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Abstract - In recent years the number of natural disasters happening in the country is kept increasing. Landslides are
considered as one of the major natural disasters happening in the country leading to major human life losses comparing
with other disasters. The reason behind the landslide is due to continuous degradation in the environmental resources.
Accurate prediction and mitigation strategies are important to understand an create awareness to the people around the
mountains. The presented system is focused on creating an effective framework which detects the landslide scenarios in
the early stages through YOLOV5 as the primary model. The presented study focused on deep learning based automated
landslide detection using satellite images and aerial images. YOLOVS5 is one of the advanced architectures consists of in-
built convolution layers. The landslide starts with unique features such as debris flow, falling of massive rocks, sudden
changes in the surface of the mountains, failures in slopes etc. The proposed approach considers reliable dataset which
holds various real time images of landslides enhances the quality of training process involved in YOLOv5 model. By
interfacing real time datasets to the models, the quality of prediction is getting enhanced. The scalability of the system is
increased through massive dataset collection. The presented system is designed as lightweight cloud configurable model
with high accuracy and data speed for communication. It provides valuable alerts towards landslides and major disasters
comparing with geospatial analysis.

Index Terms - Natural hazards, Internet of Things, Artificial Intelligence, Disaster detection, Cognitive analysis.

I. INTRODUCTION

At any point of scale disaster that happens through natural resources, or human made errors impact the life of humans.
Accurate detection and mitigation activities towards disaster is important for human life security. Timely response for
emergency activities is crucial for making human life secured and safe. Traditional and scientific methods such as analysis
of satellite images, conducting surveys in the fields, installing reliable sensors in the field environment to detect disasters
are commonly developed. The recent developments in artificial intelligence (Al) frameworks[1] supported the developers
to derive efficient algorithms for rapid detection and processing of massive images towards normal activity and abnormal
activity detection. An automated disaster detection systems is emerged as the most demanded system for processing vast
amount of image data. Leveraging the deep learning algorithm, using convolutional neural network (CNN)[2], smart
object detection using YOLO model produces optimum result towards detection of various disaster detection activities
such as land slide, earth quakes, sudden floods, natural consequences like wild fire etc. In certain cases, geo spatial images,
satellite captured images, drone images and real time CCTV footages etc. Deep learning algorithms utilize large datasets
and scale the patterns present in the images through complex features. Instead of going with traditional methods on rule-
based decision making, deep learning algorithms perhaps detect the features automatically, model the patterns and
compare the patterns with database images[3]. The higher correlation of the data occurs, when massive features get
matched with the database image. The automated classification and evaluation are performed with accuracy, precision,
recall and Flscore based analysis. The adaptability of the deep learning algorithm, produces faster result generation. The
major challenge impact the accuracy of deep learning models are the low-quality images captured through different
camera devices[4]. The deep learning models have the capability to make data processing effectively that correlate with the
real time as well as near real time values. In certain real time environment detection models, the system focusses on early
prediction effectively. The developments in internet of things (IoT)[5] enabled systems enhance the capability of the
disaster detection systems through high resolution data streaming into the cloud effectively. Deep learning[15] driven
disaster detection system formulates the collection of massive data from the satellite collected data repository. The close
and keen observation towards the disaster related signs is extracted through ground movement detection, Sensors based
vibration detection etc.
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.« The proposed approach is focused on creating an efficient model towards disaster detection system.
« The proposed approach considers YOLOV5 based disaster image analysis model in which massive collection of
disaster images are combined together.

. The data is transferred to the cloud for further forecast and modelling the future happenings.

The rest of the journal is formulated with detailed literature background study from existing articles in Section II,
followed by System tool selection, existing challenges are discussed in Section 11, the design methodology is discussed in
Section IV. The overall results and interpretations are discussed in Section V.

Il. BACKGROUND STUDY

Singh et al. (2025) The author explored the convolutional neural network (CNN) driven smart disaster identification
system with advanced artificial intelligence (Al) based management of forest fire is developed. The peculiar part of
proposed work is that the existing challenges in sensor-based fire detection[17] system with limited coverage and analysis
is addressed here and overcome with the utilization of image processing and computer vision technology. The system also
detects the cause of fire in the early stages through detection of smoke, detection of lighting impacts in the forest and
occluded fire initiatives through deep image processing. In CNN based analysis models, the major challenge persists with
the large data processing and its associated propagation time over it [6].

