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Abstract 
Picture fuzzy set (PFS) is a dilation of fuzzy set and intuitionistic fuzzy set (IFS), which works more 
fruitful in uncertain scenarios with answers to type: yes, no, abstain and re- fusal. The picture fuzzy 
set presents a constructive tool to paradigm uncertainty in real life circumstances, in which IFS is 
deficient to show admissible results. A new concept of Temporal picture fuzzy sets (TPFS) is given as 
a generalization of fuzzy sets and IFSs in time based domain. The basic distance and similarity 
measures in PFSs are extended in temporal domain. 
Keywords: Picture fuzzy set, temporal picture fuzzy set, temporal picture fuzzy distance measure and 
temporal picture fuzzy similarity measure. 

抽象的 

图片模糊集 (PFS) 是模糊集和直觉模糊集 (IFS) 的扩展，它在不确定的场景中更富有成效，可

以回答类型：是、否、弃权和拒绝。 图片模糊集为现实生活环境中的范式不确定性提供了㇐

种建设性工具，其中 IFS 缺乏显示可接受的结果。 时间图像模糊集 (TPFS) 的新概念是模糊

集和 IFS 在时域中的推广。 PFS 中的基本距离和相似性度量在时域中进行了扩展。 

关键词：图像模糊集、时间图像模糊集、时间图像模糊距离测度和时间图像模糊相似度测度 

1 Introduction 
In real environment, the information available in 
everyday life are often vague and uncer- tainty is 
almost a predominant factor. This can be 
resolved with help of applying fuzzy sets (FSs) 
introduced by L.A.Zadeh [14]. In FSs 
membership values are permitted from 0 to 1 
instead of the crisp characteristic values 0 and 1. 
Also, it is often uncertain that non-membership 
is just a complement to one of the membership 

value and K.T.Atanassov defined the concept of 
IFSs including non-membership and the 
hesitation degree as second and third component 
[2, 3]. A temporal data denotes the evolution of 
an object over a period of time and it changes 
over time. In real life, things differ over a period 
of time. For example, if a patient is in need of 
doctor to diagnose the disease knowing the past 
history to predict the patient’s prospects. 
Conventional methods are applied to deal 



2324 
 
 

 
 
 

temporal data by taking in account the time spans 
of events that can be represented in a convincing 
manner. Real-time problems are often associated 
by vague temporal boundaries, which needs 
generalised notions of existing methods. 
Temporal fuzzy sets are taken into consideration 
to paradigm the dynamics of a physical system 
where temporal intuitionistic fuzzy sets (TIFSs) 
helps to predict the changes of over various time 
moments from a time scale and permits the 
estimation of the real time process flowing in 
time. In the last few decades, fuzzy sets along 
with crisp sets, plays an noteworthy factor in 
modeling real time systems. The membership 
functions used in regulating the system paved 
way for defining TIFSs defined by 
K.T.Atanassov. Temporal logic was discussed 
by E.Karavaev (1983). Later, temporal 
intuitionistic fuzzy logic, temporal intuitionistic 
fuzzy relation (TIFR) and various types of IFSs 
including multi- dimensional intuitionistic fuzzy 
sets were introduced. In few situations, there may 
be more than one parameter in the temporal data 
which consequently needs an extension. Multi-
parameter TIFSs prevail over the difficulty in 
handling temporal data with more than one 
parameter. In real world problem for voting 
system using intuitionistic fuzzy set the choice of 
voting for non-candidates may be neglected. To 
prevail over, Cuong and Kreinovich formulated 
idea of PFS which is a generalization of FS and 
IFS. 
 
