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Abstract: This paper presents the design and implementation of an IoT-based 
air density measurement system that integrates BMP180 and DHT22 sensors 
with an Arduino Uno microcontroller and ESP8266 Wi-Fi module. The 
system measures temperature, humidity, and atmospheric pressure to calculate 
air density in real-time, displaying the results on an LCD screen and 
transmitting the data to a smartphone app (Blynk) for remote monitoring. The 
goal of this research is to create a reliable, automated system capable of 
providing continuous air density measurements without the need for manual 
intervention. To evaluate the system’s accuracy, data were collected and 
compared with reference values from the Korea Meteorological 
Administration (KMA) for August 2023. The comparison revealed that the 
system produced air density measurements with an average error of less than 
0.2%, demonstrating its high level of accuracy and reliability. The system is 
particularly suited for laboratory environments, where real-time and accurate 
air density measurements are essential. The use of IoT technology allows for 
remote data access and continuous monitoring, making the system convenient 
for various applications, including environmental monitoring and industrial 
settings where air density plays a crucial role. Future improvements could 
include sensor calibration enhancements and the integration of additional 
environmental parameters, such as CO2 levels or particulate matter, to 
broaden the system’s functionality. Overall, the IoT-based air density 
measurement system offers a cost-effective and scalable solution for real-time 
environmental data monitoring. 
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1. Introduction 
The accurate measurement of air density is a critical factor in various scientific, industrial, and 
meteorological applications. Air density, which is defined as the mass per unit volume of air, varies 
with changes in temperature, pressure, and humidity. Precise air density measurements are essential 
for tasks such as calibrating laboratory instruments, optimizing engine performance in the automotive 
and aerospace industries, and predicting weather patterns in meteorology. Traditionally, these 
measurements are obtained manually through the use of instruments like barometers, thermometers, 
and hygrometers, followed by complex calculations. However, manual methods are often time-
consuming, prone to human error, and do not provide real-time data. 

Recent advancements in sensor technology and the Internet of Things (IoT) have revolutionized 
the way environmental data, such as air density, is measured and processed. The IoT has enabled the 
development of automated systems that can monitor environmental conditions in real-time and 
transmit data to remote devices, thereby eliminating the need for manual intervention. Such systems 
not only improve accuracy but also offer the convenience of accessing data from any location through 
smartphones or other connected devices. 

In this study, we propose the design and implementation of an IoT-based air density measurement 
system that integrates the BMP180 sensor for atmospheric pressure, the DHT22 sensor for 
temperature and humidity, and an Arduino Uno microcontroller for data processing. The system 
calculates air density in real-time using the ideal gas law and displays the results on an LCD screen. In 
addition, the system is equipped with the ESP8266 Wi-Fi module, which enables the data to be 
transmitted to a smartphone app (Blynk) for remote monitoring. 

The significance of this research lies in its potential to enhance laboratory environments, where 
precise measurements of air density are often required. The IoT-enabled system automates the 
measurement process, significantly reducing the potential for human error and providing real-time 
access to data. Additionally, the system is cost-effective and easy to implement, making it suitable for 
various applications that require continuous air density monitoring. 
 
2. Literature Review 
The integration of sensors and IoT in measurement systems has evolved significantly over the past 
decade, offering improved accuracy and real-time monitoring capabilities. Several studies have 
explored different applications of IoT-based sensor networks in environmental monitoring and 
laboratory automation. 

A study by [1] demonstrated the use of IoT in automating weather stations, utilizing the BMP180 
and DHT22 sensors for atmospheric data collection. The combination of these sensors, coupled with 
IoT integration, provided accurate and real-time data on temperature, humidity, and air pressure. 
Similar findings were reported by [2], where an IoT-based monitoring system was developed for 
industrial environments, showcasing how real-time data could optimize operations and ensure 
environmental safety. 

The BMP180 sensor, widely recognized for its precise pressure readings, has been employed in 
various scientific applications. Research in [3] illustrated its use in high-altitude measurements, where 
it demonstrated stability and low energy consumption in extreme conditions. The DHT22, on the 
other hand, has been extensively used for humidity and temperature sensing. As noted by [4], this 
sensor has been a reliable tool in agricultural monitoring systems, where maintaining accurate 
humidity levels is crucial for crop management. 

IoT technology has enabled a new era of automation in laboratories and research environments. 
The work of [5] emphasizes the potential of IoT systems in automating data collection in laboratories, 
reducing the likelihood of human errors and enhancing overall efficiency. Other research, such as [6] 
and [7], highlights how IoT-based systems have been pivotal in managing large-scale environmental 
data, with applications ranging from air quality monitoring to climate prediction models. 

The concept of smart sensors, which integrate sensing, computation, and communication into one 
system, has gained attention in recent years. In [8], smart sensors equipped with IoT capabilities were 
deployed for remote monitoring in hard-to-reach environments. These sensors facilitated continuous 
data transmission to central databases, significantly improving data availability and reliability. 
Similarly, [9] explored the role of IoT in real-time monitoring for healthcare systems, where smart 
sensors played a critical role in tracking environmental conditions in hospitals. 

