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Abstract: 
            Real-time weather and air quality monitoring systems are rapidly emerging as essential solutions for 
maintaining environmental safety and public health due to their ability to provide continuous and accurate 
data on atmospheric conditions. With increasing urbanization, industrialization, and rising pollution levels, 
the need for efficient and low-cost monitoring systems has become a major area of research. 
 
          This paper presents the design and development of a real-time weather and air quality 
monitoring system using IoT sensors. The proposed system integrates an Arduino Nano, a PMS5003 
Sensor for measuring particulate matter (PM1.0, PM2.5, PM10), and an SHT21 Sensor for sensing 
temperature and humidity. A PMIO module is used for efficient sensor interfacing, and an LED display 
is employed for real-time visualization of environmental parameters. The system is designed to 
continuously collect, process, and display data, ensuring reliable performance with optimized power 
consumption. 
 
          Experimental results indicate that the developed prototype provides stable and reliable real-time 
monitoring of environmental parameters. The system demonstrates consistent performance in measuring 
temperature, humidity, and particulate matter levels under varying environmental conditions, with 
particulate matter detection in the range of PM1.0, PM2.5, and PM10. Although minor variations in 
accuracy may occur due to environmental factors and sensor limitations, the system remains cost-effective 
and suitable for practical applications such as campus monitoring and pollution analysis. 
 
          The proposed weather and air quality monitoring system is particularly suitable for applications 
such as campus environmental monitoring, smart cities, and industrial pollution analysis. 
Furthermore, the design provides a scalable platform for future enhancements such as cloud-based data 
storage, mobile application integration, real-time alerts, and IoT-based remote monitoring systems, 
thereby improving system efficiency, accessibility, and overall performance. 
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I.     INTRODUCTION 

The rapid increase in environmental pollution and 
changing climatic conditions has created an urgent 
need for efficient and real-time environmental 

monitoring systems. Conventional methods of 
weather and air quality monitoring are often limited 
in accessibility, expensive, and lack the capability 
to provide continuous localized data. Increasing 
levels of air pollutants such as particulate matter 
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(PM), along with variations in temperature and 
humidity, have a significant impact on human 
health and environmental quality. These factors 
contribute to respiratory diseases and environmental 
degradation, highlighting the need for accurate and 
real-time monitoring solutions. This has driven the 
development of low-cost, IoT-based systems for 
continuous environmental monitoring. 

 
IoT-based environmental monitoring systems 

have emerged as a promising solution to address 
these challenges by utilizing real-time data 
acquisition through advanced sensors and 
embedded systems. Unlike conventional monitoring 
methods, these systems provide continuous data 
collection, improved accuracy, and faster response 
to environmental changes. The advancement of 
sensor technologies, microcontrollers, and 
communication systems has accelerated the 
adoption of smart monitoring solutions in various 
applications, including smart cities, environmental 
protection, and industrial safety. 

 
A critical component of an environmental 

monitoring system is its sensing and processing 
unit, which includes sensors, a microcontroller, 
interfacing modules, and display components. The 
performance, accuracy, and reliability of the system 
largely depend on the effective selection and 
integration of these components. In real-time 
monitoring applications such as campus 
environments, pollution monitoring, and smart city 
systems, cost-effective and efficient solutions are 
essential for practical implementation. 

This work focuses on the design and 
development of a real-time weather and air 
quality monitoring system, emphasizing 
simplicity, efficiency, and affordability. The 
proposed system employs an Arduino Nano, a 
PMS5003 Sensor, and an SHT21 Sensor to achieve 
accurate sensing and continuous environmental 
monitoring. The system also incorporates 
interfacing modules and an LED display for 
efficient data processing and visualization. The 
selection of these components provides a balance 
between performance, cost, and system complexity, 
making it suitable for real-time environmental 
monitoring applications. 

 
The primary objective of this study is to develop 

a reliable and efficient environmental monitoring 
system that can provide accurate real-time data 
while minimizing cost and power consumption. The 
paper also evaluates system performance under 
practical environmental conditions and highlights 
the advantages and limitations of the proposed 
design. Additionally, this work lays a foundation 
for future enhancements, including cloud 
integration, intelligent alert systems, and improved 
data analysis techniques. 

