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Abstract — Pattern Matching is an active area of 
research as it helps in solving many real life 
applications. Its vast application has roots in 
engineering, civil administration, economy and 
geology. It is evolved as a need for automated machine 
recognition of objects, signals or images. It  plays a 
major role in Computer vision .In this paper the basic 
steps involved in recognition of pattern are discussed 
.The algorithm involved in pattern matching basics are 
also focused. A survey is made concentrating on last 
one decade research papers in pattern matching 
discussing the technique and methods used in the 
recent papers and also focused on  which application 
the technique is applied. 
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I. INTRODUCTION 
Pattern recognition focuses on the recognition of 
patterns and regularities in data. It is the science of 
observing, distinguishing the patterns of interest, and 
making correct decisions about the patterns or pattern 
classes. Advanced pattern recognition algorithms are 
emerging from the inter-discipline between 
technologies of effective visual features and the 
human-brain cognition process. Effective visual 
features are made possible through the rapid 
developments in appropriate sensor equipment’s, 
novel filter designs, and viable information processing 
architectures. While the understanding of human-brain 
cognition process broadens the way in which the 
computer can perform pattern recognition tasks. These 
algorithms generally aim to provide a reasonable 
answer for all possible inputs and their matching 
characteristics by taking into account their statistical 
variation. It is a subfield of Machine Learning. It is 
basically classified in supervised and unsupervised 
learning. The term pattern recognition, machine 
learning, data mining and knowledge discovery in 
databases (KDD) overlap in their scope. It is the  term 
of  learning through training or supervised methods 

and It actually set the basics  of artificial intelligence, 
on the other-hand  Knowledge Discovery and data 
mining have a larger focus on unsupervised methods 
and stronger connection with business use[1]. A 
common example of a pattern-matching algorithm is 
regular expression matching, which looks for patterns 
of a given sort in textual data and is included in the 
search capabilities of many text editors and word 
processors. 

1.1. Background and Basic Terminology  
A set of variables which carries characteristic 
information about an object to be identified are called 
features.  A collection of features which are ordered in 
some meaningful way into d-dimensional column 

vector is the feature vector. This feature vector 
represents the signature of the object to be identified. 
The d-dimensional space in which the feature vector 
lies is referred to as the feature space. This d-
dimensional vector contributes a point in the feature 
space. A collection of features of an object under 
consideration, along with the correct class information 
for that object is referred as a pattern. Any given 
sample pattern of an object is also referred to as an 
instance or an exemplar. The goal of a pattern 
recognition system is to find the label corresponding to 
a given feature vector based on some prior knowledge 
obtained through training. Training is the method 
through which the pattern recognition system learns 
the mapping relationship between feature vectors and 
their corresponding labels. Relationship actually forms 
the decision boundary in the n-dimensional feature 
space and this basically separates patterns of different 
classes from each other. The data used to train the 
system is generally referred as Training data. The 
information in the Training data is known and tested 
priori. A quantitative measure is the measure of 
classification error, and this is actually called the cost 
function. The pattern recognition algorithm is 
specifically trained to minimize or maximize the 
function depending on the need. A pattern recognition 
system that adjusts its parameters to find the correct 
decision boundaries, through a learning algorithm 
using a training data set, such that a cost function is 
minimized or maximized, is usually referred to as the 
classifier. Incorrect labelling of the data by the 
classifier is an error and the cost of making a decision, 
in particular an incorrect one, is called the cost of 
error. There are two major classifications of pattern 
recognition technique, supervised classification and 
unsupervised algorithms. Supervised is the one where 
it is assumed that a training data set with pre-assigned 
class labels is available. Applications exist where the 
user has access to data without correct class labels. 
Such applications are handled by unsupervised 
clustering algorithms 

II. COMPONENTS OF PATTERN RECOGNITION 
This system made up of various different components.  
2.1. Data Acquisition 
This step is about gathering the data about the 
problem. Certain issues involved in this like whether 
the adequate data are gathered and the gathered data 
is co-operative in nature. The data which define clear 
decision boundaries are cooperative in nature and the 
data which consists of overlapping in the classes are 
called as non-cooperative datasets. It is one of the most 
important steps in designing a successful pattern 
recognition system. It needs adequate and 
representative training and test datasets. Adequacy 



International Journal of Current Trends in Engineering & Technology 
ISSN: 2395-3152 

Volume: 03, Issue: 05 (September, 2017) 

251 

  

ensures that a sufficient amount of data exists to learn 
the decision boundary as a functional mapping 
between the feature vectors and the correct class 
labels. There is no rule that specifies how much data is 
sufficient.  

