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Abstract. A condensation phenomenon occurs when the water vapor in the air
turn into water droplets. Many industrial facilities are damaged by the condensation phenomenon. An ammunition storage is one of the facilities that are
damaged by this phenomenon. Therefore, this paper proposes an IoT-based
intelligent condition management system (ICMS) in for the industrial facilities.
The proposed system prevents a condensation phenomenon by measuring the
temperature and humidity and provides alerting service about intrusion and gas
exposure through a smartphone application. Therefore, it has become possible to
manage the ammunition efﬁciently.
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1 Introduction
A condensation phenomenon is easily shown in our daily lives. This phenomenon is
caused by difference between internal temperature and external temperature. Generally,
when the air temperature gets high, the amount of saturated water vapor is increased.
However, if warm air suddenly becomes cold, the amount of saturated water vapor is
also reduced [1]. For this reason, water vapor changes to water droplets. The condensation phenomenon easily occurs during the summer when temperature and
humidity are especially high. This phenomenon causes a lot of problems. For example,
water droplets corrode metals and woods and promote the growth of mold. The army
ammunition storage facility is also one of the facilities damaged by condensation.
Because most ammunition is expensive, scale of damage is greater than the other
problems. Therefore, many studies have been conducted in order to prevent this
problem. However, most studies have presented a solution of the problem with
architectural approaches. And, this solution can only be applicable to the initial construction of ammunition storage and requires high cost. Currently, most of ammunition
storages were built in the form of igloo for the purpose of protection and camouflage.
The igloo type ammunition storage has bad air circulation between inside and outside.
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Thus, it is particularly vulnerable to condensation. Nowadays, in order to prevent the
condensation phenomenon, an administrator opens the door of ammunition storage and
directly checks the value of temperature hygrometer which is installed internally. If it is
the condensation conditions, the administrator should turn on the fan using the internal
switch of ammunition storage. This management system is an inconvenient for managing temperature and humidity.
Recently, with the changes in the IoT paradigm, many studies on IoT based temperature and humidity monitoring system have been conducted [2, 3]. Devices shown in
these studies consist of a sensor module, a communication module, and a micro controller unit (MCU). The sensor module measures ambient temperature and humidity.
The communication module sends the information, which is collected through the
sensor module, to users via WiFi, Bluetooth, ZigBee communication. The MCU analyzes the information of temperature and humidity and creates services for the users. By
controlling the appliances in the room through this monitoring system, user can be
provided optimal air control service in the space [4]. However, these studies have mostly
focused on home and building as application target areas.
Therefore, this paper proposes an IoT-based intelligent condition management
system (ICMS) for the industrial facilities. The ICMS measures the temperature and
humidity and determines whether the condition phenomenon occurred based on these
collected information. If it is condensation condition, ICMS turns on the fan installed
inside the ammunition storage. The operating fan reduces the difference between
internal temperature and external temperature by letting outside air in. This method is
capable of automatically preventing condensation according to the condition of the
ammunition storage and improves the conventional method which has been managed
manually. The ICMS also includes a motion sensor and a gas sensor. Therefore, if an
intruder enters the ammunition storage or gas is detected in the space, an administrator
can be provided alerting service through a smartphone application.

2 System Architecture
The architecture of the proposed system is shown in Fig. 1. The ICMS is installed in
each of the ammunition storages. It collects the information of temperature, humidity,
movement, and gas in the internal ammunition storage. A server is located in the center
of ammunition storages. It plays a role in storing the information which has been
measured by the ICMS and transmitting these information to administrator. The ICMSs
adjacent to the server are named header node, the others are named general node. The
general nodes transmit the measured information to header nodes. And, the header
nodes transmit these information to the server. This method helps to prevent server
overload. The ICMS and server are connected via ZigBee communication, and the
server is connected to administrator’s smartphone via military’s intranet. The two key
functions that the proposed system has are as follows.
2.1

Preventing the Condensation Using an ICMS

Figure 2 describes the process of preventing the condensation phenomenon in the
proposed system. The possibility that the condensation will occur is deeply related to
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Fig. 1. Overview of the proposed system architecture.

