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ABSTRACT

SQL Injection (SQLi) attacks are among the

most  critical security threats to web
applications, allowing attackers to manipulate
database queries and gain unauthorized access
to sensitive information. This project focuses
on applying machine learning techniques for
predictive analysis to detect and prevent SQL
injection attacks effectively. The system
analyzes web request data and query patterns to
identify malicious inputs that may compromise
database security. By using supervised machine
learning algorithms such as Decision Tree,
Random Forest, and Support Vector Machine
(SVM),

between normal and malicious queries based

the model learns to distinguish
on extracted features. The proposed system
includes data preprocessing steps such as
tokenization, feature  extraction, and
normalization to improve model accuracy. The
trained model is capable of detecting SQL
injection patterns in real-time and preventing
attacks before they reach the database layer.

Additionally, the system can adapt to new

attack patterns by continuously learning from
updated datasets. Visualization techniques are
also used to analyze attack trends and model

performance. Experimental results demonstrate

that machine learning-based approaches can

achieve  high  detection accuracy and
significantly reduce false positives compared to
traditional rule-based systems. However,
challenges such as evolving attack techniques
and dataset imbalance may affect performance.
Overall, this  project highlights the
effectiveness of integrating machine learning
into cybersecurity systems for proactive threat

detection and prevention.

Keywords: SQL Injection, Machine Learning,
Cybersecurity, Predictive Analysis, Random
SVM, Web

Forest, Intrusion Detection,

Security.
I.LINTRODUCTION

In today’s digital era, web applications play a

crucial role in various domains such as banking,
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healthcare,

e-commerce, and government
services. However, the increasing reliance on
web-based systems has also led to a rise in
cyber threats, among which SQL Injection
(SQLI) attacks are one of the most dangerous.
SQL injection allows attackers to manipulate
database queries by inserting malicious code
fields,

unauthorized data access, data leakage, or even

into input potentially leading to

complete system compromise. Traditional
security mechanisms such as firewalls and rule-
based filters often fail to detect sophisticated
and evolving attack patterns. Therefore, there is
a growing need for intelligent and adaptive
security solutions to protect web applications

from such vulnerabilities.

Machine learning has emerged as a powerful

tool in cybersecurity for detecting and

preventing attacks by analyzing patterns in data.

Unlike

learning models can learn from historical data

traditional  approaches, machine
and identify anomalies or suspicious behavior
in real time. In this project, predictive analysis
techniques are applied using machine learning
algorithms such as Decision Tree, Random
Forest, and Support Vector Machine (SVM) to
detect SQL injection attacks. These models
analyze features extracted from web requests,

such as query structure, keywords, and input

patterns, to classify them as normal or
malicious. This approach enhances detection
accuracy and reduces false positives compared

to conventional methods.

The proposed system is designed to integrate
machine learning-based detection into the web
application security framework. It includes
modules for data preprocessing, feature
extraction, model training, and real-time attack
detection. The system continuously monitors
incoming queries and blocks malicious inputs
before they reach the database. Despite its
effectiveness, challenges such as dataset
imbalance, evolving attack techniques, and
computational overhead need to be addressed.
Future improvements can include deep learning
models and real-time adaptive systems. Overall,
this project demonstrates the potential of
machine learning in strengthening web
application security and preventing SQL

injection attacks.

Il SURVEY OF RESEARCH

The study by W. G. Halfond, J. Viegas, and A.
Orso (2006) [1] explored techniques for
detecting SQL injection attacks using static and
dynamic analysis. The methodology involves
analyzing web application code and user inputs

to identify vulnerabilities. Results showed that
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static analysis can detect known vulnerabilities,
while dynamic analysis improves detection of
runtime attacks. However, these methods
require manual configuration and may not
detect new attack patterns. This research
highlights the

intelligent detection systems.

need for automated and

The work by S. Boyd and A. Keromytis (2004)
[2] proposed anomaly-based detection for SQL
injection attacks. The methodology builds
normal behavior models of database queries
and detects deviations as potential attacks.
Results demonstrated improved detection rates
compared to signature-based systems. However,
the system may generate false positives when
legitimate queries deviate from learned patterns.
This study supports the use of machine

learning for anomaly detection in cybersecurity.

