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Abstract: Rapid industrialization, urbanization, and climate change have increased environmental challenges such as floods, air 

pollution, and water contamination, while traditional monitoring systems are expensive, energy-intensive, and lack real-time monitoring 

capabilities. To address these issues, this paper presents an IoT-based LoRaWAN Environmental Monitoring System that provides a cost-

effective, low-power, and scalable solution for real-time environmental monitoring. The proposed system utilizes an ESP32 

microcontroller integrated with a LoRa SX1278 communication module and various environmental sensors, including DHT11 

(temperature and humidity sensor), MQ135 (air quality sensor), LDR (light intensity sensor), and Soil Moisture Sensor. The collected 

environmental data is processed and transmitted wirelessly over long distances using LoRaWAN technology. The system supports real-

time monitoring and an alert mechanism that notifies users whenever monitored parameters exceed predefined threshold values. 

Experimental results demonstrate reliable long-range communication, low power consumption, and accurate environmental sensing, 

making the system suitable for applications such as smart agriculture, environmental protection, disaster management, and smart city 

development. 
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1. Introduction 
 

Environmental monitoring has become increasingly important 

due to rapid industrialization, urbanization, and climate 

change, which have led to issues such as air pollution, 

changing weather patterns, and environmental degradation. 

Traditional monitoring systems are often expensive, energy-

intensive, and difficult to deploy over large geographical 

areas, limiting their effectiveness in providing real-time data. 

Recent advancements in the Internet of Things (IoT) have 

enabled the development of smart environmental monitoring 

solutions that are cost-effective, scalable, and capable of 

continuous data collection. 

 

This paper presents a LoRaWAN-based Environmental 

Monitoring System designed to measure key environmental 

parameters such as temperature, humidity, and air quality in 

real time. By utilizing LoRaWAN (Long Range Wide Area 

Network) technology, the system enables reliable long-

distance wireless communication while maintaining low 

power consumption, making it suitable for remote and hard-

to-reach locations. The collected data can be transmitted to 

cloud platforms for visualization, storage, and analysis, 

allowing users to monitor environmental conditions remotely 

and respond promptly to potential risks. 

 

The proposed system supports scalable deployment across 

multiple monitoring locations and is designed for long-term 

operation with minimal maintenance. By combining IoT 

sensing technologies, low-power communication, and cloud 

connectivity, the system provides an efficient, reliable, and 

cost-effective solution for environmental monitoring in smart 

cities, agriculture, industrial zones, and residential areas, 

ultimately supporting informed decision-making and 

sustainable environmental management. 

 

2. Literature Survey  
 

Environmental monitoring has gained significant attention in 

recent years due to increasing concerns about climate change, 

pollution, and natural disasters. Researchers have explored 

various Internet of Things (IoT) and LoRaWAN-based 

solutions to enable real-time monitoring of environmental 

parameters over large geographical areas. 

 

A smart sensing system using LoRaWAN for environmental 

monitoring was proposed in IEEE Access (2019), 

demonstrating the effectiveness of LoRaWAN technology in 

providing long-range communication, low power 

consumption, and scalable deployment for environmental 

sensing applications. The study highlighted the suitability of 

LoRaWAN for monitoring temperature, humidity, and other 

environmental parameters in remote locations. 

 

Ali et al. (2023) developed a LoRaWAN-based flood 

monitoring and early warning system capable of continuously 

monitoring water levels and transmitting real-time data over 

long distances. The system provided timely alerts during flood 

conditions and demonstrated the potential of LoRaWAN 

technology for disaster management and public safety 

applications. 

 

Research on IoT-based air quality monitoring systems has 

shown that integrating gas sensors with LoRaWAN 

communication enables continuous monitoring of pollutants 

and harmful gases. Sulimat (2024) proposed an IoT-based air 

quality monitoring system using LoRaWAN, which 

successfully measured air quality parameters and transmitted 

the collected data to remote monitoring stations. The study 

emphasized the advantages of low-power operation and wide-

area coverage for environmental monitoring applications. 

 

Several studies have also investigated the performance and 

limitations of LoRaWAN networks in environmental sensing 

applications. These works reported that LoRaWAN provides 

reliable communication over distances ranging from several 

hundred meters to multiple kilometers while maintaining low 

energy consumption. Such characteristics make LoRaWAN 

an attractive solution for smart agriculture, industrial 

monitoring, and environmental protection systems. 

