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Abstract
The recent advances in fingerprint sensing technology and 
improvements in the accuracy and matching speed of the 
fingerprint matching algorithms has inspired many groups to 
conduct researches in Automatic Fingerprint Identification 
and Authentication (AFIA) which is becoming an attractive 
alternative to the traditional methods of identification. Fingerprint 
classification plays a major role in any large scale fingerprint 
identification system. While it cannot identify fingerprints 
uniquely, it is helpful in determining when two fingerprints do not 
match and also it reduces the time complexity. This paper presents 
a detailed review on the existing classification approaches that 
have applied to fingerprint recognition problems. The explanation 
in this paper covers the various evaluation parameters used by 
AFIS classification approaches.
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I. Introduction
Biometric are defined as anatomical / physiological (fingerprint, 
iris, face) and behavioural (ridges, gait) characteristics used by 
FBI (Federal Bureau of Investigation), law enforcement and 
intelligence departments for the identification or authentication 
of an individual. Examples of common biometrics used include 
iris, DNA, voice patterns, facial patterns and fingerprint. Out of 
this fingerprint is more popular biometric modality and has been 
used for personal identification for more than 100 years. The 
popularity is due to the fact that fingerprints never change and no 
two fingerprints are similar. It has been proven that even identical 
twins have different fingerprints.
Because of these desirable properties, automated systems for 
Automatic Fingerprint Identification and Authentication (AFIA) 
have been developed and over the years this interest has increased 
steadily. Several researchers, academicians and industrialists 
have probed on using the intricacies of the fingerprint to create a 
robust and accurate AFIA system. AFIA systems combine image 
processing algorithms with fingerprint impression and map a 
fingerprint to an individual from a fingerprint database. Even 
though, there have been several articles published and generally 
considered to be in a mature state, research on fingerprints is still 
very active. The major steps involved in AFIA systems include 
a) Fingerprint Acquisition, b) Fingerprint Segmentation, c) 
Fingerprint Image Enhancement, d) Feature Extraction e) Minutiae 
Matching, f) Fingerprint Classification. Various researches focus 
on different steps of the AFIA systems.
Among these steps, the classification step can improve the overall 
accuracy of AFIA systems and gained more interest in recent years. 
Fingerprint classification is used for indexing in the fingerprint 
database and can greatly improve the performance of an AFIS. 
Fingerprint classification is the process of classifying a given 
fingerprint into a number of classes such as left loop, right loop, 

whorl, arch and tented arch, double loop etc. The rest of the paper is 
organized as follows. The anatomy of a fingerprint is explained in 
Section II. The review study is presented in Section III and Section 
IV, presents the various evaluation parameters used by the AFIS 
classification systems. Section V, summarizes the study.   

II. The Anatomy of Fingerprint
A fingerprint is the reproduction of the friction ridges present on 
the inner surface of a finger tip obtained from the impression on 
a touched surface. They are composed of raised parallel ridge 
lines and furrows (valleys). Fig. 1 shows ridges and valleys of 
a fingerprint.

Fig. 1: Ridges and Valleys

A fingerprint is composed of two layers, namely, epidermis (outer 
layer) and dermis (inner layer). The epidermis has five different cell 
layers and dermis has only one large layer consisting of connective 
tissue and blood vessels. The epidermis ridges are supported by 
double rows of papillae pegs on the dermis, which can plays a 
vital role during recovery of fingerprints from deteriorating bodies. 
Finger skin is made of friction ridges, with pores (sweat glands). 
Fingerprint contains unique and abnormal points or discontinuities 
on ridges and furrows and is called as Minutia.
It has been estimated that on an average each fingerprint has about 
70 minutiae and can be categorized into six features, namely, line-
unit, line-fragment, ending, bifurcation, eye and hook as shown in 
fig. 2. Since fingerprints captured might have noise, variation in 
distortion and rotation, ridge ending and ridge bifurcation are 

Fig. 2: Six Features of the Fingerprint

frequently used for fingerprint than other features. Fingerprints 
are normally classified according to the fingerprint pattern type, 
which can be grouped into six main categories, namely, arch, 
tented arch, left loop, right loop, twin loop and whorl as shown 
in Figure 3. This classification is based on the geometric structure 
of the fingerprint at the macro level.
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Fig. 3: Classes of Fingerprints

