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ABSTRACT 

The MATLAB code presents a user-friendly graphical 

interface for fingerprint recognition and verification. 

Through this interface, users can load fingerprint images and 

execute a series of image processing tasks aimed at 

enhancing image quality and extracting crucial features. 

Operations such as histogram equalization, FFT 

enhancement, binarization, and thinning are available to 

optimize the fingerprint images for analysis. The system 

facilitates minutia extraction, identifying significant points 

like ridge endings and bifurcations, which are fundamental 

for fingerprint matching. Moreover, it includes 

functionalities for removing spurious minutiae, thereby 

improving the accuracy of the recognition process. Users 

can save and load fingerprint templates, streamlining the 

storage and retrieval of extracted features for matching 

purposes. Additionally, the system supports fingerprint 

matching, allowing users to compare templates and 

determine their similarity or match percentage. This 

versatile tool finds applications in biometric authentication 

systems, forensic analysis, and security domains, where 

robust fingerprint recognition and verification are 

imperative. Overall, the MATLAB code provides a 

comprehensive framework encapsulated within a user-

friendly interface, offering researchers and practitioners a 

valuable resource for fingerprint analysis and biometric 

authentication. 
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1. INTRODCUITON 

Biometrics, the science of identifying individuals based on 

their physical or behavioural characteristics, has 

revolutionized various domains by offering unparalleled 

security and authentication mechanisms.  

Among the plethora of biometric modalities, fingerprint 

recognition stands as a cornerstone due to its inherent 

uniqueness, permanence, and universality. With the rapid 

digitization of systems and the increasing reliance on secure 

authentication mechanisms, the demand for robust and 

efficient fingerprint recognition systems has surged 

dramatically. 

The journey towards achieving reliable fingerprint 

recognition is fraught with challenges, ranging from image 

quality variations to the presence of noise, distortion, and 

spurious features. Addressing these challenges necessitates 

the development and integration of sophisticated image 

processing techniques and algorithms capable of extracting 

meaningful features from fingerprint images while 

mitigating the adverse effects of noise and artifacts. 

In response to these challenges, the provided 

MATLAB code emerges as a beacon of innovation and 

practicality. By harnessing the formidable capabilities of 

MATLAB's image processing toolbox, the code offers a 

comprehensive solution for fingerprint recognition and 

verification. At its core lies a user-friendly graphical 

interface, meticulously crafted to streamline interaction and 

facilitate seamless execution of complex operations. 

Through this intuitive interface, users gain access 

to a plethora of preprocessing operations meticulously 

designed to enhance the quality of fingerprint images. From 

histogram equalization and FFT enhancement to binarization 

and thinning, the code empowers users to optimize 

fingerprint images for subsequent analysis with unparalleled 

precision and efficiency. 

It delves deeper into the intricacies of fingerprint recognition 

by incorporating modules dedicated to minutia extraction—a 

pivotal step in the recognition process. By accurately 

identifying key features such as ridge endings and 

bifurcations, the code lays the foundation for robust 

fingerprint matching and verification. Including 

functionalities for spurious minutiae removal—a critical 

aspect often overlooked in conventional recognition 

systems. By meticulously filtering out extraneous minutiae 

arising from image artifacts or irregularities, the code 

elevates the accuracy and reliability of the recognition 

process to unprecedented levels. 

Furthermore, the code's versatility shines through with its 

capability to save and load fingerprint templates, facilitating 

seamless storage and retrieval of extracted features for 

matching purposes. This feature not only enhances the 
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scalability and adaptability of the system but also augments 

its applicability across diverse biometric authentication 

scenarios. 

In essence, the provided MATLAB code represents a 

monumental leap forward in the realm of fingerprint 

recognition and biometric authentication. Its fusion of 

cutting-edge image processing algorithms with an intuitive 

user interface heralds a new era of innovation, empowering 

researchers, practitioners, and developers alike to tackle the 

most pressing challenges in biometrics and security. As the 

digital landscape continues to evolve, the code stands as a 

testament to human ingenuity and technological 

advancement, paving the way for a safer, more secure 

future. 

