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Abstract—  The increasing adoption of
cryptocurrencies has introduced new challenges
in analyzing highly volatile financial markets
where prices fluctuate continuously and
traditional analytical methods often fail to
provide timely insights. This work presents a
comprehensive cryptocurrency market analysis
system that combines data analytics, machine
learning, and web technologies to support
informed investment decisions. Historical market
data of major digital assets, including Bitcoin,
Ethereum, and Solana, are processed through
data preprocessing, feature engineering, and
normalization techniques to identify meaningful
market trends and price movement patterns. A
supervised learning model is employed to
estimate short-term market behavior, while
statistical indicators are utilized to evaluate
momentum, volatility, and overall market
conditions. To enhance user accessibility, the
analytical framework is integrated into a full-
stack web application developed using FastAPI
and React, enabling interactive visualization of
market information and real-time analytical
updates. Furthermore, an artificial intelligence
module generates descriptive market
interpretations that assist users in understanding
complex financial indicators without requiring
extensive technical expertise. Experimental
observations demonstrate that the proposed
framework provides reliable market analysis,
effective visualization, and consistent predictive
performance under varying market conditions.
The proposed system offers an integrated
environment for cryptocurrency monitoring and
decision support by combining predictive
analytics with explainable Al-based insights,

making it suitable for investors, researchers, and
financial analysts.
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LINTRODUCTION

The rapid expansion of cryptocurrency has
transformed the financial sector by enabling
decentralized digital transactions without relying on
conventional banking systems. Popular
cryptocurrencies such as Bitcoin, Ethereum, and
Solana have attracted significant attention from
investors because of their high growth potential and
continuous market activity. However,
cryptocurrency prices fluctuate rapidly due to
changing market conditions, investor sentiment, and
global economic events, making market analysis and
price prediction challenging [1]. Conventional
trading platforms primarily display historical prices
and technical indicators but provide limited support
for intelligent market interpretation and predictive
decision-making. [1]

Recent developments in machine learning and data
analytics have created opportunities to improve
cryptocurrency analysis through automated pattern
recognition and predictive modeling. By processing
historical market data, applying feature engineering
techniques, and extracting meaningful indicators,
predictive models can identify trends and estimate
short-term  price movements with greater
consistency [4]. Integrating these analytical
capabilities with interactive visualization further
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enables users to understand complex market
behavior more effectively. [4]

This work presents a Crypto Optic Market
Analysis System that combines machine learning,
real-time data processing, and artificial intelligence
within a unified web-based platform. The proposed
system analyzes cryptocurrency market data,
computes statistical measures such as momentum
and volatility, and generates predictive insights
using supervised learning techniques [11]. An Al-
assisted module produces descriptive market
summaries that help users interpret analytical results
more efficiently. The platform is developed using
FastAPI and React to provide responsive
visualizations and real-time updates. By integrating
predictive analytics with explainable Al, the
proposed framework offers a practical solution for
cryptocurrency monitoring and supports informed
investment decisions in dynamic  market
environments. [11]

ILRELATED WORK

Petropoulos et al.  (2025) investigated
cryptocurrency forecasting by comparing traditional
time-series  techniques, including ARIMA,
SARIMA, and GARCH, for modeling Bitcoin price
movements [1]. The study focused on understanding
the behavior of highly volatile digital assets through
statistical forecasting methods. The researchers
evaluated each model based on its ability to capture
price trends, seasonal characteristics, and market
volatility using historical trading data. Their analysis
showed that integrating volatility modeling with
time-series forecasting improved the reliability of
short-term predictions compared to using individual
forecasting methods. The work also highlighted that
preprocessing historical market data and selecting
appropriate statistical models are essential for
achieving stable forecasting performance in
dynamic financial environments. The findings
demonstrated  that conventional forecasting
techniques continue to provide valuable benchmarks
for evaluating advanced machine learning
approaches in cryptocurrency market prediction and
financial risk assessment. [1]

Ye et al. (2024) examined the influence of investor
sentiment and technical indicators on Bitcoin price
direction prediction by combining textual
information with market data [2]. The research
explored how opinions expressed on social media
could complement conventional financial indicators
to improve forecasting performance. Various
technical features were extracted from historical
trading records and integrated with sentiment
information to train predictive models. The

experimental analysis indicated that the combination
of sentiment analysis and market indicators
produced better directional prediction accuracy than
relying on historical price information alone. The
authors also emphasized that investor behavior
significantly  affects cryptocurrency markets
because digital assets are highly sensitive to public
opinion and market speculation. This study
demonstrated the importance of combining
qualitative information with quantitative analysis to
develop more reliable cryptocurrency prediction
systems capable of adapting to changing market
conditions. [2]

