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ORIGINAL STUDY

Enhancing Garment Quality Through Integration of
Statistical Techniques

Magdi El Messiry °, Affaf Al-Oufy *°, Heba Marwan *, Samar Abd-Ellatif *

@ Department of Textile, Faculty of Engineering, Alexandria University, Alexandria, Egypt
® Department of Mechanical Engineering, Faculty of Engineering, Galala University, Suez, Egypt

Abstract

The textile and apparel sector has always held significant strategic value for the economies of numerous developing
countries. These industries represent vital components of manufacturing and exports, playing a major role in employ-
ment opportunities. Within the realm of garment production, a strong emphasis on quality is maintained throughout the
entire process, starting from sourcing raw materials and extending to the final stages of garment completion. This
research undertaking involves a comprehensive analysis, classification, and evaluation of defects in fabrics and gar-
ments. Frequencies and distributions of these defects are being looked after with great caution. To enhance product
quality, application of straightforward quality frameworks is of utmost importance. The proposed approach involves
using effective statistical tools such as Pareto diagrams and cause-and-effect diagrams. By adopting this strategy, it
becomes possible to systematically reduce variability and rectify defects. Consequently, this methodology has the po-
tential to be consistently applied, resulting in a noteworthy enhancement of garment quality across production cycles.
Furthermore, using statistical instruments such as the probability mass function obtained from the binomial distribution
is of immense value for evaluating the probabilities of defects” occurrence. An illustrative real-world instance shows its
utility in forecasting defect incidents, supporting manufacturers in approximating defective sections, and directing
endeavors to elevate quality.

Keywords: Cause-and-effect, Defects, Garment, Pareto, Probability mass function, Quality

1. Introduction put their garment industries in a good position
within the world garment industry.

Based on quality aspects, fabrics are classified into
first- and second-quality products. A first-quality
fabric is totally free of major defects and virtually free
of minor structural or surface defects, while a sec-
ond-quality fabric may contain a few major defects
and/or several minor structural or surface defects

he global textile industry, particularly the
apparel industry has witnessed remarkable
changes in the past few years. The garment
manufacturing industry and the garment companies
in Global South countries are now always on the

lookout for economical means of garment produc- - :
tion. The days are gone when the textile garment (Chan and Pang, 2000). Fabric defects are responsible

industry was in the consumption hubs of US, EU, for nearly 85% of the defects found in the garment
and the other Global North countries of the world. industfy. Out O_f them., manufacturers recover only
The clothing wholesale supply is increasing world- ~ 45—65% of their profit from second-quality goods
wide in all industry sectors. For Global South due to which the prices are reduced (Shanbhag et al.,
countries to be able to be competitive in the field of ~ 2012)- It is, therefore, necessary to dete_Ctr identify,
garment industry, special care should be given to and prevent these fiefe§ts from reoccurring.

the quality of their products which should be able Product Inspection 1s an important aspect of
together with the relatively low production cost to modern manufacturing industries; this process is a
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preventive one that could be broadly defined as the
process of determining if a product deviates from a
given set of specifications (Newman and Jain, 1995).
Mainly, fabric defect detection has two distinct
possibilities (Kumar, 2008). The first one is the
product or end (offline) inspection in which the
manufactured fabric must be inspected through
fabric inspection machines (Anagnostopoulos et al.,
2001, 2002). The second possibility is the process
inspection (online) in which the weaving process
(or its parameters) can be constantly monitored for
the occurrence of defects. Well-trained (expert)
human inspectors must traditionally perform off-
line inspection (Sengottuvelan et al.; Paladini, 2008;
Nishimatsu et al.,, 1995). The existing methods of
fabric inspection vary from mill to mill (Baykut
et al.,, 1998). Most mills have power-driven inspec-
tion machines where the manufactured fabric rolls
are removed from the weaving machines and
unrolled on an inspection table (under adequate
light) at a relatively higher speed of 8—20 m/min
(Kumar, 2008; Sengottuvelan et al.; Baykut et al.,
1998). Lastly, with modern weaving machines,
production speeds and consequently productivity
are faster than ever. The experiments show that the
error rate of visual inspections begins to rise
rapidly (Ayres, 1987). Therefore, the traditional vi-
sual inspection method cannot cope with today's
requirements. Although humans can do the job
better than machines (Anagnostopoulos et al., 2001)
in many cases, visual inspection suffers from many
drawbacks. This led to the introduction of auto-
matic inspection systems. Automatic inspection
systems are designed to increase the accuracy,
consistency, and speed of defect detection in
the fabric manufacturing process to reduce labor
costs, improve product quality, and increase
manufacturing efficiency. The operation of an
automated visual inspection system can be broken
down into a sequence of processing stages: image
acquisition, feature extraction, comparison, and
decision. It is important to note that the success of
an automatic inspection system relies on the
approach used.