Figure: 2(a) Basic Structure of Pattern Recognition 

A general guideline indicates that there should either 
be at least 10 times the number of training data 
instances as there are adjustable parameters in the 
classifier  

2.2. Pre-processing 
Pre-processing is an essential, yet often overlooked 
step in the design process. This step prepares the 
gathered data before applying the actual methods on 
data sets. The goal is to remove noise and outlier from 
the acquired data and find the missing values in the 
dataset. Various filtering techniques can be employed 
to attain the purpose. Prior knowledge regarding the 
spectrum of the noise helps user to produce a better 
dataset. Naïve Bayes algorithm is used to find the 
missing data values. This algorithm helps to predict the 
missing values in multiple columns. Talking about 
outlier detection and noise remove two renowned 
algorithm DB-SCAN and LOF (local outlier factor) are 
used. Moreover Conditioning may also include 
normalization, as classifiers are known to perform 
better with feature values that lie in a relatively 
smaller range. Normalization can be done with respect 
to the mean and variance of the feature values or with 
respect to the amplitude of the data[1][2]. 

2.3. Feature Extraction 
The goal of feature selection step is to select a smaller 
subset of the extracted features that are most 
distinguishing and informative ones. The importance of 
dimensionality reduction in pattern recognition cannot 
be overstated. A small but informative set of features 
significantly reduces the complexity of the 
classification algorithm. Moreover, the time and 
memory requirements to run this algorithm also 
become less by reducing the dimensions. In fact, the 
problem of overfitting can also be overcome. It is 
therefore important to keep the number of features as 
few as possible, while ensuring that enough 
discriminating power is retained. This method is used 

to apply mathematical transformation on the data. 
Some of the most widely used transformations are 
linear transformations, such as Principal Component 
Analysis and linear discriminant analysis. 

2.3.1. Principal Component Analysis 
It is the most commonly used dimensionality reduction 
technique in pattern recognition. It was originally 
developed by Pearson in 1901 and generalized by 
Loe´ve in 1963.The idea is to project the data on a 
lower dimensional space where most of the 
information can be retained. In PCA, the information is 
carried in the variance of the features, that is, the 
higher the variation in a feature, the more information 
that feature carries. It employs a linear transformation 
that is based on preserving the most variance in the 
data using the least number of dimensions. The 
instances of data are then projected on a lower 
dimensional space .These lower dimension represents 
the points of whole datasets. Let us understand the 
technique pictorially in 2-D space. 

 
Mathematical calculation involved in Calculation of 
Principal Component Analysis in 2D 

1. On the given 2D (x1, X2) dataset we calculate the 
Co-variance matrix. 

2. After calculation we get 
A= [𝑐𝑜𝑣(𝑥1) 𝑐𝑜𝑣(𝑥1, 𝑥2) 𝑐𝑜𝑣(𝑥1, 𝑥2) 𝑐𝑜𝑣(𝑥2) ] 

3. We calculate Eigen valves by solving the 
determinant [A –λ I] =0 

4. As a result of step 3 we get two Eigen values e1 and 
e2. 

5. Now, calculate Eigen vectors   [A-λ I] *X = 0, where         
X =[𝑎 𝑏 ] and satisfy the equation a2 + b2 =1 

6. To Obtain co-ordinates of data points in the 
direction of Eigen vectors we multiply centered 2D 
dataset matrix to Eigen vector matrix. 

 

2.3.2. Linear discriminant analysis 
This technique tries to find out the most appropriate 
attribute for maximizing the separability   the two 
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groups such that a better decision can be made. The 
goal is to find a transformation such that the 
intercluster distances between the classes are 
maximized and intra-cluster distances within a given 
class are minimized in the transformed lower 
dimensional space. So two key transformation the 
algorithms do. First: It Focus on maximizing the 
separatability among the categories and Second: It 
Reduces dimension.  
 
