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Abstract—Image enhancement techniques have become more popular among the researchers as it is
widely been used in security and medical applications. There have been different image enhancement
technique appr oaches and filter s wer e developed to enhancement the finger print images. While analysisa
few accesses are established in spatial domain, frequency domain and fuzzy model. These techniques are
based on local ridge frequency and orientation. This survey research paper was aimed to analyze these
techniques, its effectiveness on fingerprint image enhancement. The study has considered and discussed
various available methods and techniques that have been used in the previous research studies and also
providesthedirection for further research on fingerprint image applications.

K eywor ds-Fingerprint image; Enhancement; Filters; Fuzzy Model.
I INTRODUCTION

Finger print identification is one of the very few techniques employed in Forensic science to aid criminal
investigations in daily life, providing access control in financial security, Visa related services and so on. Finger
print is an image, actually, an impression of the friction ridges of al or any part of the human finger. Basically, a
finger print image can be taken by pressing the finger against a hard surfaced device which is senstive.
Moreover, these images are barely of good quality and need to be enhanced to obtain a better version of the
origina image [1]. Image enhancement process is commonly used to improve the quality of origina images by
using different methods. i.e. Image Segmentation, Image Extraction, Image Filtering etc., Much of the research
studies have used the above methods to improve the quality of the raw (fingerprint) image with various
techniques (discussed in the following sections).

A fingerprint image is having the following features by which, it can be enhanced using appropriate
techniques. Ridge Orientation Map is the local direction of the ridge valley which is used for classification,
verification and filtering purposes, whereas Ridge Frequency Map is only used for image filtering purposes.
Registration and classification can be done on the basis of Singular points in the fingerprint image, where core
represents the uppermost part of curving edge and Delta represents’ the point where three ridge flows meet.
Automatic Fingerprint Identification System (AFIS) uses the minutiae features of fingerprint such as ridge
endings and bifurcation [2].

Ridge and valley structure Finger print
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Il.  FINGERPRINT IMAGE ENHANCEMENT

Though, there is no well defined theory for image enhancement, much of the research activities were carried out
by reducing noises, increasing the contrast in gray scale images. Moreover, the viewer can decide on the image
quality with his’her own aspects [3]. Basicaly, two types of images can be considered for image enhancement
process.

A. Gray Level Image

This type of image forms a sinusoidal-shaped plane with ridges and valleys of the fingerprint image, which has a
well defined frequency and orientation [4].

B. Binary Ridge Image

Binary images are also called bi-level or two-level. This means that each pixel isstored asasinglebiti.e.a0or 1.
Where O refers to black and 1 refers to white. Minutiae extraction algorithm is used to obtain the binary ridge
image from a gray level fingerprint image. | mage enhancement techniques are categorized into two domains.

Joatial Domain refers to the image plane itself, and approaches in this category are based on direct manipulation
of pixel in animage

g(xy) =T[f(xy)]
Where f(x,y)theinputimageis g(x,y) isthe processedimageand T isan operator on f .
Frequency Domain processing techniques are based on modifying the Fourier transform of an image.
9(xy) =S H(UVF(u,V)]
Where 37'isthe IDFT, F(u,v) isthe DFT of theinputimage, F(u,v),H (u,v) isthefilter function and
g(x,y) isthefiltered output image.

Finger print Spatial domain / Filter /segmentation/
Image »  Freguency domain Arithmetic operations
/binarization/morphology
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Figurel: Stages of image enhancement process

I1l. IMAGE ENHANCEMENT USING DIFFERENT TECHNIQUES
A. Histogram Equalization

k = Zij:n%

Where the sum X counts the number of pixels in the image with brightness equal to (or) lessthan ‘j" and T isthe
total number of pixels.

This approach is amed to adjust the image intensities by enhancing image contrast and re-assigning the
intensity values of pixelsto produce an image with uniform intensity distribution value.

e S Greenberg et a. [5] have proposed the following techniques 1.Loca histogram equalization, Winer
filtering and image binarization 2.Unique anisotropic filter for direct grayscale enhancement. While
comparing with other methods, these two techniques have showed significant improvement in the
minutiae detection processin terms of either efficiency or time required.

