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ABSTRACT
Data mining and knowledge discovery play a significant role in
the field of industrial engineering as the vast amount of gener-
ated data help to reveal previously unknown interesting patterns
and knowledge. Many industries have already adopted data mining
techniques for better productivity by following clear and concise
methodologies. But apparel industries are yet waiting to adopt data
mining techniques due to the absence of a data mining method-
ology which meets the particular requirements and business ob-
jectives. The objective of this research is to develop such a min-
ing methodology that will be able to fulfill the requirements of
apparel industries. This research paper has proposed a methodol-
ogy for mining industrial engineered manufacturing data of ap-
parel industries. This methodology covers from analysis of ap-
parel industrys manufacturing unit to implement and evaluate min-
ing model. It also includes the analysis of different departments in
manufacturing to identify correlation and dependencies among the
departments which is absent in the existing methodologies. Fur-
thermore, the proposed methodology provides a clear and unam-
biguous transitions among different steps to perform data mining.
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1. INTRODUCTION
To differentiate a manufacturing enterprise from its competitor and
to achieve the best of its ability in efficiency and effectively, knowl-
edge is the most valuable asset for the business. Although knowl-
edge exists in every aspect of business functions but knowledge
can be difficult to identify, extract and manage due to the absence
of following a proper methodology. Recognizing the importance of

data mining methodology, researchers are vigorously developing
new data mining methodologies [1] and thousands of businesses
are applying data mining tools and techniques every day in order to
manipulate, identify, and extract useful knowledge from the stored
records. Like other businesses, apparel industries are also using
data mining techniques on predicting size chart [2], sales forecast-
ing and marketing but no techniques have been applied to industrial
engineered (IE) manufacturing data till now. As a result, apparel in-
dustries around the world are still facing several difficulties like low
productivity, longer production lead time, poor line balancing, high
rework and rejection, changes in style [3]. All these issues reduce
the efficiency of productivity and cause the loss of million dollars.
To solve the issues behind lower productivity in the apparel indus-
try, analysis of data from different departments can play a vital role.

Applying data mining tools and techniques on IE data of apparel
industry to get the insights of productivity chain is a difficult task.
Because the practice of implementing these data mining techniques
is inconsistent since the software vendors focus on specific business
application. But the industrial engineers require an application-
neural methodology to develop good data mining strategies [4].
As apparel industry is a labor incentive industry and the industrial
engineering practices differ from others, so a specific, application-
neutral data mining methodology is required in order to reveal hid-
den patterns or parameters that control manufacturing processes or
to determine and improve the productivity and efficiency that may
help to cut down the million dollars lose. According to the data pro-
vided in 2012, the worth of global garment industry is 1.7 trillion
US Dollar (1.3 trillion Euro) [5]. This means a tiny improvement
by applying data mining techniques on IE data of apparel industries
may have an enormous impact. According to Malcolm Newbery
[6], if any business can able to achieve a 2.5% improvement in the
use of fabric and a 10% improvement in the cost of sewing labor
then profit turns into 8% from 5% which results in a massive 60%
improvement in profit for the owners. Data analytics can be a game
changer if it can be used properly in the apparel industries.

But the application of data mining in manufacturing practice is rare
in comparison with the various successful data mining applications
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in the service industry, for instance in banking, telecommunications
or retailing [7]. As a result, a methodology for mining IE data of
apparel industry has not been developed yet.

Developing a data mining methodology for apparel industry is a
challenging task because of the various engineering practice among
industries. These various engineering practices produce heteroge-
neous data that causes the different objectives and goals from in-
dustry to industry. In this study, the authors have developed a new
data mining methodology for apparel industry after analyzing dif-
ferent data mining methodologies. The authors have executed the
proposed methodology on real world scenario and discussed the
result in Section V.

The following sections discussed in this paper are structured as fol-
lows: the manufacturing process and process flow of apparel indus-
try in section II, analysis of previous works related to data min-
ing methodology in section III, description of the collected IE data
from manufacturing unit of apparel industry in section IV, descrip-
tion of the proposed methodology in section V, result and analysis
in section VII and finally conclusion and further research direction
in section VII.

2. BACKGROUND STUDY
This section discusses regarding the manufacturing process in the
apparel industry. It’s necessary to understand the problem in order
to identify the solution.