Loops make up nearly 2/3 of all fingerprints, whorls are nearly 
1/3, and perhaps 5-10% are arches [5].These classifications are 
relevant in many large-scale forensic applications, but are rarely 
used in biometric authentication. Many types of minutiae exist, 
including dots (very small ridges), islands (ridges slightly longer 
than dots, occupying a middle space between two temporarily 
divergent ridges), ponds or lakes (empty spaces between two 
temporarily divergent ridges), spurs (a notch protruding from a 
ridge), bridges (small ridges joining two longer adjacent ridges), 
and crossovers (two ridges which cross each other) [3].
The ridge-line flow can be effectively described by a structure 
called directional map (or directional image) which is a discrete 
matrix whose elements denote the orientation of the tangent to the 
ridge lines. Analogously, the ridge line density can be synthesized 
by using a density map as shown in fig. 4. The types of fingerprint 
details that can be obtained from a fingerprint ridge impression are 
Level 1 details (flow of friction ridges), Level 2 details (presence 
or absence of features along the individual friction ridge paths 
and their sequence) and Level 3 features (intricate details of a 
single ridge). The types of fingerprint details that can be obtained 
from a fingerprint ridge impression are Level 1 details (flow of 
friction ridges), Level 2 details (presence or absence of features 
along the

 
Fig. 4: Ridge Line, Flow Line and Directional Map

Individual friction ridge paths and their sequence) and Level 3 
features (intricate details of a single ridge).
An acquired fingerprint can be either a latent fingerprint or 
known fingerprint or plastic impressions. A latent fingerprint is a 
2-dimensional reproduction of the ridges formed when the finger 
touches a surface and impression is formed by means of some 
contaminants like perspiration and oil. These types of fingerprints 
are made visible by using forensic chemical techniques or 
fingerprint powders. When the latent fingerprint is visible without 
the use of forensic technologies, then it is termed as patent prints. 
The second type is the known fingerprint, where the fingerprint 
impressions are obtained through intentional reproduction of the 
ridges onto a fingerprint card. The impressions can be obtained 
by using black printer’s ink, chemical method or by using some 
LiveScan devices. This third category is the plastic fingerprint, 
where the ridge details are obtained from impressions made on a 
malleable substrate such as wax or putty.