Moreover, during the past two decades, various
techniques of automatic fabric inspection systems
have been developed in different approaches such
as statistical, spectral, and model-based ones.
However, as most of these automated inspection
systems are offline systems, they give lag time be-
tween actual production and fabric inspection.
Therefore, more efficient inspection systems such
as BarcoVision's Cyclops, Elbit Vision System's I-
Tex4, and Zellweger Uster's Fabriscan were devel-
oped and implemented online or on loom to form

the basis of a method with a very high degree of
accuracy for textile inspection (Goyal, 2018). In
addition, models for predicting defects have been
developed to assist shop floor operators in identi-
fying potential defects in advance. Based on warn-
ing signals, the operators are supposed to take
corrective actions at the right time to prevent
defects.

While many studies have proposed defect prog-
nostic models in high-tech industries, only a few
studies have focused on other industries such as
textile, ceramic, and so on. Focusing on realistic
needs, online defect prognostic models predict
types of defects at each manufacturing process
based on a backpropagation neural network. Data
from the manufacturing processes are collected.
Then, control charts are used to transform the
collected data into the region data of the product.
Based on these data, backpropagation neural net-
works are designed for predicting defects at each
stage (Nhat-ToHuynh, 2020). However, a novel
statistical feature extraction method, called the
neighborhood preserving neural network (NPNN),
was proposed, which can be viewed as a nonlinear
data-driven fault detection technique through pre-
serving the local geometrical structure of normal
process data. The ‘local geometrical structure’
means that each sample can be constructed as a
linear combination of its neighbors. NPNN is
characterized by adaptively training a nonlinear
neural network that takes the local geometrical
structure of the data into consideration (Zhao and
Lai, 2019).

Moreover, the statistical field has been offering a
series of techniques that proved to be most helpful
in troubleshooting issues related to quality. How-
ever, companies that set about training their
workforces in statistical quality control found that
the complexity of these techniques intimidated
most of their workers. Therefore, they began to
focus primarily on simpler methods which should
be sufficient for most quality-related issues.
Nevertheless, research works aiming to reduce the
percentage of defects in the garment industry
through the application of Six Sigma's DMAIC
technique was introduced and gave promising re-
sults (EL-Hadidy and EL-Sisy, 2023; Beyene, 2017).
Taking this as a standpoint, in this research work,
the fabric and garment defects are analyzed, clas-
sified, and assessed. Their locations, their occur-
rence frequencies, and their distributions are
studied. A new strategy for their reduction is pro-
posed in the form of several statistical tools, which
through an accurate application should lead
to a substantial improvement in garment quality.
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Furthermore, examining the garment defects in
depth, it is obvious that yarn imperfections such as
knots, slubs, and thick/thin areas can cause issues
with the fabric's appearance, texture, and strength
and hence lead to substantial defects in the final
garments. These imperfections can create variations
in the thickness and density of the yarn, which can
result in uneven fabrics. Yarn imperfections are
also a principal cause of garment sizing problems.
They can affect the consistency of the fabrics, which
can result in uneven shrinkage during the washing
process. This uneven shrinkage can cause the
garment to become misshapen and hence affect its
sizing. In addition, yarn imperfections are also a
principal cause of many fabric defects such as holes,
which can further affect the garments' overall
quality. Certain types of yarn are more prone to
imperfections than others. For example, yarns
made from natural fibers such as cotton, wool, and
silk are more likely to have imperfections compared
with synthetic fibers like polyester or nylon. The
difference is attributed to some inherent in-
consistencies in the texture and thickness of natural
fibers, which can result in irregularities during the
spinning process (Defects in garments; Faults of
Knit Fabric Observed).

2. Materials and methods

A survey of the major and minor defects occurring
in a knitting mill was held to provide an overall view
of the faults to deal with in garment mills. The
experimental work was conducted in a nominated
garment production company composed of one
knitting mill and three garment mills.