Need for TPFS: 
The major flaw of IFS is lacking of neutral 
degree. For instance, the persons who consider 
the voting for a candidate problem. IFS considers 
only on the persons who vote for or vote against, 
admit the voters who abstain and refusal in the 
same domain. When a person refuses to vote, it 

means that he/she is not concerned about voting 
in the election. Normally, the voting can be 
categoried as vote for, vote against, abstain and 
refusal. Here, abstain rejects both for and against 
and still undergo voting, whereas the refusal 
group contains either invalid vote or vote by 
passing. This inherent drawback leads to the idea 
of PFSs. 
PFS considers the concept of degree of positive 
membership, degree of neutral membership and 
degree of negative membership of an element. 
Due to current increase in population, elections 
are conducted in different phases, different time 
periods also come into play. Hence, we are in 
need of temporal PFS. We aim to introduce new 
TPFSs and develop some important distance and 
similarity measures [7, 10, 12, 13]. 
Enormous research works were carried out in 
PFSs [4, 6]. Cuong suggested various properties 
of PFS and ranking among two PFSs based on 
distance measure [5]. Cuong and Hai elucidated 
about fuzzy logic operators for PFSs [8]. Son 
gave some generalized picture distance measure 
and applications to picture fuzzy clustering [11]. 
The paper is organised as shown. Some basic 
introductory about IFSs, TIFSs and PFSs are 
explained in Section 2. Distance measures for 
TPFSs are defined with appropriate examples are 
provided in section 3. Similarity measures for 
TPFSs and their relationship with distance 
measures are explained in Section 4. Section 5 
discusses interval valued temporal picture fuzzy 
set. Finally, the paper concludes with section 6. 
 
2 Preliminaries 
Definition 2.1  [1] Let X be a non-

empty universal set.  An intuitionistic 

fuzzy set (IFS) M in X is an object with 

M = {⟨x, µM (X), νM (X)⟩/x ∈ X} where 
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i=1 

µM : X → [0, 1] and νM : X → [0, 1] 

with 0 ≤ µM (x) + νM (x) ≤ 1 for all x ∈ X 

represents the degrees of membership and 

non- membership of the element x to the 

IFS M . For each IFS, the intuitionistic 

index or hesitancy degree of x in X to 

the IFS M is πM (x) = 1 − µM (x) − νM 

(x). 

Definition 2.2 [3] Let E be the set of 

universe and T represents non-empty set 

for time. Then, a temporal intuitionistic 

fuzzy set (TIFS) of the form 

 
M (T ) = {⟨x, µM (x, t), νM (x, t)⟩/(x, 

t) ∈ E × T } 
 
where 

 
1. M ⊂ E is a fixed set. 

2. µM (x, t) and νM (x, t) provides the 

degrees of membership and non-

membership values respectively of 

the element (x, t) such that sum of 

membership and non- membership 

values lies between 0 and 1. 

 

Definition 2.3 [9] Let E be the 

Universe of discourse, T be a non-

empty set of time moments and P = (P1, 

P2, · · · Pn),Pi, i = 1, 2, . . . , n are distinct 

sets of parameters on which E depends. 

Let p be an n−tuple (p1, p2, · · · pn), 

where pi  ∈ Pi,  i = 1, 2, . . . , n.   Then a  

multi-  parameter 

temporal  intuitionistic  fuzzy  set  (MTIFS)  
defined  on  E  is  an  object  denoted  by  M 
(T, P )  = 

{⟨x, µM (x, t, p), νM (x, t, p)⟩/(x, t, p) ∈ E × 

T × 
Qn

 

Pi} 
where 
 
(i) M ⊂ E is a fixed set. 
(ii) µM (x, t, p) and νM (x, t, p) denote 
membership and non-membership values 
respectively of 
  
the element (x, t, p) ∈ E × T × Qn 
  
Pi such that 0 ≤ µM (x, t, p) + νM (x, t, p) ≤ 1 for 
all 
  
(x, t, p) ∈ E × T × Qn Pi. 
 
Definition 2.4 [1] Let X be a non-empty set. A 
PFS M˙ in X is given as follows:  M˙ = 
{⟨x, µM˙(X), ηM˙(X), νM˙(X)⟩/x ∈ X}, µM˙: X 
→ [0, 1],ηM˙: X → [0, 1] and νM˙: X → [0, 1] 
with 0 ≤ µM˙(x) + ηM˙(x) + νM˙(x) ≤ 1 for all x 
∈ X represents respectively positive degree, 
neutral degree and negative degree of each 
element x to the PFS M˙.  The refusal degree of 
the element x in X to the PFS M is ξM˙(x) = 1 − 
µM˙(x) − ηM˙(x) − νM˙(x). 
The pictorial representation of PFS is shown in 
Figure 1. 
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Figure 1: Graphical representation of PFS 

