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Abstract- In the modern digital era, the verification
of handwritten signatures remains a critical
challenge for security, financial transactions, and
legal authentication due to the sophisticated
methods employed by fraudsters. This paper
presents an automated and efficient signature
fraud identification system leveraging computer
vision techniques through the OpenCV library.
The proposed framework focuses on pre-
processing, feature extraction, and structural
comparison to distinguish between genuine and
forged signatures. Initially, input signature images
undergo rigorous pre-processing, including
grayscale  conversion, noise reduction via
Gaussian filtering, binarization, and
morphological operations to isolate the signature
firom the background. Once the region of interest
is defined, the system extracts key structural and
geometric features, such as aspect ratio, stroke
thickness, pixel density distribution, and keypoint
descriptors using algorithms like SIFT (Scale-
Invariant Feature Transform) or ORB (Oriented
FAST and Rotated BRIEF). These extracted
features capture the unique behavioral traits and
handwriting style inherent to an individual's
signature. For identification, the system compares
the test signature against a stored reference
template by calculating structural similarity

indices and matching keypoint distances. A

www.ijesat.com

dynamic thresholding mechanism is implemented
to classify the signature as authentic or forged
based on the consistency of these features.
Experimental results demonstrate that the
OpenCV-based approach achieves high accuracy,
robust computational efficiency, and a low false
acceptance rate, making it highly suitable for real-
time applications. By eliminating the subjectivity
and fatigue associated with manual verification,
this system provides a scalable, reliable, and cost-
effective solution for preventing identity theft and

financial fraud in banking and legal institutions.
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Template Matching.

1. INTRODUCTION

Handwritten signatures continue to serve as one of
the most widely accepted forms of personal
authentication in banking, legal documentation,
insurance, and financial transactions. Despite the
rapid advancement of digital security systems,
signature verification remains vulnerable to skilled
forgery and identity theft, creating serious security

concerns for organizations and individuals.
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Traditional manual verification methods rely
heavily on human observation and expertise, which
often leads to inconsistencies, fatigue-related errors,
and time-consuming verification processes. As the
volume of digital and paper-based transactions
increases, there is a growing demand for automated
and reliable signature authentication systems.
Recent developments in computer vision and image
processing have enabled the design of intelligent
systems capable of identifying unique handwriting
characteristics with high precision. OpenCV, an
open-source computer vision library, provides
powerful tools for image pre-processing, feature
extraction, and pattern analysis, making it highly
suitable for signature fraud detection applications.
By applying techniques such as grayscale
conversion, noise filtering, thresholding, and
morphological operations, signature images can be
enhanced for accurate analysis. Furthermore,
advanced feature extraction methods including ORB
and structural similarity analysis help in capturing
the distinct geometric and textural properties of
handwritten signatures. The proposed system
focuses on distinguishing genuine signatures from
forged samples through automated comparison and
pattern recognition techniques. By analyzing
structural consistency, keypoint matching, and
similarity measurements, the framework minimizes
false acceptance and improves verification accuracy.
The integration of OpenCV-based algorithms
ensures computational efficiency and supports real-
time implementation in practical environments. This
automated approach not only reduces human
dependency but also strengthens security against
fraudulent activities. Therefore, the proposed
signature fraud identification system offers a
scalable, accurate, and cost-effective solution for

modern biometric authentication applications.

Il. LITERATURE SURVEY
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Signature verification has become an important
research area in biometric authentication due to the
increasing need for secure identity validation in
banking, legal, and financial systems. Early studies
in digital image processing by Rafael C. Gonzalez
and Richard E. Woods introduced fundamental
image enhancement and segmentation techniques
widely used in signature analysis. Research in
computer vision by David G. Lowe proposed the
SIFT algorithm for extracting invariant keypoint
descriptors, improving feature matching accuracy
under scaling and rotation conditions. Later, Ethan
Rublee introduced the ORB algorithm as a faster and
computationally efficient alternative to SIFT and
SUREF for real-time applications. Several researchers
focused on offline handwritten signature verification
using structural and geometric feature analysis to
distinguish genuine signatures from forged samples.
Studies by A. K. Jain demonstrated the effectiveness
of pattern recognition methods in signature
authentication systems. Research works also
explored contour analysis, stroke tracking, and
texture-based feature extraction to improve
verification accuracy. Deep learning approaches
using convolutional neural networks further
enhanced writer-independent signature verification
performance. Existing systems achieved significant
improvements in accuracy; however, challenges
such as intra-class variation, skilled forgery
detection, and computational complexity still
remain. Recent advancements in OpenCV have
enabled efficient implementation of image pre-
processing, feature extraction, and template
matching techniques for practical real-time
applications. Structural Similarity Index (SSIM) and
ORB descriptor matching methods have shown
reliable performance in identifying signature
authenticity. Modern research mainly focuses on
improving robustness, reducing false acceptance

rates, and developing scalable automated
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verification systems. Therefore, computer vision-
based signature fraud detection systems continue to
play a vital role in secure biometric authentication

and fraud prevention applications.

