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Abstract
The fingerprint images of people always vary in quality. 
Fingerprint identification is one of the most popular biometric 
technologies and is used in criminal investigations, commercial 
applications and so on. The performance of a fingerprint image-
matching algorithm depends heavily on the quality of the input 
fingerprint images. Fingerprint recognition is one of the basic 
tasks of the Automated Fingerprint Identification Service (AFIS) 
of the most famous police agencies. In this paper we introduce 
a special method called fine enhancement method to analyze the 
fingerprint images both in space and in frequency. This helps to 
eliminate the multispectral noise in the image, and then the image 
is filtered with median filter. From the filtered image we extract the 
minutiae. As a result more than 45 minutiae points are extracted. 
Further the orientation field is estimated with the specified angle. 
The spatial domain methods such as Contrast, Negative and 
Histogram image enhancement which operate directly on pixels 
are calculated. Experimental results show that our enhancement 
method improves the performance of the fingerprint Images and 
makes it more robust with respect to the quality of input compared 
to other methods.
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I. Introduction
Biometrics techniques are divided into two types i.e. Physiological 
(fingerprints, face, iris, DNA, retina, voice, hand geometry, palm 
print, retinal scan etc.) and Behavioural (gait, signature etc). These 
physiological or behavioural Characteristics are used for personal 
identification on the basis of their universality, uniqueness, 
immovability and collectability [1]. Fingerprints are today the 
most widely used biometric features for personal identification. 
In the early twentieth century, fingerprint was formally accepted 
as valid signs of identity by law enforcement agencies. Therefore 
in 1960 the FBI Home office (UK) and Paris Police Department 
initiated studies on automatic fingerprint identification system [2].
Scientific study on fingerprints was started in sixteenth century, 
but Sir F. Galton and E.Henry [2] established the foundation of 
modern fingerprint recognition at the end of nineteenth century. 
On the basis of this the automatic fingerprint recognition system 
for authentication and identification developed by the scientist 
and developers recently. These system merely used in various 
application and systems where the authentication and identification 
of human being required, like defence, law, crime, banking, 
communication etc. Fingerprint recognition system is based on 
two basic premises. 1) Persistence, The basic characteristics of 
fingerprint do not change with time i.e. preserve its characteristics 
and shape form birth to death. 2) Individuality, The fingerprint is 
unique to an individual [3]. A fingerprint is made of a series of 
ridges and furrows on the surface of the finger [4]. The uniqueness 
of a fingerprint can be determined by the pattern of ridges and 
furrows as well as the minutiae points. Minutiae points are local 

ridge characteristics that occur at either a ridge bifurcation or a 
ridge ending. Fingerprints are today the most widely used biometric 
features for personal identification. Most automatic systems for 
fingerprint comparison are based on minutiae matching [5, 6]. 
Therefore, the objective of a fingerprint enhancement algorithm 
is to improve the PSNR value in various enhancement levels.

II. Fingerprint Recognition System
The different types of Fingerprint Recognition System are
A. AFIS (Automatic Fingerprint Identification system)
B. AFAS (Automatic Fingerprint Authentication system)

A. Automatic Fingerprint Identification system
Automated fingerprint verification is a closely related technique 
used in applications such as attendance and access control 
systems. On a technical level, verification systems verify a 
claimed identity (a user might claim to be John by presenting 
his PIN or ID card and verify his identity using his fingerprint), 
whereas identification systems determine identity based solely on 
fingerprints. With greater frequency in recent years, automated 
fingerprint identification systems have been used in large scale 
civil identification projects. The chief purpose of a civil fingerprint 
identifications system is to prevent multiple enrolments in an 
electoral, welfare, driver licensing, or similar system. Another 
benefit of a civil fingerprint identifications system is its use in 
background checks for job applicants for highly sensitive posts and 
educational Personnel who have close contact with children.
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Fig. 1: Stages of Automated Fingerprint Identification System

B. Automated Fingerprint Authentication System
The ridge ending and bifurcations are taken as the distinctive 
features of fingerprint as shown in fig. 2. In this method location 
and angle of the feature are taken to represent the fingerprint 
and used in the matching process [6]. On a complete fingerprint 
image contain near about 50 to 150 minutiae and for automated 
systems almost 10 minutiae matching are Sufficient to establish 
identity of individual.
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Fig. 2: Ridge Ending and Bifurcation

Fig. 3: Core and Delta Point

Fingerprint contains two special types of features called core and 
delta points as shown in following fig. 3. The core and delta as a 
reference point for coding minutiae and defined as the topmost 
point on the innermost recurving ridge. The core point is generally 
used as a reference point [8].

