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Similarity Measure Between Picture Fuzzy Sets and Its Application in Pattern Recognition

GAO Jianlei and LUO Minxia

Department of Data Sciences,China Jiliang University, Hangzhou 310018, China
Abstract Picture fuzzy sets can depict information with fuzziness,uncertainty,and inconsistency. Similarity measure is a measure
of the degree of similarity between two objects. The similarity measure between picture fuzzy sets is studied in this paper. Consid-
ering the information difference of the three membership degrees of picture fuzzy sets,a new similarity measure is constructed
based on exponential function. The similarity measure proposed in this paper not only satisfies the axiomatic definition of the sim-
ilarity measure, but also yields reasonable computational results in practical applications. We apply the proposed similarity meas-
ure to pattern recognition.and compare it with some existing similarity measures in examples. The results show that the proposed

similarity measure can not only overcome the shortcomings of some existing similarity measures, but also obtain reasonable calcu-

lation results.
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Table 1 Calculation results of different similarity measures(Example 1)
1 2 3 4

A; €0.6,0.1,0.25¢0.3.0.4,0.,2) (0.6,0.1,0.2¢0.,3.0.4,0.2) €0.5,0.2,0.35¢0.5.0.0,0.4) (0.5,0.2,0.35¢0.5.0.0,0,4)

B; €0.6,0.1,0.25¢0.4.0.3,0.3)  <0.6,0.1.0.2>¢0.1.0.4,0.3))  (0.5,0.2.0.35¢0.4.0.2,0.2) €0.5,0.2.0.35¢0.3.0.2,0.3)
Sa, ([17]) 0. 950 0. 900 0. 900 0.900
Sa, (17D 0.929 0. 859 0.859 0. 859
Sg, ([18D) 0.994 0.976 0.976 0.976
Se, ([18D) 0.976 0.976 0. 946 0.946
Sg, ([18]) 0.927 0.863 0.863 0.863
Sg, ([18D) 0.927 0.863 0.863 0.863
Sp, ([161) 0.950 0.950 0.925 0.925
Sp, ([161) 0.929 0.913 0.888 0. 888
Sp, ([16D 0.988 0.975 0.975 0.975
Sp, ([161) 0. 965 0.929 0.929 0.929
A XA B 0.925 0.904 0.874 0.896
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Table 2 Data of known and unknown patterns(Example 2)

x1 T2 T3

Ay (0.5,0.1,0.1) €0.3,0.1,0.3) €0.3,0.1,0.4)

Az (0.4,0.3,0.2) €0.3,0.2,0.5) €0.4,0.1,0.3)

As €0.2,0.4,0.3) (0.1,0.4,0.4) (0.0,0.0,0.0)

B €0.3,0.2,0.3) (0.4,0.1,0.3) €0.4,0.2,0.3)

223 ML Y 45 S R IR 25 R () 2
Table 3 Similarity results and pattern recognition results

(Example 2)

MUEE  SALLB) S(Ay.B)  S(A3.B) R 2R
Sq, (17D 0.867 0.867 0.700 T % o %
Sq, ([17D 0.859 0.859 0. 689 P B
S, (L18D 0.975 0.975 0. 666 Tk
Sg, (18D 0.943 0.943 0.639 Tk
S, (L18D 0.812 0.812 0.616 T R
Sy, ([18D 0.812 0.812 0.473 ok E
Sy, ([16D 0. 900 0. 900 0.750 Tk E
Sy, ([161 0.885 0.885 0.663 T % # E
S,, ([16D) 0.967 0.967 0. 883 T #E
S,, ([16D) 0.929 0.929 0.720 T #E
?ﬁiiim 0.836 0.851 0.678 Az

Fo4 DS R R A Kl (] 3)

Table 4 Data of known and unknown patterns(Example 3)

1 T2 X3 Ty x5

A1 €0.4,0.3,0.1) €0.5,0.3,0.2) €0.4,0.3,0.0) €0.7,0.0,0.2) €0.6,0.1,0.1)
Az €0.7,0.1,0.1) €0.2,0.3,0.4) €0.2,0.1,0.5) €0.1,0.5,0.2) €0.3,0.3,0.3)
Az €0.1,0.3,0.4) €0.4,0.3,0.1) €0.3,0.4,0.2) €0.2,0.5,0.3) €0.5,0.3,0. 1)
B €0.6,0.2,0.1) <0.3,0.4,0.2) €0.4,0.3,0.2) <0.7,0.1,0.0) €0. 4,0.2,0. 2)

MF 5 AT LANLEE B, A SO T B LA B IR RO 4R R
— S AR BE S 0 A R AR K BB T AL R I AR SCRT R
AR AL BE ikl T LAAS B — B0y 45 5L BRI AR SO R AL
A EA .