1.2 PROBLEM STATEMENT 

The problem statement addressed by the provided 

MATLAB code revolves around enhancing the accuracy and 

efficiency of fingerprint recognition systems. Despite the 

widespread use of fingerprints for identification and 

authentication purposes, existing systems face several 

challenges that hinder their effectiveness. 

Quality Variations: Fingerprint images captured under 

different conditions may exhibit variations in quality due to 

factors like lighting conditions, sensor resolution, or surface 

irregularities. These variations can affect the accuracy of 

feature extraction and matching algorithms. 

Noise and Distortion: Fingerprint images are susceptible to 

noise and distortion caused by factors such as sensor 

imperfections, smudging, or partial image capture. Noise 

and distortion can obscure important fingerprint features, 

leading to false matches or rejection errors. 

Spurious Minutiae: Spurious minutiae, or extraneous 

minutiae points, may arise due to image artifacts, 

irregularities, or noise. These spurious minutiae can 

adversely impact the matching process, leading to inaccurate 

identification or verification results. 

Performance Limitations: Existing fingerprint recognition 

systems may exhibit limitations in terms of recognition 

accuracy, computational efficiency, and scalability. 

Improving system performance while maintaining reliability 

is crucial for real-world deployment in various applications. 

1.3 OBJECTIVE 

Enhancing Image Quality: Improve the quality of 

fingerprint images by implementing preprocessing 

techniques to mitigate noise, distortion, and other artifacts. 

Feature Extraction: Develop algorithms for accurately 

extracting fingerprint features, such as ridge patterns, 

minutiae points, and core structures, from pre-processed 

images. 

Minutiae Detection: Implement methods for detecting 

minutiae points, including ridge endings and bifurcations, 

which are essential for fingerprint matching and 

identification. 

Spurious Minutiae Removal: Develop techniques to 

identify and remove spurious minutiae, minimizing false 

matches and improving the accuracy of fingerprint 

recognition. 

Performance Improvement: Enhance the overall 

performance of fingerprint recognition systems by 

optimizing algorithms for computational efficiency, 

scalability, and reliability. 

Template Matching: Develop algorithms for matching 

extracted fingerprint features against stored templates, 

enabling accurate identification and verification of 

individuals. 

Evaluation and Validation: Evaluate the performance of 

the developed algorithms through rigorous testing and 

validation using benchmark datasets to ensure their 

effectiveness and reliability. 

1.4 MOTIVATION OF THE PROJECT 

The motivation behind the project lies in addressing the 

critical need for reliable and efficient fingerprint recognition 

systems in various domains. Fingerprint recognition serves 

as a fundamental component in biometric authentication, 

security systems, forensic investigations, and access control 

mechanisms. However, existing systems often face 

challenges such as inaccuracies, inefficiencies, and 

susceptibility to noise and distortion. 

One primary motivation is to enhance security and 

privacy by developing more robust and accurate fingerprint 

recognition algorithms. With the increasing reliance on 

digital systems and the proliferation of sensitive data, 

ensuring secure authentication methods is paramount. By 

improving the accuracy and reliability of fingerprint 

recognition systems, the project aims to bolster security 

measures and protect against unauthorized access and 

identity theft. 

 

2.REVIEWS LITERATURE 

"A Survey on Fingerprint Recognition" by Jain 

et al. (2004) aimed to review existing fingerprint 

recognition techniques. They covered minutiae 

extraction, ridge-based methods, and correlation-

based methods, providing an overview of their 

performance. 
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"Fingerprint Recognition: A Review" by 

Maltoni et al. (2009) summarized fingerprint 

recognition methods and challenges, emphasizing 

ridge-based, minutiae-based, and texture-based 

approaches. They discussed advancements in the 

field and identified future research directions. 

 

"A Comprehensive Review of Fingerprint 

Recognition Techniques" by Agarwal and 

Aggarwal (2014) analyzed various fingerprint 

recognition approaches such as minutiae 

extraction, orientation field analysis, and feature 

matching. They evaluated the strengths and 

weaknesses of different techniques. 