 2.3.3. Other Methods of Feature Extraction 
Techniques 
Other than the PCA and LDA various other techniques 
are used depending on the application. Depending on 
the application, the better discriminating information 
may reside in the spectral domain for which a Fourier-
based transformation Discrete/Fast Fourier Transform 
may be more appropriate. For Non-stationary Signal 
(Such As ECG, EEG) A Wavelet-based time-frequency 
representation may be the best feature extraction 
Technique.  

2.3.4. Feature Selection 
In feature selection, the selection of m features is done 
out of most discriminatory information, out of a 
possible d features. In other words, feature selection is 
to select a subset of features from a set of features that 
have already been identified by a preceding feature 
extraction algorithm. A criterion function is used to 
know which feature will give maximum performance. 
In essence, we are looking for a subset of features that 
leads to the best generalization performance of the 
classifier when trained on this subset. The feature 
selection is therefore said to be wrapped around the 
classifier chosen, and, hence, such feature selection 
approaches are referred to as wrapper approaches. 
Finding the most prominent feature involves 
evaluating every subset of features by training a 
classifier with each subset and observing its 
performance. Such an exhaustive search looks 
conceptually simple, but it's become is prohibitively 
expensive (computation wise) even for a relatively 
small number of features. This number of subsets of 
features to be evaluated grows as the amount of 
features increase. Some more efficient search 
algorithms exist that avoid the full exhaustive search, 
such as the well-established depth-first search, breath-
first search, branch and bound search, as well as hill 
climbing search. Each has its own limitations. For 
example, the branch and bound algorithm avoid the 
exhaustive search by searching subspaces and 
computing upper and lower bounds on the solutions 
obtained in these subspaces. Other search algorithms 
include sequential forward and backward search 
Forward search starts with no features and evaluate 
every single feature, one at a time, and find the best 
single feature. This feature is then included as part of 
the optimal feature subset. With this prominent 
optimal feature other features are added in order to 
improve the overall performance centered on these 
feature. The best feature subset is retained and the 
search continues by adding one feature at a time to the 

best subset found thus far. The search terminates when 
the addition of a new feature no longer improves 
performance. 

2.4. Model Selection and Training 
After preparing adequate and representative data, it is 
time to select a classifier and the corresponding 
training algorithm. Classification is basically a function 
that encodes the collected information into Classes 
.Now the data is available for the applying 
mathematical tools, which include statistical 
approaches, neural network approaches and many 
more. Statistical Pattern Recognition 
1. Bayes Classifier and Naïve Bayes Classification: The 

naive Bayes classifier is an approximation to the 
Bayes classifier.  The features in naïve Bayes 
Classification are conditionally independent to 
given the class instead of modelling their full 
conditional distribution given the class as in Bayes 
classifier. A Bayes classifier is best interpreted as a 
decision rule. Bayes classification function chooses 
a class by maximizing the probability of the class 
given the observed features. This classifier 
minimizes effect of misclassification. 

1. K-NN Classifier: It is a simple algorithm which 
classifies the dataset on the basis of Distance 
functions For example   

 

 
2(g).Basic distance function used in K-NN Classifier 

This algorithm stores all available cases and classify on 
the basis of similarity using distance functions. It is 
used for statistical estimation and pattern recognition. 
The entire algorithm can be summarized as follows (a). 
Out of N training vectors, identify the k-nearest 
neighbors (based on some distance metric, such as 
Euclidean) of x irrespective of the class label. Choose 
an odd (or prime) k. (b). Identify the number of 
samples kj that belongs to class. (c). Assign x to the 
class with the maximum number of ki samples. 

