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Abstract— the quality of fingerprint image greatly affects the 
performance of minutiae extraction and the process of 
matching, thus to improve the performance of the fingerprint 
recognition system many research was done. In this paper, we 
present a survey of the different techniques used for enhancing 
fingerprint images. The survey found that there are three 
domains used for enhancement of fingerprint images which 
are; spatial domain, frequency domain and fuzzy domain.   We 
found that there are many research works that was done in 
each domain separately.  In this paper we also propose an 
intelligent approach to enhance fingerprint images based on   
combination of fuzzy logic and spatial domain morphology 
operations.  

Keywords— Fingerprint image enhancement, Fuzzy logic 
domain, Fingerprint recognition, spatial domain 

I. INTRODUCTION 

Fingerprint recognition is the one of most significant 
biometric systems which has been used for over a century.  
This is because the fingerprint of an individual is unique and 
do not change throughout one’s life. Fingerprint image 
quality is an important factor in the performance of minutiae 
extraction and matching algorithms and it depends heavily 
upon the quality of the input fingerprint images. Therefore 
fingerprint image enhancement plays vital role in fingerprint 
recognition process [1]. Image enhancement is a technique 
to improve the quality of an image.  Where fingerprint 
image enhancement algorithms can improve the clarity of 
ridge structure and valley separation.  

Fingerprint image enhancement can be clustered into 
three groups namely frequency domain, spatial domain and 
fuzzy domain methods. In the frequency domain method, 
the enhancement is conducted by modifying the frequency 
transform of the image. Meanwhile in the spatial domain 
method, image pixels are directly modified to enhance the 
image [2].  With the fuzzy domain method, an image is 
mapped into a fuzzy plane, using membership 
transformation functions to give high weights to pixels [3]. 

The paper is organized as follows: section II presents a 
survey of the literature on image enhancement, section III 
presents a survey of image quality analysis methods, section 
IV presents a new proposed fingerprint image enhancement 
algorithm using both fuzzy logic and morphology, and 
section V presents the conclusion. 

II. RELATED WORK 

The principal objective of image enhancement is to 
process an input image of low quality into an input image of 
high quality for a specific application.  The main objective 
of fingerprint image enhancement is to improve the ridge 
characteristic features required for minutiae extraction. 
Ideally, in a well-defined fingerprint image, the ridges and 
valleys should alternate and flow in a locally constant 
direction. This regularity facilitates the detection of ridges 
and consequently allows minutiae to be precisely extracted 
from the thinned ridges. Thus, the corruption or noise has to 
be reduced through image enhancement techniques to get 
enhanced definition of ridges against valleys in the 
fingerprint image [2].  Image enhancement techniques can 
be divided into three broad categories as follows: 

A. Spatial domain methods 

Spatial domain refers to the image plane itself.  Image 
processing methods in this category are based on direct 
manipulation of pixels in an image. Spatial domain can be 
denoted by the following equation [2]:  

 ………….. (1) 
Where f(x, y) is the input image, g(x, y) is the output 

image and T is an operator defined over a neighborhood of 
the point (x, y).  

Numerous spatial domain methods have been presented 
in the literature.  Eun-Kyung Yun et al. [4] proposed an 
adaptive pre-processing method; it works through image 
quality characteristic analysis by extracted features from 
fingerprint images and enhances the images according to 
their characteristics.  Experimental results indicate that the 
proposed method improves the performance of the 
fingerprint identification significantly. 

Sarrafzadeh et al. [5] introduced an algorithm based on a 
fuzzy version of brightness preserving dynamic histogram 
equalization. The algorithm consists of four steps. The first 
step is image smoothing which employ a Gaussian function 
for smoothing. This function removes the redundant and 
noisy maximum and minimum peaks from the image 
histogram. The second step finds the local maximum points 
of the histogram by tracing the histogram of the smoothed 
version of the image. A point on the histogram is a local 
maximum if its amplitude is more than its neighbors. Next 
the image histogram is partitioned according to the 
established maximum points. Each interval is the distance 



between two successive local maxima’s. The third step 
fuzzifies a newly-generated factor from the multiplication of 
two factors, the interval and the frequency of pixels, in the 
interval. The third step finds the length of each interval and 
the frequency of intensities in that interval. The 
multiplication of these factors is fuzzified by a triangular 
shaped membership function, and then employs TSK model.  
Step four is Histogram Equalization.  

 
 
Hong, Lin, Wan, and Jain [6] introduced a fast fingerprint 

enhancement algorithm, which can adaptively improve the 
clarity of ridge and valley structures of input fingerprint 
images based on the estimated local ridge orientation and 
frequency.  The main steps of the algorithm include the 
normalization, Local orientation estimation, Local 
frequency estimation, Region mask estimation, and Filtering.  

Balaji et al. [7] proposed an integration model of adaptive 
median filter with directional median filter (DMF) for 
fingerprint image enhancement. The adaptive DMF 
effectively reduced the impulse noises along the direction of 
ridge flow.  It also joined the gap with some length between 
the two ends of broken ridges, cleared the smudges of small 
size and medium size in the valleys, removed holes in the 
ridges and smoothed the ridges boundaries. 

Sreedhar et al. [8] proposed methodology to enhance 
image characterized by poor contrast and also was able to 
detect the background. Image enhancement has been carried 
out by two methods based on the Weber's law notion. The 
first method employs information from image background 
analysis by blocks, while the second transformation method 
utilizes the opening operation, closing operation, which is 
employed to define the multi-background gray scale images.  

Sepasian et al. [9] proposed a new methodology to 
enhance the contrast of small tiles of a fingerprint image by 
using contrast limited adaptive histogram equalization 
(CLAHE) together with 'Clip Limit', standard deviation and 
sliding neighborhood as stages during processing of 
fingerprint images. Firstly, CLAHE with clip limit is 
applied to enhance the contrast of small tiles existing in the 
fingerprint image and to combine the neighbouring tiles 
using a bilinear interpolation in order to eliminate the 
artificially induced boundaries. The second step the image is 
decomposed into an array of distinct blocks and the 
discrimination of the blocks is obtained by computing the 
standard deviation of the matrix elements to remove the 
image background and obtain the boundaries for the region 
of interest.  

