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ABSTRACT

For the sustainability of continuous improvement, the importance of acquiring as much data as possible
from the production field is indisputable. However, converting these data into key performance
indicators in a lean production system is much more important. This paper focuses on the finishing
processes of the weaving industry in a real production plant. In the study, roll of fabric based traceability
is first provided by a radio frequency identification (RFID) and programmable logic controller (PLC)
automation structure. In the next step, the calculation of the overall equipment effectiveness (OEE) for
each process is provided, and a method of converting these OEE values to the unique indicator as the
overall throughput effectiveness (OTE) is proposed. In the last phase of the paper, after getting OTE
value automatically, it was aimed to reveal the relationship between the production environment
parameters and the OTE indicator. A revised hybrid genetic algorithm was proposed to determine the
most important production environment parameters that affect OTE results. Multiple linear regression
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was utilized to verify the result of the developed algorithm.

1. INTRODUCTION

Lean production management, and thinking have existing
for more than 50 years. To eliminate wastes, observing,
measuring and taking precautions are the main steps. The
OEE indicator, which is an effective metric for lean
manufacturing, is known as a standard to measure
manufacturing productivity that takes into account all losses.
To reach high OEE metrics, high quality parts must be
produced as fast as possible with zero downtimes. While
defining the methodology of total productive maintenance,
Nakajima, established the concept of overall equipment
effectiveness (OEE) by measuring the efficiency of
equipment in the plant [1]. Jeong and Phillips, reported OEE
as the most effective method of the total productive
maintenance application program [2]. In the study of Huang
et al., they presented that the overall objective of total
productive maintenance is to increase OEE values [3].
Nahar et al. focused on reducing unplanned downtime,
breakdowns and accidents in their paper [4]. In their study,
the aim was to implement the total productive maintenance
logic in a knitting factory by observing OEE values of sewing

finishing processes, weaving

machines. Williamson [5] defined the OEE metric as the
total equipment performance measure that indicates the
degree to which the equipment is doing what it is supposed
to do.

Nakajima [1], detected the relationship between availability,
performance, and quality factors with six losses that affected
the OEE value negatively. OEE is obtained by multiplying
these three factors. Availability aims to measure the effect of
planned and unplanned downtime on the system.
Performance, on the other hand, is intended to measure the
effect of deviations of the actual operating time over the
theoretical cycle time. Finally, the quality factor indicates the
effect of the non-good quantity on the total productivity.

A review of the existing literature about the considered
problem can be summarized as following part of this
section. After referring to some of the studies on OEE and
extensions of OEE, the papers that focused on feature
subset selection methods and metaheuristic (e.g.: genetic
algorithms) are investigated. The main contributions of this
study are emphasized in the last paragraph of this section
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There are two important components of an OEE
implementation for manufacturing companies. The first one
is the top management’s trust into the study, and the second
one is the automation contribution on the data collection
process. Binti Aminuddin et al. [6] studied this topic, and top
management’s effect on OEE studies in the production
industry was presented. The questionnaire survey was
collected from 139 companies that produced worldwide. An
important point in the study was the relationship between
OEE and automation. It was determined that 54% of 105
companies that implement OEE, used both automation and
manual data collection together, 42% of them used only
automation and 9% of these companies collected the data
only manually.

OEE is an efficiency measurement method used by
companies that manufacture in different industries. For
example, in the study that was conducted by Ahmed and
Ahmad [7], they focused on the six largest downtime losses
that were used to calculate the OEE of the ring frame
section in the yarn production process. Green and Taylor
focused on the use of OEE in the pharmaceutical
manufacturing sector [8]. The continuous flow structure in
the mentioned industry required the calculation of OEE in
each production step. It was shown that the capacity
utilization had increased in the study. In another study that
was conducted by Tsarouhas [9], OEE analysis was
conducted in a cheese production plant, and the results
showed that, two main obstacles to achieve the OEE target
were speed and breakdown losses. The objectives, such as
strengthening the maintenance strategy of the machines,
were taken into account, and the result of the analyses was
evaluated in detail. In the work performed by Vijayakumar
and Gajendran [10], the OEE values of the machines in the
plastic injection process in the automotive industry were
increased by better resource utilization rates.

