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Abstract

The Connected Environmental Monitoring System leverages the NodeMCU ESP8266 microcontroller in
conjunction with various sensors, including the MQ-135, DHT22, BMP280, and a sound sensor, to enable
real-time monitoring of critical environmental parameters. This project aims to provide comprehensive
insights into air quality, temperature, humidity, atmospheric pressure, and noise levels, fostering
awareness and informed decision-making regarding environmental conditions. Data collected by the
sensors is transmitted wirelessly to the ThingSpeak cloud platform, where it is stored and visualized
through user-friendly dashboards. The system also incorporates alert mechanisms to notify users when
specific parameters exceed predefined thresholds, facilitating timely interventions. The modular
architecture of the system allows for scalability and flexibility, making it adaptable for various
applications, including urban management and smart city initiatives. Overall, this project demonstrates
the efficacy of 10T solutions in addressing environmental monitoring challenges, contributing to the
development of sustainable practices and enhanced community well-being.
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1. Introduction

In today’s rapidly urbanizing world, environmental pollution and climate change have become critical
global concerns. The need to monitor and manage the environment has grown significantly, especially in
urban areas where industrial activities, vehicular emissions, and population density contribute to
deteriorating air quality and other environmental hazards. Real-time data on environmental conditions
such as air quality, temperature, humidity, noise levels, and atmospheric pressure can provide valuable
insights that enable better decision-making and more proactive approaches to tackling these issues. This
is where the integration of Internet of Things (lIoT) technology has emerged as a game-changer. By
connecting sensors to the internet, 10T allows for continuous monitoring, data logging, and real-time
analysis, leading to more effective and timely interventions in environmental management.
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Figl.1 Various Sensors & Node MCU

This project explores the design and development of a Connected Environmental Monitoring System using
the NodeMCU ESP8266 and a variety of sensors, including the MQ-135 for air quality, the DHT22 for
temperature and humidity, the BMP280 for atmospheric pressure and altitude, and a sound sensor for
detecting noise levels. The data from these sensors are transmitted to the ThingSpeak cloud platform,
where it can be visualized in real time, analyzed, and stored for further use. This system serves not only
as a monitoring tool but also as an important step toward building smarter, more responsive cities that can
manage environmental risks more effectively.

Importance of Environmental Monitoring

Environmental monitoring is crucial for understanding the various factors that affect public health, quality
of life, and the natural ecosystem. It enables the tracking of pollutants, climatic conditions, and noise
levels, all of which can have immediate and long-term impacts on human well-being and biodiversity. The
data gathered from monitoring systems can be used by government agencies, industries, and environmen-
tal bodies to enforce regulations, optimize industrial processes, and reduce pollution levels. It also supports
academic research by providing empirical data that can be used to develop models for predicting environ-
mental changes and crafting policies aimed at sustainability.

The application of 10T in environmental monitoring has enhanced the ability to gather comprehensive,
real-time data across a wide range of parameters. Traditional environmental monitoring systems were
often limited in their scope due to high costs, complex deployment, and maintenance challenges. I0T,
however, offers a cost-effective, scalable, and energy-efficient alternative, capable of collecting vast
amounts of data continuously and with minimal human intervention. By enabling remote monitoring, loT
devices reduce the need for on-site human operators, making environmental monitoring systems more
efficient and reliable.

10T and Environmental Sensing

The Internet of Things (l1oT) refers to a network of interconnected devices that can communicate and
exchange data over the internet. These devices are typically embedded with sensors, actuators, and com-
munication hardware, allowing them to sense the environment, process information, and send data to other
devices or cloud platforms. In the context of environmental monitoring, 10T devices equipped with various
sensors can be deployed in different locations to collect data on air quality, noise levels, temperature,

IJFMR240529539 Volume 6, Issue 5, September-October 2024 2



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

humidity, pressure, and other relevant parameters. This data is then transmitted over the internet to cloud
servers, where it is stored, processed, and analyzed.