II.     LITERATURE REVIEW 

The development of environmental monitoring 
systems has been extensively studied in recent years, 
with a strong focus on improving accuracy, real-
time data acquisition, and cost-effectiveness. A 
critical aspect of such systems lies in the selection 
of appropriate sensors and data processing 
techniques, which directly influence system 
reliability, performance, and overall efficiency. 

 
Sensor technologies play a vital role in 

environmental monitoring systems. Low-cost 
sensors are widely used due to their affordability 
and ease of interfacing, but they suffer from 
limitations such as lower accuracy and sensitivity to 
environmental variations. In contrast, advanced 
sensors like particulate matter sensors and digital 
temperature-humidity sensors provide higher 
accuracy, better stability, and faster response, 
making them more suitable for modern systems 
despite higher cost. Researchers have also explored 
improved interfacing and calibration techniques to 
enhance system performance and reliability. 

 
Sensor selection is another key factor in 

environmental monitoring system design, especially 
in IoT-based applications. Advanced sensors such 
as particulate matter sensors and digital 
temperature-humidity sensors are commonly 
preferred due to their high accuracy, fast response 
time, and reliable performance. Their digital output 
enables better integration with microcontrollers for 
efficient data acquisition and real-time monitoring. 
Alternatively, basic analog sensors are still used in 
low-cost and simple systems due to their ease of use 



International Journal of Scientific Research and Engineering Development-– Volume 9 Issue 2, Mar-Apr 2026  
             Available at www.ijsred.com                               

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 2255 

and lower initial cost, although they suffer from 
reduced accuracy and sensitivity compared to 
advanced sensors. 

 
Data acquisition and processing techniques have 

also been widely studied to enhance the 
performance of environmental monitoring systems. 
Real-time data processing is one of the most used 
methods in IoT-based systems for monitoring 
environmental parameters. By continuously varying 
and updating sensor data, the system enables 
precise control over data acquisition and improves 
the accuracy of measurements, resulting in reliable 
monitoring and reduced data loss. Advanced 
techniques, such as cloud-based data processing and 
intelligent data analytics, have also been proposed 
for modern systems, offering improved scalability, 
faster response, and enhanced overall efficiency. 

 
In addition, several research works emphasize the 

importance of integrating efficient communication 
modules, data storage systems, and real-time 
monitoring techniques to enhance overall system 
performance. IoT-based systems, have been shown 
to enable continuous data transmission and remote 
access, thereby improving system usability and 
efficiency. 

 
Despite these advancements, there remains a need 

for cost-effective and simplified environmental 
monitoring systems suitable for real-time and 
small-scale applications. This paper addresses this 
gap by focusing on the design and implementation 
of an IoT-based weather and air quality 
monitoring system using readily available 
components, ensuring a balance between 
performance, accuracy, and affordability. 

 

III. SYSTEM ARCHITECTURE 

The system architecture of the proposed real-time 
weather and air quality monitoring system is 
designed to ensure accurate data acquisition, 
reliable operation, and cost-effective 
implementation. The system consists of four major 
subsystems: sensing unit, processing unit, 
interfacing module, and display system. Proper 
integration of these components is essential to 

achieve efficient monitoring, improved accuracy, 
and overall reliability. 

A. Sensing Unit 

The sensing unit acts as the primary data source 
of the system, collecting real-time environmental 
parameters. The performance of the system largely 
depends on the accuracy and reliability of the 
sensors. 

 Air Quality Sensor: PMS5003 Sensor  
 Function: Measures particulate matter 

(PM1.0, PM2.5, PM10)  
 Temperature & Humidity Sensor: 

SHT21 Sensor 
 Interface: Digital communication (I2C / 

Serial) 
 Operation: Continuous real-time 

environmental data acquisition 
 
  The sensing unit is responsible for collecting 
real-time environmental data such as air quality, 
temperature, and humidity. Sensors like 
PMS5003 and SHT-21 are used due to their 
accuracy and ease of integration. However, 
factors such as environmental conditions and 
sensor calibration may slightly affect 
measurement accuracy. 
 

