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ABSTRACT 

Rough Set Theory is a fairly new concept that has found applications to various soft computing techniques. It 

offers a set theory approach to manage the uncertainty in data systems. It has been used for the discovery of data 

dependencies, importance of features, patterns in sample data, feature space dimensionality reduction, and the 

classification of objects. Objects can be classified by means of their attributes when considered in the context of 

an approximation space. The Near Sets represent a generalization of Rough Sets. It presents a nearness approach 

to classifying objects. In this paper we present an overview of basics of rough sets and near sets along with their 

application to face recognition problem.  
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I. INTRODUCTION 

Rough set theory [2, 3, 4, 5] introduced by Z. Pawlak in 1991, is one of the new approaches towards 

soft computing finding a wide application today. Rough Set Theory manages the vagueness in a data 

system and has been successfully used to formulate the rules. These rules can be used to discover the 

hidden patterns in data. In addition, Rough Set methods can be used to classify new samples based on 

what is already known. Unlike other computational intelligence techniques, Rough Set analysis 

requires no external parameters and uses only the information presented in the given data. Briefly, 

Pawlak suggested that Rough Set when used as a classifier, objects can be classified by means of their 

attributes [1]. By way of extension of Pawlak’s approach to classification, Near Set is an approach to 

solving the problem of what it means for objects with common features to be near each other 

qualitatively but not necessarily spatially.  

Near Sets presents a nearness approach to classifying objects. It harkens back to the original 1981 

paper by Z. Pawlak, who pointed out that exact classification of object is often impossible [1]. Thus 

near Sets represent a generalization of the approach to the classification of objects introduced by Z. 

Pawlak.  

From a Rough Sets point-of-view, the main focus is on the approximation of sets with non-empty 

boundaries. In contrast, in a Near Sets approach to set approximation, the focus is on the discovery of 

Near Sets in the case where there is either a non-empty or an empty approximation boundary. Object 

recognition problems, especially in images [10, 11 and 22] using the nearness of objects have 

motivated the introduction of Near Sets. 

In this paper we are providing an overview of a Rough Set and general theory of nearness of objects 

in a Near Set approach to set approximation.   

The paper is organized as follows. Section 2 presents an overview of Rough Set theory. Section 3 

presents an overview on the concept of Near Sets. Section 4 describes the use of both Rough Set 

theory and Near Set in feature selection. Section 5 briefs on the application of set approximation 

approach from Rough Sets and Near Set to face recognition followed by conclusion. 

II. ROUGH SETS 

An approach put forth by mathematician Z. Pawlak in the beginning of the eighties, Rough Sets have 

come up as a mathematical tool to treat the vague and imprecise data. Rough Set Theory is similar to 
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Fuzzy Set Theory in many aspects. However the uncertainty and imprecision is expressed by the 

Boundary Region of a set, as opposed to the Partial Membership as in Fuzzy Set Theory. Rough Set 

concept is generally defined by means of interior and closure topological operations known as 

Approximations [1]. 

Fuzzy Sets are defined by employing the Fuzzy Membership Function involving advanced 

mathematical structures, numbers and functions. Rough Sets are defined by topological operations 

called Approximations, thus the definition requires some advanced mathematical concepts. 

Moreover, like other computational intelligence techniques, Rough Set analysis requires no external 

parameters and uses only the information presented in the given data. An attractive feature of Rough 

Set theory is that it can predict whether the data is complete or not, based on the data itself. If the data 

is incomplete, it suggests more information about the object is required. On the other hand, if the data 

is complete, Rough Sets can determine whether there are any redundancies in the data and find the 

minimum data needed for classification. This property of Rough Sets is very important for 

applications where the domain knowledge is very limited or data collection is expensive or laborious 

since it makes sure the data collected is just sufficient to build a good classification model without 

sacrificing the accuracy and without wasting time and effort to gather extra information about the 

objects [3, 4 and 5]. 

The uncertainty and imprecision in is expressed by a boundary region of a set. It deals with the 

approximation of an arbitrary subset of a universe by two definable or observable subsets called 

Lower and Upper Approximations of a Rough Set. By using the concepts of Lower and Upper 

Approximations in Rough Set theory, the knowledge hidden in information systems can be explored 

and correct decisions could be derived. 