It is known that faults may exist in a final product
due to one or more of the following causes:

(a) Raw materials' defects which the operative
must recognize and report.

(b) Machinery defects which the operative must
recognize and adjust if the adjustment is his
responsibility, or report if not.

(c) Operative defects which the operative must
recognize and get assistance to correct when
needed.

Statistical process control problem-solving tools
such as histograms, cause-and-effect diagrams, and
Pareto charts are used as aiding tools to improve the
quality control system applied in the mills under
investigation.

In addition, the probability mass function (PMF)
of the binomial distribution is used as an algorithm
for calculating the probability of multiple defects
occurring in the same position of a garment.

3. Results and discussions

3.1. Fabric defects

The possible knitted fabric defects which should
lead to consequent garment defects were registered.
The most relevant fabric faults are shown in
Figs. 1-7.

3.2. Garment defects

The possible garment defects are also registered.
Figs. 8—16 show the most detected garment faults.

Fig. 1. Holes.

Fig. 2. Skip stitches.



4 M. El Messiry et al. / Mansoura Engineering Journal 49 (2024) 1-17

Fig. 3. Tuck stitches. Fig. 5. Missed yarn.
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Fig. 6. Oil lines.

Fig. 4. Horizontal stripes.

3.3. Application of SPC tools to control fabric and
garment faults

A total of 7876 pieces out of 264,163 total produced
pieces is inspected. A total number of defectives of
772 is recorded. The recorded defects are then
classified into four different categories: operator
defects, mechanical defects, stain defects, and other
defects. The occurrence frequencies of the different
defects and the different classes are given in Table 1.

Histograms illustrating the frequencies of the
occurrence of the different defects under the
different categories are shown in Figs. 17—21. Fig. 7. Dirt.
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Fig. 8. Needle cut.

Fig. 9. Marker mark.

In a subsequent step, Pareto charts are intro-
duced. A Pareto chart is a chart containing both
bars and a line graph, where individual values are
represented in descending order by bars, and the
cumulative total is represented by the line. The
purpose of the Pareto chart is to highlight the most
important among a large set of factors. In quality
control, Pareto charts are useful for finding the
defects to prioritize to observe the greatest overall
improvement in the production process (Wilkinson,
2006). In this research work, Pareto charts are

Fig. 10. Broken stitch.

Fig. 11. Uneven neck rip.

developed to determine the major defects repre-
senting more than 80% of the total defects in each
category. These defects should then be primarily
considered in the different garment mills as the
prevention or at least the reduction of their
occurrence should lead to a substantial improve-
ment of the product quality. The Pareto charts
representing the operator faults and the
mechanical defects are shown in Figs. 22 and 23,
respectively.



Fig. 12. Open seam.

Fig. 13. Needle holes.

From Fig. 22, the operator defects that should be
taken into consideration in a garment mill are the
broken stitch, the wrong size, the missing stage, the
uneven sleeves, the poor neck shape, the pleats, and
the poor trimming. The prevention of these defects
should lead to a reduction of at least 80% of the total
operator defects in the garments produced.

M. El Messiry et al. / Mansoura Engineering Journal 49 (2024) 1-17

Fig. 14. Contamination.

Fig. 15. Dirt.

Similarly, from Fig. 23, the mechanical defects that
should be taken into consideration in a garment mill
are the holes, the open seams, and the skipped
stitches. The prevention of these defects should lead
to a reduction of at least 80% of the total mechanical
defects in the garments produced. The oil stains
should also be taken into consideration as they
represent around 17.1% of the total faults in gar-
ments. The fabric defects are also important as they
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Fig. 16. Out of tolerance.

represent 1.8% of the total defects in garments. It is
to be noticed that the mechanical defects and
operator defects represent 20% of the total defects
and comprise 80% of the defect causes.

As a subsequent step, cause-and-effect diagrams
are introduced. A cause-and-effect diagram is a

Table 1. Plotted defects and their recorded relative frequencies.

visual tool used to logically organize possible causes
for a specific problem or effect by graphically dis-
playing them in increasing detail. It may also be
referred to as a fishbone or Ishikawa diagram
(Juran, 2018). In this research work, cause-and-effect
diagrams are developed for the most frequent de-
fects detected. This statistical tool is of huge
importance as it presents extensive help in the
prevention of defects by preventing their causes.
The cause-and-effect diagrams for the main knitted
fabric defects are represented in detail in
Figs. 24—30.

