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Abstract—Increased industrialization and urbanization
have resulted in tremendous environmental issues such as
pollution, climate change, and natural resource degradation.
To manage these problems, Internet of Things (1oT) technology
presents an intelligent, real-time, and automated means of
environmental monitoring. This article discusses the
application of loT-based environmental monitoring systems,
incorporating integrated sensors, cloud computing, and data
analytics to monitor air quality, water pollution, soil condition,
and climate. 10T sensors gather real-time environmental
information, which are forwarded to cloud platforms for
analysis and visualization. These systems facilitate early
pollution detection, effective resource utilization, and enhanced
decision-making  for  governments, industries,  and
environmental agencies.This article talks about the structure,
elements, and uses of environmental monitoring systems based
on loT, along with challenges like data security, power, and
scalability. By adopting loT technology, we can build an
eco-friendly and smart framework of environmental
monitoring that facilitates ecological balance and human
welfare.

Keywords—IoT, Environmental Monitoring, Smart Sensors, Air
Quiality, Water Pollution, Cloud Computing, Sustainability.

1.INTRODUCTION

Environmental monitoring is crucial for ensuring safety,
sustainability, and efficient resource management.
Traditional monitoring methods often rely on manual
observations, which are time-consuming and prone to errors.
With the advancement of Internet of Things (loT)
technology, real-time environmental data collection,
processing, and alerting have become more accessible and
efficient. This project aims to develop a smart
environmental monitoring and alerting system that
continuously tracks key parameters such as soil moisture,
temperature, humidity, fire hazards, gas leaks, and water
levels.The system integrates multiple sensors with Arduino
Uno + WiFi R3 ATmega328P for data acquisition and
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NodeMCU ESP8266 for wireless communication. Sensor
data is displayed on a locally hosted web-based platform,
allowing users to monitor environmental conditions in real
time. In case of critical sensor readings, the system triggers
LED alerts and email notifications to ensure timely
responses.

One of the key features of this project is its solar-powered
operation, utilizing a 70x70mm solar panel and a 4000mAh
battery, making it energy-efficient and sustainable. The
system can be expanded for agricultural, industrial, and
disaster management applications. In the future, remote
access via port forwarding or cloud integration will be
implemented to enhance accessibility beyond the local
network.

2.REVIEW OF LITERATURE

lot solutions that use sensors and a low-cost, low-power
processor to remotely and continuously monitor the quality
of the air, soil, and water. An email notification service was
set up for threshold-based alerts, and the data under
observation was shown on Mashup, an intuitive data
visualization tool[1].A thorough and critical analysis of
studies on several environmental monitoring systems with
varying applications. It has become clear that a framework
of reliable classification techniques, huge data and noisy
data processing, and in-depth research on deep learning are
all necessary [2].10T Cloud Computing, Geo Informatics
(RS, GIS, and GPS), and e-Science for environmental
monitoring and management are all combined in this
innovative IIS for regional environmental monitoring and
management that uses IoT to increase the efficiency of
complicated activities[3].This system is less expensive, uses
less power, and is simpler to maintain than typical base
station (gateway) information collection and data
forwarding systems. Using a Raspberry Pi as the base
station, XBee as the networking protocol, and a sensor node
that combines sensors, a controller, and a zigbee, this paper

Page 1


http://www.ijsrem.com/
mailto:21btrco061@jainuniversity.ac.in
mailto:21btrco046@jainuniversity.ac.in
mailto:21btrco045@jainuniversity.ac.in
mailto:21btrco034@jainuniversity.ac.in
mailto:rachit.garg@jainuniversity.ac.in

27 138
) A
%g“:ﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 09 Issue: 04 | April - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

constructs a wireless sensor network system[4]. Three « Continuous Monitoring: If values are normal, the system
distinct wireless sensors were created, developed, and continues real-time monitoring.

examined in order to establish Internet of Things-based

environmental monitoring systems. They are all made with 3.2 Cloud Integration via ESP8266

commercially available, separate components and offer easy

Internet access with the least amount of extra hardware and fiioaolony:
software[5]. The literature study underscores the increasing s ot Ml CO Trasiton
significance of Internet of Things(loT)-based environmental ) ’
monitoring systems in tackling environmental issues. l
Numerous studies show how real-time —
. . . . . . Initialize the system Application Set Up
monitoring,predictive analysis, and effective i Aescatnct
decision-making are made possible by smart sensors, cloud Sonfipuraicns: | Data Transmitto
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The loT-Enabled Multi-Sensor System for Smart ves osta Visutsation
Environmental Monitoring and Alerting follows a structured gicl *17
methodology to ensure efficient data collection, processing, L =

and alerting. The system is developed in multiple phases, No g7 AertngSystem
including hardware integration, data transmission, real-time
monitoring, and alerting mechanisms.
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) Fig 2: Flowchart of Cloud Transmission & Remote Access
3.1 Live Server Mode

