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Abstract:

Accurate early prediction of cyclones is essential to

minimizing casualties and damage to infrastructure across the globe. With advancements in satellite imaging,
it has become feasible to capture atmospheric visuals and remotely sense weather events like cyclones through
various imaging modalities. These Satellite photos are especially useful forforecasting cyclonic storms.
However, current methods often face challenges in achieving high prediction accuracy within minimal
processing time. To address these limitations, a new approach known as Bivariate Correlative Deep Structure
Learning Classification based on Czekanowsky Dice Hypergraphic Extended Kalman Momentum
Filterization (CDHEKMF-BCDSLC) is suggested. The purpose of this model is to improve cyclone prediction
speed and accuracy.The four primary steps of the methodology are feature extraction, segmentation,
preprocessing, and classification. First, a Czekanowsky Dice Intensity Threshold-based Interval Hypergraph is
used in the segmentation phase.(CDIT-IH) model to separate cyclone-related patterns in satellite images,
which significantly reduces prediction time. Following segmentation, a novel Extended Kalman Momentum
Filter That Is Invariant is applied during preprocessing to enhance image contrast and clarity.In the third stage,
Bivariate Correlative Spatiotemporal Feature Extraction is conducted, where pixel intensities are analyzed
across time and spatial dimensions to identify relevant patterns. A Multidimensional Deep Belief Network
(DBN) classifier is then fed these extracted features. This model for deep learning, with its layered structure,
is optimized to process complex spatiotemporal inputs and deliver precise cyclone predictions.Experimental
evaluations demonstrate that the proposed CDHEKMF-BCDSLC model significantly improves cyclone
prediction performance. It achieves 6% higher accuracy, 17% faster prediction time, 5% increase in both
precision and F-measure, and a 4% gain in recall when compared to leading existing methods.

Keywords: Cyclone prediction, satellite imaging, spatiotemporal features, image segmentation,
preprocessing, extended Kalman momentum filter, Czekanowsky Dice interval hypergraph (CDIT-IH),
feature extraction, deep belief network (DBN), multidimensional classification, bivariate correlation,

prediction accuracy, cyclonic storm forecasting, machine learning, remote sensing, weather prediction

L. INTRODUCTION efforts. With the advancement of remote sensing

Among the most destructive natural disasters, and satellite imaging technologies, vast volumes of
tropical cyclones cause a great deal of death and atmospheric data are now accessible, providing
destruction to ecosystems, infrastructure, and valuable inputs for weather analysis and cyclone
property. Therefore, it is essential to predict forecasting. Conventional cyclone prediction
cyclonic activity accurately and promptly in order models rely heavily on physical simulations and
to prepare for and mitigate disasters. meteorological data, often struggling with the

challenges of large-scale image data interpretation,
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temporal dynamics, and real-time accuracy.
Furthermore, many existing machine learning-
based approaches are hindered by limitations such
as data complexity, insufficient labeled datasets,
and the inability to effectively extract temporal and
spatial features. These shortcomings result in
reduced prediction accuracy and
processing time.In order to overcome these
obstacles, this paper proposes a novel cyclone
prediction framework called Czekanowsky Dice
Hypergraphic Extended Kalman Momentum
Filterization-based Bivariate Correlative Deep
Structure Learning Classification (CDHEKMF-
BCDSLC). This of hybrid deep
learningintegrates advanced techniques across four
core stages—segmentation, preprocessing, feature
extraction and classification—to improve the
forecasting of cyclone intensity.The proposed
method begins with segmenting satellite images
using the CDIT-IH, or Czekanowsky Dice
Intensity Threshold-based Interval
Hypergraphmodel, which partitions images into
meaningful regions to reduce computation time.
This is followed by image enhancement Using an
Extended Kalman Momentum That Is Invariant
Filter, improving image contrast and clarity. Next,
Bivariate Correlative  Spatiotemporal Feature
Extraction is employed to analyze dynamic pixel
variations over space and time. Finally, a Using a
multidimensional Deep Belief Network (DBN)
classifier,

increased

model

categorize cyclone intensity levels with improved
precision. This integrated approach aims to
significantly improve prediction accuracy and
reduce processing time, providing more reliable
and timely cyclone forecasting. Experimental
results demonstrate that the proposed CDHEKMF-
BCDSLC technique outperforms existing models
in important parameters like recall, accuracy,
precision, F-measure, and prediction speed, which
makes it promising solution for early cyclone
detection and disaster management.