III. Classification Algorithms
The fingerprints have been traditionally classified into categories 
based on information in the global patterns of ridges. Classifying 
fingerprints into groups eliminates the need to matching an input 
fingerprint with an entire fingerprint database during identification 
and recognition process and thus reduce computing requirements. 
This in turn reduces time complexity of AFIR system [6-7]. The 
main goal of a fingerprint classification system is that it should 
be invariant to rotation, translation and elastic distortion of the 
frictional skin. A number of approaches to fingerprint classification 
have been developed. This section reviews some works based on 
automatic classification of fingerprints. The works presented in this 
section is not in any way exhaustive but merely grouped for better 
understanding of the present status of classification algorithms in 
fingerprint identification and recognition domain.
Fingerprint classification algorithms are used to generate fingerprint 
index, which can be used to reduce the time complexity while 
performing matching with large databases. A typical fingerprint 
classification approach is based on the extraction of fingerprint 
singular points (core and delta) and the implementation of a rule 
based classification system that takes its decision based on the 
number and placement of core and delta in a fingerprint. Different 
classification algorithms are proposed by [18-19].
[9], Classification approach is an ANN based approach, where 
a neural network for the classification of fingerprint images 
is constructed, which can classify the complicated fingerprint 
images. It uses a two-step learning method to train the four layered 
neural network which has one sub-network for each category. It 
carries out the Principal Component Analysis (PCA) with respect 
to the unit values of the second hidden layer and also studies 
the fingerprint classification state represented by the internal 
state of the network. Consequently, the method confirms that the 
fingerprint patterns are roughly classified into each category in the 
second hidden layer and the effectiveness of the two-step learning 
process. However, in case of larger data sets this method can be 
found to give limited results. [11], Classification approach initially 
finds the ridge direction at each pixel of an input fingerprint image. 
Then the algorithm extracts global features such that singular 
points (cores and deltas) in the fingerprint image and performs the 
classification based on the number and locations of the detected 
singular points. Here, the singular point(s) detection is an iterative 
regularization process until the valid singular points are detected. 
If the images are of poor quality, the algorithm classifies those 
images as unknown types based on some threshold values. 
However, the algorithm can detect the labeled images with high 
quality. [2], introduced directional fingerprint processing using 
fingerprint smoothing, classification and identification based 
on the singular points (delta and core points) obtained from the 
directional histograms of a fingerprint. Fingerprints are classified 
into two main categories that are called Lasso (arch, tented arch, 
right loop, or left loop) and Wirbel (whorl and twin loop). The 
process includes directional image formation, directional image 
block representation, singular point detection and decision. The 
method gives matching decision vectors with minimum errors 
and method is simple and fast.
[4], proposed a classification method that used only those features 
that were related to the core points. The algorithm detects core 
point(s) candidates roughly from the directional image and 
analyzes the near area of each core candidate. In this core analysis, 
false core points made by noise are eliminated and the type and 
the orientation of core point (s) are extracted for the classification 
step. Using this information, classification was performed.
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An algorithm that used two machine learning algorithms was 
presented by [27]. They used Support Vector Machine (SVM) 
and Recursive Neural Networks (RNNs) during classification. 
The RNNs are trained on a structured representation of the 
fingerprint image and were also used to extract a set of distributed 
features integrated in the SVMs. SVMs are combined with a error 
correcting coding scheme, which exploits information contained 
in ambiguous fingerprint images.
[13], presented fingerprint classification system using Fuzzy Neural 
Network. The fingerprint features such as singular points, positions 
and direction of core and delta are obtained from a binarised 
fingerprint image. The method is producing good classification 
results using fuzzy neural networks.
[24], proposed a fingerprint classification algorithm based on 
directional fields. The directional fields of fingerprint image were 
computed from which the singular points (cores) were detected. 
And features were extracted.  Two classifiers, namely, K Means and 
3-nearest neighbour, were used to classifier the extracted features 
into four different fingerprint types, namely, Arch, Left Loop, 
Right Loop, or Whorl. The method achieved high classification 
accuracy and was quick in producing the results.  
[22], used a feature-learning algorithm using Genetic Programming 
(GP) to learns and discover composite operators and features that 
are evolved from combinations of primitive image processing 
operations for fingerprint classification. The primitive operators 
used were simple and easy to compute. These operators were 
separated into computation operators and feature generation 
operators. This classification method can be found to be effective 
over quality fingerprint images.
The introduction of fingerprint classification in AFIA systems 
can greatly reduce the time requirement for matching especially 
for large databases [1]. For this purpose, they introduced a 
classification system that can classify the fingerprints into five 
classes (tended arch, left loop, right loop, double and whorl). 
Singular points were extracted using the method proposed by 
[17] and rule-based classifier proposed by [11], was used to group 
the fingerprints. 
[20], used low-dimensional features obtained from feedback 
based line detector to classify fingerprints into five classes (arch, 
left loop, right loop, whorl, and tented arch). The line detector 
was a cooperative dynamic system that gives oriented lines and 
preserves multiple orientations at points where differently oriented 
lines meet. The feature extraction was based on characterizing the 
distribution of orientations around the fingerprint. Three types 
of classifiers are used namely, support vector machines, nearest-
neighbour classifier, and neural network. 
[15], used Discrete Fourier Transform (DFT) and nonlinear 
discriminant analysis for classifying fingerprints. Utilizing the DFT 
and directional filters, a reliable and efficient directional image 
is constructed from each fingerprint image, and then nonlinear 
discriminant analysis is applied to the constructed directional 
images, reducing the dimension drastically and extracting the 
discriminant features. The method explores the capability of DFT 
and directional filtering in dealing with low-quality images and the 
effectiveness of nonlinear feature extraction method in fingerprint 
classification. 
[8], used a SVM-based Fingerprint Classification system to classify 
the fingerprints into six classes (whorl, arch, tended arch, left loop, 
right loop and twin loops). This method uses orientation field 
and support vector machine during classification. It estimates the 
orientation field through pixel gradient values, and then calculates 
the percentages of the directional block classes. These percentages 