Villegas-Ch et al. (2023) The author explored the conceptual discussions towards deep learning based early detection
models in comparison with traditional surveillance systems. In certain manual methods using rule-based analysis,
chances of manual errors are increased. On the other hand, leveraging the deep learning models through various real time
images increases the chances of achieving high accuracy. The potential feeds from the video surveillance systems, in
recent days automatically detect the potential threats such as violent activities, unauthorized access, and activity related
to security breaches. In terms of any environmental consequences happens, such as forest fire, the system detects it in the
early stage, and transmit the information to fall over the cloud for alerting the peoples and authorities [7].

Zhao et al. (2023) The author explored every stage of earthquake, by assessing the data collected from various systems. It
detects major challenges by keeping the keen detection eye towards the emergency responders, so that the overall
computational efficiency in real time applications increases. The study explores the idea of various opportunities towards
Al based IoT monitoring system, through transfer learning approach. In low-data gathering area, the need for data
augmentation to increase the quantity of data is developed. To enhance the emergency response strategies, the presented
system adds the resilience detection model inside the drones and detection devices [8].

Rodriguez-Espindola et al. (2024) The author explored various insights towards critical role of efficient infrastructure
creation for data transports, network communication and lossless transmission. The presented system focused on
creating an integrated simulation model, for fast detection and environmental disasters. The data is collected from real
time sensors, satellite images, drone images etc. The data driven approach increases the detection accuracy, by applying
convolutional neural network (CNN), recurrent evaluation of CNN models, to make faster responses. The proposed
approach reduces the response time and enhance the operational efficiency of the proposed system [9].

Zhang et al. (2023) The complete analysis of Geographic information system (GIS) enabled cloud data processing in
which the system is trained with critical building attributes data, in terms of damage indicators, earth quake vibrations,
vulnerable devices connected with the buildings. An automated feature extraction process is considered for urban
panners, for disaster detection systems. The cloud-based analysis[16] holds the need for building inspections, and
provides vulnerable modules present in the specific area. The presented system also utilized for post disaster management
system [10]. Considering various existing state of art approaches relevant towards the security in cloud computing [11],
understanding deep insights towards machine learning algorithms [12]-[14] the challenges are discussed.
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I1l. SYSTEM DESIGN

In the various existing state of art approaches, the manual method of identification of landslides, and its inefficiency
towards accurate detection of landslides are considered as the crucial issue. Existing approaches developed with the
help of machine learning algorithms often struggle with unhealthy features impact the accurate detection of landslides.
These features are required to get scaled up before being processed. On the other hand, it is required to normalize the
data before processing. The machine learning models often depends on the climatic data, changes in weather, and
impact the precision parameters if the quality of image is occluded. An automated deep learning models are created to
enhance the quality of landslide detection in the early stages. The primary goal is to detect the abnormal changes in
the environment as soon as the big disaster situation got to happen. Landslides produce massive loss of human life.
Satellite images are highly supportive for analyzing such situations.

IV. METHODOLOGY
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Fig. 1. System architecture of proposed Disaster detection system

Fig 1. Shows the system architecture of proposed disaster detection model using the highly efficient YOLOvV5
architecture. In order to enhance the proposed model, an Al driven approach is utilized to increase the quantity of
images using data augmentation system. In spite of integrating deep learning models, the detection quality is
significantly enhanced. The Al driven data optimization system enhances the quantity and quality of database images.
The proposed approach is developed using Python tool with YOLOV5 algorithm.The proposed model considers the
collection of pre-trained image database which evaluates the satellite images, drone collected images, aerial images
through standard resolution. The images undergoes, preprocessing stage which includes reading the input image, re-
sizing the image, making the standard size to the images are initially progressed. Once the preprocessing stage
processed, relevant feature extraction process by fine tuning the image quality, by adjusting the noise present in the
image. The YOLOV5 model is trained completely with the database images. The model is utilized to derive the required
features from the database images.

