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D. Vidhya
 

Abstract-Rough set deals the mathematical approach to 

uncertain knowledge. It has many interesting applications in the 

area of machine learning, decision analysis, pattern recognition 

etc., A fuzzy rough set is a generalization of a rough set, derived 

from the approximation of a fuzzy set. The focus of fuzzy rough 

set is to define lower and upper approximation from the universal 

set. This paper gives four operations of  open covers and three 

notions of covering principles in fuzzy rough set. Also 

investigates the relations of covers and principles. Finally 

combine the open covers and principles, find the relationship 

between them. 
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I. INTRODUCTION  

Authors [1], [6] and [7] said the concepts and 

properties of fuzzy sets, applications of fuzzy set and fuzzy 

topological spaces. Further various uncertainities that arise 

in the real world problems are solved by using rough set 

theory [3, 5], intuitionistic fuzzy rough set theory  [2] etc. S. 

Nanda and S. Majumdar [4] analysed the concept of fuzzy 

rough set. This paper introduces the concepts of types of 

fuzzy rough open cover and types of fuzzy rough covering 

principle. Some basic properties are also established. In 

particularly, the concept of relationship between them are 

discussed. 

 

II. PRELIMINARIES 

Definition 2.1 [4] 

 𝐹 =  𝐹𝐿 , 𝐹𝑈 and𝐵 =  𝐵𝐿 , 𝐵𝑈  in 𝑍,  

1) F = B if and only if μFL
 a = μBL

 a  for each 

a ∈ ZL  and μFU
 a = μBU

 a  for each a ∈ ZU . 

2) F ⊆ B if and only if μFL
 e ≤ μBL

 e for each 

e ∈ ZL  and μFU
 e ≤ μBU

 e for every e ∈ ZU . 

3) C = F ∪ B if and only if 

μCL
 r = max[μFL

 r , μBL
 r ] for all r ∈ ZL  and 

μCL
 r = max[μFL

 r , μB𝑈
 r ] for all r ∈ ZU . 

4) D = F ∩ B if and only if 

μDL
 f = min[μFL

 f , μBL
 f ] for all f ∈ ZL and 

μDU
 f = min [μF𝑈

 f , μU f ] for all f ∈ ZU . 

A complete lattice 𝐿 is for any indexed set 𝐽,   𝐻𝑖 : 𝑖 ∈ 𝐽  is 

𝐹𝑅𝑆(𝑍), 𝐸 =∪𝑖 𝐻𝑖 if and only if 𝜒𝐸𝐿
 𝑟 = 𝑠𝑢𝑝𝑖∈𝐽𝜒𝐻𝐿𝑖

(𝑟) for 

all 𝑟 ∈ 𝑍𝐿 and 𝜒𝐸𝑈
 𝑟 = 𝑠𝑢𝑝𝑖∈𝐽𝜒𝐻𝑈𝑖

(𝑟) for all 𝑟 ∈ 𝑍𝑈 .    

Similarly, 𝐹 =∩𝑖 𝐻𝑖  iff 𝜇𝐹𝐿
 𝑝 = 𝑖𝑛𝑓𝑖∈𝐼𝜇𝐻𝐿𝑖

(𝑝) for all 

𝑝 ∈ 𝑍𝐿and 𝜇𝐹𝑈
 𝑝 = 𝑖𝑛𝑓𝑖∈𝐼𝜇𝐻𝑈𝑖

(𝑝) for all 𝑝 ∈ 𝑍𝑈  for all 

𝑝 ∈ 𝑍𝑈 . 
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A complement 𝐺′ of 𝐺 is defined by  𝐺𝐿
′ , 𝐺𝑈 ′  of 𝜆𝐺𝐿

 𝑞 =

1 − 𝜆𝐺𝑈
 𝑞  for all 𝑞 ∈ 𝑍𝐿 and 𝜆𝐺𝑈

 𝑞 = 1 − 𝜆𝐺𝐿
 𝑞  for all 

𝑞 ∈ 𝑍𝑈 . 

 

Defintion 2.2 [8] 

 A fuzzy rough set  𝐾 =  𝐾𝐿 , 𝐾𝑈  in Z is defined by 

𝐾𝐿: 𝑋𝐿 → 𝐼 and 𝐾𝑈 : 𝑋𝑈  → 𝐼 with 𝐾𝐿(𝑥) ≤  𝐾𝑈(𝑥) for every 

𝑥 ∈ 𝑋𝑈 . The group of all fuzzy rough sets in Zis𝐹𝑅𝑆(𝑍). 