 
 
 
The sensing unit must consider factors such as 

sensor calibration, environmental conditions, and 
proper ventilation to ensure accurate measurements 
and reliable operation. Secure mounting and proper 
enclosure design are required to protect the sensors 
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from external damage and ensure stable 
performance. 

 

 
 

B. Processing Unit (Arduino Nano) 

The processing unit is responsible for receiving 
sensor data and controlling overall system operation. 
The choice of microcontroller affects system 
performance and efficiency. 
 

  • Microcontroller: Arduino Nano 
  • Processor: ATmega328P 
  • Operating Voltage: 5V 
  • Clock Speed: 16 MHz 
  • Function: Data processing and system control 
 
The Arduino Nano operates by processing input 

data from sensors and executing programmed 
instructions to control system functions. It is 
selected for this project due to its simple 
architecture, low cost, and ease of programming. 
Although it has limited processing power and 
memory, it is suitable for real-time monitoring 
applications and small-scale IoT systems. 

 
The processing unit is typically interfaced with 

sensors and communication modules, enabling 
efficient data acquisition and transmission while 

maintaining system stability under varying 
environmental conditions. 
 

 

C. Interfacing Module (PIO Module) 

The interfacing module is a crucial component 
that manages the data transfer between the sensor 
and the processing unit. It ensures proper 
communication and signal transmission for accurate 
data acquisition. 

1)  Communication Technique: Serial Communication 
(UART) 

2)  Functions:  

 Data transfer between sensor and microcontroller 

 Signal handling 

 Reliable communication 

3)  Module Used: PIO Interface Module 

The interfacing module uses serial communication to 
transfer data by transmitting signals between the sensor and 
the processing unit at regular intervals. By managing signal 
transmission, it ensures reliable and efficient data exchange 
within the system. 

 
Key advantages include: 

• Reliable data transfer  

• Stable signal transmission 

• Low power consumption  

• Easy integration with sensors 

 

The interfacing module also provides reliable signal handling 
features such as error-free data transfer, data integrity, and 
stable signal transmission, ensuring efficient operation of the 
system. 

 

D. Display & Output Unit 

The display and output unit is responsible for 
presenting real-time environmental data and 
providing visual indications of system status. 
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 Display Type: P10 LED Dot Matrix Display 
 Operating Voltage: 5V DC  
 Output Devices: LED Display 

 
The unit operates in two main stages: 
 

1) Display Mode: Shows temperature, humidity, 
PM2.5, and PM10 values in real time  

 
2) Indication Mode: Displays air pollution status 

messages such as “Air pollution” and system 
identification detail 

 
Proper display and indication are essential to 

ensure clear visualization of environmental data. 
The display unit may include features such as high 
brightness, real-time data updating, and reliable 
operation for continuous monitoring. 

 

 
 

IV. METHODOLOGY 

The development of the proposed real-time 
weather monitoring system follows a systematic 
and structured approach to ensure accurate sensing, 
reliable data processing, and efficient system 
performance. The methodology involves sensor 
selection, system integration, data acquisition, and 
real-time display implementation. Each stage is 
carefully designed to achieve a balance between 
cost, accuracy, and ease of implementation. 

 
A. Selection of Components 
The first step involves selecting suitable 

components based on the required system 
specifications such as accuracy, reliability, and real-
time performance. 

 
1) Sensor Selection: 

PMS5003 and SHT-21 sensors are selected to 
measure PM2.5, PM10, temperature, and humidity 
due to their accuracy, fast response, and 
compatibility. 
 

2) Microcontroller Selection: 
An Arduino Uno/Nano is selected as the processing 
unit due to its ease of programming, low cost, and 
ability to interface with multiple sensors and modules. 
 

3) Interfacing Module Selection: 
A PIO module is selected to ensure proper 
communication and signal transfer between sensors, 
microcontroller, and output devices.  
 

4) Display Selection: 
A P10 LED dot matrix display is selected for real-
time data visualization due to its high brightness, 
wide viewing angle, and suitability for outdoor 
applications. 

 
The selection ensures compatibility among all components 

for efficient operation in the real-time weather monitoring 
system. 

 
B. Electrical Integration 

Electrical integration involves proper 
interconnection of all components to form a 
complete real-time weather monitoring system. 