II. LITERATURE REVIEW

1. B. Chen, Y. Kuo, and T. Huang, “An ensemble
deep learning method forpredicting tropical
cyclone rapid intensification,” Atmos. Sci. Lett.,
vol. 24, no. 5, May 2023, Art. no.
el151.Accurately forecasting the rapid
intensification (RI) of tropical cyclones (TCs) is a
critical component of operational weather
prediction. Traditional statistical models depend on
manually selected features and correlations
between predictors to estimate cyclone intensity.
However, deep learning offers a powerful
alternative by enabling the automatic integration of
satellite imagery and conventional environmental
indicators within deep neural network frameworks.
This study demonstrates that deep learning
significantly improves both cyclone intensity and
RI prediction by jointly processing human-defined
parameters and features extracted directly from
satellite images. From a practical and operational
standpoint, an ensemble approach is employed,
comprising 20 deep learning models with different
neural architectures and input combinations, to
forecast intensity distributions 24 hours in advance.
These ensemble-generated intensity distributions
allow forecasters to determine a precise intensity
estimate while also gauging the likelihood of RI
and the associated prediction uncertainty. When
compared to existing operational forecasting
systems for TCs in the western Pacific, the deep
learning ensemble outperforms by delivering
higher RI detection rates and reducing false alarms.

2. S. Farmanifard, A. Asghar Alesheikh, and M.
Sharif, “A context-aware Tropical cyclone
prediction using a hybrid deep learning model

trajectories,” Expert Syst. Appl., vol. 231, Nov.
2023, Art. no. 120701

Tropical cyclones (TCs) are among the most
destructive natural phenomena, often resulting in
significant loss of life and widespread
environmental damage. Predicting the path of a TC
well in advance is necessary to enable safe
evacuations and issue early warnings. Advanced
predictive models are needed to evaluate historical
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data and predict the trajectories of TCs because of
their complexity and the impact of changing
atmospheric and geographic conditions on their
movement. Three deep learning models with
flexible architectures were created in this study to
forecast TC trajectories: the Multilayer Perceptron
(MLP), Long Short-Term Memory (LSTM), and a
brand-new hybrid model that combines the two
(MLP-LSTM). These models were assessed and
trained with adataset of tropical cyclones from the
Atlantic Ocean in the North, as well asadditional
contextual variables such as wind speed, wind
direction, and atmospheric pressure. The findings
revealed that the hybrid MLP-LSTM model
consistently outperformed the standalone MLP and
LSTM models, particularly when contextual data
was incorporated into the prediction process. The
average positional error for three-hour forecasts
was 52.73 km for MLP, 20.65 km for LSTM, and
19.54 km for the hybrid model. For 24-hour
forecasts that included contextual variables, the
hybrid model again demonstrated superior
performance with a reduced error of 208 km,
compared to 166 km for MLP and 203 km for
LSTM.

[3]Z. Huang, D. Rosowsky, and P. Sparks, “Long-
term hurricane risk assessment and expected
damage to residential structures,” Rel. Eng. Syst.
Saf., vol. 74, pp. 239-249. 2021

This paper presents results from a study to evaluate
long-term hurricane risks in the Southeastern
United States wusing event-based simulation
procedures. These risks are defined by (1) the
statistical extreme wind climate, and (2) the
expected insured losses from damage to residential
structures. A probabilistic hurricane event model
developed by the authors is used to evaluate long-
term risks. The event The parameters of the model
were obtained from a statistical analysis of storms
affecting the Southeastern United States and
include radius of maximum winds, central pressure
difference, landfall location, storm track, and decay
rate. The 50-year mean recurrence interval (MRI)
gradient-level and surface gust wind speeds are
evaluated for the region investigated using results

from the simulation analysis. When coupled with a
damage model, also developed by the authors, the
results from the event-based simulation analysis
are used to provide estimates of the expected
losses. The states of North Carolina, South
Carolina, and Florida are used to illustrate the
relevance ofthis procedure for evaluating expected
losses. Implications for setting design wind speeds
as well as risk-consistent insurance rates are
discussed.

