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Role Of Spatial And Frequency In Low-Quality 
Fingerprint Image Enhancement 

 
Amir Rajaei, Mahmood Kondori 

 
Abstract: Identification through fingerprint has always been one of the most significant practical problems. There has always been a great challenge 
called Low-Quality Fingerprint Images (LQFIs) in fingerprint recognition. The paper used a two-step approach to enhance LQFIs, where the images that 
were enhanced in two main stages after some pre-processing. In the pre-processing step, we first segmented the fingerprint images using an algorithm. 
Then we performed local normalization. Then we estimated the local orientation for each pixel. In the first step, we used a Directional Median Filter 
(DMF) and then a simple interpolation method for fingerprint image enhancement. In the second step, we used a frequency filter to eliminate the noise 
and small spots in fingerprint images. In doing so, we used a low-pass filter in frequency domain. The results of the experiments showed that our 
proposed method produces better results in terms of quality. 
 
Index Terms: Fingerprint, Enhancement, Spatial filter, Frequency filter, Low-Quality, Median Filter, Directional Interpolation 

——————————      —————————— 

 

1. INTRODUCTION 
dentification of people has always been one of the significant 
challenges in human life. For long, human has always tried to 
ensure the identity of people to give access and to verify their 
identities. Identification methods are generally divided into 
three groups, Identity Documents   (cards, smart cards, 
magnetic cards, keys, passports, birth certificate, and so on), 
Knowledge Identification Systems (passwords and PIN codes, 
and so on), and Biometric-based Systems (human 
physiological and behavioral features) [1]. Biometrics is the 
technologies that measure and analyze a person's body 
characteristics to identify and recognize a person. In biometric 
systems three different types of characteristics are usually 
used for identification: physiological, behavioral, and chemical 
parameters[3]. Fingerprint has been used the most among 
various biometrics, since it is unique to each individual and 
does not change over time. Human fingerprint is one of the 
most popular and common biometrics widely welcomed by 
scholars in identification of individuals. Human fingertip has a 
series of lines with some distinctive points, which provide good 
features for recognition systems. The features of the above 
points are used for the recognition systems [1]. 

 
1.1. Identification History 
Identity is a set of traits and characteristics that distinguishes 
one person from another or an object from other ones. The 
identification of individuals has been significant and special 
scientific methods have been common for identification in 
every era of human social life, tailored to the needs and 
abilities of that time. Among the traditional methods of 
identification, one can state cauterizing the body with hot 
metal [1]. 
Berthionage was another ancient method of identification 
where body parts were measured for identification. 
Accordingly, the perpetrators were classified according to their 
height, seated torso length, head circumference and width, left 
foot length, right ear length, skin color, eye color, hair color, 

shape and length of auricle, mole and so on and their records 
were archived and thus identified. However, among the old 
methods, fingerprinting is a decisive way of identifying people 
by examining the lines on the fingertips[1]. 

 
1.2. Identification Methods 
For years, birth certificates or identifications were the most 
important identification documents for office work, but each of 
them was susceptible to be forged and copied and thus 
misused. Other methods for identification are using 
passwords, in which cases there is the possibility of forgetting 
or being exposed. With advances in digital technologies, other 
methods of identification were developed in recent years. 
Perhaps the most well-known approaches are fingerprint and 
iris recognition devices. Anyway, technologies are rapidly 
developing and newer and more innovative ways of 
identification are proposed, each of which can bring about 
more precision in current approaches and even other 
applications. We all know that we use a set of features unique 
to each person to identify each other, which differ from person 
to person, such as face, speech and gait. Nowadays, we need 
some tools to identify individuals in many areas and to 
recognize them according to their body features, developing 
more and more and attracting many enthusiasts. Moreover, ID 
and password cards used today restrict access yet can easily 
be broken and thus are unreliable [1]. Biometrics cannot be 
borrowed or lent, bought or forgotten, and forging is virtually 
impossible. A biometric system is basically a pattern 
recognition system that recognizes individuals based on their 
specific physiological vector or their behaviors. The feature 
vector is usually stored in the database after extraction. A 
biometric system based on physiological characteristics has a 
high reliability [5]. Biometric systems can have a dual role in 
verification and identification. Identification involves comparing 
information obtained in a particular format with all users in the 
database, whereas confirmation only involves comparison to a 
particular format claimed. Thus, it is necessary to tackle these 
two separately. A biometric system is a pattern recognition 
system that identifies an individual by analyzing the features 
extracted from the biometric property [1][3]. 
 
Logically, a biometric system is divided into two sections: 

1. Registration Section: This section is responsible for 
collecting biometric properties and storing them in the 
system. During this phase the features in question is 
read by the biometric reader and then the features are 
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separated into templates and placed in the database by 
the feature extractor [6]. 

2. Identification Section: This section is responsible for 
identifying and verifying people's identity when logging 
in or accessing the system. During this phase the 
biometric reader section reads the biometric feature and 
extracts it features. Then it compares these features 
with the templates in the system database and 
eventually issues the login permission or stops it [6]. 
 

In traditional methods, the knowledge presented to the system 
precisely identifies the individuals’ identity. The main difference 
between a biometric system and a traditional identification 
system is in the response each of these give to the features. 
Unlike traditional systems, a biometric system does not 
provide an absolute yes or no response stating acceptance or 
rejection. In the biometric system, we do not have the same 
attribute provided in the data bank, and what is evaluated is 
the similarity of the attribute provided with the attribute in the 
database. For instance, the similarity of the signature provided 
with the signature already existing in the system is measured 
[7]. The ideal goal is to design a biometrics system that 
identifies 100% match between the two features. However, 
achieving such a system is impossible in practice. Hence, a 
threshold value is always used to decide whether or not to 
accept the feature. 
 