Sebastiao and Godinho (2024) presented a
comparative evaluation of different machine
learning algorithms for cryptocurrency price
prediction using historical market information [4].
Their study assessed the strengths and limitations of
several supervised learning techniques by analyzing
prediction accuracy, computational efficiency, and
model stability under different market scenarios.
The authors compared multiple algorithms using
standardized evaluation metrics to identify models
suitable for highly volatile financial data.
Experimental findings indicated that no single
algorithm consistently outperformed all others, as
prediction performance depended on market
conditions and feature selection strategies. The
research also highlighted the importance of proper
data preprocessing, normalization, and feature
engineering for improving forecasting accuracy. The
proposed comparative framework provides useful
guidance for selecting appropriate machine learning
models in cryptocurrency analytics and supports the
development of more robust financial prediction
systems. [4]

Mudassir et al. (2021) proposed a deep learning
framework that combined Long Short-Term
Memory (LSTM) and Gated Recurrent Unit (GRU)
networks with Twitter sentiment information for
cryptocurrency volatility prediction [11]. The study
investigated whether integrating sequential market
data with public sentiment could improve
forecasting performance in highly dynamic
cryptocurrency ~ markets. Historical ~ price
information and social media content were
processed simultaneously to capture both temporal
dependencies and investor reactions. Experimental
results demonstrated that deep learning models were
capable of identifying complex market patterns that
traditional statistical approaches often failed to
recognize. The incorporation of sentiment features
further improved model performance by reflecting
real-time market psychology. The authors concluded
that combining sequential neural networks with
external textual information provides a more
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comprehensive understanding of cryptocurrency
price fluctuations and contributes to more reliable
forecasting models. [11]

McNally, Roche, and Chua (2019) compared deep
learning techniques with traditional linear regression
models for predicting Bitcoin prices using historical
market data [15]. Their research focused on
evaluating whether neural network architectures
could better capture nonlinear relationships present
in cryptocurrency trading patterns. Different
forecasting models were trained and tested using
identical datasets to ensure a fair performance
comparison. The experimental evaluation showed
that deep learning methods achieved higher
prediction accuracy than conventional regression
techniques because they effectively learned complex
temporal dependencies within financial time-series
data. The study also discussed the importance of
sufficient training data and appropriate parameter
optimization for improving forecasting
performance. The findings demonstrated that deep
learning models offer greater flexibility in modeling
cryptocurrency markets and provide a strong
foundation for future intelligent financial prediction
systems. [15]

III.DATASET DETAILS

The proposed Crypto Optic Market Analysis System
employs a real-time cryptocurrency time-series
dataset obtained through the Coinbase Exchange
API rather than relying on a static offline dataset.
The dataset contains continuously updated market
information for three widely traded digital assets:
Bitcoin (BTC), Ethereum (ETH), and Solana (SOL).
Market data are collected automatically at regular
intervals through an asynchronous data acquisition
module, ensuring that the analytical framework
always operates on recent trading information. The
retrieved records include asset prices, timestamps,
and market values, which are subsequently
processed using feature engineering techniques to
derive momentum indicators, logarithmic returns,
and rolling volatility measurements. Before model
training, the raw price values are normalized within
a rolling time window to reduce scale variations
across different cryptocurrencies and improve
prediction stability. The processed dataset serves as
the input for the Linear Regression forecasting
model and the Al-based market interpretation
module. All historical market observations,
engineered features, and prediction outputs are
stored in a cloud-hosted PostgreSQL database on
Supabase, enabling efficient historical analysis,
model evaluation, and real-time dashboard
visualization. This continuously updated time-series
dataset supports reliable market monitoring while

maintaining low-latency analytical performance for
cryptocurrency price forecasting and decision
support.

IV.PROPOSED METHODOLOGY

The proposed Crypto Optic Market Analysis System
employs a real-time analytical framework that
integrates data acquisition, feature engineering,
machine learning, and artificial intelligence for
cryptocurrency market prediction. Initially, live
market data for Bitcoin (BTC), Ethereum (ETH),
and Solana (SOL) are collected through the
Coinbase Exchange API using an asynchronous
FastAPI-based data ingestion module. The collected
time-series data undergo preprocessing and rolling-
window normalization to minimize price scale
variations across different cryptocurrencies. Feature
engineering is then performed by extracting
logarithmic returns, momentum values, and Rate of
Change (ROC), which effectively represent market
trends and volatility. These engineered features are
supplied to a Linear Regression model
implemented using the Scikit-learn library for short-
term price forecasting. The generated predictions,
along with historical market records, are stored in a
PostgreSQL  database hosted on Supabase.
Furthermore, the Gemini Large Language Model
interprets market conditions by producing
qualitative summaries and risk assessments. Finally,
all analytical results are streamed to a React-based
dashboard through Server-Sent Events (SSE),
enabling continuous visualization and real-time
decision support for cryptocurrency investors.