Longkumer et al. [10] proposed a novel algorithm using 
statistical operations and neighborhood processing to image 
contrast enhancement. The image is subdivided into sectors, 
which are equalized independently. The standard deviation 
and mean of the pixels in the neighborhood of every point in 
the image are used to determine local thresholds, which are 
used to determine the difference among images.  If the 
difference is greater than threshold then we replace the 

original image by the equalized image, else the original 
image is left as it is.   

Sonavane et al. [11] proposed a special domain 
fingerprint enhancement method which decomposes the 
input fingerprint image into a set of filtered images. From 
the filtered images, the orientation field is estimated and a 
quality mask which distinguishes the recoverable and 
unrecoverable corrupted regions in the input image is 
generated. Using the estimated orientation field, the input 
fingerprint image is adaptively enhanced in the recoverable 
regions.  

Khalefa et al. [12] proposed an image enhancement 
method by enhancing the Mehter method for directional 
images. The enhancement is done by added the Block 
Filtering, Histogram Equalization and High-Pass Filtering. 
The use of Histogram Equalization and High-Pass Filter 
enabled the method to increase fingerprint contrasts and 
enhance ridges and furrows structures to get accurate 
directional element for each ridges.  By using Median Filter 
in Block Filtering the method was able to filter and correct 
wrong block direction and remove noise generated from 
Block Wise Operation.  

Lu et al. [13] proposed a novel fingerprint image post 
processing algorithm.  The algorithm is developed based on 
several rules which are generalized through a study of the 
errors that commonly occur in minutiae extraction and their 
effects on the overall verification performance. The 
algorithm traces adaptively fingerprint image and each valid 
ridge is associated with a ridge number. If a tracing ridge 
number is intersects another traced ridge, a bifurcation is 
detected. An ending is detected when the tracing of a ridge 
number is done when there is no other ridge intersection 
exists.  

Kumar et al. [14] developed an image enhancement 
algorithm that modifies the local contrast and the local 
luminance mean of an image and controls the local contrast 
as a function of the local luminance mean of the image. The 
algorithm first separates an image into its lows (low pass 
filtered form) and highs (high pass filtered form) 
components. The lows component then controls the 
amplitude of the highs component to increase the local 
contrast. The lows component is then subjected to a non 
linearity to modify the local luminance mean of the image 
and is combined with the processed highs component.  

Chaurasia [15] proposed algorithm which estimates all 
the intrinsic properties of the fingerprints such as the 
foreground region mask, local ridge orientation and local 
ridge frequency. The steps used in pre-processing are 
binarization, thinning, dilation, thinning of the dilated image, 
removing unwanted portions from the image (Refining), and 
producing dual image.  

Kumar et al. [16] used contrast limited adaptive 
histogram equalization (CLAHE) 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.  
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Hanoon [17] proposed a low bit rate image coding 
scheme based on vector quantization. The block prediction 
coding techniques are employed to cut down the required bit 
rate of vector quantization. In block prediction coding, 
neighbouring encoded blocks are taken to compress the 
current block. The four steps procedure for fingerprint 
compression and enhancement using CLAHE, Wiener 
filtering, image binarization, thinning and Vector 
Quantization (VQ).  

Kanpariya et al. [18] proposed a methodology of 
automatic parameter selection for fingerprint enhancement. 
The enhanced performance is not satisfactory because of the 
complicated ridge and valley structures that are affected by 
unusual input contexts that need adaptive tuning of   
parameters. The processes used for constructing an 
enhanced image for a fingerprint image are Normalization, 
Orientation Estimation, Ridge Frequency Estimation, and 
Filtering.  

Oh et al. [19] proposed a method of fingerprint image 
enhancement using the Directional Filter Bank (DFB). It is 
achieved by handling the directional sub band images 
effectively using the directionality of the fingerprint image. 
The enhanced image is reconstructed by synthesizing the 
sub band images followed by sub band processing, in which 
a few essential sub band components are strengthened while 
others are weakened.  

Table I shows a summary of the image enhancement 
techniques that were based on spatial domain. 

TABLE I 

A BRIEF SURVEY OF IMAGE ENHANCEMENT TECHNIQUES IN SPATIAL 

DOMAIN  

Author Year Model Processing technique description 
Hong 1998 Fast 

algorithm 
Estimated local ridge orientation and 
frequency and then applied 
normalization, Local orientation 
estimation, Local frequency 
estimation, Region mask estimation, 
and Filtering.  

Lu 2002 post 
processing 
algorithm 

The algorithm traces fingerprint 
image, and each valid ridge is 
associated with a ridge number. If a 
tracing ridge number is intersects 
another traced ridge, a bifurcation is 
detected. An ending is detected when 
the tracing of a ridge number is ended 
with no other ridge intersection. 

Sang 2003 Directional 
Filter Bank 
(DFB) 

Handling the directional sub band 
images effectively using the 
directionality of the fingerprint 
image. Reconstructed image by 
synthesizing the sub band images.  

Yun, 
Eun-
Kyung 

2006 adaptive 
pre-
processing 

Extracts five features from a 
fingerprint image, analysis image 
quality with clustering method, and 
enhance the image according to its 
characteristics using adaptive pre-
processing method.  

Raju 
Sonava
ne 

2007 Special 
Domain 

Decompose fingerprint image into a 
set of filtered images. From the 
filtered images estimated the 
orientation field and a quality mask. 
By estimated orientation, the 
fingerprint image is adaptively 

enhanced. 
Sepasia
n 

2008 Contrast 
Limited 
Adaptive 
Histogram 
Equalizatio
n (CLAHE) 

Firstly, CLAHE with clip limit is 
applied to enhance the contrast of the 
small tiles and combine the 
neighboring tiles using a bilinear 
interpolation. In a second step, the 
image is decomposed into an array of 
distinct blocks and the discrimination 
of the blocks is obtained by 
computing the standard deviation of 
the matrix elements to remove the 
image background and obtain the 
boundaries for the region of interest.  