Definition 2.3 [8] 

 Any fuzzy rough topology on a rough set X is a 

family  T of fuzzy rough sets in X which satisfies the 

following conditions: 

1) 0 , 1 ∈ 𝑇 

2) If 𝐴, 𝐵 ∈ 𝑇 then 𝐴 ∩ 𝐵 ∈ 𝑇 and  

3) If 𝐴𝑗 ∈ 𝑇 for all 𝑗 ∈ 𝐽, then 

∪𝑗∈𝐽 𝐴𝑗 ∈ 𝑇. 

Therefore X together with topology T is called a fuzzy rough 

topological space. The members of T are open and its 

complement is closed. 

Defintion 2.4 [8] 

 𝑁 =  𝑁𝐿 , 𝑁𝑈 is called neighbourhood of 𝐴 =
 𝐴𝐿 , 𝐴𝑈  iff there exists fuzzy rough open set 𝐵 =
 𝐵𝐿 , 𝐵𝑈 such that 𝐴 ⊆ 𝐵 ⊆ 𝑁. 

 

III. FUZZY ROUGH OPEN COVERS SEQUENCE 

AND COVERING SEQUENCE PRINCIPLES 

This section introduces the types of rough open 

cover sequences and covering principles and discuss their 

characterizations and relationship between them. 

Definition 3.1 

A collection Σ =  𝐴𝑖 : 𝑖 ∈ 𝐽  of rough sets in X is fuzzy 

rough cover of 1 if ∪𝑖∈𝐽 𝐴𝑖 = 1 . Each members of Σ are open 

iff a collection Σ is  fuzzy rough open cover. 

 

Definition 3.2 

Each open cover has a finite subcover then the space is 

compact. 

 

Defintion 3.3 

If 𝐴𝑛 =   𝑥, 𝐴𝐿𝑚
, 𝐴𝑈𝑚

 : 𝑛, 𝑚 ∈ ℕ   for 𝑥 ∈

𝑋𝐴𝐿𝑚
, 𝐴𝑈𝑚

∈ [0,1] and 𝑛 = 𝑚 then  𝐴𝑛 𝑛∈ℕ is a fuzzy 

rough sequence. 

A. Fuzzy Rough Open Covers 

Definition 3.1.1 

     A covering sequence of a rough set 𝐷 =  𝐷𝐿 , 𝐷𝑈 is a 

collection Θ =   𝐴𝑛 𝑛∈ℕ 𝑘∈𝐽 if 

∪𝑘∈𝐽  𝐴𝑛 𝑛∈ℕ = 𝐷.   
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If each member of  𝐴𝑛 𝑛∈ℕ is open then Θ is said to be open 

cover sequence. 

Note 3.1.1 

𝔒denotes the collection of all fuzzy rough open cover 

sequence of a space X. 

Definition 3.1.2 

If 𝔒 have finite element then it is said to be a fuzzy 

rough open subcover sequence. It is simply denoted 𝔒𝑋
𝑓
. 

Defintion 3.1.3 

    If for each fuzzy rough open cover sequence 𝔒𝑓  has 

subcover sequence then the space is fuzzy rough compact 

sequence. 

Remark 3.1.1 

    Product of finitely many fuzzy rough compact sequence 

space is fuzzy rough compact sequence space. 

Definition 3.1.4 

𝔒 is said to be a locally finite open cover sequence if each 

fuzzy rough point has a neighbourhood that intersect only 

finitely many of the rough sets in fuzzy rough open cover 

sequence. It represents 𝔒𝑙𝑓 .  

Defintion 3.1.5 

    If each fuzzy rough point lies in only finitely many 

member in 𝔒 then 𝔒 is said to be a finite fuzzy rough point 

open cover sequence. This collection simply denoted by  

𝔒𝑝𝑓 . 

Remark 3.1.2 

    From Note 3.1.1, Definition 3.1.2, 3.1.4 and 3.1.5, 

𝔒𝑓 ⊆ 𝔒𝑙𝑓 ⊆ 𝔒𝑝𝑓 ⊆ 𝔒. 

B. Fuzzy Rough Covering Sequence Principles 

 

𝔄 and 𝔅 be families of fuzzy rough cover sequence. 

Definition 3.2.1 

     If for each  𝐶𝑛 𝑛∈ℕof member of 𝔄 there is a   𝐸𝑛 𝑛∈ℕ 

such that for each n,  𝐸𝑛 ∈ 𝐶𝑛  and  𝐸𝑛 𝑛∈ℕ is a member of 

𝔅 then the cover sequences is covering sequence principle. 

It is denoted by 𝑪𝑺𝑝 𝔄, 𝔅 . 

