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B Introduction

Measurement of fabric quality is highly
important to apparel production in low-
ering costs and improving the finished
product. Presently, much of the fabric
inspection is performed manually by hu-
man inspectors, with visual inspection
being an important part of quality control
in the textile industry [1]. As the textile
industry has been moving toward auto-
mated fabric inspection, this subject has
attracted the attention of many research
teams. Scientific studies on the subject
address the following topics; developing
a computer image based inspection sys-
tem for fabric inspection [1-4], using an
expert system to give an analysis of the
characteristics of fabric faults as well as
solutions for rectifying these faults [5],
and developing a fabric fault classifica-
tion by using pattern recognition artificial
neural networks [6], a Probabilistic Neu-
ral Network (PNN) [7], the burgeoning
multiscale and geometric analysis meth-
od [8], fuzzy c-means (FCM) [9], mul-
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ti-scale dictionary learning and the adap-
tive differential evolution algorithm [10].

Although the different defect determi-
nation methods described above for
fabric control provide necessary data
to researchers, it is a different research
subject to evaluate these data and make
a judgment about the fabric grading.
Fabric grading is different from fabric
inspection, which is essential for elimi-
nating rejection due to the poor quality
of fabric. It is also a precaution to re-
move unexpected defects on finished
goods. The quality of a finished garment
is dependent on that of the fabric when
sourced from the supplier.

It is therefore essential to identify those
diverse types of visual defects that affect
the overall quality of the fabric and, in
turn, the garment. There are many formal
systems for evaluating and grading the
quality of fabric, such as the Graniteville
“78” system, Dallas system, Four-point
system, and Ten-point system. In these
systems, the operator calculates the num-
bers of major and minor defects as point
values per square metre and then grades
the fabric quality as ‘first” or ‘second’
quality [11]. In all of the fabric grading
systems mentioned above, a scoring sys-
tem with the same scale is used for each
fabric type. However, fabric manufac-
turing involves the use of many types
of yarns and knitting patterns. The com-
plexity associated with raw materials and
the formation of textile structures can
lead to various faults/defects. Therefore,
it is important to grade fabric, unlike
other methods, with a statistical analysis
system. Control charts are an appropriate
tool to achieve this goal.
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One of the earliest studies on control
charts belongs to Hossain et al. (1996),
who used a software tool (Paragon 500)
for monitoring and controlling a pump
speed control system [12]. In 1997, Cook
et al. developed software that used X-R
charts in order to determine welding pro-
cess variation and develop recommenda-
tions for situations outside the limit [13].
Bai and Lee tried to design an economic
sampling interval for X control charts.
A cost model is constructed which in-
volves the cost of false alarms, that of
detecting and eliminating the assignable
cause, that associated with production in
an out-of-control state, and the cost of
sampling and testing [14]. While some
scientific studies worked to develop con-
trol charts [15-17], they found a limited
application area in the field of textile and
apparel.

Bircan and Gedik investigated the causes
of production faults using statistical pro-
cess control techniques in a sewing de-
partment. It is observed that the produc-
tion process is under control according
to “p” and “np” control graphs [18]. Er-
tugrul and Karakasoglu examined wheth-
er production is under control or not in a
textile company by using 24-week data
and p control charts [19]. Yildiz and
Vahaplar used distribution-free quality
control charts on fancy shirting fabric
production. False Alarm Rate (FAR) and
Average Run Length (ARL) values for
different design parameters are calculat-
ed, and it is concluded that the process
is statistically in control [20]. Ertugrul
and Ozgil used ‘p’ (Defect Percentage of
Charts) and ‘p-CUSUM’ (The Cumula-
tive Sum of Charts) to research wheth-
er or not production is suitable for the
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Supplier2 F1 1 78,3 5
Supplier2 F1 2 78,1 19
Supplier2 F1 3 75,8 6
Supplier2 F1 4 75,6 13
Supplier2 F1 5 76,8 7
Supplier2 F1 6 79,9 6
Supplier2 F1 7 79,7 6
Supplier2 F1 8 79,4 12
Supplier2 F1 9 79,1 20
Supplier2 F1 10 80,5 11
Supplier2 F1 11 77,8 5
Supplier2 F1 12 80,8 15
Supplier2 F1 13 80,2 12
Supplier2 F1 14 77,8 3
Supplier2 F1 15 78,3 10
Supplier2 F1 16 79,7 16
Supplier2 F1 17 77,8 12
Supplier2 F1 18 79,1 4
Supplier2 F1 19 81,9 8
Supplier2 F1 20 80,5 2
Supplier2 F1 21 82,2 28
Supplier2 F1 2 80,2 12
Supplier2 F1 23 80,5 4
Supplier2 F1 24 819 3
Supplier2 F1 25 79,9 2
Supplier2 F1 26 79,1 8
Supplier2 F1 27 79,1 11