Balaji 2008 Integration 
Model Of 
Adaptive 
Median 
Filter With 
Directional 
Median 
Filter 

Adaptive median filter are used, 
which can effectively reduce impulse 
noises along the direction of ridge 
flow by Directional Median Filter 
(DMF).  It can Join the gap with 
some length between the two ends of 
broken ridges, clear the smudges of 
small size and medium size in the 
valleys, remove holes in the ridges 
and smooth the ridges boundaries. 

Khalefa 2011 Mehtre 
Method 

Use of Histogram equalization and 
High-Pass Filter to increase 
fingerprint contrasts and enhance 
ridges. The use of Median Filter in 
Block Filtering enables to filter and 
correct wrong block direction and 
removes noise getting from Block 
Wise Operations. 

Selia 2011 filtering 
techniques 

Two filters, the first one uses Wiener 
filter. The second one use Gabor 
filtering technique.  

Hanoon 2011 Contrast 
Limited 
Adaptive 
Histogram 
Equalizatio
n With Clip 
Limit 
(CLAHE) 

Applied the following steps Wiener 
filtering, image binarization, thinning 
and Vector Quantization (VQ).  

Sreedha
r 

2012 Weber's 
law notion 
and 
transformat
ion 

Employs information from image 
background analysis by blocks. The 
transformation method is employed 
to define the multi-background gray 
scale images. 

Chaura
sia 

2012 Morphologi
cal 
Operations 

Estimate all the intrinsic properties of 
the fingerprint then apply the pre-
processing step, binarization, 
thinning, dilation, thinning of the 
dilated image, removing unwanted 
portions from the image (Refining), 
and producing a dual image.  

Naresh 2012 Contrast 
Limited 
Adaptive 
Histogram 
Equalizatio
n (CLAHE) 

Used to enhance the contrast of small 
tiles and combine the neighboring 
tiles in an image by using bilinear 
interpolation. 

Kumar 2013 New 
Algorithm  

Separate an image into its low and 
high components. The low 
components control the amplitude of 
the high components to increase the 
local contrast. The low components 
are then subjected to a non-linearity 
to modify the local luminance mean 
of the image and are combined with 
the processed high components.  

Longku
mer 

2014 Histogram 
Equalizatio

Divided an image into equalized 
sectors then use the standard 
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n  deviation and mean   to determine 
local thresholds that can determine 
the difference between images.   

Kanpari
ya 

2014 Adaptive 
Tuning 
Parameters  

The method applies the following 
steps:  Normalization, Orientation 
Estimation, Ridge Frequency 
Estimation, and Filtering. 

 

B. Frequency domain methods 

A frequency method consists of modifying the Fourier 
transform of an image and then computing the inverse 
transform to get back to input image. Thus given a digital 
image f(x, y), of size M x N, then the basic filtering 
equation in which we are interested has the following form 
[2]: 

………….. (2) 

Where  is the Inverse Discrete Fourier Transform 
(IDFT), F (u, v) is the DFT of the input image f(x, y), H (u, 
v) is the filter function and g(x, y) is the filtered output 
image. H (u, v) is simplified by using functions that are 
symmetric around the center.  

Deshmukh et al. [20] proposed a method to enhance the 
contrast of color images by using Laplacian Pyramid. 
Laplacian Pyramid can enhance the brightness and contrast 
of an input image by decomposing it into band pass images 
and perform contrast as well as detail enhancement on each 
of these images. When the individual images are enhanced 
in contrast and detail manner, then the enhanced output 
image is derived (by combine them together).  

Bhowmik et al. [21] proposed a method that combines 
two image enhancement processes, the Discrete Fourier 
Transform which is used to decompose an image into its 
sine and cosine components, and the Histogram 
Equalization, which increases the global contrast of many 
images.  

Chikkerur et al. [22] proposed a new approach for 
fingerprint enhancement based on Short Time Fourier 
Transform (STFT) Analysis. The algorithm simultaneously 
estimates all the intrinsic properties of the fingerprint 
images such as the foreground region mask, local ridge 
orientation and local frequency orientation.  The image is 
then divided into overlapping windows, assuming that the 
image is stationary within this small window, and can be 
modeled approximately as a surface wave. The Fourier 
spectrum of this small region is analyzed and probabilistic 
estimates of the ridge frequency and ridge orientation are 
obtained.   

Jitendra Choudhary et al.[23] proposed a fingerprint 
image enhancement method which can adaptively improve 
the clarity of ridge and furrow structures of input fingerprint 
image based on frequency and spatial domain filtering, local 
orientation estimation, local frequency estimation and 
morphological operation. The main steps of the method are 
pre-processing, compute the discrete Fourier transform, 
Convolution with High Pass Filter, Compute the Inverse 
discrete Fourier transform, apply the quick mask edge 
detector to the inverse DFT image, apply the average filter 

using convolution for smooth the ridges, normalization, 
local orientation estimation, local frequency estimation, 
region mask estimation, and Gabor Filtering, post-
processing.  

Vidhya et al. [24] proposed an approach to enhancement 
fingerprint images using both Gabor filter method and 
wavelet de-noising method. The wavelet de-noising 
enhances the fingerprint image by reducing noise and 
selecting threshold values by the computation of discrete 
wavelet transform. The proposed method deals with the 
fingerprint images affected by two types of noises namely 
Gaussian noise and Salt & Pepper noise.  

Patil et al. [25] proposed a methodology of image 
enhancement that uses principle component analysis (PCA) 
in wavelet domain. The method consists of two stages; the 
first stage applies the Local Pixel Grouping algorithm (LPG) 
and PCA to the blur image. The random noise is 
significantly reduced during the first stage.  The second 
stage applies the wavelet thresholding method for removing 
random noise which has been researched extensively due to 
its effectiveness and simplicity.  

Narayana et al. [26] proposed a technique that uses 
Discrete Wavelet Decomposition (DWT) to decompose an 
image into different sub bands, and then the high frequency 
sub band images have been interpolated. The interpolated 
high frequency sub band coefficients have been corrected by 
using the high frequency sub bands achieved by Stationary 
Wavelet Transform (SWT) of the input image. An original 
image is interpolated with half of the interpolation factor 
used for interpolating the high frequency sub bands. 
Afterwards all these images have been combined using 
inverse DWT to generate a super resolved image.  

