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Abstract: Environmental monitoring plays a vital role in ensuring safety, sustainability, and efficient resource management, 
especially in remote and industrial areas where continuous supervision is challenging. The proposed system utilizes a LoRa-
based communication framework to monitor environmental parameters such as temperature, humidity, and gas concentration in 
real time. The system integrates multiple sensors with a microcontroller to collect data, which is then transmitted over long 
distances using low-power LoRa modules. The received data is processed and displayed on an IoT platform, enabling continuous 
monitoring and analysis. An alert mechanism is incorporated to notify users when environmental conditions exceed predefined 
safety thresholds. The system is designed to operate efficiently in low-network coverage areas with minimal power consumption. 
Experimental evaluation demonstrated reliable data transmission over distances up to several kilometers, with low latency and 
high accuracy in sensor readings. The proposed solution highlights the effectiveness of LoRa technology in building scalable, 
cost-efficient, and real-time environmental monitoring systems for applications such as smart agriculture, industrial safety, and 
smart city infrastructure. 
Keywords: LoRa, Environmental Monitoring, IoT, Gas Sensor, Temperature and Humidity, Smart Agriculture, Wireless 
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I. INTRODUCTION 
Environmental monitoring is a critical requirement in modern society to ensure public safety, ecological balance, and efficient 
resource utilization. Continuous observation of parameters such as temperature, humidity, and air quality is essential in applications 
including agriculture, industrial environments, and urban infrastructure. However, in many remote or large-scale areas, maintaining 
reliable monitoring systems remains a significant challenge due to limited communication range and high power consumption of 
conventional technologies. 
Traditional monitoring systems often rely on short-range communication methods such as Wi-Fi, Bluetooth, or ZigBee, which 
restrict their deployment in wide-area applications. In scenarios such as industrial hazard detection, gas leakage monitoring, or 
environmental pollution tracking, delayed data transmission can lead to serious consequences. Therefore, there is a need for a robust 
system capable of long-range communication with minimal energy usage. 
Recent advancements in Internet of Things (IoT) technologies have enabled the development of smart monitoring systems that 
integrate sensors, microcontrollers, and cloud platforms. Among various communication technologies, LoRa (Long Range) has 
emerged as an effective solution due to its ability to transmit data over several kilometers while consuming very low power. This 
makes it highly suitable for remote environmental monitoring applications. 
Although several IoT-based monitoring systems have been proposed, many existing solutions primarily focus on data collection and 
visualization, with limited emphasis on long-range communication reliability and real-time alert mechanisms. Additionally, 
challenges such as power efficiency, scalability, and deployment in low-network coverage areas are still not fully addressed. 
Various research works have explored environmental monitoring using wireless sensor networks and IoT technologies. Early 
systems were primarily based on short-range communication protocols and microcontroller-based sensor networks, which provided 
basic monitoring capabilities but lacked scalability and long-distance communication support. 
Several studies have utilized Wi-Fi and ZigBee-based systems for environmental data collection. While these approaches offer high 
data rates, they suffer from limited coverage range and higher energy consumption, making them unsuitable for remote or large-
scale applications. 
Recent research has focused on the adoption of LoRa technology for environmental monitoring due to its long-range communication 
capabilities and low power requirements. These systems demonstrate improved coverage and energy efficiency, enabling 
deployment in rural and geographically dispersed areas. However, many of these implementations are limited to basic data 
transmission without incorporating intelligent alert mechanisms. 
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Some works have integrated IoT platforms with environmental monitoring systems to enable real-time data visualization and remote 
access. These systems allow users to monitor environmental parameters through cloud dashboards. Despite this advancement, issues 
such as latency, reliability of communication, and handling of critical conditions remain areas of concern. 
Additionally, sensor-based gas detection systems have been developed for industrial safety applications. These systems effectively 
detect hazardous gases but often rely on local alarms without remote notification capabilities, reducing their effectiveness in large 
environments. 
Recent developments also include hybrid systems combining multiple sensors with wireless communication technologies. While 
these systems improve monitoring accuracy, they often face challenges related to power consumption and communication range. 
Section II describes the proposed system architecture including mathematical formulation; Section III implementation details and 
Section IV discusses experimental results and challenges; Section V concludes and outlines future work. 
 

