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A Fuzzy Comprehensive Judgment Method for Transformer State Based on Game Theory and Improved
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Abstract: To address the complexities of transformer condition assessment indicators and the overreliance on
expert judgment in the evaluation process, a novel method for fuzzy comprehensive assessment of transformer
condition was introduced, which is based on gaming theory and an improved version of the D-S evidence theory.
First, the analytic hierarchy process (AHP) and the Critic method was adopted to determine both the subjective and
objective weights of the evaluation indicators. These weights are then combined using game theory, reducing the
dependence on expert opinions in traditional weight determination methods. Second, instead of traditional
membership functions, cloud models was employed to preserve the inherent uncertainty in fuzzy assessments.
Finally , membership information at the project level was fused by using improved D-S evidence, eliminating
paradoxical results that can occur when combining high-conflict evidence. Through the results of case studies, the
method effectively assesses the transition probabilities of various transformer states.
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Fig.1 Transformer condition assessment index system
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Fig.2  Transformer condition assessment process
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Tab.1  Rules for comparing the importance of elements
P2 1S EE 2 M REAL
DT 1
R
B A
AT
W E
B
40 34T e i
2) LT RE AR AR B ) Ui R A 1 AR A £ AN
FEAE ) 3t o ) DB 6 2 e AR LX) 1 1) AR A ]
HOEZZ IR AR,
3)—BMEARG IR . R R E P A T O R R
R TG PHE T, 5 e AN — B, FE X
WA B AT — BOME R 50 . 75 L0 1 — Bk L
i CR = CI/RI < 0.1, MR\ Ay 0 Wi o 11— Sk ]
Pz, Horp RIMEM R 2H0E , CHTRE T A
A = 10
p— (1)
FH 2 A R IR R 1) B KRR A 5 S R 1)
e

[ N R Y I}

2,4,6,8

Cl =

R2 THEN-BEER

Tab.2  Average random consistency index
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Tab.3  Relationship between transformer condition

and relative deterioration index values
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Tab.4  Cloud model numerical features
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Fig.4 Transformer condition level cloud model
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Fig.5 Modified cloud model diagram
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Tab.5 Transformer evaluation indicator weights
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Tab.6  Distribution of evaluation indicator memberships
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Tab.7  Project-level memberships

e v, v, vy v,
M, 0.407 0 0.1816 0.4114 0
M, 0.130 4 0.398 5 0.068 0 0.403 1
M, 0 0.622 4 0.377 6 0

zed L (12)~K (16) % M, , M, M, vh 514 3
1AW, Horp MR v s VEE R T ML, ML, ML
ENM M) M N3 8 TR

x8 BERMIEREAREE
Tab.8 Revised basic probability of evidence
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Tab.9 Transformer evaluation results
A v, v, vy v, ThRRA BIRIZEAIENE SCERE30] ARSI

1 0.5952 0.368 5 0.036 4 0 1EH e e IEH
2 0.9249 0 0.059 1 0.0158 EH# EH EH EH
3 0.116 0.617 8 0.129 5 0.136 6 eSS e HE HE
4 0.8329 0.005 0.162 1 0 IEH EH EH EH
5 0.887 7 0.1123 0 0 1w IEH EH E#
6 0.664 4 0.005 1 0.3292 0.001 1 1IEH EH EH EH
7 0.968 2 0 0.0313 0 EH EH EH IEH
8 1.000 2 0 0 0 E# EH EH EH#
9 0 0 0.913 4 0.086 6 SEH SR S S
10 0.0327 0.760 1 0.1157 0.091 5 TR HE HE o
11 0 0 0 1 JETE JETE JEEE S
12 0.264 2 0.555 4 0.0772 0.103 2 T W W T
13 0 0.001 7 0.9252 0.073 3 S S SR SR
14 0.847 5 0.0375 0.115 0 EH 1EH EH EH
15 0.469 6 0.5127 0.0177 0 1B HE W HE
16 0.2523 0.014 7 0.0359 0.697 7 FEIE S 1EH S
17 0.9415 0 0.058 9 0 EH 1 EH EH
18 0.061 6 0.024 8 0.730 2 0.183 4 SH SH S S
19 0 0 1 0 S SH S S
20 0 0.3029 0.697 1 0 SH TR HE S
21 0.5202 0.1725 0.307 3 0 1IEH PEE=Y W E#
22 0.233 1 0.547 4 0.092 4 0.127 1 R T HE HE
23 0.026 1 0 0.008 1 0.9659 SR JTE ST JUHE
24 0.023 6 0.507 0.0559 04135 ey HE HE W=
25 0.140 8 0.8516 0.007 9 0 T PEEY=Y ALY T
26 0.950 1 0.0412 0.008 6 0 IEH B B EH
27 1 0 0 0 EH IEH IEH EH
28 0 0.009 4 0.474 8 0.515 8 SEH S SR Jie
29 0.714 6 0.073 02113 0 IEH EH e 1EH
30 0.440 1 0.149 3 0.4105 0 EH# W W EH
31 0.168 1 0.476 1 0.1105 0.245 3 PEEYEY R HE HE
32 0 0 0 1 FEIE JRgi JEE JUHE
33 0.8192 0.180 8 0 0 IEH HE EH EH
34 0 0 0.949 7 0.050 3 e S S S
35 0.667 9 0.167 8 0.164 6 0 EH EH EH EH
36 0.2757 0.359 0.362 1 0.003 3 S HE HE S
37 0.7176 0.282 8 0 0 EH# EH EH EH#
38 0.999 8 0 0 0 EH B EH EH#
39 0.1135 0.497 4 0.104 0.285 T FEEY=Y ALY T
40 0.3589 0 0.010 8 0.630 4 U B B JETE
41 0.1572 0.498 7 02175 0.126 6 T S S HE
42 0.009 5 0.840 4 0.044 4 0.105 8 EEy=" R HE HE
43 0.098 5 0 0.000 5 0.901 R J JUHE Ji
44 0 0 0.770 9 0.229 1 FH HE SR SR
45 0.0193 0.8752 0.006 9 0.098 6 PEEY=Y e HE HE
46 0 0 0.998 4 0.001 6 S SH S S
47 0.023 2 0.502 4 0.069 8 0.404 6 PEE=Y W HE HE
48 0.806 5 0.091 3 0.1022 0 EH EH 1IEH EH
49 0.696 0.005 8 0.298 5 0 EH EH EH EH
50 0 0 0.0312 0.968 8 JUTE JUTE ST JUHE
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