III. Fingerprint Image Pre-Processing
The various stages of fingerprint identification system are:
1. Fingerprint is taken as input
2. Perform Histogram equalization for improving the contrast of 
the input image.
3. CLAHE (Contrast limited adaptive histogram equalization) is 
applied to enhance the contrast of small tiles and to combine the 
neighbouring tiles in an image by using bilinear interpolation 
which eliminates the artificially induced boundaries. 
4. The grey scale image [0-255] is converted to binary image
5. A pre-processing with STFT can remove multispectral noises 
while enhancing structural information in images.

A. Proposed Algorithm
The proposed algorithm contains the following steps as shown 
in the fig. 5.
Stage 1: The first step is to enhance the image using STFT 
analysis
To improve the quality and contrast of the image we go for 
image enhancement. The enhanced output is get from the original 
image.
Stage 2: (a). The Fine enhancement algorithm is used to analyze 
the fingerprint images both in space and in frequency
Fine enhancement is used to enhance the edges of the image and 
improve the quality of the image.
(b). The median filter is applied to remove the salt and pepper 

noise.
Median filtering is very widely used in digital image processing 
because, under certain conditions, it preserves edges while 
removing noise.
(c). Perform Morphological operations on the filtered image. 
Morphology is the study of the shape and form of objects. 
Morphological image analysis can be used to perform Object 
extraction, Image filtering operations, such as removal of small 
objects or noise from an image.
(d). Minutiae point can be detected and filtered the unwanted 
points. Minutiae’s are major features of a fingerprint, using 
which comparisons of one print with another can be made. 
Minutiae include Ridge ending, Ridge bifurcation, Short ridge, 
or independent ridge, Spur and Crossover or bridge.
(e). Matching is applied between input and enhanced image. 
Template matching is applied between two images and calculates 
the percentage of accuracy.
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Fig. 4: Flow Diagram for Proposed Algorithm

IV. Image Enhancement Technique
The aim of image enhancement is to improve the quality of visual 
image or to provide `better' input for other automated image 
processing techniques. Image enhancement techniques can be 
divided into two broad categories: 

Spatial domain methods, which operate directly on pixels, • 
and
Frequency domain methods, which operate on the fourier • 
transform of an image. 

There are various image enhancement techniques come into 
existence but there is no general theory for determining what 
`good’ image enhancement is when it comes to human views when 
image enhancement techniques are used as pre-processing tools 
for other image processing techniques, then quantitative measures 
can determine which techniques are most appropriate. 

A. Spatial Domain Methods
In spatial domain techniques [9], we directly deal with the image 
pixels. The pixel values are manipulated to achieve desired 
enhancement. The value of a pixel with coordinates (x,y) in 
the enhanced image is the result of performing some operation 
on the pixels in the neighbourhood of (x,y) in the input image, 
neighbourhoods can be any shape, but usually they are rectangular. 
It Contains 
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Contrast Image Enhancement1. 
Negative Image Enhancement2. 
Histogram Image Enhancement etc3. 

1. Contrast Enhancement 
Histogram equalization defines a mapping of gray levels p into 
grey levels q such that the distribution of grey levels q is uniform 
[10]. This mapping stretches contrast (expands the range of grey 
level) for grey levels near histogram maxima. Since contrast 
is expanded for most of the image pixels, the transformation 
improves the delectability of many image features.