y supabase

Figure 1: System Architecture of the Proposed
Crypto Optic Market Analysis System

Figure 1 illustrates the overall architecture of the
proposed Crypto Optic Market Analysis System,
which integrates real-time data acquisition, machine
learning, cloud storage, and artificial intelligence to
support cryptocurrency market analysis. The
workflow begins with the Data Source Layer, where
live market information for Bitcoin (BTC),

International Journal of Data Science and IoT Management System

1IDIM, 2026, 5 (2), 2675-2681 | 2677



ISSN: 3068-272X

International Journal of

DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Peer Reviewed, Referred & Indexed Journal
www.ijdim.com

Original Research Paper

Ethereum (ETH), and Solana (SOL) is continuously
retrieved from the Coinbase Exchange API through
an asynchronous data ingestion module. The
collected market data are transferred to the Backend
Layer, where preprocessing and feature engineering
operations are performed. This stage includes data
normalization, logarithmic return computation,
momentum estimation, and volatility analysis to
generate meaningful features for predictive
modeling. Subsequently, the processed data are
supplied to a Linear Regression model implemented
using Scikit-learn to estimate future price
movements. The predicted results are further
analyzed by the Gemini Al module, which produces
qualitative market summaries, trend interpretations,
and risk assessments. All historical records,
prediction outputs, and Al-generated insights are
securely maintained in a PostgreSQL database
hosted on Supabase. The processed information is
then streamed through Server-Sent Events (SSE) to
a React-based frontend dashboard, enabling users to
visualize live prices, prediction charts, Al-generated
market intelligence, and secure authentication
services. The modular architecture provides low-
latency processing, continuous data updates, and
scalable deployment for real-time cryptocurrency
monitoring and decision support.

V.RESULT AND DISCUSSION

Figure 2: Market Dashboard of the Proposed
Crypto Optic Market Analysis System

Figure 2 presents the Market Dashboard of the
proposed Crypto Optic Market Analysis System.
The dashboard serves as the primary user interface
for monitoring cryptocurrency market activity and
displaying analytical results in real time. It provides
users with a concise market overview, including the
selected cryptocurrency and its latest trading
information. A historical price chart occupies the
central section of the dashboard, allowing users to
observe market fluctuations and identify short-term
price trends through an interactive graphical
representation. The dashboard also displays
automatically generated analytical information,
including market summaries and prediction updates,

to help users understand current market conditions.
The visualization is refreshed continuously using
Server-Sent Events (SSE), ensuring that newly
received market data are reflected without requiring
manual page refreshes. The interface is developed
using React, while the backend services process
incoming data through FastAPI before forwarding
prediction results and market insights to the
dashboard. This integrated design enables users to
analyze cryptocurrency movements efficiently
through a responsive, real-time, and user-friendly
visualization environment that supports informed
investment decisions.

Figure 4: Interactive Ethereum Price
Visualization of the Proposed Crypto Optic
Market Analysis System

Figure 4 illustrates the interactive Ethereum price
visualization available in the proposed Crypto Optic
Market Analysis System. The dashboard displays
the normalized historical price movements of
Ethereum (ETH) through a dynamic line chart,
allowing users to monitor market fluctuations over a
selected time period. The interactive graph enables
users to position the cursor over any data point to
view the corresponding timestamp and normalized
price value, providing a detailed examination of
historical market behavior. Along with the graphical
representation, the dashboard presents essential
market information and Al-generated analytical
summaries that assist users in understanding
prevailing market trends and potential risk
conditions. The visualization is continuously
updated using Server-Sent Events (SSE), ensuring
that newly received market data are reflected
immediately without requiring manual page refresh.
The interface is developed using React, while the
backend services implemented with FastAPI
process real-time cryptocurrency data and prediction
results before delivering them to the dashboard. This
interactive  visualization  improves  market
interpretation by combining historical analysis, real-
time updates, and intelligent decision-support
features within a single user-friendly interface.
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Figure 5: Solana Market Dashboard of the
Proposed Crypto Optic Market Analysis System

Figure 5 illustrates the Solana (SOL) Market
Dashboard of the proposed Crypto Optic Market
Analysis System. The dashboard provides an
interactive environment for monitoring the real-time
performance of Solana by presenting historical price
movements through a normalized line chart. Users
can explore individual data points by positioning the
cursor over the graph to view the corresponding
timestamp and normalized price value, allowing a
detailed examination of market fluctuations. The
interface also displays key market information
together with Al-generated analytical summaries
that describe current market conditions, price trends,
and potential risk levels. These insights assist users
in understanding cryptocurrency behavior without
requiring extensive technical expertise. The
dashboard continuously receives updated market
information from the FastAPI backend through
Server-Sent Events (SSE), ensuring that the
displayed prices and analytical outputs remain
synchronized with the latest market activity.
Developed using React, the interface integrates real-
time visualization, machine learning prediction
results, and Al-assisted market interpretation within
a single platform, enabling efficient cryptocurrency
monitoring and informed investment decision-
making.

