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Internet of Things (loT) is a concept where an object or entity is
imbued with technology such as sensors and software, aiming to
communicate, control, connect, and exchange data with other devices
as long as they remain connected to the internet. In this research, the
developed loT is employed to monitor and control the conditions of a
data center space. The research methodology follows the system
development life cycle, utilizing the Blynk application and a modified
Arduino Uno with the esp8266 microcontroller, relay, and DHT-22
sensor for real-time temperature and humidity detection. The loT
development's outcomes were tested through black box and white box
approaches. The research results demonstrate that the 10T network
prototype functions effectively, enhancing the performance of the data
center space. Temperature measurements were acquired from the
DHT22 sensor, and alternative temperature measurements were taken
without utilizing the DHT22 sensor, instead using a tool known as a
thermometer, revealing measurement errors. Based on the calculation
of the average percentage of temperature error on the DHT22 sensor,
it can be concluded that the temperature error rate reaches 0.051%,
while for humidity it reaches 0.064%, with an average delay time of
6.542 ms. Additionally, users have convenient access through both a
website and mobile platform for seamless monitoring.
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1. INTRODUCTION

Nowadays, almost all companies or institutions tend to focus on client - server based applications [1].

This phenomenon shows how important it is to maintain the existence of servers as a crucial element in the
business world [2]. Server rooms play a very significant role in a company, as company data is stored on server
devices. Therefore, it is critical to adhere to server room safety standards, especially with regards to the
humidity and temperature within it [3]. Temperature is a key factor that has a major impact on the smoothness
and quality of the network and devices in the server room [4]. Factors such as temperature and humidity levels
can affect the physical condition of computer servers and impact their health [5]. Therefore, maintaining its
stability within the server room is very important [6].

High temperature and humidity levels inside the server room can have a negative impact on the
performance of network devices, easily causing network device damage [7], In the network process, the worst
case scenario could be an overheat condition [8], and potential short circuits in electrical systems [9].
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According to [10] The recommended temperature range for server rooms is between 18°C to 27°C,
with the ideal relative humidity ranging from 40%-60%. On the contrary, according to [11], The recommended
standard temperature is within the range of 16°C to 19°C. Excessively high temperatures can cause damage to
the hard disk [4]. while temperatures that are too low can slow down or even stop the mechanism from working
[[12], while also increasing electricity consumption [13]. Humidity that is too high can cause a short circuit,
while humidity that is too low can cause static electricity [14]. The server room, which functions as a shelter
for servers, network devices such as routers and hubs, as well as various other devices related to the daily
functioning of the system, such as UPS and air conditioners, requires careful calculation of the air humidity
level and the efficiency of the cooling system inside [15]. In a server room environment, various factors need
to be considered, including air humidity levels and cooling system efficiency [9]. Server conditions are strongly
influenced by the surrounding temperature and humidity, which play an important role in improving the
effectiveness of work in the room [16]. To ensure optimal server performance, it is important that the
temperature and humidity of the server room are within normal limits [17], [18].

The implementation of a room temperature monitoring system can support object monitoring and
optimize time in the monitoring process [19]. Room temperature monitoring usually involves manual data
collection, which requires physical presence at the site [20]. Monitoring and adjusting temperature and
humidity conditions cannot be done continuously manually due to limited human labor. Advances in
technology and information are occurring rapidly, especially in various fields related to technology [21].
However, with the development of technology and information, more efficient solutions can be implemented.
One such solution is the use of an Internet of Things (10T)-based server room temperature monitoring system
(81, [22], [23].