4. Dvorak, “Tropical satellite imagery for cyclone
forecasting and intensity analysis," Monthly
Weather Rev., vol. 103, no. 5, pp. 420-430, 1975.
A method for predicting and analyzing tropical
cyclone intensities using satellite imagery is
explained. A description is given of the cloud
characteristics that are used to predict the cyclone's
intensity and how it will change in the future.
Within the framework and limitations of an
empirical model of tropical cyclone changes,
methods for analyzing cloud properties and their
daily variations are described.

5.M. Pineros, E. Ritchie, and J. Tyo, “Objective
measurements of the structure and intensity change
of tropical cyclones using remotely sensed infrared

image data IEEE Trans. Geosci. Remote Sens., vol.
46, no. 11, pp.3574-3580, Nov. 2019.

An objective technique for obtaining features
associated with the shape and dynamics of cloud
structures embedded in tropical cyclones from
satellite infrared images is described. As the
tropical cyclone develops from an unstructured
cloud cluster and intensifies, the cloud structures
become more axisymmetric about an identified
reference point. Using variables derived from
remotely sensed data, the technique calculates the
gradient of the brightness temperatures to measure
the level of symmetry of each structure, which
characterizes the degree of cloud organization of
the tropical cyclone. The results presented show
that the technique provides an objective measure of
both the structure and the intensity of the tropical
cyclone from early stages, through intensification,
maturity, and dissipation.

© 2025,IJSREM | www.ijsrem.com

| Page 3


http://www.ijsrem.com/

27 2y,
2]
@5§ International Journal of Scientific Research in Engineering and Management (IJSREM)

Volume: 09 Issue: 08 | Aug - 2025

SJIF Rating: 8.586 ISSN: 2582-3930

6. E. Ritchie, G. Valliere-Kelley, M. Pifieros, and J.
Tyo, “Tropical Using an enhanced deviation angle
variance to estimate cyclone intensity in the North
Atlantic basin

technique,” Weather Forecasting, vol. 27, pp.
1264-1277, 2018

The results of an enhancement to the objective
deviation angle variance technique for estimating
tropical cyclone intensity from satellite infrared
imagery in the North Atlantic basin are presented
in this paper. The method measures a tropical
cyclone's maximum wind speed indirectly by
quantifying the degree of organization of its
infrared cloud signature. The main modification
discussed here is the use of the best-track database
from the National Hurricane Center to constrain
the method. An overall root-mean-square intensity
error of 12.9 kt (6.6 m s —1, where 1 kt=0.514 m s
—1) and annual root-mean-square intensity errors
ranging from 10.3 to 14.1 kt are among the results
displayed for the 2004—10 North Atlantic hurricane
seasons. A straightforward comparison between the
prior iteration and the According to one published
here, the intensity  error
improved in every year, peaking in 2009 when it
went from 17.9 to 10.6 kt and overall from 14.8 to
12.9 kt.

root-mean-square

7. E. Ritchie, K. Wood, O. Rodriguez-Herrera, M.
Pifieros, and J. Tyo, “Satellite-used the deviation-
angle variance technique to determine the intensity
of tropical cyclones in the North Pacific Ocean.
Weather Forecasting, vol. 29, pp. 505-516, 2021.
The ‘"best-track center" application of the
deviation-angle variance technique (DAV-T),
which was first used in the North Atlantic basin to
estimate the intensity of tropical cyclones (TCs), is
modified for use in the North Pacific Ocean.DAV.
The adjustments include retraining the algorithm
parameters for various basins and modifying the
preprocessing for various data sources, such as the
Multifunctional Transport Satellite (MTSAT) in
the western North Pacific, the stitched GOES-E—
Geostationary Operational Environmental Satellite-

West (GOES-W) in the eastern North Pacific, and
the Geostationary Operational Environmental
Satellite-East (GOES-E) in the Atlantic. When
compared to the Joint Typhoon Warning Center
best track, which uses all TCs to train and test the
algorithm, DAV-T intensity estimation in the
western North Pacific over the 2007-11 period
yields a root-mean-square intensity error (RMSE,
as measured by the maximum sustained surface
winds) of 14.3 kt (1 kt = 0.51 m s—1). When
training with the remaining set and testing on a
single year, the RMSE falls between 12.9 and 15.1
kt. When compared to the National Hurricane
Center best track, the DAV-T yields an RMSE of
13.4 kt in the eastern North Pacific using all TCs in
2005-11.