 

Although existing studies have successfully implemented 
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LoRaWAN for specific applications such as flood monitoring, 

air quality monitoring, and smart sensing, most systems focus 

on monitoring only one or two environmental parameters. 

Furthermore, many solutions require additional infrastructure 

or cloud connectivity, increasing deployment complexity and 

cost. 

 

The proposed LoRaWAN-based Environmental Monitoring 

System addresses these limitations by integrating multiple 

environmental sensors, including DHT11, MQ135, LDR, and 

Soil Moisture sensors, with an ESP32 microcontroller and 

SX1278 LoRa module. The system simultaneously monitors 

temperature, humidity, air quality, light intensity, and soil 

moisture in real time. In addition, it incorporates an OLED 

display and buzzer-based alert mechanism for immediate local 

monitoring and warning. The proposed solution offers a low-

cost, low-power, scalable, and reliable environmental 

monitoring platform suitable for smart agriculture, industrial 

environments, smart cities, and remote area monitoring. 

 

3. Scope of the Proposed System 
 

3.1 Problem Statement 

 

Environmental monitoring helps us understand changes in the 

climate and surroundings. However, many current systems 

rely on manual checks or short-range communication. This 

makes it hard, expensive, and unreliable to monitor large or 

remote areas. We need a simple, low-power system that can 

send data over long distances. This project's goal is to use 

LoRaWAN for real-time environmental monitoring. The plan 

includes continuously measuring factors like temperature, 

humidity, and air quality, then transmitting this data wirelessly 

over long distances. 

 

3.2 Objectives: To design and develop 

 

1) Low-Power Real-Time Environmental Monitoring 

The primary objective of the proposed system is to 

continuously monitor environmental parameters such as 

temperature, humidity, air quality, soil moisture, and light 

intensity in real time while maintaining low power 

consumption. The ESP32 microcontroller collects data 

from the connected sensors and processes it efficiently. By 

utilizing LoRaWAN technology, the system minimizes 

energy usage, making it suitable for long-term deployment 

in remote locations where frequent battery replacement or 

maintenance is difficult. 

2) Long-Range Wireless Data Transmission 

Another objective is to enable reliable wireless 

transmission of environmental data over long distances. 

The SX1278 LoRa module uses Chirp Spread Spectrum 

(CSS) modulation to achieve communication ranges of 

several kilometers while consuming significantly less 

power than conventional wireless technologies such as Wi-

Fi. This feature allows environmental data to be 

transmitted from remote monitoring stations to a receiver 

unit without requiring extensive communication 

infrastructure. 

3) Simple, Cost-Effective, and Reliable Solution 

The proposed system aims to provide an affordable and 

dependable environmental monitoring platform using 

readily available components such as the ESP32 

microcontroller, SX1278 LoRa transceiver, DHT11, 

MQ135, LDR, and Soil Moisture sensors. The simple 

hardware architecture reduces system complexity, 

installation effort, and maintenance costs. Furthermore, the 

system offers reliable operation through real-time data 

acquisition, wireless communication, and alert generation, 

making it suitable for applications in smart agriculture, 

environmental protection, industrial monitoring, and smart 

city development. 

 

These objectives collectively contribute to the development of 

a scalable, low-cost, and energy-efficient LoRaWAN-based 

environmental monitoring system. 

 

3.3 Deliverables 

 

1) LoRaWAN-Based Environmental Monitoring System 

The primary deliverable of this project is a complete 

environmental monitoring system that integrates ESP32, 

SX1278 LoRa modules, and environmental sensors to 

monitor temperature, humidity, air quality, soil moisture, 

and light intensity. The system is capable of collecting, 

processing, and displaying environmental data in real time. 

2) Real-Time Data Transmission 

The developed system provides continuous and real-time 

transmission of environmental data between the 

transmitter and receiver units using LoRa wireless 

communication. This enables users to monitor 

environmental conditions instantly and respond quickly to 

abnormal situations. 

3) Scalable Network 

The proposed LoRaWAN architecture supports the 

addition of multiple sensor nodes without significant 

modifications to the existing system. This scalability 

allows the monitoring network to cover larger 

geographical areas such as agricultural fields, industrial 

zones, smart cities, and environmental conservation areas. 

4) Low-Power Device 

The system is designed for energy-efficient operation 

using the ESP32 microcontroller and SX1278 LoRa 

transceiver. The low-power architecture enables extended 

operation with minimal energy consumption, making it 

suitable for battery-powered and remote deployments. 

