
Techniques for Minutiae Based 
Matching of Low Quality Fingerprints 

Images- A General Overview 
 

Arun Bhargava1and Saurabh Bhargava*2 

1M.Tech student, Indus Institute of Engineering and Technology, Kinana 
(Haryana) 

2Senior Research Fellow, M.D. University, Rohtak (Haryana) 
1E-mail: arunbhargava7@gmail.com , 

2E-mail: saurabh.bhargava78@gmail.com  

 

Abstract: The biometric  authentication are being used in almost every sphere 
where secrecy and privacy has prominance. Fingerprinting is considered as most 
frequent and easy way to do this. Fingerprints are being used as an authentication 
verifying tools since long. Number of operations or algorithms such as pattern 
matching, texture matching, correlation based approach have been developed. In 
this paper we discuss a minutae based techinque of fingerprint matching which 
includes various minutiae extraction and minutiae matching methods and 
protocols. The paper is general in its scope and doesn’t give depth knowledge of 
various algorithms but a general outline of fingerprint matching techniques. 
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1. Introduction 

 

 Use of fingerprints for various reasons 
including identification can be traced back to 
2nd millennium BCE. In modern times, Italian 
physician Marcello Malpighi (1628–1694) and 
English physician, botanist, and microscopist 
Nehemiah Grew (1641–1712) were the first to 
describe the presence and structure of ridges 
present on skin of fingers and palms. However 
it was the Sir William James Herschel who for 
the first time in 1877 used fingerprints on 
contracts and deeds to prevent the then-rampant 
repudiation of signatures in India. He also 
instituted the use of fingerprints for records of 
prisoners. The further development in use of 
fingerprints in forensics and classifications of 
fingerprints were done by Henry Faulds and 
Francis Galton. Galton; the father of modern 
dactyloscopy, was the first to describe the 
various features of ridges/minutiae (Galton 
details) and also gave the probability of 1 in 64 
billion of ‘false positive’ of matching of 
fingerprints in his book Finger Prints. 
Fingerprints recognition refers to the method of 
authentication and verifying the match between 
questioned fingerprints with standard 
fingerprints. Fingerprints are most widely used 
form amongst all biometric authentication 
techniques because of their permanent nature, 
absolute uniqueness, consistency, and easy 
comparison. The identification methods 
exploiting the fingerprints have become more 
refined, faster and efficient with the advent of 
new technologies and faster than ever 
computers. Today, almost every sphere of 
government as well as private sector is using 
fingerprinting based biometric verification 
systems. 

 Fingerprint starts developing and even 
get fully developed in early stage of fetus 
development. Mostly develop during seventh or 
eighth month of fetus development. As the skin 
of the finger start developing in uterus and 
change during differentiation process. Hence, 
the cells (on fingerprints) grow in different 
environment that is different from hand to hand 
and even finger to finger. Pattern of furrows, 
minutiae and ridge is called fingerprint (Fig-1). 

The furrows and ridges are normally 
characterized with irregularities also known as 
minutiae, the distinctive features based on 
which scanning technologies are adopted. 
Minutiae are local ridge characteristics that 
occur on either a ridge ending or ridge 
bifurcation (Fig-2). 

 
Figure 1. Showing the ridges and minutiae in 
fingerprint.  

 
Fig-2: Showing some of the commonly 
encountered ridge characteristics. 

 Fingerprints are broadly classified in 
whorl, loop (radial/ulnar), and arch (tented 
arch) pattern. Some patterns are composite of 
two patterns and are termed as double loop, 
mixed loop, pocket loop etc (Fig-3). 

International Journal of Scientific Research and Review

Volume 7, Issue 7, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/2



  

Figure 3. Various patterns of fingerprints. 

 Fingerprints can be matched and 
identified in a systemic way where first stage is 
to identify the pattern (loop/arch/whorl) 
followed by second stage where ridge 
characteristics/minutiae (ridge lake, ridge 
ending, independent ridge, bifurcation, spur, 
crossover, point or island) are identified which 
is sometimes followed by third stage where 
intra ridge values and very fine details of 
minutiae alongwith sweat pores are observed 
and identified. Most commonly used three 
approaches utilized for the fingerprint 
recognition are- 

  Texture based approach: This approach 
uses texture information for matching and 
executes well with poor quality prints. This 
method requires accurate alignment of the 
two prints and is not invariant to 
translation, orientation and non-linear 
distortion. 