B. Directional Filter

In this technique, the image is divided into eight parts, based on orientation of the ridge structure and
implementing the type of band pass filter used to remove the noise from image and reconstructed.

e Haohong Wu et al. [6] have described an anisotropic filter and Directional Median Filter (DMF) for
fingerprint image enhancement purposes. Directional median filter is used to join the split fingerprint
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ridges, fill out the holes, smooth irregular ridges and remove some annoying small artifacts between
ridges. The end results were better than Gaussian-distributed.

Md.A.U.Khan et a. [7] have described a method called decimation- free directional filter. This method
takes the resultant image of Directional Filter Bank (DFB) as an input, since the non-uniform illumination
of the origina fingerprint image is removed by DFB. The final image is generated by this algorithm on
block by block basis by picking and grouping the one that offers highest energy.

J.Strom Bartunek et al. [8] have proposed directional filter and binarization based method for finger print
image enhancement. This technique identifies the required place in the given fingerprint image
automatically. By using frequency analysis, the directional filter is designed on the basis of identified
local areas of the image. Directiona filter and binarization was tested on many fingerprint image taken
from the different data bases. The proposed technique experimental result shows a good ability to tune
itself for each finger print image.

Dinesh Kumar Misra et al. [9] have proposed a system of energy minimization principa for fingerprint
image enhancement. On this, filter based image enhancement design is proposed, where two distinct
filters were used to enhance the image in Fourier domain. One is used to enhance the ridge frequencies
and another one to design the ridge direction. Energy minimization principle produces an enhanced image
with good quality by selecting certain image features i.e. frequencies and directions, which could
minimize the energy function. The proposed method helps to identify the smoothness of feature and the
directional filters identify the intensities of image features that measure the energy function required to
enhance the fingerprint image. The results explore that it reduces error rates when compared with other
techniques.

C. 2D Fourier Transform

F(u,v) = T T f(x, y)exp[ — j27z(ux+ vy)]dxdy

It is a technique where the input image is transformed from spatial domain to frequency domain. The following
steps are involved in this technique: Normalization, Segmentation, Orientation image estimation, 2D Fourier
transformation, Butterworth filter, Inverse 2D Fourier transform and reconstruction.

B.G.Sherlock et a. [10] have described non-stationary directional Fourier filter for finger print image
enhancement, where Directional filter is used for finger print smoothing and for orientation matching
with local ridge orientation. Threshold value has been used to remove unwanted information from the
smoothed version image of directional filter. Experimental result of this technique is significantly better
than of AFISin terms of speed and accuracy.

Sharat S. Chikkerur et a. [11] have proposed new approaches of Short Time Fourier Transform (STFT)
for finger print image enhancement. STFT is used to analyze the non-stationary signals of the fingerprint.
This algorithm evaluates all the peculiar features of the fingerprint image such as foreground mask, local
ridge orientation and local frequency orientation. This algorithm has done well experimental study in
compared with other methods.

C.Nandini et al. [12] in their work, they have introduced hybrid type of Fingerprint image enhancement
where Discrete Fourier Transform (DFT) based adaptive regularized constraint total |east-squares de -
convolution is performed followed by Discrete Wavelet Transform (DWT) based maximum a posteriori
estimator [13]. The proposed approach is tested on standard Bio lab FVC 2002 data sets. Also the Fatal
Acceptance Rate (FAR) False Reject Rate (FRR) of the system has been considerably reduced employing
the proposed procedures for removing the false minutiae by unifying terminations and bifurcations and
aligning the two fingerprints for matching the minutiae pairs. Experimental results on standard datasets
show that the proposed method of restoration has provided better improved representation of fingerprint
for extraction of the minutiae points which operates iteratively and switches between the two different
domains DWT and DFT. This restoration algorithm shows a well convergence. Thus the overall system
has shown an increased rate of recognition accuracy of the system especially when the fingerprints are