The NodeMCU ESP8266 is a microcontroller with built-in Wi-Fi capabilities, making it a popular choice
for 10T applications. It allows for easy integration with sensors and provides reliable wireless connectivity,
enabling data transmission to cloud platforms such as ThingSpeak. The open-source nature of NodeMCU,
combined with its low cost and energy efficiency, makes it ideal for projects requiring real-time monitor-
ing and data logging.

ThingSpeak is a cloud platform that supports the collection, storage, and visualization of sensor data. It is
widely used in 10T applications due to its simplicity and the range of services it offers, including data
analytics, graphing, and alert systems. ThingSpeak allows users to create channels where sensor data can
be uploaded, visualized in real time, and shared with other users or services. By integrating the NodeMCU
ESP8266 with ThingSpeak, the data collected from environmental sensors can be monitored and analyzed
remotely.

2. Literature Review

The integration of the Internet of Things (IoT) in environmental monitoring has gained significant
attention in recent years due to its ability to provide real-time data collection, transmission, and analysis.
Numerous studies have focused on the use of 10T for monitoring air quality, temperature, humidity, and
other environmental factors, leveraging various types of sensors and cloud platforms for data storage and
visualization. A study by Lopez et al. (2020) explored the development of a low-cost 10T-based air quality
monitoring system using the MQ-135 sensor for detecting gases such as carbon dioxide (CO2), nitrogen
oxides (NOx), and volatile organic compounds (VOCs). Their system utilized the ESP8266
microcontroller for wireless data transmission to the cloud, demonstrating its effectiveness in providing
real-time air quality data. However, their research mainly focused on air pollution without integrating
additional environmental parameters like temperature, humidity, and noise, which are equally important
in comprehensive environmental monitoring systems.

Another study by Gao et al. (2019) demonstrated the use of NodeMCU ESP8266 as a core component in
loT-based temperature and humidity monitoring systems. The researchers used the DHT22 sensor, which
provided accurate temperature and humidity readings in a variety of environmental conditions. Their work
highlighted the low power consumption and reliability of the NodeMCU, making it an ideal choice for
continuous monitoring in remote or unattended locations. While the study focused on temperature and
humidity monitoring, the system was not extended to measure other critical environmental factors such as
air quality or pressure, limiting its overall scope.

The use of ThingSpeak as a cloud platform for data storage and visualization has also been explored in
several studies. Kumar et al. (2021) integrated ThingSpeak with various environmental sensors to monitor
air quality, temperature, and humidity in real-time. ThingSpeak allowed the researchers to create real-time
graphs, visualize trends, and analyze environmental data effectively. The platform’s capability to store
historical data and perform analytics made it a popular choice for loT-based monitoring systems.
However, the study did not delve into the integration of sound sensors or pressure sensors, which could
have provided a more holistic view of the environmental conditions.

In the context of noise pollution, Patil and More (2020) examined the implementation of an loT-based
system for monitoring ambient noise levels in urban environments. The system used a sound sensor
integrated with an ESP8266 microcontroller to detect and measure noise levels. Their research highlighted
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the growing concern over noise pollution, especially in densely populated urban areas, where constant
exposure to high decibel levels can cause various health problems, including hearing loss and stress.
Although their system was effective in detecting noise pollution, it did not consider other environmental
parameters such as air quality and atmospheric pressure, which are often interconnected with noise levels.
In terms of comprehensive environmental monitoring, Sharma et al. (2022) developed an loT-based
system that measured multiple environmental parameters, including air quality, temperature, humidity,
and noise levels. Their system used a combination of sensors such as MQ-135, DHT22, and a sound
sensor, similar to the setup used in this project. They demonstrated the importance of measuring multiple
parameters simultaneously to obtain a complete understanding of environmental conditions. However,
their system did not include pressure or altitude measurements, which are critical in certain applications
like weather forecasting and high-altitude environmental studies.