Definition 3.2.2 

     If each member of 𝔅 is contained in some member of 𝔄 

then we say that 𝔅 is fuzzy rough refinement of 𝔄. 

 

Definition 3.2.3 

     For every  𝑀𝑛 𝑛∈ℕ of member of 𝔄 there exists finite 
 𝑁𝑛 𝑛∈ℕsuch that for each n, 𝑁𝑛 ⊆ 𝑀𝑛and ∪  𝑁𝑛  𝑛∈ℕin 𝔅. 

We say that 𝔄 and 𝔅is finite covering principle 

𝑪𝑺𝑝𝑓𝑖𝑛  𝔄, 𝔅 . 

Definition 3.2.4 

     Finite union covering principle(𝑪𝑺𝑼𝑝𝑓𝑖𝑛  𝔄, 𝔅 ) is each 

 𝑃𝑛 𝑛∈ℕ of member of 𝔄 there is a  𝑄𝑛 𝑛∈ℕof finite sets such 

that for each n, 𝑄𝑛 ⊆ 𝑃𝑛  and  ∪ 𝑄𝑛 ∈ 𝔅. 

Remark 3.2.1 

𝔄, 𝔅, 𝔇 and be fuzzy rough cover sequences then the 

following conditions are valid. 

1) If 𝑪𝑺𝑝 𝔄, 𝔅 ⊆ 𝑪𝑺𝑝𝑓𝑖𝑛  𝔄, 𝔅 then 𝑪𝑺𝑝 𝔄, 𝔅 ⟹

𝑪𝑺𝑝𝑓𝑖𝑛  𝔄, 𝔅 . 

2) If 𝑪𝑺𝑝𝑓𝑖𝑛  𝔄, 𝔅 ⊆ 𝑪𝑺𝑼𝑝𝑓𝑖𝑛  𝔄, 𝔅 then 

𝑪𝑺𝑝𝑓𝑖𝑛  𝔄, 𝔅 ⟹ 𝑪𝑺𝑼𝑝𝑓𝑖𝑛  𝔄, 𝔅 . 

3)  If 𝑪𝑺𝑝 𝔄, 𝔅 ⊆ 𝑪𝑺𝑝𝑓𝑖𝑛  𝔄, 𝔅 then 𝑪𝑺𝑝 𝔄, 𝔅 ⟹

𝑪𝑺𝑼𝑝𝑓𝑖𝑛  𝔄, 𝔅 . 

Proof:  The Proof is direct from Definition 

3.2.1,3.2.3 and 3.2.4. 

Definition 3.2.5 

    Let Π be one of covering principles and 𝔇, 𝔈, 𝔉 and ℌbe 

cover sequences. Define 

1) if𝔇 ⊆ 𝔉 then Π 𝔇, 𝔈 ⟹ Π 𝔉, 𝔈 . 

2) if𝔈 ⊆ ℌ then Π 𝔇, 𝔈 ⟹ Π 𝔉, ℌ . 

We say that Π is antimonotonic in the (1)and monotonic in 

the (2). These relations are indicated by the following 

diagram 1.1, where an arrow denotes an implication in the 

direction of the arrow: 

 

 

 
 

Figure 1 

Note 3.1 

For example considerΠ  be CSp(ℭ, 𝔈)then Figure 2 is 

illustrated : 

 

 
Figure 2 

Similarly the rest of principlesCSpfin and CSUpfin : 

 

Figure 3 
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Figure 4 

The summary of this section can be illustrated in figure 5 

below. 

 
Figure 5 

IV. RELATIONSHIP BETWEEN TYPES OF 

FUZZY ROUGH OOPEN COVER SEQUENCES AND 

COVERING SEQUENCE PRINCIPLES 

𝔄and𝔅 represents one of the open covers of 𝔒𝑓or 𝔒𝑙𝑓  or 

𝔒𝑝𝑓  or 𝔒. Consider 𝑪𝑺𝑝 𝔄, 𝔅 ⊆ 𝑪𝑺𝑝𝑓𝑖𝑛  𝔄, 𝔅 and 

𝑪𝑺𝑝𝑓𝑖𝑛  𝔄, 𝔅 ⊆ 𝑪𝑺𝑼𝑝𝑓𝑖𝑛  𝔄, 𝔅 . Figure 6 is the combinations 

of open covers and covering principles   

 
Figure 6 

V. CONCLUSION 

The figure 6 is also extended in soft fuzzy set, 

intuitionistic fuzzy set, fuzzy soft set etc. The concepts 

which are discussed in this paper have wide applications in 

network, printing technology and medical image processing.  
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