Figure 1. Screenshot of calculations.

standards or desired quality level [21].
Maros et al. introduced a control chart
for monitoring various defect types oc-
curring on chenille yarns. It is found that
the modified EWMA control chart can be
used successfully for monitoring differ-
ent types of chenille yarn defects [22].
Patir investigated the process control of
the winding process in a textile manufac-
turing by using X and S control charts. It
is found that the array number of sample
points is at the desired level, thus there is
no systematic error in the process and it is
under control [23]. Diilgeroglu Kisaoglu
investigated loom stoppages using their
causes and defects on the fabric were
detected during the running of looms in
the process inspection using “c charts”.
At the conclusion of the woven fabric
quality evaluations, it was determined
that the rate of defects originating from
yarn is rather higher than that of defects
originating from the weaving prepara-
tion & weaving process. Aslangiray and
Akyliz used fuzzy logic to establish pro-
cess control charts, and a relevant appli-
cation is given. It is seen that the number
of out-of-control points was higher in the
u-control than in the fuzzy control charts.
“Partially under control” and “partially
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out of control” decisions can be given as
alternatives for the “under control” and
“out of control” decisions of u-graphics
[24]. In this study, unlike the previous
ones, application of the demerit chart
used for attributes is discussed in the ap-
parel industry.

@ Materials and methods

The control chart is a graphical dis-
play of a quality characteristic that
has been measured or computed from
a sample versus the sample number or
time. The chart contains a centre line
that represents the average value of the
quality characteristic corresponding to
the in-control state. Two other horizon-
tal lines, called the upper control lim-
it (UCL) and the lower control limit
(LCL), are also shown on the chart [25].
There are two types of control charts;
for variables and for attributes. Control
charts for variables require actual meas-
urements, such as length, weight, tensile
strength, etc. Charts for attributes can
only be used in cases where it is desired
to count the number of nonconforming
items or the number of nonconformities
in a sample.

D g 3LICIE ZLICIE ZLCLE 3LCLE Proble

2UCL

Problem

0 6 0753191 0,702546 0,542509 -0,09764 -0,25768
0 1 0358638 0,702546 0,542509 -0,09764 -0,25768 Ok Ok
0 0 0079143 0,702546 0,542509 -0,09764 -0,25768 Ok Ok
0 0  0,172043 0,702546 0,542503 -0,09764 -0,25768 Ok Ok
0 1 0,20834 0,702546 0,542509 -0,09764 -0,25768 Ok ok
0 1 0,18766 0,702546 0,542509 -0,09764 -0,25768 Ok ok
0 1 0,188298 0,702546 0,542509 -0,09764 -0,25768 Ok Ok
0 0  0,151143 0,702546 0,542503 -0,09764 -0,25768 Ok Ok
0 0 0252766 0,702546 0,542509 -0,09764 -0,25768 Ok ok
0 0 0136681 0,702546 0,542503 -0,09764 -0,25768 Ok Ok
0 1 0179915 0,702546 0,542509 -0,09764 -0,25768 Ok Ok
0 1 0297191 0,702546 0542509 -0,09764 -0,25768 Ok Ok
0 0 049617 0,702546 0,542509 -0,09764 -0,25768 Ok ok
0 3 0385532 0,702546 0,542503 -0,09764 -0,25768 Ok Ok
0 2 0357447 0,702546 0,542508 -0,09764 -0,25768 Ok Ok
0 2 0426803 0,702546 0,542503 -0,09764 -0,25768 Ok Ok
0 4 0616851 0,702546 0,542509 -0,09764 -0,25768 [lpainad Ok
0 0 0050553 0,702546 0,542503 -0,09764 -0,25768 Ok Ok
0 0 0097702 0,702546 0,542509 -0,09764 -0,25768 Ok ok
0 0 0024851 0,702546 0,542503 -0,09764 -0,25768 Ok ok
0 0 0340766 0,702546 0,542509 -0,09764 -0,25768 Ok Ok
0 1 0,26183 0,702546 0,542509 -0,09764 -0,25768 Ok Ok
0 0 0049702 0,702546 0,542509 -0,09764 -0,25768 Ok ok
0 0 0036638 0,702546 0,542503 -0,09764 -0,25768 Ok Ok
0 0 0025021 0,702546 0,542508 -0,09764 -0,25768 Ok Ok
0 0 0,101106 0,702546 0,542503 -0,09764 -0,25768 Ok ok
0 0 0139021 0,702546 0,542509 -0,09764 -0,25768 Ok Ok

