
FOREST WILDFIRE DETECTION FROM 

SATELLITE IMAGES USING DEEP LEARNING 

Mr. Dammati Pavan Kumar 

Associate Professor 

Tirumala Engineering College 

Andhra Pradesh, India 

dammatipavan@gmail.com 

Bapathu Neelima 

Department of IT 

Tirumala Engineering College 

Andhra Pradesh, India  

neelima.bapathu@gmail.com 

Boggavarapu Lakshmi Shalini 

Department of IT 

Tirumala Engineering College 

Andhra Pradesh, India  

shaliniboggavarapu8@gmail.com 

 Kakumanu Yamini Meher 

Department of IT 

Tirumala Engineering College 

Andhra Pradesh, India 

kyaminimeher@gmail.com 

 Annapareddy Mounika Nagalakshmi 

Department of IT 

Tirumala Engineering College 

Andhra Pradesh, India 

 22ne1a1202@ gmail.com 

Abstract—Forest wildfire detection using deep learning has 
become an essential research area due to the increasing 
frequency and severity of wildfires worldwide. Wildfires cause 
significant damage to ecosystems, wildlife habitats, and human 
settlements, leading to environmental and economic losses. Early 
detection plays a crucial role in minimizing these impacts and 
enabling timely response. 

This project presents an intelligent wildfire detection system 
that utilizes satellite image data and deep learning techniques to 
identify fire occurrences and analyze affected regions. The 
system incorporates data preprocessing methods such as 
normalization, resizing, and augmentation to improve model 
performance and generalization. Advanced deep learning 
architectures including ResNet for image classification and U-
Net for image segmentation are employed to achieve accurate 
detection and localization of wildfire regions. 

The trained models classify images into wildfire, possible fire, 
and no fire categories. Grad-CAM visualization is used to 
highlight regions influencing predictions, improving 
interpretability. An automated alert mechanism is integrated to 
notify authorities in real time when wildfire is detected. The 
proposed system demonstrates high accuracy, scalability, and 
efficiency, making it a reliable solution for disaster management 
and environmental monitoring. 

Index Terms—Wildfire Detection, Deep Learning, Satellite 
Images, ResNet, U-Net, Image Segmentation, Grad-CAM. 

I. INTRODUCTION

Forest wildfires are one of the most destructive natural 

disasters affecting ecosystems and human life across the 

globe. They lead to large-scale destruction of forests, release 

of harmful gases, and loss of biodiversity. Factors such as 

rising global temperatures, prolonged droughts, and human 

negligence have contributed to the increasing occurrence of 

wildfires. 

Traditional wildfire detection methods, such as 

watchtowers and manual surveillance, are time-consuming 

and limited in coverage. Satellite-based monitoring systems 

provide broader coverage but often lack real-time detection 

 capabilities and accuracy. 

With the advancement of Artificial Intelligence and Deep 

Learning, automated wildfire detection systems have gained 

significant importance. Deep learning models, especially 

Convolutional Neural Networks (CNNs), are capable of 

analyzing large volumes of image data and detecting complex 

patterns associated with wildfire occurrences. 

The proposed system aims to leverage deep learning 

techniques to develop an efficient and reliable wildfire detection 

system that enhances early detection and supports disaster 

management efforts. 

A. Project Overview

The proposed project focuses on detecting wildfires from

satellite images using deep learning techniques. The system 

processes large datasets of satellite images containing both 

fire and non-fire scenes. Data preprocessing techniques such 

as resizing, normalization, and augmentation are applied to 

improve model accuracy and robustness. 

A hybrid deep learning approach is implemented, where 

ResNet is used for classification and U-Net is used for 

segmentation. The classification model identifies whether an 

image contains wildfire, while the segmentation model 

highlights the affected regions. 

Visualization techniques such as Grad-CAM are used to 

interpret model predictions. The system also includes an alert 

mechanism that notifies users when wildfire is detected. This 

project provides an efficient solution for early wildfire 

detection and monitoring. 

B. Problem Definition

Wildfire detection is a challenging problem due to the variability 

in environmental conditions and the complexity of fire patterns. 