F 5 ARALEE By 45 R AR 20U 45 5 (1) 3)
Table 5 Similarity results and pattern recognition results

(Example 3)

HMEE  SALB) S(A,;.B) S(A;.B)  RE %R
Sq, (17D 0. 800 0. 740 0.740 A
Sq, (L17D 0. 800 0. 681 0.674 A,
S, ([18D 0.951 0. 881 0.875 A
S, ([18D 0.951 0.857 0.810 Ay
S, ([18D 0.727 0.674 0.678 Ay
S, ([18D 0.727 0.674 0.678 A
S,, ([16D 0.900 0. 850 0. 830 A
S,, (L16D 0. 874 0.793 0.776 Ay
Sy, ([16D 0. 950 0. 935 0.935 Ay
Sy, ([16D 0. 900 0. 840 0.837 Al
Eiiﬂlm 0.809 0.653 0.732 Ay
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T8 AR FATTHE I B 7 A5 5015 b AR K3 0 2 56 &% L R
FHRE AR 32— 25 W 5 11 M 8 37 19 AR (0L B8 kL 5 T A ok
2 Ji P DR SR ) R % B T 4 W )

2 % X M

[1] LUO M X,LI W L. Some new similarity measures on picture
fuzzy sets and their applications [J]. Soft Computing,2023,27.
6049-6067.

[2] LUO M X,ZHANG Y. A new similarity measure between pic-
ture fuzzy sets and its application []J]. Engineering Applications
of Artificial Intelligence,2020,96:103956.

[3] LUO M X,ZHANG Y,FU LI A new similarity measure for
picture fuzzy sets and its application to multi-attribute decision
making [ J]. Informatica,2021,32(3) :543-564.

[4] GANIE A H,SINGH S. A picture fuzzy similarity measure
based on direct operations and novel multi-attribute decision-
making method [ J]. Neural Computing and Applications, 2021,
33(15):9199-9219.

[5] THAO N X. Similarity measures of picture fuzzy sets based on
entropy and their application in MCDM [ ]]. Pattern Analysis
and Applications,2020,23(3):1203-1213.

[6] KHAN M J,KUMAM P,DEEBANI W, et al. Bi-parametric dis-
tance and similarity measures of picture fuzzy sets and their ap-
plications in medical diagnosis [ J]. Egyptian Informatics Jour-
nal,2021,22(2).201-212.

[7] JINJ L,HARISH G, YOU T J. Generalized picture fuzzy dis-
tance and similarity measures on the complete lattice and their
applications [ J]. Expert Systemswith Applications, 2023, 220
119710.

[8] FATHIMA PERVEEN P A.JOHN S J,KAMACI H.et al. A
novelsimilarity measure of picture fuzzy sets and its applications
[J]. Journal of Intelligent and Fuzzy Systems, 2023, 44 (3):
4653-4665.

[9] WEI G. Some similarity measures for picture fuzzy sets and their
applications [J]. Iranian Journal of Fuzzy Systems,2018,15(1) :
77-89.

[10] WEI G.GAO H. The generalized Dice similarity measures for
picture fuzzy sets and their application [ J]. Informatica, 2018,
29(1):107-124.

[11] GUPTA R,KUMAR S. A new similarity measure between pic-
ture fuzzy sets with applications to pattern recognition and clus-
tering problems [J]. Granular Computing,2022,7(3) :561-576.

[12] LUO M X,ZHANG Y. A new similarity measure between pic-
ture fuzzy sets and its application []]. Engineering Applications
of Artificial Intelligence,2020,96:103956.

[13] SINGH S,GANIE A H. Applications of picture fuzzy similarity
measures in pattern recognition,clustering,and MADM [J]. Ex-

pert Systems with Applications,2021,168:114264.

230500153-4



R A TR R A Y — AR DL ik B AR R S v i

[14]

[15]

[16]

[17]

[18]

VERMA R.ROHTAGI B. Novel similarity measures between
picture fuzzy sets and their applications to pattern recognition
and medical diagnosis [ J]. Granular Computing, 2022, 7 761-
777.

CUONG B C,KREINOVICH V. Picture fuzzy sets-a new con-
cept for computational intelligence problems[ C]// Proceeding of
2013 3rd Word Congress on Information and Communication
Technologies. Vietnam: WICT,2013:1-6.

SINGH P, MISHRA N K, KUMAR M, et al. Risk analysis of
flood disaster based on similarity measures in picture fuzzy envi-
ronment [J]. Afrika Matematika,2018,29(7):1019-1038.
DINH N V, THAO N X,XUAN N. Some measures of picture
fuzzy sets and their application in multi-attribute decision mak-
ing [ ]]. International Journal Mathematical Sciences and Com-
puting,2018,4(3) :23-41.

WEI G. Some cosine similarity measures for picture fuzzy sets

230500153-5

and their applications to strategic decision making [J]. Informa-

tica,2017,28(3) :547-564.

GAOQO Jianlei, born in 1997, postgra-
duate. His main research interest in-

clude pattern recognition.

LUO Minxia, born in 1964 . professor.
doctor, master supervisor. Her main re-
search interests include non-classical
logic,approximate reasoning and image

processing.