The study by R. Komiya et al. (2011) [3]
introduced machine learning techniques for
intrusion detection systems. The methodology
uses classification algorithms such as Decision
Tree and Support Vector Machine to identify
malicious activities. Results showed high
accuracy in detecting various types of cyber
attacks. However, performance depends on

dataset quality and feature selection. This

research provides a basis for applying machine

learning to SQL injection detection.

The research by V. Mnih et al. (2015) [4]
demonstrated the effectiveness of deep learning
in complex pattern recognition tasks. The
methodology uses neural networks to learn
representations from large datasets. Results
showed superior performance in detecting
models.
high
computational resources. This study suggests
SQL

detection systems using deep learning.

patterns compared to traditional

However, deep learning requires

future enhancements for injection

The study by I. Goodfellow et al. (2016) [5]
discussed deep learning frameworks for
cybersecurity applications. The methodology
involves training models on large-scale
datasets to detect anomalies and attacks.
Results indicated improved detection accuracy
and adaptability. However, the complexity of
models may limit real-time implementation.
This

advanced Al techniques in security systems.

research highlights the potential of

The work by T. M. Mitchell (1997) [6]
provided a foundation for machine learning
algorithms used in predictive analysis. The
methodology

includes supervised learning

techniques for classification and pattern
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recognition.  Results  demonstrated  the
effectiveness of machine learning in various
applications, including security. However,
model performance depends on proper training
and data preprocessing. This study supports the
implementation of predictive models for SQL

injection detection.

I11. WORKING METHODOLOGY

The proposed system follows a systematic
approach to detect and prevent SQL injection
attacks using machine learning techniques.
Initially, the process begins with data
collection and preprocessing. The dataset
consists of web request logs and SQL query
inputs, which include both normal and
malicious queries. During preprocessing, the
data is cleaned by removing noise, duplicates,
and irrelevant information. Tokenization and
feature extraction techniques are applied to
convert SQL queries into meaningful
numerical representations. Features such as
keywords (SELECT, UNION, DROP), query
length, special characters, and input patterns
These

normalized to improve model performance.

are extracted. features are then

Proper preprocessing ensures that the dataset is

structured and suitable for training machine

learning models, which is crucial for accurate

prediction.

In the next phase, machine learning algorithms
are applied to train the model for classification.
Algorithms such as Decision Tree, Random
Forest, and Support Vector Machine (SVM)
are used to distinguish between normal and
malicious queries. The dataset is divided into
training and testing sets to evaluate model
performance. During training, the models learn
patterns associated with SQL injection attacks.
Random Forest often provides better accuracy
due to its ensemble learning approach, while
SVM is effective in handling high-dimensional
data. The performance of each model is
evaluated using metrics such as accuracy,
The best-

performing model is selected for deployment

precision, recall, and F1-score.

based on these evaluation results.

Finally, the trained model is integrated into the
system for real-time detection and prevention
of SQL injection attacks. When a user submits
a query, the system analyzes it using the
trained model and classifies it as normal or
malicious. If the query is identified as
malicious, it is blocked before reaching the
database, thereby preventing potential attacks.