Sayeemuddin et al. [27] proposed a method to enhance 
fingerprint image based on Gabor filter. The steps used in 
Gabor filter are normalization, local ridge orientation, local 
ridge frequency, Gabor filtering based on local ridge 
orientation and frequency. The proposed method used an 
overlapping block-wise filtering instead of conventional 
pixel wise Gabor filtering. An average frequency of the 
entire image was used instead of each pixel frequency.  

Babatunde et al. [28] proposed a modified version of an 
existing mathematical algorithm for improving the quality 
of fingerprint images. The modified algorithm consists of 
sub-models for fingerprint segmentation, normalization, 
ridge orientation estimation, ridge frequency estimation, 
Gabor filtering, binarization and thinning.  

Aarthy et al. [29] proposed a Fast Fourier Transform 
algorithm (FFT) with two-stage scheme to enhance the low-
quality fingerprint images in both the spatial domain and the 
frequency domain. The first-stage enhancement scheme has 
been designed to use the context information of the local 
ridges to connect or separate the ridges based on spatial 
filtering, therefore, the broken ridges will be connected and 
the merged ridges will be separated effectively.  In the 
second-stage processing the filter is performed which is 
separable in the radial and angular domains. 
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Table 2 shows a summary of the image enhancement 
techniques that were based on Frequency domain. 

TABLE II 
A BRIEF SURVEY OF IMAGE ENHANCEMENT TECHNIQUES IN FREQUENCY 

DOMAIN  

Author Year Model Processing technique description 
Chikker
ur 

2005 Short Time 
Fourier 
Transform 
(STFT) 
Analysis 

  Estimates all the intrinsic 
properties of the fingerprints then 
the image is divided into 
overlapping windows. The Fourier 
spectrum of this small region is 
analyzed and probabilistic 
estimates of the ridge frequency 
and ridge orientation are obtained 
and in each window apply a filter.   

Jitendra 2011 Frequency 
And Spatial 
Domain 
Filtering 

Pre-processing, Compute the 
discrete Fourier transform, , 
Compute the Inverse discrete 
Fourier transform, inverse DFT 
image, average filter, 
Normalization, Local orientation 
Estimation, Local Frequency 
Estimation, Region Mask 
Estimation, Gabor Filtering, and 
Post-processing. 

Bhowm
ik 

2012 Fourier 
Transform 
and 
Histogram 
Equalizatio
n 

FT used to decompose an image 
into its sine and cosine, and the 
HE, increases the global contrast of 
images. 

T. 
Vidhya 

2012 Gabor 
Filter  And 
Wavelet 
De-noising  

The wavelet de-noising which 
enhances the fingerprint image by 
reducing noise and selecting 
threshold values by computation of 
discrete wavelet transform.  

Patil 2012 Principle 
Component 
Analysis 
(PCA) and 
Wavelet 

Apply Local Pixel Grouping 
algorithm (LPG) and PCA on the 
blur image and apply the wavelet 
thresholding methods.  

Naraya
na 

2012 Discrete 
Wavelet 
Decomposit
ion (DWT) 

Decompose an image into different 
sub bands.  The high frequency sub 
band interpolated and its 
coefficients are corrected by using 
the high frequency sub bands 
achieved by Stationary Wavelet 
Transform (SWT).  

Babatu
nde 

2012 Gabor 
filtering 

The algorithm consists of sub-
models for fingerprint 
segmentation, normalization, ridge 
orientation estimation, ridge 
frequency estimation, Gabor 
filtering, binarization and thinning.  

V.Aarth
y 

2012 Fast Fourier 
Transform 
algorithm 
(FFT) 

Two stages, the first-stage is an 
enhancement scheme which uses 
the context information of the local 
ridges to connect or separate the 
ridges, based on spatial filtering.  
The second-stage is processing step 
where the filter is separable to the 
radial and angular domains. 

Deshm
ukh 

2013 Laplacian 
pyramid 

Decomposing images into band 
pass images and perform contrast 
on each of these images. When the 
individual images are enhanced in 
contrast and detailed manner, then 
combine them together to get the 
enhanced output image. 

Moham
med 

2014 Gabor filter The steps used are the following:  
normalization, local ridge 
orientation, local ridge frequency, 
and Gabor filtering based on local 
ridge orientation and frequency.  

C. Fuzzy domain methods 

A fuzzy domain method is based on gray level mapping 
into a fuzzy plane using membership transformation 
function. The aim is to generate an image of higher contrast 
than the original image by giving larger weights to the gray 
levels that are closer to the mean gray level of the image 
than to those that are farther from mean. An image I of size 
M x N and L gray level can be considered as an array of 
fuzzy singletons each having a value of membership 
denoting its degree of brightness relative to some brightness 
level [3].  

In last decade, there were many fuzzy domain image 
enhancement methods that have been proposed. 
Mahashwari et al. [30] proposed a fuzzy rule based method 
which was applied to grayscale images by converting the 
image data into fuzzy domain using Gaussian function and 
modifying the membership function using the if-then-rules 
as follow:  

If pixel intensity is dark then output is darker, or if pixel 
intensity is gray then output is gray, or if pixel intensity is 
bright then output is brighter. Therefore new membership 
values are generated by using square function.  The last 
stage is the defuzzification step which maps the fuzzy plane 
back to gray level intensities. 

Hasikin et al. [31] proposed a contrast enhancement 
technique which minimizes fuzziness in the image without 
requiring complex procedure and long computational time. 
They fuzzified the original image by using the S-function 
and specified the three function parameters a, b and c to 
ensure that the membership function maximizes the 
information contained in the image. The technique 
incorporated two fuzzy measures namely fuzzy entropy and 
index of fuzziness. The membership function transformed 
the image intensity levels from the spatial domain to fuzzy 
domain and classified the image to overexposed and 
underexposed by using an exposure parameter.  

Cheng et al. [32] proposed a novel adaptive direct fuzzy 
contrast enhancement method based on fuzzy entropy 
principle and fuzzy set theory which it combines local 
contrast measurement with contour detection operator. The 
method also used maximum fuzzy entropy principle to map 
an image from space domain to fuzzy domain by using S- 
membership function.  

