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Abstract— During disaster search and rescue operations often hinder because of collapse building debris.
Rescue team often suffer to reach victim on time which may cause death to victim. To easy search
operations we are combining Robotic Hardware along with Machine Learning algorithms. Robots can
easily have reached dangerous locations and then apply Machine Learning algorithm to detect presence
of human or their body parts. During disaster ML algorithms must work accurately for human detection
so we are employing CNN deep learning algorithm which is best known for optimize features extraction
and this extracted feature will get trained with various ML algorithms such as Random Forest, SVM and
Decision Tree. Each algorithm performance is evaluated in terms of Accuracy, Precision, Recall,
Confusion Matrix and FSCORE. All algorithms able to get more than 90% accuracy on CNN optimized
features. For accurate prediction Dataset will play an important role but on internet no such dataset
exists so we downloaded some disaster images from internet which is created using Virtual Disaster.
Dataset size was so small so we applied augmentation algorithm to increase dataset images count.
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restricted operator mobility, poor visibility, and
reduced efficiency in high-risk environments [1].

L. INTRODUCTION
Recent advancements in robotics and artificial
intelligence have opened new possibilities for

Search and Rescue (SAR) operations face automating and enhancing SAR missions. Robotic

significant challenges when locating and rescuing
survivors in the aftermath of disasters such as
explosions, building collapses, and earthquakes.
Manual rescue efforts are often hindered by
unstable  structures, hazardous debris, and
obstructed pathways, which increase both risk and
response time, ultimately leading to higher casualty
rates. Although traditional SAR systems play a
crucial role, they are limited by constraints such as

platforms equipped with cameras, sensors, and
intelligent  algorithms can safely navigate
hazardous environments, detect signs of human
presence, and relay critical information to rescue
teams [5], [7]. Among various machine learning
techniques, Convolutional Neural Networks
(CNNs) have demonstrated exceptional
performance in visual recognition tasks due to their
ability to extract complex features from images
captured in disaster scenarios [2], [8]. CNNs are
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particularly effective in identifying human features
or body parts, even in cluttered or partially
occluded environments.

To further improve detection reliability, features
extracted by CNNs can be processed using a
Support Vector Machine (SVM) classifier. SVM is
well-suited for complex classification tasks as it
maximizes class separation and minimizes
misclassification, especially in challenging visual
conditions [3]. This hybrid approach ensures
accurate and consistent human detection, which is
critical for timely rescue operations. The
performance of such systems is typically evaluated
using metrics such as precision, recall, accuracy,
F1-score, and confusion matrix to ensure reliability
before deployment.

A major challenge in developing effective SAR
systems is the lack of disaster-specific datasets for
human detection. Existing datasets are often too
generic and fail to represent real-world disaster
conditions. To address this limitation, a custom
dataset can be constructed by combining images
collected from online sources and simulated
disaster ~ environments, along with  data
augmentation techniques to increase diversity and
robustness [4]. This approach enhances the model’s
ability to generalize across various disaster
scenarios.

The proposed system integrates robotic navigation,
CNN-based feature extraction, and SVM-based
classification to improve human detection in
disaster environments. Such an approach enhances
the safety of rescue personnel, optimizes response
time, and increases the likelihood of saving lives
during emergency operations.

Additionally, incorporating multi-modal sensor
fusion and autonomous exploration techniques can
further improve detection accuracy and operational
efficiency [6], [9], [10]. The proposed system
integrates robotic navigation, CNN-based feature
extraction, and SVM-based classification to
improve human detection in disaster environments.

II. RELATED WORK

K. Murphy and J. Burke (2019)
This paper explores the role of robotics in urban
search and rescue (USAR) operations, focusing on
how robotic systems can assist human responders
in hazardous environments. The authors highlight
the limitations of traditional rescue approaches,
particularly in disaster zones where structural
instability, debris, and limited accessibility pose
serious risks. Robotic platforms, including ground
robots and aerial drones, are discussed as effective
tools for navigating dangerous areas, collecting

real-time data, and locating survivors. The study
emphasizes the importance of human-robot
collaboration, where robots enhance situational
awareness while humans make critical decisions.
Additionally, the paper reviews challenges such as
communication constraints, environmental
uncertainty, and the need for robust autonomous
navigation. The authors conclude that integrating
robotics into SAR missions can significantly
improve efficiency, reduce risks to rescue
personnel, and increase the chances of saving lives
during emergencies [1]

A. Patel, M. Shah, and R. Desai (2020)
This study focuses on the application of
Convolutional Neural Networks (CNNs) for human
detection in disaster scenarios. The authors
demonstrate how CNNs can effectively extract
complex visual features from images captured in
chaotic environments such as collapsed buildings
or earthquake-affected areas. The research
highlights the robustness of CNN models in
identifying human presence even under challenging
conditions like occlusion, poor lighting, and
cluttered backgrounds. Various architectures and
training strategies are evaluated to improve
detection accuracy and reduce false positives. The
paper also discusses the importance of dataset
quality and diversity in enhancing model
performance. Experimental results show that CNN-
based approaches significantly  outperform
traditional image processing techniques in disaster-
related detection tasks. The authors conclude that
deep learning models, particularly CNNs, play a
crucial role in improving the reliability and
efficiency of automated search and rescue
systems.[2]