5) Cost-Effective Solution 

The proposed monitoring system utilizes affordable 

hardware components and open-source development tools, 

resulting in a low-cost implementation compared to 

conventional environmental monitoring systems. This 

makes the solution economically viable for educational 

institutions, farmers, industries, and government 

environmental monitoring projects. 

These deliverables ensure that the proposed LoRaWAN-based 

Environmental Monitoring System provides a practical, 

reliable, scalable, and economical solution for real-time 

environmental monitoring. 

 

4. Quality Attributes 
 

4.1 Functional Attributes 

 

1) Sensor Data Collection 

The proposed LoRaWAN-based Environmental 

Monitoring System continuously collects environmental 
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parameters using multiple sensors connected to the 

ESP32 microcontroller. The DHT11 sensor measures 

temperature and humidity, the MQ135 sensor monitors 

air quality, the Soil Moisture sensor detects soil water 

content, and the LDR measures light intensity. Sensor 

readings are acquired automatically at predefined 

intervals, ensuring continuous environmental monitoring 

without manual intervention. 

2) Data Processing 

The ESP32 microcontroller processes the raw data 

received from the sensors and converts it into meaningful 

environmental parameters. Calibration and signal 

conditioning techniques are applied where necessary to 

improve measurement accuracy. The processed data is 

then prepared for display and wireless transmission. 

3) Wireless Data Transmission 

The system utilizes the SX1278 LoRa transceiver module 

to transmit environmental data wirelessly over long 

distances. LoRa technology enables low-power 

communication while maintaining reliable connectivity 

across several kilometers. This eliminates the need for 

physical cables and allows deployment in remote and 

difficult-to-access locations. 

4) Real-Time Monitoring 

The proposed system provides real-time monitoring of 

environmental conditions. Sensor readings are displayed 

locally on an OLED display and transmitted to the 

receiver unit through LoRa communication. When 

integrated with cloud-based IoT platforms such as 

ThingSpeak, Blynk, or Firebase, users can remotely 

access live environmental data through web dashboards 

or mobile applications, enabling quick analysis and 

decision-making. 

5) Data Storage 

The environmental data collected by the system can be 

stored locally or on cloud-based platforms for future 

reference and analysis. Historical data storage enables 

trend analysis, environmental assessment, predictive 

monitoring, and research activities. The stored 

information can be used to identify long-term 

environmental changes and support data-driven decision-

making. 

 

These functional attributes enable the system to provide 

reliable, real-time, and long-range environmental monitoring 

while maintaining low power consumption and operational 

efficiency. 

 

4.2 Non-functional Requirements 

 

1) Performance 

The system is designed to process sensor readings and 

transmit environmental data with minimal latency. The 

ESP32 microcontroller efficiently acquires data from the 

DHT11, MQ135, Soil Moisture, and LDR sensors and 

forwards it through the SX1278 LoRa module. This 

ensures near real-time monitoring and timely detection of 

environmental changes, enabling quick decision-making 

and response. 

2) Reliability 

The proposed system provides stable and consistent 

operation under varying environmental conditions. The 

SX1278 LoRa transceiver offers reliable long-range 

communication with low packet loss, while the ESP32 

continuously monitors sensor data. Error detection 

mechanisms such as CRC verification help ensure accurate 

data transmission between the transmitter and receiver 

units. 

3) Availability 

The environmental monitoring system is designed for 

continuous operation, ensuring uninterrupted data 

collection and transmission. Its low-power architecture 

enables long-term deployment in remote locations, while 

the robust communication capability of LoRa technology 

ensures that environmental information remains accessible 

whenever required. 

4) Maintainability 

The system employs a modular hardware and software 

architecture consisting of separate sensors, ESP32 

controllers, LoRa modules, OLED displays, and alert 

units. This modular design simplifies troubleshooting, 

firmware updates, component replacement, and future 

upgrades, thereby reducing maintenance effort and 

operational costs. 

5) Security 

The system incorporates security features to protect 

environmental data during transmission. LoRaWAN 

networks support AES-128 encryption for secure 

communication, while the SX1278 module provides CRC-

based error detection to verify data integrity. Device 

authentication mechanisms can be implemented to allow 

communication only between authorized nodes, reducing 

the risk of unauthorized access and ensuring secure and 

reliable environmental monitoring. 

 

These non-functional requirements ensure that the proposed 

system remains efficient, dependable, secure, scalable, and 

suitable for long-term environmental monitoring applications. 