A simple biometric system contains four basic parts [6]: 

1. The Role of Sensor Block: this part receives the 
biometric information. 

2. The Role of Attribute Extraction Block: It receives the 
information obtained and extracts its feature vector. 

3. Role of Comparison Block: it compares the resulting 
vector with the templates. 

4. Role of the Decision Block: this section identifies or 
accepts or rejects the identity. 

Any human attribute can be used as a feature in 
biometrics if it meets the following conditions [6]: 

1. Being General, anyone has that attribute. 
2. Being Different, be different among people and not 

alike 
3. Being Durable, be constant over a period of time 
4. Being Achievable  

Some of the most prominent authentication methods will 
be dealt with briefly here [1][6]. 

1. Fingerprint: This method is the most common one 
used in biometrics and is nothing more than the ups 
and downs of the fingertips of each individual. 

2. Iris: The complex appearance and structure of the iris 
allows us to extract many comparable features from it. 

3. Gait: In this system, the movement of various body 
organs while walking is examined. 

4. Retina: In this method, the images of retina surface 
are captured and the structure of the veins behind the 
retina is processed. 

5. Keystroke: The experts believe that while typing on a 
keyboard, each person uses a specific behavior 
pattern to hit the keyboard. 

6. Ear: The ear is used to identify in two ways: auricle 
shape and structure canal as well as the echo of the 
sound exiting the ear canal. 

7. Hand & Finger Geometry: The length and diameter of 
the fingers, the location of the joints, and the shape 
and size of the palm are analyzed and compared. 

8. Vein & Vascular Patterns: In this method, the 
individuals' images of the veins under the skin are 
captured and their structure is processed and 
analyzed. 

9. Lips: Lips are used as biometrics in one of the 
following three ways: 

a. Lips Print: Like the finger, the lip has curves 
and lines specific to each individual. 

b. Lips Movement: Like gait, this is a behavioral 
technique that helps us recognize the 
speaker. 

c. Lips Shape: This can be used to authenticate 
identity. 

10. Face Recognition: Humans typically use face 
recognition to identify each other more than any other 
biometric method. The face is used as biometrics in 
the following ways: 

a. Facial Geometry Recognition: In this 
approach, the physical characteristics of the 
face like the location of the eyes, nose, lips, 
and the relationship between them are 
analyzed. 

b. Skin Pattern Recognition: This procedure 
examines facial wrinkles. 

c. Facial Thermogram: In this model, the 
images of the face are captured by infrared 
cameras. Various parts of the face are seen 
in the image according to the heat and 
temperature they have. 

d. Smile: It analyzes the difference between the 
faces in normal state and when ones smiles. 

11. Nail: Nails are used for biometrics in two ways: 
a. Nail Beds: If we look at the soft surface of the 

nail under a microscopic dimension, we find 
that the surface has parallel and filamentous 
bumps. This part involves capillaries, nerves 
and so on. It is claimed that the structure and 
shape of these filament are similar to that of 
fingerprints and irises in different individuals. 

b. Nail RFID: This method is rarely used. In this 
method, an RFID microchip is placed on the 
nail surface and measures the capacitance 
between the top surface of the nail and the 
meat surface. 

12. Skin Spectrum: In this method, light emitting diodes 
(LEDs) radiate a series of pure light of different 
wavelengths to the surface of the face, and then 
measure the intensity of the wave reflected from the 
surface of the skin by a number of photo diodes.  

13. Voice: This method is very familiar to us as humans, 
so that we can easily identify the other person without 
having to see the person's face in telephone 
conversations. 

14. Handwriting & Signature: Static and dynamic 
signature modes can be used for authentication. 

15. Deoxyribonucleic Acid: DNA is undoubtedly one of the 
most reliable methods of authentication. DNA is a 
one-dimensional code unique to each individual. 

16. Infrared Thermogram: In these methods, the thermal 
pattern of a person's face, hands or even veins is 
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captured with the help of an infrared camera and then 
processed properly. 

 
Prior to comparing biometric technologies, we need to define 
measurement parameters for these technologies. The 
parameters are included as [6]: 

a. Inclusiveness: Specifies the number of people with 
this feature. 

b. Uniqueness: The probability that two different 
individuals do not have the same feature is expressed 
by this feature. 

c. Durability and Survival: Specifies the feature not 
changing over time. 

d. Collection: Expresses the convenience of collecting 
and measuring features. 

e. Efficiency: Shows the accuracy of our system results 
f. Acceptability: Shows people's interest in using the 

technology. 
g. Fraud: Low possibility of fraud in the system by an 

unauthorized person. 
According to the above parameters, Table 1 shows the 

advantages and disadvantages of each techniques. A need for 
more reliable methods to identify more clearly based on 
biometric-based methods is felt since the number of security 
breaches and frauds in transactions is increasing every day. 
Moreover, extensive infrastructures related to information 
networks, e-banking, financial investments and other 
transactions, sales systems, law enforcement, health and 
social services all use biometric methods. Among the various 
methods, fingerprinting was selected for evaluation because of 
its being availability [8]. 
1.3. Fingerprint  
Fingerprint in humans is the effect of the wear of the fingertips 
grooves on the ending points. As no people have the same 
fingerprint, this methods can be used to identify individuals. 
Fingerprint is the very small bumps (visible to the naked eye) 
found on the epidermis of the palms of the hands and feet. 
Because of the secretion of fats under the skin, these 
fingerprints leave impressions on smooth objects and some 
powder can also be used that is absorbed by these fats and 
make them visible. The figure below is a sample of fingerprints 
on a flat surface [1] [8]. 

