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Abstract

In the era of the fourth industrial revolution, many production plants are gradually evolving into smart factories that apply

information and communication technology to manufacturing, distribution, production, and quality management. The conversion

from conventional factories to smart factories has resulted in the automation of production sites using the internet and the

internet of things (IoT) technology. Thus, labor-intensive production can easily collect necessary information. However,

implementing a smart factory required a significant amount of time, effort, and money. In particular, labor-intensive production

industries are not automated, and productivity is determined by human skill. A representative industry of such industries is

sewing the industry. In the sewing industry, wherein productivity is determined by the operator's skills. This study suggests that

production performance, inventory management and product delivery of the sewing industries can be managed efficiently with

existing production method by using smart buttons incorporating IoT functions, without using automated machinery.

Index Terms: Internet of Things, Smart Factory, Manufacturing Execution System, Production Process Management, Point of

Production

I. INTRODUCTION

Manufacturing companies are researching on and investing

in production development to secure corporate competitive-

ness and survive, and are actively applying various information

technologies (ITs) to products, processes and manufacturing

systems. This industrial revolution has achieved the revolu-

tion of automatic production and mass production, and is

being developed as the “fourth industrial revolution”. In the

future, how companies digitize the accumulated data from

the production site and how they make quick decisions based

on analyzing the digitized data will become increasingly

important, and this will be the core of the smart factory [1].

Smart factories are factories that can respond flexibly to a

change in manufacturing conditions based on production

strategy, and can perform production operations reliably with

quality, cost, delivery (QCD), supply chain management

(SCM), and pharmaceutical management [2]. All of these

efforts increase productivity by reducing cycle time, and ulti-

mately, save significant costs by reducing operators. Several

many manufacturing industries have begun using automation

facilities to collect various data on site, and are changing

from conventional factories to smart factories. The smart

factory business is being promoted in Korea to improve the

productivity of original equipment manufacturer (OEM)

companies by linking between supply and demand indus-

tries. The smart factory industry is essential to foster supply

and demand industries. Therefore, building a smart factory

with a strategy to support each supply and demand industry

can be desirable in the long term, rather than maintaining the
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status of an OEM company [3]. The sewing industry has

tried to increase productivity by adding some automated

machines to sewing machines. For example, in Bangladesh,

sewing machines are equipped with automatic arrangers and

automatic thread cutters to improve their productivity [4].

There exist considerable differences between factory

automation and smart factory. Factory automation refers to a

system that automates the entire unmanned factory and pro-

duction process using equipment such as computers and

robots. However, smart factories can give each function to

various objects related to manufacturing. Each of these

objects is a factory that communicates to each other through

internet of thing (IoT) devices and can autonomously con-

nect, collect, and analyze data. Thus, a smart factory is a fac-

tory that can collect the process data and analyze them in

real time by installing the IoT in the existing production

equipment instead of replacing the production equipment

itself with the automation equipment and maintaining the

existing manual production method. This change is also

applied to the traditional sewing industry, which is evolving

into fashion 4.0 [5]. The environmental changes of the fash-

ion industry are illustrated in Fig. 1. The past fashion 1.0 era

refers to the industry of barter and currency direct trading.

Fashion 1.0 evolved while reducing transaction costs with

the expansion of distribution channels. Transactions through

these distribution channels can be defined as the fashion 2.0

era, and fashion 2.0 has been extended to PC and mobile

shopping with the introduction of a the Internet. Fashion3.0

is now developing into fashion 4.0 by integrating virtual

reality (VR), IoT, artificial intelligence (AI), and other tech-

nologies into the fashion industry. Fashion 4.0 refers to the

use of the foundation technologies of the fourth industrial

revolution, such as AI and IoT in the fashion industry. The

fashion industry leads the rapid changing trend with the 4.0

era of fashion. The various paradigm shifts are observed

throughout the fashion scene. However the physical distance

between the value chains is getting farther, while the digital

distances are closer than ever [6-8].

