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Abstract. This project centers on developing a geo-tagging and monitoring system for plantations within the catchment area of a 
hydro project. Designed for the forest department, it provides real-time insights into environmental conditions to support the 

sustainable management of forest resources. The system comprises an Arduino Uno microcontroller that integrates GPS, DHT11 
(temperature and humidity sensor), and LoRa modules to track and communicate critical data, such as the geographic location, 
temperature, and humidity around each plantation site. Powered by a 7.4V Li-ion battery and regulated through an LM7805 
voltage regulator for consistent 5V output, the system is optimized for low power consumption to ensure longevity in remote 
settings. Using the LoRa module, the system transmits data over long distances to a central receiver, which could be stationed at a 
monitoring hub. This data transmission operates independently of internet connectivity, making it ideal for isolated forest areas 
where network coverage is limited or non-existent. Each plant or designated plantation area can be geo-tagged and monitored 
through data collected by the sensors and sent through LoRa communication. The data is then processed and can be visualized on 

a server or application interface, giving forest officials an overview of the environmental conditions in each monitored area. This 
innovative system offers a scalable solution for remote environmental monitoring, allowing for expansion with additional sensors or 
wider deployment across forest areas. Furthermore, it lays a foundation for enhanced forest management through features like 
environmental alerts and trend monitoring, potentially aiding in conservation efforts by ensuring optimal conditions for plantation 
growth. By leveraging IoT technology in an eco-friendly, power-efficient setup, this project presents a modern approach to 
sustainable forestry and plantation monitoring. 

Keywords. Environmental Monitoring, Temperature and Humidity Sensors, GPS Tracking, Real-Time Data Collection, Remote Data 
Transmission. 

1. INTRODUCTION 

In this project, we aim to develop an IoT-based geo-tagging and environmental monitoring system designed to assist in 

sustainable forest management, particularly in the catchment area of a hydroelectric project. Forest management is 

increasingly critical as environmental challenges, such as climate change, urbanization, and resource depletion, threaten 

ecological balance. In reservoir catchment areas, maintaining forest cover is essential for water quality, erosion control, and 

biodiversity conservation. However, traditional forest monitoring methods are labor-intensive, costly, and limited in terms 
of real-time data collection, especially in remote, dense forest areas. This project leverages low-power IoT technology to 

overcome these limitations, providing a scalable and automated solution for environmental monitoring in forests. 

The central unit of this system is an Arduino microcontroller, which collects data from various sensors, including a 

GPS module for location tagging [3], a DHT22 sensor for temperature and humidity monitoring [1,5], and a LoRa 

transceiver module for data transmission [2,6]. The GPS module helps to accurately geo-tag each monitored area, providing 

precise tracking and mapping of monitored sites within the catchment area [3]. The DHT22 sensor monitors environmental 

conditions, such as temperature and humidity, which are critical indicators of plant health and growth suitability [4]. The 

LoRa module facilitates long-range, low-power communication, allowing the system to transmit data over extensive 

distances without relying on cellular or Wi-Fi networks [2]. This feature is particularly advantageous for forestry 

applications where remote monitoring across large areas is necessary. 

To power the system, we use a 7.4V Li-ion battery pack regulated by an LM7805 voltage regulator, ensuring stable and 
long-lasting operation even in field conditions. The low-power design enables extended deployments with minimal 

maintenance, making it a practical solution for long-term monitoring in remote environments [7]. The system is also 

designed with flexibility and scalability in mind, allowing additional sensors to be integrated as needed. 

This project directly addresses the needs of forest departments and environmental agencies tasked with monitoring 

forest health and tracking reforestation efforts in critical ecological areas. By providing reliable, real-time data on plant and 

environmental conditions, this system enables forest officials to monitor trends over time, respond quickly to unfavorable 

conditions, and make informed decisions based on accurate, up-to-date information [8]. Overall, this project represents a 

significant step toward modernizing forest management practices through the adoption of IoT technology, supporting more 
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effective and sustainable resource management in ecologically sensitive areas. 

2. LITERATURE SURVEY 

Published 

Year 

 

Title 

 

Focused Areas 

 

Limitations 

2018 How to use DHT22 sensor for 

measuring temperature and 

humidity with Aurdino 

board. 