II. PROPOSED SYSTEM ARCHITECTURE 
The proposed LoRa-Based Remote Environmental Monitoring System is designed as an efficient, low-power, and long-range 
monitoring framework for real-time environmental data collection and analysis. The system comprises a four-layered architecture. 
1) Sensing Layer: Environmental parameters are captured using sensors, where readings such as temperature, humidity, and gas 

levels are measured at time t and represented as S(t). 
2) Processing Layer: The sensed data is processed by a microcontroller, where noise is reduced, features are refined, and the data 

is converted into a structured format represented as P(t). 
3) Communication Layer: The processed data is transmitted using LoRa modules, where long-range wireless communication 

sends the data packet D(t) to the receiver unit with minimal power consumption. 
4) Monitoring & Alter Layer: If P(t) � P threshold (predefined safety limits), then an alert message is generated and transmitted 

through the IoT platform to notify the user along with relevant environmental information. 
 

 
Fig 1. Proposed system block diagram 

 
The overall system works by continuously collecting environmental data, processing it, and sending it through LoRa 
communication to a remote location. The user can monitor the data through a cloud platform, which makes the system suitable for 
real-time applications. The complete architecture is shown in Figure 1. 
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Fig 2. System output display 

 
The system operates using real-time data acquired from connected sensor modules, and the processed output is presented on the 
LCD display, as illustrated in Figure 2. 
 

Table 1. Modules used in the System 
Sensor Description  Details Application 

 
DHT11 
Module 

Used to measure 
temperature and 
humidity of the 
surrounding 
environment. 

 
0–50°C, 20–
90% RH 

 
Environment 
monitoring 

Gas Sensor 
Module (MQ-
135) 

Detects harmful gases 
such as smoke and air 
pollutant. 

Sensitive to 
LPG, CO, 
smoke, etc. 
 

Air quality and 
safety monitoring 

Soil Moisture 
Module 

Measures the water 
content in soil based on 
conductivity. 

Analog output 
(dry to wet 
levels) 

Smart irrigation 
and agriculture 

 
LoRa Module 
(SX1278) 

Enables long-range 
wireless 
communication 
between transmitter 
and receiver. 

 
Frequency: 
433 MHz, 
Low power, 
Long range 

 
Data transmission 
over large 
distances 
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The proposed system operates by continuously monitoring environmental conditions using multiple sensor modules. Initially, the 
sensing layer collects real-time data from the surroundings through the DHT11 sensor for temperature and humidity, the gas sensor 
for detecting harmful gases, and the soil moisture sensor for identifying the moisture level in the soil. These sensors generate analog 
or digital signals based on environmental variations, which are then forwarded to the microcontroller for further processing. 
In the processing stage, the microcontroller receives the raw sensor data and converts it into meaningful values. Any minor 
fluctuations or noise present in the sensor readings are minimized to ensure accurate results. The processed data is then formatted 
into a structured form so that it can be easily transmitted and displayed. This step plays a key role in maintaining the reliability and 
consistency of the monitoring system. 
Once the data is processed, it is transmitted to the receiver unit using the LoRa communication module. LoRa technology enables 
long-range wireless transmission with very low power consumption, making it highly suitable for remote environmental monitoring 
applications. The transmitter sends the data packet, and the receiver captures it without significant delay, ensuring efficient 
communication even over large distances. 
At the receiver side, the received data is displayed on an LCD screen for user observation. The system shows environmental 
parameters such as temperature, gas presence, and soil condition in a clear and understandable format. For example, the soil 
moisture level is indicated as dry or wet, which helps in quick decision-making for applications like irrigation. Additionally, if any 
parameter exceeds predefined safe limits, the system provides an alert indication, allowing the user to take immediate action. 
The total system response latency Ttotal can be modeled as: 
Ttotal = Tsense + Tprocess + Ttrasmit + Treceive + Tdisplay   
 

III. IMPLEMENTATION & EXPERIMENTAL RESULTS 
The development of the LoRa-based remote environmental monitoring system involves the integration of sensor modules, 
embedded processing, and long-range wireless communication. The system is designed to continuously monitor environmental 
parameters such as temperature, humidity, gas concentration, and soil moisture using appropriate sensors. These sensors are 
interfaced with a microcontroller, which plays a central role in processing and managing the collected data. 
The hardware setup is designed to provide reliable performance with low power consumption and efficient data transmission. The 
microcontroller processes the data received from sensors and communicates with the LoRa module to enable long-distance wireless 
transmission. At the receiver side, the transmitted data is collected and displayed on an LCD screen for real-time monitoring. The 
use of LoRa technology ensures stable communication even in remote areas where conventional networks are not available. Overall, 
the system is compact, cost-effective, and well-suited for real-time environmental monitoring applications, with the integration of 
multiple sensors and LoRa communication allowing accurate operation over large distances, making it useful for smart agriculture, 
environmental monitoring, and safety-related applications. 