The 10T concept aims to maximize the benefits of internet connectivity to monitor physical conditions,
share data, remote control, and so on through continuously connected sensors [24], 10T is here to simplify
human interaction with surrounding devices [25][26], and loT-based technologies are becoming tools that help
humans in carrying out daily activities [27][28]. IoT connects various equipment [29], such as smartphones,
internet TVs, sensors, lights, televisions, refrigerators, and even the door of the house to the internet constantly
[30], [31]. All these devices can be monitored and controlled remotely through a smartphone connected to the
internet network [32], [33]. In the context of access, 10T is often used as a substitute for humans to conduct
surveillance in various sectors, including industry, environment, hospitals, public areas, security, and
transportation [34]. For example, we implemented the IoT platform Blynk, which allows users to access the
microcontroller from a Smartphone and integrate with it [35]. To maintain the temperature condition of the
server room, loT-based monitoring through the Blynk platform as an interface is required [23], by installing
temperature and humidity sensors in the server room [36], The sensor is connected to a NodeMCU
microcontroller that includes an esp8266 [37], [38], The NodeMCU sends the sensor readings to an loT-based
Service Provider, the Blynk Platform, to facilitate monitoring and controlling the temperature of the server
room, even when the Administrator is not directly at the location.

In previous research [39] This research explores the use of the Internet of Things (1oT) in monitoring
the temperature and humidity of data centers in real-time by using a simple monitoring system to determine
the relationship and difference between temperature and humidity with respect to different measurement
locations. The development of the temperature and humidity monitoring system was carried out using the
proposed framework and has been deployed at the Muadzam Shah Polytechnic data center, where readings
were recorded and sent to the AT&T M2X loT platform for storage. The data was then retrieved and analyzed
which showed that there were significant differences in the temperature and humidity measured at different
locations. X The monitoring system also successfully detected extreme changes in temperature and humidity
and automatically sent notifications to IT personnel via email, short message service (SMS), and mobile push
notifications for further action. The detected data is uploaded to the cloud storage through the network and
associated using an android application. The system uses Arduino UNO with Raspberry Pi, HTU 211D sensor
device, and ESP8266 Wi-Fi module. The experimental results show the temperature and humidity of the
surrounding environment and soil moisture of each plant using Arduino UNO with Raspberry Pi. Raspberry Pi
is mainly used here to check the temperature and humidity through HTU 211D sensor element. This sensor is
used to measure the temperature of the surrounding environment, storing the information that is displayed with
different devices. Here, the ESP8266 Wi-Fi module has been used for data storage purposes [40]. This research
is different from the research mentioned, the difference lies in the components or hardware needed in the
research and also the object or place of research.

Currently, the data center at UHAMKA is not equipped with a temperature sensor to measure the
temperature conditions inside. The existence of these sensors is very important because without them,
administrators face difficulties in monitoring whether the temperature in the server room meets the standards
set by the Telecommunication Industry Association (TIA). Based on this challenge and the results of several
previous studies aimed at overcoming problems in the UHAMKA server room or data center, the idea arose to
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develop a temperature and humidity monitoring system that can be accessed via a web page. This research
aims to be able to facilitate administrators in monitoring in realtime.

2. RESEARCH METHOD

The Internet of Things (IoT) can be explained as a concept where various devices can be
interconnected and exchange data over the internet. 10T represents a level of technological advancement that
utilizes the internet to control, collaborate, and communicate with various physical objects [41].

2.1. Component Internet of Things

Sensors are devices that collect data from an object, which can be instant information such as air
temperature or more complex information such as video programs, Connectivity After obtaining the
information, the next step is to send it to the cloud infrastructure for processing. To transfer data to the cloud,
a connection or link is required, and the Internet of Things (10T) provides various connection options such as
cellular network, satellite, WiFi, wide area network (WAN), low power wide area network, and so on, Data
processing Once the data is collected and sent to the cloud, the program will process it. Data processing can
vary from simple tasks such as reading air temperature to more complex tasks such as image processing to
detect objects in video footage, User Interface A point of view is required to process data so that users can read
or interpret it. Nowadays, user interface (Ul) is becoming a necessity. User interfaces are commonly seen on
devices such as computers, laptops, tablets, cell phones, and various other devices. The function of the user
interface is not only to display relevant information, but also to provide a way of interaction or control for
Internet of Things (10T) devices connected to the object [42].