II. PRECEDENCE RESEARCH

The main foundation technologies of smart factory include

cyber physics production system (CPPS), Robotics, 3D

printing, IoT based fog computing, and cyber security tech-

nologies.

A. Cyber Physical Production System

CPPS refers to a manufacturing system that collects big

data from manufacturing plants and analyzes collected data

in real time based on industrial IoT in cyber physical system

(CPS) technology research. This analysis data is synchro-

nized with the field to perform efficient design operation of

the manufacturing system. The architecture of CPPS is

shown in Fig. 2. The architecture of CPPS is based on CPS.

The CPPS model analyzes and simulates in advance the

modeling of all generated data that is based on the physical

data in the factory as a situation that can actually occur in

Cyber. The modeled data is then properly controlled after

generating optimal planning and performance. Implement-

ing CPS requires a variety of technologies, including IoT

that connects all things, a platform that collects data in an

integrated manner big data analytics and artificial intelli-

gence technologies that support autonomous decision making

[9-11].

B. Robotics

The introduction of two-armed robots and cooperative

Fig. 2. CPPS architecture.Fig. 1. Changes in the management environment of the fashion industry.
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robots not only improves productivity, but also enables the

transition to flexible production systems. If tasks were for-

malized in existing mass production systems, next-genera-

tion manufacturing robots need robotic technology that can

perform tasks of typed or unstructured processes. Beyond

trying to increase productivity by automating factories

through robots, the latest intelligent robot technology has

enabled tasks requiring high levels of even more precision

and skill that can be challenging for humans.

C. 3D Printing

3D printing is a technology for manufacturing objects by

stacking materials using digital design data. Various detailed

technologies are used in the process. First, in the modeling

stage, computer graphic technologies such as computer aided

design (CAD) required for product design are utilized. Sub-

sequently, in the printing process, materials are laminated to

form a product, and a high level of difficulty technology for

improving resolution and manufacturing time is required.

Finally, the post-treatment process utilizes techniques to pol-

ish and dye the surface [12].

D. IoT-based Fog Computing

Fog computing is a point-of-contact platform that brings

the Internet world and the real world into the cloud. As IoT

increased rapidly in manufacturing, the amount of data

spilled in real time exploded. Although network and cloud

technologies have evolved, there are still limitations in con-

trolling the manufacturing site in real time by sending pro-

cess data that flows in seconds to the cloud. To solve this

problem, fog computing was introduced as a technology that

creates a cloud environment near the manufacturing site. Fog

computing is not a powerful server but a rather small, dis-

tributed computer that can be used to efficiently provide

computation, storage, and network services between IoT

devices. By processing local data collected from the manu-

facturing floor, the plant can be controlled at a high speed

where necessary information is filtered and delivered to the

cloud.

E. Cyber Security

Cyber security is an IT solution that protects information,

systems and networks from cybercrime, terrorism, hacking

access and spy behavior. The risk of information and tech-

nology leakage increases as the information of each process

is integrated in the virtual space from the design stage to the

production, distribution, and service process through the rap-

idly increasing connected devices and the IoT in the manu-

facturing field. Therefore, in the era of the the fourth

Industrial Revolution, the security technologies of the IoT

and platforms are emphasized as much as the sensors and

network technologies, and all companies must identify the

factors threatening the security of industrial sites and estab-

lish systematic and detailed cyber security strategies [13].

III. SMART FACTORY IN THE SEWING INDUSTRY

The sewing industry is the oldest among manufacturing

industries and is a representative labor-intensive industry.

This sewing industry has been developed in Korea; however,

due to the increase in labor costs, it gradually moved toward

Southeast Asia, and is now being extended to Southeast

Asia, Africa, and Latin America. Efforts for efficient produc-

tion plant management are also underway in the sewing

industry. As for the representative automation methods,

hanger production system and production performance man-

agement system using tablet are considered.