the difference between indoor and outdoor temperature. Thus, in this Fig. 2, the high
possibility that the condensation will occur means the temperature difference between
indoor and outdoor ammunition storage is over one degree or the humidity is over
80 %. Moreover, ICMS has an ability to control the fan by comparing the internal and
external temperature information collected from the sensor manager. The process of the
comparison process is performed by the sensing data manager in ICMS. In the scenario 1, when ICMS detects a high possibility that the condensation will occur, the
network manager of ICMS forwards a control packet to the fan and an information
packet to the server. Then, the fan is activated by the relay controller and the server

Fig. 2. Sequence diagram for preventing the condensation using an ICMS.
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stores the information packet. After storing the information of ICMS, the server sends
the information packet to the smart phone. Similarly, when ICMS does not detect the
high possibility that the condensation will occur, ICMS forwards a control packet to the
fan and an information packet to the server. After receiving the control packet, the fan
is deactivated and the server stores the information of ICMS. Then, the server transfers
the information packet to the smart phone.
In Fig. 2, the exceptional situation means that the environmental condition has not
be improved for 1 h after the fan is turned on. For example, the exceptional situation is
can occur due to the fan’s breakdown. If ICMS detects the exceptional situation, ICMS
will transfer the control packet to the fan again and the warning packet to the server.
Then, the server stores the information of ICMS and sends the warning packet to the
smart phone. After the smart phone receives the warning packet, the smart phone shows
a pop-up message that alarms the administrator through the mobile phone application.
Due to this pop-up message, the administrator can immediately recognize the problem of
the ammunition and quickly handle the problem.
Furthermore, the administrator is able to remotely control the power supply of fan
by using the smart phone. The scenario 2 in Fig. 1 shows the process of the remote
control. When an administrator sends a control packet to the ICMS through the server,
the authority manager of ICMS ﬁrst identiﬁes the administrator for the security, and
then the control packet is sent to the fan. For this purpose, the authority manager has an
ability to entitle speciﬁc administrators to access the ICMS. If an administrator has
access authority, ICMS will forward the control packet to the fan to activate or
deactivate the fan. After the fan is turned on or off, the ICMS sends an information
packet to the server. Then, the server stores the information of ICMS and transfers the
information packet to the administrator’s smart phone.

2.2

Providing an Alerting Service Through Smartphone Application

Figure 3 describes the process of warning the administrator of an intruder’s movement
or a gas leak in the ammunition storage. When ICMS detects the motion of human or
gas exposure, ICMS forwards a warning packet to the server. The server, then, stores
the information of ICMS and transfers the warning packet to the smart phone. After
receiving the warning packet, the smart phone immediately warns the administrator of
detecting the motion of a human or a gas leak with a pop-up message of the mobile
phone application.

3 Implementation and Test
Figure 4(a) shows the prototype of ICMS. It consists of a micro controller unit (MCU),
a power module, an environmental monitoring sensor module, a ZigBee (IEEE
802.15.4) module, and a buzzer. The environmental monitoring sensor module is
divided into 3 parts: a temperature and humidity sensor, a gas sensor, and a motion
sensor. A smartphone application is shown in Fig. 4(b). Using the mobile application,
an administrator is able to both observe the condition of the ammunition storage and
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Fig. 3. Sequence diagram for alerting service.

remotely control the fan to decrease a gap between indoor temperature and outdoor
temperature. Moreover, the mobile application displays pop-up messages and warns an
administrator of urgent problems such as detecting an intruder and the air condition that
has not been improved for 1 h. We implemented the proposed system in the test bed
shown in Fig. 4(c). It was made as a model analogous to the environment of an
ammunition storage. The test bed consists of ICMS, an external thermometer, and a
fan. Figure 4(d) shows temperature changes in the test bed. When the temperature
difference became over one degree between inside and outside, the fan was activated.

Fig. 4. (a) Prototype of the ICMS, (b) smartphone application, (c) test bed of the proposed
system, (d) experimental result.
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And then, the temperature difference was decreased. Owing to this process of the
proposed system, the condensation phenomenon could be prevented.

4 Conclusion
For the efﬁcient ammunition storage management, an intelligent condition management
system (ICMS) is proposed. The ICMS measures temperature and humidity in real time
and turns on an installed fan by analyzing these measured values. Therefore, it prevents
condensation phenomenon automatically. The ICMS also provides alerting service for
security and safety. An administrator can receive the message about intrusion or gas
exposure via smartphone application. We implemented the proposed system in a test
bed to verify efﬁciency. The proposed system prevented the condensation phenomenon
by controlling a fan.
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