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Abstract: In the recent years, many SMEs (small and medium 

enterprises) are taking a strategy to combine and sell their 

products and services to find new markets and reduce 

unnecessary expenses. For instance, in the case of the 

manufacturing facility manufacturers, they sell the 

manufacturing facility and additionally support the service which 

can monitor the status of that facility in real time. This strategic 

movement is a reflection of the purchaser’s requirements to 

reduce losses caused by an expected breakdown. In this paper, we 

introduce the pre-response maintenance systems to monitor the 

status of the heat transfer machine in real time and to carry 

maintenance out before the breakdown occurs. 
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I. INTRODUCTION 

Recently, the Fourth Industrial Revolution is a hot topic. 

The Fourth Industrial Revolution means a technological 

revolution in which the boundaries of digital, physics, and 

biology are eliminated and all of them are merged following 

the third industrial revolution based on digital technology. 

Since the Fourth Industrial Revolution is expected to have a 

number of impacts on various fields, including economic 

and industrial structure and labor market, the existing 

manufacturing industry powerhouses are planning and 

implementing strategies to meet their industry changes in 

order to response quickly to these changes. In particular, 

these countries are paying attention to smart factory as 

future industry that will lead the Fourth Industrial 

Revolution [1, 2]. 

The smart factory is an intelligent factory which integrates 

product planning, design, production, distribution and sales 

using IT technologies and produces customized products at 

minimum cost and time. The powerhouses are trying to 

revitalize the stagnant manufacturing industry and enhance 

competitiveness through the dissemination of the smart 

factory [3-5]. Despite these efforts, poor SMEs (small and 

medium enterprises), unlike big enterprises, are reluctant to 

adopt the smart factory while recognizing its advantages. 
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Because these companies are unable to afford the 

maintenance costs that arise after building the smart factory. 

The SMEs require a very simple smart factory or a system 

which is optimized for their business rather than a high-level 

smart factory supporting unnecessary functions [6, 7]. 

Meanwhile, a heat transfer machine is a kind of the printer 

that places a special film with a letter or a picture on the 

fabric and prints those by applying a low heat. The heat 

transfer machine is very sensitive to heat and the 

breakdowns associated to it occurs very frequently. The 

purchaser of this machine want to reduce unnecessary losses 

caused by unpredictable problems that may occur during 

their works. To solve this problem, we developed pre-

response maintenance systems. Using the systems, the 

purchaser can minimize the losses by checking the condition 

of the machine in real time and performing the maintenance 

in advance before the breakdown occurs. 

The rest of this paper is organized as follows. In Section 2 

and 3, we introduce related works and heat transfer 

monitoring systems, respectively. Finally, conclusion 

follows in Section 3. 

II. RELATED WORKS 

Changwon is one of the largest industrial cities in Korea. 

In this city, there are many companies engaged in 

manufacturing industry. In fact, we had opportunities to 

meet with SMEs to hear about their difficulties and 

requirements with regard to building a smart factory. Not 

surprisingly, they want the establishment of the advanced 

smart factory based on artificial intelligence, machine 

learning, or big data, etc. However, they cannot afford to 

build such a high-level smart factory financially. Rather, 

they are interested in a very simple form of the smart factory 

that is optimized for their business or factory. 

[8] introduces real-time free-length monitoring systems 

for the spring manufacturer. The spring manufacturer 

supplies their spring to the big automobile company. In 

recent years, the automobile company has required to upload 

an Excel file that contains information about all springs to 

its own quality management systems. Therefore, this spring 

manufacturer wants to build systems which can check 

whether the produced spring is defective or not and show 

how many the spring has been produced. The developed 

systems consists of an IoT (Internet of Things) device, a 

server system including a server program and a database, 

and a user program.  
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There is a spring free-length sorter which is connected to 

the IoT device and a spring manufacturing equipment.  

The role of this sorter is to detect a free-length of a coil-

type spring by using non-contact sensor and determines 

whether the produced spring is normal or abnormal. The 

data for all springs are transmitted to the server program on 

the server system by the IoT device and stored into the 

database. The information in the database will be utilized by 

the user program. The purpose of this systems is to monitor 

the quality of the spring and does not include the function 

for the maintenance of the manufacturing facility. 

SMEs which make the manufacturing facility wants to 

minimize useless costs for the maintenance. Also, the 

manufacturers want to know the status of the facility and 

control in remote area. To resolve the problem like this, [9] 

introduces real-time monitoring and remote control systems 

for an ice machine. This systems consists of IoT device 

connected to a control panel on the ice machine, a server 

systems for storing the information from IoT device, and a 

web-based user program and a mobile device application for 

monitoring the status of the ice machine or controlling the 

ice machine in a remote area. This systems provide the 

function to send an alarm message to a worker when a 

failure occurs. With this function, the worker who receives 

the alarm message can quickly respond to the failure. 

However, many companies who have the facilities to be 

operated for a long time want to avoid the halt of the 

production caused by the unexpected failure. In other words, 

they require B/S (Before Service). However, this system 

supports only A/S (After Service).  