A. Sewing Production Record System Using Power 
Consumption

It is a system that collects energy consumption data for

production performance calculation and traces the product

by applying a convolutional neural network (CNN) based

technique. It is a method to track production. All sewing

machines are powered at 200 V, and are connected to a sta-

ble power source. To measure the total power consumption

of the sewing machine, a current sensor is attached to the

power cord. The collected information is first sent to the

wireless access point (AP) and then to the server; the perfor-

mance is calculated using an analysis algorithm [14].

B. Case of Smart factory in sewing industry

1) Hanger production system

A hanger-type production system is a system that uses

hangers to aggregate the production results and the connec-

tive processes. When the worker completes the work and

hangs the finished work on the hanger, the hanger deter-

mines the production performance associated with the pro-

cess. The system can determine whether the worker assigned

to the next process is behind schedule, based on the aggre-

gated performance. The hanger-type production system

allows managers to aggregate production results in real time

and increase productivity by reducing bottleneck deadlines.

Prior to the introduction of the hanger system, all perfor-

mance data had to be determined separately based on the

manual counters of the workers. However, with the introduc-

tion of the hanger system, it is possible to aggregate produc-

tion results in real time; thus, any issue in the production

line can be addressed [15].
63 http://jicce.org
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2) Production Performance Management Using Table

This refers to a system wherein a person inspecting a fin-

ished product accounts for the finished product immediately

using a tablet PC. The manager can check the production

status, such as defect rate and the reason. The existing

method was able to obtain the production performance by

noting the results on the production status board by the work

leader every 30 min per line.

3) RFID Technology

Radio frequency identification (RFID) is a technology that

is already popular in manufacturing and distribution. ‘H’, a

famous apparel company, for example, provides information

about a manufacturer through its website or applies RFID

technology to check the manufacturer's information in order

to provide manufacturer information to its customers. RFID

tags are attached to every garment that is produced, changing

the way goods are handled, and the various processes

involved in the supply chain are fully automated. As a result,

product inventory becomes easier to understand, supply

chain management will be easier and sales are increased.

Furthermore, customer service is improved and the produc-

tion and sales of counterfeit products are minimized.

4) Textile AI Solutions

The textile AI solutions (TAS) printing machine, which

combines the machine vision technology with the printing

process of the textile industry, with no quality inspection

automation process, is based on image analysis technology

and artificial intelligence technology. In the case of the print-

ing process, the existing visual inspection had a different

discrimination standard for each inspector, which inevitably

reduced the overall speed. It was also impossible to catch the

“continuous failures” that occur in the process in real time.

In addition, the supply and demand of inspectors was diffi-

cult, resulting in excessive labor and outsourcing inspection

costs. Using image sensor technology to create and register a

reference image for a normal product, image analysis tech-

nology detects different parts of the reference image in real

time. As the various types of defects occur in the process,

the AI technology can classify them by type. Even if the pat-

tern of the product changes frequently, flexibility is enabled.

5) Automatic Sewing Production Recode System

Automatic sewing production record system has already

been introduced to many sewing factories in the sewing line.

It is possible to economically install the production manage-

ment system by linking the operator with sewing machine

status information such as process and production quantity

easily. The latest technology can be installed and operated

regardless of the type of sewing machine held at the sewing

site, and the production information is automatically trans-

mitted to the production server wirelessly without any opera-

tion during the operation. It is possible to build a big data

base of smart production management by transmitting the

information about how a worker is producing, what the pro-

cess is, and what the machine is to the worker in real time.