In RST, information about the real world is expressed in the form of an information table. An 

information table can be represented as a pair� = (�, �), where, � is a non-empty finite set of 

objects called the universe and � is a non-empty finite set of attributes such that information function  

�	: � → �	 , for every � ∈ �. The set �	  is called the value set of a.  Furthermore, a decision system is 

any information table of the form � = (�, � ∪ ���), where � ∉ �  is a decision attribute. For every 

set of attributes � ⊆ �, an indiscernibility relation ���(�) is defined in the following way: two 

objects, �� and ��, are indiscernible by the set of attributes  � ⊆ �, if �(��) = ���� for every � ⊆ �. 

The equivalence class of ���(�)  is called elementary set in b because it represents the smallest 

discernible groups of objects. For any element xi of u, the equivalence class of xi in relation ���(�)  

is represented as!��"#$%(&). The notation !�"&   denotes equivalence classes. Thus the family of all 

equivalence classes, partition the universe for all b will be denoted by  � � '  . This partitions induced 

by an equivalence relation can be used to build new subsets of the universe. The construction of 

equivalence classes is the first step in classification with Rough Sets.  

Rough Membership Function 

Rough sets can also be defined by Rough Membership Functions instead of Approximation. A rough 

membership function (rmf) makes it possible to measure the degree that any specified object with a 

given attribute values belongs to a given decision set x. let,  � ⊆ � and let x be a set of observations 

of interest. The degree of overlap between x and !�"&   containing x can be quantified with an rmf 

given by: 

()
&: → !0,1"                (1) 

()
&(�) =

|!-".∩)|
|!-".|

            (2) 

where, |· | denotes the cardinality of a set. The rough membership value ()
& may be interpreted as the 

conditional probability that an arbitrary element x belongs to X given B. The decision set x is called a 

generating set of the rough membership  ()
&. Thus Rough Membership Function quantifies the degree 

of relative overlap between the decision set x and the equivalence class to which x belongs.  
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III. NEAR SET 

Near set is a special theory about Nearness of objects. It was first presented by James Peter in the year 

of 2006 and was formally defined in 2007. It represents a generalization of the approach to the 

classification of objects introduced by Z. Pawlak during the early 1980s. Like Fuzzy Sets and Rough 

Sets which instead of contracting complement each other, Near Sets and Rough Sets are also like two 

sides of the same coin. The various different domains where the Near Set has been successfully 

applied are: feature selection [14], object recognition in images [11 and 24], image processing [10], 

granular computing [13 and 19] face recognition [20 and 21] and in various forms of machine 

learning [1, 12, 13, 16, 15, 17 and 18]. 

In Near Sets theory, each object is described by a list of feature values. The word feature corresponds 

to an observable property of physical objects in our environment. For instance, for a feature like the 

nose of a human face, the feature values would be nose length or nose width. Comparing this list of 

feature values, similarity between the objects can be determined and can be grouped together in a set, 

called as Near Sets. Thus Near Set theory provides a formal basis for the observation, comparison and 

recognition/classification of objects. The nearness of objects can be approximated using Near Sets. 

Approximation can be considered in the context of information granules (neighbour hoods). Any 

approximation space is a tuple given in equation (3) 

 

�0 =  (�, ℱ, 2)                   (3) 

 

where ℱ is a covering of finite universe of object �, i.e., ⋃ ℱ = �  and  2: 4(�) × 4(�) → !0,1"                              
 

maps a pair of set to a number in !0,1" representing the degree of overlap between the sets and  4(�) 

is a power set of � [4]. For a given approximation space  �0 =  (�, ℱ, 2), we define a binary link 

relations 6789ℱ  ⊆ � . 

For any, : ⊆ �, ℱ-lower approximation of :, and  ℱ-upper approximation of :  is defined 

respectively by (4) and (5). 

 

ℱ∗: = ⋃�< ∈ ℱ|2(:, <) = 1�,        (4) 

 

 ℱ∗: = ⋃�< ∈ ℱ|2(:, <) > 0�,       (5) 

 

The lower approximation of a set X is the set of all objects, which can be for certain classified as X. 