To transform yarn into clothes, an apparel manufacturing industry
contains several departments. A typical apparel industry may con-
tain around 12 departments which can be: Merchandising, Sam-
pling, Fabric Store, Trims and Accessories Store, Spreading and
Cutting, Sewing, Washing, Quality Assurance, Finishing and Pack-
aging, Maintenance, Finance and Account, Industrial Engineering
and HR/Admin Department.

Each of these departments produces a large volume of data. These
data are different from each other in terms of structure and content.
In Bangladesh, the second-largest global apparel exporter country
[8], most the industries store their valuable data in an unstructured
format. The authors believe that the situation is almost same around
the globe. As a result, it is difficult to combine the data originating
from different departments to produce fruitful knowledge.

Unlike the structure, the process flow in apparel manufacturing is
also divided into several steps. The process starts from Design and
ends with Shipment [9]. In between 14 different activities are per-
formed which are shown in Fig. 1.

The overall production process of a garments factory is controlled
by the Industrial Engineering department at present. The major ob-
jective of industrial engineering department is to increase the pro-
ductivity by reducing waste and non-value adding operations and
improving effective utilization of resources [10]. This department
is a great source of data like daily individual effciency report, line
and factory effciency report, line and factory lost time report, incen-
tive working report [11]. Understanding the value of IE department
in an apparel industry and due to the different practices between ap-
parel and other industries, it is required to develop a methodology
for mining industrial engineered data of apparel industry.

3. RELATED WORKS
The application of data mining in manufacturing practice is rare
in comparison with the service industry [7]. Existing data mining

approaches in manufacturing address the following fields of appli-
cation:

—Quality analysis of products to correlate output quality and sys-
tem parameters [12], [13].

—Failure analysis of production resources [14], [15].
—Maintenance analysis to enhance the availability of production

resources [16], [17].
—Production planning and scheduling analysis to improve plan-

ning quality [18], [19].

From the above discussion, the authors conclude that due to the
rare practice of application of data mining in the apparel industry,
the necessity for developing and using methodology especially de-
signed for mining IE data of apparel industry has been overlooked
till now.

However, a generic methodology has been proposed for mining
industrial engineered data by Solarte Jose [4]. But the proposed
methodology was not tested or executed. It also suffers from the
lack of some required steps of mining industrial engineered data of
apparel industry like analyzing role and relation of departments,
data preprocessing, implementing suitable data storage and im-
proper flows of activities. Although he suggests that, the method-
ology can be used on any industrial engineered data but due to the
absence of these steps its not appropriate for the apparel industry.
Besides, the methodology contains some inconsistent transitions
among different steps like, move to choose a new tool based on
only one evaluation criteria among many, no clarification where to
start from when changes are performed.

There are other different methodologies for data mining, analytics
or data science related projects. Among these, according to the sur-
vey conducted by kdnuggets.com in 2014 [20], the two most pop-
ular methodologies are SEMMA [21] and CRISP-DM [22]. The
survey shows that CRISP-DM is the most widely used data mining
methodology with 43% votes. Methodologies prepared by the prac-
titioners holds the second position with 27.5% popularity. On the
other hand, SEMMA holds the third position with 8% votes. Based
on the findings from the survey, the authors have studied the appro-
priateness of CRISP-DM, SEMMA for mining IE data of apparel
industry.

SEMMA [21] is a data mining methodology proposed by the SAS
institute which is a leader in data mining solutions. In SEMMA, five
steps for mining data has been proposed by SAS which are: sam-
ple, explore, modify, model, and assess. According to J. Solarte
[4], some fundamental parts of any information systems project,
including analysis, design, and implementation phases are missing
in this methodology. Furthermore, the organization and the stake-
holders are not considered in this methodology which may result
in an unexpected output from the project for apparel industry as
the structure of organization and interest of the stakeholders deter-
mine the success. In addition, SEMMA is specifically designed to
help the user of the SAS enterprise miner software, the data mining
software of the SAS institute. As a consequence, it may lead to am-
biguity if its applied outside of the software [23]. In terms of flow
among different stages, SEMMA methodology suffers from great
inefficiency. For instance, after the modification step, it can happen
that the sample data may not lead to required answers. In this case,
it would be efficient to traverse to the first step, Sampling rather
than go through the model and assess step.

