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Abstract: 
This study presents the development of a low-cost, real-time environmental monitoring system leveraging the 

Internet of Things (IoT) paradigm. The proposed solution integrates readily available and economical hardware 

components and open-source software platforms. At the core of the system is an ESP32 microcontroller equipped 

with sensors capable of measuring air temperature, relative humidity, atmospheric pressure, and particulate 

matter concentration. The sensor data is collected and processed by the microcontroller, which transmits it 

wirelessly to the Blynk IoT cloud platform. Blynk provides a user-friendly interface for data visualization, remote 

monitoring, and control. The cloud-based architecture enables accessing environmental data from any internet-

connected device, facilitating real-time monitoring over a wide geographic area. The developed system exhibits 

low power consumption, making it suitable for battery-operated deployments. Initial testing of the prototype was 

conducted by deploying it alongside a commercial environmental monitoring station, demonstrating its feasibility 

and potential for scalable implementation in various domains such as smart cities, precision agriculture, and 

industrial process monitoring. The proposed approach offers a flexible and cost-effective solution for 

environmental sensing and monitoring applications. 
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I. Introduction 
Environmental monitoring is crucial for understanding and protecting our natural ecosystems. It involves 

the systematic measurement and observation of various environmental parameters, such as air quality, water 

quality, soil health, and biodiversity. With the rapid advancement of technology, new approaches to environmental 

monitoring have emerged, offering more efficient, cost-effective, and real-time solutions. One such approach is 

the integration of the Internet of Things (IoT) technology with environmental monitoring systems. IoT refers to 

the interconnection of physical devices, sensors, and networks that can collect and exchange data over the Internet. 

By leveraging IoT, environmental monitoring can be conducted remotely, enabling real-time data collection, 

analysis, and decision-making. The use of IoT in environmental monitoring typically involves deploying a 

network of sensors that can measure various environmental parameters. These sensors are equipped with 

microcontrollers and wireless communication capabilities, allowing them to transmit data to a central system or 

cloud platform for processing and analysis. The advantages of using IoT for environmental monitoring are 

numerous. Real-time data collection enables prompt detection of environmental changes or anomalies, facilitating 

timely interventions. Additionally, IoT-based systems can cover large geographical areas, reducing the need for 

manual data collection and increasing the efficiency of monitoring efforts. Furthermore, the data collected can be 

analyzed using advanced algorithms and machine learning techniques, providing valuable insights and enabling 

predictive modeling.Despite the numerous benefits, implementing IoT-based environmental monitoring systems 

presents challenges, such as ensuring data security, privacy, and system reliability. However, with continuous 

research and development, these challenges can be addressed, paving the way for more widespread adoption of 

IoT in environmental monitoring applications. 
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Fig.1. Environmental monitoring 

 

II. Proposed System 
The proposed system is an Internet of Things (IoT) based environmental monitoring platform designed 

to provide a flexible, scalable, and user-friendly solution for monitoring various environmental parameters in real 

time. At its core, the system utilizes a low-power and cost-effective microcontroller, such as the ESP32, acting as 

the central processing unit. This microcontroller is responsible for interfacing with a range of environmental 

sensors, processing data, and communicating with a cloud platform. A key component of the system is the 

integration of various environmental sensors capable of measuring parameters like temperature, humidity, air 

quality ( volatile organic compounds), soil moisture, and noise levels. These sensors are carefully selected based 

on their accuracy, reliability, and compatibility with the chosen microcontroller. Depending on the deployment 

scenario, the system can be powered by a rechargeable battery pack, solar panels, or a combination of both, 

ensuring reliable and sustainable operation. The microcontroller is programmed with optimized firmware that 

handles sensor data acquisition, preprocessing, and communication with a cloud-based IoT platform. The system 

leverages platforms like Blynk or Thing Speak for data storage, visualization, and remote monitoring. These 

platforms offer user-friendly interfaces, real-time data visualization, and the ability to set alerts and notifications. 

Furthermore, the cloud platform is accessible through mobile applications and web interfaces, allowing users to 

monitor environmental data, set thresholds, and receive alerts remotely. 