Attribute control charts have the advan-
tage that several quality characteristics
can be considered jointly and the unit
classified as nonconforming if it fails to
meet the specification on any one char-
acteristic. On the other hand, if the sev-
eral quality characteristics are treated as
variables, then each one must be meas-
ured, and either a separate R chart must
be maintained on each or some multi-
variate control technique that considers
all the characteristics must simultane-
ously be employed. There is an obvious
simplicity associated with the attributes
chart in this case. Furthermore, expen-
sive and time-consuming measurements
may sometimes be avoided by means of
attribute inspection [25]. In the attribute
charts, all nonconformities and noncon-
forming units have the same weight, re-
gardless of their seriousness [26]. This
situation presents an incorrect evaluation
of the product quality. A demerit control
chart system will correct this deficiency.
Demerit Control charts are established
and plotted for the count of demerits per
unit. A demerit per unit is given by Equa-
tion (1):

D = weue + Whqlimg + Wil (1)
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Where, D — demerits per unit;

Wer Winas Wi — Weights for the three class-
es (critical, major, and minor);

Upy Upyg, Uy — count of nonconformities
per unit in each of the three classes — crit-
ical, major, and minor. In this study, w,,
Wina Wi are taken as 9, 3, and 1, respec-
tively.

The D values calculated from Equa-
tion (1) are posted to the chart for each
subgroup.

The central line and 3o control limits are
obtained from the following formulas:

Dy = uyc + 3uoma + 1ugm; 2
O = \/92uac+3zu;,1ma+12uomi 3)

UCL = DO + 360u LCL = DO - 300u

4)

Where, u,, tg,,, and u,,; represent the
standard nonconformities per unit for
the critical, major, and minor classifica-
tions, respectively. The nonconformities
per unit for the critical, major, and minor
classifications are obtained by separating
the nonconformities into the three classi-
fications and treating each as a separate u
chart [26]. Formulas used for u chart are

as follows:

[4
u=-
n

(5)
Where, ¢ — count of nonconformities in
a subgroup;

n —number inspected in a subgroup;

u — count of nonconformities/units in

a subgroup.

This study was performed in an inter-
national apparel producer which sells
to more than 10 primary customers in
different countries. Fabrics coming into
the facility are manually controlled in
the quality control department, where
20 people work. Fabric faults observed
as a result of the control process are re-
corded in a standard form, in which de-
fect types are handled in three different
classifications: dyeing, yarn and knitting.

The fabrics inspected show measurable
fault types, such as horizontal stripes,
dye spots, stains etc. as well as count-
able faults such as holes or cracks. In
order to use demerit control charts in
fabric control, some measurable faults
had to be converted into countable ones.
In this context, an estimated length of
1 size (approx. 50 cm) in the marker plan
was taken into account. For faults up to
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Figure 2. Demerit control chart for F1 fabric.

Table 1. Demerit chart results of all fabrics.