Figure 6: AI Market Intelligence Dashboard of
the Proposed Crypto Optic Market Analysis
System

Figure 6 illustrates the AI Market Intelligence
Dashboard of the proposed Crypto Optic Market

Analysis System. The dashboard presents qualitative
market analysis generated by the Gemini Large
Language Model (LLM) based on real-time
cryptocurrency market data and machine learning
predictions. It displays important analytical
information, including the current market regime,
momentum status, volatility level, and overall
investment risk, enabling users to understand
prevailing market conditions without manually
interpreting complex financial indicators. The
interface also provides concise market summaries
and recommendation messages that explain the
recent behavior of cryptocurrency prices in an easily
understandable form. These Al-generated insights
are produced after analyzing normalized market
features, momentum indicators, and prediction
outputs generated by the Linear Regression model.
To improve response time and reduce repeated API
requests, the generated intelligence is temporarily
stored using a caching mechanism before being
presented to users. Developed using React and
integrated with the FastAPI backend, the dashboard
delivers continuously updated Al-driven market
interpretations, allowing investors and analysts to
make timely, informed, and data-driven
cryptocurrency investment decisions through an
intuitive visualization interface.

DISCUSSION

The proposed Crypto Optic Market Analysis
System integrates real-time data acquisition, feature
engineering, machine learning, and artificial
intelligence into a unified framework for
cryptocurrency market analysis. The system follows
a structured workflow consisting of live market data
collection, preprocessing, feature extraction, price
forecasting,  Al-assisted interpretation, and
interactive visualization. Market information for
Bitcoin (BTC), Ethereum (ETH), and Solana (SOL)
is continuously retrieved from the Coinbase
Exchange API through an asynchronous FastAPI-
based ingestion module. During preprocessing, the
collected time-series data are normalized using
rolling-window techniques, while logarithmic
returns, momentum, and volatility indicators are
computed to generate informative features. These
engineered features are supplied to a Linear
Regression model implemented with Scikit-learn to
estimate short-term price movements. The predicted
values and statistical indicators are further processed
by the Gemini Large Language Model, which
produces descriptive market summaries, trend
interpretations, and risk assessments. Historical
market records, prediction outputs, and Al-
generated insights are securely maintained in a
PostgreSQL database hosted on Supabase. Finally,
the processed information is delivered to a React-
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based dashboard through Server-Sent Events
(SSE), enabling continuous visualization of live
prices, prediction charts, and intelligent market
insights without manual page refresh. Experimental
observations indicate that the proposed framework
provides reliable real-time market monitoring, low-
latency prediction, and explainable Al-assisted
decision support, making it suitable for practical
cryptocurrency analytics and investment assistance.

VI.CONCLUSION

This work presents the Crypto Optic Market
Analysis System, an intelligent web-based
framework developed to support real-time
cryptocurrency monitoring and price prediction
through the integration of machine learning and
artificial  intelligence. The proposed system
combines live market data  acquisition,
preprocessing, feature engineering, predictive
modeling, Al-assisted market interpretation, and
interactive  visualization ~ within a  unified
architecture. Market information for Bitcoin,
Ethereum, and Solana is collected through the
Coinbase Exchange API and processed using
normalization, logarithmic return computation,
momentum analysis, and volatility estimation
techniques. A  Linear Regression model
implemented using Scikit-learn generates short-term
price forecasts, while the Gemini Large Language
Model produces descriptive market summaries and
risk assessments to improve the interpretation of
analytical results. Historical market records,
prediction outputs, and Al-generated insights are
securely maintained in a PostgreSQL database
hosted on Supabase and delivered to a React-based
dashboard through Server-Sent Events (SSE) for
continuous real-time visualization. Experimental
implementation demonstrates that the proposed
framework provides reliable market analysis, low-
latency prediction, and effective decision support
while reducing the complexity of interpreting
cryptocurrency market behavior. The modular
architecture and scalable cloud-based design make
the system suitable for practical financial analytics
applications. Future enhancements may include the
integration of advanced deep learning models such
as LSTM and GRU, support for additional
cryptocurrencies and financial assets, incorporation
of sentiment analysis and on-chain blockchain data,
personalized investment recommendations, and
mobile platform deployment to further improve
forecasting accuracy and user accessibility.
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