 

5. Design Specification 
 

This is a block diagram representing the implementation of the 

LoRaWAN-based system applied to an environmental 

monitoring system. From the above block diagram, there are 

the transmitter section and the receiver section. In the 

transmitter section, there are various sensors connected to the 

ESP32, including the soil sensor, DHT11 sensor, MQ-135 gas 

sensor, and LDR sensor. These sensors are connected and 

display the environment on an OLED display. The ESP32 

sends the data wirelessly using the LoRaWAN transmitter. In 

the receiver section, an ESP32 with a LoRaWAN receiver 

receives the data wirelessly and displays the data on an OLED 

display. A buzzer is also included. 

 

 
Figure 1: Block Diagram of Proposed System 
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6. Hardware Components used 
 

1) ESP32 Microcontroller 

The ESP32 serves as the central processing unit of the 

proposed environmental monitoring system. It collects 

data from all connected sensors, processes the acquired 

information, and controls communication between the 

sensing unit and the LoRa transceiver. The ESP32 is 

selected due to its high processing capability, low power 

consumption, and support for various peripheral 

interfaces, making it suitable for IoT-based applications. 

2) LoRa Module (SX1278) 

The SX1278 LoRa module enables long-range wireless 

communication between the transmitter and receiver units. 

It utilizes Chirp Spread Spectrum (CSS) modulation 

technology to achieve reliable data transmission over 

several kilometers while maintaining low power 

consumption. This feature makes the system ideal for 

monitoring remote agricultural fields, industrial sites, and 

environmental zones where conventional wireless 

communication technologies may be ineffective. 

3) Temperature and Humidity Sensor (DHT11) 

The DHT11 sensor measures ambient temperature and 

relative humidity in the surrounding environment. It 

provides digital output data directly to the ESP32 

microcontroller, allowing accurate environmental 

monitoring. The collected temperature and humidity 

information is useful for weather observation, agricultural 

applications, and environmental assessment. 

4) Air Quality Sensor (MQ135) 

The MQ135 sensor is used to monitor air quality by 

detecting various harmful gases and pollutants such as 

carbon dioxide, ammonia, benzene, smoke, and other 

volatile compounds. The sensor helps assess 

environmental pollution levels and provides valuable 

information for air quality management and public health 

monitoring. 

5) Light Dependent Resistor (LDR) 

The LDR sensor measures ambient light intensity by 

varying its resistance according to the amount of incident 

light. The sensor enables monitoring of environmental 

brightness levels and can be used to analyze daylight 

conditions, weather variations, and smart lighting 

applications. 

6) Soil Moisture Sensor 

The soil moisture sensor measures the water content 

present in the soil. It assists in determining soil conditions 

and supports efficient irrigation management in 

agricultural applications. The sensor provides real-time 

soil moisture data, enabling better water resource 

utilization and crop management. 

7) OLED Display 

The OLED display provides a clear and compact interface 

for displaying real-time sensor readings and system status 

information. Environmental parameters such as 

temperature, humidity, air quality, soil moisture, and light 

intensity are displayed directly to the user, allowing easy 

monitoring without requiring external devices. 

 

The integration of these hardware components enables the 

development of a reliable, low-power, cost-effective, and 

scalable LoRaWAN-based environmental monitoring system 

capable of real-time environmental data acquisition and long-

range wireless communication. 

 

7. Design 
 

When the system is powered on, the ESP32 microcontroller in 

the transmitter unit continuously collects data from all 

connected sensors at predefined intervals. The collected 

environmental data is processed using Embedded C and 

transmitted wirelessly through the LoRa module. At the 

receiver unit, the data is received, processed, and displayed on 

the OLED screen. If any monitored parameter exceeds its 

preset threshold value, the buzzer is activated to provide an 

immediate alert to the user. 

 

 
Figure 2: Real-time working of the designed system 

 

Table 1: Results 
Parameter Measured Value 

Communication Range 1-2 Km 

Packet Delivery Rate 95-98% 

Response Time <  2s 

Power Consumption Low 

Sensor Accuracy ±2% 

 

8. Test & Validation 
 

8.1 Integration Testing 

 

The sensors, ESP32 microcontroller, LoRa module, OLED 

display, and buzzer are integrated to form a complete 

environmental monitoring system and tested to ensure smooth 

and reliable operation. The system is verified to accurately 

collect environmental data from the sensor nodes, transmit it 

wirelessly through LoRa, and receive it correctly at the 

receiver unit. The received data is displayed in real time on 

the OLED display, and the alert mechanism is tested to ensure 

that the buzzer activates whenever any monitored parameter 

exceeds its predefined threshold value. 