The diversity of order production types, order quantities, and
the technology levels of the production industry have compelled
factories to generate different efficiency concepts that fit their
needs. Overall line effectiveness, overall factory effectiveness,
and overall throughput effectiveness (OTE) are some of the
mentioned concepts that are shaped by the needs of
companies. Nachiappan and Anantharaman presented an
approach that would measure overall line effectiveness on
continuous production lines, with world class manufacturing
focuses [11]. A computer simulation was performed to observe
overall line effectiveness in a production system with N
machines. Simultaneously, bottleneck operations could also be
observed in the mentioned study. A metric such as overall line
effectiveness = line availability * line performance * line quality
was defined in a factory in which a serial production system
existed in the study. According to Braglia et al. [12], the overall
line effectiveness calculation methodology that was proposed
by Nachiappan and Anantharaman [11] was not suitable for
systems that include work-in-process inventory. Therefore, they
developed a new methodology for overall line effectiveness.
The developed algorithm was tested by considering the
technological production line with the data of CNC machines.

In the study of Oechsner et al. [13], it was emphasized that
machine-based OEE measurement was only useful for
measuring machine-related productivity, but a new method

for overall factory effectiveness should be developed. While
factory integration was provided by materials and energy
efficiency, cost of ownership, OEE and information
technology solutions, it was stated that overall factory
effectiveness could be considered as a common output of
all of them. Therefore, they developed a method to calculate
overall factory effectiveness. In a study by Muthiah and
Huang, a methodology for overall throughput effectiveness
(OTE) was developed for systems with serial sub-systems
that had multiple processes (parallel subsystems) [14]. In
the proposed methodology, both OTE calculations and
bottleneck detections were made.

In another study that was conducted by Muchiri and Pintelon
[15], different terminologies and formulations used in the
literature to measure productivity at the level of equipment
and factory were examined. They also analyzed two
industry samples related to OEE. There are also studies in
the literature that show OEE is also related to other
performance measures. For example, the study by Ahire
and Relkar presented the relationship between OEE and
failure mode and effects analysis [16]. Gibbons and Burgess
examined the relationships between six sigma and OEE
[17].

There are usually large numbers of features in datasets of
production processes, and it might be required to determine
the most relevant ones. In this study, after the OTE
calculation process, the feature selection process will be
implemented to reveal the most important subset of
features. Filters, wrappers and embedded methods can be
considered three main categories for feature selection [18].
Saeys et al. presented a study that includes advantages and
disadvantages of different filters, wrappers, and embedded
methods [19]. Metaheuristics are used as a wrapper or
embedded methods for feature subset selection in the
literature. Marinakis & Marinaki [20] proposed a hybrid
particle swarm optimization heuristic for feature selection.
Maldonado et al. [21] used kernel K-means as a clustering
technique in the suggested unsupervised method for
embedded feature selection. The genetic algorithm is a well-
known metaheuristic based on the principles of genetics and
natural selection that was developed by Holland [22] in the
early 1970s. In the literature, hybrid genetic algorithms are
used in different forms. For example, Zhao et al. [23]
suggested a genetic algorithm that uses a support vector
machine as a classifier in their study. For a hyperspectral
image classification task, Li et al. [24] developed a
methodology that used a genetic algorithm. Yilmaz Eroglu &
Kilic [25] presented a hybrid genetic algorithm that uses a k-
nearest neighbor classifier. The special structure of the
chromosomes not only eliminates infeasible solutions but
also provides the weights of the features. In the study, the
algorithm was evaluated with datasets in the literature.
Then, the method was used to determine the most important
innovation determinants.

This study used the data of a real production plant in
Kayseri, Turkey that produces mattress ticking fabric.
Guncel Yazilim R&D Center, the firm that is cooperating in
the project, supports the realization of OEE integration with
enterprise resource planning system. Some features of the
examined problem in this article are listed as follows;
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e RFID technology is used to obtain the planned and
unplanned down-time on a “roll of fabric” basis.

e Production environment parameters (e.g., humidity,
temperature, pressure) of each machine are obtained
from a PLC system.

e There are serial processes machines that process the
roll of fabric continuously.

e The processing rates of each machine are different from
each other.

e Quality levels of orders are evaluated after the last
process.

