Detection of Potential Fire Hazard Points in Electrical Networks Using Thermal Cameras and Their Mapping
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            ABSTRACT
       This project aims to develop an advanced system for detecting potential fire hazard points along power transmission networks using thermal cameras and GPS technology. Focusing on areas where transmission lines are close to vegetation, the objective is to create a comprehensive risk map that will assist utility companies and authorities in preventive maintenance and fire mitigation efforts. Thermal cameras capable of detecting temperature anomalies indicative of overheating will be mounted on unmanned aerial vehicles or other mobile units to inspect the network. These cameras will record real-time temperature data, identifying sensitive points. Simultaneously, GPS coordinates will be logged for each identified hazard point. In addition to recording thermal anomalies, this project will utilize a Geographic Information System (GIS) to visualize the spatial distribution of these risks and map them.
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            INTRODUCTION
       Wildfires are among the most destructive natural disasters, with severe impacts on the environment, infrastructure, and human safety (Allison et al., 2016). As global temperatures rise and extreme weather events become more frequent, the risk of wildfires increases, particularly in areas where human infrastructure intersects with natural landscapes. One of the primary causes of wildfires is power transmission networks coming into contact with vegetation, such as trees, branches, and trunks. When power transmission cables come into contact with flammable materials, they can cause fires, especially during dry seasons or periods of strong winds. Addressing this risk is crucial for utility companies and governments aiming to prevent catastrophic wildfires before they occur (Shamsoshoara et al., 2020).
       Transmission networks often pass through remote areas, making it challenging to manually monitor every section of the network (Demkiv et al., 2023). Traditional methods of fire risk detection, such as periodic physical inspections and vegetation pruning, are both labor-intensive and limited in their ability to identify potential risks in real-time. Consequently, there is an urgent need for more advanced technologies capable of continuously monitoring transmission lines and identifying potential fire hazards at an early stage. This study proposes the use of thermal cameras and GPS technology to detect overheating or electrical faults at transmission points where power lines are at risk of contacting vegetation (López et al., 2020; Zhao & Song, 2021).
       To enhance the effectiveness of thermal imaging, GPS technology will be used to geographically locate every point where a thermal anomaly is detected. This will enable precise mapping of hazardous zones along the transmission network. By collecting the geographic coordinates of risk points, utility companies and authorities can gain a clear picture of where maintenance or vegetation pruning is needed. The combination of thermal imaging data and GPS forms the foundation for creating a detailed fire hazard map, which can be further analyzed and used for risk management (Chen & Zhu, 2022).
       Data collected through thermal cameras and GPS will be processed and visualized using GIS software. GIS allows the integration of spatial data with other relevant information, such as vegetation density, topography, and weather conditions. By layering thermal and GPS data with environmental factors, the project will produce a comprehensive risk map highlighting high-risk areas along the transmission network. This map will serve as a critical tool for utility companies, forest management services, and emergency response agencies in their efforts to mitigate fire risks (Rossi et al., 2021; Silano & Saska, 2023).
       Furthermore, the risk map will not only visualize current risk areas but also facilitate real-time monitoring of transmission lines. Changes in environmental conditions, such as increased winds or prolonged heatwaves, can exacerbate the risk of ignition. Continuous thermal monitoring and GPS tracking will allow authorities to update the risk map as conditions evolve. This dynamic approach enables timely interventions, such as targeted vegetation clearance or network shutdowns, to prevent fire ignition (Martin et al., 2019).
       The integration of advanced technologies, such as thermal imaging, GPS, and GIS, represents a significant improvement over traditional methods of fire risk management in power transmission networks. Thermal cameras provide precise detection of overheating, while GPS enables the accurate geographical identification of risk points. Combined with GIS analysis, these technologies create a robust system for real-time fire ignition monitoring and prevention. Additionally, the use of machine learning for prediction adds a predictive element that can help utility companies stay ahead of emerging risks (Bongiovanni et al., 2020).
            METHODOLOGY
       This study integrates multiple technologies, such as thermal imaging, GPS, and Geographic Information System (GIS) mapping, to identify and assess fire ignition risks along power transmission networks.