Figs. 31—37 represent the cause-and-effect dia-
grams for the most important mechanical defects to
be considered.

3.4. Statistical analysis of defect reduction using the
proposed techniques

In a further step, the proposed technique is tested
for its suitability to be applied in a garment mill to
outline its potential to contribute to the reduction of
garment defects and hence in the increase of the
quality of the products. As an example of the
application of the suggested technique, the me-
chanical defects displayed and analyzed in the
previous section are being tackled. As previously
described, the Pareto chart presented in Fig. 23
showed that controlling the main three defects:

Operator defects Mechanical defects Stain defects Others

Defect % Defect % Defect % Defect %o
Broken stitch 9.7 Hole 10.8 Oil 17.1 Fabric defect 1.8
Wrong size 6 Skip stitch 8.2 Dirt 85 Shade color 1
Miss stage 3.9 Open seam 8.4 Dying defect 0.1
Poor neck shape 25 Poor pressing 6.5 Twisted 0
Uneven sleeves 2.6 Needle hole 1

Pleat 2.2 Miss part of the h. seal 0.8

Poor trimming 1.9 Printing defect 0.6

Embedded defect 1.6

Cutter hole 0.3

Wrong stage 1

Uneven armhole 0.9

Puckering 0.4

Non-straight sewing 0.3

Uneven at shoulders 0.5

Slanted label 0.3

Slanted pocket 0.5

Drop stitch 0.1

Poor repairing 0

Non-centered label 0.3

Skewing 0

Wrong sleeve 0.1

Slanted placket 0

Hand sewing 0.1

Raw edge 0

Total 35.2 Total 36.3 Total 25.6 Total 2.9
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% of defects
40

35
30
25
20
15
10

Operator

Mechanical

Defect Categories

Stains Others

Fig. 17. Frequencies of the different defect categories.

fabric holes, open seams, and skipped stitches
should lead to the reduction of at least 80% of the
total mechanical defects detected in the garments
produced. As fabric holes and skipped stitches are
purely fabric defects, the quality control team of a
garment mill should handle them solely by applying
strict procedures while ordering, purchasing, and
inspecting knitted fabrics. Such procedures should
lead to a substantial decrease in two of the three
most irritating defects in the produced garments. As
for the third defect, i.e. open seams, it represents
8.4% of the total defects as previously shown in
Table 1. From Fig. 34, it could be noticed that in

addition to an accurate material inspection, an open
seam would be avoided if the setting of the machine
is applied accurately. This being guaranteed, not
only open seam would be eluded, but also a
considerable decrease in needle holes will be ach-
ieved. This is because an accurate machine setting is
one of the main causes of needle holes as shown in
Fig. 32. Subsequently, a new Pareto chart would be
developed as shown in Fig. 38. In this new chart,
holes, open seams, and skipped stitches would no
longer represent disturbing issues regarding the
garment quality. It shows that adopting strict pro-
cedures in the inspection of the delivered knitted

% of defects
12
10
8 -
6 4
4 -
2 .
0 .
X, A X AN
55 G 5 T g T T
& $‘°¢ é“\"" & e,(\‘} ‘;‘\& ‘°'° & s ol 7 6‘& ebQ & ef‘q'b oq;’ ob‘,
Qo && & & & OW S I QJ‘“&‘O%"
QO \5‘\ \5{\ & AQ}\ 2 Q&
& @ ®
Operator faults

Fig. 18. Frequencies of operator faults.
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pressing

Mechanical defects

Needle hole Miss part of
the h. seal

Poor printing

defect

Fig. 19. Frequencies of mechanical defects.

fabric would lead to a reduction in the number of
holes and skipped stitches by 70%. Then the appli-
cation of strict procedures to control the machine
setting would decrease the open seams and needle
holes by 95% and 75%, respectively. In this case, an
overall decrease in the garment defects would attain
63.9%

3.5. Application of PMF to minimize fabric defects
in garments

3.5.1. Examining the impact of yarn defects on pattern
layout

The presence of yarn defects holds the potential to
influence the arrangement of various pattern parts,

necessitating adjustments to ensure a final garment
of superior quality, devoid of visible imperfections.
Yarn defects exert a notable influence over the
placement of pattern segments within a fabric that
will eventually be cut and sewn into a garment. The
precision of pattern piece positioning becomes
pivotal in guaranteeing the garment's proper fit and
aesthetic appeal. The consequences of yarn defects
on pattern layout unfold in several dimensions.
Initially, substantial yarn defects within a specific
fabric section might render that area unsuitable for
certain pattern pieces. For instance, a significant
knot or slub in the fabric could render a small
pattern piece cut from that region visibly flawed in
the finished garment. Moreover, if multiple yarn