 

 

Fig.1 Forefinger Fingerprint 
 
This method has hundred percent precision in identification, as 
it even differs in identical twins. The likelihood of fingerprint 
similarity of two humans is one in 64 billion. Fingerprint is a 
hereditary-environmental trait and any prenatal factor, such as 
the stress on the mother, even the pressure the baby bears at 
birth, and even a slight difference in the length of the umbilical 
cord, can affect it. The fingerprint is completely stabilized and 
unalterable a short while after birth. It should be noted that the 
fingerprints of one hand or two hands have no resemblance or 
relationship to each other and differ; thus, in identification and 
fingerprinting both hands fingerprints are sampled. Nowadays, 
fingerprint recognition is widely used in security applications in 
access control systems and commercial applications such as 
attendance watches as the most precise and fastest biometric 
method in the world [9]. Fingerprinting is an infallible method in 
identification. This is the main reason for using it to retain 
criminal information and detect it in re-arrest. Fingerprint 
recognition science has been recognized as the most 
important method among other methods of identification, used 
for more than 100 years all over the world by governments 
without error. Among billions of people, no two people have 
been found with the same fingerprint. Fingerprint is the base of 
identification in police departments throughout the worlds. 
Other features of the person can be altered but not 
fingerprints. Injuries or surgeries that leave deep scars or 
diseases like leprosy that destroy layers of skin can never 
change the fingerprint. The fingerprint is constant throughout a 
person's life [10]. 

 
Some of the other most important reasons for 
fingerprinting recognition are: 

o The success of this method in various judicial, 
governmental, commercial and other uses, used even 
in new cell phones. 

o The criminals' fingerprints being left at crime scene is 
another reason for using this method. 

o The existence of affordable and compact fingerprint 
devices. 

 
 
 

TABLE 1  
THE ADVANTAGES AND DISADVANTAGES OF IDENTIFICATION METHODS 

Biometric Type Inclusiveness Uniqueness Survival  Collection Efficiency Acceptability Fraud 

Face  High Low Average High Low High Low 

Fingerprint  Average High High Average High Average High 

Hand shape Average Average Average High Average Average Average 

Hand vein Average Average Average Average Average Average High 

Iris High High High Average Average Average High 

Retina  High High Average Low High Low High 

Signature Low Low Low High Low High Low 

Voice Average Low Low Average Low High Low 

Thermograph High High Low High Average High High 
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Fingerprints can be detected by many ways. Depending on 
the type of fingerprint received, the devices are divided into 
two types of online and offline scanning. Many jurisdictions 
still use the traditional method (ink and paper). This practice 
involves covering the surface of the finger with ink, swiping 
the finger on a card from one side of the nail to the other, 
and then scanning the card to obtain a digital image. In the 
more commonly used method, i.e., live scanning, the digital 
image is obtained directly by placing a finger on the surface 
of a fingerprint scanner as shown below. 
    

(a) (b) (c) (d) 
 
Fig.2: Types of Fingerprint Sensors 
 
Moreover, the figure below shows a sample of fingerprints 
obtained by various scanners. 

 

 
  

Visual Scanner Capacitive 
Scanner 

Pressure 
Scanner 

   

Thermal Scanner Fingerprint 
Taken by Ink 

Fingerprint 
Taken from a 
Crime Scene 

Fig. 3 Various Fingerprint Samples 
 
1.4. Fingerprint Authentication Systems 
In the past, fingerprint-based biometric systems used to be 
used only for police and criminal matters, but today they are 
also used for security and control cases of agencies. The 
oldest method is to use paper and ink, where the finger in 
smeared in ink is first and then rolled onto the paper. A 
flatbed scanner is used to insert the image into a computer 
system. The resulting images are highly distorted and even 
in manual recognition detection need experts. Another 
approach used in many systems nowadays is CCD 
cameras. In this method, also called live scanning, one can 
obtain high-quality images. There are four techniques for 
live scanning: 

1. Optical Technique: In optical technique, the finger 
is placed on a prism and the light is illuminated. It 
measures the amount of light reflected from each 
part of the fingerprint image. 

2. Ultrasonic: In this method, the acoustic energy 
reflected from the finger surface is used to detect 
edges and grooves. 

3. Electric Field: Electric field sensors operate by 
measuring the difference in the electrical 
capacitance of the finger surface touching the 
sensor. 

4. Thermal Technique: Thermal sensors reveal the 
fingerprints by measuring the temperature 
difference of the skin surface in the grooves and 
edges. 

 
1.4.1.Principles of Fingerprint Recognition Systems 
As already stated, fingerprinting is one of the most reliable 
methods for identifying individuals, which is used in areas 
like dealing with crimes, incident control systems, national 
border control, and so on. The main reason for selection of 
fingerprints to identify people is that each person's 
fingerprint is unique and some of its features will remain 
fixed for the rest of their lives and will be used in fingerprint 
matching. There are standard methods for manual 
fingerprint matching, yet manual fingerprint matching is 
difficult, time-consuming and inefficient. However, since 
databases have millions of fingerprints, manual 
fingerprinting becomes practically impossible [1]. A method 
for image or fingerprint coding must be defined to automate 
the matching. If the image is stored raw, too much memory 
is required and the system will not have the required 
efficiency. In structural methods, the features are extracted 
from the image and the image is identified with these 
features and the matching is done using them. The 
fingerprints consist of bumps and a flow-like indentation, 
which vary depending on their position. So far, 18 known 
fingerprint features have been identified, two important of 
which are ridge ending and bifurcation, so-called minutia 
[11]. The two features are shown below: 

 
 

 
Fig. 4 Minotia 

 
Minotia information is in its x, y components and their bump 
angles. The topological structure of fingerprint minotia is 
unique and does not change over time. Thus, fingerprint 
recognition can be based on matching the topological 
structure of minotia. In a relatively good quality fingerprint, 
there are about 70 to 80 minotias, which reduces to about 
20 to 30 features in partial images. However, fingerprint 
matching can still be done with this number. Most fingerprint 
recognition systems have a minotia-based structure [12]. In 
these systems there are three basic steps for recognition: 

1. Pre-processing: Increasing image quality 
2. Minotia Extraction: Extracting image features 
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3. Minotia Matching: Comparing the features with 
existing features 

There are various methods for matching, of which the 
following can be cited [13]: 

1. Matching sets of points 
2. Graph matching 
3. Resemblance of two sub-graphs 

Matching usually needs complicated computation and 
robust algorithms given the poor quality of the fingerprint 
and the large size of its databases. In the fingerprint 
recognition systems available in the market that use ridge 
ending features and bump bifurcation, one-to-one matching 
is practically difficult, due to the large size of the database 
and the noise of the images; thus, some of the matching 
images are produced and then finalized by the experts [14]. 
 