D. Gabor Filter

degraded.
XXy’ 27X,
9(xy,0,T) =exp[—|:;”2+y—¢2Dcos( ¢’j
o, O, T

Here, X, = XCOS@+ysing

Y, =—Xsing+ ycos¢
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Where ¢ is the orientation of the derived Gabor filter and T the period of the sinusoidal plane wave.
In thistechnique is used to remove the noise and preserve the ridge structure.

e L.Hong et a. [14] have a proposed to enhance the finger print image using one type of feature i.e. Image
extraction module. When the applied estimated local ridge orientation and frequency, the input finger
print image get good quality of ridge and valley structure. In each pixel applied the Gabor filter. The
image is judged based on extracted minutiae feature and online verification system. In this author carried
out the same, above performances in this proposed agorithm

e Byung- Gyn Kim et a. [15] Image normalization and Gabor filter techniques are used to enhance the
finger print image. Here two methods are used to enhance the finger print image. Firstly used in adaptive
normalization, it's based on block processing, so input image is partitioned into sub-block with K*L size
and Region of Interest (ROI) of the image is acquired. Secondly taking atwo parameter form Gabor filter
for enhance the finger print image. This algorithm is compare with NIST and significant improvement in
the experiment.

e Janwe Yang et a. [16] have done by the novel filter design method for fingerprint image enhancement.
The author has inspired from Traditional Gabor Filter (TGF), is called the Modified Gabor filter (MGF).
The MGF has been used for fingerprint enhancement. The modification of the TGF can make the MGF
more accurate in preserving the fingerprint image topography. A new scheme of adaptive parameter
selection for the MGF is discussed. This scheme leads to the image-independent advantage in the MGF.
Experimental results shows can reduce the FRR of a fingerprint matcher by approximately 2% at a FAR
of 0.01%.

e XueJdun-Tao et d. [17] have described an enhancement algorithm based on edge filter and Gabor filter.
It's used to solve the different type of finger print images. Here three methods are used to enhance the
finger print image enhancement. First one is gray-based algorithms purpose of enhance the edge and
segmentation of the image. Secondly a multi level block size method is needed to extract the orientation
field from segmented fingerprint image. Finally, Gabor filter is used to fulfill the enhancement of the
fingerprint image. This explained algorithm is better than normal Gabor filter. So it is useful for the
subsequent research, such as classification, feature exaction and identification.

E. LPD (Laplacian-Based Pyramidal Decomposition)

Laplacian-based pyramidal decomposition techniques are depends on quality of the input image from original
image and to increase the recognition rate to ensure low error rate.

e H. Fronthaler et al. [18] have planned to enhance the quality, and improve the recognition of the finger
print image. In this method, processing decompose the origina fingerprint image into 3 smaller images,
corresponding to different frequency bands. The continue process contextua Filtering is performed using
these pyramid levels and 1D Gaussians, where the corresponding filtering directions are derived from the
frequency-adapted structure tensor. It is continuous on spatial domain approach avoiding block artifacts
while conserving the biometric signal well. It does thereby not suffer from blocking artifacts. Both
absolute frequency and orientation it's used to enhance this method. The results on the 4FVC2004
databases are favorable to the suggested enhancement method.

F. Fuzzy Approaches
A fuzzy set Ainafiniteset X ={xXx,...,X,} may be represented mathematically as:

A={(x u,(X) | xe X}
Where, thefunction u,(x): X —[0 1] ismeasure of degree of belongingness or membership function on an
element x inthefiniteset X and the measure of non-belongingnessisl— u,(X) .

There are some fuzzy inference techniques, such as Mamdani, Sugeno and Tsukamoto for fingerprint
image enhancement.