3) Neural Network: There are two that are used more 
often than all others are Multilayer perceptron (MLP) 
and Radial basis function (RBF).These two types of 
networks have proven to be universal approximators. 
The ability of these networks to approximate any 
decision boundary of arbitrary dimensionality and 
arbitrary complexity with arbitrary precision, given 
adequate amount of data and proper selection of their 
architectural and training patterns 
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a).Multilayer perceptron (MLP): This is also known as 
artificial neural networks (ANNs), these are designed 
to mimic the decision-making ability of the brain, and 
hence their structure resembles that of the nervous 
system, featuring a massively interconnected set of 
elements. It features a set of inputs and a weight for 
each input representing the information arriving at the 
dendrites, a processing unit representing the cell body 
and an output that connects to other nodes provides 
the representing the synaptic terminals. The weights, 
positive or negative, represent the excitatory or 
inhibitory nature of neuronal activation, respectively. 
The axon is implicitly represented by the physical 
layout of the neural network. It is noted that for a d-
dimensional feature vector, the node usually has dþ1 
inputs to the node often exist, where the 0th input is 
indicated as x0 with the constant value of 1, and its 
associated weight w0. 
 
b). A Radial Basis Function: It is a particular type of 
neural network. It uses as a non-linear classifier. In this 
each neuron in an MLP (Multilayer Perceptron) takes 
the weighted sum of its input values and each input 
value is multiplied by a coefficient, and the results are 
all summed together. It is more intuitive approach than 
the MLP. On the basis of this function a network is 
forms in the neural network called as Radical Basis 
Function Network (RBFN). It performs classification by 
finding similar examples from the dataset. Each neuron 
stores a prototype which further helps in training. If 
the input more closely resembles prototypes than then 
it is classified in in the classes accordingly. 

4) Hidden Markov Model 
This Model is known for its application in 
reinforcement learning, pattern recognition such as 
text, image recognition .It is having great role in 
biometrics also. In this model hidden variables 
control the actual parameters whereas in simple 

Markov model the state is directly visible to the 
observer. The state transition probabilities are the 
only parameters in simple markov model but in 
hidden markov model, the states are not directly 
visible. Each state has a probability distribution over 
the possible outputs.  
Elements of Hidden Markov Models: In order to 
characterize an HMM completely, following elements 
are needed. 

 The number of states of the model, N 
 The number of distinct observation 

symbols per state, M 
 The state transition probability 

distribution A={aij} 

 
 The observation symbol probability 

distribution ins state j; 

 
 The initial state distribution 

           
 

The model parameters notation is ),,(  BA .These 

parameters are referred to the case when the 
observations were characterized as discrete symbols 
chosen from a finite alphabet and therefore discrete 
probability density could be used. But in practice we 
mostly deal with continuous observation signals like as 
speech, biological signals and image. Hence we have to 
use HMM with continuous observation density. 

 

Where Cjm is mixture coefficient for the mth mixture in 
state j and  is Gaussian with mean jm and 
covariance matrix Ujm for the mth mixture component 
in state j. In following parts formulation for 
continuous observation will be presented, too.

III. METHODS USED AND ITS APPLICATION 
In this section various research papers are reviewed in 
order to know which method and model are more 

suitable to for an application? Different classification 
patterns are also identified. 

S.n
o 

Year of 
Publication 

Authors Basis of Classification Model/Method  Used 
Area of 

Application 

1. 2017 
Junbio et 

al[3] 
Rotative Classification 

Pattern(RCP) 

Rotatable Couple Tem- 
plates (RCTs) with max 

pooling, and 
Normalized Histogram 

Intersection (NHI) 

Object 
identification and 

recognition 

2. 2017 
Gen Li et 

al[4] 
Local Micro-structure 

Tetra Pattern 

Line- shaped filter and 
local region histograms 
are used for extraction 

process. 

Linear discriminant 
analysis for dimensional 

analysis 

Palm print 
recognition 
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3 2016 L. Liu et al[5] 
Texture Features:  
labelled dominant 

pattern 

 

Nearest neighbour 
classifier  Principal 

Component analysis 
technique 

Face Recognition 

4 2016 
Rozita 

Rastghallan, 
et al[6] 

Texture Features HMM Model Used Medical 

5 2017 
N. Sengupta 

et.al[7] 

Detection of spikes in 
neural encoding(digital 

encoding) 
K-NN algorithm 

Information 
compression & 

recognition 

6 2017 
Eckart 

Uhlmann et 
al[8] 

Behavioral 
characteristics 

Nearest Neighbour, 
Bayes Classifier, Neural 

Network, and Support 
Vector Machine (SVM). 