The systems proposed in this paper support both A/S and 

B/S. Before occurring the failure, if the maintenance is 

performed in advance, the companies will be able to reduce 

unnecessary expenses due to the unexpected failure. 

III. PRE-RESPONSE MAINTENANCE SYSTEMS 

Figure 1 shows the block diagram of the developed 

systems. This systems consists of a heat transfer machine, a 

heat transfer controller machine, a server system, and a user 

program. The developed systems operates as follows. First, 

the heat transfer machine controller collects and analyzes 

data detected by sensors installed in the heat transfer 

machine. Then, the heat transfer machine status information 

message including the sensor data, the result data of 

analyzing the sensor data, and the state data of the heat 

transfer machine are generated and transmitted to the data 

processing server program. The data processing server 

program checks the status data of the heat transfer machine 

in the received message. If there is a problem with the heat 

transfer machine, it sends an alarm message to the user 

program using Google FCM (Firebase Cloud Messaging) 

[10]. It then stores all the data in the message into the 

database. The data stored in the database is utilized by the 

user program. A user can see the data of the heat transfer 

machine and receive the alarm message through the 

program. 

Heat Transfer
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Heat Transfer
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Fig. 1 The block diagram of the developed systems 

Heat Transfer Machine 

The most important component of the heat transfer 

machine is a drum. To ensure accurate printing, the surface 

temperature of the drum must be kept constant. Therefore, a 

temperature sensor for periodically measuring the surface 

temperature of the drum must be installed around the drum. 

The following Figure 2 shows the heat transfer machine for 

the test which was used in this the development of the 

systems. 
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Fig. 2 The small-sized heat transfer machine for the test 

Heat Transfer Machine Controller 

Basically, there is a controller for controlling the heat 

transfer machine. However, this controller does not include 

a communication function to transmit data to a remote 

server. Therefore, we developed the IoT device that can be 

connected to the existing controller to support the 

communication function. Figure 3 shows the controller and 

the IoT device connected it. 

. 

Fig. 3 The existing controller and IoT device 

 

The role of the heat transfer machine controller is 

threefold. The first role is to collect the data detected by the 

temperature sensor attached to the heat transfer machine’s 

drum. The second role is to analyze the collected data and 

display them on the screen of the controller according to the 

result. Finally, the controller configures the collected sensor 

data, the result data obtained by analyzing the data, and the 

various data related to the heat transfer machine as a heat 

transfer machine status information message. And transmits 

the message to the data processing server program operating 

on the server. Figure 4 shows the flowchart of the operation 

with the heat transfer machine controller. 

Start

Obtains a value 

from the sensor

The value is normal?

Generates a heat transfer 

status information message
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Transmits the heat transfer 

status information message

 

Fig. 4 The flowchart of the operation with the heat transfer machine 

Server System 

As illustrated in the below Figure 5, the three components of the server system are the data processing server program, the 

part lifetime calculation program, and the database. 
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Fig. 5 The block diagram of the server system 

The data processing server program receives the heat 

transfer machine status message from the heat transfer 

controller and stores the significant data included in the 

message into the database.  

The stored data is utilized for two purposes. The first 

purpose is for monitoring in the user program. The 

purchaser can monitor the status of the current condition of 

the heat transfer machine through the user program in real 

time. The user program displays the data as a line graph. 

Another purpose is to calculate the lifetime of a part. This 

calculation is made in the part’s lifetime calculation 

program. The calculated results are delivered to the data 

processing server program. Using the result, the program 

configures an alarm message forwards it to the Google FCM 

server. 

Data Processing Server Program 

This program processes the heat transfer machine status 

message from the heat transfer machine controller. Based on 

the data contained in this message, this program can know 

the current status of the heat transfer machine. 
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Fig. 6 The block diagram of the server system 

Figure 6 represents the flowchart of this program. This 

program is always in operation to receive the message from 

the heat transfer machine controller. When a message is 

received from the controller, it analyzes the message to 

check the condition of the machine. If there is a problem 

with the machine, the program generates an alarm message 

and sends it to the FCM server. Then, FCM server will 

deliver this message to the user program of the purchaser 

corresponding with the machine. Then, the data processing 

server program stores the major data of the message in the 

database. 
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Part’s Lifetime Calculation Program 

As mentioned before, the purchaser of the heat transfer 

machine wants to reduce losses caused by the suspension of 

the work. The goal of this program is not to determine 

whether a breakdown is occurred or not, but rather to 

minimize the suspension by performing the maintenance 

before the breakdown. 

Meanwhile, all parts in the heat transfer machine have 

own lifetime. The recommended lifetime of each part is 

stored in the database. This program calculates the 

remaining lifetime of the parts based on the operating time. 

That is, the remaining of the part is the recommended 

lifetime minus the total operating time of the heat transfer 

machine. 

When the end of the part’s lifetime is near, the program 

sends the alarm message to user program. This also uses 

FCM. 