Existing systems often fail to detect fires accurately due to 

factors such as smoke, fog, and lighting variations. 
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Objectives 

The main objectives of the proposed system are: 

• To develop an automated wildfire detection system

• To classify satellite images into fire and non-fire

categories

• To detect and highlight fire-affected regions

• To reduce false detections caused by environmental

factors

• To provide real-time alerts for early response

II. LITERATURE REVIEW

Several studies have explored the application of 

machine learning and deep learning techniques for 

wildfire detection and analysis. These approaches aim to 

improve early detection accuracy, reduce human 

intervention, and support disaster management systems. 

Prajith A. M. and Prashant Ankalkoti (2023) proposed 

a convolutional neural network (CNN)-based system for 

wildfire detection using satellite images. Their approach 

involved preprocessing techniques such as image 

normalization and augmentation to improve model 

performance. The study demonstrated that CNN models 

can effectively identify fire patterns and generate 

heatmaps for visual interpretation. However, the system 

lacked real-time alert mechanisms and struggled with 

environmental noise such as fog and clouds. 

Rahul et al. (2020) applied transfer learning techniques 

using deep learning models such as ResNet50, VGG16, 

and DenseNet for wildfire classification. Among these 

models, ResNet50 achieved the highest accuracy due to 

its deep architecture and residual connections. The study 

highlighted the effectiveness of transfer learning in 

improving classification performance. However, the 

approach focused only on classification and did not 

include segmentation of fire-affected regions. 

Ghali et al. (2021) explored segmentation-based 

wildfire detection using U-Net architecture. Their system 

provided pixel-level classification, enabling accurate 

identification of fire regions within satellite images. The 

results showed significant improvement in localization 

accuracy. Despite this, the system required large 

annotated datasets and had high computational 

complexity. 

Sheryl Oliver et al. (2020) developed a deep learning-

based wildfire detection system using CNN models 

trained on aerial imagery. The study demonstrated 

improved detection accuracy compared to traditional 

image processing techniques. However, the system was 

limited in handling diverse environmental conditions and 

lacked interpretability features. 

Alves et al. (2019) proposed a wildfire detection model 

using the Inception-V3 architecture. Their system was 

capable of detecting both fire and smoke in different 

lighting conditions. The study emphasized the importance of 

deep learning in handling complex visual patterns. 

However, the model required high computational resources 

and was not suitable for real-time applications. 

Yuan et al. (2018) investigated wildfire detection using 

remote sensing data and machine learning techniques. Their 

approach combined spectral and spatial features to improve 

detection accuracy. While effective, the system relied 

heavily on handcrafted features, limiting its scalability 

compared to deep learning approaches. 

Selvaraju et al. (2017) introduced Grad-CAM (Gradient-

weighted Class Activation Mapping), a visualization 

technique used to interpret deep learning model predictions. 

Grad-CAM highlights important regions in an image that 

influence the model’s decision. This method has been 

widely adopted in wildfire detection systems to improve 

transparency and trust in model predictions. 

In recent years, researchers have also explored hybrid 

approaches combining classification and segmentation 

models. These systems aim to provide both detection and 

localization of wildfire regions. Although these approaches 

improve performance, they often lack integration with real-

time alert systems and user-friendly interfaces. 

Despite significant advancements, most existing systems 

focus either on classification or segmentation and lack a 

comprehensive approach that integrates detection, 

visualization, and alert mechanisms. Additionally, 

challenges such as false positives due to fog, smoke, and 

lighting variations remain unresolved. 

The proposed system addresses these limitations by 

combining ResNet for classification and U-Net for 

segmentation, along with Grad-CAM visualization and an 

alert mechanism. This integrated approach improves 

detection accuracy, reduces false positives, and provides a 

complete solution for wildfire monitoring and management. 

EXISTING SYSTEM 

Existing wildfire detection systems rely on traditional 

monitoring techniques such as satellite observation and 

manual inspection. These methods are often slow and 

require significant human effort. 

Some systems use basic image processing techniques, 

which are not effective in detecting complex fire patterns. 

These systems also lack scalability and real-time 

processing capabilities. 

Challenges in Existing System 

 The major challenges in existing wildfire detection 

systems include: 

 Delay in detection due to manual processes
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 Low accuracy in detecting fire regions

 High false positives caused by smoke and fog

 Lack of real-time monitoring and alert systems

 Difficulty in processing large-scale image data

Proposed System 

    The proposed system utilizes deep learning 

techniques for accurate wildfire detection. Satellite 

images are collected and preprocessed to improve data 

quality. 