 

"Recent Advances in Fingerprint Recognition: 

A Review" by Zhang et al. (2016) aimed to 

review recent developments in fingerprint 

recognition, highlighting deep learning, minutiae 

extraction, and ridge-based methods. They 

summarized state-of-the-art techniques and their 

performance. 

"Fingerprint Recognition: Advances and 

Challenges" by Kong et al. (2019) discussed 

recent advancements and challenges in fingerprint 

recognition, focusing on deep learning, minutiae 

detection, and ridge-basedmethods. They 

highlighted breakthroughs and identified key 

challenges. 

 

"A Review of Fingerprint Recognition 

Techniques and Applications" by Sharma and 

Pundir (2017) provided an overview of 

fingerprint recognition methods and applications. 

They discussed minutiae extraction, ridge-based 

methods, and hybrid approaches, exploring 

various application areas and their requirements. 

 

"Fingerprint Recognition: Challenges and 

Opportunities" by Li and Jain (2012) identified 

challenges and opportunities in fingerprint 

recognition. They discussed issues like non-

uniform illumination and low-quality 

fingerprints, highlighting the need for addressing 

these challenges. 

 

"Recent Trends in Fingerprint Recognition" by 

Arora et al. (2018) analyzed recent trends in 

fingerprint recognition, particularly focusing on 

the impact of deep learning and convolutional 

neural networks. They reviewed the 

advancements and their performance. 

 

"A Survey on Fingerprint Recognition 

Techniques and Applications" by Chen et al. 

(2015) surveyed fingerprint recognition 

techniques and their applications. They discussed 

minutiae extraction, ridge-based methods, and 

texture analysis, particularly in forensic and 

biometric security contexts. 

"Fingerprint Recognition: A Review of Existing 

Methods and Challenges" by Kumar and 

Govindan (2013) highlighted challenges such as 

distortion and noise in fingerprint images. They 

reviewed existing methods, focusing on minutiae 

extraction, ridge-based methods, and orientation 

field analysis. 

 

III PURPOSED METHODOLOGY 

In the minutia coordinate calculation process for determining 

if two sets of minutiae belong to the same finger, two main 

stages are involved: Stage Alignment and Stage Matching. 

Stage Alignment: This initial stage involves selecting a pair 

of minutiae from each fingerprint image to establish a 

reference point for alignment. The coordinate systems of the 

two sets of minutiae are adjusted to ensure alignment, 

enabling accurate comparison. Translation and rotation 

adjustments are made based on a predetermined point, 

reducing redundant calculations while maintaining accuracy. 

In this stage, each edge associated with a minutia is 

articulated as a sequence of points along the edge's path. A 

score (S) is computed to measure the similarity between the 

edges associated with the two minutiae pairs. If the 

similarity score exceeds a predefined threshold (e.g., 0.8), 

the alignment process proceeds to the next pair of minutiae. 

Additionally, each fingerprint undergoes translation and 

rotation adjustments to align the minutiae sets with respect 

to a reference minutia. This adjustment process ensures 

accurate alignment, enhancing the effectiveness of 

subsequent matching. 

Stage Matching: In this stage, a flexible matching algorithm 

is applied to compare the positions of minutiae pairs. The 

algorithm evaluates the proximity and similarity of minutiae 

positions, considering factors such as distance and 

orientation. 

A bounding box is placed around each minutia 

layout to facilitate the matching process. If the distance 
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between minutiae pairs falls within a predefined threshold 

and the orientation disparity is minimal, the minutiae are 

considered a potential match. The overall score is calculated 

based on the number of matched pairs, indicating the 

likelihood that the two fingerprints belong to the same 

finger. 

The final score is computed as the ratio of the 

number of matched pairs to the total number of minutiae 

pairs. If the score exceeds a predefined threshold, the two 

fingerprints are deemed to belong to the same finger. 