The system also logs detected attacks for
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further analysis and improvement. identifying SQL injection attempts with
Visualization tools are used to monitor attack  minimal false positives and false negatives.

trends and system performance. Although the

system performs effectively, challenges such as The system’s real-time detection capability

evolving attack patterns and false positives enhances its  practical usability in  web

remain. Future enhancements can include deep application security. When a query is submitted,

. . . it is immediately analyzed by the trained model,
learning models and continuous learning

i . . and malicious inputs are blocked before
mechanisms to improve detection accuracy and P

adaptability. reaching the database. This proactive approach
significantly reduces the risk of data breaches

IV RESULTS EXPLANATIONS and unauthorized access.  Additionally,
visualization tools provide insights into attack

The proposed system demonstrates ~strong patterns, such as the frequency of attacks,

performance in detecting and preventing SQL common keywords used in injections, and

Injection  attacks ~ using - machine  learing time-based trends. These insights help security

techniques. ~ After training the models on analysts understand attack behavior and

labeled datasets containing both normal and improve system defenses.
malicious SQL queries, the system achieved

high accuracy in classification tasks. Among Despite the promising results, the system has
the applied algorithms, Random Forest showed  certain limitations. The effectiveness of the
the best performance due to its ability to handle model depends on the quality and diversity of
complex patterns and reduce overfitting  the dataset. New and sophisticated attack
through ensemble learning. Support Vector  techniques may not be detected if they are not
Machine (SVM) also performed well in  represented in the training data. Additionally,
distinguishing  between  malicious and  there may be occasional false positives, where
legitimate queries, especially in high- legitimate queries are flagged as malicious.
dimensional feature spaces. The evaluation However, the system provides a strong
metrics such as accuracy, precision, recall, and  foundation for intelligent intrusion detection.
F1-score indicate that the system is effective in ~ Future improvements can include continuous

learning, integration of deep learning models,
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and real-time dataset updates to enhance

accuracy and adaptability in  dynamic

cybersecurity environments.

Figure 1: SQL Injection Detection Accuracy

Comparison

This graph compares the accuracy of different
machine learning algorithms used for SQL
injection detection, such as Decision Tree,
Random Forest, and Support Vector Machine

(SVM). The x-axis represents the algorithms,

while the y-axis shows the accuracy percentage.

From the graph, it is observed that the Random
Forest algorithm achieves the highest accuracy
due to its ensemble learning capability,
followed by SVM and Decision Tree. This
indicates that combining multiple decision
trees improves prediction performance and
reduces overfitting. The graph validates the
selection of Random Forest as the most

suitable model for this system.
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Figure 2: SQL Injection Attack Detection Over

Time

This graph shows the number of SQL injection
attacks detected over a period of time. The x-
axis represents time intervals (such as hours or
days), while the y-axis indicates the number of
detected attacks. The graph highlights
fluctuations in attack frequency, with certain
periods showing higher activity. This helps in
identifying  peak  attack times and
understanding attacker behavior. Such insights
are useful for strengthening security measures
during high-risk periods and improving system

monitoring strategies.

V.CONCLUSION

The proposed system for SQL injection attack
detection and prevention using machine

learning demonstrates the effectiveness of
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predictive

analysis in  enhancing web

application security. By analyzing query
patterns and extracting meaningful features, the
system successfully classifies inputs as normal
or malicious. Machine learning algorithms such
as Decision Tree, Random Forest, and Support
Vector Machine (SVM) are applied to detect
SQL injection attacks with high accuracy.
Among these, Random Forest provides
superior performance due to its ensemble
learning capability, which improves
generalization and reduces overfitting. The
system also enables real-time detection,
ensuring that malicious queries are blocked
before reaching the database, thereby
preventing unauthorized access and data

breaches.

Despite achieving promising results, the system
has certain limitations. The performance of the
model depends heavily on the quality and
diversity of the training dataset. New or unseen
attack patterns may not be detected effectively,
and there is a possibility of false positives
where legitimate queries are flagged as

malicious. Additionally, the computational
overhead of machine learning models may
impact real-time performance in large-scale

applications. These challenges highlight the

need for continuous model updates and

optimization.

In future work, the system can be enhanced by
incorporating deep learning techniques, real-
time data streaming, and adaptive learning
models to handle evolving attack patterns.
Integration with advanced intrusion detection
systems and cloud-based security frameworks
can further improve scalability and efficiency.
Overall, this project demonstrates the potential
of machine learning in building intelligent and
proactive cybersecurity solutions.
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