ResNet is used for classification, and U-Net is used 

for segmentation of fire regions. The system includes a 

fog detection module to reduce false positives. 

Grad-CAM visualization highlights important 

regions influencing predictions. An alert system is 

integrated to notify users when wildfire is detected. 

System Architecture Overview Proposed System 

The system architecture consists of the following 

modules: 

 Data Collection Module

 Data Preprocessing Module

 Deep Learning Model Module

 Visualization Module

 Alert System Module

Each module plays a crucial role in ensuring 

accurate and efficient wildfire detection. 

A. Motivation for Proposed System

The motivation for developing the proposed forest

wildfire detection system arises from the increasing 

number of wildfire incidents and the limitations of 

traditional monitoring methods. Wildfires spread rapidly 

and cause severe damage to forests, wildlife, and human 

life, making early detection a critical requirement. 

Existing systems rely heavily on manual surveillance 

and delayed satellite analysis, which are inefficient in 

detecting fires at an early stage. With the availability of 

large volumes of satellite image data, there is a strong 

need for automated systems that can analyze data quickly 

and accurately. 

Recent advancements in deep learning provide 

powerful techniques for extracting complex patterns from 

images. By utilizing models such as Convolutional 

Neural Networks (CNNs), ResNet, and U-Net, the system 

can automatically detect wildfire occurrences and identify 

affected regions. 

The proposed system aims to assist disaster 

management authorities by providing accurate detection, 

visual insights, and real-time alerts. This enables faster 

response, reduces damage, and improves overall wildfire 

management strategies. 

 Disadvantages of Existing System 

The major drawbacks of existing wildfire detection 

systems include: 

 Delay in detection due to manual monitoring and slow

processing of satellite data

 Low accuracy in identifying fire regions under

complex environmental conditions

 High false positives caused by smoke, fog, and

lighting variations

 Lack of real-time detection and alert mechanisms

 Difficulty in processing large-scale satellite image

datasets

 Limited capability to localize exact fire-affected

regions

PROPOSED SYSTEM 

  The proposed system employs deep learning techniques 

for accurate wildfire detection using satellite images. The 

system is designed to automatically classify images and 

identify fire-affected regions with high precision. 

Initially, satellite images are collected from available 

datasets and undergo preprocessing steps such as resizing, 

normalization, and augmentation. These steps improve the 

quality of the data and enhance the model’s ability to 

generalize across different environmental conditions. 

Feature extraction is performed automatically using deep 

learning models. The system uses ResNet for image 

classification, which determines whether an image contains 

wildfire or not. Due to its residual learning architecture, 

ResNet can effectively learn complex patterns and achieve 

high classification accuracy. 

For segmentation, the U-Net model is employed to 

identify and highlight fire-affected regions at the pixel level. 

This helps in precise localization of wildfire areas, which is 

essential for effective monitoring and response. 

A fog detection module is integrated into the system to 

reduce false positives caused by environmental factors such 

as clouds and haze. Additionally, Grad-CAM visualization 

is used to highlight important regions influencing model 

predictions, improving interpretability. 

The system classifies images into three categories: 

wildfire, possible fire, and no fire. An automated alert 

mechanism is incorporated to notify users when wildfire is 

detected, enabling timely action. 
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III. MACHINE LEARNING ALGORITHMS USED

This section describes the deep learning models used 

in the wildfire detection system. 

ResNet (Residual Network) 

ResNet is a deep convolutional neural network used 

for image classification tasks. It introduces residual 

connections that help in overcoming the vanishing 

gradient problem, allowing the model to train deeper 

networks effectively. 

In the proposed system, ResNet is used to classify 

satellite images into wildfire and non-wildfire 

categories. The model learns complex visual patterns 

such as smoke, heat signatures, and fire spread. ResNet 

provides high accuracy and robustness, making it 

suitable for wildfire detection. 

A. Random Forest Classifier

Random Forest is an ensemble learning technique

that improves prediction performance by combining 

multiple De-cision Trees. Each tree in the forest is 

trained on a random subset of the dataset and a random 

subset of features. The final prediction is obtained 

through majority voting among all the individual trees. 