Kundra et al. [33] proposed a fuzzy logic control 
algorithm which can remove noise and improve the contrast 
of an image. In the first stage the algorithm removes the 
impulse noise by a constructed filter, which replaces the 
central pixel in the window of the image by the pixel which 
maximizes the sum of the similarities between all its 
neighbors. The second stage is improving the contrast of an 
image by setting the shape of membership function by using 



a linguistic hedge, and at the end generated the new gray 
levels of the image.  

Shrivastava et al. [34] proposed a novel adaptive fuzzy 
contrast enhancement technique based on fuzzy entropy 
principle and fuzzy set theory.  The technique maps an 
image from spatial domain to fuzzy domain by using the S-
membership function, which automatically determines the 
related parameters according to the nature of the image.  

Suple et al. [35] proposed a fuzzy inference system to 
enhancement image contrast that uses a morphological 
processing step. 

SJ, Preethi and Rajeswari [3] proposed ramp membership 
function and modification of membership function using 
square and cube operators.  Fuzzy logic based approach was 
used for enhancing the visual appearance of a digital image. 
The square and cube operators are used to modify 
membership function by making a dark pixel darker by 
decreasing its fuzzy bright membership degree.  The 
approach does not alter the middle pixels as much and the 
pixels that are bright are made brighter by increasing their 
fuzzy bright membership degrees.  

Suneel et al. [36] proposed an image enhancement 
method using fuzzy logic based S-shaped membership 
function for contrast enhancement of X-ray image in 
medical diagnosis.  The method suppresses noise or any 
other fluctuations in the image in the smoothing operation 
by using median filtering which reduce the blurring of the 
image edges.  The method calculates the fuzzy property 
plane by using the S-shaped membership function and then 
transforms the fuzzy property plane using intensification 
operator.  

Hanmandlu et al. [37] used the Gaussian membership 
function to fuzzify image information in spatial domain. 
They introduce a global contrast intensification operator 
(GINT) which contains three parameters for enhancement of 
color images.  The parameters are the intensification 
parameter (t), fuzzifier (fh), and the crossover point (μc). 
They defined two visual factors for the desired appearance 
of an image which are fuzzy contrast-based quality factor 
(QF) and entropy-based quality factor (QE). By minimizing 
the fuzzy entropy of the image information with respect to 
these quality factors, the parameters t, fh and μc are 
calculated globally. By using the proposed technique, a 
visible improvement in the image quality is observed for 
under exposed images as the entropy of the output image is 
decreased. The terminating criterion is decided by both the 
visual and quality factors. For over exposed and under 
exposed images, the proposed fuzzification function needs 
to be modified by taking the maximum intensity as the 
fourth parameter. The type of the images is indicated by the 
visual factor which is less than 1 for under exposed images 
and more than 1 for over exposed images. 

Popa et al. [38] proposed an implementation strategy 
suitable for single input – single output Takagi-Sugeno 
fuzzy system with trapezoidal shaped input membership 
functions. The fuzzy sets parameters are adaptively chosen 
by analyzing the histogram of the image data in the 

compressed domain in order to optimally enhance the image 
contrast. This guarantees the minimal error implementation 
at minimum computational cost. 

Perumal et al. [39] proposed a fuzzy modeling approach 
which can be used for reducing the noise and increasing the 
brightness of the ridges. The Fuzzy statistical values are 
determined on the basis of the gray intensity of the spatial 
domain. The Cumulative Density Function (CDF) is used in 
accumulating pixel values in an ordered manner for 
stretching the contrast. The Fuzzy statistical value of the 
input image and the inverse transform are used for 
histogram mapping.  

Choi et al. [40] incorporated a robust adaptive filtering 
into a fuzzy rule-based system that could smooth noise 
while preserving edges and image details. They proposed 
three different filters using the weighted (or fuzzy) least 
squares (LS) method. Each filter is applied when certain 
conditions are satisfied. The first filtering system is most 
effective for removing impulse noise while preserving fine 
details, and outperforms the others when noise level is small. 
The second filtering system outperforms the others with 
regard to the root mean square (RMS) criterion when 
images are severely contaminated and can be used for 
smoothing noise while preserving edges. The third filtering 
system is somewhat less effective for noise attenuation. To 
evaluate the situation at a particular pixel, the total 
compatibility of the neighbouring pixels with the center 
pixel was used. The total compatibility is the mean value of 
the membership degrees to which the neighboring pixels 
represent a center pixel in a given window. They 
constructed three different fuzzy rule-based filtering 
systems and make “soft” decisions based on each condition, 
aggregate the decisions made, and finally make a decision 
based on the aggregation. 

Vlachos et al. [41] presented an automated algorithm for 
contrast enhancement based on a class of parametric indices 
of fuzziness. This class of indices has the ability of 
adjusting the location of the maximum in any point of the [0, 
1] interval and thus modeling the ambiguity and vagueness 
of an image in a more adaptive way. In order to derive 
classes of parametric indices of fuzziness, parameter-
dependent complements were used and extending to 
maximizing the index of fuzziness of an image.  The 
modification of the membership values of image pixels in 
the fuzzy plane is performed according to the S-function 
which maximizes the appropriate parametric index of 
fuzziness (PIF). The selection of the optimal parameter of 
the PIF is carried out by exploiting the statistics of the 
image in the fuzzy domain using its first-order of fuzzy 
moment. 

Khandelwal et al. [42] proposed a new approach to 
enhance color image corrupted by Gaussian noise known as 
Fuzzy Filter (FZF). The proposed approach starts by 
inputting the original image to the system.  It then converts 
the input image into RGB plane followed by adding 
Gaussian noise to the original image.  The next step is to 
produce fuzzy logic rules then the RGB values of the image 



will be passed to fuzzy logic where the fuzzy output will 
differentiate between ambiguous colors and compare the 
results with existing methods.   

Table III shows a summary of the image enhancement 
techniques that were based on fuzzy domain. 

TABLE III 
A BRIEF SURVEY OF IMAGE ENHANCEMENT TECHNIQUES IN FUZZY 

DOMAIN  

Author Year Model Processing technique description 
Choi, 
Young
Sik 

1997 adaptive 
filtering 
with fuzzy 
rule-based 
system 

Smooth noise, and derive three different 
filters.  Each filter is applied when certain 
conditions are satisfied. They constructed 
three different fuzzy rule-based filtering 
systems.  

