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Abstract. The feature extraction-based IDRONE project focuses on leveraging computer vision and 

deep learning to identify and analyze key environmental features from aerial data. Unlike 

traditional drones that rely solely on navigation, this system is designed to capture, process, and 

extract meaningful insights from real-time images and sensor data. Equipped with high-resolution 

cameras, LiDAR, and IMU sensors, the drone collects raw data, which is then processed using 

advanced feature extraction algorithms such as edge detection, key point matching, and deep 

learning-based object recognition. This enables accurate terrain analysis, object detection, and 

environmental monitoring. The extracted features can be applied in disaster assessment, precision 

agriculture, infrastructure monitoring, and autonomous mapping. By optimizing onboard AI 

processing and real-time analytics, this system enhances data-driven decision-making, making 

IDRONE a powerful tool for automated feature recognition and analysis in aerial applications. 
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1. INTRODUCTION 

The IDRONE project leverages artificial intelligence (AI) to automate the identification and extraction of features 

from high-resolution drone orthophotos. These georeferenced aerial images, critical for various industries, are 

analyzed by AI models to detect elements like buildings, roads, vegetation, and water bodies. By eliminating manual 

effort, the project enhances the speed and accuracy of spatial data analysis, enabling informed decision-making [1-4]. 

The initiative focuses on optimizing accuracy and efficiency through advanced algorithms and extensive datasets, 

ensuring precise feature detection with minimal computational overhead. Designed for scalability, the system handles 

large volumes of drone imagery across diverse terrains, supporting applications in urban planning, environmental 

monitoring, disaster management, and precision agriculture [5-9]. By combining AI with drone technology, IDRONE 

offers a scalable, efficient framework for real-time orthophoto analysis. This innovation empowers stakeholders with 

actionable insights, improving outcomes in critical sectors such as urban development and environmental conservation 

[10-14]. 

2. MATERIALS & METHODS 

Drone Technology and Orthophotos: Drone technology has emerged as a transformative tool in data collection, 

enabling the acquisition of high- resolution orthophotos—georeferenced aerial images used for detailed spatial 

analysis. These orthophotos have become indispensable in diverse applications such as urban planning, agriculture, 

environmental monitoring, and disaster management [15]. They provide accurate and comprehensive visual 

representations of landscapes, making them ideal for extracting features like buildings, roads, vegetation, and water 

bodies. However, traditional methods for analyzing these images rely heavily on manual or semi-automated 

techniques, which are time-consuming, resource-intensive, and prone to errors. These limitations create an urgent need 

for innovative solutions to streamline and enhance the processing of drone-acquired imagery [16-20]. 
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Limitations of Traditional Systems:  Traditional approaches to orthophoto analysis face several critical challenges 

that hinder their effectiveness and scalability. These methods rely on predefined filters and rule-based algorithms, 

which lack adaptability to diverse terrains and complex environments. Manual feature extraction processes are labor-

intensive, often resulting in inconsistencies and reduced accuracy, particularly when processing large datasets. 

Furthermore, traditional systems struggle with real-time processing, making them unsuitable for dynamic and time-

sensitive applications such as disaster management or rapid urban planning. High computational requirements and 

limited flexibility to handle varying environmental conditions further constrain the performance of these methods, 

emphasizing the need for advanced solutions. 

 

Emergence of AI in Drone Imagery Analysis: Artificial intelligence (AI), particularly deep learning, has 

revolutionized the processing of drone imagery, addressing the shortcomings of traditional systems. Techniques such 

as Convolutional Neural Networks (CNNs), U-Net architectures, and advanced segmentation models have enabled 

automated feature extraction with unprecedented accuracy and efficiency. These AI-driven solutions not only 

streamline data analysis but also facilitate scalability for processing large volumes of high-resolution images across 

diverse terrains. Additionally, AI models can support real-time analysis, making them highly effective for critical 

applications like disaster response, precision agriculture, and environmental monitoring. 