The main contributions of this study are evaluated in terms
of the adopted methodology and the field of application. The
first contribution is that the applied methodology is
particularly tailored to the finishing process after weaving. In
the OTE calculation technique that inspired [14] this study,
the minimum theoretical processing rate is considered a
second time in the last stage. However, the great
differences between processes in the theoretical processing
rate for this implementation, revealed the need for a new
methodology for the OTE calculation. Therefore, a process
importance coefficient is added into the formulation. Another
decision consideration was whether OTE should be
calculated on a lot basis or on a roll of fabric basis. After the
roll of fabric basis was chosen as the OTE calculation
decision, a transformation is applied to the collected data via
RFID and PLC to achieve the desired data (e.g., theoretical
processing duration, unplanned downtime). The second
contribution is defining the most important production
environment features that affect the OTE indicator. To
prescribe important factors that the senior decision makers
should focus on to improve the OTE values, a hybrid genetic
algorithm and multiple linear regression methods are
applied to the collected data.

2. PROPOSED METHODOLOGY

In this real application, the textile firm in the weaving
industry aims to implement an OTE procedure in the
finishing processes and determine the most important
process parameters that impact the OTE indicator.

To reach these objectives, the production environment will
be analyzed first, then the OTE calculation procedure will be
explained, and the relationship between the process
parameters and OTE values will be introduced by utilizing a
hybrid genetic algorithm and multiple linear regression
methods.

2.1 Production Environment and Automation
Requirements

To implement the OTE procedure, data collection via RFID
and PLC infrastructures are required to be completed by the
firm. Fig. 1 shows an example of serial processing of the
finishing operations after the weaving process. In that
system, a calendering machine presses the weaved fabric
roll, to obtain the required finish. Fig. 2 shows an example of
a calendering machine and roll of fabric in the real
production plant. The tumbler operation is a specialized
tumbler dryer system and the finishing machine operation
helps the fabric to dry and complete the finishing operations.
Note that the finishing process operation requirements
change from one order to another. For example, an order
may need lamination; therefore, the required material is
laminated to the fabric before the finishing machine
operation, which may increase the number of operations to
five.

RFID technology is used to detect starting and ending points
of an order. Fig. 3 shows RFID tags on a roll of fabric. The
process in which the fabric is first formed is the weaving
process. An RFID tag is fixed at the start of this process. At
the end of the fabric production, another tag is fixed to the
end of the fabric. Fig. 4 shows how the RFID tags are read
for each process. According to Fig. 4, at the entrance of
machine, RFID antennas are located near the point where
the fabric passes. These devices operate in a continuous
reading mode and read the barcode value if there is a label
on the fabric. The barcode of roll of fabric is sent to the
Pulse System. The Pulse System detects which machine is
being operated according to the reading antenna. The Pulse
program evaluates this read value as the start or end of the
process. Fig. 5 shows an example of an RFID antenna, tags
and readers in a real production plant. Fig. 6 shows the
antenna placement with respect to the finishing machine of
the implemented project.

Weaving Calendering Tumbler Finishing Machine
v
Barcode nr. for roll of weaved fabric: 010101 Finished Product

Figure 1. An example of the flow for the finishing processes
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Figure 2. Roll of fabric in a calendaring machine

Another important consideration is obtaining the machine
environment parameters (e.g., pH, pressure, temperature)
for each finishing process. Fig. 7 shows some examples of
the PLC system that obtains data from the system. PLC is
used not only to obtain these data, but also to obtain the
weaving speed data from the looms. Fig. 8 demonstrates
the data flow in the system. The collected data are sent to
Pulse System that is coded by Giincel Yazilim R&D Center.
The system then makes the data meaningful.

POSITION 1

Fabric is processing

POSITION 2
The first RFID tag is read

FABRIC

Direction of fabric movement

FABRIC

I RFID Reader

MACHINE

MACHINE

I 1.RFID TAG

FABRIC

I 2RFID TAG

Figure 3. RFID tags fixed on roll of fabric in the weaving process

POSITION 3

Processing is continuing

POSITION 4
The last RFID tag is read

MACHINE

MACHINE

Figure 4. RFID tags’ reading procedure for a machine
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—_—
| RFID Tag

RFID Antenna

Feader that is connected to
EFIL antennas.