Cheng 2000 Novel 
Adaptive 
Direct 
Fuzzy 
Contrast 
Enhanceme
nt 

Used maximum fuzzy entropy principle to 
map an image to fuzzy domain by using 
the S- membership.  Modification of the 
membership value was performed, and 
then transforms the modified membership 
value to gray level with defuzzification.  

Khande
lwal 

2005 Fuzzy Filter Input original image to the system, 
convert it into RGB plane, adding 
Gaussian noise to the original image, 
produce fuzzy logic rules. RGB values of 
image will be passed to fuzzy logic, fuzzy 
output will differentiate among 
ambiguous colors, then compare the 
results with existing methods 

Madasu
Hanma
ndlu 

2006 Gaussian 
Membershi
p Function 

They introduced GINT, which contains 
three parameters; intensification 
parameter (t), fuzzifier (fh), and the 
crossover point (μc), for enhancement of 
color images. They defined fuzzy 
contrast-based quality factor (QF) and 
entropy-based quality factor (QE) as 
visual factors for the desired appearance 
of images. By minimizing the fuzzy 
entropy of the image information with 
respect to these quality factors the 
parameters t, fh and μc are calculated 
globally.  

Vlacho
s, 
Ioannis 
K. 

2006 automated 
algorithm 

Class of parametric indices of fuzziness - 
modify the membership values with S-
function, select optimal parameter of PIF 
by exploiting the statistics of the image in 
the fuzzy domain.  

Popa, 
Cameli
a 

2008 Takagi-
Sugeno  
with 
trapezoidal 
membershi
p function 

The fuzzy sets parameters are adaptively 
chosen by analyzing the histogram of the 
image data in the compressed domain.  

Kundra 2009 Fuzzy 
Logic 
Control 
Approach 

Constructed filter, setting the shape of 
membership function, modification of 
membership values by using linguistic 
hedge, defuzzification.  

Peruma
l, S 

2011 Fuzzy 
Modeling 
Approach 

The Fuzzy statistical values are 
determined for the image and then 
intensity is transformed with the specified 
Probability Density Function (PDF). The 
Cumulative Density Function (CDF) is 
used in accumulating pixel values in an 
ordered manner for stretching the 
contrast. 

Hasikin 2012 Fuzzy 
Grayscale 
Enhanceme
nt 

Fuzzify image with  S-membership 
function modification, exposure 
parameter denote percentage of the image 
gray levels and then threshold is 

Technique determined to divide the image into two 
parts  overexposed and underexposed 

Tarun
Mahash
wari 

2013 Fuzzy 
Inference 
system 

Convert the image data into fuzzy domain 
using Gaussian function and modify 
membership function using if then rules 
and get new membership values by using 
square function, then defuzzify. 

Suple 2013 Fuzzy 
Inference 
System 

The method consists of morphological 
processing, fuzzify image values with 
membership function, and modify the 
membership values and defuzzification.  

SJ, Mrs 2013 Ramp 
Membershi
p Function 

Use the square and cube operators to 
modify the membership function by 
making the dark pixel darker, and the one 
in the middle is not altered much and the 
pixels that is bright is made brighter. 

M.Sune
el 

2013 Fuzzy 
Logic 
Based S-
Shaped 
Membershi
p Function 

Enhancement of X-ray image by 
smoothing operation with median 
filtering, S-shaped membership function, 
and then transform the fuzzy property 
plane using intensification operator.  

Diwaka
r 

2014 Novel 
Adaptive 
Fuzzy 
Contrast 
Enhanceme
nt 
Technique 

Use S-membership function and fuzzy 
entropy principle to map an image to 
fuzzy domain, modification the 
membership values, and then defuzzify.  

 

D. Hybrid fuzzy spatial domain 

Selvi and George [8] proposed a fuzzy based filtering 
technique and adaptive thresholding method which is 
designed to identify the noisy pixels area and enhance it. 
The method is applied in four stages. The first stage is pre-
processing which cropped the original database images into 
specified size. The second stage is the fuzzy filtering step 
which replaces the central pixel in the window of the image 
by that one which maximizes the sum of similarities among 
all its neighbors. The third stage is adaptive thresholding 
step which determines the threshold value where it is 
applicable to use with an image having different types of 
noises.  A different threshold value is selected for each type 
of noise.  The last stage is the morphological operation step 
where two operations are performed, the dilation process 
and the erosion process which are used to eliminate all 
pixels in regions that are too small to contain the structuring 
image. 

Magudeeswaran and Ravichandran [43] proposed a fuzzy 
logic-based on histogram equalization (FHE) system for 
image contrast enhancement to improve the local contrast of 
an image. The FHE consists of the following operational 
stages: The first stage, image fuzzification and 
intensification, where the gray level intensities are 
transformed to fuzzy plane whose value ranges between 0 
and 1. The second stage is the Fuzzy Histogram 
Computation. This is done by enhancing the image by 
making dark pixels darker and making bright pixels brighter. 
The third stage is the Histogram Partition and Equalization, 
where the fuzzy histogram is divided into two sub-
histograms based on the median value of the original image 
and then equalizes them independently to preserve image 



rightness. The fourth stage is the Image defuzzification 
which is the inverse of fuzzification. 

Selia et al. [44] proposed two filtering techniques for 
fingerprint enhancement. In the first one they used wiener 
filter to reduce noise based on local statistics estimated from 
a local neighborhood. The second one they used Gabor 
filtering technique which adaptively improved the clarity of 
ridge and valley structures of input fingerprint images based 
on the estimated local ridge orientation and frequency. 

Table V shows a summary of the image enhancement 
techniques that were based on hybrid fuzzy and spatial 
domain. 

TABLE IV 

Author Year Model Processing technique description 
Sarrafz
adeh 

2013 Brightness 
Preserving  
Fuzzy 
Dynamic 
Histogram 
Equalizatio
n 

The algorithm consists of five parts, 
image smoothing, finding the local 
maxima, using the TSK model, 
equalizing each part separately, and 
finally normalizing the image.  

Magud
eeswara
n 

2013 Fuzzy 
Logic 
Based On 
Histogram 
Equalizatio
n 

The FHE consists of image 
fuzzification and intensification, Fuzzy 
Histogram Computation, Histogram 
Partition and Equalization, and 
defuzzification.  