[image: ]Figure 1: Examples of power lines with dense vegetation.

       The primary data sources consist of thermal camera measurements, GPS coordinates, and environmental data, which are combined and processed to produce a risk map. The project focuses on both real-time monitoring of power transmission lines and predictive analysis of future areas prone to fires. This section describes the data collection process, tools and techniques used, as well as the methods for analyzing and visualizing the data.
Equipment
       The equipment consists of a DJI Matrice 600 Pro drone, a Gremsy S1 thermal camera integrated into the DJI Matrice 600 Pro, a handheld FLIR E5 Pro thermal camera, and a GPS SouthGalaxy G7 Rover Set. The provision and use of the above equipment were made in collaboration with the Department of Surveying Engineering and Geoinformatics of the University of West Attica (UWA).
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Figure 2: Equipment.
Data Collection
       Thermal cameras mounted on unmanned aerial vehicles or ground vehicles are the main data collection tools used for monitoring transmission lines. These cameras capture infrared radiation emitted by objects, allowing the detection of abnormal thermal signatures, which may indicate potential fire ignition points, such as overheating transmission lines or vegetation in contact with electrical infrastructure. The thermal cameras record high-resolution temperature data across the transmission network in real-time. Simultaneously, GPS coordinates are logged at each point where a thermal anomaly is detected. This enables precise geographic localization of hazardous points along the network, ensuring that the data can be accurately mapped and monitored.
[image: ]Figure 3: Data Collection.
Data Processing and Analysis
       Once thermal and GPS data are collected, they are processed using GIS software to create spatial layers displaying risk points along the transmission network. Thermal data are analyzed to identify thermal signatures exceeding safe limits, while GPS data provide exact coordinates for these hotspots. The GIS platform is used to map these points and overlay them with environmental data to identify areas where conditions are most favorable for fire ignition.
            RESULTS
       The integration of thermal imaging, GPS, and GIS technologies in this study provided a comprehensive dataset highlighting potential fire ignition points along power transmission networks. The thermal imaging system successfully identified multiple focus points where temperature anomalies indicated overheating, faulty equipment, or vegetation encroachment near transmission lines. These focus points were located using GPS coordinates, enabling precise mapping of hazardous zones. The results revealed a clear pattern of increased fire risk in areas with dense vegetation and closer proximity to power transmission lines, emphasizing the importance of vegetation management in fire prevention.
Thermal Anomalies and Risk Detection
       Thermal cameras identified numerous temperature anomalies, which were categorized into different risk levels based on the severity of the thermal signature. High-risk areas were defined as those where temperatures exceeded the threshold for potential fire ignition, especially in locations where transmission lines were in close contact with overgrown vegetation. These hotspots were primarily found in rural and forested areas, often far from urban centers, where manual monitoring would be challenging. The findings confirmed the effectiveness of thermal imaging in identifying high-risk areas that might otherwise go unnoticed until a fire outbreak.
Risk Map and Visual Outputs
       The final risk map, created through the combination of real-time data and predictive modeling, provided a detailed visual representation of current and potential fire risks along the power transmission network. The map clearly delineated areas of high, medium, and low risk, enabling utility companies and fire prevention authorities to prioritize their efforts accordingly. The dynamic nature of the map—updated regularly with new thermal and environmental data—ensured that it remained an accurate reflection of evolving risks. The visual outputs were shared with stakeholders, demonstrating the practical value of the system in guiding field operations and preventive actions.
[image: ]Figure 4: Visualization on GIS platform.
             CONCLUSIONS
       In conclusion, this study provides strong evidence that the integration of thermal imaging, GPS, and GIS technologies offers an effective solution for identifying and mitigating fire risks along power transmission networks. The system's ability to provide real-time data, combined with predictive modeling, enables both immediate intervention and proactive prevention. However, further research is required to address the limitations of the current approach and improve the adaptability of the system to other regions and infrastructure systems. Future efforts could focus on enhancing the accuracy of machine learning prediction models and exploring the use of satellite data to improve spatial scalability
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