1. Mamdani are used to the choice of T-Norm and T-Conorm operators can be max-min and max-product [19] 2.
Sugeno fuzzy inference are used to polynomial (degree 0 and 1) equations and finally calculating weighted
average [20] 3.Tsukamoto are used to fuzzy rules, while the enhancement process of Fuzzification and
Defuzzification and finally calculated the weighted average. A Tsukamoto fuzzy model aggregate each rule's
output by the method of weighted average and thus avoids the time-consuming process of Defuzzification [21].

e Vijay Kumar Sagar et al. [22] have proposed a method of fuzzy- neuro technology in automated
fingerprint recognition for the extraction of fingerprint feature is called minutiae. The results showed that
on average, the fuzzy neural approach is a better aternative. The hybrid fuzzy and neural network model
performs the minutiae extraction in two stages, a fuzzy front-end and a neural back-end. By such a
separation, designing and training of the neural Networks can be done in isolation. In addition, other
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neural networks can be investigated and used instead of the back-propagation networks. To conclude,
using the fuzzy neural hybrid model, fingerprint minutiae extraction is more accurate since fewer false
minutiae are identified and more true minutiae identified.

D.Bennet et a. [23] in this paper Discrete Wavelet Transform and singular value decomposition (SVD)
has been proposed. This technique is compared with three other techniques namely, conventional image
equalization technique, general histogram equalization and local histogram equalization. A significant
contrast between ridge and valley of the best, medium, Poor images are to extract quality images rate
using fuzzy measures. So many methods are implemented and to compare the outputs of the SVD, DWT
and Fuzzy Measures method is more accurate contrast enhancement compare to Otsu method. After the
results analysis is conclude that the proposed approach presents a higher performance for a large number
of tested images.

K.Sirinivasan et a. [24] have proposed an efficient and robust fingerprint image enhancement using
fuzzy based filtering. In this work fully aimed to removing noise as well as for improving the luminosity
of the ridges. The fuzzy filter values are evaluated and supervised. The probability of gray level valuesis
measured according to input image pixel. This proposed filter techniques method are implemented in
MATLAB. The proposed algorithm is used to improve the transparency of ridge and valley structure of
the input image. Proposed technique has solved the problem of narrow and wide gray range images better
than another technique. This algorithm tested with different type of fingerprint images and the result has
shown that the quality of the generated images was very high with less noise.

Roil Bansal et al. [25] have applying Type-2 fuzzy logic to fingerprint image enhancement when the
input is pre-processed by the Hong's algorithm. In this paper were implementing in MATLAB versions
7.3.0 on the windows XP operating system. More than 50 input images are first input to an
implementation of the Hong’s algorithm, to enhance them. For comparison of results, quality is observed
at three points: 1. initially, with the image which is not enhanced. 2. When the image is passed through
Hong's algorithm and then type-1 Fuzzification is applied. 3. When type-2 Fuzzification is applied on the
image after it has been passed through the Hong' s algorithm. The proposed agorithm experimental result
shows measured the fuzzy quality visualy and quantitatively to note the effective.

G. Latent Fingerprint Enhancement Technique.

Latent Fingerprint Image Quality (LFIQ) that can be useful to reject the Latents which cannot be successfully
identified the “lights-out” mode.

Soweon yoon et a.[26] have proposed new fingerprint image enhancement technique is called the latent,
which is requires manually marked Region Of Interest (ROI) and one of the fingerprint feature is called
singular points. The main theme of algorithm is novel orientation field estimation algorithm, which fits
orientation field model to coarse orientation field estimation from skeleton outputted by a commercial
fingerprint SDK. The experimenta results on latent fingerprint enhancement database shows matching
accuracy was significantly improved better than other methods.

H. Combined Methods.

The following study shows combined in many techniques; these techniques all are fully used to enhance the
fingerprint image.