The integration of IoT with cloud computing further enhances the potential for data analysis and 
predictive analytics. As discussed in [10], IoT-based systems can feed data into cloud platforms for 
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real-time processing and machine learning applications, allowing for more advanced monitoring and 
prediction capabilities. This is particularly beneficial in atmospheric and climate studies, as shown by 
[11]. 

In air density measurements, automated systems using IoT have proven to be highly effective. In 
[12], the use of IoT-enabled devices for air quality monitoring was investigated, with results showing 
a significant reduction in manual labor and increased data accuracy. The BMP180 and DHT22 sensors 
were also featured in [13], where their integration into an IoT network provided accurate real-time air 
density measurements, crucial for laboratory testing environments. 

Overall, IoT has transformed measurement systems by enabling real-time data access, reducing 
errors, and offering more comprehensive data analysis. The literature supports the continued 
development of IoT-based solutions in various fields, from environmental monitoring to laboratory 
automation. Recent studies like those of [14] and [15] emphasize the importance of IoT in the future 
of automation, particularly in enhancing precision and data reliability in scientific measurements. 

 
3. Methodology 
The system comprises various hardware components such as sensors, a microcontroller, and a Wi-Fi 
module, as well as software tools for data processing and remote monitoring. 
 
3.1. System Overview 
The developed system integrates temperature, humidity, and atmospheric pressure sensors to calculate 
air density. It consists of: 

 BMP180 Sensor for measuring atmospheric pressure. 
 DHT22 Sensor for temperature and humidity data. 
 Arduino Uno microcontroller to process sensor data. 
 ESP8266 Wi-Fi Module for connecting the system to a smartphone app. 
 LCD 16x2 for displaying air density values in real-time. 
 Blynk App for remote monitoring via smartphone. 

 
Data from the sensors are collected by the Arduino and used to compute air density using the ideal 

gas law. The results are then displayed on the LCD and transmitted to the Blynk app through the 
ESP8266. 

 
3.2. Hardware Design 
The hardware setup includes the following components: 

 BMP180 Sensor: This sensor is used to measure atmospheric pressure. The BMP180 
provides high accuracy with low power consumption, making it suitable for continuous 
monitoring applications. It is connected to the Arduino via an I2C interface. 
Pressure range: 300 to 1100 hPa. 
Power supply: 1.8 to 3.6 V. 

 DHT22 Sensor: The DHT22 is employed for measuring temperature and humidity. It 
outputs digital data, which simplifies its integration with the Arduino. The sensor's accuracy 
makes it reliable for environmental data collection. 
Temperature range: -40°C to 80°C. 
Humidity range: 0 to 100% RH. 

 Arduino Uno: The Arduino Uno serves as the core processing unit of the system. It collects 
data from the BMP180 and DHT22 sensors and processes the readings using the ideal gas 
law to compute air density. The Arduino also communicates with the ESP8266 module to 
send data to the Blynk app and controls the LCD for real-time display. 

 ESP8266 Module: This Wi-Fi module is used to establish a connection between the Arduino 
and the Blynk server. It enables the system to send real-time air density readings to the 
cloud, which can then be accessed via a smartphone app for remote monitoring. 

 LCD 16x2: A 16x2 character LCD is used to display the calculated air density in kg/m³ in 
real-time, providing immediate feedback to users. 

 
3.3. Software Design 
The software is developed using the Arduino IDE, which is used to write and upload the code to the 
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Arduino Uno. The software components include: 
 Sensor Libraries: 

BMP180 and DHT22 sensors are interfaced using their respective libraries, which allow the 
Arduino to communicate with the sensors and retrieve data. 

 Air Density Calculation: 
The data from the BMP180 and DHT22 are used to calculate air density using the ideal gas 
law: 

ρ = p / (R⋅T) Equation 1 
 

where: 
ρ = air density (kg/m³), 
p = atmospheric pressure (Pa), 
R = specific gas constant for dry air (287.05 J/kg·K), 
T = temperature (Kelvin). 
 

 IoT Integration: 
The ESP8266 module connects to the Wi-Fi network and sends the data to the Blynk server 
using the Blynk library. The Blynk app on the smartphone is configured to display the air 
density readings in real-time. 

 User Interface: 
The Blynk app provides a user-friendly interface to monitor air density remotely. The 
system sends updated readings to the app at predefined intervals, allowing users to monitor 
the data from anywhere. 

 
3.4. System Workflow 
The workflow of the system can be summarized as follows: 

 The BMP180 and DHT22 sensors collect atmospheric pressure, temperature, and humidity 
data. 

 The Arduino Uno processes this data and calculates the air density using the ideal gas law. 
 The calculated air density is displayed on the LCD and simultaneously sent to the Blynk app 

via the ESP8266 Wi-Fi module. 
 The Blynk app allows users to access the air density data remotely, ensuring that the system 

is accessible from any location with internet connectivity. 
 