Number

No Fabrics of fabric roll D, Oou LCL ucL
30/30/12 70% cotton

F1 30% polybstor brushed futter 27 02224 | 0.1600 | -0.2578 | 0.7025

F2 2071 vortex cotton polyester 89 0.0632 | 0.1115 | -0.2715 | 0.3979
single pique

F3 3071 cotton polyester 145 0.0678 | 0.1160 | -0.2802 | 0.4159
double pique

F4 | 30/30/12 cotton polyester futter 24 00510 | 0.1084 | -0.2741 | 0.3762

F5 30/30/16 vortex cotton 24 01092 | 0.1421 | -0.3173 05358

polyester futter

50 cm and 50-75 cm, each fault of 1-me-
tre length was determined as minor, ma-
jor and critical, respectively. In addition,
as the “n” value in the calculations, the
fabric area is taken into consideration us-
ing Equation (6). Decimal numbers were
rounded up to narrow the control limits,
with all calculations made in Microsoft
Excel (Figure I).

weight of fabricroll (kg)

Fabric area = - 5
fabric mass (W)

(6)

I Results and discussion

During the study, 5 different fabric types
belonging to four different orders were
examined. The upper and lower control
limits calculated for the fabric types are
given in Table 1.

The presence of points that plot below
the lower control limit on a chart, even
though they indicate an out-of-control
situation, are desirable because they also
indicate an improvement in the process.
Although 8 control chart rules were taken
into account in some other studies, UCL
was used in this study with the expec-
tations of the company. In the demerit
control chart, if the lower control limit
is calculated to be less than zero, it is

converted to zero [27]. However, in this
study, the lower limit interval was left as
in the calculations. When Figures 2-6 are
examined are examined, it is seen that no
point falls below zero. The important
thing is to check whether it goes out of
UCL for each fabric. The demerit control
charts of the fabrics examined are pre-
sented from Figure 2 to Figure 6.

A different number of fabric rolls were
checked for all fabric types. In all fabrics
except F5, fabric rolls outside the upper
control limit were observed. Also, 2 sig-
ma (warning) limits (WL = D, + 20,,)
are shown with dashed lines to show the
warning limits. As can be seen in Table 1,
each fabric type has its own control limit.
When the errors belonging to the fabrics
outside the upper control limit were ex-
amined, it was determined that the most
common types of fault in the fabrics
purchased from the same supplier were
holes and dye spots. Thus, the fabric sup-
plier was warned to take the necessary
precautions against the related faults.

Also, it should be noted that the raw ma-
terial mixing ratios of each type of fabric
and the physical and chemical process-
es they undergo during the production
phase are different. This causes different
types of defects to occur on different fab-
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Figure 3. Demerit control chart for F2 fabric.

F3

D Score

Figure 4. Demerit control chart for F3 fabric.

Fa
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Figure 5. Demerit control chart for F4 fabric.

F5

D Score

Figure 6. Demerit control chart for F5 fabric.
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rics and, in turn, various effects of each
type of defect on the error rate, that is,
their weights. This is the main reason for
different types of fabrics to have different
error distributions.

One or more of the rolls in the lot goes
out of the limit due to the following rea-
sons: Whichever roll or rolls come across
unexpected processes in the production
phase, its error rate will be higher and
will show anomaly outside the control
limits in the graphic.

B Conclusions

It is well known fact that the quality of
a garment has a direct correlation with
that of fabric. It is the responsibility of
fabric manufacturers as well as garment
manufacturers to provide the final qual-
ity product to the consumer. The word
‘quality’ in the garment industries re-
late to the visual examination or review
of raw materials (such as fabric, acces-
sories, trims, etc.). In order to indicate
when variations in quality observed are
greater than those that could be when
left to chance, the control chart method
of analysis and presentation of the data
should be used. It is a graphical record of
the quality of a particular characteristic,
showing whether or not the process is in
a stable state.

Within this study, which types of fabrics
used in knitwear ready-made garments
as well as which types of errors are out
of the control limits are analysed, and
by considering the “D” scores of fabrics
obtained from a particular supplier, those
fabrics outside the control limit among
those purchased from the supplier were
determined. Determining which type of
fault and which fabric is outside the up-
per control limit in fabric evaluation also
provides a new application and analysis
for the apparel industry. Since each fab-
ric type will be evaluated with its own
specific upper limits, it will be possible
to intervene before the related fabric en-
ters production. Various reasons for the
rejection and refusal of an order will be
established on a scientific basis, thereby
creating an objective judgment in fabric
evaluation.