  
Definition 2.5 (Hamming and Euclidean distance 
measures in PFSs) 
Let PFS(X) denotes the power set defined on the 
universe X. Consider R˙ and S˙ are defined in 
PFS(X). Then, distance measures like Hamming, 
Euclidean, normalized Hamming and nor- 
malized Euclidean between them are given by: 
ΣN 
dEP (R˙, S˙) = 
 N 
[(µR˙(xi) − µS˙(xi))2 
  
+ (ηR˙(xi) − ηS˙(xi))2 
  
+ (νR˙(xi) − νS˙(xi))2] 
  
i=1 
 
dNHP (R˙, S˙) = 1 
  
 
N 
[|µR˙(xi) − µS˙(xi)| + |ηR˙(xi) − ηS˙(xi)| + 
|νR˙(xi) − νS˙(xi)|] 
 i=1 
s 1   ΣN 2 2  2 

 
Definition 2.6 (Modified Hamming and 
Euclidean distance measures in PFSs) 
Let PFS(X) denotes the power set defined on the 
universe X. Consider R˙ and S˙ are defined in 
PFS(X). then, Modified distance measures 
Hamming distance measure, Euclidean distance 
measure, normalized Hamming distance measure 
and normalized Euclidean distance measure 
between them are as follows: 
1  ΣN 
 
N 
dEP (R˙, S˙) = 3 
  
[(µR˙(xi) − µS˙(xi))2 
  
+ (ηR˙(xi) − ηS˙(xi))2 
  
+ (νR˙(xi) − νS˙(xi))2] 
  
i=1 
 
N 
dNHP (R˙, S˙) = 3N 
  
[|µR˙(xi) − µS˙(xi)| + |ηR˙(xi) − ηS˙(xi)| + 
|νR˙(xi) − νS˙(xi)|] 
  
i=1 
   
dNEP (R˙, S˙) = 
  
N 
1 [(µR˙(xi) − µS˙(xi))2 
  
+ (ηR˙(xi) − ηS˙(xi))2 
  
+ (νR˙(xi) − νS˙(xi))2] 
  



2327 
 
 

 
 
 

i=1 
 
Notations: Throughout this chapter, the 
following notations are implied unless otherwise 
spec- ified: 
Let X = {x1, x2, . . . , xn} denotes the finite set 
of universe, T = {t1, t2, . . . , tm} be the finite 
time domain and (x, t) ∈ X × T. Also, let 
TPFS(X, T ) be the collection of all TPFSs on X  
and T and R˙(T ) and S˙(T ) are any two TPFSs 
defined on X and T. 
 
3 Distance measures in TPFSs 
 
In this section, definitions of TPFS and MTPFS 
are presented. Further, different types of 
distances between TPFSs are defined and their 
properties are discussed. 
Definition 3.1 Let X be the Universe of 
discourse, T be a non-empty set of time 
moments. A TPFS  M˙in X  is given as follows, 
M˙= {⟨x, µM˙(x, t), ηM˙(x, t), νM˙(x, t)⟩/x ∈ X}, 
µM˙: X × T  → [0, 1], ηM˙: X × T → [0, 1] and 
νM˙: X × T → [0, 1] with 0 ≤ µM˙(x, t) + ηM˙(x, 
t) + νM˙(x, t) ≤ 1 for all x ∈ X represents 
respectively positive degree, neutral degree and 
negative degree of each element x to the TPFS 
M˙. The refusal degree of the element x in X to 
the TPFS M is ξM˙(x, t) = 1 − µM˙(x, t) − ηM˙(x, 
t) − νM˙(x, t). 
Definition 3.2 Let E be the Universe of discourse, 
T be a non-empty set of time moments and P  = 
(P1, P2, · · · Pn),Pi,  i = 1, 2, . . . , n are distinct 
sets of parameters on which E  depends.  Let p be 
an n−tuple (p1, p2, · · · pn), where pi ∈ Pi, i = 1, 
2, . . . , n. Then a multi- parameter temporal 
picture fuzzy set (MTPFS) defined on E is an 
object denoted by 
  