Soil Condition Monitoring, Remote 

Data Transmission, Real-Time Data 

Access 

 

Data Accuracy, Limited Sensor 

Types 

2019 Performance Evaluation of Low 

Cost LoRa Modules in IoT 

Applications 

Energy Efficiency, Transmission 

Range, Suitability for IoT 

Applications, Comparison of Modules 

Power Consumption Variability, 

Transmission Range Constraints, 

Limited Scope 

2020 Development of location tracking 

system via short message service 

(SMS) based on GPS unbox neo-

6m and sim 800l 

module 

 

Security Enhancement, Technology 

Integration, User Accessibility, Real- 

Time Tracking 

 

Signal Dependency, Battery Life, 

SMS Costs 

 

3. RESEARCH METHODOLOGY 

It is structured to build a system that captures, processes, and transmits environmental data efficiently from remote 

forested areas using IoT technology. Here’s a breakdown of each step in the methodology: 

3.1 Hardware Setup and Sensor Integration 

The hardware setup involves using an Arduino Uno as the central controller to gather data from various sensors. The 

Arduino is connected to: 

1. DHT22 sensor for measuring temperature and humidity, which provides essential environmental data about 

the forest's climate conditions [1,4,5]. 

2. GPS module (NEO-6M) for geo-tagging, allowing precise tracking of the location where data is collected. 

This ensures that each data point corresponds to a specific location in the forest [3]. 

3. LoRa SX1278 module for long-range, low-power data transmission. LoRa is used because it provides a reliable 

way to send data over long distances without relying on cellular or Wi- Fi networks [2,6,8]. 

Power is supplied by a 7.4V Li-ion battery pack connected to an LM7805 voltage regulator, which stabilizes the voltage at 

5V for the Arduino. This battery choice supports the low-power, long-term operation needed for remote deployment. 

3.2 Data Collection 

The Arduino collects data from each sensor at regular intervals. It reads: 

1. Temperature and humidity from the DHT22 sensor, giving insight into local climate conditions. 
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IoT Soil Monitoring based on 

LoRa Module for Oil Palm 
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Remote Data Transmission, Soil 
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2. GPS coordinates from the GPS module, which tags each data entry with precise location information, critical 

for mapping and tracking purposes. 

The collected data is formatted into a structured string containing the location, temperature, and humidity readings. 

3.3 Data Transmission via LoRa 

Once data is collected, the Arduino sends it via the LoRa SX1278 module. LoRa (Long Range) technology is ideal for 

this application due to its ability to transmit data over large distances (up to 10 km in ideal conditions) while consuming 

minimal power. The LoRa module operates on the 433 MHz frequency, suitable for reliable data transmission in forested 

and remote areas [6]. 

The transmitted data string includes GPS coordinates, temperature, and humidity values. This data is received by 

another LoRa-enabled Arduino unit acting as the receiver, located at a monitoring station [8]. 

3.4. Data Reception and Processing 

The receiving LoRa module (on another Arduino or compatible microcontroller) captures the transmitted data. This 

receiver processes and forwards the data to a server or database, where it is stored and made accessible for monitoring 

and analysis. This allows forest authorities to monitor the environmental conditions and growth patterns of plants in near 

real- time [6]. 

3.5 Maintenance and Scalability 

The system is designed for low maintenance due to its low-power components and the long- range capability of the LoRa 

network [7]. Additionally, the modular setup makes it possible to scale the project by adding more sensors, LoRa units, or 

integrating additional data types (e.g., soil moisture) in the future [6]. 

This methodology provides a robust, energy-efficient way to monitor forest conditions remotely, offering real-time data 

to forest management authorities to assist in sustainable and responsive forest management. 

4. THEORY AND CALCULATIONS 

4.1. Temperature 

Temperature affects many biochemical processes in plants, including photosynthesis, respiration, and nutrient uptake. 

Every plant species has an optimal temperature range for growth, beyond which it experiences stress. The effects of 

temperature on plants include: 

Photosynthesis and Respiration: Photosynthesis, the process by which plants convert light energy into chemical 

energy, is highly temperature-dependent. Too high or too low temperatures can reduce photosynthesis efficiency and 

increase respiration, which in turn decreases the energy available for growth. 

Growth Rates: Within their optimal temperature range, plants grow faster. Outside of this range, growth slows, and 

extreme temperatures can lead to cellular damage or plant death. 

Flowering and Fruiting: Temperature also influences reproductive processes, with certain plants requiring specific 

temperatures to flower and fruit properly. 