Four entennes are connectsd
to this reader.

Figure 5. RFID antenna, tag and reader samples from plant

Machine
finish
point

RFID
antenna

Figure 6. RFID antenna for finishing machine

Figure 7. Examples of PLC systems that are used to obtain the required data
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Figure 8. Data collection system

2.2 OTE Calculation Procedure

The OTE calculation procedure in this paper was inspired by
the method that was proposed in the study by Mutiah and
Huang [14]. In our study, the machines for the finishing
process had a distinctive difference in their theoretical
processing rate that required determining a new technique
in the final step of calculation. The method of the previously
mentioned study was revised and applied to the textile
finishing processes.

In the system application in the factory, the information can
be collected from the production area in roll of fabric basis.
We consider the process flow in Fig. 1 to explain the OTE
calculation procedure. To calculate performance values, the
following calculations need to be performed. The considered
roll length is 703 meters for the example that is shown in the
second column of Table 1. The actual processing duration,
which is shown in the third column of Table 1, is obtained
from the real data that are acquired from the system. The
theoretical processing rate is determined according to the
machine’s performance for processing fabric type. The
actual processing rate values are calculated by dividing the
length of the roll by the actual processing duration. The
theoretical processing rate values are also calculated in a
similar manner. The actual and theoretical processing rate
values are shown in the fourth and sixth column in Table 1
for the analyzed example. The performance values for each
machine are then obtained by dividing the actual processing
rates by the theoretical processing rates, as shown in the
last column in Table 1.

To calculate the availability values, planned downtimes must
be known and unplanned downtimes must be acquired from
the system. These values are shown in the second and third
columns of Table 2. The real operation duration and

planned operation duration values of each machine are
shown in the sixth and seventh columns of Table 2. The real
operation duration can be calculated by subtracting all
down-times from the actual processing duration. Similarly,
the planned operation duration is calculated by subtracting
the planned down-times from the actual processing
durations. To find the availability efficiency, in the last
column of Table 2, the real operation duration is divided by
the planned operation duration.

Because of the continuous structure of the finishing
processes, the “quality check” operation is performed after
the last operation. The second and third columns of Table 3
show the scrap length and first quality length of the final
product, respectively. After calculating the total quality
efficiency by dividing the first quality length by the total
product length (which is the summation of the first quality
and scrap length), the next step is calculating the quality
efficiency for each machine. The method, proposed by
Mutiah and Huang [14] is applied to calculate the mentioned
parameter. Therefore, in the first step, the temporary quality
efficiency of each machine, which is shown in the fifth
column of Table 3, is calculated as:

mmberof procesftotal quality efficiency =/0.865 = 0.964 (1)

In the second step, to calculate the quality efficiency that is
shown in the last column of Table 3, it is required to take the
temporary quality efficiency’s power as the number of the
preceding operation’s quantity. For example, the tumbler
machine’s quality efficiency can be evaluated as
(0,964)2 =0.930 as seen in Table 3. (The value of the

power is two because there are two processes before the
tumbler machine (weaving machine and calendaring
machine)).
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Table 1. Performance calculation procedure for the considered example

Actual Theoretical

. . Theorical
!Vl_a11c2h%n4e The Ielzlngth of Ac;ualtproces.smg processing processing processing rate: Performance
(i=1,2,3,4) roll (m) uration (min) rate: Ryegy ~ duration (min) Ring) Ract(i) / Rin(i)
Weaving 703 3078 0.23 1305 0.54 0.43
(Equipment: 1)
Calendering 703 31 22,68 31 22.68 1
(Equipment: 2)
Tumbler
(Equipment: 3) 703 28 25.11 28 25.11 1
Finishing machine 703 35 20.09 35 20.09 1
(Equipment: 4)
Table 2. Availability efficiency calculation procedure for the considered example
Planned Unplanned All down Actual Real Planned Availability
Machine (i=1,2,3,4) down time down time times processing operation operation
(min) (min) (min) duration (min) duration duration Aefr(i)
Weaving 1464 158 1622 3078 1456 1614 0.90
(Equipment: 1)
Calendering
(Equipment: 2) 0 0 0 31 31 31 1
Tumbler
(Equipment: 3) 0 0 0 28 28 28 1
Finishing machine 0 0 0 35 35 35 1