2.2. Software Development Life Cycle (SDLC)

SDLC, which stands for Software Development Life Cycle, refers to the process of building or
modifying a software system by following best practices or techniques that have proven effective in the
previous development of similar software systems. Software Development Life Cycle (SDLC) is a process
applied to design, manage, and implement information systems [43]. Software Development Life Cycle Stages
(SDLC) [44]

1. Problem Identification, forms the basis for gathering the necessary sources of information in an effort
to solve the problem.

2. Planning, Analyze the needs of users of the software system and formulate user requirements, and set
goals to be achieved in the development.

3. Design, The system design document is focused on how to fulfill the required functions after
converting the detailed requirements into complete requirements.

4. Development, Create a database, design test cases, prepare files, code, compile, make corrections, and
clean up the program; and conduct a test run.

5. Implementation and Testing, Ensures that the software system meets the criteria of the functional
requirements document. User and quality assurance team directed.

6. Application Development, Involves preparing for implementation, implementing the software in a
production or user environment, and resolving issues that arise during the integration and testing

phases.

Deployment Defining

SDLC

Building

Figure 1. Software Development Life Cycle (SDLC)
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2.3. Prototype Method

The Prototype Model is one of the approaches in software development that is very commonly used;
by using the Prototype Method, developers and clients can actively communicate during the system building
process. Clients often only need to provide an overview of the information required to be processed. On the
other hand, the developer does not need to worry about the efficiency of the algorithm but rather focus on the
interface and operating system that connects the user with the computer. During the system design stage, the
Prototype model allows interaction between programmers and stakeholders to achieve a better understanding
[45].

Quick plan
Communication \

\ Modeling

Quick design

Deployment
Delivery
& Feedback

Construction
of
prototype

Figure 2. Prototype Model [46]

2.4. Block Diagram

In this system, Arduino will be connected to the DHT22 sensor as input to receive how much
temperature is in the room, then Arduino is also connected to wifi as an internet source to be able to access
BLYNK which is a place or interface to be able to see the room temperature with BLYNK, then a smartphone
can access it all. There is also a catudaya as a source of electrical energy and an LCD as a hardware display.

Cau Daya

Sensor Do L] ety
®  LED
]
‘ W e Eiyric I St Phoss

Figure 3. Block Diagram

2.5. Tool Design

This system uses male to female jumper cables to connect the circuit. The jumper cable is connected
to the 2 Channel relay and connected to the NodeMCU ESP8266 device according to the color of the jumper
cable used. This circuit is then connected to the smartphone via a wi-fi hotspot enabled on the Blynk app. When
first registering an account on the Blynk app, a token has been provided for Blynk purposes.

2.6. Research Flowchart

The purpose of the research flowchart is to describe the mindset or steps taken by the designer in
designing a system. By understanding the research flowchart, someone will more easily understand the mindset
of the maker or the sequence of work processes of a system. This research flowchart can be seen in the picture
below.
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Figure 4. Research Flowchart

3. RESULTS AND ANALYSIS
3.1. Network Schematic

The Internet of Things-based temperature monitoring network design utilizes the STM32F103C Wi-
Fi device. This device is responsible for processing data from the DHT22 sensor and receiving command input
to activate the relay. The processed data is then transferred to the Blynk cloud server via a Wi-Fi router, and
then forwarded to the ISP for internet access for data transmission. Temperature monitoring is done using an
Android smartphone equipped with the Blynk app, and an internet connection is used to monitor the
temperature.

Sensor DHT-22

Figure 5. Network Schematic

3.2. Hardware Design Results

The hardware design starts by placing the NodeMCU ESP8266 on the Breadboard, then installing the
DHT22 sensor on the Breadboard. Three male to male jumper cables are then installed, starting from the
installation in the NodeMCU ESP8266 on PINs D5, GND, and 3V3, then connected to the DHT22 sensor by
connecting 3V3 to (+), D5 to (OUT), and GND to (-). Next, the Arduino Robotdyn Type A Male Micro USB
Data cable is attached from the NodeMCU ESP8266 to the Laptop to upload the program to the Arduino IDE,
can be show in figure 6 and figure 7.