 Minutiae based approach: Minutiae 
(ridge features) are extracted & stored in a 
template for future matching. This is 
invariant to rotation, translation and scale 
enhancement/distortion or other changes. 
This is considered an error prone in low 
quality image.  

 Image based approach: In this technique 
the images itself are used as the template. 
This requires low resolution images 
because matching is performed by optical 
correlation and is extremely fast. However 

it also requires accurate alignment of the 
samples of fingerprint and is not very 
favorable for scale changes, position and 
orientation. 

2. Minutiae Based Fingerprint 
Matching 

 In this paper we deals with techniques 
for minutiae based matching and comparison of 
two fingerprints. Because fingerprint image can 
get distorted due various reasons, so many 
image enhancement techniques are applied 
before minutiae extraction and minutiae 
matching. The whole process is divided into 
two parts viz minutiae extraction and minutiae 
matching. Minutia extraction includes image 
enhancement, segmentation and final minutiae 
extraction processes. 

 The initial step in the minutiae 
extraction stage is the questioned fingerprint’s 
image enhancement. Fingerprints images from 
different sources lack ample contrast and 
clarity. Hence, this enhancement to make image 
clearer for further operations is an essential 
step. It increases the contrast in between ridges 
and in furrows too, and connects some of the 
false broken points due to inefficient fingerprint 
acquiring methods. In current paper we are 
discussing three techniques of image 
enhancement- Histogram Equalization, Fast 
Fourier Transformation, and Image 
Binarization. 

2.1 Minutiae Extraction 

2.1.1. Image enhancement 

Histogram equalization is a method 
of contrast adjustment using 
the image's histogram (Fig-4). This method 
usually increases the global contrast of many 
images, especially when the usable data of the 
image is represented by close contrast values. 

Fast Fourier Transform (FFT) algorithm 
computes the discrete fourier transform (DFT) 
of a sequence, or its inverse. Fourier analysis 
converts a signal from its original domain 
(often time or space) to a representation in the 
frequency domain and vice versa. The image is 
then divided into blocks in order to enhance a 
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specific block by its dominant frequencies. 
Image after FFT are enhanced because some 
falsely broken points on ridges get connected 
and some spurious connections between ridges 
get removed. 

 

Figure 4. Image of a fingerprint before (left) 
and after (right) histogram equalization. 

Image Binarization is a process of converting 
an image into binary values. This step is done 
to convert a 256-level image to a 2-level image. 
It’s done to differentiate image pixels from 
background. The simplest way to use image 
binarization is to choose a threshold value, and 
classify all pixels with values above this 
threshold as white, and all other pixels as black. 
Because of variations in contrast, locally 
adaptive thresholding is used.  

2.1.2. Image Segmentation 

 It is the process of partitioning a digital 
image into multiple segments (sets of pixels, 
also known as super-pixels). The goal of 
segmentation is to simplify and/or change the 
representation of an image into something that 
is more meaningful and easier to analyze. Only 
a certain Region of Interest (ROI) is useful to 
be recognized for each fingerprint image. To 
extract the ROI, a two-step method is used; 
Block Direction Estimation and ROI extraction.  

2.1.3. Final Minutiae Extraction  

 After the job of image enhancement 
and segmentation is complete, the job of actual 

minutiae extraction commences which involves 
four operations: 

 Ridge Thinning,  
 Minutiae Marking,  
 False Minutiae Removal 
 Minutiae Representation. 

Ridge Thinning  

 Thinning of ridges is done to eliminate 
the redundant pixels of ridges till the ridges are 
just one pixel wide (Fig-5). Morphological 
approaches are used to remove some H breaks 
and isolated points. In this step, any single 
points (single-point ridges or single-point 
breaks) in a ridge are eliminated and considered 
processing noise. This is done by turning pixels 
off according to these conditions:  

 If there is at least 1 switch from on to off 
among boundary pixels  

 Not all 8-neighborhood pixels are on.  
 Neither a center nor ending pixel. 