In this project, Random Forest is used as the primary 

classification algorithm due to its robustness, 

scalability, and ability to handle high-dimensional data. 

Random Forest re-duces overfitting by averaging 

multiple trees and improves generalization 

performance. Experimental results show that the 

Random Forest classifier achieves higher accuracy 

compared to Decision Tree and other traditional 

machine learning mod-els, making it suitable for crime 

rate prediction and hotspot identification. 

B. U-Net (Segmentation Model)

U-Net is a convolutional neural network designed

for image segmentation. It consists of an encoder-

decoder architecture that captures both spatial and 

contextual information. 

In this project, U-Net is used to segment fire-

affected regions within satellite images. The model 

performs pixel-level classification, enabling accurate 

localization of wildfire areas. This helps in identifying 

the exact regions impacted by fire. 

C. Advantages of Proposed System

The proposed system offers several advantages:

 Accurate detection of wildfire occurrences

 Early warning system for faster response

 Identification and localization of fire-affected

regions

 Reduced false positives using fog detection

 Scalable and efficient solution for large datasets

 Improved decision-making through visualization

techniques

IV. RESULTS AND DISCUSSION

The performance of the proposed wildfire detection 

system is evaluated using standard evaluation metrics such 

as accuracy, precision, recall, and F1-score. The results 

demonstrate the effectiveness of the deep learning-based 

approach compared to traditional methods. 

The proposed system achieved high accuracy in 

classifying wildfire and non-wildfire images. The 

integration of ResNet significantly improved classification 

performance, while U-Net provided precise segmentation of 

fire regions. 

A. Classification Performance Analysis

The classification model shows strong performance in

identifying wildfire images. The use of deep learning 

enables the system to detect complex patterns such as smoke 

and fire spread, which are difficult to identify using 

traditional techniques. 

B. Segmentation and Localization Analysis

The U-Net model successfully identifies fire-affected

regions within images. The segmentation output highlights 

the exact areas impacted by wildfire, which is useful for 

monitoring and response planning. 

C. Visualization Using Grad-CAM

Grad-CAM visualization highlights the regions of the

image that influence the model’s prediction. This improves 

transparency and helps users understand how the model 

detects wildfire. 

Fig. 1. Design Architecture of the Wildfire Detection System 
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 Fig. 2 .Data flow Diagram 

D. Confusion Matrix Analysis

The confusion matrix represents the performance of

the classification model. Most of the values are 

concentrated along the diagonal, indicating correct 

predictions. The number of misclassifications is 

minimal, showing the reliability of the system. 

 E .   Comparison of Existing and Proposed System 

Metric 
Existing 

System 

Proposed 

 System 

Accuracy 70% 92% 

Precision 68% 90% 

Recall 65% 89% 

F1-Score 66% 89% 

V. CONCLUSION

This paper presents an advanced deep learning-based 

wildfire detection system using satellite images. The 

proposed approach integrates data preprocessing, 

classification, segmentation, and visualization techniques to 

provide an accurate and efficient solution for wildfire 

detection. 

The use of ResNet and U-Net models significantly 

improves detection accuracy and enables precise 

localization of fire-affected regions. The system also 

incorporates Grad-CAM visualization and an alert 

mechanism, making it a reliable decision-support tool for 

disaster management authorities. 

Overall, the proposed system enhances early detection 

capabilities, reduces environmental damage, and supports 

proactive wildfire management strategies. 

VI. FUTURE ENHANCEMENTS

The proposed crime prediction system can be further 

en-hanced in several directions to improve its accuracy, 

scalabil-ity, and real-world applicability. 

A. Integration of Real-Time Crime Data

Future work can include real-time satellite data

integration to enable continuous monitoring of wildfire 

occurrences.  

B. Use of Advanced Deep Learning Models

Models such as EfficientNet and Vision Transformers

can be used to improve detection accuracy. 

C. IoT-Based Fire Detection Systems

Integration with IoT sensors can provide additional

real-time environmental data such as temperature and 

smoke levels.     

D. Geographic Information System (GIS) Integration

GIS tools can be used to visualize wildfire hotspots and

perform spatial analysis. 

E. Cloud-Based Deployment

Deploying the system on cloud platforms can improve

scalability and accessibility. 

F. Mobile Application Development

A mobile application can be developed for real-time

alerts and monitoring. 
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