 
1) The sensors are interfaced with the microcontroller 

to ensure accurate data acquisition and processing.  
 

2) The sensor outputs are connected to the 
microcontroller through appropriate interfacing 
circuits to ensure safe and reliable operation.  

 
3) The microcontroller is connected to the display unit 

to regulate and present real-time data.  
 

4) The display unit is integrated to show real-time data. 
 
Proper wiring and connections are used to ensure 

accurate data transmission and reliable operation of 
the real-time weather monitoring system. 

 
C. Mechanical Integration 
   Mechanical integration involves proper mounting 
and arrangement of all components within the 
system setup. 
 

1) The sensors and modules are securely mounted to 
ensure stability and minimize vibration.  
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2) The display unit is connected to the microcontroller 
using suitable interfacing to ensure proper data 
transmission.  

3) Proper alignment and placement are ensured to avoid 
signal disturbances and improve performance.  

4) Structural support is provided to hold all components 
securely within the system setup. 

 
This step ensures system reliability, safety, and efficient data 
transmission. 
 
D. Implementation of Sensor-Based Monitoring 
   The system utilizes sensor-based data acquisition 
to monitor environmental parameters in real time. 
Sensors continuously collect data such as 
temperature, humidity, and air quality, which is 
processed by the microcontroller for accurate and 
reliable monitoring. 
 

 The microcontroller processes sensor data to monitor 
environmental parameters in real time.  

 The system continuously updates values such as 
temperature, humidity, and air quality.  

 The display unit presents the data instantly for user 
monitoring.  

 
This method ensures: 

1) Real-time data monitoring  
2) Accurate data acquisition  
3) Improved system reliability and performance 
 

E. Testing and Performance Evaluation 
   After integration, the system is tested under 
various environmental conditions to evaluate 
performance and reliability. 
 

1) Sensor Testing: Verifies accurate measurement of 
temperature, humidity, and air quality  

2) Display Testing: Ensures correct real-time data 
display  

3) System Testing: Checks overall operation of sensors, 
microcontroller, and display  

4) Accuracy Analysis: Compares sensor readings with 
standard values  

5) Response Testing: Observes system response to 
environmental changes 

 
F. Safety and Protection Measures 

To ensure safe operation, the following protection 
mechanisms are implemented: 

 
1) Over-voltage protection  
2) Short-circuit protection  

3) Proper grounding and insulation  
4) Stable power regulation 

                                                                                                                             

V. WORKING PRINCIPLE 

 
The working principle of the proposed real-time 

weather monitoring system is based on the accurate 
sensing and processing of environmental 
parameters. The system operates through the 
coordinated functioning of sensors, microcontroller, 
and display unit. 

Initially, the sensing unit acts as the primary 
source of data by measuring environmental 
parameters such as temperature, humidity, and air 
quality. The sensed data is transmitted to the 
microcontroller through proper connections for 
accurate processing and real-time monitoring. 

 
The microcontroller plays a key role in 

processing the data received from the sensors. It 
uses the Programmable Input/Output (PIO) module 
to manage data communication and interfacing 
between different components. By efficiently 
handling data signals, the system ensures accurate 
transmission of sensor readings to the display. A 
higher data rate enables faster updates, while a 
lower rate may delay the output. This method 
enables precise and reliable monitoring with 
minimal delay and efficient system performance. 

 
The processed data from the microcontroller is 

then supplied to the display unit, which converts 
digital signals into visual information. The display 
presents parameters such as temperature, humidity, 
and air quality in a readable format. The updating 
of data is directly dependent on the processing 
speed of the microcontroller and the 
communication through the Programmable 
Input/Output (PIO) module. 

 
The processed data from the sensors is handled 

by two Arduino microcontrollers, where one 
manages data acquisition and the other controls the 
display. The data is transmitted to the display unit 
through the Programmable Input/Output (PIO) 
module, ensuring proper communication. The 
display updates continuously, providing real-time 
monitoring of environmental parameters. 
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During operation, the system continuously 

responds to changes in environmental conditions 
such as variations in temperature, humidity, and air 
quality. The microcontroller dynamically processes 
sensor data and updates the display in real time 
through the Programmable Input/Output (PIO) 
module. Additionally, protective mechanisms 
ensure safe operation by preventing over-voltage 
and short-circuit conditions 
 
Overall, this coordinated operation ensures: 
 

 Accurate and real-time data monitoring  

 Efficient data processing and transmission  

 Reliable system performance  

 Continuous and stable operation 

 
Thus, the proposed system provides an effective 
and practical solution for real-time weather 
monitoring applications, particularly in 
environmental and outdoor monitoring scenarios. 
 