8. "An automated method to estimate tropical
cyclone intensity using SSM/I imagery," J. Appl.
Meteorol., vol. 41, pp. 461472, 2020, by R.
Bankert and P. Tag.
Using data from Special Sensor Microwave
Imagers (SSM/I), an automated technique for
estimating the intensity of tropical cyclones is
created and evaluated. 512 km x 512 km SSM/I
images centered on a specific tropicalFor 142
distinct TCs (1988-98) from the North Pacific,
Atlantic, and Indian Oceans, cyclones (TC) with
known best-track intensities are gathered. Each
TC's derived rain-rate imagery data and 85-GHz
(H-pol) imagery data are used to calculate more
than 100 characteristic features. 942 of the 1040
sample photos were chosen to serve as training
examples. To choose an ideal subset of the
characteristic features that could reliably estimate
TC intensity on unknown samples in a K-nearest-
neighbor (K-NN) algorithm, these training samples
are analyzed in a feature-selection algorithm. The
K-NN algorithm is given the 98 testing samples
(from four TCs) with the best-track intensity as the
ground truth and the 15 chosen features as the
representative vector. An rmse, or root-mean-
square error of 19.8 kt is generated. Adding a TC
intensity history feature to 71 of the 98 samples
improves this "snapshot" method (rmse is 18.1 kt).
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III. EXISTING SYSTEM

The tropical cyclone forecast tracks is treated as a
time series forecasting problem in [3]. This
problem is addressed by employing a bidirectional
gate recurrent unit (BiGRU) network with a system
for paying attentionto enhance the extraction and
utilization of historical track data. Using best-track
data from the Center for Joint Typhoon Warning
(JTWCO)for the northwest Pacific from 1988 to
2017, the model’s performance was evaluated for
predictions at 6, 12, 24, 48, and 72-hour intervals.
Results indicate that the BiGRU with attention
mechanism outperforms other advanced deep
learning models, including RNN, LSTM, GRU,
and BiGRU without attention. Exploring new
techniques to improve the Tropical cyclone
forecastformation (TCF) is essential [4]. This study
leverages the availability of large volumes of TCF
data to show that convolutional neural networks
are capable of offer promising performance in
predicting TCF. Popular architectures such as
ResNet and UNet successfully process this
extensive data, achieving superior performance. A
new tropical cyclone intensity classification and
estimation model (TCICENet) has been introduced
in [5] using satellite images collected from the
northwest Pacific Ocean basin. This model no
doubt increases the classification accuracy but fails
to extract the temporal features effectively. A In
[6], the Tensor-Based Convolutional Neural
Network (TCNN) was presented for intensity
classification andregression based on wind speed
estimation. However, this model needs to focus on
designing efficient network architectures.

DISADVANTAGE OF EXISTING SYSTEM

One of the major challenges faced by existing
machine learning models in cyclone forecasting is
the complexity of the data involved. These models
often struggle to accurately interpret large-scale
and highly intricate datasets, which are essential
for reliable predictions. Additionally, the
effectiveness of such models heavily depends on
the availability of vast amounts of high-quality
data. In scenarios where sufficient data is lacking,
the predictive accuracy of the models tends to

decline significantly. Another critical issue is the
precision of data labeling, as machine learning
models learn from training datapatterns and make
forecasts, any errors or inconsistencies in data
labeling can lead to incorrect predictions and
reduce the model’s overall reliability.

IV. PROPOSED SYSTEM

The proposed system technique consisting of four
major processes for improving cyclone prediction
accuracy. The North Pacific Cyclone dataset is the
source of the images. The Czekanowsky dice
Intensity threshold-based Interval Hypergraph
(CDIT-IH) model is then used to segment the input
cyclone image into multiple segments. An
invariant extended Kalman momentum filter is
used to preprocess segmented images. Machine
learning is used in the feature extraction process.

Bivariate  correlative  spatiotemporal  feature

extraction is used to carry out the feature selection

process. Lastly, deep structure learning is used for

classifying cyclone intensity as Cyclonic storm,
severe cyclonic storm, very severe cyclonic storm,
extremely severe cyclonic storm, depression, deep
depression, and super cyclonic storm with
increased precision.