The integration of BMP280, a sensor that measures both atmospheric pressure and altitude, has been
explored in various studies related to weather monitoring and environmental analysis. Mishra et al. (2018)
implemented a weather station that utilized the BMP280 sensor to monitor atmospheric pressure and
predict weather patterns. Their study highlighted the accuracy of the BMP280 in detecting subtle changes
in pressure, which can be used to forecast weather changes. The sensor’s ability to measure altitude was
also emphasized, making it useful for environmental monitoring in mountainous or high-altitude areas.
However, their system lacked integration with air quality sensors, limiting its application to
comprehensive environmental monitoring.

The current project builds on the findings of these previous studies by integrating multiple sensors into a
single loT-based system for comprehensive environmental monitoring. By combining the MQ-135,
DHT22, BMP280, and a sound sensor with the NodeMCU ESP8266 microcontroller, this system is
capable of measuring air quality, temperature, humidity, pressure, and noise levels simultaneously. The
data is transmitted to the ThingSpeak cloud platform for real-time visualization and analysis, enabling
continuous monitoring of environmental conditions. Unlike previous studies that focused on individual
parameters, this project aims to provide a holistic solution that can be deployed in urban environments,
industrial settings, and smart cities to monitor multiple environmental factors in real time. The integration
of multiple sensors into a single system addresses the limitations identified in earlier research, making this
project a more comprehensive and versatile approach to environmental monitoring.

3. Architecture

The architecture of the Connected Environmental Monitoring System using NodeMCU ESP8266 and
various environmental sensors is designed to enable real-time monitoring and analysis of air quality,
temperature, humidity, atmospheric pressure, and noise levels. This section elaborates on the various
components of the system architecture, their interactions, and how they collectively function to provide a
comprehensive environmental monitoring solution.

3.1 System Overview

The architecture comprises several key layers, including the sensing layer, communication layer, cloud
layer, and user interface layer. Each layer plays a distinct role in the system's functionality, ensuring
seamless data collection, transmission, storage, and visualization.

3.2 Layers of the Architecture

1.1 Sensing Layer

The sen-sing layer consists of various sensors responsible for collecting environmental data. Each sensor
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has specific roles and functionalities:

MQ-135 Sensor: This gas sensor detects a range of pollutants, including carbon dioxide (CO2),
nitrogen oxides (NOx), and volatile organic compounds (VOCs). It provides analog readings that
represent the air quality index. The sensor operates based on the principle of resistance change in the
presence of different gases.

DHT22 Sensor: The DHT22 sensor measures temperature and humidity levels. It outputs digital
signals that represent the current temperature (in degrees Celsius) and relative humidity (in
percentage). This sensor is known for its accuracy and fast response time.

BMP280 Sensor: The BMP280 is a barometric pressure sensor that also measures temperature. It
communicates via the 12C interface and provides digital readings of atmospheric pressure (in hPa) and
temperature. This data is essential for predicting weather patterns and understanding altitude
variations.

Sound Sensor: The sound sensor detects ambient noise levels in the environment. It outputs analog
signals that correspond to the intensity of sound, allowing the system to measure noise pollution.

Fig 1.2 Circuit Diagram

1.2 Communication Layer
The communication layer facilitates data transmission from the sensing layer to the cloud and consists
primarily of the NodeMCU ESP8266 microcontroller. Key components of this layer include:

NodeMCU ESP8266: This microcontroller serves as the central hub of the system. It connects to the
sensors and processes their outputs. Equipped with built-in Wi-Fi capabilities, the NodeMCU enables
wireless communication, allowing it to send data to the cloud seamlessly.

Wi-Fi Connectivity: The NodeMCU connects to a local Wi-Fi network, which serves as the
communication channel for transmitting data to the cloud. The system can be accessed remotely,
ensuring continuous monitoring without the need for wired connections.