are combined as a four dimensional feature vector, by which the 
trained hierarchical classifier classifies the fingerprints into one of 
the six classes. The supervised training rule is adopted to train the 
hierarchical classifier with five one-against-all SVMs. Fingerprints 
can be classified into one of the six classes using this trained 
classifier.
Combining singular points and orientation image information for 
fingerprint classification was proposed by [12]. The algorithm 
used singular points and constrained nonlinear orientation features 
and the final feature vector comprised of the coefficients of the 
orientation model and the singularity information. This resulted 
in very compact feature vector which is used as input to an SVM 
classifier to perform the classification. The experiments reported 
on NIST database 4 that the proposed method produces good 
classification result.
[28], used the singular points to determine the topological structure 
of the fingerprints. The singular point analysis was performed 
in two aspects. The first is based on the topology theory in 2D 
manifold to extract the relationship between cores and deltas in 
fingerprints. From this analysis, they proved that every completely 
captured fingerprint should have the same number of cores and 
deltas. Using these, a method to compute the Poincare Index for 
singular points was formulated. The second is an algorithm for 
detecting singular points using global orientation field. After 
the initial detection with using the Poincare Index method, the 
optimal singular points were selected. The selection criterion 
was to minimize the difference between the original orientation 
field and the model-based orientation field reconstructed from 
the singular points. The core-delta relation is used as a global 
constraint for final decision. Experimental results reported showed 
that the algorithm was accurate and robust.
[14], used ridge flow patterns for improving the time and accuracy 
of fingerprint classification task. The proposed work first extract 
High Ridge Curvature (HRC) region using the Sobel operator and 
Gabor filter, using which the ridges (within the region), in both 
directions, were traced. Vectors were drawn at the end points of 
the ridge to classify a fingerprint image into four classes, right 
loop, left loop, whorl and arch. The work reported an overall 
classification accuracy of 98.75%.
[26], proposed a structure based approach that used the curve 
features of ridgelines to classify the fingerprints. The algorithm 
mainly uses the total direction change of the ridgelines to classify 
the ridgelines. The classifier first calculated the total directional 
change of ridgelines, which were grouped according to their shape. 
The grouped ridgelines along with singular points were used to 
classify the fingerprints into arch, tented arch, left loop, right loop, 
whorl and double loop classes. 
According to [25], singularities detection can be used to increase 
the accuracy of classification algorithms and proposed a method 
for searching singularities using delta field Poincare index. Used 
these singularities, a rapid rule-based classification algorithm was 
proposed to classify the fingerprint into 5 classes, arch, tented 
arch, left loop, right loop, whorl and double loop. The detection 
algorithm searches the direction field which has the larger direction 
changes to get the singularities.  
[23], introduced structural approach to fingerprint classifications by 
using the directional image of fingerprint instead of singularities. 
Directional image includes dominant direction of ridge lines. 
The directional image of fingerprints is segmented into regions 
consisting of pixels with the same direction. Relational maps 
are constructed to each segment along with a super graph that 
includes prominent information about graph formation. A matching 
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technique is used to compare the constructed graph and model 
graphs along with a cost function to classify the fingerprints. 
[10], presented an approach that improves the speed efficiency 
of fingerprint matching algorithm using fingerprint classification 

during the time of enrollment itself. For this purpose, the critical 
points of a fingerprint, delta and core, were used and the classifier 
grouped the fingerprint into any of the six classes, arch, 

Table  1: Classification of Algorithms

Author Features Technique used Classes Dataset Used Areas that can be improved
Kamijo 
(1993)

PCA, ridge lines, 
singular points

Neural Network 
Classifier 5Cb - Performance degradation 

with large databases

Karu and 
Jain (1996) Cores and Delta Rule-based 

classifier

5Cb and 
unknown 
type

- Unknown fingerprint type 
can be eliminated

Ballan 
(1998)

Singular Points 
from directional 
histograms

Rule-based 
classifier

Lasso and 
Wirbel - Time Complexity increases 

with image size.

Cho et al. 
(2000)

Features related to 
core points

Rule based 
classification 4C Own database

Difficult to eliminate false 
singular point(s) which are 
used during class decision. 
Require sophisticated 
methods to eliminate those 
false core points towards a 
noise-tolerant classification 
system

Yao et al. 
(2001)

Finger code features 
and structural 
representation

SVM and RNN 5Ca NIST

Usage of two machine 
learning algorithms 
increased the time 
complexity

Wang et al. 
(2002)

Directional Fields, 
delta points and 
Singular Points 

K-Means and 
3-Nearest 
Neighbour

5Ca NIST14 
database

Performs poorly with 
optical sensor  fingerprints 
(where delta points are not 
available)

Mohamed 
and 
Nyongesa 
(2002)

Singular points, 
positions and 
direction of core and 
delta

Fuzzy Neural 
Network 5Cb NIST-4 database

High occurrence of 
misclassification among 
fingerprints
with similar features

Tan et al. 
(2003)

Image composite 
operations and 
features

Genetic 
Programming and 
Bayesian Classifier

5Ca NIST-4 Handling of low quality 
fingerprint

Shah and 
Shastry 
(2004)

SVM, Nearest 
neighbour and 
neural network

5Ca NIST
The line detector algorithm 
can be improved to work 
with noisy images

Afsar et al., 
(2004) Singular points Rule based 

classifier 5Ca FVC 2000 
database

Time complexity and High 
False Rejection Rate

Park and 
Park 
(2005)