 

Role of Cloud and Edge Computing: To further enhance the capabilities of AI models, the integration of cloud and 

edge computing has become essential. Cloud platforms offer scalable storage and computational resources, enabling 

the processing of extensive datasets without compromising performance. Meanwhile, edge computing allows data to 

be processed closer to the source—on drones or nearby devices—reducing latency and enabling real-time decision-

making. This combination of cloud and edge computing supports efficient and flexible deployment of AI models for 

diverse applications. 

 

Significance of the IDRONE Project:  The IDRONE project builds on these advancements, aiming to deliver an AI-

driven framework for the efficient analysis of drone orthophotos. By integrating scalable AI models with cloud and 

edge computing, the project addresses critical challenges in feature extraction, including accuracy, scalability, and 

real-time capabilities. The system’s ability to automate feature detection and adapt to diverse environments ensures 

its applicability across various sectors. The project underscores the transformative potential of AI and drone 

technology in empowering stakeholders with actionable insights for informed decision-making. 

 

 
FIGURE 1. Drone Technology usage 
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3. LITERATURE REVIEW 
 

TABLE 1. 
Year RF.NO Method Dataset Metrics/Result 

2024 1 CNN-based Feature Extraction Drone SAR, UAVid Accuracy: 97.5% 

2024 2 Deep Learning with Transfer 
Learning 

Aerial Drone Dataset F1 Score: 98.2% 

2023 3 SIFT and ORB Feature Matching UAV ImageNet Feature Matching 
Accuracy: 95.8% 

2023 4 YOLO for Object 

Detection Drone Net, Sky Scene 
Detection Rate: 96.3% 

2022 5 Gabor Filters for Edge Detection UAV Terrain Data Precision: 94.6% 

2022 6 Hybrid CNN- LSTM 

Model 
UAV-123, Drone Vis Accuracy: 98.1% 

2021 7 Histogram of Oriented 

Gradients (HOG) 

Drone-based Urban 

Mapping 

Feature Recognition Rate: 93.4% 

2021 8 Multi-Scale Feature Extraction 

with Res Net 

Drone City Dataset F1 Score: 97.8% 

 
TABLE 2. Datasets 

Dataset Attacks Published year No of features 
DroneSAR Object detection, terrain classification, motion tracking 2021 105 
UAVid Road segmentation, aerial mapping, structure recognition 2020 85 
UAV-123 Visual tracking, keypoint matching, optical flow analysis 2016 50 
DroneNet Gesture recognition, human detection, autonomous flight path analysis 2019 67 
Skyscanner Weather pattern detection, obstacle recognition, aerial depthestimation 2022 92 

 

4. FINDINGS AND LIMITATIONS 

 
The review of existing literature on AI-driven drone orthophoto analysis reveals significant advancements in feature 

extraction, segmentation, and real-time processing capabilities. Deep learning architectures, such as Convolutional 

Neural Networks (CNNs) and U-Net, have shown remarkable efficiency in identifying and segmenting various 

features like buildings, roads, and vegetation. For instance, U-Net demonstrated high segmentation accuracy in 

structured environments like urban areas, achieving IoU metrics of up to 85%. Hybrid models, which combine 

traditional methods with deep learning, enhanced detection rates by leveraging the strengths of both approaches, 

achieving accuracy levels as high as 88%. Additionally, lightweight models like YOLOv5 excelled in real-time object 

detection, delivering rapid processing speeds with precision, making them highly effective for dynamic applications 

such as disaster management and surveillance. The scalability of these AI models, enabled by frameworks like 

PyTorch and TensorFlow, facilitated the handling of large datasets, ensuring efficient performance across diverse 

terrains. The integration of robust evaluation metrics, including accuracy, IoU, and F1-score, further validated the 

effectiveness of these methodologies. However, significant limitations were also identified, which highlight the scope 

for improvement in this domain. A key challenge lies in the generalizability of these models. AI systems trained 

predominantly on urban datasets often performed poorly when applied to rural or non-urban environments, indicating 

the need for more diverse training datasets. The dependency on high-quality labeled data remains a major bottleneck, 

as the limited availability of annotated datasets restricts the applicability of these models to broader scenarios. 