3.3. Hardware Testing Results
After all components are accurately assembled and all programs are successfully downloaded and
installed, the next step is to test the function of the DHT22 sensor to determine whether it is operating properly
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or not. After ensuring that the sensor is functioning and can connect with the NodeMCU ESP8266, the next
testing step is done by testing the temperature and humidity readings in the room. Based on the illustration
above, it can be concluded that the DHT22 sensor and NodeMCU ESP8266 operate efficiently, enabling the
transmission of temperature and humidity measurement data to the computer.

r XTI . (N FrTRFIL 4.4
Fry [Evrrresd s YIexdiRA. 0 &
v

Figure 6. Hardware Design Results Figure 7. Hardware Design Results

3.4. Trial Results
The test data listed in the table 1 and table 2, it can be concluded that the temperature and humidity
monitoring system in the room, which uses the NodeMCU ESP8266 module based on the Internet of Things,
operates effectively.
Table 1. Black Box Testing Results

No Testing Input Output Result
1 Temperature sensor data input Temperature changes Display Temperature changes Success
2 Sensor data input Humidity Humidity change Display Humidity Changed Success

Table 2. White Box Testing Results

No Testing Description Result

1 Connecting sensors with the blynk app Temperature connects with the blynk app ~ Success

Supporting component testing Supporting component
testing works

3 Algorithm Testing The algorithm runs according to the goal Success

according to the expected function Success

3.5. Blynk App on Smartphones

Figure 12 shows the display of the results sent from the ESP8266 to the Blynk application on the
user's mobile device, the Data Center staff. This allows the staff to know the temperature recorded in the server
room.

Figure 12. Room Temperature Information Display

3.6. Testing the Temperature and Humidity Sensor (DHT22)
By doing 35 tests, we can calculate the average percentage of temperature and humidity errors based
on Table 3 with the formula 1-4.
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sum of temperature errors