» Data Handoff to ESP8266: After processing, validated

Methocelogy: sensor data is transmitted from ATmega328P to the
DR comomosmimesensr | NodeMCU ESP8266 module.
D ‘ * Wi-Fi Communication Setup: ESP8266 connects to a
l Wi-Fi network using built-in 32MB memory and CH340G
e e | Systom USB-TTL converter.
e e « Remote Data Transmission: Data is either sent to a
l““ m_l_ | ™ locally hosted web server or uploaded to a cloud platform.
. Adisolazty + Web Interface Visualization: Users view real-time
G g I Cloud Integration readings through a web-based dashboard, ensuring 24/7
. ,, "“‘°°i"‘"°" ] remote monitoring.
- o gl v ) « Secure Remote Access: Only authenticated users can
s view and manage the data, protecting the system from
recounouRe T L ves unauthorized use.
o crcung e NO Ll Nertngsytem  Energy Support: Powered by a 70x70mm solar panel and

4000mAh  battery, ensuring  uninterrupted  remote

communication.
Fig 1: Flowchart of Live Server Operation 3.3 System Workflow
+ System Initialization: The microcontroller (Uno + WiFi
R3 ATmega328P) powers on and loads all required libraries.
* Requirement Approval: The system verifies
hardware/software requirements; if unmet, it reconfigures
before proceeding.

loT-Enabled Multi-Sensor System for Smart Environmental
Monitoring and Alerting would work step by step:

1. Power Supply & Device Initialization

« Authentication Check: Ensures secure access and e The system is powered by a 70x70mm solar panel
initializes system components. and a 4000mAh battery, ensuring continuous
« Sensor Data Collection: Real-time data is gathered from operation.

soil moisture, temperature-humidity, flame, gas, water level, e Arduino Uno + WiFi R3 ATmega328P and
and ultrasonic sensors. . NodeMCU ESP8266 initialize and check sensor
 Data Processing & Validation: Sensor data is processed .

to filter errors and ensure accuracy. connectivity.

* Threshold Monitoring: Each sensor’s reading is

compared with predefined limits to detect anomalies. 2. Data Collection from Sensors

« Alert Activation: If any value exceeds the threshold, the ~ The system reads data from multiple sensors:

system triggers LED blinking and sends email notifications e Soil Moisture Sensor — Measures soil water content.
for alerting. e Temperature & Humidity Sensor — Monitors

environmental conditions.
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Flame Sensor — Detects fire.
Gas Sensor — Detects harmful gases.

e Water Level Sensor — Monitors water levels to
prevent overflow or shortages.

e Ultrasonic Sensor — Measures distances (e.g., for
flood or object detection).

3. Data Processing & Transmission
e The Arduino Uno collects sensor data and processes
it.
e The NodeMCU ESP8266 transmits data to the
web-based platform using WiFi via HTTP requests
or MQTT protocol.

4. Real-Time Monitoring & Alerts
e The web-based platform (locally hosted) displays
real-time sensor data in a dashboard.
e If any parameter crosses a threshold (e.g., high gas
levels, fire detected, or extreme temperature), the
system triggers an alert.

5. Alert Mechanism
e LED Blinking — A local warning using LED signals.
e Email Notification — Uses an SMTP server or cloud
service to send alerts.

6. Remote Access (Future Upgrade)
e The system will be accessible remotely via port
forwarding, a VPN, or a cloud platform for
monitoring outside the local network.

4. DESIGN AND IMPLEMENTATION

4.1 System Architecture

Power Supply

—

| LED Bulbs
*  Uno+WiFiR3 L
R AtMega328p+Nod

eMCU ESP8266
Soil Moisture Sensor |

Humidity and
Temerature Sensor

— Flame Sensor

Ultrasonic Sensor

Water Level Sensor

——3 Web Integration And

‘ Gas Sensor
Alerting System

Fig 3:Block Diagram
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Fig 4:Circuit Diagram

The system is designed as an integrated loT-based
environmental monitoring solution using multiple sensors
connected to an Uno+WiFi R3 ATmega328P and a
NodeMCU ESP8266 module. These components collect
real-time data such as temperature, humidity, soil moisture,
gas levels, flame detection, and distance. The sensors are
strategically interfaced with the microcontroller to ensure
accurate readings and stable performance. The NodeMCU,
equipped with WiFi capability, transmits this data to a
locally hosted web server via HTTP requests in JSON
format. A solar panel (70x70mm) powers the system with a
4000mAh battery, making it energy-efficient and suitable
for outdoor use. The implementation includes LED alerts
and email notifications for abnormal conditions. A
web-based dashboard visualizes real-time data, allowing
users to monitor environmental conditions remotely. This
modular and wireless design ensures easy scalability,
efficient data handling, and real-time alerting, making the
system ideal for smart agriculture and environmental safety
applications.