1.4.2. Steps of Fingerprint Recognition Systems to 

Improve Quality 
The different phases to improve quality of fingerprint are:   

1. Preprocessing: It prepares the initial fingerprint 
images with a series of image processing 
operations for subsequent steps. 

2. Segmentation: At this step, that area of the image 
that contains the fingerprint (foreground) is 
separated from the rest of the image (background). 

3. Enhancement: At this step, which is the suggested 
method in this paper too, the foreground of the 
fingerprint image is enhanced with some methods 
to make it better and improve the quality for later 
steps, especially recognition [15]. 

4. Feature Extraction or Matching: At this step, some 
features are extracted or matched from the 
fingerprints within the image from the previous step 
to be used for fingerprint recognition. Now, the 
poor quality of fingerprint images have direct and 
negative effects on the quality of various 
recognition systems, may cause many problems in 
recognizing and correctly identifying individuals, 
and cause many problems in other parts that need 
great precision in verifying people's identities [15]. 

This has always been one of the major challenges faced by 
all fingerprint recognition systems. This is because low-
quality fingerprint images can pose significant problems for 
the feature extraction step. Moreover, as fingerprint images 
have their own specific features, the poor quality of these 
images may destroy many features and subtle areas in 
these images. Subsequently, they may not decide properly 
with high precision regarding the individual's identity and 
recognition and produce the desired result. Therefore, 
according to the above points, as well as the significance of 
the issue in terms of security and identity, the researchers 
in this area have always tried to discover and present 
newer, more efficient and precise solutions at a fast pace to 
improve recognition and to be a step forward in correct 
recognition with high reliability. Various sensors are used in 
fingerprint-based recognition, some of which are introduced 
here [16]. 
A) Optical Sensor 

In this technology, the user places his/her finger on 
a clean plastic or glass surface without scratches, 
and then a scanner (CCD) starts scanning and 
imaging the finger. These scanners have some 
optical receivers that line up together to measure 

the fluctuations and changes in the intensity of light 
received. 

B) Capacitive Sensor 
These sensors operate by capacitive welding (a 
matrix of capacitors side by side). By finger 
touching the sensor surface, a capacitance is 
created between the fingerprint edges and the 
sensor, by measuring which and processing these 
signals a black, white and gray digital image is 
obtained. 

C) Ultrasound Sensor 
These sensors use a number of audio transceivers. 
They emit ultrasound waves into the object, then 
go into the receiver state and store the returning 
waves. These waves are processed by special 
audio visualization techniques. How to pattern a 
dirty surface is adjustable by the ultrasound 
sensors of transmit and receive frequencies of 
these sensors. This feature eliminates the received 
heterogeneous frequencies and the frequencies of 
these sensors can be adjusted to pass through the 
dead cells, which is a major advantage of the 
ultrasound sensors. 
 

2. LITERATURE REVIEW  
Identifying people to log into systems and the type of their 
access have always been has been a major challenge in 
different individual identity systems. Thus, this part of the 
paper gives an overview of some of the existing models. 
Chikkerur introduce a new approach for fingerprint image 
enhancement based on Short Time Fourier 
Transform(STFT) Analysis. STFT is a well-known time-
frequency analysis technique to analyze non-stationary 
signals. They proposed analysis and enhancement 
algorithm simultaneously estimates several intrinsic 
properties of the fingerprint such as the foreground region 
mask, local ridge orientation and local frequency. Finally 
they presented a novel minutia based fingerprint recognition 
algorithm that incorporates three new ideas [8]. An 
important step in automatic fingerprint recognition systems 
is the segmentation of fingerprint images is proposed by 
Wang et al. they present an adaptive algorithm based on 
Gaussian-Hermite moments for non-uniform background 
removing in fingerprint image segmentation. Gaussian-
Hermite moments can better separate image features 
based on different modes. They use Gaussian-Hermite 
moments of different orders to separate background and 
foreground of fingerprint image. In order to further improve 
the segmentation result, morphology is applied as post 
processing to removing small areas and filling small interior 
holes[18]. An algorithm for the segmentation of fingerprints 
and a criterion for evaluating the block feature are 
presented by Chen et al. The segmentation uses three 
block features: the block clusters degree, the block mean 
information, and the block variance. An optimal linear 
classifier has been trained for the classification per block 
and the criteria of minimal number of misclassified samples 
are used. Morphology has been applied as post-processing 
to reduce the number of classification errors [15]. Yang and 
Park, proposed an enhanced image-based fingerprint 
verification algorithm to improve matching accuracy and 
processing speed by overcoming the demerits of previous 
methods over poor-quality images. It reduces multi-spectral 
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noise by enhancing a fingerprint image to accurately and 
reliably determine a reference point, and then aligns the 
image according to the position and orientation of reference 
point to avoid time-consuming alignment. A set of fixed-
length moment features, invariant to the affine transform, is 
extracted from tessellated cells on a region of interest 
centered at the reference point. The similarity between an 
input and a template in a database is evaluated by 
eigenvalue-weighted cosine  distance [19]. Accurate 
minutiae extraction from fingerprint images is heavily 
dependent on the quality of the fingerprint images. In order 
to improve the performance of the system, much effort has 
been made on the image enhancement algorithms. If the 
preprocessing is adaptive to the fingerprint image 
characteristics in the image enhancement step, the 
performance gets to be more robust. Rao et al., proposed 
an adaptive preprocessing method, which extracts five 
features from the fingerprint images, analyzes image quality 
with clustering method, and enhances the images 
according to their characteristics [20]. Kanpariya and Rahul 
proposed an algorithm adaptive parameter to enhance 
image effects and removing the noise from the image. To 
do that use various mask filter and spatial as well as 
frequency domain. Thus Adaptive Fingerprint Image 
Enhancement method reduce the complexity and try to 
improve the speed [21]. Hong et al., presented 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. They have evaluated the 
performance of the image enhancement algorithm using the 
goodness index of the extracted minutiae and the accuracy 
of an online fingerprint verification system [11]. Greenberg  