(Equipment: 4)

Table 3. Quality efficiency calculation procedure for the considered example

Machine (i=1,2,3,4) Scrap First quality Total quality Temporary quality .

length length efficiency efficiency Quality Qefr(i)
Weaving (Equipment: 1) 0.964 0.964
Calendering (Equipment: 2) 0.964 0.964
Tumbler (Equipment: 3) 0.964 0.930
Finishing machine 95 608 0.865 0.964 0.897

(Equipment: 4)

Finally, to calculate OEE, the performance, availability and
quality efficiency values, which are shown in the last
columns of Table 1, Table 2 and Table 3, respectively, are
multiplied for each machine. OEE values for the considered
example are in the second column of Table 4. To compute
the temporary quality multiplier, the quality efficiency values
in Table 3 are used. The calculation of the temporary quality
multiplier for each machine requires multiplication of the
quality efficiency values of the subsequent processes. For
example, the weaving machine’s temporary quality multiplier
value of 0.804 is determined by the calculation
0.964*0.930*0.897. According to the methodology that
Mutiah and Huang proposed [15], the next step involves the
calculations that include the theoretical processing rate
(Ren())- However, in the process that we focused on, the gap
between the Ry;) values of the processes are very large, as
seen in Table 1. In another study, that followed the method
by Mutiah and Huang [14], the R value that was used to
calculate the OTE metric lost importance because of the low
Ry value of the first process [26]. This situation is
encountered because the procedure tries to make the
selection by utilizing the minimum theoretical processing
rate. The same situation occurred in this study; therefore,
another factor called the “process importance coefficient” is

described to calculate OTE. This factor is utilized to
normalize the OTE result. The firm that implemented the
OTE project proposed that the highest process importance
coefficient assigned to the weaving machine could be 0.7,
which is shown in the fourth column of Table 4. The
summation of all process importance coefficients should be
equal to 1. To determine the best coefficient values, some
additional analyses are described in the next subsection.
After multiplying the second, third and fourth column values
for each process, denoted by (1), (2), and (3), respectively,
in Table 4, fifth column’s result can be computed. The OTE
value is calculated as the summation of these values.

2.2.1 Determining the process importance coefficient

To normalize the OTE value, the aforementioned “process
importance coefficient” is added to the formulation. This
coefficient also provides an opportunity for the firm to
prioritize the processes. To determine the best process
importance coefficient, 154 rolls of fabric are considered.
OTE values are calculated for cases in which the process
importance coefficients of all processes are the same
(equal) and for cases in which the weaving machine’s
process importance coefficient is 30%, 40%, 50%, 55%,
60%, 65%, 70%, and 75%. The boxplot of the analysis is
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shown in Fig. 9. According to Fig. 9, the best coefficient for
the weaving machine is apparently 30%. Therefore, this
value is fixed at 0.30 for the weaving machine in the next
analysis. Note that the summation of the process
importance coefficients for all processes will be equal to 1.

There are 4 processes in the considered example;
therefore, after fixing the weaving machines’ coefficient at
0.30, the process importance coefficients of the remaining
processes can be calculated as (1-0.30)/3=0.23.

Table 4. OTE calculation procedure for the considered example

OEE Temporary quality Process
multiplier importance
Machine (i=1,2,3,4 coefficient OTE
ine (i=1,2,3,4) HFHIQeﬁ'( J) (12)(3)
(1) (2) 3)
Weaving 0.368 0.804 0.70 0.207
(Equipment: 1)
Calendering 0.964 0.834 0.10 0.080
(Equipment: 2) 0.459
Tumbler .
(Equipment: 3) 0.929 0.896 0.10 0.083
Finishing machine 0.896 0.10 0.089

(Equipment: 4)