CRISP-DM [22] methodology is a non-proprietary, application or
industry neutral where the mining process is broken down into six
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Fig. 1. Process flow of Apparel Manufacturing.

Fig. 2. The result of the survey to find out mostly used Data Mining
Methodologies.

phases. The phases are business understanding, data understand-
ing, data preparation, modeling, evaluation, deployment. Its ma-
jor drawback is that it combines tools (software packets) and tech-
niques in the same category [4]. This may cause the organizations
goals and requirements to be under-analyzed and biases the study.
Furthermore, in the case of switching among steps, it is unclear
what to do after deployment and in which step to go if any changes
occur.

In this age of Big data and Data Science, another methodology has
been proposed by John B. Rollins [24] to construct a model for
prediction or discover patterns. This a generic methodology con-
sists of 10 stages. Although this methodology has emphasized on
new practices like use of the large volume of data, integration of
text analytics but it is missing the essential part of determining the
appropriate data mining tool and its feasibility.

From the above discussion, the authors sum up that the apparel
industry has got less attention compared to other service sector
in terms of performing data mining research. Due to the nature
of the apparel industry, some important steps like analysis of ap-
parel manufacturing unit, understanding the roles and data of each
department, analysis of IE data are missing in the previously pro-
posed methodologies. the authors have identified the research gap
for a domain specific data mining methodology for apparel industry
which is currently absent. But a specific methodology for apparel
industry can support this sector to apply data mining techniques in
order to increase productivity, reduce waste of time and money for
maximizing profit.

4. PROPOSED METHODOLOGY
A structured methodology is required by engineers to solve prob-
lems which enable them to replicate results or errors at any step in
the process. As a result, they are confident on their recommended
solutions. For this reason, a data mining methodology has been of-
fered in this section for solving problems related to industrial engi-
neered data of apparel industry.

This proposed methodology holds some similarities to other well-
known methodologies [21], [22], [24], but it has proposed some
new steps like analyzing apparel manufacturing unit, understand
the roles and data of each department, analysis of IE data and de-
termine the tools and its feasibility. Besides, the proposed method-
ology has tried to solve the inconsistent transitions from one step
to another found in the existing methodologies. The inclusion of
all these new steps and clear transitions in a methodology makes it
a domain specific data mining methodology for mining IE data of
apparel industry.

Different steps of this methodology are described as follows:

(1) Analysis of Apparel Manufacturing Unit
(2) Understand the Roles and Data of Each Departments
(3) Devise Business Objectives
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Fig. 3. Methodology for Mining Industrial Engineered Data of Apparel Industry.

(4) Collect and Analyze IE Data
(5) Implement Data Storage
(6) Data Preprocessing
(7) Determine Data Mining Tool
(8) Analyze the feasibility of Data Mining Tool.
(9) Implement and Evaluate Mining Model
(10) Evaluate and Use Discovered Knowledge

These steps are described briefly in the following subsections and
shown in Fig. 3

4.1 Analysis of Apparel Manufacturing Unit
Before applying data mining tools and techniques on industrial en-
gineered data, the analyst should analyze the apparel manufactur-
ing unit first. The analyst needs to understand the process flow of
manufacturing as this differs from company to company. During
analyzing the process flow, its required to identify the departments
under the manufacturing unit.

When the departments are identified then its time to identify the
stakeholders to successfully implement the data mining project.
Stakeholders including major owners, users, analysts, designers
and developers are considered an essential element for analyzing
and designing any information system. Once the stakeholders are
identified then its time to understand the point of interest, require-
ments and expectations of the stakeholders. Its a well-known fact
that the success of an information project depends on the satisfac-
tions of stakeholders expectations.

4.2 Understand the Roles and Data of Each
Departments

Manufacturing unit of apparel industry comprises of many depart-
ments e.g. merchandising, sampling, fabric store, spreading, cut-
ting and sewing. Each department has its own role and produces
different types of data. Understanding the roles and data of each
department helps the analyst to gain in-depth knowledge about the
relevance and importance of a department to meet the requirements.
At this step, the analyst eliminates irrelevant departments in ac-
cordance with the point of interest and identify the co-related de-
partments. For example, in order to predict the productivity or effi-
ciency of each worker under the sewing department, along with the
sewing department, data from HR and IE department are required
to get the effective outcomes.