Advantages of Proposed System

To improve the precision of cyclone intensity
prediction, a novel classification approach called
Czekanowsky Dice Bivariate Correlative Deep
Structure Learning Classification using
Hypergraphic Extended Kalman Momentum
Filterization(CDHEKMF-BCDSLC) has been
developed. This method incorporates four key
processes: segmentation, preprocessing, feature
extraction, and classification. To reduce the overall
prediction time, the approach employs an image
segmentation technique based on the Interval
Hypergraph based on the Czekanowsky Dice
Intensity  Threshold(CDIT-IH) model, which
divides input satellite images into meaningful
regions. Image quality is further improved through
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Using an  Invariant  Extended  Kalman
MomentumFilter, which enhances contrast and
prepares the images for the next step. A Bivariate
Correlative is used to extract
features.Spatiotemporal technique that analyzes
pixel intensity variations across space and time.
For final classification, a The Ruzicka Indexive
Regression Function is incorporated into the
multidimensional Deep Belief Network model.to
achieve more precise cyclone intensity predictions.
Extensive  experimental  evaluations  were
conducted to assess the proposed model’s
performance, both quantitatively and qualitatively,
using various metrics to demonstrate its superiority
over existing methods.

System Architecture

Fig:1 System Architecture
V. MODULE DESCRIPTION

Remote User:

The Remote User acts as the front-end user of the
system who interacts with the cyclone forecasting
platform. After logging into the system, the user
can upload or input cyclone-related data from the
available datasets. Once the data is submitted, the
system processes it to predict cyclone intensity
levels utilizing the suggested deep learningmodel.
The results of the prediction—such as the type and
strength of the cyclone—are displayed to the user
in a clear and understandable format. This
functionality enables remote wusers, such as
researchers or meteorologists, to analyze cyclone
forecasting outcomes conveniently and make
informed decisions founded at the predicted data.

Service Provider:

The Service Provider serves as the administrative
backend of the system and is responsible for

overseeing the entire forecasting process. This
section includes functionalities such as displaying
the different machine learning algorithms used in
the system, along with their respective accuracy
metrics. It provides visual insights—such as graphs
or charts—comparing algorithm performance.
Additionally, the service provider can view
detailed records of cyclone predictions made by the
system, including the forecasting results. A
separate feature also allows the service provider to
access and manage information related to all
registered remote wusers, thereby offering a
complete overview of user interactions and system
usage.

VI. RESULTS

The results of the algorithm evaluation reveal that
SVM, or the Support Vector Machineachieved the
highest accuracy at 54.5%, making it The most
efficientalgorithm in this analysis. Following
closely is the Random Forest exhibiting strong
performance with an accuracy of 52.2%. The
accuracy attained by the Convolutional Neural
Network (CNN) was of 51.6%, placing it in a
competitive position just behind Random Forest.
The Gradient Boosting Classifier showed a slightly
lower accuracy of 51.2%, while the K-Nearest
Neighbors (KNN) algorithm had the lowest
accuracy at 50.0%. To provide a clear visual
representation of these results, a pie chart
illustrates the distribution of accuracies among the
algorithms, allowing for an easy comparison of
their performances. Each segment of the pie chart
corresponds to the accuracy percentage of the
respective algorithm, highlighting the differences
in their effectiveness.

e S D v

Fig: Resultant graph
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VII. CONCLUSION

In conclusion, the proposed Czekanowsky
Hypergraph-Based Deep Learning Classifier for
Precision Cyclone Forecasting (CDHEKMF-
BCDSLC) presents a significant advancement in
the pitch of cyclone prediction. By integrating a
original method that encompasses segmentation,
preprocessing, feature extraction, and
classification, this technique effectively enhances
prediction accuracy while minimizing prediction
time. The use of the Czekanowsky Dice Intensity
threshold-based Interval Hypergraph model for
image segmentation, combined with the invariant
protracted Kalman thrust sieve for image quality
improvement, allows for more precise feature
extraction  through Bivariate correlative
spatiotemporal analysis. The implementation of a
multidimensional deep belief network further
strengthens the classification process, enabling
accurate predictions of cyclone intensity levels.
Experimental results demonstrate that the proposed
method outperforms existing systems, achieving
notable improvements in accuracy, precision,
recall, and F-measure. This research not only
addresses the limitations of current cyclone
forecasting models but also highlights the potential
of advanced deep learning techniques in
meteorological applications, ultimately
contributing to better preparedness and response
strategies for cyclone-related disasters.
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