et al., proposed two different methods for fingerprint ridge 
image enhancement. The first one is carried out using local 
histogram equalization, Wiener filtering, and image 
binarization. The second method used a unique anisotropic 
filter for direct gray-scale enhancement. Both methods 
show some improvement in the minutiae detection process 
in terms of time required and efficiency [23]. A method of 
enhancing fingerprint images is described, based upon 
nonstationary directional Fourier domain filtering by 
Sherlock et al. Fingerprints are first smoothed using a 
directional filter whose orientation is everywhere matched to 
the local ridge orientation. Thresholding then yields the 
enhanced image. Various simplifications lead to efficient 
implementation on general-purpose digital computers. Use 
of the proposed enhancement method leads to significant 
improvements in the speed and accuracy of the 
AFIS(Automated Finger print Identification System)[24]. 
Chikkerur et al., introduced an approach for fingerprint 
enhancement based on short time Fourier transform (STFT) 
Analysis. STFT is a well-known technique in signal 
processing to analyze non-stationary signals. The algorithm 
simultaneously estimates all the intrinsic properties of the 
fingerprints such as the foreground region mask, local ridge 
orientation and local ridge frequency. Furthermore they 
proposed a probabilistic approach of robustly estimating 
these parameters [25]. Yang et al., proposed a novel and 
effective two-stage enhancement scheme in both the 
spatial domain and the frequency domain by learning from 
the underlying images. To remedy the ridge areas and 
enhance the contrast of the local ridges, they first enhance 

the fingerprint image in the spatial domain with a spatial 
ridge-compensation filter by learning from the images. With 
the help of the first step, the second-stage filter, i.e., a 
frequency bandpass filter that is separable in the radial- and 
angular-frequency domains, is employed [26]. Srinivasan 
and Chandrasekar proposed an efficient and robust 
fingerprint enhancement technique via fuzzy based filtering. 
In this paper, a fuzzy modeling approach is employed for 
removing the noise as well as for improving the luminosity 
of the ridges. Moreover, the fuzzy filter values are evaluated 
and superior results are produced in the image domain. The 
probabilities of gray values are measured from the position 
of the input image pixel [27]. Bidishaw and Nalini proposed 
an effective two-stage block wise enhancement scheme in 
spatial and frequency domain by learning from underlying 
images. In the first stage, the fingerprint image is enhanced 
in spatial domain with a spatial ridge-compensation filter. 
Second-Stage enhances the First-Stage image using 
Discrete Wavelet Transform in the frequency domain. 
Keywords--Fingerprint Enhancement, learning, Discrete 
Wavelet Transform, Wavelet Packet Decomposition [28]. 
Fahmy and Thabet presented a new segmentation 
algorithm. Apart from its simplicity, it is characterized by 
being neither depend on empirical thresholds chosen by 
experts or a learned model trained by elements generated 
from manually segmented fingerprints. The algorithm uses 
the block range as a feature to achieve fingerprint 
segmentation. Then, some Morphological closing and 
opening operations are performed, to extract the foreground 
from the image [29]. Our investigations showed that a 
method is needed to improve LQFIs that could interconnect 
the broken bumps and enhance the resolution of the bumps 
and grooves. In this paper, we try to present a method that 
can do this well in two separate steps: one in the spatial 
domain and the other in the frequency domain. 
 

3. PROPOSED METHOD  
In this paper, a new two-step effective method was used to 
enhance LQFI (Low-Quality Fingerprint Images), which 
makes these images more suitable for recognition. In the 
proposed method, the two-stage approach, spatial and 
frequency domains, were used after preprocessing. The 
algorithm based on morphological operators is used to 
segment the fingerprints. Next, the local normalization 
operation is done and then the estimation of local 
orientation is obtained for each pixel. The main part of the 
proposed algorithm has two steps. In the first step, a 
Directional Median Filter (DMF) is used to extract the bump 
content locally, to connect the broken fingerprints to each 
other. At this step, this filter helps us eliminate some small 
traces of bumps that are as noise for recognition 
algorithms. If the fingerprint has some fractures as well, 
with a directional interpolation method, these fractures are 
modified and the bumps are connected. Although this 
processing improves the bumps, it is not enough to improve 
low quality fingerprint images. In the second step, a low 
pass filter is applied to the image from the previous step. It 
should be noted that this low-pass filter is a simple one and 
has a very good execution speed because it is performed in 
the frequency domain. At the end, we will have an image of 
the fingerprint which will improve the quality of fingerprint 
recognition algorithms and will help these algorithms for 
better recognition. As the low quality of fingerprint images 
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has a direct and negative effect on the value of various 
recognition systems, may cause many problems in 
identifying individuals. Therefore, following such problems, 
verification of people's identity requires very high accuracy. 
This has always been one of the major challenges faced by 
all fingerprint recognition systems. This is because low-
quality images face difficulties in feature extraction stage, 
and as fingerprint images have their own specific features, 
they may lose many features due to their poor quality. 
Consequently, they may fail to make the proper decision in 
identifying individuals correctly and precisely and produce 
the good result. Single-step algorithms that only consider 
fingerprint images in a single domain may not produce 
acceptable results and are not accurate enough, given the 
sensitivity of one-step approaches. Given the sensitivity of 
this, one can state that instead of one-step approaches, if a 
two-step approach, using the spatial and frequency 
domains, is used to investigate and improve low-quality 
fingerprint images, the results can be highly precise. Given 
the importance of the subject as well as investigations of 
two-step studies, this paper tries to present a method to 
improve LQFIs and subsequently to enhance recognition 
precision and identification. The proposed method used 
two-step approach which are in the both spatial and 

frequency domains. The various steps of the proposed 
method are described below.  
 