Choudhary et d.[27] the frequency and spatial domain filtering, local orientation estimation, local
frequency estimation and morphological methods are used to adaptively improve the clarity of ridge and
furrow structure of input fingerprint image. The randomly selecting 100 fingerprint images without
repetition from database DB-finger, purpose of testing for this algorithm. The experimental result shows
improve the quality of fingerprint images.

|.G. Babatunde et al. [28] have described a new and improved version is called the sub-models of an
existing mathematical algorithm for fingerprint image enhancement. This new version include different
type of mathematica model for fingerprint image segmentation, normalization, ridge orientation
estimation, ridge frequency estimation, Gabor filter, binarization and thinning. MATLAB and
WINDOWS HOME BASIC OPERATING SYSTEM are used to implementing in this technique. This
method result shows significant improvement over the original versions and necessity of each level of the
enhancement.

Tanaya Mandal et al. [29] have proposed a method is called Digital Curvelet Transform for fingerprint
image enhancement based on feature extraction. Enhanced fingerprint images act as the feature-set for a
K-nearest neighbor classifier extracted to the Curvelet coefficient. The method is checked on a small
database of 120 images. This method is also compared with Wavelet-based technique. It's better than
small scale fingerprint recognition system.
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e Anddlija et a. [30] have proposed an adaptive filter in frequency domain for fingerprint image
enhancement. To achieve this algorithm the query images is first normalized to have desired mean and
variance. Theimage is divided into non-overlapping blocks using subsequent process. For dominant ridge
orientation is determined for each block. The dominant ridge directions are the smoothed and
subsequently the block-direction is formed and estimate the average ridge distance. Here two different
types of filters are used and compared. The main purpose of this method is enhancement process should
increase the contrast between ridge and valley and remove the noise in image. The experimental result is
better than AFIS accuracy.

e Sepasian et al. [31] have proposed athree- step procedure for the fingerprint enhancement using Contrast
Limited Adaptive Histogram Equalization (CLAHE) together with clip limit, standard deviation and
sliding neighborhood as the stages while processing of the fingerprint images. During the process in this
method following three stages, one is applied the contrast to the small tiles and eliminate the artificially,
induced boundaries existing in the fingerprint image. The second step is distinct array is decomposed and
computing the standard deviation of the matrix to remove the image background. In fina step is
neighborhood processing, it’'s used to thinning. This paper fully investigated in simulation only.

IV. |SSUESAND CHALLENGESON FINGERPRINT IMAGE ENHANCEMENT

e Factor that will affect / impact finger print capture process.

e One of the open issues in fingerprint verification is the lack of robustness against image quality
degradation.

e  Poor quality images result in spurious and missed features, thus degrading the performance of the overall
system.

e Recent issue in fingerprint recognition is the use of multiple sensors, either for sensor fusion or for
sensor interoperability.

e Another recent issue in fingerprint recognition is the use of multiple sensors, either for sensor fusion or
for sensor interoperability.

o Recent studies have shown the vulnerability of fingerprint systems to fake fingerprints. Surprisingly,
fake biometric input to the sensor is shown to be quite successful.

V. DIRECTIONSFOR FURTHER RESEARCH

Though, Image enhancement techniques have been used in many applications such as Medical, Security and
more, security is one of the primary research objectives for enhancing the original image. In the recent years,
fingerprint registration have become more popular in identifying a person; be it on banking applications, Prisons,
Bio-metric identity cards and so on. Therefore, developing strategies and algorithms for fingerprint enhancement,
which could support more real-time applications would be an ideal choice for conducting the future research

VI. CONCLUSION

Analyses of fingerprint image enhancement techniques are exhausted by spatial domain, frequency
domain and fuzzy model so far. Spatial domain, in particularly, Gabor filter enhancement techniques are used in
so many researchers, because of time consuming and parameter selection such as ridge centre frequency, radia
bandwidth and central orientation, fed necessity for is factua system. Very few work succeeded in image
enhancement features namely ridge orientation, ridge frequency and singular points and also fuzzy in depth
intuitionistic fuzzy. Fingerprint image enhancement techniques for this purpose such as segmentation, filtering,
binarization and morphology. In fina conclusion, histogram equalization enhancement technique result is shows
good quality better than other technique.
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