2. Negative Enhancement
The most basic and simple operation in digital image processing 
is to compute the negative of an image.  The pixel grey values 
are inverted to compute the negative of an image.  For example, 
if an image of size R x C, where R represents number of rows 
and C represents number of columns, is represented by I(r, c).  
The negative N(r, c) of image I(r, c) can be computed as N(r, c) = 
255 – I(r, c) where 0 <= r <= R and 0 <= c <= C (2)It can be seen 
that every pixel value from the original image is subtracted from 
the 255. The resultant image becomes negative of the original 
image. Negative images are useful for enhancing white or grey 
detail embedded in dark regions of an image

3. Histogram Enhancement
Histogram equalization is applied to enhance the image’s contrast 
by transforming the intensity values of the image (the values 
in the color map of an indexed image), which are given by the 
following equation:

 (1)
Where Sk is the intensity value in the processed image corresponding 
to rk in the input image, and  =1, 2, 3... L is the input fingerprint 
image intensity level.  In other words, the values in a normalized 
histogram approximate the probability of occurrence of each 
intensity level in the image. After that the Gray-scale image is 
transformed into the binary image [0, 1].

B. Frequency Domain Methods
Frequency domain is the domain for analysis of mathematical 
functions or signals respect to frequency, rather than time [11]. Put 
simply, time domain graph shows how a signal changes over time, 
whereas a frequency-domain graph shows how much of the signal 
lies within each given frequency band over a range of frequencies. 
A frequency-domain representation can also include information 
on the phase shift that must be applied to each sinusoid in order 
to be able to recombine the frequency components to recover the 
original time signal.

V. Experiment and Analysis
Method of calculation the following parameters
MSSIM: StructureSimilarityMeasure
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The resultant value for fingerprint (Database DB2) image name 
11.6 is as follows. The quality matrix PSNR (Peak Signal to Noise 
Ratio), NK (Normalized 
Co-relation), SC(Structured Content), NAEC (Normalized 
Absolute Error)

 
Fig. 5: Contrast Image Enhancement
(a). Input Image
(b). Enhanced Image

In a Histogram image enhancement technique for enhancing the 
finger print images taken from FVC2004 database in which we 
have tested for different images. The resultant value for fingerprint 
(Database DB2) image name 25.1 is as follows. The quality matrix 
MSSIM (Structure Similarity Measuring), PSNR (Peak Signal 
to Noise Ratio), NK (Normalized Co-relation), SC (Structured 
Content), NAEC (Normalized Absolute Error)

 
Fig. 6: Histogram Image Enhancement
(a). Input Image
(b). Enhanced Image
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FVC 2004 DB2 25.1
In Negative image enhancement technique for enhancing the finger 
print images taken from FVC2004 database in which we have 
tested for different images. The resultant value for fingerprint 
(Database DB2) image name 25.2 is as follows. The quality matrix 
MSSIM (Structure Similarity Measuring), PSNR (Peak Signal 
to Noise Ratio), NK (Normalized Co-relation), SC (Structured 
Content), NAEC (Normalized Absolute Error)

FVC 2004 DB2 25.2

 
Fig. 7: Negative Image Enhancement
(a). Input Image
(b). Enhanced Image

Result Tables:
Table1: Contrast Image Enhancement

PSNR Structure 
Similarity

Normalized 
MSE

Normalized 
Correlation

Structure 
Content

92.0392 938.2026 2.6235 0.0016 1

Table 2: Histogram Image Enhancement

PSNR Structure 
Similarity

Normalized 
MSE

Normalized 
Correlation

Structure 
Content

60.5695 2.8880 0.2444 0.0034 1

Table 3: Negative Image Enhancement

PSNR
Structure 
Similarity

Normalized 
MSE

Normalized 
Correlation

Structure 
Content

62 2.3458e+004 14.5083 0.0040 1

Graph: 1

Graph: 2

Graph: 3

VI. Conclusion
In this paper we have used the techniques like Contrast, Negative 
and Histogram for image enhancement. We have tested this for 
FVC 2002, 2004 data base images with different orientation. We 
achieved the best result for the images under study. The image from 
the data base has been tested with this new method and the results 
which give a standard quality output have been displayed.  It is 
clearly evident that contrast image enhancement methods provide 
the best results on par with other techniques like Histogram and 
Negative image enhancement. Various filtering techniques are 
applied here which enhances the overall quality of the image.
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