The demerit control chart gives a different
upper/lower control limit value for each
fabric. For this reason, it is not possible to
talk about a standard result for any fabric.
As the data set expands, the control card’s
ability to represent the population will im-

FIBRES & TEXTILES in Eastem Eurgpe 2021, Vol. 29, 2(146)



prove and its limits will change. During
the fabric control process, UCL will vary
according to the number of defects in the
upcoming new rolls. Thus, the purpose of
the system is not to obtain a universal UCL
value for each fabric type, but to compare
and filter the faulty fabric roll that the
company bought with fabrics of the same
construction previously supplied. For ex-
ample, if any new coming fabric roll “D”
score is higher than the UCL of the rele-
vant fabric, it can be quickly decided not
to put the fabric into production. For this
reason, one of the important points of this
system is that it works with monitoring
software that tracks production. In addi-
tion, it will be possible to evaluate the fab-
ric performances of suppliers with some
filters to be implemented in the software.

In the future, researchers working on this
subject are advised to focus on new re-
search topics, such as the statistical rela-
tionship of finished product defects and
fabric faults, and maintenance manage-
ment analysis that can be applied at the
fabric supplier. Also, it may be possible
to add 8 control chart rules to the fabric
evaluation process in line with business
demands.

Acknowledgements

This study was conducted within the scope
of an R&D project at TYH Tekstil Istanbul
R&D Center. The researchers would like to
thank the project team at TYH Tekstil and
Mr. Mehmet Kaya, the director of the com-
pany, for his support.

References

1. Conci A, Proenga CB. A Computer Vi-
sion Approach for Textile Inspection.
Text. Res. J. 2000; 70(4): 347-350.

2. Sari-Sarraf H, Goddard JrJS. Vision
System for On-Loom Fabric Inspec-
tion. Ind. Appl. IEEE Trans. 2002; 35(6):
1252-1259.

3. Su T.-L. Lu C.-F.; Automated Vision Sys-
tem for Recognising Lycra Spandex De-
fects. FIBRES & TEXTILES in Eastern
Europe 2011, 19, 1(84): 43-46.

4. Celik HI, Topalbekiroglu M, Dil-
ger LC. Real-Time Denim Fabric In-

FIBRES & TEXTILES in Eastem Eurgpe 2021, Vol. 29, 2(146)

10.

1.

12.
13.

14.

. 'nich

spection Using Image Analysis. FI-
BRES & TEXTILES in Eastern Eu-
rope 2015; 23, 3(111): 85-90. DOI:
10.5604/12303666.1152514.

. Dlodlo N, Hunter L, Cele C, Meteler-

kamp R, Botha AF. Integrating an Ob-
ject-oriented Approach and Rule-based
Reasoning in the Design of a Fabric
Fault Advisory Expert System. FIBRES
& TEXTILES in Eastern Europe 2007;
15, 3(62): 68-73

. Eldessouki M, Hassan M, Qashqari K,

Shady E. Application of Principal Compo-
nent Analysis to Boost the Performance
of an Automated Fabric Fault Detector
and Classifier. FIBRES & TEXTILES in
Eastern Europe 2014; 22, 4(106): 51-57.

. Hasnat A, Ghosh A, Khatun A, Halder

S. Pattern Classification of Fabric De-
fects Using a Probabilistic Neural Ne-
twork and Its Hardware Implementation
using the Field Programmable Gate
Array System. FIBRES & TEXTILES in
Eastern Europe 2017; 25, 1(121): 42-48.
DOI: 10.5604/01.3001.0010.1709.

. Dong Z, Xia D, Ma P, Jiang G. War-

p-knitted Fabric Defect Segmentation
Based on the Shearlet Transform.
FIBRES & TEXTILES in Eastern Eu-
rope 2017; 25, 5(125): 87-94. DOI:
10.5604/01.3001.0010.4633.

. Zhou J, Wang J, Bu H. Fabric Defect

Detection Using a Hybrid and Com-
plementary Fractal Feature Vector
and FCM-based Novelty Detector.
FIBRES & TEXTILES in Eastern Eu-
rope 2017; 25, 6(126): 46-52. DOI:
10.5604/01.3001.0010.5370.