 

8.2 Security Testing 

 

The proposed environmental monitoring system incorporates 

several security mechanisms to ensure reliable and secure data 

communication between the transmitter and receiver units. 

LoRaWAN networks typically support AES-128 encryption, 

which provides end-to-end data protection and prevents 

unauthorized access to transmitted environmental data. The 

encryption mechanism secures sensor information during 

wireless transmission, ensuring data confidentiality and 

integrity. 
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The SX1278 LoRa transceiver module used in the proposed 

system supports packet verification through Cyclic 

Redundancy Check (CRC), which helps detect transmission 

errors and improves communication reliability. The module 

also employs spread spectrum modulation (Chirp Spread 

Spectrum - CSS), making the communication more resistant 

to interference, signal fading, and unauthorized interception. 

 

To enhance communication security, device authentication 

can be implemented using unique node identifiers and 

network keys, ensuring that only authorized sensor nodes 

participate in the monitoring network. The system is tested for 

reliable data transmission, packet loss, communication range, 

and resistance to environmental interference. Experimental 

observations confirm stable communication, accurate data 

delivery, and dependable operation under different 

environmental conditions. 

 

9. System User Experience 
 

1) Clear OLED Display Interface: The proposed system 

incorporates an OLED display to provide real-time 

visualization of environmental parameters, including 

temperature, humidity, air quality, soil moisture, and light 

intensity. The display offers clear and readable 

information, enabling users to monitor environmental 

conditions directly without requiring external devices 

such as computers or smartphones. 

2) Automatic Screen Switching: To improve usability, the 

OLED display automatically cycles through different 

sensor readings at predefined intervals. This feature 

ensures continuous monitoring of all environmental 

parameters without manual intervention, thereby 

enhancing user convenience and operational efficiency. 

3) Simple System Architecture: The system is built around 

the ESP32 microcontroller, which integrates multiple 

sensors and communication modules in a structured and 

efficient manner. The straightforward hardware and 

software architecture simplifies installation, operation, 

maintenance, and troubleshooting, making the system 

suitable for both educational and practical environmental 

monitoring applications. 

4) Buzzer Alert Mechanism: An integrated buzzer 

provides immediate audible alerts whenever monitored 

environmental parameters exceed predefined threshold 

values. This feature enables rapid detection of abnormal 

conditions, enhances system responsiveness, and 

improves user awareness for timely corrective actions. 

 

10. Interference 
 

10.1 Environmental Factors Affecting System 

Performance 

 

The performance and accuracy of the proposed LoRaWAN-

based environmental monitoring system are influenced by 

several environmental factors. Variations in temperature and 

humidity can affect the sensitivity and response characteristics 

of sensors, potentially leading to measurement deviations. 

Extreme environmental conditions may introduce delays in 

sensor response and reduce overall measurement accuracy. 

Proper calibration and strategic sensor placement are therefore 

essential to ensure reliable data acquisition. 

Soil moisture measurements are affected by factors such as 

soil composition, mineral content, water distribution, and soil 

texture. Environmental conditions including rainfall and 

irrigation can also influence sensor readings, resulting in 

variations in measurement accuracy. Periodic calibration and 

appropriate sensor deployment techniques are necessary to 

obtain consistent and dependable soil moisture data. 

 

The performance of the Light Dependent Resistor (LDR) 

sensor is influenced by fluctuations in ambient light intensity. 

Factors such as direct sunlight, shading, cloud cover, and 

artificial illumination can affect sensor output and 

measurement stability. Careful positioning of the sensor helps 

minimize the impact of these variations and improves the 

reliability of light intensity measurements. 

 

Similarly, air quality sensors are susceptible to environmental 

interference from dust, smoke, and nearby chemical 

emissions. Variations in pollutant concentration and 

ventilation conditions may affect sensor accuracy and lead to 

transient fluctuations in recorded values. Regular 

maintenance, sensor calibration, and proper installation 

practices are therefore required to ensure accurate and reliable 

air quality monitoring. 

 

Understanding and mitigating these environmental influences 

are crucial for enhancing system performance, maintaining 

measurement accuracy, and ensuring the long-term reliability 

of the proposed environmental monitoring solution. 