6) Metal Meter Reading Management System

When sewing, the needle is broken and often replaced. If

these broken needles are still in clothing or sewing, they can

lead to serious accidents. In Japan, 626,000 plush dolls out

of the 41 types in total released after April 2003 have been

recovered because broken sewing needles were found in

Tommy’s Pokémon stuffed toys, which were produced in a

Chinese factory in 2003. Since these cases, the awareness of

sewing needle management has increased; however the field

is passive in preparing the procedure. Further, even if there

are regulations, they are ignored due to the hassles in imple-

mentation. Although several sewing companies have intro-

duced metal meter readers, they cannot use them fully due to

problems such as sensor malfunction, sensor sensitivity set-

ting, and quality conveyor control. Therefore, the result, a

metal meter management system is being introduced wherein

programmable logic controllers (PLC) are installed in con-

ventional metal meters to enable automatic control of perfor-

mance data using conveyor control, sensor setting, and IoT

sensors [16].

IV. SYSTEM IMPLEMENTATION

A. Sewing Process Smart Framework

The framework can be divided into four areas: device

layer, network layer, service layer, and application layer. The

sewing production framework is shown in Fig. 3.

1) Device Layer

The device layer is an automated equipment for building

Fig. 3. Represents a smart framework for sewing production framework.
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smart factories. The equipment for implementing the smart

factory in the sewing production factory is shown Table 1. It

is composed of devices used for system construction such as

IoT equipment (automatic measuring instrument), sewing

automation machines, automatic cutting machines, hanger

rod systems, personal digital assistants (PDAs), wireless

APs, and smart scanners. A smart button is an IoT device

that is connected to Wi-Fi and is a device for counting the

production results of sewing products. A smart scanner is a

device that aggregates data on product production perfor-

mance and defect rate by connecting wireless IoT equipment

to a scanner. A tablet PC equipment is a data input device

for input management of sewing cutting materials. These

devices are connected to a wireless AP in order to store the

data of the production line in the manufacturing execution

system (MES) server and automatically store the data in the

server.

2) Network Layer

The network layer area involves data communication

between a device layer and a service layer using IoT or wire-

less communication. The network layer may be referred to as

network management for storing data by transmitting real-

time data generated from the device layer to the service layer

in real time.

3) Service Layer

In a smart framework, the data generated in the device

layer is stored in MES system and point of production (POP)

system. The MES system records and manages production

and inventory related matters such as production plan man-

agement, inventory management, production management,

product management, and shipment management. It manages

production performance data based on automatically gener-

ated data in the POP system device layer and automatically

updates production progress through on-site monitoring.

4) Application Layer

The application layer is a function layer that can inquire

into the data recorded in MES and POP systems in real time

from outside using web application server (WAS) service.

External users can check the data such as production status,

inventory status and product release status, in real time

through web service.

B. Smart Sewing Management System

The sewing production management system uses a syn-

chronization solution to transmit real-time data between the

head office and the manufacturing plant. Real-time data gen-

erated in the field using the synchronization solution is auto-

matically linked with the main office server. The MES in the

production field is divided into three areas: material inven-

tory management, production performance management, and

product management. The production process management is

stored in the material warehouse after the receipt of material

processing, and the material is issued when there is a request

for material discharge at the production site. Among the

materials exported, the fabric is the part of the initial gar-

ment production process. After the first stage, the fabric is

cut based on a pattern. The cut fabric is managed as a cut

work. The cuttings are placed in the sewing machine to

determine the production performance using the sewing

machine. The production results are then stored by clicking

the appropriate button when the worker completes the opera-

tion through the smart automatic measuring instrument

equipped with IoT function installed in each sewing machine

to calculate the sewing performance. The smart automatic

measuring instrument displays the style and the quantity of

measurement in operation to prevent input error. The prod-

ucts produced in each sewing machine are counted by style

of production through inspection of sewing materials. If a

defect then occurs on the sewing material, the defect code is

scanned, and the quantity of defects is managed; the product

defects are printed out as a barcode.

After the inspection is completed, the sewing materials go

through the ironing and the packaging processes. Finally,

they are counted as finished products. The performance of

the production line is configured to check the progress rate

compared to the target output by counting the production

amount in real time through the monitoring of the site. The

workflow of the production site is shown in Fig. 4.