Implementation summary

The proposed disaster detection system consists of landslide, sudden change in mountains, slope failures, terrain
displacement stages, and further the debris movement. The outcome of the proposed model classifies the disaster type,
enabling the real time and near real time analysis through producing the highly demand-able early warning system. The
presented system also focused on analyzing the collected data and formulated for forecast model. The proposed system
considers YOLOvV5 model for analyzing the disaster images. The model considers certain statistical parameters to make
strong decision over the quality of detection system.
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V. RESULTS AND DISCUSSIONS

Fig 2. Test inputs

Fig 2 presents a sample test image used in the disaster detection process, demonstrating how the YOLO-V5 model
identifies and classifies disaster events, such as landslides. The test image serves as an input to the system, undergoing
pre-processing steps such as re-sizing, feature extraction, and enhancement to ensure optimal detection accuracy.

Fig 3. Detection of Patches

Fig 3. Shows the detection of patches from the sample test images. illustrates the process of detecting patches from
the sample test images in the disaster detection system. This step is crucial for enhancing the accuracy of the YOLO-
V5 model by isolating specific regions of interest that contain disaster-related features. The process begins with
dividing the input image into smaller patches, ensuring that finer details such as debris flow, slope failures, or
structural damage are effectively captured. These patches undergo feature extraction, where the model identifies key
visual patterns indicative of a disaster
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Fig 4. Disaster detection using YOLO V5

Fig 4 shows the disaster detection through YOLO V5 model. The sample test images are processed with YOLO V5.
illustrates the disaster detection process using the YOLO-V5 model, demonstrating the classified images through
bounding boxes.
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Fig 5. Shows the recall curve towards performance measurement. The proposed algorithm considers certain steps
towards analysis of disaster detection system, through certain statistical measures such as confidence of
thresholding. By verifying the threshold value, if reaches 0 and 1 different prediction levels are consider. Using the
predicted threshold, true positive and true negative values are calculated.
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Fig 6. F1 Confidence curve
Fig 6. Shows the F1 confidence curve in which all kinds of classification achieved around 0.84 at 0.204 confidence.
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Fig 7. Precision — Recall Curve

Fig 7. Shows the precision and Recall curve in which all classes falls around the 0.921 at mAP of 0.5.
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Fig 8. Confusion Matrix

Fig 8. Shows the confusion matrix utilized for evaluating the True positive(TP), True negative(TN), False
positive(FP)m False negative(FN) values towards the comparison of training images and the testing images during
the complete iteration using YOLOv5 model.

Interpretations
The Recall values is considered as one of the primary parameter for evaluating the quality of prediction. The recall
parameter is calculated as below.
Recall = True positive / ( True positive + false negative) (1)
The proposed confidence levels through Recall is plotted with respect to the confidence threshold.
The analysis curve shown in the Fig 5 , the confidence curve, and the recall curve at Fig 7. achieved through
aggregating the predictions for all types of class values during the complete iterations.
The F1 confidence curve act as one of the primary parameter utilized for evaluating the different confidence levels.
The expression to evaluate the F1score is given by ,
Flscore = 2 x (Precision x recall) / (Precision + Recall) (2)
The precision towards the proposed image classification is achieved through the formula below.
Precision=TP / (TP + FP) (©)]
Recall = TP/ (TP + FN) 4
The true positive(TP) is the representation of correctly classified images from the complete training database. False
positive (FP) is the representation of incorrectly classified images from the overall image database. The false
negative(FN) represents the missing images during the classification of images.

VI. CONCLUSION

the proposed system offers an effective and scale able framework for early-stage landslide detection using deep
learning techniques, specifically the YOLOV5 model. By leveraging satellite and aerial imagery, the system accurately
identifies key indicators of landslides such as debris flow, rockfall, slope failure, and sudden surface changes. The use

of a reliable, real-time data-set enhances the model's training quality, thereby improving prediction accuracy.

Designed as a lightweight, cloud-configurable solution, the system ensures fast data communication and delivers

timely alerts. Compared to traditional geo spatial analysis, this approach demonstrates improved responsiveness and
precision, contributing significantly to disaster mitigation efforts and public awareness in landslide-prone regions.
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