M (T, P ) = {⟨x, µM (x, t, p), ηM (x, t, p), νM (x, 
t, p)⟩/(x, t, p) ∈ E × T × Qn 
 Pi} 
 where 
(i) M ⊂ E is a fixed set. 
(ii) µM (x, t, p), ηM (x, t, p) and νM (x, t, p) 
denote positive degree, neutral degree and 
negative 
  
degree of each element (x, t, p) ∈ E × T × Qn 
  
Pi such that 0 ≤ µM (x, t, p) + ηM (x, t, p) + 
  
νM (x, t, p) ≤ 1 for all (x, t, p) ∈ E × T × Qn Pi. 
The refusal degree of the element x in X to the 
PFS M is ξM˙(x) = 1 − µM˙(x) − ηM˙(x) − 
νM˙(x). 
 

 
Figure 2: Graph of Temporal Picture Fuzzy Set 

Strong 
 
Note : Figure 2 shows the graph of Temporal 
picture fuzzy set strong regarding population. 
Distance measures are defined to find out the 
difference among two sets which belongs to 
same universe. Also, the distance measures are 
illustrated with numerical examples. 
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Through out this section, assume R˙(T ), S˙(T ) 
and C˙(T ) are TPFSs defined on X = {x1, x2, · · 
· xn} along with a time domain T .Then, the 
Hamming distance, Normalised hamming 
distance, Eu- clidean distance and Normalised 
Euclidean distances are defined as follows: 
Definition 3.3 (Hamming distancedH in TPFSs) 
Case I: When R˙(T ) and S˙(T ) are defined in the 
same time domain T = {t1, t2, · · · tm}, 
n    m 
dH (R˙(T ), S˙(T )) =  3 [|µR˙(xi, tj) − 
µS˙(xi, tj)| + |ηR˙(xi, tj) − ηS˙(xi, tj)| + |νR˙(xi, tj) 
− νS˙(xi, tj)|] 
i=1 j=1 
Case II: When R˙(T J) and S˙(T JJ) have the time 
domains TJ and T JJ where TJ, T JJ ⊂ T  and 
 TJ ∪ T JJ = T and T = {t1, t2, · · · tm}, 
dH (R˙(T J), S˙(T 
 n    m 
JJ)) = 3 
 m                                             
[|µR˙(xi, tj) − µS˙(xi, tk)| + |ηR˙(xi, tj) − ηS˙(xi, 
tk)| + |νR˙(xi, tj) − νS˙(xi, tk)|] 
  
i=1 j=1 k=1 
 
Case  III:   When  R˙(T J)  and  S˙(T JJ)  have  
different  time  domains  TJ  = {tJ1, tJ2, · · · tJm 
{tJ1J, t2JJ, · · · tpJJ}, 
  
} and T JJ = 
 n    m     p 
dH (R˙(T J), S˙(T JJ)) =  1  Σ Σ  Σ [|µR˙(xi, tjJ ) 
− µS˙(xi, tJkJ)| + |ηR˙(xi, tJj ) − ηS˙(xi, tkJJ)| + 
|νR˙(xi, tJj ) − νS˙(xi, tJJ)|] 
i=1 j=1 k=1 
 
Definition 3.4 (Normalized Hamming distance 
dNH in TPFSs) 

Case I: When R˙(T ) and S˙(T ) have the same 
time domain T = {t1, t2, · · · tm}, 
n    m 
dNH (R˙(T ), S˙(T )) = 3mn [|µR˙(xi, tj ) − 
µS˙(xi, tj )| + |ηR˙(xi, tj ) − ηS˙(xi, tj )| + |νR˙(xi, 
tj ) − νS˙(xi, tj )|] 
i=1 j=1 
 