 

III. System Design 

 
Fig 2: Block Diagram 
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Components description 

DHT11 SENSOR 

 
Fig 3: DHT11 SENSOR 

 

The DHT11 is a low-cost digital temperature and humidity sensor. It consists of a capacitive humidity 

sensor and a thermistor to measure the surrounding air, and it outputs a digital signal on a single wire that can be 

read by a microcontroller, such as an Arduino or Raspberry Pi. The sensor provides relatively accurate readings 

for both temperature and humidity, although it's not as precise or fast as more expensive sensors like the DHT22 

or the BME280. It's commonly used in DIY projects and simple environmental monitoring applications due to its 

affordability and ease of use. 

 

2.MQ7 GAS SENSOR 

 
Fig 4:GAS SENSOR(MQ7) 

 

The MQ-7 is a carbon monoxide (CO) gas sensor. It's a small module that detects the presence of carbon 

monoxide gas in the air and outputs an analog voltage signal that varies based on the concentration of CO. This 

sensor is commonly used in gas detection systems, air quality monitoring devices, and safety equipment. The 

MQ-7 sensor operates on the principle of a chemical reaction between CO and the sensor's internal electrodes, 

which changes the sensor's conductivity. This change in conductivity alters the output voltage of the sensor, 

allowing the measurement of CO concentration 

 

3. MQ135 AIR QUALITY SENSOR 

 
Fig 5: MQ135 AIR QUALITY SENSOR 

 

The MQ-135 is a gas sensor that can detect a variety of air pollutants and harmful gases. It is designed 

to sense ammonia (NH3), nitrogen oxides (NOx), benzene, smoke, and carbon dioxide (CO2) among other gases. 

The MQ-135 works by utilizing a tin dioxide (SnO2) material that changes resistance when exposed to the gases 

it is sensitive to. The more pollutants present in the air, the lower the resistance becomes across the sensor. This 

air quality sensor outputs both an analog voltage and a digital signal corresponding to the detected gas levels. The 

analog output voltage ranges from 0V for clean air up to around 5V for high gas concentrations. The digital output 

is just 0V or 5V based on whether gases exceed a set threshold level. One key advantage of the MQ-135 is its 

ability to detect multiple gases using a single sensor, rather than needing separate sensors for each gas type. 

However, it cannot distinguish exactly which specific gases are present. The MQ-135 requires a few seconds of 

pre-heating before accurate measurements can be taken. It is a low-cost sensor that is often used in air purifiers, 

carbon dioxide monitors, and other indoor air quality systems. Proper calibration is required for precise gas level 

readings. 
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4.ESP32 MICROCONTROLLER 

 
Fig.6: ESP WROOH-32 CHIP 

 

The ESP32 board comes with a powerful WROOM-32 module having capabilities like 802.11b/g/n Wi-

Fi |BT 4.0|BLE. The chip consists of a dual-core processor that can be controlled individually, operating at 

240Mhz, 520KB of SRAM. 

 

5. OLED 

 
Fig:7 OLED 

 

OLEDs are also more energy-efficient than LCDs, especially when displaying darker images or videos. 

Since OLEDs only consume power for the pixels that are turned on, they can save significant amounts of energy 

when displaying dark scenes or images with large black areas.OLED displays are generally thinner and lighter 

than LCDs because they don't require a backlight unit. This makes them ideal for use in portable devices like 

smartphones, tablets, and wearables, where size and weight are important considerations. 

 

6. BUZZER 

A buzzer is an electronic component used to generate audible sound signals. It typically consists of a 

piezoelectric element that vibrates when an electric current is passed through it, producing sound waves. Buzzer 

modules are commonly used in various applications for indicating events, warnings, alarms, or user notifications. 

They are often found in electronic devices such as alarm clocks, timers, security systems, and electronic games. 

Additionally, they are widely used in DIY projects and prototyping, especially in combination with 

microcontrollers like Arduino or Raspberry Pi. 

 

7. LIGHT EMITTING DIODE(LED) 

 
Fig 8: LED 

 

LEDs also have a compact design and can be made extremely small. They come in various colors depending 

on the semiconductor materials used, including red, green, blue and white LEDs. By combining different colored 

LEDs, it's possible to produce millions of color shades. LEDs are widely used today in electronics display screens, 

traffic lights, vehicle brake lights, flashlights and general lighting applications. As the technology improves and costs 

decrease, LEDs are replacing conventional lighting more and more due to their energy savings and long operational 

lifetimes. 

