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ABSTRACT: This paper recommends the use of a CNN-Boost model that integrates
machine learning and deep learning to accurately identify forest fires. Forest fires are one of
the most significant environmental hazards, as they have the potential to destroy entire
ecosystems and pose a threat to the safety of individuals and their residences. Early detection
is crucial for the purpose of mitigating the effects of fires and improving emergency response
systems. The proposed model incorporates Convolutional Neural Networks (CNN) to
facilitate the extraction of features from images, as well as boosting algorithms to improve
the accuracy of prediction and classification. To ascertain which forest fires are currently
burning, the algorithm analyzes smoke and fire images captured in various climates and
environments. The hybrid approach results in fewer false alarms and more dependable
detections when contrasted with conventional fire detection methods. The proposed model
outperforms the most recent models in real-time monitoring applications in terms of both
accuracy and detection speed, as demonstrated by experimental results. Smart environmental
monitoring systems, surveillance cameras, drones, and fire management are among the
applications of the newly developed system.
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1. INTRODUCTION

Forest fires are among the most severe
environmental disasters, as they have a
devastating impact on human lives,
animals, and ecosystems. A variety of
factors, such as increased average
temperatures, longer dry seasons, and
faster global warming, are contributing to
the increased frequency and
destructiveness of wildfires in numerous
regions of the world. The rapid and precise
detection of forest fires is essential for the
protection of natural resources, the
assistance of emergency response teams,
and the mitigation of damage. Traditional
fire monitoring systems are susceptible to
delays and inaccurate fire detection in vast
forests due to their dependence on sensor-

based methods and manual observation.
This has resulted in the increasing
prevalence of intelligent automated
systems that rely on machine learning and
deep learning.

Convolutional Neural Networks (CNNs)
are a subset of deep learning models that
have demonstrated exceptional efficacy in
the classification of images and the
recognition of objects. Convolutional
neural networks (CNN) models can extract
critical visual features such as smoke
patterns, flames, and environmental
changes from images of forests. These
models are capable of automatically
extracting intricate patterns from vast
datasets, eliminating the necessity for
human feature engineering. CNNs are
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employed in numerous forest fire detection
systems due to their ability to accurately
process visual data and manage satellite
imagery, drone footage, and surveillance
camera data.

Random Forest (RF) is a machine learning
algorithm that is highly effective in
improving the accuracy of predictions by
utilizing a combination of decision trees.
The utilization of RF significantly
improves  classification  performance,
effectively manages large datasets, and
mitigates overfitting. Random Forest is
responsible for the final classification step
in hybrid CNN-RF models, while CNN is
employed for feature extraction. The deep
feature learning capability of CNN and the
robust classification strength of RF are
combined to enhance the effectiveness of
forest fire detection systems. The hybrid
approach generates more precise and
reliable fire prediction outcomes.

The development of intelligent forest fire
monitoring systems is contingent upon the
utilization of hybrid CNN-RF and CNN-
XGBoost models. These models are highly
effective at real-time fire detection due to
their capacity to process vast quantities of
environmental data, resulting in
significantly fewer false alarms. Enhanced
system dependability and effective disaster
management plans are both encouraged by
hybrid approaches. As technology in
artificial intelligence, remote sensing, and
computer vision continues to advance,
hybrid deep learning models are becoming
increasingly critical in the fight against
wildfires and for  environmental
preservation.

2. REVIEW OF LITERATURE
Kim et al. (2021): This work introduces a
hybrid framework for the intelligent
detection of forest fires, which takes
advantage of XGBoost and CNN. By

employing convolutional neural network
(CNN) models, the system is capable of
recognizing smoke and flame patterns in
live forest photos. XGBoost enables the
reduction of prediction errors and the
attainment of precise classification. The
model consistently produces reliable
outcomes, regardless of the lighting or
weather conditions. The primary objective
of the research is to apply hybrid machine
learning models to environmental safety
issues.