% of defects
18

16 -

14 -
12 4

10 A

oON B O
1

oil

dirt

Stains

Fig. 20. Frequencies of stains detected.
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Fig. 21. Frequencies of other defects detected.
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Fig. 23. Pareto chart for mechanical defects.
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Fig. 24. Cause-and-effect diagram for fabric holes.

Operator Mechanical

Low inspection on the Cutin the yarn due
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—
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Fig. 25. Cause-and-effect diagram for missed yarns.

Material

Different yarn counts

Horizontal

Wrong setting——» stripes
Unsuitable feeding ——».

v

Machine mechanical ——.
fault

Mechanical

Fig. 26. Cause-and-effect diagram for horizontal stripes.

Mechanical

Uneven tension on the yarn
Needle butt deformation
Wrong setting

Friction between yarn and cone

Speed of the machine

14

» | Skip stitches

Fig. 27. Cause-and-effect diagram for skipped stitches.

defects are scattered across the fabric, the arrange-  potentially necessitating increased fabric consump-
ment of pattern pieces might need alteration to  tion. Conversely, minor yarn defects could still
avoid utilizing defect-laden sections. This can  permit the utilization of corresponding fabric sec-
prompt modifications to the pattern layout, tions for less prominent pattern pieces or for pieces
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Tuck stitches

Fig. 28. Cause-and-effect diagram for tuck stitches.
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N
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bad cleaning
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Fig. 29. Cause-and-effect diagram for oil lines.
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Fig. 30. Cause-and-effect diagram for dirt stains.

Operator

Mechanical

Cut in the threads dueto
removing unwanted
threads
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wrong machine setting

Needle cut

Cut in the threads dueto thin or
thick places

Material

»
>

Fig. 31. Cause-and-effect diagram for needle cuts.

strategically placed to obscure the defect. In such
scenarios, fundamental pattern layout adjustments
might not be extensively required. The positioning
of pattern pieces can be hindered by yarn defects
present within the fabric. For instance, uneven
thicknesses in the fabric might require modifica-
tions to prevent placing thin areas in crucial
garment portions, such as the bust or waistline.

Similarly, knots or slubs might prompt adjustments
to avoid positioning these flaws in visible areas.
The probability of recurring yarn defects aligning
in identical positions during pattern laying hinges
on several variables. Factors include the frequency
and regularity of defects, the dimensions and forms
of pattern pieces, and the fabric's pattern layout. If
periodic yarn defects emerge at consistent intervals
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Fig. 32. Cause-and-effect diagram for needle holes.
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Fig. 33. Cause-and-effect diagram for broken stitches.
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Fig. 36. Cause-and-effect diagram for uneven nick rip.
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Fig. 37. Cause-and-effect diagram for dirt stains.
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Fig. 38. Pareto chart after remedy of open seam causes.

and maintain uniform size and shape, the likelihood
of their recurrence in the same pattern positions
increases. On the contrary, irregular defect intervals
or variations in size and shape render predictions
concerning their appearance within the pattern
layout more complicated. Furthermore, the di-
mensions and shapes of pattern pieces themselves
influence the probability of defect recurrence.
Compact, closely spaced pattern pieces enhance the
probability of defects coinciding in the same posi-
tion. Conversely, larger and more distantly placed
pattern pieces lower the likelihood of such concur-
rence. Assessing the probability of yarn defects
recurring in the same pattern positions during
layout can be a complex task, demanding careful
fabric inspection and contemplation of multifaceted
variables.

Various statistical formulas are available to
compute the probability of yarn defects manifesting
at identical positions during pattern laying. The
specific formula is dependent on factors like yarn
type, pattern design, and manufacturing processes.
Consulting statisticians or textile manufacturing
experts is advisable to determine the suitable for-
mula for distinct circumstances.

