolute percentage error)

A model's performance can be evaluated using the Mean Absolute Percentage Error (MAPE).
Most commonly, it is used to determine the accuracy of predictive models, particularly in
numerical or time series prediction. MAPE is calculated by comparing the actual and predicted
values of a model. Eq. (35) demonstrates the calculation of MAPE:

100% < |4, - F,
MAPE = = Z | | (35)
i=1

n A,

MAPE is presented as the difference between the absolute amount predicted by the model (At)
and the actual amount of experimental data (F,) divided by the actual amount of experimental data
(Ft) multiplied by 100 %. Therefore, using Eq. (35), the quality of fabric cutting predicted using
both Artificial Neural Networks (ANN) and Response Surface Methodology (RSM) methods can
be found in Table 6 as the absolute average of predictions.

3.4.2. Coefficient of determination (R?)

The coefficient of determination, also known as R-squared or R?, is a statistical metric that
measures how well a theoretical model matches actual observed data. In this context, R? indicates
the quantity of variance in the dependent variable can be explained by the independent variables
included in the model. The value of R? ranges from 0 to 1. A score of 1 shows that the model
completely explains the variation in the data, whereas a value of 0 indicates that the model explains
no variation and is simply a random error. Eq. (36) shows the R? calculations for the two model
techniques developed:

Wi—n)*
R% = , (36)
(i — ¥)*

The R? interpretation obtained from both the Artificial Neural Networks (ANNs) and
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Response Surface Methodology (RSM) models represents the developed model's ability to explain
the complete variability in the dependent variable. Eq. (37) can be used to calculate the coefficient
of determination in the prediction results for the total quantity of quality laser cutting performed
with both the ANN and RSM techniques, as shown in Table 6.

This research requires neural computing because the process of laser-cutting fabric involves
many complex and non-linear variables and interactions, which are difficult to model with
deterministic rules or simple regression. Simple regression cannot effectively capture the complex
relationships between process parameters and cutting quality, resulting in correctable prediction
errors. Neural networks, with their ability to learn non-linear patterns and handle varying data, can
provide more accurate and adaptive models, reducing prediction errors significantly.

Table 6. Result of the evaluation model

ANN one hidden layer ANN one hidden layer
Evaluation model | RSM | Perceptron (4 nodes) (6 nodes)
Iteration 1,000 | Iteration 10,000 | Iteration 1,000 | Iteration 10,000
R® 0.952] 0.544 0.855 0.979 0.884 0.998
MAPE (%) | 0 | 0.863 1.607 | 1.070 . 1630 0

3.4.3. Analyze evaluation result

The Response Surface Methodology (RSM) and Artificial Neural Networks (ANNs) can be
used to optimize laser cutting settings for better fabric cutting quality. The ANN-based model,
constructed through 10,000 iterations with a six-node architecture on a single hidden layer,
demonstrated superior performance, with a mean absolute percentage error (MAPE) value of 0 %
and a coefficient of determination (R?) of 0.998. This implies that the model effectively accounts
for 99.8 % of the variance in the actual data on fabric-cutting quality. The architecture type and
complexity of the nodes and hidden layers used have a significant impact on the variability in
validation results for ANN models. The RSM model performed well in predicting laser cutting
parameters for cutting quality, with a MAPE score of 0 % and a R? of 0.952. Nonetheless, there
are differences in the explained variance by the RSM method, which could be resolved by using
more complex model optimization techniques such as ANNs. The gap in the R? value of the RSM
model, which remains accessible to development, emphasizes the preference for ANN-based
models for deeper insights. Fig. 6 shows the dispersion of actual cutting quality data received from
garment industry professionals, compared with model outcomes, to clearly highlight the
optimization model's variance. Furthermore, the findings highlight the significant impact of
changing process factors like as power, speed, and fabric surface density on cutting quality. These
findings may aid in the development of a standardized parameter index for optimizing laser cutting
parameters in textile applications, hence improving fabric cut quality and process efficiency.

Actual

ann perceplron  s—jnn a4 podes 000
i 4 node 10000 ann & node 1000

i 1 O node | D000
Fig. 6. Pattern distribution of data
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4. Conclusions

In conclusion, this research has successfully developed an optimization model to assist in
adjusting laser cutting process parameters that affect the quality of fabric in the textile and textile
products (TPT) industry. The Response Surface Methodology (RSM) model accurately predicts
fabric quality, with an R? of 0.95. The ANNs model with six nodes and 10,000 iterations performs
well in optimizing cutting process parameters in terms of fabric cutting quality, with a lower error
rate than models with fewer nodes and iterations (MAPE 0 % and R? value of 0.998). The
examination of the optimization results shows that the ANNs RSM-based model is the most
successful at predicting fabric cutting quality when laser cutting settings are adjusted. These
findings have practical relevance for textile industry practitioners, particularly in the textile sector,
and give an important framework for optimizing laser cutting process parameters and enhancing
cutting quality in fabric markets. Furthermore, the use of Response Surface Methodology (RSM)
and Artificial Neural Networks (ANNs) to model fabric quality provides a new perspective on
mathematical modeling in textile manufacturing, emphasizing the utility of statistical methods like
RSM in analyzing and improving manufacturing processes.
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