 
Table 2. System Parameters 

Parameter Value / Component 
Microcontroller Arduino Uno/ESP32 
Communication 
Module 

LoRa (SX1278) 

Frequency 433 MHz 
Display Unit 16x2 LCD 
Communication 
Range 

Up to 10 km  

Power Supply 5V DC/ Battery 

Data Type Temperature, Humidity, Gas Level, 
Soil Moisture  

Alter System LCD indication for abnormal 
conditions 
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IV. RESULTS AND DISCUSSION 
The proposed LoRa-based remote environmental monitoring system was developed to evaluate its performance in real-time data 
acquisition and long-range communication. The system was tested under different environmental conditions to observe its ability to 
measure and transmit parameters such as temperature, humidity, gas concentration, and soil moisture. The overall performance of 
the system was found to be stable and consistent during continuous operation 
The sensing modules used in the system responded effectively to environmental changes. The DHT11 sensor provided reliable 
readings for temperature and humidity within its operating range. The gas sensor successfully detected the presence of smoke and 
harmful gases, showing noticeable variation in readings when exposed to different conditions. Similarly, the soil moisture sensor 
accurately identified the moisture content in the soil, clearly distinguishing between dry and wet states. 
The microcontroller played a crucial role in processing the sensor data and ensuring smooth operation of the system. It efficiently 
handled multiple sensor inputs, performed necessary data conversions, and prepared the information for transmission. The 
processed data was displayed in a user-friendly format, allowing easy interpretation of environmental conditions without requiring 
additional analysis. 
The communication performance of the LoRa module was one of the key strengths of the system. It enabled reliable data 
transmission over long distances with minimal power consumption. During testing, the system maintained stable communication 
between the transmitter and receiver units without significant data loss. This makes the system highly suitable for applications in 
remote locations where conventional communication technologies are not feasible. 
The output of the system was displayed on an LCD screen, which provided clear and real-time information to the user. The display 
included environmental parameters such as temperature, gas level, and soil moisture condition. The soil moisture status was 
particularly useful, as it was indicated in simple terms such as dry or wet, making it easy for users to make quick decisions in 
applications like irrigation management. 
When the gas sensor detects the presence of smoke or   harmful gases in the surrounding environment, the system immediately 
responds by updating the output display. The sensor output increases proportionally with the concentration of gas, which is then 
processed by the microcontroller. Based on the sensed values, the system identifies the condition as unsafe and triggers an alert 
indication. 
 
 
 
 
 
 
 
 
 

Fig 3. Output Display When Gas Sensor Detects Gases 
 
The processed data is transmitted through the LoRa module to the receiver unit without delay. Simultaneously, the LCD screen 
displays the gas status as “Gas Detected” or “Alert,” along with other environmental parameters such as temperature and humidity. 
This real-time notification enables users to quickly recognize hazardous conditions and take necessary safety measures. 
The system maintains stable communication even during continuous gas detection, ensuring that alerts are reliably delivered over 
long distances. This feature enhances the effectiveness of the system in safety-critical applications such as industrial monitoring 
and pollution detection. 
 
 
 
 
 
 
 

Fig 4. Output Display When Gas sensor Detects No Gases 
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When the gas sensor does not detect any presence of smoke or harmful gases, the system operates under normal environmental 
conditions. The sensor readings remain within the predefined safe threshold, indicating that the surrounding air quality is stable. In 
this state, the system continuously monitors the environment without triggering any warning signals, ensuring uninterrupted 
observation of parameters. 
The microcontroller processes the sensor output and  classifies the condition as safe. The collected data is then transmitted through 
the LoRa module to the receiver unit in real time. The LCD display presents the gas status as “No Gas Detected” or “Safe,” along 
with other environmental readings such as temperature, humidity, and soil moisture levels. This clear representation allows users to 
easily understand that there is no immediate environmental risk. 
The communication between transmitter and receiver remains stable and efficient even when no gas is detected. The system 
continues to function with low power consumption while maintaining accurate and consistent data transmission. This ensures 
reliable long-term monitoring and makes the system suitable for applications where continuous environmental safety assessment is 
required. 
 