5.HARDWARE IMPLEMENTATION

1. Arduino Uno + WiFi R3 ATmega328P

A microcontroller board based on the ATmega328P.It
includes built-in WiFi for wireless communication.Collects
data from sensors and processes it before sending it to the
NodeMCU ESP8266.

2. NodeMCU ESP8266

A WiFi-enabled microcontroller that handles wireless data
transmission.Communicates with the web-based platform
via HTTP/MQTT.Acts as a bridge between the Arduino Uno
and the server.

3. Solar Panel (70x70mm) & 4000mAh Battery

Provides renewable energy to power the system.Stores
energy in the 4000mAh battery for continuous operation,
even without sunlight.
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4. Soil Moisture Sensor

Measures the water content in the soil.Helps in smart
irrigation by detecting dryness.

5. Temperature & DHT11 Humidity Sensor

Monitors  temperature and humidity in
environment.Useful for weather and climate tracking.

6. Flame Sensor

Detects the presence of fire or flames.Triggers an alert to
prevent fire hazards.

7. Gas Sensor MQ-2

Detects harmful gases like LPG, CO, and smoke.Helps in
air quality monitoring and prevents gas leaks.

8. Water Level Sensor

Measures the water level in a tank or reservoir.Prevents
overflow or low-water conditions.

9. Ultrasonic Sensor HC-SR04

Measures distance using sound waves.Can be used for flood
detection, obstacle detection, or liquid level sensing.

10. LED Indicator

Blinks when an alert is triggered.Provides a visual warning
for critical conditions.

the

5. RESULTS
5.1 Live Server Integration

© 2025, IJSREM

Fig 5: Arduino IDE-Serial communication via NodeMCU (ESP-8266)

Serial communication via NodeMCU (ESP8266) in the
Arduino IDE enables real-time data transfer between the
microcontroller and a computer. Using Serial.begin(9600);,
it initializes communication for debugging and monitoring
via the Serial Monitor. The ESP8266 connects to WiFi
(WiFi.begin(ssid, password);), allowing sensor data
transmission to servers and remote control via HTTP
requests. It can send readings (temperature, humidity, etc.)
and receive commands for automation. This setup is crucial
for 1oT applications, enabling cloud-based monitoring,
device control, and automation, making it ideal for smart
systems, industrial automation, and remote sensing
applications.
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5.2 Data Visualization

Real-Time sensor data from MAC address: EC:64:C9:D9:3C:5A

25°C 50% 30%

Temperature Humidity Soil Moisture

10% False

100 cm

Distance Flame Detected

Smoke Level

Fig 6:Web-Based Visualization and
environmental parameters.

real-time monitoring of

The Web-Based Visualization for loT-Enabled Multi-Sensor
System provides real-time monitoring of environmental
parameters, offering an interactive and intuitive experience. It
features a gauge-based system that visually represents key
sensor data, including temperature, humidity, soil moisture,
smoke level, distance, and flame detection.

This setup ensures smooth and accurate data representation,
enhancing user accessibility and decision-making. By
leveraging 10T connectivity, users can remotely monitor
environmental conditions from anywhere with internet access.
Such a system improves automation and adaptability, making it
highly suitable for agriculture, industrial safety, and smart
environmental monitoring applications.

6. CONCLUSION

The proposed loT-enabled environmental monitoring and
alerting system provides a smart, sustainable, and efficient
solution for real-time detection of environmental hazards. By
integrating  various sensors such as soil moisture,
temperature-humidity, flame, gas, water level, and ultrasonic
sensors, the system ensures comprehensive environmental data
acquisition. The use of ATmega328P and NodeMCU ESP8266
allows seamless data processing and wireless transmission,
enabling both local and remote monitoring through a
web-based interface.The alerting mechanism, which includes
LED blinking and email notifications, ensures immediate
response to abnormal conditions, making the system suitable
for disaster prevention, agriculture, and safety monitoring
applications. Furthermore, the use of a 70x70mm solar panel
and 4000mAh battery promotes energy efficiency and supports
deployment in remote or off-grid areas.With its modular
design, real-time performance, and low power consumption,
this system offers a scalable solution adaptable to various
environmental and industrial monitoring scenarios. Overall, it
demonstrates how loT and sensor technologies can work
together to build intelligent, automated, and accessible
solutions for environmental protection and safety.
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