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ABSTRACT 
The term pattern recognition refers to the task of placing some object to a correct class based on the measurements about the 
object. It is the science which tries to make machines as intelligent as human to recognize patterns and classify them into 
desired categories in a simple and reliable way. This review paper introduces the basic concepts of pattern recognition, the 
underlying system architecture and provides the understanding of various research models for classification and clustering and 
the application of pattern recognition. 
Keywords: Pattern recognition supervised learning, unsupervised learning 

1.INTRODUCTION TO PATTERN RECOGNITION  
1.1 What is pattern recognition (PR)? 

PATTERN RECOGNITION  Pattern + Recognition 
 
PATTERN:  Pattern is a set of objects or concepts where the 
elements of the set are similar to one another in certain ways. Or in 
other words you can say Pattern is a description of an object. The 
Pattern is described by certain quantities, qualities, traits, notable 
features and so on. Pattern could be a fingerprint image, a 
handwritten word, a human face, a speech signal, a bar code, or a 
web page on the Internet (see Figure 1). 

 
Figure 1: Examples of patterns 

 
Informally, a pattern is defined by the common denominator among the multiple instances of an entity. (See Figure 2 - 
showing different clouds patterns of the same season (monsoon season); In Figure 3 - showing different clouds patterns 
of the different seasons). 

          
Figure 2: Examples of patterns:                             Figure 3: Examples of patterns: 

three clouds pattern of the same season.                  three clouds pattern of the different season 
 
RECOGNITION:Recognition   Re + Cognition 
 
COGNITION: - To become aware with, to come to know the act, or the process of knowing an entity (the process of 
knowing). 
Recognition: The knowledge or feeling that the present object has been met before (the process of knowing again) or 
else you can say Recognition is classifying an object to a pattern class. 
 
Pattern Recognition  
 Pattern recognition is the science for observing (sensing) the environment, learning to distinguish patterns of 

interest (e.g., animals) from their background (e.g., sky, trees, ground) 
 Pattern recognition is a field within the area of machine learning with the aim to classify data (patterns) based 

either on a priori knowledge or on statistical information extracted from the patterns 
 It is the science that concerns the description or classification (recognition) of measurements. 
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2.BASIC COMPONENT OF PATTERN RECOGNITION 
 Pattern recognition involves the extraction of patterns from data, their analysis and, finally, the identification of the 

category (class) each of the pattern belongs to. 
 The task of the pattern recognition system is to classify an object into a correct class based on the measurements 

about the object. 
Pattern recognition systems consist of five stages 
 Sensing  
 measurement or observation about the object 
 Use of transducers 
 PR system depends of the bandwidth, the resolution sensitivity 

distortion of the transducer 
 preprocessing mechanism (segmentation) 
 Pre-processing refers to filtering the raw data for noise suppression 

and other operations performed on the raw data to improve its 
quality. 

 The partition of the whole data into single objects. 
 In segmentation, the measurement data is partitioned so that each 

part represents exactly one object to be classified. 
 Feature extraction 
 A set of characteristic measurements (numerical or non-numerical), 

and their relations are extracted to represent patterns for further 
process. 

 Classification 
 The process or events with same similar properties are grouped into 

a class. The number of classes is task-dependent. 
 Post-processing 
 Considering the effects of context and the cost of errors  

2.1 Feature extraction 
Features are properties of an object 
 Ideally representative of a specific type (i.e. class) of objects 
 Compact (memory efficient) 
 Computationally simple (CPU efficient) 
 Perceptual relevant (if trying to implement a human inspired classifier) 

Take a group of graphical objects 
 Possible features 
 Shape 
 Color 
 Size 

Allows grouping them into different classes: 
 

 
 

  

Shape Size color 
 
FeatureVectors 
Usually a single object can be represented using several features, e.g. 
x1 = shape (e.g. no. of sides) 
x2 = size (e.g. some numeric value) 
x3 = color (e.g. rgb values) 
------    xd = some other (numeric) feature. 
• X becomes a feature vector 
– x is a point in a d-dimensional feature space. 
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2.3 The Classical Model for PR 
 A Feature Extractor extracts features from raw data (e.g. audio, image, 
weather  data, etc) 
 A Classifier receives X and assigns it to one of categories, Class 1, Class 
2, ..., Class c (i.e. labels the raw data). 
 
Example: classify graphic objects according to their shape 
Feature extracted: 
 no. of sides (x1) 
Classifier:                  
 0 sides => circle 
 4 sides => square 
 5 sides => star 

3.EXPLANATION OF COMPONENTS 

 
3.1 Step 1 
 The input to a pattern recognition system is often some kind of a transducer, such as a camera or a microphone 

array. The difficulty of the problem may well depend on the characteristics and limitations of the transducer- its 
bandwidth, resolution, sensitivity, distortion, signal-to-noise ratio, latency, etc. 

3.2 Step 2 
 Image preprocessing is a desirable step in every pattern recognition system to improve its performance. It is used to 

reduce variations and produce a more consistent set of data. Preprocessing should include some noise filtering, 
smoothing and normalization to correct the image from different errors, such as strong variations in lighting 
direction and intensity. Moreover, image segmentation could also be done in this step; it is typically used to locate 
objects and boundaries (lines, curves, etc.) in images and it is a way to change the representation of the given 
image into something more meaningful and easier to analyze. 