Boxplot of Equal; 30; 40; 50; 55; 60; 65; 70; 75

100

90 1

801

70

OTE Value

60 -

50 1

40+

30+

T
Equal 30 40 50

Coefficient

T
55 60 65 70 75

Figure 9. Boxplot of process importance coefficients analysis

According to these discussions, the OTE values were
calculated for 10 samples that were drawn from the real
production environment. Table 5 shows the collected data
and the calculation steps to determine OEE and OTE values
as percentages. These products’ quality metrics are very
high. To show the effect of quality on the OTE value, the last

instance was generated. For this 11 instance, all of the
data is the same as the 10" instance except the quality
data. As seen from this instance, a decrease of 3% in the
Qeff value reduces OTE by 5.81%.
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3. DETECTING THE MOST IMPORTANT
ENVIRONMENTAL PARAMETERS FOR MACHINES

One of the aims of the study was to identify the most
important machine environment parameters (e.g. pH,
temperature, speed) that affect the OTE value. To that end,
the hybrid genetic algorithm, which was proposed by Yilmaz
Eroglu and Kilic [25] to understand the most important
innovation parameters, was adapted to the current problem.
The algorithm was coded in C# programming language and
implemented on a computer with an Intel Core i7-3612QM
processor running at 2.10 GHz. The outputs are OTE values
in this problem that are represented by real numbers. After
running the algorithm, the most important environmental
parameters for the machines were detected. Then, the firm
was provided a short list of these parameters to focus on
and to improve the productivity.

Some important points for the algorithm are as follows.

Random numbers constitute the chromosomes in the
genetic algorithm. This structure not only ensures the
feasibility of the chromosome but also provides
simultaneous feature selection and weighting.

The fitness function of the algorithm considers both
classification accuracy and the number of features.

The random selection method and elitism are used in the
selection phase, and crossover and mutation operations
are also applied as genetic operations.

A local search algorithm is integrated into the algorithm
for all chromosomes to improve the algorithm.

e A k-NN (k-nearest neighbor) classifier is adopted to
obtain the classification accuracy as the fitness function.

e A 10-fold cross validation approach is used in the hybrid
genetic algorithm. Note that, 10 runs are executed in
each fold with different random seeds each time.

3.1. Computational Results

The data are gathered from the production environment via
the PLC and RFID system. Furthermore, 178 rolls of fabric
and 17 process parameters are used to reveal the
relationship between OTE and the system parameters.
Table 6 shows a section of these data. Additionally, 0 values
in Table 6 indicate that the fabric is not being processing by
indicated process. OTE values are changing between 0.12
and 0.97 for the considered original dataset.

For the calculation of multiple linear regression and hybrid
genetic algorithm, column headers in Table 6 represent
each feature and are symbolized by A1-A17. Throughout
the paper, machines belonging to parameters A1-A14 are
described. The parameters regarding A15-A17 are belonged
to flat cylinder, which is one type of lamination machine. To
distinguish the parameters that belong to that machine,
these are called as “flat cylinder” in the firm.

The revised hybrid genetic algorithm is run using following
parameters;

number of populations: 100

number of generations: 10

crossover and mutation rates: 0.5

Table 6. A section of the dataset that contains roll of fabric numbers and their parameters
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47691 0f 1 0p 0 0 0f O, Of 21: 34} 12} 16} 36; 17, 0/ O 0! 36.58%
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47717 0f 1 0p 0f 0 0f 0, O} 24: 35 16/ 18 35 16, 0/ O 0i 56.37%
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The proposed hybrid genetic algorithm was run 10 times
with different seed numbers. A 10-fold cross validation
scheme was also applied. Considering 100 runs (10
replications*10-fold), the average error rate is 14.77%. After
the summation of the number of times each feature was
specified as significant in 100 cases, the significance degree
percentages in Table 7 are calculated. The bold numbers
indicate the parameters in which the significance degree
values are greater than 5% in Table 7. According to the
results demonstrated in Table 7, the most important nine
parameters are: A2: weaving speed, A4: foulard
temperature, A6: foulard pH, A17: flat cylinder pressure
cylinder press, A13: lamination temperature, A16: flat

randomly chooses a feature and checks if removing it
improves the AIC. This process is also repeated until no
feature is removed anymore. Table 8 indicates selected
features which are determined by M5 and greedy methods.
The best model of hybrid genetic algorithm is also shown in
Table 8. According to the results, the proposed hybrid
genetic algorithm outperforms all three multiple linear
regression methods in terms of the error rate.