However, it is important to note that the calculation of the 

flexible matching algorithm may be susceptible to erroneous 

minutiae, necessitating careful validation and verification 

procedures.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Purposed flowchart diagram 

 

Fingerprint recognition and verification stand as pivotal 

components across various sectors, encompassing security 

systems, access control mechanisms, and forensic 

investigations. This Graphical User Interface (GUI) serves 

as a robust facilitator, empowering users to engage in a 

spectrum of fingerprint processing tasks with utmost ease 

and efficiency. The functionalities embedded within this 

GUI span from the initial loading of fingerprint images to 

the intricate minutiae extraction and subsequent matching 

for recognition or verification purposes. 

The genesis of developing such a GUI lies in its inherent 

capacity to offer a seamless and intuitive platform tailored 

for researchers, practitioners, and developers entrenched in 

the domain of biometrics. By furnishing a visual interface 

replete with discernible controls and feedback mechanisms, 

this GUI endeavours to streamline the fingerprint 

recognition workflow, thereby enabling users to navigate 

through complex operations effortlessly. Moreover, beyond 

its pragmatic utility, the GUI assumes the mantle of an 

educational tool, presenting a conduit through which 

students and enthusiasts can delve into the foundational 

tenets of fingerprint recognition algorithms and techniques. 

Delving into the intricate flowchart delineated within the 

codebase, the comprehensive journey of fingerprint 

recognition and verification unfolds methodically. The 

initialization phase sets the stage, birthing a GUI window 

embellished with axes poised to showcase both images and 

results. Subsequently, the preprocessing stage unfurls, where 

fingerprint images are ushered into the GUI domain through 

the invocation of the "Load" button, paving the way for an 

array of transformative techniques such as histogram 

equalization, adaptive binarization, FFT-based 

enhancement, and the generation of thinned-ridge maps. 

These preprocessing manoeuvres serve as the bedrock for 

subsequent minutiae extraction, augmenting image quality 

by ameliorating contrast, mitigating noise, and accentuating 

ridge structures, thereby priming the fingerprint images for 

meticulous feature extraction. 

The minutiae extraction phase emerges as the linchpin, 

orchestrated by buttons such as "Direction" and "ROI Area" 

to facilitate the delineation of the region of interest (ROI) 

and the estimation of orientation flow. Through a symphony 

of thinning operations and the eradication of H breaks and 

spikes, a thinned-ridge map, akin to the skeletal framework 

of fingerprint ridges, is meticulously crafted. It is from this 

scaffold that minutiae are meticulously plucked via the 

"Extract" button, with both end and branch minutiae 

meticulously demarcated. This extraction process, 

reverberating with critical significance, underpins the 

subsequent phases of fingerprint recognition, with minutiae 

serving as the quintessential markers for the ensuing 

matching endeavours. 

As the minutiae extraction draws to a close, the mantle 

transitions to minutiae postprocessing, wherein spurious 

minutiae, often borne from the exigencies of noise or 

imperfections in the fingerprint image, are promptly 

expunged via the "Remove spurious minutia" button. This 

postprocessing gambit serves as the bulwark against 

erroneous matching outcomes, ensuring that only genuine 
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minutiae points find resonance within the annals of 

fingerprint analysis. 

The crescendo of the fingerprint recognition symphony 

culminates in the matching phase, wherein users are 

empowered to juxtapose saved template files harbouring 

minutiae features extracted from two distinct fingerprint 

images. The invocation of the "Match" button sets into 

motion a nuanced algorithmic ballet, wherein minutiae from 

both fingerprints are scrutinized and juxtaposed, culminating 

in the elucidation of a matching percentage. This percentage, 

akin to a beacon amidst the fog of uncertainty, serves as the 

lodestar, elucidating the degree of resemblance between the 

fingerprints under scrutiny. 

As the curtain draws on the computational ballet, the GUI 

assumes the mantle of a maestro, orchestrating the 

visualization of results with finesse. Each preprocessing and 

postprocessing stride, alongside the denouement of 

matching endeavours, finds expression within the GUI's 

axes, offering a canvas upon which users can paint the 

tapestry of fingerprint recognition outcomes. Visual 

feedback, rendered in real-time, emerges as the lodestar, 

empowering users to discern the efficacy of each processing 

stage and evaluate the veracity of the fingerprint matching 

algorithm. 