Fast Fourier 
transform coefficient 
and directional 
features

SVM, MLP, KNN, 
RNN 5Ca NIST -

Zhou et al., 
(2007)

Block Features
(Mean, variance,
contrast, coherence
and energy)

SVM Classifier Lasso and 
Wirbel

Own database, 
FVC2000 and 
NIST Special 
Database

Correct estimation of 
block size is needed and 
methods to efficiently 
estimate this size can be 
probed

Ji and Yi 
(2007)

Four dimensional 
feature vector of 
directional block 
classes

RNN + SVM 5Cb FVC2004 -
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Li et al. 
(2007)

coefficients of the 
orientation model 
and the singularity 
information

SVM Classifier 5Ca NIST partly confused the similar
classes,

Wei (2008)
Singular points using 
delta field Poincare 
index

rapid rule-based 
classification 5Cb NIST4 Sampling of ridge lines is 

time consuming

Tarjoman 
and Zarei 
(2008)

Segmented regions 
directional ridge lines

Relative super 
graph classifier 9 classes Own database

Should find acceptable
range between two 
parameters of classification 
accuracy and number of 
classes.

Nain et al. 
(2008)

Ridges around 
HRC (High Ridge 
Curvature) region

Ridge Tracing 4C
FVC–2004 
fingerprint 
dataset

Lower Classification 
accuracy for Whorl group 

Wei et al. 
(2008)

Ridge line type, 
singular points

Rule based 
classifier 5Cb NIST-4

Time Complexity and Partly 
confused with similar 
classes

Kant and 
Nath 
(2009)

Singular Point (Delta)
Henry 
Classification with 
Single Print

4C

Madhuban 
forensic 
laboratory, 
Karnal

Only a single print of a 
person is used and time 
complexity

Suralkar et 
al. (2009)

Singular point and 
maximum variation in 
local orientation
Field

Rule Based 
Classification 5Cb FVC-2000

Left loop and Right loop 
are more often confused 
with Arch.

Bhuyan et 
al. (2010)

numeric code 
sequence based 
on the ridge flow 
patterns.

K Means 
clustering and 
Apriori Classifier

5Ca FVC 2000, FVC 
2002, FVC 2004

Improvement of search 
method for large clustered 
fingerprint databases.

tended arch, right loop, left loop, whorl and twin loop. They modified 
the method of Henry classification system (from International 
Biometric Group) which uses 10 prints during classification, to 
use only one fingerprint. The experimental results indicated that 
this approach manages to speed up the matching effectively, and 
therefore prove to be suitable for large database like forensic 
divisions.
[21], proposed a method which used a two step procedure for 
fingerprint image classification. The first step computed the 
singularity points on the fingerprint image based on the maximum 
variation of its local orientation and the second step classified the 
fingerprint based on the location of the detected core and delta 
points. The method classified the fingerprints into six groups, that 
is, whorl, right loop, left loop, twin loop, arch, and tented arch. 
[29], used data mining techniques for fingerprint classification. A 
numeric code sequence for each fingerprint image based on the 
ridge flow patterns is generated. Then Apriori algorithm is used 
to generate frequent itemsets using a seed for each class. The 
seed values are then used for clustering fingerprint images into 
groups. Experimental results proved that misclassification errors 
have been reduced.
The review conducted studied the working of 20 papers and are 
consolidated in Table 1. In the table 4C represents the four classes, 
Arch, Left Loop, Right Loop, Whorl, 5Ca represents five classes 
Tended Arch, Arch, Left Loop, Right Loop, Whorl, 5Cb represents 
Arch, left loop, right loop, whorl and double loop.

IV. Conclusions
Most of the work classified the fingerprints into five classes (arch, 
tented arch, left loop, right loop and whorl). The singular points 

are quite frequently features for classification. In a similar fashion, 
the rule based and neural network classifiers have been frequently. 
Recently the use of SVM and machine learning classifiers has been 
proposed. FVC 2000, NIST databases are considered as standard 
test best by most of the studied materials.
Based on the overall survey, the following observations are 
made:

Classification is normally based on the ridges, local feature 1. 
(i.e. minutiae) and global features (i.e. singular points). 
Model based approaches based on the global features (singular 2. 
points) of the fingerprints have been found more effective in 
classifying the fingerprints into different known classes.
Structure-based approaches based on the estimated orientation 3. 
field in a fingerprint image can be found capable to classify 
the images into one of the five classes.  

Careful scrutiny of the works shows that time complexity and 
misclassification because of similarity between fingerprints are the 
major causes for classification performance degradation. Future 
work will probe these causes.
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