 

8. BLYNK SOFTWARE 

Blynk is an Internet of Things (IoT) platform that allows you to build interfaces for controlling and 

monitoring various hardware projects using a mobile app or a web browser. It provides a user-friendly 

environment for creating intuitive interfaces with widgets like buttons, sliders, graphs, and displays, which can 
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be easily arranged and customized on the Blynk app. 

 

IV. Working 
The system employs an ESP32 microcontroller as the main processing unit. This low-power 

microcontroller is interfaced with various environmental sensors including a temperature and humidity sensor, an 

air pressure sensor, and a particulate matter sensor. The ESP32 reads data from these sensors periodically and 

transmits it wirelessly to the Blynk cloud platform over a Wi-Fi connection. The Blynk cloud acts as the central 

repository, storing the incoming sensor data from the ESP32 node. It provides a user-friendly web interface where 

the environmental parameters can be remotely monitored and visualized in real time through graphical dashboards 

accessible from any internet-connected device. The cloud platform also enables setting up alerts and notifications 

based on user-defined thresholds for the monitored parameters. 

 

V. Implementati+On And Design 
The proposed system centers around the ESP32 microcontroller, which forms the core of the sensor 

node. The ESP32 is a low-cost, low-power device with built-in Wi-Fi and Bluetooth capabilities, making it well-

suited for IoT applications. A variety of environmental sensors are interfaced with the ESP32, including the 

DHT11 for monitoring temperature and humidity, the MQ-7 for detecting carbon monoxide gas, and the MQ-135 

for sensing other harmful gases like ammonia, benzene, and smoke. The sensor data is acquired by the ESP32 at 

regular intervals through its analog and digital input pins. The acquired environmental data is then transmitted 

wirelessly by the ESP32 over Wi-Fi to the Blynk IoT cloud platform. Blynk provides a user-friendly interface for 

data visualization, allowing the creation of customized dashboards and widgets to display the incoming sensor 

data in real time. The cloud-based architecture enables remote monitoring and control of the system from any 

internet-connected device, such as a smartphone, tablet, or computer. Additionally, Blynk facilitates setting up 

alerts and notifications based on user-defined thresholds for the monitored environmental parameters, enabling 

timely interventions when necessary. The entire system is designed with a focus on low cost and low power 

consumption, making it suitable for various applications, including personal environmental monitoring, smart 

home automation, and commercial deployments in sectors like agriculture, industrial process monitoring, and 

smart city infrastructure. The open-source nature of the software components and the widespread availability of 

the hardware components contribute to the system's scalability and potential for further enhancements or 

integration with other IoT systems. 

 

 
Fig 10: Implementation And Design 

 

VI. Conclusion 
In conclusion, this project demonstrates the feasibility and potential of an Internet of Things based 

system for environmental monitoring using low-cost and readily available components. By leveraging the 

capabilities of the ESP32 microcontroller and the Blynk cloud platform, the proposed solution enables real-time 

data collection, integration, and visualization of various environmental parameters, such as air temperature, 

humidity, air pressure, and dust particulate concentration. The key strengths of this approach lie in its cost-

effectiveness, low power consumption, scalability, and ease of implementation. The use of open-source software 

and hardware components further enhances the accessibility and potential for customization of the system, 

catering to a wide range of application scenarios. 
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VII. Future Scope 
The future scope of an IoT-based environmental monitoring system like the one proposed in this project 

is vast and multifaceted. As technology continues to evolve and the adoption of IoT solutions increases, several 

exciting possibilities emerge: 

1. Integration with advanced sensors: The system's capabilities can be further expanded by incorporating 

additional sensors to monitor a wider range of environmental parameters, such as soil moisture, water quality, 

noise levels, and greenhouse gas emissions. This would provide a more comprehensive understanding of 

environmental conditions and enable targeted interventions. 

2. Edge computing and data analytics: By leveraging edge computing and advanced data analytics 

techniques, the system could provide real-time insights and predictive modeling capabilities. This would enable 

proactive decision-making and timely interventions to mitigate environmental issues before they escalate. 

3. Interoperability and ecosystem integration: Developing standardized protocols and interfaces would 

allow seamless integration with other IoT systems, smart city initiatives, and environmental monitoring networks. 

This interconnectivity would facilitate data sharing, collaborative efforts, and a holistic approach to environmental 

management. 
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