Case II: When R˙(T J) and S˙(T JJ) have the time 
domains TJ and T JJ where TJ, T JJ ⊂ T  and 
TJ ∪ T JJ = T and T = {t1, t2, · · · tm}, 
dNH (R˙(T J), S˙(T 
 n    m 
JJ)) = 3nm2 
 m                                            
[|µR˙(xi, tj) − µS˙(xi, tk)| + |ηR˙(xi, tj) − ηS˙(xi, 
tk)| + |νR˙(xi, tj) − νS˙(xi, tk)|] 
  
i=1 j=1 k=1 
 
Case  III:  When  R˙(T J)  and  S˙(T JJ)  have  
different  time  domains  TJ  =  {tJ1, tJ2, · · · tJm 
{tJ1J, t2JJ, · · · tpJJ},then 
 } and T JJ = 
  
n    m     p 
dNH (R˙(T J), S˙(T JJ)) =     1      Σ Σ  Σ [|µR˙(xi, 
tjJ ) − µS˙(xi, tJJ)| + |ηR˙(xi, tJj ) − ηS˙(xi, tkJJ)| 
+ |νR˙(xi, tjJ ) − νS˙(xi, tJJ)|] 
i=1 j=1 k=1 
Definition 3.5 (Euclidean distance dE in TPFSs) 
Case I: When R˙(T ) and S˙(T ) have the same 
time domain T = {t1, t2, · · · tm}, dE(R˙(T ), S˙(T 
)) 
 s 1   Σn 
 m 
[(µR˙(xi, tj ) − µS˙(xi, tj ))2 
  
+ (ηR˙(xi, tj ) − ηS˙(xi, tj ))2 
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+ (νR˙(xi, tj ) − νS˙(xi, tj ))2] 
 i=1 j=1 
Case II: When R˙(T J) and S˙(T JJ) have the time 
domains TJ and T JJ where, TJ, T JJ ⊂ T and 
TJ ∪ T JJ = T and T = {t1, t2, · · · tm}, 
dE (R˙(T ′), S˙(T ′′)) 
 s 1   Σn 
  Σm    Σm 
 [(µR˙(xi, tj) − µS˙(xi, tk))2 
+ (ηR˙(xi, tj) − ηS˙(xi, tk))2 
+ (νR˙(xi, tj) − νS˙(xi, tk))2] Case 
 i=1 j=1 k=1 
  
III: When R˙(T J) and S˙(T JJ) have different 
time domains TJ = {tJ1, tJ2, · · · tJm 
dE (R˙(T ′), S˙(T ′′)) 
 } and T JJ = {tJJ, tJJ, · · · tJJ}, 
s 1   Σn 
Σm    Σp ′ ′′ 
Definition 3.6 (Normalized Euclidean distance 
dNE in TPFSs) Case I: When R˙(T ) and S˙(T ) 
have the same time domain T , 
dNE(R˙(T ), S˙(T )) 
 1 n 
3mn 
 m 
[(µR˙(xi, tj) − µS˙(xi, tj))2 
  
+ (ηR˙(xi, tj) − ηS˙(xi, tj))2 
  
+ (νR˙(xi, tj) − νS˙(xi, tj))2] 
  
i=1 j=1 
Case II: When R˙(T J) and S˙(T JJ) have the time 
domains TJ and T JJ where TJ, T JJ ⊂ T, TJ∪TJJ 
= T 
and T = {t1, t2, · · · tm}, then 
 
dNE(R˙(T ′), S˙(T ′′)) 
  

  
n    m 
= 3nm2 
  
m       
[(µR˙(xi, tj) − µS˙(xi, tk))2 
  
 
    
+ (ηR˙(xi, tj) − ηS˙(xi, tk))2 
  
 
    
+ (νR˙(xi, tj) − νS˙(xi, tk))2] 
  
i=1 j=1 k=1 
Case  III:  When  R˙(T J)  and  S˙(T JJ)  have  
different  time  domains  TJ  =  {tJ1, tJ2, · · · tJm 
{tJ1J, t2JJ, · · · tpJJ}, then 
dNE(R˙(T ′), S˙(T ′′)) 
  
} and T JJ = 
  
s      1        Σn 
  
  
Σm    Σp ′ ′′ 
  
 
′ ′′ 
  
 
′ ′′ 
  
 
 
