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D-S evidence theory based condition diagnosis for distribution terminal units
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Abstract: To satisfy the requirements for secondary equipment condition-based maintenance from distribution network lean
operation, this paper proposes a condition diagnosis method for Distribution Terminal Units (DTU) on the basis of
multi-source information fusion concept. Three kinds of easily collected condition features are put forward by analyzing DTU
monitoring information, thus the corresponding evidence framework is built. The Basic Probability Assignment (BPA)
function constructor is presented, where the expertise-based weighted average fuzzy membership instead of correlation
coefficients is utilized for calculation in order to avoid the training biases derived from the lower quantity of faulty DTUs.
Multi-source information fusion is achieved by D-S evidence combining theory, and DTU condition is diagnosed according
to the BPA decision rules. Finally, a case study of DTU condition diagnosis is carried out, where the results validate the
effectiveness of this proposed method.
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Fig. 1 Trapezoid and semi-trapezoid fuzzy membership function
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Fig. 2 Block diagram of DTU condition diagnosis
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Table 1 Fuzzy membership parameters of DTU features based on expertise
I SRR SR YRR FEARE R F/(R) L A F3/(RVR)

4 b f 1 4 b t 1 4 b f t
1 1 1.5 3 5 0.5 1.5 2 3 5 8 11 15
2 2 2.5 4 55 1 2 2.8 4 3 7 10 17
3 1 1.2 2.5 4 0.7 1.2 2.5 3.5 6 10 13 18
4 1.5 2 3 4.5 1 L5 3 3.6 3 9 11 18
5 1.5 3 4 4.5 0.6 1.4 22 4 5 10 15 20
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Table 2 Setting values of fuzzy membership parameters

h 2] 4] ty

Fy 1.5 2.0 3.0 4.5
F 0.7 1.5 2.5 3.6
F; 5.0 9.0 11.0 18.0
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Table 3 Condition related fuzzy memberships of each feature

M H Hs
Fy 0.8 0.2 0
P, 0 0.73 0.27
F; 0.375 0.625 0
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Table 4 BPAs of each proposition under different evidences

m(4:) m(4>) m(4s) m(Q)
E, 0.70 0.17 0 0.13
E, 0 0.62 0.23 0.15
E; 0.29 0.48 0 0.23
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Table 5 Fusion results according to D-S evidence theory

m(Ar) m(4>) m(4s) m(Q)

E\& E, 0.28 0.58 0.08 0.05
E\& E;5 0.65 0.30 0 0.05
E\& E; 0.07 0.80 0.08 0.05
E\& E>& E; 0.26 0.69 0.03 0.02
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Fig. 3 Condition transfer rule of one faulty DTU
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