Manufacturing 
machines( 

Selective Laser 
Melting ) 

7 2017 
T. Chuk et 

al[9] 

holistic and analytic 
pattern 

 

HMM Model Used 
face learning and 

recognition 

8 2016 
Zhang 
et.al[10] 

Shape 
characteristics(Quadra

ngle-like structure) 
Contour Model 

Homographic 
recognition of 

texture-less object 

9 2016 
C. Barat 
et.al[11] 

Based on local feature  
combined with 
adapted image 
representation 

CNN and SVM Model 

Image 
Classification 

 

10 2016 M. Iqbal[12] 

Classification on the 
basis of Color Contrast, 
Image Salient features, 

Chi-square distance 
Between Objects, Edge 

density 

Linear classifier model 
Recognition and  

detection of 
objects 

11 2017 
D.C.G. 

Pedronette 
et al[13] 

Recomputing the 
distance among images 
taking into account the 

dataset manifold. 

  A novel unsupervised 
manifold learning 

algorithm 

 

 image retrieval 
tasks 

12 2016 
M. Awad et 

al[14] 

MFCCs( Mel-Frequency 
Cepstral Coefficients  

and polynomial shape 
coefficients 

Neural 
Network(Multilayer-

perceptron) 

remote sensing, 
military 

applications, 
medical image 

processing, and 
space imagery 

exist for of image 
interpolation. 
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13 2016 
Mingzhe Su  

et al[15] 

SURF (Speeded Up 
Robust Features , SIFT 

(Scale-Invariant 
Feature Transform) or 
Harris corner detector 

SVM 

Mosaicking small 
parts of 3D scenes 
like underwater, 

aerial, endoscopic 
video sequences. 

14 2015 
H.R. 

Wilson[16] 
Angular frequency and 

Radio Frequency 
ANOVA* 

Detection Of 
objects 

15 2016 
M.R. Faraji 
et. al. [17] 

Three groups: gray-
level transformation 
methods, gradient or 
edge extraction 
methods, and 
reflection field 
estimation methods 

Seamlessly combines  
adaptive homomorphic 

filtering, simplified 
logarithmic fractal 

dimension, and 
complete eight local 
directional patterns 

Face recognition 

16 2016 
Ghada M. 

Bani Musa et 
al[18] 

Slope sign change 
(SSC), Zero  crossings 
(ZC),Waveform length 
(WL),Sample skewness 
(skew),Absolute values 
(MAV),Multiscale 
wavelet packet (mwpf) 

The LDA classification 
method 

Medical (ECG 
study) 

17 2017 
A. Gudigar et 

al[19] 

HOS(high order 
Spectra):shape ,size 
and rotation and 
texture features 

linear discriminant 
analysis (LDA) 

Recognition of 
traffic signal 

18 2016 
Joao B. 

Florindo[20] 

Binary Patterns in 
texture and Local 

fractal dimension at 
each point of the 

image. 

 

In this paper Karhunen–
Loe’ve (KL) 

transformation is 
applied to the data. In 

the proposed approach, 
KL transform also plays 

the important role of 
avoiding redundancies 
from the grey-level and 
fractal dimension LBP 

histograms. The 
classification is carried 

out by a Linear 
Discriminant Analysis 

(LDA) classifier 

Image 
discrimination 

19 2016 
K. Fakhar et 

al[21] 
Fuzzy Pattern 

A SVM with radial basis 
function kernel 

biometric score 
fusion problem 

20 2016 

H. De la 
Torre 

Gutierrez et 
al[22] 

control chart pattern 
recognition (CCPR) 

Support Vector Machine 
(SVM) and Probabilistic 
Neural Network (PNN). 

Used in quality 
assurance system 

to monitor the 
production 

system and its 
critical quality 

features 

21 2017 
F. 

Pollastrone 
et al[23] 

electrical pattern 
recognition 

charge comparison 
algorithm 

Electrophysiology 
or scintillation 

analysis. 
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IV. CONCLUSION 
Pattern Matching is mostly applied in processing of 
image .Future of computer vision is very much 
dependent on this field. Most of the classification is 
done on the basis of behavioral and texture .In feature 

extraction some of the researchers have used basic 
method like LDA and some have used new methods. 
SVM and HMM Model is mostly used for the training the 
data set.  
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