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PATTERNS AND PATTERN 

CLASSES  
 

• The process of assigning a meaningful 

label to an unknown object is known as 

recognition.  

 

• This process of comparing an unknown 

object with stored patterns to recognize 

the unknown object is called classification.  
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Feature Vector 



© Oxford University Press 2011  

 

Supervised Learning 
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Unsupervised Learning 

 

• There is no explicit teacher or supervisor 

component in an unsupervised system. 

The learning system itself learns by trial 

and error. The instances themselves, 

based on similarity measures, form groups 

or clusters.  
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Stages of Pattern Recognition 

Design Cycle 
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TEMPLATE MATCHING 
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Template Matching 
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INTRODUCTION TO 

CLASSIFICATION 
 

• A classification model is supposed to 
‘learn’ the complex relationships that exist 
between the input image features using 
the training data. This resultant learning 
process is known as a concept or model. 
After the learning stage is over, the 
classifier is called a ‘learnt system’ and 
produces a classification model.  
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Sample classification scheme 
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General classification schemes 
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Classifier Design 
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Decision-theoretic Methods 

 

• The decision-theoretic approach is often 

called discriminant function analysis.  

 

One of the oldest techniques used in the 

decision-theoretic approach in pattern 

recognition is the linear discriminant 

analysis (LDA)  
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Linear Discriminant Analysis 
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Probabilistic Methods  
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What is Bayesian principle?  
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Algorithm 

• 1.Train the classifier with training images 

or labelled featured data.  

• 2. Compute the probability P(i) using 

intuition, based on experts’ opinion, or 
using histogram-based estimation.  

• 3. Compute P(i/x).  

• 4. Find the maximum P(i/x) and assign the 

unknown instance to that class. 
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Parametric Bayesian classifier 

with Gaussian assumption and 

minimum distance classifier  
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Multiple Features 
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Minimum Risk Classifier 
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Non-parametric Statistical 

Methods 
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Regression Methods 



© Oxford University Press 2011  

 

STRUCTURAL AND SYNTACTIC 

CLASSIFIER ALGORITHMS 
 

• The syntactic technique (also known as 

grammar-based or linguistic approach) uses 

small sets of pattern primitives and grammatical 

rules for recognizing the object. For example, in 

picture description language, the basic primitive 

is the graphic element. The idea is to 

decompose the object in terms of the basic 

primitives. This process of decomposing an 

object into a set of primitives is called parsing.  
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• The grammar in formal languages is defined as a 4-tuple 
structure, G = {T, NT , S, P}, where T is a set of terminal 
symbols similar to the alphabets of English or constants 
of a programming language. NT is a set of non-terminals 
or symbols, similar to grammar units such as nouns or 
verbs of English or the variables of a programming 
language. P is a set of production rules that defines how 
the symbols can be combined to form patterns or 
objects. This is similar to phrases or clauses as per 
grammar rules in English. S is a specially designated 
starting symbol (or root), similar to a sentence in English 
and in a programming language. The set of sentences 
that are recognized as valid by the grammar G is called 
a language, L(G). 
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Shape-matching Algorithms 
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String-matching Algorithms 
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Contd… 
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Rule-based Algorithms 
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Graph-based Approach 
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Algorithm 

• Two graphs are said to be same or 

identical if  

1. the vertices are the same,  

2. the edges are the same,  

3. the incidence functions are the same, and  

4. the indegree and outdegree of each 

vertex in the two graphs are same. 
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EVALUATION OF CLASSIFIER 

ALGORITHMS 

 

• Separate training/test sets This is one of 

the simplest methods for testing the 

classifier. The dataset is separated into 

two sets. One of them is called training 

set. The other set, called the test dataset, 

is used for testing the performance of the 

classifier.  
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k-fold cross validation 

 

• k-fold cross validation Another popular method that is 
used frequently is cross validation. k-fold cross validation 
is an improvement over the previous method. k is an 
integer and is generally taken as 10. The dataset is 
divided equally into k subsets. For example, if the 
dataset has 100 instances, then 10 datasets are created 
with 10 instances each. Each time a classifier is tested, k 
− 1 subsets are together considered as the training set 
and the remaining one set is treated as the test dataset. 
The process is then repeated for k trials. The overall 
performance of the classifier is the average error of 
misclassification of the classifier across all k trials.  
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Leave-one-out cross validation  

 

• Leave-one-out cross validation This is also 

called N-folding or jack-knifing technique. This is 

an extreme form where every instance is 

considered as a dataset. Then the N classifiers 

are generated and each of them is used to 

classify the single instance. The amount of 

computation involved is very large and therefore, 

this method is considered unsuitable for many 

real-world applications.  
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• Accuracy This indicates the ability of the classifier to predict 
unknown instances. 

• Classification time This is the time the classifier takes for 
constructing the model (learning time) and the actual time taken for 
classification of an unknown instance (testing time). Lesser the 
learning time, more preferable the model. 

• Robustness The classifiers are known to be unstable. Noise, 
outliers, and errors/missing data often result in misclassification. 
Therefore, robustness or immunity of the classifier towards noise or 
missing data is an important criterion for evaluating the classifier. 

• Scalable The classifier should be able to handle large datasets. 

• Goodness of fit This is the measure that indicates the quality of the 
model generated from a given training data. 
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BIOMETRICS CASE STUDIES  

• An independent biometric system has the 

following modules/stages:  

• 1. Sensor module  

• 2. Feature extraction module  

• 3. Pattern matching and decision module  

• 4. System database module 
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Types of biometrics 
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Face recognition  
• 1. Read the image.  

• 2. Calculate the covariance matrix.  

• 3. Apply PCA. PCA converts a set of faces of the training set to a 
single vector. This is described as     

• Here xi is the set of input faces, w is the weight, and yi is the output. 
The weight factors are eigen vectors of the covariance matrix of the 
training set. Complexity is reduced as PCA chooses very few 
principal components. The output yi represents the entire training 
set. This is called eigen image.  

• 4. Check the unknown target face image by projecting it onto an 
eigen space and comparing its position with the eigen face 
generated using the training set. If it is possible to match the 
position, declare the target face as valid. 
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Iris Recognition 
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Fingerprint Recognition 
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Signature Verification 
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CLUSTERING TECHNIQUES 
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Distance Measures 
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Hierarchical clustering methods 
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Clustering Algorithms 
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Complete-linkage algorithm  
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Average-linking algorithm  



© Oxford University Press 2011  



© Oxford University Press 2011  



© Oxford University Press 2011  

 

Partitional methods 
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Cluster Evaluation Methods  
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