 

 
 

Figure 1. Workflow for the System Proposed 
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3.5. Testing and Calibration 
To ensure the accuracy of the system, multiple tests were conducted. The calculated air density was 
compared against readings from a calibrated Thermohygrobarometer at various times of the day. The 
testing involved: 

1. Recording air density from the system. 
2. Comparing the results with the Thermohygrobarometer to determine the percentage error. 

 
Calibration was performed to fine-tune the sensors and reduce any discrepancies in the readings. 
 

4. Finding and Discussion 
In August 2023, data from the Korea Meteorological Administration (KMA) were collected to 
evaluate the performance of the IoT-based air density measurement system developed in this study. 
The system’s accuracy and reliability were tested by comparing its real-time measurements against 
standard reference values provided by the KMA, particularly focusing on temperature, humidity, and 
atmospheric pressure. 

 
4.1. Data Comparison 
The following table shows a comparison between the air density measurements obtained from the 
IoT-based system and the reference values from KMA for several days in August 2023. 
 
 

Table 1. Air Density Measurements Obtained from the Iot-Based System 
 

 
Date Time Temp 

(°C) 
Humidity 

(%) 
Pressure 

(hPa) 
Air 

Density 
(kg/m³) 

KMA 
Air 

Density 
(kg/m³) 

Error 
(%) 

02-Aug-23 09:00 28 65 1008.10 1.177 1.180 0.25 
10-Aug-23 12:00 31 70 1005.55 1.164 1.166 0.17 
15-Aug-23 15:00 30 62 1006.30 1.169 1.170 0.09 
20-Aug-23 18:00 29 75 1004.50 1.162 1.163 0.09 
25-Aug-23 21:00 27 68 1007.20 1.173 1.175 0.17    

 
 
The Table 1 demonstrates that the IoT-based system consistently produced air density 

measurements that closely align with the reference values from the KMA. The average error across all 
measurements was less than 0.2%, indicating that the system is highly reliable for real-time air density 
monitoring. 

 
4.2. System Performance 
The IoT-based system was found to be particularly useful in providing real-time and continuous 
monitoring, with data accessible remotely through the Blynk app. The real-time nature of the system 
allowed for continuous monitoring over multiple days, with minimal manual intervention. This is a 
significant advantage over traditional methods, which often require manual data logging and post-
measurement calculations. 

 
4.3. Error Analysis 
The slight variations between the system's air density readings and the KMA reference values can be 
attributed to several factors: 

1. Sensor Calibration 
Although the BMP180 and DHT22 sensors are highly accurate, slight calibration drifts may 
occur over time. These drifts can cause minimal deviations, as observed in the table, where 
the average error remains below 0.2%. 

2. Environmental Factors 
The real-time nature of the system means that it captures fluctuations in temperature, 
humidity, and pressure in the environment, which might slightly differ from the conditions 
at the exact measurement locations used by the KMA. 
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4.4. Discussion 
The results show that the IoT-based air density measurement system performs exceptionally well in 
real-world conditions. The low error rate and consistent results compared to the KMA data highlight 
the system's potential for use in various applications, such as: 

 Laboratory Measurement 
The system can be used to automate air density measurements in laboratory settings, 
eliminating human error and providing real-time data. 

 Weather Monitoring 
With its capability to provide continuous and remote monitoring, the system is suitable for 
real-time environmental monitoring and weather stations, similar to the system used by the 
KMA. 

 Industrial Applications 
The system’s ability to accurately monitor air density in real-time can be beneficial in 
industries where air density plays a crucial role, such as aerospace and automotive 
engineering. 

 
The system's integration with IoT technology allows for real-time remote monitoring, which is a 

significant improvement over traditional manual method. The Blynk app interface enables users to 
access data from any location, enhancing the convenience of monitoring air density for long durations 
and in diverse environments. 

 
5. Conclusion 
This study successfully developed an IoT-based air density measurement system using BMP180 and 
DHT22 sensors, integrated with an Arduino Uno microcontroller and ESP8266 Wi-Fi module. The 
system provides real-time air density measurements by calculating temperature, humidity, and 
atmospheric pressure, and it allows for remote monitoring through the Blynk app. Data comparison 
with reference values from the Korea Meteorological Administration (KMA) for August 2024 
demonstrated the system’s high accuracy, with an average error of less than 0.2%. 

The system’s ability to deliver continuous, real-time data makes it highly suitable for applications 
in laboratory automation, environmental monitoring, and industries where air density plays a critical 
role. The integration of IoT technology not only eliminates manual calculations but also enhances the 
convenience of monitoring through a user-friendly smartphone interface. 

In conclusion, the proposed system is a cost-effective, reliable, and scalable solution for 
automating air density measurements. Future work could focus on improving sensor calibration and 
expanding the system’s applications by incorporating additional environmental sensors, such as for 
CO2 or particulate matter, and integrating cloud-based data analysis for predictive monitoring. 
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