VI. RESULTS AND DISCUSSION 

 
The performance of the developed real-time 

weather monitoring system was evaluated through a 
series of tests under different environmental 
conditions. The results demonstrate the 
effectiveness of the system in terms of accuracy, 
reliability, and real-time data monitoring for 
environmental applications. 
 
A. Performance Analysis 
 
   The experimental evaluation of the real-time 
weather monitoring system indicates satisfactory 
performance under real-time environmental 
conditions. 
 

1) Real-Time Monitoring: 
The system continuously monitors environmental 
parameters such as temperature, humidity, and air 
quality. It provides real-time updates without delay, 
ensuring effective observation of changing 
conditions.  
 

2) Efficient Energy Utilization: 
The system efficiently processes sensor data using 
the microcontroller and transmits it through the 
Programmable Input/Output (PIO) module. This 
ensures fast and accurate data handling with minimal 
delay.  
 

3) System Response: 
The system updates sensor data within approximately 
1–2 seconds, ensuring near real-time monitoring of 
environmental conditions.  
 

4) Stable Operation: 
The system maintains consistent performance under 
different environmental conditions. The 
microcontroller ensures stable data processing and 
display output. It operates continuously without 
interruptions, ensuring reliable long-term monitoring. 
  

5) Reliability: 
During testing, the system operated continuously 
with accurate readings and minimal errors, indicating 
reliable performance and efficient operation. 

 
B. Advantages 
 
The developed real-time weather monitoring system 
offers several notable advantages: 
 

6) Real-Time Monitoring: 
The system provides continuous real-time data of 
environmental parameters such as temperature, 
humidity, and air quality. This enables effective 
monitoring and timely observation of changing 
weather conditions.  
 

7) Low Maintenance Cost: 
The system uses electronic components with minimal 
mechanical parts, resulting in reduced wear and low 
maintenance requirements over long-term operation. 
  

8) Cost-Effective Design: 
The use of Arduino microcontrollers and low-cost 
sensors reduces the overall system cost, making it 
suitable for small-scale and educational applications. 
  

9) Simple Architecture: 
The system design is simple and modular, allowing 
easy implementation, troubleshooting, and future 
expansion.  
 

10) Energy Efficient Operation: 
The system consumes low power during operation, 
making it suitable for continuous monitoring with 
minimal energy usage. 
 

C. Limitations 
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Despite its advantages, the system has certain 
limitations: 
 

1) Limited Accuracy Range: 
The sensors may have limited accuracy under 
extreme environmental conditions, which can affect 
the precision of measurements.  

 
2) Dependence on Sensors: 

The system performance highly depends on the 
quality and calibration of sensors, which may lead to 
errors if not properly maintained.  
 

3) Limited Coverage Area: 
The system monitors environmental conditions only 
at a specific location and cannot represent large 
geographical areas.  

 
4) Power Supply Dependency: 

The system requires a continuous power supply for 
operation, and any interruption may affect data 
monitoring and display. 

D. Discussion 
 

The results indicate that the proposed real-time 
weather monitoring system is well-suited for 
environmental monitoring applications, where 
accuracy, low cost, and simplicity are key 
considerations. While the system may not match the 
performance of advanced industrial monitoring 
systems, it provides a practical and efficient 
solution for localized weather observation. 

 
The performance can be further improved by 

adopting advanced technologies such as IoT-based 
cloud integration, wireless communication modules, 
and data analytics systems. These enhancements 
can enable remote monitoring, data storage, and 
improved analysis of environmental conditions. 
 

VII.  CONCLUSION 

This paper presents the successful design, 
development, and implementation of a real-time 
weather and air quality monitoring system for 
environmental monitoring applications. The 
proposed system integrates key components, 
including an Arduino Nano, a PMS5003 Sensor, an 
SHT21 Sensor, along with interfacing modules and 

a display unit, to achieve reliable and efficient 
monitoring architecture. 