4.3 Devise Business Objectives
The goals and objectives must be clear and specific to form up an
action plan; these should be understood completely by all the par-
ticipants involved in the project. These goals and objectives are dy-
namic in nature as they correspond to the needs and requirements of
business or factory. The analyst should collect and understand the
industrial engineered data in order to devise the expected output
from the project. The business objectives should be revised when-
ever new knowledge is required.

4.4 Collect and Analyze IE Data
In modern days, the production process of an apparel industry is
controlled by the industrial engineering department. This depart-
ment is responsible for increasing productivity by eliminating the
unwanted operations and ensuring efficient usage of resources. Sig-
nificant data concerning daily efficiency reports, line and factory ef-
ficiency reports, line and factory lost time reports, incentive work-
ing reports are generated by IE department. In order to get an ef-
fective insight of productivity, collection and analysis of IE data is
an obvious task for the analyst. The authors have observed that the
data are not structured in a consistent manner to analyze. The data
entry operator needs to structure it manually or create an automa-
tion process to construct the properly structured data.

4.5 Implement Data Storage
For storing and managing data, organizations can use Database
Management System (DBMS) or Data Warehouse. A DBMS which
is also known as online transaction processing (OLTP) system, pro-
vides its users a clear, systematic approach to create, store, up-
date and delete data. DBMS is used to cover the day to day op-
erations like banking transactions, registrations. On the other hand,
data warehouse also known as online analytical processing (OLAP)
helps the users in data analysis and decision making. According to
Han, a well-known author on data mining defines data warehouse
as a data repository that is maintained separately from an organiza-
tions operational databases [?]. A data warehouse system consists
of essential preprocessing steps like data cleaning, data integration,
data transformation for data mining.

In the case of the apparel industry, choosing data warehouse for
performing analytics would be beneficial for practitioners due its
higher performance, support in decision making, based on the mul-
tidimensional data model and as targeted for knowledge workers
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like managers, executives and analysts. When it comes to data mod-
eling, there exist several schemas. In the case of DBMS, the entity-
relationship (ER) data model is a popular choice. On the other hand,
star schema, snowflake schema or fact constellation schema are
most popular for the multidimensional data model.

Star schema is the most common data modeling schema for multi-
dimensional data modeling where the data warehouse contains one
large central or fact table and a set of smaller attended table (di-
mension table).

The Snowflake schema is another variant of star schema where di-
mension tables are normalized, means splitting the data into ad-
ditional smaller tables. Although Snowflake schema offers easier
maintenance than Star schema but it can reduce the efficiency of
browsing as more joins are required to execute queries.

On the other hand, Fact constellation schema contains several fact
tables which make the schema a collection of several stars. In fact,
the constellation schema, dimension tables are shared among fact
tables.

As the performance of snowflake schema reduces, in case of mul-
tiple joins to execute query and fact constellation schema shares
dimension tables among fact tables which are not required for stor-
ing manufacturing data of apparel industry, so based on the analysis
for each data modeling schema above, we suggest that star schema
would be the smart choice for the data warehouse for IE data ana-
lytics and mining.

4.6 Data Preprocessing
The real world data is often incomplete, missing certain behavior,
inconsistent or noisy due to their massive volume and origin from
multiple, heterogeneous sources [1]. These facts reduce the quality
of the data but low-quality data results in low-quality mining which
may fail to fulfill the objectives. So it is vital to improve the quality
of the data before applying data mining and this can be achieved by
performing preprocessing techniques on data.

Data cleaning is one kind of preprocessing technique that is used to
remove or replace missing, noisy data and removes inconsistencies
from data. On the other hand, data integration is used to combine
data from multiple sources to a compact data source like a data
warehouse. Data reduction can be used to reduce the size by di-
mension, numerosity, and compression. Data transformation can be
applied where data can be scaled to fall in a smaller range in order
to increase the accuracy and efficiency of the mining algorithm.

4.7 Determine Data Mining Tool Based on Task and
Techniques

Once the action plan is formed and a data warehouse is imple-
mented, it is now possible to select the appropriate data mining
tasks, techniques, and tools. The selection of data mining tasks de-
pends primarily on the goals of the project. So it is unwise to select
the tasks after selecting the techniques and tools as the tools and
techniques may limit or influence the data mining task. In this re-
search, data mining tools are considered as the specific software
packages or solutions presently offered by vendors. For the selec-
tion of data mining package, several authors have suggested a num-
ber features that should be analyzed but they have also concluded
that ”there is no one best data mining tool for all purposes” [24].