 
Remark 1 The following results are drawn for 
Case I of the above distance definitions and can 
be generalized for other cases. 
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1. 0 ≤ dH(R˙(T ), S˙(T )) ≤ mn and 0 ≤ dE(R˙(T 
), S˙(T )) ≤ √mn. 
2. 0 ≤ dNH(R˙(T ), S˙(T )), dNE(R˙(T ), S˙(T )) 
≤ 1. 
3. The generalized distance measures are 
given by dGNH(R˙(T ), S˙(T )) 
  
n 
= 3mn 
  
m 
[|µR˙(xi, tj) − µS˙(xi, tj)|λ 
  
+ |ηR˙(xi, tj) − ηS˙(xi, tj)|λ 
  
+ |νR˙(xi, tj) − νS˙(xi, tj)|λ] 
  
i=1 j=1 
where λ ≥ 1 which reduces to dNH(R, S) as λ = 
1. 
4. When λ → ∞, dGNH(R˙(T ), S˙(T )) 
reduces to the Hausdorff based distance as 
d(R˙(T ), S˙(T )) = 
max[|µR˙(xi, tj) − µS˙(xi, tj)|, |ηR˙(xi, tj) − 
ηS˙(xi, tj)|, |νR˙(xi, tj) − νS˙(xi, tj)|] for all i = 1, 
2 · · · n and j = 1, 2, · · · m. 
  
Distance properties: 
Let X be the Universe and PFS(X, T ) denotes the 
set of all TPFSs defined on X and the time 
domain T . Let d : TPFS(X, T ) × TPFS(X, T ) → 
[0, 1]. Distance between R˙(T ) and S˙(T ), 
d(R˙(T ), S˙(T )) satisfies the following 
conditions: 
1. 0 ≤ d(R˙(T ), S˙(T )) ≤ 1 
2. d(R˙(T ), S˙(T )) = 0 if and only if R˙(T ) = 
S˙(T ) 3. d(R˙(T ), S˙(T )) = d(S˙(T ), R˙(T )) 
4. If R˙(T ) ⊂ S˙(T ) ⊂ C˙(T ) where R˙(T ), S˙(T 
), C˙(T ) ∈ PFS(X, T ), then 

d(R˙(T ), C˙(T )) ≥ d(R˙(T ), S˙(T )) and d(R˙(T 
), C˙(T )) ≥ d(S˙(T ), C˙(T )) 
3.1 Numerical  Example 
Example 1 Let X = {1, 2, 3, 4} with T = {t1, t2}. 
Assume R˙(T ) = {(0.3, 0.4, 0.3) + /1(0.2, 0.6, 
0.1)/2 + (0.4, 0.2, 0.1)/3 + (0.7, 0.1, 0.1)/4} at t = 
t1 
and {(0.2, 0.3, 0.2) + /1(0.1, 0.5, 0.3)/2 + (0.3, 
0.1, 0.5)/4} at t = t2. 
S˙(T ) = {(0.2, 0.6, 0.1) + /1(0.4, 0.2, 0.2)/2 + 
(0.3, 0.1, 0.5)/3} at t = t1 and 
{(0.1, 0.5, 0.3) + /1(0.3, 0.4, 0.2)/2 + (0.5, 0.1, 
0.3)/4} at t = t2. 
Then, using Case I, distances between the two 
TPFSs are calculated as shown: 
dH(R˙(T ), S˙(T )) = 1.3 dNH(R˙(T ), S˙(T 
)) = 0.1625 
dE(R˙(T ), S˙(T )) = 0.6350 dNE(R˙(T ), S˙(T 
)) = 0.1296. 
 
Example 2 Consider the set X = {1} with TJ = 
{t1, t3} and T JJ = {t1, t4}. Let R(TJ) = {(0.8, 
0.2)/1 at t = t1, (0.4, 0.5, 0.5)/1 at t = t3} and 
S(TJJ) = {(0.6, 0.2, 0.1)/1 at t = t1, (0.3, 0.5, 
0.2)/1 at t = t2}. 
Then, using Case II, distances between the two 
TPFSs are calculated as follows: 
dH(R˙(T J), S˙(T JJ)) = 0.7666 dNH(R˙(T 
J), S˙(T JJ)) = 0.0851 
dE(R˙(T J), S˙(T JJ)) = 0.6350 dNE(R˙(T 
J), S˙(T JJ)) = 0.1296. 
 