Selvi 2013 Fuzzy 
Filtering 
Technique 
And 
Adaptive 
Thresholdin
g 

The method applied in four stages, pre-
processing, fuzzy filtering technique, 
adaptive thresholding, and 
morphological operations (dilation, 
erosion). 

 
 

III. IMAGE QUALITY ANALYSIS  

Fingerprint image quality analysis or assessment is useful 
to improve the performance of fingerprint recognition 
systems. In many systems it is preferable to substitute low 
quality images for better ones. Therefore, image quality 
analyses take an important part in image processing. The 
quantification of image quality allows to tune a system and 
to evaluate measurement accuracy of a given image. 

Alexey Saenko et al. [45] proposed a method to analysis 
image quality that uses two different methods.  The first is a 
crisp method that uses matrix norm which is a scalar that 
gives some measure of the magnitude of the elements of the 
matrix. There are different types of matrix norm that can be 
used.  Some of these types are as follows:  

 The I-norm or largest column sum of M which is 
calculated as follows: max (sum (abs (M))). 

 The largest singular value.  
 The infinity norm or largest row sum of M which is 

computed as follows: max (sum (abs (M’))). 
 The frobenius norm of matrix M which is 

computed as follows:  sqrt(sum(diag(M’*M))); 

The second is a fuzzy logic method which evaluates the 
image quality by using IF-THEN-RULES with the 
following parameters:  

 Sharpness: amount of pixels on the threshold of 
objects. 

 Noise: arithmetical mean of gray level. 
 Contrast: difference between maximal and minimal 

gray levels. 
 Vignetting: difference between gray levels at the 

edge and center of images.  
 Field curvature: difference between sharpness 

values at the edge and center of images.  
All of these parameters are linguistic variables and have 

three possible linguistic values “bad”, “normal”, and “good”. 
The image quality is “bad’ if these parameters have large 
values and the image quality is “good” if these parameters 
have small values or equal to 0.  

Eun-Kyung Yun et al. [4] proposed a method to analysis 
image quality by extracted five features from a fingerprint 
as shown in table 2.  According to these features they cluster 
images by using ward’s clustering algorithm which is a 
hierarchical clustering method.  It initially assigns an 
independent cluster to each sample, and then it seeks the 
most similar pairs of clusters and merges them into one 
cluster. 

TABLE V 
FEATURES FOR IMAGE QUALITY ANALYSIS [4].  

Features Definition Purpose 

Mean  Mean gray values 
Measurement of whole gray 

level 

Variance  
Variance of gray 

values 
Uniformity of gray values  

Block 

directional 

difference  

Mean of block 

directional difference  

Distinctness between ridges 

and valleys  

Ridge valley 

thickness 

ratio  

Mean of ridge valley 

thickness ratio 

Measurement of ratio for 

ridge and valley thickness  

Orientation 

change 

Using block 

orientation, summation 

of orientation change 

along each horizontal 

row and each vertical 

column of the image 

block.  

Measurement of ridge 

continuity 

 
Syam et al. [46] proposed a model to determine the 

standard value used in classifying the type of distortions 
within fingerprint images based on the image quality. They 
used the ridge-valley clarity score and ridge-valley 
thickness ratio score to describe the fingerprint image 
quality. The model computed the standard value of 



acquisition distortion parameters of fingerprint images as 
using the following stages: 

The first stage is the segmentation step which is the 
process of separating the foreground regions in the image 
from the background regions. The second stage is the 
normalization step which is the process of reducing the 
variation of gray level values along the ridges and valleys. 
The operation is pixel-wise and does not change the clarity 
of the ridges and valleys. The third stage is analysis of 
ridge-valley clarity step which is the method of analyzing 
the distribution of segmented ridges and valleys. The fourth 
is the calculation of ridge-valley thickness ratio step which 
is the process of computing the ratio for ridge thickness to 
valley thickness. The final stage is the analysis of parameter 
values step which analyses ridge-valley by setting the 
parameter value in oily, dry, and neutral fingerprint images 
based on the clarity score and the ridge-valley thickness 
ratio of ridge-valley. Once the local clarity score, global 
clarity score, and ridge-valley thickness ratio are obtained 
then the average of each parameter is calculated and the 
maximum value and the minimum value of parameters are 
computed.  

Syam et al. [47] proposed a novel procedure to determine 
the parameter values of dry fingerprint images based on the 
score of clarity and ridge-valley thickness ratio. The 
parameters are local clarity scores, global clarity scores and 
ridge-valley thickness ratio. The analysis started by 
quantizing fingerprint images into blocks of size 32x32 
pixels. The orientation of each block was perpendicularly 
calculated to the ridge. The middle of the block along the 
ridge with two-dimensional vector (V1) of size 32x13 pixels 
was extracted and transformed into a two-dimensional 
vertical vector (V2). Linear regression was then applied to 
the one-dimensional vector (V3) which is the average of 
vector (V2) to produce a Determinant Threshold (DT1). 
Less than the area of DT1 is called a ridge, while the 
opposite is a valley. The tests carried out by calculating the 
clarity of the image from the overlapping area of the gray-
level distribution of ridge and valley that has been separated. 
The thickness ratio of ridge to valley was then computed for 
each block based on gray-level value per block of image in 
the normal direction toward the ridge. Finally, the thickness 
ratio of ridge to valley was found for all images from which 
the average value was obtained.  

Kukula et al. [48] proposed a study to quantitatively 
analyze the impact of fingerprint pressing force on both 
image quality and the number of detected minutiae. Two 
experiments were performed with a cross Match VerifierTM 
300 LC single optical fingerprint capture device to measure 
the impact fingerprint force has on image quality.  
Investigating the quality scores of experiment two, one can 
deduce that the quality scores significantly increase between 
the 3N and 5N-7N force levels, and actually regressed at 
11N.  There was minimal benefit of applying more than 9N 
of force, as the quality scores did not improve by much, plus 
were deemed as neutral or unsatisfactory by the users.  