Table 7. Significance degrees for production parameters

Significance

Parameters degree (%)

cylinder temperature A1: weaving washing speed, A12: 2; weav?ng Washing Speed 6.82
lamination speed, A5: foulard pressure. - Weaving Speed 9.09
A3: Foulard Speed 3.41
The prediction performance of hybrid genetic algorithm is ~ A4: Foulard Temperature 9.09
compared with the multiple linear regression approach. A5: Foulard Pressure 5.68
Multiple linear regression is applied to the same dataset A6: Foulard pH 9.09
using Weka data mining software [27]. For multiple linear A7: Hotmelt Speed 2.27
regression, three different feature selection settings are A8: Hotmelt Temperature 3.41
used. These are; using all features, M5, and greedy A9: Calender Speed 4.55
methods. The models of the three multiple linear regression  a10: Calender Temperature 4.55
algorithms, and error rate ‘yaluels corresp.ondlng tp ea"ch as A11: Calender Pressure Cylinder Press 297
well as the proposed “Hybrid genetic algorithm” are A12: Laminati
. '« e : Lamination Speed 6.82
presented in Table 8. The model for “All features” in Table 8 A13: Lamination T ¢ 795
considers all of the related features. The “M5” method, ) am!na ',on emperature ’
detects the feature with the smallest standardized 14 Lamination Foulard Pressure 4.85
coefficient, removes it and performs another regression. If ~ A15: Flat Cylinder Speed 3.41
the result improves Akaike Information Criterion (AIC) [28],  A16: Flat Cylinder Temperature 7.95
the feature is removed. This is repeated until no feature is _A17: Flat Cylinder Pressure Cylinder Press 9.09
removed anymore. The “Greedy” selection method
Table 8. Comparison of the methods
Error
Method The Model ©
Rate
Hybrid genetic algorithm 0.15*A1+0.25*A2 +0.96* A4 +0.51 * A5 + 0.02 A9 14.23%
0.28 *A12+0.22*A13+0.16* A14 +0.29 * A16 + 0.15 * A17
All Features |0.2933 +0.0119 * A1 + 0.0732 * A2 - 0.0059 * A3 - 17.31%
0.0006 * A4 +0.0048 * A5 + 0.0013 * A7 + 0.0005 * A8 +
0.0024 * A9 +0.0066 *A10-0.0011 *A11+0.0104 * A12 +
0.001 *A13-0.0142 * A14-0.011 * A15 + 0.0016 * A16 +
. . 0.0001 * A17
Multiple linear regression
M5 0.357 +0.011 * A1 +0.0702 * A2 - 0.0042 * A3 + 17.13%
0.0072*A10 +0.0105 * A12-0.0144 * A14 -
0.0107 * A15 + 0.0001 * A17
Greedy 0.6023 + 0.0039 * A1 +0.0589 * A2 -0.0038 * A3 + 17.06%
0.0104 *A12-0.0127 * A14

4. CONCLUSION

In this study, the steps of the OTE calculation procedure for
the weaving industry’s finishing processes are summarized.
First, computation of performance, availability, and quality
metrics is undertaken. Then, these data are transformed to
an OEE value for each individual machine and the
calculation of OTE on the basis of each fabric roll is
explained. To collect actual and theoretical processing
durations and planned and unplanned downtime data from
the production field, RFID and PLC systems are installed.

After providing instant data flows, the OTE calculation
procedure is performed automatically and the all of the data
are converted to a unique metric for each roll of fabric. This
is the first contribution of the paper. Then, ten different
products are observed in detail with diverse performances,
availabilities and quality values. This sample study
demonstrated the effects of each metric on the OTE value.

The second contribution of the study is investigating the root
causes that influence the OTE indicator. To realize this aim,
each machine’s production environment parameters (e.g.,
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pH, temperature, speed) were collected automatically. The
RFID and PLC system ensured the parameter and OTE
value coupling for each roll of fabric order. To obtain a
sustainable improvement, the relationship between OTE
and basic production parameters was examined with a
hybrid genetic algorithm and multiple linear regression.
According to results, the most important factors that affect
the OTE value could be detected.
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