Rao & Deshmukh (2021): This paper
proposes the implementation of a CNN-RF
hybrid system for the purpose of detecting
wildfires. The writers employ image
preprocessing and feature extraction
methods to improve the detection
performance. Random Forest classifiers
enable the differentiation of images of
fires from those of non-fires. Real-time
alerts are transmitted by the system, which
mitigates the effects of wildfires. The
research indicates that ensemble learning
algorithms and deep learning algorithms
are compatible.

Garcia et al. (2022): This paper employs
CNN and XGBoost algorithms to create an
automated model for forest fire prediction.
In order to achieve precise fire detection,
the system evaluates both remote sensing
images and environmental data. Important
spatial features are extracted by CNN,
while prediction performance is enhanced
by XGBoost. The proposed model
maintains a high level of accuracy while
simultaneously minimizing computational
complexity. This investigation illustrates
the potential of artificial intelligence to
facilitate forest disaster management.
Reddy & Prakash (2022): The primary
goal of this research is to establish a

(©or=y

Paper Available at: www.ijtbi.com Page | 79

This is an open access article under the creative commons license https://creativecommons.org/licenses/by-nc-nd/4.0/




Volume 02, Issue 02, April-June 2026

@ IJTBI International Journal of Technovation and Business Insights

ISSN: 3107-7900, P.CODE: 26/2-2/12
DOI: https://doi.org/10.5281/zenod0.20458588

framework  for  wildfire  monitoring
systems that integrates CNN and RF. The
authors employ drone-captured image
datasets to identify forest fire and smoke
hotspots. Random  Forest improves
classification  stability, while CNN
manages feature extraction. The model
facilitates a more rapid response in critical
situations. The paper indicates that
intelligent fire detection systems can be
effortlessly expanded.

Hassan et al. (2023): In this investigation,
we present a CNN-XGBoost-based model
for the detection of forest fires using real-
time environmental monitoring data. The
system identifies regions that are
susceptible to fires by analyzing image
data and weather parameters. XGBoost
enhances classification efficiency while
simultaneously reducing the incidence of
false positives. The model consistently
exhibits  satisfactory performance in
intricate forest environments. The primary
focus of the research is the potential
contribution of hybrid Al systems to
environmentally friendly practices.

Patel & Mehra (2023): This paper
recommends the development of a smart
forest monitoring system that utilizes
Random Forest and Convolutional Neural
Network (CNN) algorithms. The system
processes visual and thermal data that is
provided by cameras and smart sensors.
CNN is more adept at extracting features
associated with fires, while RF is more
adept at classifying them. The proposed
framework simplifies the process of early
warning and decision-making.  This
research demonstrates that machine
learning can be more effective in
preventing wildfires.

Nguyen et al. (2024): This paper delineates
a forest fire detection system that
integrates XGBoost and CNN techniques
and employs deep learning. Satellite
imagery is employed by the model to
determine the progression of fires.
XGBoost improves the classification speed
and the accuracy of predictions. The
system functions effectively in
applications that necessitate extensive
forest monitoring. The paper emphasizes
the importance of hybrid Al techniques in
disaster relief.

Srinidhi & Rao (2024): This paper
develops a hybrid CNN-RF model for the
autonomous detection of forest fires using
loT-enabled monitoring systems. In real-
time, the system integrates data from
sensors with image processing methods to
facilitate  analysis. Random  Forest
enhances classification accuracy regardless
of the weather. The implementation of the
system will result in reduced false alarms
and expedited response times. Al and loT
technologies are combined to enable
intelligent environmental monitoring, as
demonstrated in the paper.

Fernandez et al. (2025): This investigation
recommends an upgrade to the CNN-
XGBoost architecture in order to improve
the precision of wildfire detection and
prediction.  The  system  processes
multispectral satellite images and weather
reports. CNN is proficient in the extraction
of intricate visual patterns; however,
XGBoost is more effective in enhancing
classification performance. The model is
capable of accurately detecting forest fires
during their initial stages. The primary
focus of this research is the future
applications of hybrid Al systems in
environmental risk management.
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Lopez et al. (2026): This paper describes a
forest fire detection system that is powered
by Al and utilizes cloud integration and
the latest generation of CNN-XGBoost.
The model forecasts the timing and
location of fires by utilizing satellite
imagery and extensive environmental
datasets. XGBoost simultaneously
improves classification accuracy and
enhances computational efficiency. The
system includes automated emergency
alerts and real-time monitoring. The
research  employed hybrid machine
learning models to demonstrate the
significant advancements in intelligent
wildfire management systems.