3.1.  Preprocessing 
At this step, we perform some pre-processing on the 
fingerprint images, so that the images have higher quality 
for later steps. We achieve this step in three stages: image 
segmentation, local normalization and local orientation 
estimation. These steps are executed on the initial images 
to make them more suitable for the two main stages of the 
proposed method. 
 
3.1.1.  Fingerprint Image Segmentation 
This stage involves the operation to separate that portion of 
the image which contains the fingerprint (foreground) from 
other parts of the image (background). The large number of 
images, low quality, high noise and other problems make 
working on these images difficult. Several methods have 
been examined and we concluded to use the algorithm 
proposed by Fahmy and Thabet[29]. The steps of this 
algorithm are shown in figure  

 
 

 
Fig. 5. The Different Steps of used Segmentation Algorithm[29] 

 
This method works based on morphological operation and 
using this process, segments the region of interest.  
 
3.1.2. Local Normalization 
In this part of the preprocessing step, fingerprint images are 
normalized with the contour of the segmentation by mean 
and variance to reduce local variations during bumps and 
grooves[4]. To normalize, the fingerprint image is parsed by 
non-overlapping W × W blocks. For instance, 16×16 blocks 
can be used for this purpose. Each block is normalized by 
the following equation: 

M(i,j) = M  - (V /V) × (I(i×j) - M)0 0  (1) 

Where, M(i,j) is the normalized image, I(i,j) is the fingerprint 
image, M and V are the mean as well as the variance of the 
block, M0 is the desired mean value, and V0 is the desired 
variance. Respectively, we used values of M=0.5 and 
V=0.25 for the optimal mean and the desired variance, 

which are experimentally determined and applied with 
constant values.  
 
3.1.3.  Local Orientation Estimation 
In this section, the superior orientations of the bumps in 
each normalized fingerprint image are obtained. The least 
squares algorithm, which proposed by Hong et al., [11] are  
applied in this paper, which is summarized as follows: 

1. Evaluating the horizontal Gx(i, j) and vertical Gy(i, j) 
gradients by normalizing the fingerprint image by 
one of the edge-tracking methods, such as the 
Sobel filter. 

2. For each pixel (i,j) in the image where the focal 
point of each block is W×W, we calculate the pixel 
gradients using the following two equations to 
determine the horizontal G×x and the vertical G×y 
gradients of the block. 
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i+(w/2) j+(w/2) 2 2G = (G (u,v)-G (u,v))xx x yu=i-(w/2) v=j-(w/2)   
(2) 

i+(w/2) j+(w/2)
G = 2G (u,v)G (u,v)xy x yu=i-(w/2) v=j-(w/2)   

(3) 

 
3. Determining the orientation of the pixel O(i,j) using 

the vertical and horizontal gradients of the resulting 
block is as follows: 

Gxy-1O(i,j)=0.5tan
Gxx

 
(4) 

As there is noise in these images, smoothing the 
orientations values has to be done using a Gaussian 
window to modify the estimate. 
 

3.2. First Step of Improvement: Spatial Filter 
Given the brightness of the fingerprints in the images 
because of less pressure applied by some people while 
recording in fingerprinting, the image may have broken 
bumps. Our method to improve images for proper exposure 
to the challenge of broken bumps uses an estimated and 
normalized image to attach fractured bumps. For this 
purpose, we propose to use directional median filter and 
directional interpolation methods. These two methods are 
described below. 
 
3.2.1.  Directional Median Filter 
The mean filter acts as each pixel in the output image is the 
mean value of its N×M neighborhood in the original image. 
This filter is particularly popular and good at suppressing 
the noise of an image and smoothing it out, but in 
fingerprint processing, it seems that applying a standard 
mean filter by rectangular neighbor-checking does not yield 
significant results. Even worse, this standard image filter 
may break the entire branch of the fingerprint as well as 
produce some incorrect ones [31]. Thus, we consider the 
pixels within the space of broken bumps or patches within 
the grooves, and they can be eliminated by calculating the 
mean in a rectangle with a pixel width and N pixel length, 
and rotate to the extent that it has a local bump.  
The main steps of DMF can be summarized as follows[31]: 

 The structure for fingerprint bumps is divided into 
sixteen different orientations as shown in the Fig. 
6. 

 Each pixel is grouped into one of these sixteen 
orientations. 

 For each pixel in the output image, we calculate 
the mean on a rectangle local to the bump. 

 
Fig. 6. Fingerprint Orientation Directions 
 
The length of the filter window must be carefully selected, 
so that it can produce the desired results. The small window 
may be unable to reduce noise very well and the large 
window may cause more changes and spots. In this paper, 
according to the data and experience, the length of this 
window is determined to be 9 pixels. Figures d and h show 
how effective DMF has been in improving the grooves and 
to perform well in completing bump fractures. 
 
3.2.2. Directional Interpolation 
Using directional interpolation can eliminate fractures of the 
bumps, narrow cracks as well as some spots [32][2].  

• The process of doing this is to parse the fingerprint 
image into overlapping W×W blocks. Overlapping 
should be present because the bumps are 
maintained and have no overlapping blocking 
effects. 

• For each block, we calculate the θ orientation of 
each pixel (i,j). The value of θ is slowly varying, 
and we consider their mean value as the direction 
of that block θm. 

• The block is rotated as much as θm-. 
• We check the rotated block line by line. If there is a 

sharp increase in pixels in more than one row, it 
means that there is a broken bump. In this case, 
we find that broken part using the remaining 
interpolation row values. 