Crowning this multifaceted journey is the realm of user 

interaction, wherein users, endowed with the liberty to 

traverse a labyrinth of functionalities through the mere click 

of a button, engage with the GUI in a symbiotic dance of 

exploration and discovery. The GUI's seamless interface 

obviates the need for an extensive programming acumen, 

offering an egalitarian platform wherein novices and 

seasoned practitioners alike can partake in the rich tapestry 

of fingerprint recognition with equanimity. 

4.2 OUTPUT 

 

Figure 2 User Interface 

 

Figure 3 fingerprint image in grayscale 

 

 
 

Figure 4 demonstrates the process of saving minutiae 

to a text file 

 

 

 

 

Figure 5 illustrates the process of loading two minutia files 

and performing matching. 

http://www.ijsrem.com/


                International Journal of Scientific Research in Engineering and Management (IJSREM) 
                        Volume: 08 Issue: 04 | April - 2024                                SJIF Rating: 8.448                            ISSN: 2582-3930                                                                                                                                               

 

© 2024, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM31823            |        Page 6 

 

This system facilitates fingerprint image processing and 

analysis through various steps: 

1. Load Fingerprint Image: Allows users to load a 

grayscale fingerprint image from any drive, 

supporting various formats with no size 

restrictions. 

2. Histogram Equalization: Enhances the fingerprint 

image by equalizing its histogram, making ridges 

darker compared to valleys. 

3. FFT Operation: Performs FFT (Fast Fourier 

Transform) on the image with a user-defined 

parameter 'k' for enhanced image display. 

4. Binarization: Converts the image into a binary 

format for further processing. 

5. Direction Estimation: Determines the direction of 

fingerprint ridges for analysis. 

6. ROI Extraction: Extracts the region of interest 

(ROI) from the fingerprint image for detailed 

processing. 

7. Thinning: Reduces the thickness of the ridges to 

aid in feature extraction. 

8. Remove H Breaks: Eliminates horizontal breaks in 

the fingerprint image. 

9. Remove Spikes: Eliminates isolated peaks and 

spikes from the fingerprint image. 

10. Feature Extraction: Extracts features from the 

processed fingerprint image. 

11. Minutia Detection and Removal: Identifies and 

marks genuine minutiae while removing false ones 

for accurate fingerprint recognition. 

12. Save Minutiae: Allows users to save minutiae 

information to a text file for future reference. 

13. Matching: Compares minutiae data from two 

fingerprint samples to calculate a match score, 

aiding in fingerprint matching. Batch testing is 

recommended for efficient processing due to heavy 

computational requirements. 

 

5.1 CONCLUSION AND FUTURE WORKS 

The main focus of this proposal is to introduce a new 

approach to fingerprint verification that can handle various 

types of fingerprint images, including high-quality, low-

quality, and distorted ones. The proposed verification 

method addresses critical issues such as complexity, 

processing time, and memory requirements. During the 

feature extraction process, I've identified challenges like 

false minutiae detection and a high rate of missing details. 

To address these issues, I've developed and implemented 

two processing methods. The first method focuses on noise 

removal using contourlet transform, resulting in improved 

performance compared to existing methods. The second 

method involves utilizing singular value decomposition 

(SVD) in conjunction with contourlet transform, which 

further enhances processing capabilities. 

Considering the growing demand for technological 

advancements in fingerprint verification systems, there is 

significant scope for enhancing the existing fingerprint 

authentication systems. Feature extraction, a crucial 

component of all biometric authentication systems, can be 

improved with innovative perspectives. As indicated by 

recent studies, approximately 4% of the population cannot 

be identified using the current fingerprint recognition 

methods. To address this challenge, a multi-biometric 

system that incorporates additional biometric traits alongside 

fingerprints should be considered. By integrating data 

collected from various biometric indicators with fingerprint 

data, the performance of the biometric system can be 

enhanced. 
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