Temperature Suitability Index (TSI) 

This measures how close the current temperature is to the plant’s optimal growth temperature range. 
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TSI = (Current Temperature – Optimal Temperature)/Tolerance Range 

If TSI = 0, the temperature is ideal. 

If TSI < 0 or TSI > 1, the temperature may be outside the plant's tolerance range. 

4.2. Humidity 

Humidity is the amount of moisture in the air, which influences the plant’s ability to absorb and retain water. The effects 

of humidity include: 

Transpiration: Plants lose water through transpiration, a process influenced by humidity levels. In low-humidity 

conditions, transpiration rates increase, leading to faster water loss and potentially causing water stress if not enough is 

available in the soil. 

Water and Nutrient Uptake: When humidity is high, transpiration slows, which can reduce water and nutrient uptake. 

This is particularly important because nutrients are transported to plant cells dissolved in water. 

Disease Susceptibility: High humidity can create conditions conducive to fungal and bacterial growth, which can harm 

plant health. 

Humidity Suitability Index (HSI) 

This measures the suitability of humidity for the plant. 

HIS = (Current Humidity – Optimal Humidity)/Tolerance Range 

HSI close to 0 means the humidity is ideal. 

HSI too high or too low indicates the current humidity could stress the plant. 

4.3 Location Difference Index (LDI) 

To calculate the difference in latitude and longitude between two geographic points (the current location and the 

original location of the plant), you can use the following formula: 

(Latorig, Lonorig) be the original latitude and longitude of the plant. 

(Latcurr, Loncurr) be the original latitude and longitude of the plant. Then, the differences in latitude and longitude can 

be calculated as: 

ΔLat = Latcurr − Latorig 

ΔLon = Loncurr − Lonorig 

Here: 

ΔLat is the difference in latitude between the current and original locations. ΔLon is the difference in longitude between 

the current and original locations. 

5. RESULTS AND DISCUSSION 

The implementation of the innovative geo-tagging system for managing plantations within the catchment area of a 

hydroelectric project has demonstrated significant outcomes in real time monitoring and data management. This section 
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presents the results obtained from testing the system and discusses the implications of these findings. 

5.1 Results 

Geo-tagging Accuracy 

The system successfully geo-tagged plantations with high precision, utilizing GPS technology to assign accurate 

latitude and longitude coordinates. The average positioning error was less than 5 meters, confirming the system's reliability 

for spatial data collection. 

The geo-tagged data allowed for comprehensive mapping of plantation distribution, revealing variations in health and 

growth patterns across the catchment area. 

Environmental Monitoring Outcomes 

Continuous monitoring of temperature and humidity yielded valuable insights into the microclimatic conditions 
affecting plantation health. Data logs indicated temperature readings with fluctuations ranging from -40°C to 80°C, and 

humidity levels from 0% to 100%. 

The correlation between environmental parameters and plant growth rates was established, with consistent humidity 

levels linked to healthier plant conditions, emphasizing the importance of environmental monitoring for sustainable 

plantation management. 

Real-time Data Transmission 

The system maintained efficient data transmission capabilities, with sensor readings updated every 5 seconds to a 

centralized database. This facilitated immediate access to current plantation conditions, allowing stakeholders to respond 

quickly to any identified issues. 

The interactive web application developed as part of the project provided a user-friendly interface for visualizing geo-

tagged data. It featured real-time mapping tools that highlighted plantation locations and their corresponding environmental 

parameters, enhancing user engagement and decision-making capabilities. 

Field Testing and Calibration 

Field testing in the catchment area confirmed the system's operational efficacy, with sensors accurately capturing 

environmental data across various microclimates. Calibration efforts ensured the accuracy of sensor readings, achieving a 

variance of less than 2% from standard reference values. 

Stakeholders reported a significant reduction in time spent on manual monitoring, highlighting the system's effectiveness 

in automating plantation management processes. 

 

 

4.2 Discussion 

Effectiveness of the Geo-tagging System 

The integration of GPS technology with environmental sensors proved to be an effective strategy for enhancing 

plantation management. By providing accurate geo-tagging and continuous monitoring, the system enables a 

comprehensive understanding of plantation health, which is critical for decision-making in hydroelectric projects. 
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The real-time data availability facilitated prompt responses to environmental changes, ensuring that stakeholders can 

make timely interventions to protect and manage plantation resources. 

Impact on Sustainable Practices 

The automated monitoring system not only supports efficient plantation management but also aligns with sustainability 

initiatives in hydroelectric projects. By continuously tracking environmental conditions, the system helps identify trends 

that may influence plant growth and resource availability, thereby promoting ecological stewardship. 