 
 
 

  
(a) (e) 
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(b) (f) 

  
(c) (g) 

  
(d) (h) 

Fig.7. Steps of the First Stage to Enhance Image Quality. 
(a,e) Original images, (b,f) Segmented Images, 
(c,g)Normalized Images, (d,h) Images Filtered by DMF  

 
• We rotate the block again as θm. 

• We eliminate surplus zero rows and columns 
generated by the rotating algorithm to ensure that 
the resulting block is the same size as the original 
block. 

To smooth the resulting bump structure, we filter the 
resulting image with a standard 3×3 mean filter. The 
following figure shows the result of this, the red ellipses in 
the figure show the restored broken fractures. The figure 
shows the effect of applying this method on a 19×19 block 
with fractured bumps. In this figure, the ability of the method 
used to modify and enhance defective and poor-quality 
fingerprints is shown well. 

 
 
 
 
 
 
 
 
 

    
(a) (b) (c) (d) 

Fig. 8. Steps of the First Improvement Stage, (a) Original Image, (b) Segmented Image, (c)Normalized 
Image, (d)Final Image  

 

  
(a) (b) 

Fig.9. The Efficiency of the Directional Interpolation, 
(a)Original Block, (b)Enhanced Block 

 
 

3.2.3.  Second Enhancement Step: Low-pass 
Frequency Filter 

At this stage, we try to eliminate the noises and small spots 
in the fingerprint by filtering on the image from the previous 
step. There are several ways to do this, including multiple 
frequency and spatial filters. For more speed and the 
spatial filters not affecting the enhancements to the earlier, 
we decided to use a simple frequency filter. Low pass filter 
is used for this purpose. Upgrading to the frequency domain 
is actually a simple task. Simply the Fourier transform of the 
image to be upgraded has to be calculated, multiply the 
result by the filter transfer function, and subtract the 

conversion result to obtain the upgraded image. To 
eliminate the noise and small blemishes - to blur the image 
- done at a low degree, we only have to reduce the high 
frequency content. This can be done directly by the Fourier 
transform. Thus, at this step, we apply the desired filter field 
in form of Fourier according to the following equation by 
getting the image obtained from the previous step , which is 
calculated by multiplying the filter function by pixel to pixel 
[22]. 

(4) G(K,I)=F(K,I)×H(K,I)  
 
Here, F(k,l) is the input-image in the Fourier domain, H(k,l) 
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filter function and G(k,l) is the filtered image. However, this 
filtered image is in the Fourier area and can easily be 
converted to a spatial field image by performing a reverse 
Fourier transform. As the multiplication in the Fourier 
domain is the same as the convolution in the spatial 
domain, all frequency filters can be implemented as a 
spatial filter in theory. However, Fourier field filter function 
can only be approximated by the spatial filtering core in 
practice [22]. The low-pass filter works by eliminating 
frequencies above D0 cutoff frequency as well as keeping 
frequencies equal and smaller than that according to the 
following equation. Based on the data and experience, we 
set the value of D0 = 0.1 for the cutoff frequency. 

(5) 

 2 2
0

2 2
0

1

0
H( , )= 

if k l D

if k l D
k l

 

 
 

As stated, edges and other rapid changes in light intensity 
in fingerprint images, especially noise and small unwanted 
spots, are blurred or faded by the low-pass filter and faded 
or eliminated, as described, to blur or slow down. Filtering 
the image in the frequency domain is just like filtering the 
specified range of high frequency components of the 
Fourier transform of the image [22]. By performing this step, 
the final image of the used algorithm is obtained, as shown 
below. 

   
(a) (b) (c) 

Fig. 10.  The Steps of the Used Method on a Sample 
Image, (a)Original Image, (b)Image from 1

st
 Step, (b)Image 

from 2
nd

 Step 
 

It is seen that the second step of the method used 
eliminated the noise and small spots, but it smoothed the 
resulting image to a very small extent, which is usually not 
so significant for fingerprint recognition systems. In the 
method used, we concluded that by performing some 
preprocessing, such as fingerprint segmentation, local 
normalization and local orientation estimation on the initial 
fingerprint image, one could provide a better image to 
implement the main techniques for image enhancement. 
Following the preprocessing mentioned on the original 
image using spatial and frequency domains of the 
fingerprint image and applying appropriate filters such as 
DMF or low pass filter and so on, one can perform proper 
operations to enhance images in two separate steps and at 
the end the final image has better quality than the original 
image.  
 

4. RESULT ANALYSIS    
FVC2002 and FVC2004 datasets were used to evaluate the 
performance of the method used, which included normal 
and LQFIs.  FVC datasets; which are comprehensive sets 
of different fingerprint samples used in Fingerprint 
Verification Competition (FVC) series due to the 
completeness and diversity; were used to evaluate the 
model used. These two datasets each have four databases 
called DB1, DB2, DB3, DB4, each of which uses different 
sensors to record and store fingerprint data. In each of 
these databases, there are 880 fingerprints of 110 person, 
i.e. 8 fingerprints per person. In each of the eight databases 
above, the fingerprints of individuals; from 101 to 110, that 
is, 80 fingerprints; are freely accessible to researchers. The 
databases in this dataset have some of the features, some 
of the most important of which were mentioned in the table: 
image size, quality, sensor type and recording type. 

 
TABLE 2 

 SOME OF THE MOST IMPORTANT FEATURES OF DATABASE IMAGES RELATED TO FVC2002 DATASET 
Dataset Database Recording Type Scanner Resolution 

FVC2002 DB1 Optical Identix Touch View II 500dpi 

DB2 Optical Biometrika FX2000 569dpi 

DB3 Capacitive Precise Biometrics 100 SC 500dpi 

DB4 Combined SFinGeV2.51 500dpi 

 
TABLE 3 

SOME OF THE MOST IMPORTANT FEATURES OF DATABASE IMAGES RELATED TO FVC2004 DATASET 
Dataset Database Recording type Scanner Resolution 

FVC2004 DB1 Optical CrossMatch V300 500dpi 

DB2 Optical Digital Persona U are U4000 569dpi 

DB3 Thermal Atmel Finger Chip 500dpi 

DB4 Combined SFinGev2.51 500dpi 

 
The experiments performed in this paper are done on half 
of the images with free access to the two datasets above. 
This means that for each dataset with four databases, 160 
images and totally 320 images were used for both datasets. 
Then, some criteria were used to evaluate the quality 
performance of the method and to compare it with existing 
models. Moreover, the time required to implement the 
method used to enhance the images was calculated and 
reported. The following criteria are used to evaluate the 
quality of the model. 