0, =
Temperature EI‘I‘OI‘( /0) Total temperature Measurement Tool (l)
163 100% = 1,80%
= x = )
905,7 ° °
ey 0/ — Total humidity error
Humldlty error (A)) Total Humidity measuring instrument (2)
16,3 100% = 2,26%
= x = )
905,7 ’ ’
o) — temperature error(%)
Average temperature error (%) Testing (3)
= L0 o051
- 35 — Y, 0
1 o) — Humidity error(%)
Average error Humidity (%) — resting (4)
=220 _ 0064%
- 35 - Y, 0
__ Number of Delays(ms)
Average delay(ms) = Testing (5)
—229 6,542
= =6, ms
35
Table 3. Comparison Results of Temperature, Humidity DHT22 and measuring instruments
Sensor DHT22 Measurement Tools Error Temperature Error Dela
Testing Time Temperature ~ Humidity =~ Temperature Humidity (%)p Humidity (ms)y
9] (RH%) Q) (RH%) (%)
1 12:30:21 28,2 48,6 30,1 47,6 -1,9 1 0
2 12:30:28 28,5 49,6 30,1 47,8 -1,6 1,8 7
3 12:30:34 28,5 49,5 31,2 49,1 -2,7 0,4 6
4 12:30:41 26,6 59,7 28,4 59,3 -1,8 04 7
5 12:30:48 26,8 56,6 27,5 54,2 -0,7 2,4 7
6 12:30:54 26,8 54,7 26,8 54,1 0 0,6 7
7 12:31:01 27,2 54,8 27,7 54,4 -0,5 04 6
8 12:31:08 26,4 50,8 23,5 50,5 2,9 0,3 7
9 12:31:14 245 50,3 23,4 50,2 11 0,1 7
10 12:31:21 24,7 53,3 23,4 50,1 13 3,2 7
11 12:31:28 25,3 53,4 25,3 53,3 0 0,1 6
12 12:31:34 25,3 53,2 24,6 53,1 0,7 0,1 7
13 12:31:41 25,5 53,1 24,8 52,6 0,7 0,5 7
14 12:31:48 27,5 53,1 24,7 52,1 2,8 1 7
15 12:31:54 25,4 53,3 24,7 52,3 0,7 1 6
16 12:32:01 29,7 59,2 28,6 58,2 1,1 1 7
17 12:32:08 29,6 59,3 29,2 58,3 0,4 1 7
18 12:32:14 24,8 50,5 23,1 49,5 17 1 7
19 12:32:21 24,8 53,6 24,1 50,1 0,7 35 6
20 12:32:28 24,7 50,6 24,3 50,2 0,4 0,4 7
21 12:33:21 28,8 54,7 27,8 54,3 1 04 7
22 12:33:28 28,2 57,8 27,7 54,3 0,5 35 7
23 12:33:34 24,4 50,8 23,5 50,4 0,9 0,4 6
24 12:33:41 245 50,3 23,4 50,2 11 0,1 7
25 12:33:48 24,7 50,3 23,4 50,2 1,3 0,1 7
26 12:33:54 25,3 53,4 24,3 52,2 1 1,2 7
27 12:34:01 25,3 53,2 24,6 51,1 0,7 2,1 6
28 12:34:08 25,5 53,1 24,8 49,6 0,7 35 7
29 12:34:14 25,5 54,1 24,7 52,5 0,8 1,6 7
30 12:34:21 25,4 53,3 24,7 51,4 0,7 19 7
31 12:34:28 29,7 59,2 29,6 56,3 0,1 2,9 6
32 12:34:34 29,6 59,3 29,2 58,3 0,4 1 7
33 12:34:41 24,8 50,5 24,1 49,9 0,7 0,6 7
34 12:36:48 24,8 52,6 24,1 51,1 0,7 15 7
35 12:36:54 24,7 50,6 24,3 50,1 0,4 0,5 6
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Sensor DHT22 Measurement Tools Error Temperature Error Delay
Testing Time Temperature ~ Humidity =~ Temperature  Humidity %) Humidity (ms)
() (RH%) (°C) (RH%) ’ (%)
Total 922 2362,7 905,7 1828,9 16,3 415 229

Based on the calculation of the average percentage of temperature error on the DHT22 sensor, it can
be concluded that the temperature error rate reaches 0.051%, while for humidity it reaches 0.064%, with an
average delay time of 6.542 ms. Thus, the discussion and results have answered all the problems,

Comparison Chart of DHT22 sensor measurements and manual
measuring instruments

o A\ A\ /N

Temperature

R T T T L S S S S N SR
P N PN N P A L L S R g
NN N A R R AN A RS

—— DHT22 Temperature

Measurement Tools Temperature

Figure 13. Comparison Chart of DHT22 sensor measurements and manual measuring
instruments about temperature

Comparison Chart of DHT22 sensor measurements and manual
measuring instruments

——— DHT22 Humidity (RH%)

Measurement Tools Humidity (RH%)

Figure 14. Comparison Chart of DHT22 sensor measurement and manual measuring
instrument about humidity

4. CONCLUSION

Utilization of the 10T Network with the System Development Life Cycle method was effective in
facilitating connectivity on the microcontroller network. The developed prototype system is able to design
systems and devices according to the set criteria, increasing time efficiency. Based on the results of the tests
carried out, it can be concluded that the Blynk application is effectively used to increase the utilization of the
Internet of Things in monitoring the data center room at UHAMKA so that the administrator is greatly
facilitated in the existence of a system that has been made so that he can monitor and monitor in real time, and
get a value Based on the results of the calculation of the average percentage of temperature error with a value
of 1,80%, Humidity Error with a value of 2,26%, temperature error on the DHT22 sensor, it can be concluded
that the average level of temperature error reaches 0,051%, while for the average humidity error reaches
0,064%, with an average delay time of 6,542 ms.
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