Li et al. [49] proposed a method for measuring 
fingerprint image quality using Fourier spectrum. This 
method measures fingerprint image quality based on the 
global characteristics of the image and do not relay on local 
ridge orientation estimation. The method first search the 
band frequency which corresponds to the global average 
period of ridge. Then the quality score of the fingerprint 
image is computed by measuring relative magnitude of the 
band frequency components.  

Modi et al. [50] studied the impact of fingerprint image 
quality of two different age groups: 18-25, and 62 and 
above on overall performance using two different matchers. 
The difference in image quality between the two age groups 
was analyzed and the impact of image quality on 
performance of fingerprint matchers between the two 
groups was also analyzed. Image quality analysis was 
performed using NFIQ which is part of NIST Fingerprint 
Image Software (NFIS). Neurotechnologija VeriFinger and 
bozorth3 (NFIS) matchers were used to assess the overall 
performance. 

IV. PROPOSED RESEARCH WORK 

Literature review found few fingerprint image 
enhancement research based on combination of morphology 
operations and fuzzy logic.  We believe that image 
enhancement would be very good if it is done considering 
fuzzy logic along with morphology operations. In this paper 
we are proposing an intelligent algorithm for assessing 
fingerprint image quality.  The proposed algorithm would 
use an adaptive method based on a combination of fuzzy 
logic and morphology operations.  Figure 1 shows the 
flowchart for the new proposed fingerprint image 
enhancement algorithm using both fuzzy logic and 
morphology. 

A. Feature extraction:  

Four features will be used to analysis the fingerprint 
image quality by using a fuzzy inference system. The 
features are ridge-valley thickness, ridge score, valley score 
and contrast.  These four features are defined as follows: 

 
 Ridge-valley thickness is the mean ridge to valley 

thickness ratio.   
 Ridge scores is the overall ridge area of fingerprint 

image. 
 Valley score is the overall valley area of fingerprint 

image.  
 Contrast is the difference between the maximal and 

the minimal gray level of fingerprint image.  
 
Using fuzzy inference system with these four features 

will determine the quality of the fingerprint image as 
follows:  

 IF contrast is Low and Valley score is High and 
Ridge-Valley thickness ratio is Low then the 
image quality is oily. 



 IF contrast is medium and Ridge score is High and 
Ridge-Valley thickness ratio is High then the 
image quality is dry. 

 IF contrast is Normal and valley score equal Ridge 
score and Ridge-Valley thickness ratio is 
Normal then the image quality is Neutral. 

B.  Fuzzy logic approach 

Takagi-Sugeno Fuzzy Rule Based System model can be 
used which can describe the input image using three 
linguistic values Dark, Gray and Bright. These linguistic 
values can be represented by S-Shaped with adaptive 
specification of their three parameters. The output variable 
can also be defined with the following linguistic values: 
Darker, Mid-gray and Brighter.  The Takagi-Sugeno 
contrast enhancement fuzzy system will contain the 
following rules based of the input/output descried above:    

 
IF a pixel is dark, THEN make it darker  
IF a pixel is gray, THEN make it mid-gray  
IF a pixel is bright, THEN make it brighter  
 

The set of all possible input image pixel values can be 
mapped to the three linguistic terms: Dark, Gray and Bright.  
The three linguistic values for the output which are Darker, 
Mid-gray and Brighter are defined as fuzzy singletons- that 
are the output membership functions. For example, the 
singleton output membership function values can be 
selected as follows: 

  
Darker =0 
Mid-gray =127 
Brighter = 255 
 

For a Takagi-Sugeno system design, the fuzzy logic rules 
that determine the output of the system will use the 
following linear combination of input and output member 
function values by using Minimum (gmin), Maximum (gmax) 

and Medium (gmid).  
        µDark * gmin + µgray *gmid + µBright *gMax  

g =                µDark + µgray + µBright 

 

C. Morphological operations:  

The following steps are applied for enhancing the 
ridge of a dry fingerprint image as shown figure 2:  
 
1. Smoothing: is applied to the original image to 

reduce noise by using an adaptive fuzzy filter.  
2. Skeletonization: is the process of obtaining ridge 

structures from a thinned image.   
3. Dilation: thinned image is dilated to increase the 

valleys and enlarge the width of maximum 
regions.   

4. Extracting the union of black pixels in the 
original image and the image in step 3 so that 

white pixels in the ridge are removed. In this 
way, the ridge-enhanced image is obtained.  
 

Mean while, to enhance valleys of an oily fingerprint 
image the following steps are applied as shown in 
figure 3: 
  
1. Smoothing: is applied to original image to 

eliminate thin and separated valleys by using an 
adaptive fuzzy filter. 

2. Skeletonization: is the process of thinning an 
image to obtain its ridge structures.   

3. Dilation: dilated image is obtained and it 
contains the regions when ridges are sufficiently 
separated as black and the regions where ridges 
touch one another as white.  

4. Compose the black pixels in the original image 
and in the image obtained in step 3 so that it is 
possible to detect the ridges whose thickness is 
wider than a threshold.  

5. Compose the black pixels in the eroded original 
image and the inverse image of the image in step 
3.  

6. Extract the union of black pixels of the image is 
then obtained.   

7. By applying all these steps the distorted 
fingerprint image will be enhanced.  

 
Figure 1. The flowchart of the proposed new algorithm 



 
Figure 2. Ridge Enhancement  

 

 
Figure 3. Valley Enhancement  

 

V. CONCLUSION  

The performance of fingerprint identification system 
depends critically upon the fingerprint image quality. Hence, 
image quality is very significant.  In this paper we presented 
a survey of the different techniques used for enhancing 
fingerprint images. The survey found that there are three 
domains used for enhancement of fingerprint images which 
are; spatial domain, frequency domain and fuzzy domain.   
In this paper we analysed the various techniques for 
enhancing fingerprint image in various domains, spatial 
domain, frequency domain and fuzzy domain.  We found 
that many research has been done in various domains but 
few research used a combination of both fuzzy logic and 
spatial domain.  There is research in the literature that has 
used a combination of fuzzy logic and spatial domain but 
we believe that there is room for improvement in this area. 
In this paper we are proposing an intelligent algorithm to 
asses fingerprint quality based on fuzzy logic and 
morphology to enhance the fingerprint image quality.   
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