 

10.2 Technical Factors Affecting System Performance 

 

The performance of the proposed LoRaWAN-based 

environmental monitoring system may be affected by various 

technical interference factors. Wireless communication using 

LoRa can experience signal attenuation and packet loss due to 

physical obstacles such as walls, buildings, metal structures, 

and electromagnetic interference from nearby electronic 

devices. These factors may reduce communication range and 

affect the reliability of data transmission between sensor 

nodes and the receiver unit. 

 

Power supply instability is another critical factor that can 

influence system performance. Voltage fluctuations, 

inadequate power regulation, or interruptions in the power 

source may affect sensor accuracy, OLED display operation, 

and LoRa communication stability. Such conditions can result 

in erroneous measurements, communication failures, or 

unexpected system resets. Therefore, a stable and regulated 

power supply is essential to ensure reliable and continuous 

operation of the monitoring system. 

 

10.3 Operational Factors Affecting System Performance 

 

The accuracy and effectiveness of the proposed environmental 

monitoring system depend on proper sensor deployment and 

communication performance. Improper placement of sensors, 

particularly soil moisture and air quality sensors, may result 

in inaccurate or inconsistent measurements that do not 

accurately represent actual environmental conditions. 

Additionally, although the system supports near real-time 

monitoring, minor delays in data transmission and 

visualization may occur due to weak signal strength, network 

Paper ID: SE26609150348 DOI: https://dx.doi.org/10.70729/SE26609150348 23 of 24 

https://d.docs.live.net/d6a8c8057f9144eb/Documents/www.ijser.in
http://creativecommons.org/licenses/by/4.0/


International Journal of Scientific Engineering and Research (IJSER) 
ISSN (Online): 2347-3878 

SJIF (2025): 8.036 

Volume 14 Issue 6, June 2026 

www.ijser.in 

Licensed Under Creative Commons Attribution CC BY 

congestion, or extended transmission intervals. These factors 

can affect the update frequency between the transmitter and 

receiver units; however, they do not significantly impact the 

overall functionality and reliability of the system. 

 

11. Novel Aspects 
 

1) LoRaWAN-Based Long-Range Monitoring: The 

proposed system leverages LoRaWAN technology to 

enable reliable long-range transmission of environmental 

data while maintaining low power consumption. This 

capability makes the system suitable for deployment in 

remote agricultural fields, rural regions, and industrial 

environments where conventional wireless 

communication technologies may be limited. The use of 

LoRaWAN enhances coverage, scalability, and 

communication reliability for large-area environmental 

monitoring applications. 

2) Real-Time Environmental Data Monitoring: The 

system provides real-time monitoring of key 

environmental parameters, including temperature, 

humidity, air quality, soil moisture, and light intensity. 

Sensor data is continuously transmitted through LoRa 

communication and displayed on an OLED interface, 

enabling users to observe environmental conditions 

instantly. This feature supports timely decision-making 

and facilitates continuous monitoring without requiring 

permanent internet connectivity. 

3) Low-Power and Cost-Effective Architecture: The 

proposed design integrates an ESP32 microcontroller, 

SX1278 LoRa transceiver, and low-cost environmental 

sensors to develop an energy-efficient and economically 

viable monitoring solution. The low-power operation 

supports long-term deployment with minimal maintenance 

requirements, while the compact and modular architecture 

simplifies installation and scalability. These characteristics 

make the system suitable for large-scale environmental 

monitoring in resource-constrained and remote locations. 

 

12. Conclusion and Recommendations 
 

This paper presented the design and implementation of a 

LoRaWAN-based Environmental Monitoring System for real-

time monitoring of key environmental parameters, including 

temperature, humidity, air quality, soil moisture, and light 

intensity. The proposed system demonstrated reliable long-

range wireless communication, low power consumption, and 

cost-effective operation, making it suitable for deployment in 

remote and resource-constrained environments. Experimental 

evaluation confirmed the system’s ability to provide accurate 

environmental data and timely detection of abnormal 

environmental conditions, thereby enhancing monitoring 

efficiency and supporting informed decision-making. 

 

To further improve the system, future work may focus on 

integrating cloud-based IoT platforms for remote access, data 

storage, and visualization. Advanced data analytics and 

machine learning techniques can be incorporated to enable 

predictive environmental monitoring and intelligent alert 

generation. Additionally, the inclusion of renewable energy 

sources and support for a larger number of sensor nodes can 

enhance system scalability and sustainability. These 

improvements would enable the development of a 

comprehensive smart environmental monitoring solution 

suitable for applications in agriculture, smart cities, industrial 

environments, and environmental protection. 
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