1.3 Cloud Layer
The cloud layer consists of a cloud platform that serves as a data repository and analysis tool. In this
system, ThingSpeak is used for data storage and visualization:
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ThingSpeak Platform: This cloud-based platform allows for real-time data storage and visualization.
It provides a unique channel for each project, where data from the NodeMCU can be uploaded and
accessed. Users can create visual representations of the data through graphs, charts, and dashboards,
enabling easy analysis of environmental conditions.

Data Storage and Analysis: Data collected from the sensors is transmitted to ThingSpeak at
predefined intervals. The platform retains historical data, enabling users to analyze trends over time.
It also supports MATLAB analysis for advanced data processing.

1.4 User Interface Layer
The user interface layer provides a means for users to interact with the system and visualize the collected
data:

Web-Based Dashboard: ThingSpeak offers a web-based dashboard that allows users to view real-
time data, historical trends, and visualizations. Users can log in to the ThingSpeak platform to access
their project data from any internet-enabled device.

Alerts and Notifications: Users can configure alerts in ThingSpeak to notify them when sensor
readings exceed predefined thresholds. This feature is essential for timely responses to environmental
changes, ensuring that users can take appropriate action when necessary.

Mobile Application Integration: Optional integration with mobile applications can enhance user
accessibility, allowing users to monitor environmental data on their smartphones or tablets.

2. System Workflow
The following steps outline the workflow of the Connected Environmental Monitoring System:

1.

Data Collection: The sensors continuously monitor environmental parameters and collect data at set
intervals (e.g., every 10 seconds).

Data Processing: The NodeMCU processes the sensor readings, converting analog signals to digital
values as needed and formatting the data for transmission.

Data Transmission: The processed data is sent to the ThingSpeak cloud platform via the Wi-Fi
connection established by the NodeMCU. This transmission occurs using HTTP requests.

Data Storage: ThingSpeak stores the incoming data in designated fields of the user’s channel. Each
environmental parameter has its own field for organized storage.

Data Visualization: Users access the ThingSpeak platform to view real-time graphs and charts that
represent the collected data, allowing for easy analysis and monitoring of environmental conditions.
Alerts and Actions: If any sensor readings exceed predefined thresholds, the system can trigger alerts,
notifying users of potential issues such as poor air quality or high noise levels.

Canniset 10 Wi-F
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Fig 1.3 System Flow

The architecture of the Connected Environmental Monitoring System effectively integrates multiple
sensors, the NodeMCU ESP8266 microcontroller, and the ThingSpeak cloud platform to facilitate
comprehensive environmental monitoring. By enabling real-time data collection, transmission, and
visualization, this architecture supports informed decision-making and proactive responses to
environmental changes. The modular design of the architecture allows for easy scalability and the potential
for integrating additional sensors or features in future iterations of the system, enhancing its applicability
across various settings such as urban environments, industrial applications, and smart cities.

4. Results
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The results obtained from the Connected Environmental Monitoring System demonstrate its effectiveness
in providing real-time data on environmental parameters. The sensors performed reliably, and the seamless
integration with the ThingSpeak platform facilitated data visualization and analysis. Overall, this system
represents a valuable tool for monitoring air quality, temperature, humidity, atmospheric pressure, and
noise levels, contributing to better environmental management and awareness. Future enhancements may
include integrating additional sensors and implementing more advanced data analytics for improved
insights.

5. Conclusion

In conclusion, the Connected Environmental Monitoring System represents a significant step forward in
the realm of environmental monitoring and data analysis. By leveraging the capabilities of NodeMCU
ESP8266 and various sensors, this project not only demonstrates the feasibility of real-time environmental
monitoring but also underscores the importance of such systems in fostering awareness and promoting
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sustainable practices. As environmental concerns continue to grow globally, solutions like this become
increasingly vital in addressing challenges related to air quality, noise pollution, and climate change. The
success of this project lays the foundation for further exploration and development of advanced
environmental monitoring solutions, contributing to the well-being of communities and the planet.
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