C. System Implementation

The MES is divided into three areas: material manage-

ment, production management, and product management. 

1) Material Management

The material management system is used for the inventory

control of raw materials and subsidiary materials through

material receipt and material release. The raw materials

received from the container into the warehouse are printed

Table 1. Smart Device List

Device Configuration Image Application

Smart 

button

IoT – Rom

Smart button

Real time performance 

Collection

Smart 

Scanner

IoT – Rom

Smart button

RS232 Scanner

Collection of defect 

history In real time

Barcode scanner

Tablet

PC

Window Pc

Table top

Holder

Input Foundation 

Performance
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on barcode labels and attached to the raw materials. If there

is a material disbursement request in the field, the dispensing

request is printed and the material dispensing request is exe-

cuted. In case of material dispatch, the material barcode is

registered by scanning the attached barcode. These tasks are

immediately reflected in the material stock board, and the

site is configured to check the progress of the material

inventory in real time.

2) Production Management

Production management is the process of managing the

actual production information for the use of the shipped fab-

rics and subsidiary materials. The system configuration of

production management is shown in Fig. 5. The production

process of the sewing industry goes through three stages:

cutting, sewing, and inspection. One line lists about 30 sew-

ing machines, and each sewing machine performs a different

task sequence, from the first sewing machine to the last sew-

ing machine. When the last task is finished, the sewing is

completed. Due to the characteristics of such sewing opera-

tions, the products are sequentially moved. A situation in

which this performance of the subsequent production falls

rapidly can then happen depending on the skill of some

workers, among other reasons. In order to solve this prob-

lem, a production button is installed on each sewing machine

equipped with IoT technology, which transmits production

results in real time through a wireless AP. The sewing

Fig. 5. Production management system work process.

Fig. 4. Workflow of the production site 
https://doi.org/10.6109/jicce.2020.18.1.61 66



A Study on Smart Factory Construction Method for Efficient Production Management in Sewing Industry
worker counts the production results by clicking the Smart

button after each sewing is completed. 

Fig. 6 is the production target quantity, production per 30

min, sewing input personnel, and inspection quantity in real

time. The transmitted data can be checked in real time

through the monitor installed in each line.

Fig. 7 is the status of each sewing producer by clicking the

smart button to register the production results.

3) Product Management

After the sewing production is completed, the products are

ironed and packaged as finished products. The packaged

product will be packed in product box. In this case, the bar-

code is attached to the packing box to proceed with the prod-

uct receiving process. The received product is processed by

the shipment request, and the shipment details are updated in

the head office enterprise resource planning (ERP) system.

V. CONCLUSIONS

Many production sites are changing to smart factories to

keep up with the rapid expansion of the same. However, in

many sewing production sites, meter readers are still used to

manually calculate the finished product to understand the

production status. The production quantity is displayed as

numerical data on the production status board, showing the

performance, target quantity, and current production volume

of the day. However, In this manual counting method, it is

impossible to count production results individually for sew-

ing machines. In order to improve this problem, this study

allows sewing workers to click the smart button to collect

production results. Individual production can be managed

this way. In addition, in conjunction with MES, inventory

management, production management and product shipment

management will be integrated to enhance productivity and

work efficiency. This paper presents a method to aggregate

the data of a production site that is using smart devices in a

traditional production site in real time. However, since most

of the sewing production plants are located in overseas coun-

tries, where there is a lack of internet infrastructure, it is dif-

ficult for the head office to collect real-time data smoothly.

Therefore, in order to smoothly transmit data between the

production site and the head office, the head office needs to

manage the data of the production site in real time by com-

pressing the transmission and reception data or by mirroring

the data server. Therefore, the future research needs to study

the real-time data synchronization method between the pro-

Fig. 7. Daily production list.

Fig. 6. Real time production control monitoring.
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duction site and the head office.
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