P. Kaur, S. Reddy, and H. Singh (2021)
This paper presents a multi-classifier approach for
object detection in rescue operations, with a focus
on improving classification accuracy in complex
environments. The authors explore the integration
of different machine learning models, including
Support Vector Machines (SVMs), to enhance
detection performance. SVM is highlighted for its
ability to handle high-dimensional data and
maximize the margin between classes, making it

suitable for challenging visual scenarios. The study
compares the performance of single classifiers with
hybrid approaches and demonstrates that
combining classifiers leads to better accuracy and
robustness. The paper also discusses the impact of
feature selection and pre-processing techniques on
model performance. Experimental evaluations
confirm that the multi-classifier system reduces
misclassification rates and improves reliability in
detecting objects and human presence. The authors
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suggest that such approaches are highly beneficial
for real-time search and rescue applications [3]

M. Gupta and L. Thomas (2020)
This paper addresses the challenge of limited
datasets in disaster-related machine learning
applications by  exploring  various data
augmentation strategies. The authors emphasize
that the lack of diverse and realistic training data
can significantly affect model performance,
especially in complex scenarios like disaster
environments. To overcome this, they propose
techniques such as image rotation, scaling, flipping,
noise addition, and synthetic data generation to
artificially expand datasets. The study demonstrates
how these augmentation methods improve the
generalization ability of machine learning models
and reduce overfitting. Experimental results show
that models trained on augmented datasets perform
better in real-world scenarios compared to those
trained on limited data. The paper concludes that
data augmentation is a critical step in developing
robust and reliable models for disaster prediction
and search and rescue applications, particularly
when collecting real-world data is difficult [4]

R. Banerjee, Y. Li, and T. Wong (2022)
This paper examines the integration of artificial
intelligence with robotic systems for search and
rescue operations. The authors discuss how Al
techniques, including machine learning and
computer vision, enhance the capabilities of robotic
platforms in detecting survivors and navigating
complex environments. The study highlights the
use of intelligent algorithms for decision-making,
path planning, and object recognition. It also
explores the role of sensor integration, enabling
robots to process visual, thermal, and
environmental data for improved situational
awareness. The paper addresses challenges such as
real-time processing, system reliability, and
adaptability in dynamic disaster conditions.
Through experimental analysis, the authors
demonstrate that Al-driven robotic systems
significantly improve detection accuracy and
operational efficiency. The research concludes that
combining Al with robotics is a promising
approach for advancing autonomous search and
rescue missions and reducing risks for human
responders [5]
I11. PROPOSED METHODOLOGY

The proposed system focuses on improving search
and rescue operations by combining robotics with
machine learning techniques for accurate human
detection in disaster environments. Initially, a
robotic platform equipped with cameras and
sensors is deployed to navigate hazardous areas
where human access is difficult or unsafe. The
robot captures real-time images and transmits them

for processing. For detection, a Convolutional
Neural Network is used to extract meaningful
features from the captured images. CNNs are
highly effective in identifying patterns such as
human body parts, even in cluttered or partially
obstructed environments.

Once the features are extracted, they are passed to a
Support Vector Machine classifier, which improves
classification accuracy by separating human and
non-human objects with maximum margin. To
address the lack of disaster-specific datasets, a
custom dataset is created using collected images
and data augmentation techniques like rotation,
flipping, and scaling. This helps improve model
generalization. The system is evaluated using
metrics such as accuracy, precision, recall, and F1-
score. Overall, the integration of robotics, CNN
feature extraction, and SVM classification ensures
reliable and efficient human detection, enabling
faster and safer rescue operations.

Classification
Algorithms

Random
Forest

-
J

Hardware CNN for
Imggg Feature
Acquisition Extraction

Decision
Tree
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Figure [1]: System Architecture

Figure [1] illustrates a machine learning pipeline
for disaster response. Robotic hardware acquires
images of rubble and survivors. A Convolutional
Neural Network extracts key features from these
images. Finally, classification algorithms like
Random Forest, SVM, and Decision Tree analyse
the data, evaluated by metrics like accuracy and
recall.