One applicable statistical formula for calculating
the probability of yarn defects aligning in the same
pattern positions is the PMF derived from the

binomial distribution. Binomial distribution is
commonly used to model the occurrences of success
in a sample drawn with replacement from a popu-
lation. It is suited for trials with two exclusive out-
comes, often denoted as ‘success’ and ‘failure.
These outcomes are appropriately labeled ‘success’
and ‘failure.” The PMF is a function that gives the
probability that a discrete random variable is exactly
equal to some value (Stewart, 2011). The PMF of the
binomial distribution is

f(x) =P[X=x] = (nx)px(1 —p)n—x.

f(x)=P[X=x] = (nx) px (1—p) n—x.

The PMF offers the likelihood of varying numbers
of defects emerging at specific pattern positions. An
illustrative example showcases how the PMF can
calculate the probability of two defects occurring at
the same pattern position:

Consider a garment manufacturer employing
fabric with a known defect rate of p% to produce a
particular garment with 50 sections. To compute the
probability of encountering two defects in the same
section, the following steps should be performed:

(a) Calculate the probability of a defect arising in
a single garment section using the PMF.

(b) Square this probability to obtain the likelihood
of two defects occurring simultaneously.

(c) Multiply this probability by the number of
sections in the garment (50) to derive the
anticipated count of sections with dual defects.

For instance, if the probability of a defect in one
section is 0.03, the probability of two defects in the
same section becomes 0.0009, roughly 4.5% of sec-
tions exhibiting dual defects.

This calculation aids the manufacturer in esti-
mating the anticipated defective sections within a
batch of garments, enabling corrective actions to
reduce fabric defect rates or enhance the
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manufacturing process for better final product
quality. Figs. 39—41 depict the probabilities of
encountering one, two, or three defects at identical
positions, respectively.

The examination of yarn defects’ impact on
pattern layout underlines their significant role in the
quest for high-quality garments devoid of visual
imperfections. The strategic positioning of pattern
pieces within the fabric, marked by the presence of
defects, necessitates careful adjustments for optimal
fit and aesthetic appeal. This study unravels the
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multidimensional complexities wherein yarn defects
influence pattern layouts.

From rendering fabric sections unusable due to
substantial defects to necessitating alterations in the
arrangement of pattern pieces to circumvent de-
fects, the study uncovers the complicated interaction
between defects and design. Remarkably, minor
defects can be tactically concealed, sparing the need
for extensive pattern adjustments. The positioning
of pattern pieces is a critical task influenced by the
fabric's inherent defects. Uneven fabric thicknesses
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Fig. 41. Probability of encountering three defects in a specific position of garment.

and the presence of knots or slubs can necessitate
modifications to ensure critical garment portions
remain flaw-free.

The probability of recurring defects aligning with
pattern layouts hinges on various factors, from
defect frequency to pattern piece dimensions. The
study reveals that systematic defect recurrence is
influenced by regular intervals and uniform char-
acteristics. Conversely, irregularities make pre-
dictions more intricate.

Statistical tools like the PMF derived from the
binomial distribution prove invaluable in assessing
defect probabilities. A practical example demon-
strates its application in predicting defect occur-
rences, aiding manufacturers in estimating defective
sections, and guiding quality enhancement efforts.
Figs. 38—40 illuminate the probabilities of encoun-
tering defects at identical positions, encapsulating
the insights gained from this research. By unravel-
ing the intricate relationship between yarn defects
and pattern layout, this study offers valuable guid-
ance for producing garments of exceptional quality.

3.6. Conclusion

A comprehensive investigation was undertaken,
encompassing diverse defect types present in one
knitting mill and three garment mills. A novel
classification system was devised, effectively cate-
gorizing all conceivable fabric and garment flaws
into four distinct groups: operator-related errors,
mechanical irregularities, stains, and miscellaneous

defects. Through the application of Pareto charts,
the most critical defects within each category were
identified, paving the way for focused defect pre-
vention efforts that have the potential to signifi-
cantly heighten garment quality.

The research uses statistical process Ccontrol
problem-solving tools, an approach whose wide-
spread adoption is advocated across various
garment mills. The routine utilization of these tools
can pinpoint areas for enhancement and play a
pivotal role in diminishing variations and elimi-
nating defects.

The developed classification system holds prom-
ise for contemporary online prognostic systems,
benefiting from its thorough categorization of po-
tential defects. This enhancement is anticipated to
optimize online models, contributing to more
effective operations.

Furthermore, an algorithm using probability cal-
culations is introduced for detecting multiple de-
fects occurring in the same position. The PMF of the
binomial distribution serves as the foundation for
this algorithm.
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