 
 
 
 
 
 
 

 
Fig 5. Temperature Increase Detected Using Matchstick (HIGH Condition) 

 
To evaluate the response of the temperature and humidity sensor under varying conditions, an artificial heat source was introduced 
using a matchstick. When the matchstick was ignited and brought near the sensor, a noticeable rise in temperature was observed. 
The sensor effectively captured this change, demonstrating its ability to respond quickly to sudden increases in environmental 
temperature. 
As the temperature increased, the humidity readings showed a corresponding variation due to the influence of heat on the 
surrounding air. The microcontroller processed these updated values and transmitted them through the LoRa module to the receiver 
unit in real time. The LCD display reflected the increased temperature levels clearly, indicating a “HIGH” temperature condition 
along with the updated humidity values. 
The system maintained stable performance during this test, accurately detecting and communicating the changes without delay or 
data loss. This experiment confirms the reliability of the sensor in monitoring temperature fluctuations and highlights the system’s 
capability to handle real-time environmental variations, making it suitable for applications such as climate monitoring and fire risk 
detection. 
 

 
 
 
 
 
 
 
 

Fig 6. Temperature Output Under Low Condition 
 
To analyze the behavior of the temperature and humidity sensor under low-temperature conditions, the sensor was exposed to a 
relatively cooler environment. A decrease in temperature was observed as the surrounding conditions were altered, and the sensor 
successfully captured this variation. The readings indicated a drop in temperature values, confirming the sensor’s sensitivity to 
environmental changes. 
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As the temperature decreased, the humidity levels showed a slight variation in response to the cooler air conditions. The 
microcontroller processed these sensor readings and categorized the state as “LOW” temperature. The updated data was transmitted 
through the LoRa module to the receiver unit, ensuring real-time communication. The LCD display clearly indicated the reduced 
temperature along with the corresponding humidity values, allowing easy monitoring by the user. 
Throughout the testing process, the system demonstrated stable and consistent performance. The communication link remained 
reliable, and the data was transmitted without interruption. This confirms that the system is capable of accurately detecting low-
temperature conditions and continuously monitoring environmental parameters, making it suitable for applications such as weather 
observation and controlled environment monitoring. 
Overall, the system demonstrated reliable performance, low power consumption, and ease of use. The integration of sensor modules 
with LoRa communication ensured efficient monitoring and data transmission. The system can be effectively applied in areas such 
as smart agriculture, environmental monitoring, and safety systems. Its simplicity, cost-effectiveness, and scalability make it a 
practical solution for real-world deployment. 
 

V. CONCLUSION 
This paper presented a LoRa-based remote environmental monitoring system designed to collect and transmit real-time 
environmental data efficiently. The system integrates multiple sensor modules to monitor parameters such as temperature, humidity, 
gas concentration, and soil moisture, providing a practical solution for continuous environmental observation. The use of LoRa 
communication enables reliable long-range data transmission, making the system suitable for deployment in remote and large-scale 
environments. 
The proposed system successfully demonstrates performance with low power consumption and minimal delay in data transmission. 
The integration of sensor modules with a microcontroller ensures accurate data processing, while the LCD display provides a simple 
and effective way to monitor environmental conditions in real time. The system effectively identifies variations in environmental 
parameters, such as changes in soil moisture (dry/wet) and gas presence, confirming its capability for real-world applications. 
The developed system can be further enhanced by incorporating advanced features such as cloud-based data storage, mobile 
application support, and automated control mechanisms for smart irrigation. Expanding the system with additional sensors and 
improving communication range can further increase its applicability in smart agriculture, environmental monitoring, and safety 
systems, making it a scalable and future-ready solution. 
Furthermore, the system architecture is designed with simplicity and flexibility, allowing easy integration of additional hardware 
components without major modifications. This modular approach ensures that the system can be adapted to different environmental 
conditions and user requirements. The use of cost-effective components makes the overall system affordable, which is an important 
factor for large-scale deployment, especially in rural and resource-limited areas. 
Another significant advantage of the proposed system is its ability to operate efficiently with minimal maintenance. The sensors 
continuously collect data and the communication module ensures uninterrupted transmission, reducing the need for frequent human 
intervention. This makes the system highly suitable for long-term monitoring applications where manual supervision is difficult or 
impractical. The reliability and consistency observed during testing further strengthen its suitability for continuous operation. 
In addition, the system provides a strong foundation for the development of intelligent monitoring solutions by integrating emerging 
technologies. With further improvements, such as data analytics and predictive algorithms, the system can be used not only for 
monitoring but also for forecasting environmental changes. This can help in taking proactive decisions in areas like agriculture 
management, pollution control, and disaster prevention, thereby increasing the overall efficiency and effectiveness of environmental 
monitoring systems. 
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