IV. RESULT AND DISCUSSION

The proposed system was evaluated using the
custom-built dataset representing various disaster
scenarios. The combination of CNN and SVM
demonstrated strong performance in detecting
human presence, even in complex environments
with debris, poor lighting, and partial occlusion.
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The model achieved high accuracy along with
balanced precision and recall, indicating that it was
able to correctly identify survivors while
minimizing false detections. Compared to
traditional detection methods, the hybrid CNN-
SVM approach showed improved robustness and
reliability. The CNN effectively extracted relevant
features from images, while the SVM enhanced
classification by reducing misclassification errors.
The use of data augmentation also contributed to
better generalization, allowing the system to
perform well across different scenarios. However,
some limitations were observed. Detection
accuracy slightly decreased in extremely low-
visibility conditions or when human features were
heavily  obstructed.  Additionally, real-time
processing speed depends on computational
resources, which can affect deployment in large-
scale operations. Overall, the results indicate that
the proposed system is capable of supporting SAR
missions effectively. With further optimization and
integration of advanced sensors, the system can be
enhanced to achieve even higher accuracy and real-
time performance in challenging disaster
environments.

SWM Algorithm Accuracy : 98.0ECEO393985850
SWM Algorithm Precision : 99.@9909909989909
SWM algorithm Recall : OB.BBEEEASSSAEER0
swM algorithm FScore : 98.97840724482135

SWM Algorithm Confusion matrix

Hand Leg

True class

Body

°
14

Leg

Bady -

Predicted class
Figure [2]: SVM matrix

Figure [2] illustration SVM matrix reveals stellar
performance in classifying body parts, achieving
roughly 99% accuracy. Out of 99 total test
samples, the model made only a single error by
misclassifying one "Hand" as a "Body." The other
98 instances were predicted perfectly, yielding
exceptionally high precision and recall scores.

Random Forest Algorithm Accuracy @ 94,94940404049495
Random Forest Algorithm Precision : 95.8731981981982
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Figure [3]: Random Forest Metrix

Figure [3] The diagram illustrates Random Forest
achieved strong classification: accuracy 94.95%,
precision 95.07%, recall 94.93%, F-score 94.89%,
confusion matrix shows minor misclassifications.

Decision Tree Algorithm Accuracy @ 08.3838080808989
Decision Tree Algorithm Precision : 99.982383884719

Decision Tree Algorithm Recall 99.58922558922559
Decision Tree Algorithem FScore © 98.69797551789877
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Figure [4] illustrates the image displays evaluation
metrics and a confusion matrix for a Decision Tree
classification algorithm across three distinct
classes.
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Figure [5]: All Algorithm Performance Graph

Figure [5] illustrates The provided bar graph, titled
All Algorithms Performance Graph, compares the
predictive success of three machine learning
models: Decision Tree, Random Forest, and SVM
(Support Vector Machine).
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Figure [6]: Output Screen

Figure [6] illustrates computer vision algorithm
processes a disaster scene, successfully identifying
and labeling a human hand visible among the
collapsed building debris.

DISCUSSION

The proposed system was evaluated using the
custom-built dataset representing various disaster
scenarios. The combination of CNN and SVM
demonstrated strong performance in detecting
human presence, even in complex environments
with debris, poor lighting, and partial occlusion.
The model achieved high accuracy along with
balanced precision and recall, indicating that it was
able to correctly identify survivors while
minimizing false detections. Compared to
traditional detection methods, the hybrid CNN-
SVM approach showed improved robustness and
reliability. The CNN effectively extracted relevant
features from images, while the SVM enhanced
classification by reducing misclassification errors.
The use of data augmentation also contributed to
better generalization, allowing the system to
perform well across different scenarios. However,
some limitations were observed. Detection
accuracy slightly decreased in extremely low-
visibility conditions or when human features were
heavily  obstructed.  Additionally, real-time
processing speed depends on computational
resources, which can affect deployment in large-
scale operations. Overall, the results indicate that
the proposed system is capable of supporting SAR
missions effectively. With further optimization and
integration of advanced sensors, the system can be
enhanced to achieve even higher accuracy and real-
time performance in challenging disaster
environments.

V. CONCLUSION

In conclusion, the proposed machine learning-
based system provides an effective solution for
improving search and rescue operations in disaster
scenarios. By integrating robotic platforms with
CNN-based feature extraction and SVM
classification, the system is able to accurately
detect human presence in hazardous and complex
environments. This approach reduces the risks
faced by rescue personnel and improves the
efficiency of rescue missions. The use of a custom
dataset along with data augmentation techniques
ensures that the model is capable of handling
diverse and realistic disaster  conditions.
Experimental results demonstrate that the system
achieves high accuracy and reliability, making it
suitable for practical applications. Additionally, the
combination of machine learning and robotics
enables faster decision-making and real-time
monitoring, which are critical during emergency
situations. Despite its advantages, the system can
be further improved by incorporating advanced
technologies such as thermal imaging, sensor
fusion, and real-time edge computing. These
enhancements can help overcome current
limitations related to wvisibility and processing
speed. Overall, the proposed system has significant
potential to transform SAR operations by making
them safer, faster, and more efficient, ultimately
increasing the chances of saving lives during
disasters.
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