 

Figure 5. Fingerprint image before (left) and 
after (right) ridge thinning. 

Minutiae marking  

 The concept of Crossing Number (CN) 
is used and CN is calculated by investigating 
the 8- neighborhood of each central pixel in 
order to determine the count of crossover 
occurrences 

False Minutiae Removal/Post Processing 

 False ridge breaks due to insufficient 
amount of ink and ridge cross-connections due 
to over inking are usually present in image. 
These false minutiae (spurious minutia) 
significantly affect the accuracy of matching if 
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they are mistaken for genuine minutiae. Seven 
types of false minutia are found quite 
commonly- 1) Spur, 2) Multiple breaks, 3) 
Lake, 4) Dot, 5) Triangle, 6) Ladder, and 7) 
Wrinkle. Procedure to remove false minutiae 
varies based on the type of presence of false 
minutiae. Following are some instance of 
finding and removing of false minutiae- 

I. If the distance between one bifurcation and 
one termination is less than ‘D’ and the two 
minutiae are in the same ridge (Spur case). 
Remove both of them. (‘D’ denotes the 
average inter-ridge width representing the 
average distance between two parallel 
neighboring ridges). 

II. If the distance between two bifurcations is 
less than ‘D’ and they are in the same ridge, 
remove the two bifurcations (Multiple 
breaks/Lake/Dot/Ladder/Wrinkle cases). 

III. If two terminations are within a distance D 
and their directions are coincident with a 
small angle variation. And they suffice the 
condition that no any other termination is 
located between the two terminations. Then 
the two terminations are regarded as false 
minutia derived from a broken ridge and 
are removed (Dot/Triangle/Ladder cases). 

IV. If two terminations are located in a short 
ridge with length less than D, remove the 
two terminations (Wrinkle case). 

V. If a branch point has at least two 
neighboring branch points, which are each 
no further away than maximum distance 
threshold value and these branch points are 
closely connected on common line segment 
than remove the branch points 
(Spur/Multiple breaks cases).  
 

2.2 Minutiae Matching 

The two minutiae types of terminations and 
bifurcations are of subject of discussion in this 
paper. After successfully extracting the set of 
minutia points of two fingerprint images to be 
tested, we perform Minutiae Matching to check 
whether they belong to the same person or not. 
Ridge alignment is done using an algorithm 
before matching and counting the number of 
matched minutia pairs. 

 

Minutiae Alignment 
 To match 2 prints, determine their 
reference minutiae (most similar pair/at 0.8 
threshold) using similarity equation (Fig-6). 

 
Figure 6. Minutiae Matching 

Minutiae matching  

 Adaptive matching instead of absolute 
matching is used, not all parameters are exactly 
same achieved by placing a bounding box 
around each template minutia. If the minutia to 
be matched is within the rectangle box and 
difference between them is very small, then the 
two minutiae are regarded as a matched minutia 
pair.  

Matching score 

 The final match ratio is called as Match 
Score, the values of which may range from 0 to 
100. If the score is larger than a pre-specified 
threshold, the two fingerprints are from the 
same finger. 

3. Conclusion 

 The paper is a general overview of 
what fingerprints are and how the two 
fingerprints are matched for identification and 
authorization. This paper is general in approach 
and doesn’t delve into depth analysis and 
discussions of various algorithms and their 
mechanisms and application in extracting and 
matching of fingerprints. It is an attempt to 
summarize the procedure of minutiae extraction 
and minutiae matching (from fingerprints) to 
generate a match score in low quality 
fingerprint image comparisons. It highlights the 
challenges of fingerprint matching in cases of 
inferior quality images. Small explanations are 
provided in non-technical language for various 
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minutiae extraction, post extraction and 
matching techniques. The fingerprinting and 
biometric techniques are developing in a faster 
than ever pace and this study couldn’t review 
the latest technology being used in this 
industry. Yet this might help laymen in better 
understanding of role of fingerprints in 
biometric identification and authorization 
system. We encourage more general articles for 
such intricate techniques used by all in day to 
day life for better understanding and knowledge 
of general population. 
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