Additionally, the potential for detecting illegal activities, such as unauthorized logging or land encroachment, adds a 

layer of protection for sensitive catchment areas, further enhancing conservation efforts. 

Limitations and Challenges 

One limitation encountered was the reliance on GPS signals, which can be affected by environmental obstructions such 

as dense vegetation or adverse weather conditions. Future enhancements could explore alternative positioning technologies 

or hybrid systems to mitigate these challenges. 

The success of the system also depends on the maintenance and calibration of sensors over time. Establishing a routine 

for checking and recalibrating sensors is essential to ensure ongoing data accuracy. 

Future Directions 

Future work could focus on expanding the range of environmental parameters monitored, such as soil moisture or air 

quality, to provide a more comprehensive overview of the ecosystem's health. 

Integrating machine learning algorithms for predictive analytics could further enhance the system’s capabilities, 

allowing stakeholders to forecast potential environmental changes and make proactive management decisions. 

5. PREPARATION OF TABLES AND FIGURES 

5.1 Formatting Tables 

TABLE 1. Overview of System Functions 

Function Names Purpose Input Type Output Type 

Geo tag plantations Assign geographic coordinates to 

plantation data. 

Image (RGB) Geo-tagged Data 

Monitor environment Captures environmental conditions 

(temperature and humidity). 

Environmental 

Sensors 

Data Logs 

Transmit data Sends collected data to the 

centralized database. 

Geo-tagged Data Data Transmission 

TABLE 2: Environmental Monitoring Techniques Used 

Technique Description Parameters 

Temperature Sensor Measures ambient temperature for 

monitoring. 

Range: -40°C to 125°C 

Humidity Sensor Monitors relative humidity in the 

environment. 

Range: 0% to 100% 
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LoRa Module 

(Transmitter) 

Radio 

Transmission 

Neo-6M 

(GPS Module) 

 

 

 

 

Arduino Uno 

DHT22 

(Temperature and 

Humidity Sensor) 

5V Source 
Lithium Battery 

7.5V Input Voltage 

Data Logging Records sensor data for analysis and 

reporting. 

Interval: 5 minutes 

 

GPS Module 

 

Tracks latitudes and longitudes of the plantation 
Latitude: Latorig 

Longitude: Lonorig 

 
TABLE 3. System Performance Parameters 

Parameter Value 

Geo-tagging Accuracy Less than 5 meters 

Temperature Range -40°C to 80°C 

Humidity Levels 0% to 100% 

Data Transmission 

Rate 

Updates every 5 

seconds 

5.2 Formatting Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 1: The block diagram of the transmitter 
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Figure 2: The block diagram of the Receiver 

6. FUTURE SCOPE AND IMPROVEMENTS 

Expansion of Environmental Monitoring 

Integrate additional sensors (e.g., soil moisture, air quality) and utilize remote sensing technologies (satellite 

imagery, drones) for comprehensive ecological data. 

Machine Learning and Data Analytics 

Implement predictive analytics and anomaly detection algorithms to enhance decision making and proactively 
manage plantation health. 

User Interface Enhancements 

Develop a web application for on-the-go access to data and create advanced visualization tools (3D mapping, heat 

maps) for better user engagement. 

Scalability and Adaptability 

Scale the system for multi-site deployment to monitor various catchment areas, and develop adaptive algorithms 

for improved accuracy in diverse environmental conditions. 

7. CONCLUSION 

This project demonstrates a practical and innovative approach to environmental monitoring and forest management 

using IoT-based technology. By combining sensors for temperature, humidity, and GPS with LoRa communication, the 

project offers a low-cost, energy-efficient solution to gather and transmit real-time environmental data from remote forest 

areas. This system provides forest management teams with vital information to monitor plant growth and environmental 

conditions without requiring constant on-site presence. 

The modular and scalable design allows for easy expansion, with potential applications in various ecosystems and 

conservation efforts. Through this project, we see how IoT and sensor-based technology can provide valuable insights into 

the health and sustainability of forest ecosystems, supporting conservation, reforestation, and climate resilience initiatives. 

Looking forward, the system could be enhanced with additional sensors, predictive analytics, and renewable energy 
sources, making it a robust tool for modern environmental monitoring. The project thus represents a meaningful 
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contribution to sustainable resource management and environmental conservation. 
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