I11. PROPOSED SYSTEM

The proposed system introduces an automated
signature fraud detection framework using advanced
computer vision techniques implemented with the
OpenCV library. The system is designed to
accurately differentiate genuine signatures from
forged ones through image preprocessing, feature
extraction, and similarity analysis. Initially, the
uploaded signature image is converted into
grayscale and filtered using Gaussian blur to remove
noise and improve image clarity. Thresholding and
morphological operations are then applied to isolate
the signature region from the background. After
preprocessing, the system extracts important
structural and geometric characteristics such as
stroke patterns, pixel distribution, contour
properties, and aspect ratio. To improve robustness,
feature descriptors such as ORB are utilized for
identifying unique keypoints and matching signature
patterns efficiently. The extracted features from the
test signature are compared with stored reference
signatures using structural similarity metrics and
keypoint matching algorithms. A dynamic
threshold-based decision mechanism determines
whether the signature is genuine or forged based on
similarity scores. The proposed approach minimizes
human intervention and reduces errors caused by
manual verification. Furthermore, the system offers
high computational efficiency and faster verification
suitable for real-time applications. The integration
of image processing and pattern recognition
techniques enhances detection accuracy and
reliability. Experimental evaluation demonstrates
improved fraud identification performance with

lower false acceptance and rejection rates. The
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proposed framework can be effectively deployed in
banking, legal documentation, and secure
authentication systems for preventing identity fraud

and unauthorized transactions.

V. METHODOLOGY

A. Data Acquisition

The proposed signature fraud identification system
begins with the collection of handwritten signature
images from multiple users. Both genuine and
forged signatures are included to create a balanced
dataset for evaluation. The images are captured
using scanners or digital devices and stored in
standard image formats such as PNG or JPEG. The
dataset is divided into reference signatures and test
signatures for authentication analysis.
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B. Image Pre-processing

Pre-processing is performed to improve image
quality and eliminate unwanted noise before feature
extraction. Initially, the input image is converted
into grayscale to reduce computational complexity.
Gaussian filtering is then applied to remove noise
and smooth the image. After noise removal, binary
thresholding is used to separate the signature from
the background. Morphological operations such as
dilation and erosion are further employed to refine
the signature structure and enhance important stroke

information.

C. Region of Interest Extraction
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The system identifies the region containing the
actual signature by removing unnecessary blank
spaces around the image. Bounding box techniques
are used to isolate the signature area, ensuring that
only relevant information is processed during

feature extraction and matching.

D. Feature Extraction

After pre-processing, important structural and
geometric features are extracted from the signature
image. Features such as aspect ratio, contour
properties, stroke distribution, and pixel density are
analyzed to capture the unique writing style of an
individual. Additionally, ORB (Oriented FAST and
Rotated BRIEF) descriptors are utilized to identify
distinctive keypoints and local patterns within the
signature. These features provide robustness against

scaling and rotation variations.

E. Signature Matching and Similarity Analysis

The extracted features of the test signature are
compared with stored reference signatures using
feature matching techniques. Structural Similarity
Index (SSIM) is employed to evaluate the visual
similarity between signatures, while ORB descriptor
matching calculates the distance between
corresponding keypoints. A similarity score is

generated based on these comparisons.

F. Fraud Classification

A threshold-based classification mechanism is
implemented to determine whether the signature is
genuine or forged. If the similarity score exceeds the
predefined threshold value, the signature is
classified as authentic; otherwise, it is marked as
forged. This approach minimizes false acceptance

and improves verification reliability.

G. Performance Evaluation
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The effectiveness of the proposed system is
evaluated using performance metrics such as
accuracy, precision, recall, and false acceptance rate.
Experimental analysis demonstrates that the
OpenCV-based framework provides efficient and
reliable signature verification with reduced
computational time, making it suitable for real-time

fraud detection applications.

V. MODULES AND
IMPLEMENTATION

A. System Overview

The proposed Signature Fraud Detection system is
designed to verify handwritten signatures
automatically using computer vision techniques.
The system accepts a signature image as input,
processes the image through multiple stages,
extracts important features, and compares them with
stored reference  signatures to  determine
authenticity. The implementation is developed using
the OpenCV library and Python environment for

efficient image analysis and pattern recognition.
B. Home Page Module

The home page acts as the primary interface between
the user and the system. It provides options for
uploading signature images, accessing verification
services, and viewing authentication results. The
interface is designed to be simple and user-friendly
so that banking staff or administrators can operate

the system efficiently without technical complexity.
Functions

e  Upload genuine or test signature images
e Access verification process
e Display authentication status

e Navigate between modules
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C. Image Upload and Acquisition Module

This module is responsible for collecting signature
images from the user. The uploaded image is stored
temporarily for processing. The system supports
common image formats such as JPG, PNG, and

JPEG.