3.3 Step 3 
 The traditional goal of the feature extractor is to characterize an object to be recognized by measurements whose 

values are very similar for objects in the same category, and very different for objects in different categories. This 
leads to the idea of seeking distinguishing features that are invariant to irrelevant transformations of the input. 

 Examples of features that can be used: color, shape, size, texture, position, etc.  
3.4 Step 4 
 After the feature extraction step, the classification could be done. This step enables us to recognize an object or a 

pattern by using some characteristics (features) derived from the previous steps.  
 It is the step which attempts to assign each input value of the feature vector to one of a given set of classes. 
 The classifier component of a pattern recognition system has to be taught to identify certain feature vectors to 

belong to a certain class.  
 The points here are that  

1) It is impossible to define the correct classes for all the possible feature vectors 
2) The purpose of the system is to assign an object which it has not seen  
           previously to a correct class. 
 It is important to distinguish between two types of machine learning when considering   the pattern recognition 

systems.  
 The (main) learning types are supervised learning and unsupervised learning. 

3.4.1 Supervised learning  
 In simple terms, in supervised learning, there is a teacher who provides a category label or cost for each pattern in 

the training set which is used as a classifier.  
 So basically a supervised learning method is used for classification purpose. 
  In the given figure, the input image consists of a mixture of two alphabets, i.e., A and B. Then the classification 

algorithm classifies the input to two different categories.  

Square 
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 Here a set of combined input is classified using supervised learning approach.  

 
3.4.2 Unsupervised learning 
 Un-supervised learning can be defined as the problem of trying to find out the hidden structure in an unlabeled 

data set.  
 Since the examples given to the learner are unlabeled, each algorithm itself classifies the test set 
 In simple terms, here no labeled training sets are provided and the system applies a specified clustering or 

grouping to the unlabeled datasets based on some similarity criteria. So an unsupervised learning method is used 
for clustering.  

 Here the input consists of some unlabeled values whose distinguishing feature is initially not known.  
 The following input consists of such a combination with all values technically same but still its clusters are formed 

using some metric which is different for each algorithm.  
 Here clusters are formed in the output.  

 

 

4.APPLICATIONS OF PR 
Pattern recognition is used in any area of science and engineering that studies the structure of observations. It is now 
frequently used in many applications in manufacturing industry, healthcare, and the military. Examples include the 
following. 
 Optical character recognition (OCR) is becoming an integral part of document scanners, and is also used 

frequently in banking and postal applications. Printed characters can now be accurately recognized, and the 
improving performance of automatic recognition of handwritten cursive characters has diminished significantly the 
need of human interaction for OCR tasks.  

 Automatic speech recognition is very important for user interaction with machines. Commercial systems for 
automatic response to flight queries, telephone directory assistance and telebanking are available. Often the 
systems are tuned to a specific speaker for better recognition accuracy. 

 Computer vision deals with the recognition of objects as well as the identification and localization of their three-
dimensional environments. This capability is required, for example, by robots to operate in dynamic or unknown 
environments. This can be useful from applications ranging from manufacturing to household cleaning, and even 
for rescue missions. 

 Personal identification systems that use biometrics are very important for security applications in airports, ATMs, 
shops, hotels, and secure computer access. Recognition can be based on face, fingerprint, iris or voice, and can be 
combined with the automatic verification of signatures and PIN codes. 

 Character recognition Automated mail sorting, processing bank checks; Scanner captures an image of the text; 
Image is converted into constituent characters  

 Speech recognition Human computer interaction, Universal access; Micro-phone records acoustic signal; Speech 
signal is classified into phonemes and words  
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5.EXPLANATION WITH REAL LIFE EXAMPLE OF PR 
Recognize the gender of  person 
 The person to be classified is the Object,  
 The gender (Male or Female) are the Classes,  

Two basic factors 
 Feature :- Properties of an object 
 Classifier :- Mechanisms and methods to define what the pattern is  

Feature  
 Feature can be defined as any distinctive aspect, quality or characteristic which, may be symbolic (i.e., color) or 

numeric (i.e., height).  
Example: Possible features of a person 
 Number of eyes  x  {0, 1, 2}  
 Hair color   x  {0 =Black, 1 =Brown, 2 =white …}  
 Wear glasses or not  x  {0, 1}  
 Hair length [cm]  x  [0..100]  
 Shoe size [U.S]   x  [3.5, 4, 4.5, .. ,14]  
 Height [cm]    x  [40..200]  
 Weight [kg]    x  [30..200] 

Pattern  
 It is a n-tuple  X (vector) of N scalars xi i[1,N], which are called the Features. 
Conventional form of a pattern is: 
 
 
Where V is known as the Feature Space, and N is the dimension of V. 
Possible patterns for the person problem: 
We can use the shoe size alone to have: 
 
 
We can combine the height and the weight to have: 
 
Class 
“Class is a set of patterns that share some common properties”   
In our example, the Male person and the Female person are two classes of objects that share a common gender. 
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