4 Similarity measures 
The similarity value between two sets is provided 
by similarity measures. In this section, to deal 
with time dependent objects, the similarity 
measure for IFSs and TIFSs based on distance 
measure of IFSs and TIFSs is extended to TPFSs. 
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Properties of similarity measures: Let TPFS(X, T 
) denotes  the  collection  of  TPFSs  all that are 
defined on the sets X and T . 
Assume R˙(T ), S˙(T ), C˙(T ) ∈ TIPFS(X, T ). 
Then, s : TPFS(X, T ) × TPFS(X, T ) → [0, 1] is 
called a similarity measure with following 
axioms satisfied. 
 
1. 0 ≤ s(R˙(T ), S˙(T )) ≤ 1 
2. s(R˙(T ), S˙(T )) = 1 iff R˙(T ) = S˙(T ) 3. 
s(R˙(T ), S˙(T )) = s(S˙(T ), R˙(T )) 
4. If R˙(T ) ⊂ S˙(T ) ⊂ C˙(T ), then s(R˙(T ), C˙(T 
)) ≤ s(R˙(T ), S˙(T )) and 
s(R˙(T ), C˙(T )) ≤ s(S˙(T ), C˙(T )) 
 
Definition 4.1 The degree of similarity
 among TPFSs R˙(T ) and S˙(T ) which 
satisfies the similarity measure axioms takes the 
form: 
 
 s(R˙(T ), S˙(T )) = 
 d(R˙(T ), S˙(T )) 
d(R˙(T ), S˙(T )) + d(R˙(T ), S˙(T )) 
  
where S˙(T ) denotes the complement of the TIFS 
S˙(T ) and the distances d(R˙(T ), S˙(T )) and 
 
d(R˙(T ), S˙(T )) are the normalized distance 
measures. 
 
Remark   2 1. The similarity measure 
measures both the similarity and dissimilarity 
between the TPFSs R˙(T ) and S˙(T ) 
2. s(R˙(T ), S˙(T )) = 0 indicates that the 
TPFSs R˙(T ) and S˙(T ) are completely 
dissimilar 
 
3. s(R˙(T ), S˙(T )) = 1 indicates similarity 
value between the TPFSs R˙(T ) and S˙(T ) is the 
highest 

4. A dual relationship always exists 
between the distance and similarity measures. 
That is, s(R˙(T ), S˙(T )) = 1 − d(R˙(T ), S˙(T )) 
for any two TPFSs R˙(T ) and S˙(T ) which 
shows that dissimilar TPFSs small distance 
between them. 
  
 
5 Interval valued temporal picture fuzzy set 
Definition 5.1 An Interval valued temporal 
picture fuzzy set (IVTPFS) R˙ on a discourse of 
universe X and time domain T is an object that 
takes : 
R˙ = {⟨x, MR˙(x, t), LR˙(x, t), NR˙(x, t)⟩/(x, t) ∈ 
XxT } where MR˙ : X → int[0, 1], LR˙ : X → 
int[0, 1]  and  NR˙: X  → int[0, 1]  and  MR˙(x, 
t) = [MAL˙(x, t), MAL˙(x, t)] ∈ int[0, 1]  which  
satisfies 0 ≤ SupMR˙(x, t) + SupLR˙(x, t) + 
SupNR˙(x, t) ≤ 1 for all (x, t) ∈ X × T. 
Note: The set of all in Interval valued temporal 
picture fuzzy set is denoted by IVTPFS(x,t) 
 
Definition 5.2 The temporal picture fuzzy 
relation R(T) is a temporal picture fuzzy set of 
R(T ) × S(T ) is an object having the form 
R(T ) = {⟨(x, y, t), µR˙(x, y, t), ηR˙(x, y, t), νR˙(x, 
y, t)⟩/(x, y, t) ∈ R × S × T } where 0 ≤ µR˙, ηR˙, 
νR˙: 
A × B × T → [0, 1] such that µR˙(x, y, t) + ηR˙(x, 
y, t) + νR˙(x, y, t) ≤ 1 for all (x, y, t) ∈ R × S × T 
. Note: TPFR(R × S × T ) is the set of all temporal 
picture fuzzy relation on R × S × T . 
 
6 Conclusion 
In this work, some standard distance and 
similarity measures are defined for TPFSs to 
analyse some uncertain temporal data. Suitable 
numerical illustrations are given to explain the 
proposed definitions. Further, TPFSs can be used 
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for taking appropriate decision in decision 
making problems at different time periods. 
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