Functions

e  Capture or upload signature image
e Validate image format and quality

e Store image for processing

D. Pre-processing Module

The pre-processing module improves image quality
before analysis. It removes unwanted background
noise and enhances the visibility of signature strokes

for accurate feature extraction.

Functions

e  Grayscale conversion

e  Gaussian filtering for noise removal
e Binary thresholding

e  Morphological operations

e Signature segmentation

E. Feature Extraction Module

This module extracts unique characteristics from the
signature image. Structural and texture-based
features are analyzed to identify the writing style of

an individual.

F. Signature Matching Module

The extracted features are compared with stored
reference signatures in the database. The module
calculates similarity scores using feature matching

and structural comparison techniques.
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Functions

e Keypoint matching using ORB

e Structural Similarity Index (SSIM)
calculation

e Distance measurement between descriptors

e  Similarity score generation

G. Fraud Detection Module

This module determines whether the signature is
genuine or forged based on the similarity score
obtained during comparison. A threshold-based

decision mechanism is applied for classification.

H. Result and Interface Module

The result module displays the verification outcome
to the user through a graphical interface. The
interface shows whether the signature is authentic or

fraudulent along with matching accuracy details.

Functions

e Display verification status
e  Show similarity percentage
e  Provide authentication report

e  Visualize matched signature patterns

1. Database Management Module

The database module stores reference signatures and
related feature descriptors securely for future

verification processes.

Functions

e  Store genuine signatures
e  Maintain user records
e Retrieve reference templates

e  Manage signature dataset

Vol 26 Issue 05, May 2026

Page 1361 of 1364



ISSN No0:2250-3676

International Journal of Engineering Science and Advanced Technology (IJESAT)

VI. RESULTS AND DISCUSSION

A. System Execution

The proposed Signature Fraud Detection system
successfully performs automatic verification of
handwritten signatures using image processing and
feature matching techniques. The system processes
uploaded signature images through multiple stages
including pre-processing, feature extraction,
similarity analysis, and fraud classification. The
demonstrates reliable

overall execution

identification of genuine and forged signatures with

reduced manual effort.

B. Home Page and User Interface

The developed interface provides a simple and
interactive environment for users to upload and
verify signatures. The home page includes options
for image selection, verification initiation, and result
visualization. The interface improves usability by
presenting authentication results clearly and

efficiently.

Observations
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e Easy navigation between modules
e Quick image upload process
e  Real-time verification response

e  User-friendly authentication display

C. Pre-processing Performance

The image pre-processing stage effectively removes
background noise and enhances signature visibility.
Grayscale conversion and Gaussian filtering
improve image clarity, while thresholding and

morphological operations help isolate the signature

region accurately.

Results

e Improved signature quality
e Reduced noise interference
e  Better feature extraction accuracy

e Enhanced signature segmentation

D. Feature Extraction Analysis

The ORB-based feature extraction method
successfully captures unique structural patterns and
keypoints from signature images. Features such as
stroke distribution, contour shape, and texture
properties help distinguish genuine signatures from

forged ones.

Results

e Accurate detection of key signature

features
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o Efficient identification of writing patterns
e Robust performance under rotation and

scaling variations

E. Signature Matching Results

The system compares test signatures with stored
reference signatures using similarity measurement
techniques. ORB descriptor matching and Structural

Similarity Index (SSIM) provide effective

comparison results.

Results

e High matching accuracy for genuine
signatures

o  C(Clear differentiation between authentic and
forged samples

o Low false acceptance rate

e  Fast computational performance

F. Fraud Detection Performance

The threshold-based classification mechanism
effectively determines whether a signature is
genuine or forged. The system produces reliable
authentication decisions based on similarity scores

generated during matching.

Results

e  Successful fraud identification
e Improved verification reliability

e Reduced human verification errors
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e  Suitable for real-time security applications

G. Overall System Outcome

Experimental analysis shows that the proposed
OpenCV-based framework provides efficient and
accurate signature verification. The system reduces
manual workload, improves authentication speed,
and enhances security in banking and legal
environments. The developed model demonstrates
scalability and practical applicability for automated

biometric verification systems.

Vil. CONCLUSION

The proposed Signature Fraud Detection system
provides an efficient and reliable solution for
automated handwritten signature verification using
computer vision techniques. By integrating image
pre-processing, feature extraction, ORB-based
keypoint analysis, and structural similarity
comparison, the system successfully differentiates
genuine signatures from forged ones with high
accuracy and low false acceptance rates. The
implementation ~ using  OpenCV  improves
verification speed and minimizes the limitations
associated with manual authentication methods such
as human error and fatigue. The developed interface
allows users to upload and verify signatures easily,
making the system practical for real-time
applications in banking, legal documentation, and
identity verification systems. Experimental results
demonstrate that the proposed framework achieves
robust performance, computational efficiency, and
reliable fraud detection capabilities. The system can
be further enhanced in future work by integrating
deep learning models and  cloud-based
authentication mechanisms to improve scalability

and accuracy under complex signature variations.
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