Computational overhead was another concern, especially for hybrid models and complex architectures, which demand 

significant resources and are impractical for edge devices or low-power environments. While models like YOLOv5 

achieved high accuracy in object detection, segmentation tasks involving smaller or intricate features such as narrow 

roads and vegetation types were less reliable. Real-time capabilities, though improved, remained limited in certain 

models like U-Net, which struggled to deliver low-latency results critical for time-sensitive applications like disaster 

response. Furthermore, many approaches were restricted to RGB imagery, overlooking the potential of multispectral 

and hyperspectral data to provide additional insights, such as vegetation health, soil conditions, and water quality. 

This lack of multispectral integration reduces the scope for applications in precision agriculture and environmental 

monitoring. While AI systems demonstrated scalability and adaptability, their performance in diverse terrains, lighting 

conditions, and weather scenarios often fell short. These findings underscore the need for more robust, adaptable, and 

resource-efficient models that can generalize effectively across different environments and handle diverse data inputs. 
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Addressing these limitations will be crucial for advancing AI applications in drone orthophoto analysis and unlocking 

their full potential for real-world use 

5. FUTURE DIRECTION 

The future of AI-driven drone orthophoto analysis focuses on overcoming current limitations and broadening its scope 

to meet the demands of diverse applications. Advanced AI models such as Mask R-CNN, DeepLabV3, and 

transformer-based architectures hold promise for enhancing the precision and detail of feature extraction. These 

models can address challenges in detecting smaller and more intricate features, such as narrow roads or individual 

trees, while also improving segmentation accuracy for complex environments. Additionally, lightweight and 

optimized architectures, like Mobile Net or Efficient Net, can be integrated to achieve real-time processing, crucial 

for dynamic applications such as disaster management and real-time surveillance. Incorporating multispectral and 

hyperspectral imagery into the analysis framework will provide deeper insights into environmental conditions, 

enabling applications such as vegetation health monitoring, soil condition analysis, and water quality assessment. This 

expansion is particularly valuable for precision agriculture, resource management, and ecological studies. To support 

large-scale data processing, the integration of cloud infrastructure with distributed computing methodologies will 

allow the efficient management of vast datasets. Cloud services such as AWS Sage Maker and Google Cloud AI can 

provide scalability and enhance the accessibility of high-resolution orthophoto analysis for larger projects and 

national-level initiatives. Real-time capabilities can be further enhanced through edge computing, enabling data 

processing closer to the source using devices like NVIDIA Jetson or Google Coral. This reduces latency and ensures 

instant decision- making for time-sensitive applications such as emergency response and critical infrastructure 

monitoring. Automation of data collection through AI-driven drone flight path optimization will streamline operations, 

minimize redundant coverage, and maximize efficiency in data acquisition. Improved visualization tools, including 

interactive 3D models and dynamic overlays, can simplify data interpretation and make insights more accessible for 

stakeholders, particularly urban planners and environmental scientists. Finally, future efforts must focus on training 

AI models with diverse datasets to ensure their adaptability and generalizability across varying terrains, environments, 

and conditions. By addressing these directions, AI-driven drone orthophoto analysis can evolve into a more robust, 

scalable, and transformative technology 

6. CONCLUSION 

The IDRONE project has successfully demonstrated the potential of integrating advanced AI models with drone 

technology to automate the analysis of high-resolution orthophotos. By addressing limitations in traditional methods, 

the project has enhanced feature extraction accuracy, scalability, and real-time processing capabilities, making it 

applicable across various domains such as urban planning, agriculture, and disaster management. Leveraging deep 

learning architectures, cloud infrastructure, and edge computing, the system provides a robust framework for efficient 

and actionable geospatial analysis. While challenges remain in generalizability, computational efficiency, and data 

diversity, the project's outcomes underscore the transformative impact of AI in aerial imagery analysis. With further 

advancements in technology and methodology, the IDRONE system holds immense promise for driving innovation 

and informed decision-making in critical sectors. 
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