 
The experimental results demonstrate that the 

developed system provides stable and reliable 
performance under varying environmental 
conditions. The real-time data acquisition technique 
plays a significant role in monitoring environmental 
parameters, ensuring accurate measurement and 
efficient data processing. The system effectively 
measures particulate matter (PM1.0, PM2.5, 
PM10), temperature, and humidity with 
consistent performance, making it suitable for 
applications such as campus monitoring, 
environmental analysis, and smart city systems. 

 
One of the major strengths of the proposed 

system is its cost-effectiveness and simplicity, 
achieved using readily available components and a 
straightforward data acquisition approach. 
Additionally, the system supports environmental 
sustainability by enabling continuous monitoring 
of air quality and weather conditions. The 
compact design and minimal hardware 
requirements also result in low power 
consumption and reduced maintenance. 

 
However, certain limitations are observed, 

particularly due to sensor constraints, which may 
result in minor variations in accuracy and 
sensitivity under different environmental conditions. 
Despite these limitations, the developed system 
serves as a practical and scalable solution for 
low-cost environmental monitoring applications. 
 

Overall, this work establishes a strong foundation 
for further research and development in 
environmental monitoring systems. The proposed 
design demonstrates that an efficient, reliable, and 
cost-effective monitoring system can be realized 
using simple technologies, making it a suitable 
model for future enhancements and real-world 
implementation. 
 

VIII. FUTURE SCOPE 
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The proposed real-time weather and air quality 
monitoring system demonstrates a reliable and cost-
effective solution for environmental monitoring 
applications. However, there are several 
opportunities for further improvement and 
technological advancement to enhance system 
performance, accuracy, and user accessibility. 
 

A. Integration of Advanced IoT and Cloud Systems: 
Incorporating cloud-based platforms can 

significantly improve data storage, remote 
accessibility, and real-time monitoring capabilities. 
IoT integration enables continuous data 
transmission, better analysis, and faster decision-
making, making the system more suitable for 
modern environmental monitoring applications.  

 
B. Implementation of Real-Time Alert Systems: 
Integrating alert mechanisms can enable 

immediate notifications when environmental 
parameters exceed safe limits. This improves 
system responsiveness and supports timely actions 
for pollution control and safety. 

  
C. Integration of Renewable Energy Sources: 
The addition of solar-powered systems can 

provide supplementary energy for system operation. 
This reduces dependency on conventional power 
sources and enhances sustainability, especially in 
outdoor environments.  

 
D. IoT-Based Remote Monitoring and Data Analytics: 
Incorporating IoT technology can enable real-

time monitoring of environmental parameters such 
as temperature, humidity, and air quality. This 
allows for remote access, data logging, predictive 
analysis, and improved system reliability through 
advanced analytics.  

 
E. Use of Advanced Sensors for Higher Accuracy: 
Replacing the conventional sensors with 

advanced sensors such as the SPS30 Sensor and 
BME680 Sensor can enhance accuracy, reduce 
errors, and improve performance due to improved 
sensing capabilities. These sensors also provide 
better stability, multi-parameter measurement, and 
longer operational life.  

 
F. Integration of Data Logging Systems: 

Future implementations can include data logging 
features to store environmental data for analysis. 
This can help in tracking trends, improving 
decision-making, and supporting long-term 
environmental studies.  

 
G. Advanced Data Processing Techniques: 
Implementation of advanced methods such as 

machine learning and predictive analysis can 
improve data interpretation, accuracy, and system 
intelligence.  

 
H. Incorporation of Smart Control Systems: 
Integrating intelligent control mechanisms can 

enable automatic actions, such as activating fans or 
alarms based on pollution levels, improving system 
responsiveness and efficiency.  

 
I. Compact and Portable System Design: 
Using lightweight and compact components can 

reduce system size, making it more portable and 
suitable for deployment in various locations. 

 
J. Enhanced User Interface Development: 
Developing user-friendly interfaces such as 

mobile or web dashboards can improve data 
visualization and accessibility, enabling easier 
monitoring and control of the system. 
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