Anand et al. (2026): This paper describes
the intelligent detection and prevention of
forest fires using a hybrid CNN-RF
framework that is powered by Al. The
system's accuracy is improved by the
integration of sensor data processing,
picture analysis, and weather monitoring.
Random Forest improves the classification
of fire severity levels. The proposed model
employs early fire detection to mitigate its
environmental  impact. The  paper
underscores the increasing importance of
hybrid Al models in the management of
sustainable forests.

3. SYSTEM ANALYSIS

EXSTING SYSTEM

Current forest fire detection systems
employ traditional monitoring techniques,
including satellite imaging, wireless sensor
networks, surveillance cameras, and
human observation. Fires are typically
classified by manually extracting image
features such as smoke color, flame
movement, and temperature variations.
Support Vector Machine (SVM), Decision

Tree, and Random Forest are among the
most prevalent conventional machine
learning algorithms employed for this
purpose. Some systems combine drone
surveillance with environmental sensors to
monitor forest conditions in real time.
Although  these  methods  provide
fundamental fire detection assistance, they
are characterized by slow reaction times,
low detection accuracy, high false alarm
rates, and poor performance in adverse
weather conditions such as fog, clouds,
and dimly lit areas. The detection system's
overall reliability and effectiveness are
also compromised by traditional methods,
which are unable to distinguish between
actual fire and objects that imitate fire and
rely on human feature extraction.

Advanced hybrid deep learning models are

necessary to accurately and instantly detect

forest fires, despite these drawbacks.

DISADVANTAGES

e Current  detection systems are
inaccurate, even in environments that
are exceedingly intricate.

e Manual feature extraction has a
detrimental effect on both processing
complexity and efficiency.

o If satellites and sensors are delayed,
firefighters may be required to wait
longer to respond.

e Traditional machine learning models
are incapable of managing the vast
quantities of real-time picture data.

e Current methods are less effective in
detecting small or early-stage forest
fires.

PROPOSED SYSTEM

The proposed system employs cutting-

edge deep learning and machine learning

algorithms to present an advanced Hybrid

CNN-Boost Model for the precise
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detection of forest fires. Automated feature
extraction  employing  Convolutional
Neural Networks (CNN) and boosting
algorithms enhances the accuracy of
classification and the performance of
detection. The proposed model is capable
of detecting smoke and fire patterns in
forest images and video streams by
utilizing a diverse array of environmental
and meteorological conditions.
Convolutional neural networks (CNNs)
efficiently extract critical visual features
such as flame texture, smoke density,
brightness, and  color  variations.
Additionally, boosting techniques improve
prediction reliability and reduce false
alarm rates.
ADVANTAGES
> provides exact smoke pattern detection
from forest fires.
» By utilizing hybrid CNN and boosting,
the frequency of false alarms is
reduced.

> enables the immediate response to
emergencies and the real-time
monitoring of fires.

> Images can be automatically processed
to extract features without the
necessity for human intervention.

4. RESULTS
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Fig 4(a): Distribution of Deep Learning
Tasks in Image Analysis
Fig 4(b): Distribution of Image Sources
Used in Research
Fig 4(c): Comparison of Data
Augmentation Usage in Articles

5. CONCLUSION
Lastly, forest fire detection systems are
significantly more accurate and resilient
when they employ hybrid models that
integrate  ensemble methods such as
Convolutional Neural Networks (CNN),
Random Forest (RF), and XGBoost.
XGBoost and RF enhance classification
performance by reducing errors and
managing complex decision boundaries,
whereas convolutional neural networks
(CNNs) extract deep visual features to
identify patterns of smoke and flames. The
implementation of Internet of Things (loT)
monitoring systems that employ these
combined methods in real time and in
environments with varying lighting and
weather conditions can be reliably
performed. The scalable and efficient
CNN-RF and CNN-XGBoost frameworks,

which provide an approach to early forest
fire detection, promote environmental
safety and timely response.
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