1. True Minutiae (TM): The minutiae selected by an 
expert in the dataset. 

2. Paired Minutiae (PM): The minutiae extracted by 
the system, which match TM. 

3. False Minutiae (FM): The minutiae extracted by the 
system, which mismatch TM. 

4. Dropped Minutiae (DM): The minutiae selected by 
an expert, not extracted by the system 

5. Exchanged Minutiae (EM): The minutiae extracted 
by the system, which match TM but have different 
type. 
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We have used TM Rate (TMR), FM Rate (FMR), DM 
Rate (DMR), and EM Rate (EMR), obtained by TM, FM, 
DM, and EM, respectively, divided by the total minutiae, to 
evaluate the quality of the proposed method and to 
compare it with other methods as quality assessment 
criteria. Moreover, it should be noted that FMR and DMR 
are error criteria, and the lower their values in any method, 
the better and more efficient the method will be. The higher 
values of the two criteria means that the error rate of the 
proposed method is higher and in the end will not achieve 
the desired result. We conducted the experiments and 
according to the quality criteria introduced, the results are 

summarized together with the results reported in the table. 
As is seen, the method used shows a higher value than the 
other two methods in TMR measure. According to the 
explanations for the correct minutiae rate presented earlier, 
one can understand that these results are better in this 
criterion compared to other methods. It is also seen that the 
method used in FMR + DMR measure shows a lower value; 
as these two criteria are part of the error measures; thus, 
one can conclude that the proposed method yields better 
results compared to other two methods. 

 
 

 
TABLE 4  

MEAN RESULTS OBTAINED FROM THE EXPERIMENTS IN PERCENT 
Criteria TMR FMR DMR TMR+FMR EMR 

The Proposed 
Approach 

63.72 24.22 10.06 34.28 2.06 

 
TABLE 5 

 COMPARISON OF THE EXPERIMENTS RESULTS PERFORMED WITH THE PROPOSED APPROACH IN PERCENT 
Papers/ Criteria TMR FMR DMR TMR+FMR EMR 

Greenberg et al. [23] 45.64 47.64 4.90 52.54 1.82 

Chikkerur  et al. [17] 60.04 26.38 11.31 37.69 2.27 

Wang et al. [30] 61.08 24.57 12.99 37.56 1.36 

Proposed Approach 63.72 24.22 10.06 34.28 2.06 

 

 
Fig. 11. Comparison Results 

 
The figure abow shows a visual comparison of the method 
used with the other three modes based on the quality 
assessment measures. One has to note that due to the 
small numbers related to EMR, the values have been 
multiplied by 20 to make them visually better and more 
recognizable. As is seen in this graph, the yellow bars 
belong to our proposed method which performs best in 
TMR and FMR + DMR measures and performs best in 
EMR measures of Chikkerur et al. 17]. Moreover, it is seen 
that the method used after the method proposed by 
Chikkerur et al., [17] for EMR measure has higher value 

and in fact this criterion is not the best one among the 
existing methods. Now, according to the overall results of 
our proposed method quality assessment tests, numerical 
values and comparing all criteria with the other two 
methods, one can understand  the generally the quality of 
the proposed method is better than the other methods. We 
have done all the tests on a system with RAM: 4GB CPU: 
Corei32.2Ghz GHz to test our proposed method in terms of 
implementation pace. The results are summarized 
separately for the datasets and the databases in the 
following table. 
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TABLE 6  
THE TIME NEEDED TO ENHANCE THE SELECTED IMAGES (40 IMAGES) FROM EACH DATABASE 

Dataset FVC2002 FVC2004 

Database DB1 DB2 DB3 DB4 DB1 DB2 DB3 DB4 

Proposed Method 113.34 102.67 124.41 97.08 92.48 78.88 96. 90 78.54 

 
 

The table above vividly shows that the method used for 40 
selected images from each database dataset is not fast and 
is not really suitable for real-time applications. Overall, we 
conclude that using the proposed two-step approach, 
although the execution speed is reduced, the accuracy will 
be higher and overall we will have better results and can 
improve LQFIs for recognition systems, so that these 
systems can identify individuals more precisely. 
 

5. DISCUSSION AND CONCLUSION  
In this paper, we used a two-step approach to improve 
LQFIs, where the low quality images are improved in two 
main stages after pre-processing. To perm the pre-
processing, we first segmented the fingerprint image using 
an algorithm based on morphological operators and then 
performed local normalization operations. Then, we 
obtained the local orientation estimate for each pixel. In the 
first step, we used DMF to enhance the fingerprint image 
and then a simple interpolation method. At the end of this 
step, the broken finger bumps joined together and the split 
grooves connected together. In the second step, we 
eliminated the noise and small spots in the fingerprints 
using frequency filter. We applied a low-pass filter in the 
frequency domain with the help of Fourier transform. The 
results of the experiments showed that the method used led 
to better results in most measures compared to other 
methods in terms of quality. Thus, the method used can be 
very suitable for applications in need of higher precision 
and better quality. Experiments on the speed of the 
proposed method showed that the method is unsuitable for 
real-time applications as well as applications that require 
very high speeds to run. For future studies, it is suggested 
that the method used in the second step should be 
improved, so that the final image is not smooth at all and 
the fingerprint should be completely sharp and with strong 
edges. Moreover, it is suggested that by upgrading the first 
step or modifying it improve the speed of the method used 
to have better speed as well. 
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