Database Design 

To store the information related to the operation of the 

developed systems, we designed two databases named 

Information_DB, Data_DB. 

In Information_DB, there are six tables as shown in Table 

1. Machine_info table contains a list of all the heat transfer 

machine sold by the manufacturer. This table is required to 

display the list of the machine owned by the purchaser 

through the user application. In Part_lifetime table, the 

recommended lifetime of the major parts constituting the 

machine is stored. The values in this table are used when the 

part’s lifetime calculation program calculates the remaining 

lifetime of the parts. If there is a problem with the machine, 

a service staff of the manufacturer will repair it. When the 

repair is complete, the staff must record the repair details. 

The details are stored in Maintenance_history table. The 

token is obtained from the FCM server when the user logs in 

the user program. The user program stores this token in the 

Token_list table. The stored token is used to send an alarm 

message to the user program via the FCM server. The user 

program is a web-based application. Therefore, if the 

purchaser wants to check the status of the heat transfer 

machine in real time through the user program, it must 

subscribe to the web site operated by the manufacturer. The 

information stored in the User_info table are the user 

information recorded when the user subscribes to the web 

site to utilize the user program. 

There is only one kind of the table in Data_DB. The name 

of this table is the combination of today’s date and the serial 

number in the heat transfer status information message 

received from the heat transfer machine controller. This 

table is automatically generated by the data processing 

server program.  When the data processing server program 

receives the message from the controller, it first checks to 

see if a table with the same name as the combination is in 

the database. If the table exists, it stores the data in the table. 

Otherwise, after creating the table, it stores the data in the 

table. 

Table. 1 The five tables in Information_DB 

Table Name Description 

Machine_info The general information of each machine are stored. 

Part_lifetime The major parts’ lifetime of the heat transfer machine are stored in this table. 

Maintenance_history This table is used for recording the breakdown and the repair details of the heat transfer machine. 

Token_list 
It is the table in which a token required for transmission of an alarm message is stored using 

FCM. 

User_info 
The information of the subscriber using the heat transfer machine monitoring web service are 

stored in this table. 

User Program 

The two major services of the user program are to show 

the data of the heat transfer machine stored in the database 

on the screen and to indicate a machine’s breakdown or a 

part’s replacement time using the alarm message.  

For the implementation of these two services, we adopted 

RWD (Responsive Websites Design) and WPN (Web Push 

Notification).The reason why we chosen RWD is because it 

offers the advantage of automatically adjusting the layout 

according to the size of the web browser running on the 

device that accesses the web page. If without using RWD, it 

is necessary to develop a separate application for mobile 

devices. 

There are two kinds of push notification, MPN (Mobile 

Push Notification) and WPN. MPN is for the applications of 

the mobile device called as app. In developing an 

application for the mobile device, the biggest problem is that 

the application has to be developed using the different 

programming languages depending on platforms, such as 

Android, iOS, Windows. However, this problem can be 

easily solved by using WPN. Since WPN is used with a web  

browser, if the browser is supported, only one web-based 

application needs to be developed, regardless of the platform. 

Monitoring the machine’s condition 

The user can leverage the web application on the desktop 

and the mobile device. Figure 7 and 8 are the screenshot for 

the monitoring page of the web application on the desktop 

and on the mobile device, respectively. The user can check 

the current status of the heat transfer machine through five 

icons on the upper part of the screen, and monitor the 

temperature data displayed in the below broken line graphs 

in real time. Figure 8 shows the layout altered to fit the 

smaller screen of the mobile device by applying RWD to the 

layout in Figure 7. The web application running on the 

desktop and on the mobile device only differ in the overall 

layout, but all functions are 

identical. 
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Fig. 7 The screenshot for the monitoring page of the web application on the desktop 

 

Fig. 8 The screenshot for the monitoring page of the web application on the mobile device 

Displaying the Alarm Message 

The alarm message transmitted from the data processing 

server program is delivered to the user program via the FCM 

server. Figure 9 and 10 are the screenshots successfully 

receiving an alarm message on the desktop and the smart 

phone, respectively.  

The received message contains the information that the 

lifetime of the motor is 500 hours. The field-worker or the 

process manager can use this information to check the 

condition of the motor and perform the maintenance before 

the breakdown occurs. 

 

Fig. 9 The screenshot for receiving the alarm message on the desktop 
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Fig. 10 The screenshot for receiving the alarm message 

on the smart phone 

IV. CONCLUSION AND FUTURE RESEARCH 

In this paper, we introduced the pre-response maintenance 

systems to replace and repair the parts of the heat transfer in 

advance in order to prevent the suspension of the production 

due to the breakdown. Through this systems, the heat 

transfer manufacturers can reduce the cost caused by 

unnecessary maintenance service after sale. The heat 

transfer purchasers can increase the production efficiency 

and minimize losses due to the suspension.  

In the future, we will develop and add predictive 

diagnostic algorithm that can predict the breakdown in the 

manufacturing facility 
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