4.8 Analyze the Feasibility of the Tool
The determined data mining tool in the previous step may not be
feasible always. There are many factors on which the feasibility of
a data mining tool depends. In [4], the author has proposed 6 factors
for analyzing the feasibility of a data mining tool. The factors are
designated as tasks, price, performance, functionality, usability and
support. If the selected tool in the previous step is not feasible, then
the analyst should select an alternative tool.

4.9 Implement and evaluate mining model
A mining model is constructed by applying data mining algorithm
on data. But the mining model is more than a container of an al-
gorithm or metadata. It is defined as a set of data, statistics, and
patterns which can be used further to generate prediction and iden-
tify relationships among variables for new data [25].

The architecture of a mining model consists of three parts: meta-
data, patterns, and bindings. Metadata contains the name of the
model, storing address and definition of the model. The pattern can
be generated by applying algorithms on training data set. Bindings
point to the data cached in the mining model. Initially, a mining
model is always empty unless data is provided. After processing
the data, the mining model contains metadata, results, and bindings
to the mining structure.

After generating mining model outcomes, it is evaluated by a hu-
man supervisor because the outcomes may not always fruitful. Dif-
ferent methods and criteria can be used to evaluate a model de-
pending on model type. For example, coincidence matrix can be
used to evaluate classification models, means error rate to evaluate
regression models.

Based on the evaluation result or new business objectives, it may
be required to perform updates or changes mining model and this
process continues until the project fulfill all the requirements of the
project.

4.10 Evaluate and Use Discovered Knowledge
By interpreting the patterns found in the previous step, valuable
knowledge can be discovered. This discovered knowledge may help
the stakeholders in decision making. When new knowledge is re-
quired but existing mining model cannot provide it, then the min-
ing process should start again from the devised business objectives
step. This process continues until the stakeholders require no more
knowledge or unable to carry the project further.

5. RESULT AND DISCUSSION
Our proposed methodology has mainly focused on the manufactur-
ing unit and understanding the role and data of each department of
this unit. The methodology has been used experimentally to dis-
cover pattern from hourly production data of swing department in
order to verify the effectiveness of the methodology.

Based on the historical productivity data of 6 months, generated re-
gression model shows that the efficiency in productivity for apparel
industry is lowest at the first hour in the morning. The efficiency
increases every hour and this uptrend continues up to lunch time.
After the lunch (01-02), the efficiency drops a bit but continues to
rise till the last working hour. The derived equation for the simple
Regression Model is:

y = 0.6433x+ 94.775
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Fig. 4. Efficiency in Productivity in time series.

where x= working time (in 12hour time format) and y = productiv-
ity in percent.

After further investigation, two factors are identified as the reason
behind the lowest productivity in the first hour of the morning. One
reason is the workers need to prepare their workstation every day
and they do it normally in the morning. For this case, its recom-
mended to instruct the workers to keep ready their workstation in
the previous day so that they can save their time in the morning.
The main reason behind the lower productivity in the morning is
the synchronization between man and machine. As apparel indus-
try is a labor-incentive industry that requires high human-machine
interaction, so its very important to establish synchronization be-
tween these two. Sewing machines should be designed in such a
way so that workers can easily synchronize with the machines in
less time.

6. FUTURE DIRECTION AND CONCLUSION
The proposed methodology in this research paper has extended the
new scope of doing further research in the application of data min-
ing techniques in the apparel industry. As for future work, it is rec-
ommended to apply and generalize the proposed methodology for
other sectors of the apparel industry and other industrial engineer-
ing sectors.

This methodology emphasizes the manufacturing unit of apparel
industry along with understanding the roles and data of the con-
stituent departments. The methodology has attempted to provide
clarity on transitions among the substantial steps compared to
other existing methodologies. The authors believe that the proposed
methodology can be considered as a domain specific data mining
methodology for mining industrial engineered data of apparel in-
dustry due to the introduced new steps and clear transitions between
various steps. This methodology can be greatly helpful to the lead-
ers in the field of industrial engineering management and decision
makers involved in the manufacturing unit.
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