The upper approximation of a set X is the set of all objects which can be possibly classified as X. 

The lower and upper approximations of a set lead naturally to the notion of a boundary region of an 

approximation. Thus, the lower- and upper- approximations result in an increase in the number of 

neighbourhoods used to assess the nearness of a classification [2]. 

Overlap Function 

Earlier we have seen the concept of rough membership function in the context of Rough Set, used to 

measure the degree of overlap. In Near Set, it is now possible to formulate a basis for measuring 

average; the degree of overlap between Near Sets. Let X, Y defined in terms of a family of 

neighborhoods Nr(B). There are two forms of the overlap function. 

( ) ( )
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Coverage ( )YXBN r
,)(ν  is used in case where it is known that YX ≤ . For example coverage can be 

used to measure the degree that a class [ ]
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is called lower coverage. 

IV. FEATURE SELECTION 

Practical outcomes of the family of soft computing tools are feature selection. In Rough Sets the task 

of feature selection requires choosing the smallest subset of conditional features so that the resulting 

reduced dataset remains consistent with respect to the decision feature. The reduction of attributes is 

achieved by comparing equivalence relations generated by sets of attributes. Attributes are removed 

so that the reduced set provides the same predictive capacity of the decision feature as the original. A 

reduct is defined as a subset of minimal cardinality Rmin of the conditional attribute set such that  

R={X:X⊆C,γX(D)=γC(D)}       (9) 

Rmin = {X : X ϵ R, ∀Y ϵ R, |X| ≤ |Y|}   (10) 

CORE(Rmin) = I  Rmin               (11) 

The intersection of all the sets in Rmin is called the core, the element of which are those attributes that 

cannot be eliminated from the set without changing the original classification to the dataset. Clearly 

each object can be uniquely classified according to the according to the attribute values remaining. 

Feature selection is also one of the important aspects Near Set approach. Here each partition 

ξ@,�A  contains classes defined by the relation ∼�A . The classes in each ξ @, �A    ∈  �A(B) with 

information content greater than or equal to some threshold th are of interest. The basic idea here is to 

identify probe functions that lead to partitions with the highest information content, which occurs in 

partitions with high numbers of classes. In effect, as the number of classes in a partition increases, 

there is a corresponding increase in the information content of the partition.  

V. FACE RECOGNITION WITH ROUGH SET AND NEAR SET 

Rough Set theory has been employed by K. Singh et. al., [20] for face recognition using only 

geometrical features. The ADNN rough neural network [20] employed is built from approximation 

and decider neuron using the concept of rough sets.  

Literature cites that Rough Sets have been successfully used with other theories to build up a hybrid 

system. Yun et al. [6] used rough-support vector machine integration and developed the Improved 

Support Vector Machine (ISVM) algorithm to classify digital mammography images, where Rough 

Sets are applied to reduce the original feature sets and the support vector machine is used classify the 

reduced information. 
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Based on geometric feature and appearance feature, there are a few works been done on facial 

expression recognition using Rough Set and support vector machine. Chen et al. [7] proposed a novel 

approach based on Rough Set theory and SVM by considering only geometric features. 

Later, S. Gupta et. al.[21], extended ADNN [20] for face recognition, with Near Set for facial feature 

selection. The algorithm used to find partition selection and then to select the best features which can 

be fed to the SVM classifier. Using near set author has presented how the chosen features can affect 

the accuracy of face recognition system. Results shows that number of support vectors and margin are 

maximum when the feature with largest average near coverage (
−

v ) is chosen for face recognition. It 

has also been shown that better recognition accuracy can be achieved with nose width as selected 

feature [21]. 

VI. CONCLUSION 

An overview of different approaches to deal with uncertainties has been provided in this paper. While 

Rough Sets provide a powerful tool to objects classification by means of their attributes, Near Sets 

present a nearness approach to classifying objects. We have also seen how feature selection can be 

achieved with these two approaches. Both theories have found rapidly increasing applications in many 

areas. We explored the implementation of the two approaches in a face recognition system. Both 

approaches will find more applications to intelligent systems. On this basis we present a study for the 

reader to understand and differentiate clearly between the two approaches. 
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