Zhou Z, Wang C, Gao X, Zhu Z, Hu X,
Zheng X, Jiang L. Fabric Defect De-
tection and Classifier via Multi-Scale
Dictionary Learning and an Adaptive
Differential Evolution Optimized Re-
gularization Extreme Learning Machi-
ne. FIBRES & TEXTILES in Eastern
Europe 2019; 27, 1(133): 67-77. DOI:
10.5604/01.3001.0012.7510.

Nayak R, Padhye R. Garment Manufac-
turing Technology. Cambridge: Woodhe-
ad; 2015.

Hossain A, Choudhury Z A, Suyut S.
Statistical Process Control of Aan Indu-
strial Process In Real Time. IEEE Trans.
Ind. Appl. 1996; 32(2): 243-249.

Cook GE, Maxwell JE, Barnett RJ,
Strauss AM. Statistical Process Con-
trol Application to Weld Process. IEEE
Trans. Ind. Appl. 1997; 33(2): 454-563.

Bai DS, Lee KT. An Economic Design
of Variable Sampling Interval X Control

(Germany), 13-15 September 2021 ..

15.
16.
17.

18.
19.
20.
21.
22.

23.

24.

25.

26.

27.

Charts. Int. J. Prod. Econ. 1998; 54(1):
57-64.

Lin YC, Chou CY. Robustness of the Va-
riable Sample Size and Control Limit X
Chart To Nonnormality. Commun. Stat. —
Theory Methods. 2005; 34(3): 721-743.
Lin YC, Chou CY. On the Design of Va-
riable Sample Size and Sampling In-
tervals X Charts Under Non-Normality.
Int. J. Prod. Econ. 2005; 96(2): 249-261.
Luo H, Wu Z. Optimal np Control Charts
with Variable Sample Sizes or Variable
Sampling Intervals. Econ. Qual. Control.
2002; 17(1): 39-61.

Bircan H, Gedik H. Tekstil sektoriinde
istatistiksel proses kontrol teknikleri
uygulamasi (izerine bir deneme. C.U.
Iktisadi ve Idari Bilim. Derg. 2003; 4(2):
69-79.

Ertugrul |, Karakasoglu N. Kalite kontrol-
de 6rneklem buyukliginin degisken ol-
masi durumunda p kontrol semalarinin
olusturulmasi. istanbul Ticaret Universi-
tesi Fen Bilim. Derg. 2006; 5(10): 65-80.
Ozkal Yildiz T, Sahan Vahaplar S. An
Application on Fancy Shirting Fabric
Production through Distribution-Free
Quality Control Charts. Tekst. ve Kon-
feksiyon. 2015; 25(2): 97-103.

Ertugrul I, Ozgil A. The Application of ‘P’
and ‘P-CUSUM’ Charts Into Textile Sec-
tor in the Statistical Quality Control Pro-
cess. Tekst. ve Konfeksiyon 2014; 24(1):
9-14.

Maro$ T, Vladimir B, Caner TM. Monito-
ring Chenille Yarn Defects Using Image
Processing with Control Charts. Text.
Res. J., 2011; 81(13): 1344-1353.

Patir S. istatistiksel proses kontrol tekni-
kleri ve kontrol grafiklerinin Malatyadaki
bir tekstil (iplik dokuma) isletmesinde
bobin sarim kontroline uygulanmasi.
SU iIBF Sos. ve Ekon. Arastirmalar
Derg. 2009; 25(13): 231-249.
Aslangiray A, Akytz G. Bulanik kontrol
grafikleri: tekstil firmasinda bir uygula-
ma. Istanbul Universitesi isletme Fakiil-
tesi Derg. 2014; 43(1): 70-89.
Montgomery DC. Introduction to Statisti-
cal Quality Control, Seventh Ed. Arizo-
na: John Wiley & Sons, Inc; 2013.
Besterfield DH. Quality Improvement,
9th ed. Pearson Education, Inc; 2013.
Mitra A. Fundamentals of Quality Con-
trol and Improvement, Fourth Edi. New
Jersey: John Wiley & Sons, Inc; 2016.

Received 18.03.2020 Reviewed 20.07.2020

\

IACM Spécial Interest Gonférenté_q._

29



