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A method for identifying the outage area of low-voltage distribution network users
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Technology, Changsha 410114, China; 2. Electric Power Science Research Institute of State Grid
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Abstract: In the process of identifying low-voltage outage areas in distribution networks, missing or false reports from
medium-voltage distribution terminals often make it difficult to accurately determine the actual outage zones. To address
this problem, this paper proposes a dynamic fuzzy Bayesian network-based outage area identification method for
distribution networks. By integrating relevant data from both the user side and distribution terminals, and utilizing the
typical topology of medium and low-voltage distribution networks, a dynamic Bayesian network (DBN) is constructed to
infer the probability of outages occurring in various regions. Based on this initial inference, a verification step is
conducted to determine whether results need to be corrected. If correction is required, the inference result is fed into a
fuzzy reasoning system, where it is further refined using membership functions and inference rules, followed by
defuzzification, to ultimately deduce the most probable outage area. An analysis of the actual fault data from a city’s
distribution network show that, even with a 10% rate of simulated information loss, the accuracy of the model is 83.59 %,
demonstrating its strong judgment accuracy under incomplete information conditions.
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Table 4 Fuzzy inference rules
FHE&KHFIE i BE | RE&&AEH i BE
U&&U L 0.1 U&&L L 0.1
U&&V L 0.1 U&&M L 0.1
U&&W M 0.3 U&&H M 0.3
U&&Z H 0.6 U&&E H 0.6
V&&U L 0.1 V&&L L 0.1
V&&V M 0.3 V&&M M 0.3
V&&W M 0.3 V&&H M 0.3
V&&Z H 0.5 V&&E H 0.5
W&&U M 0.3 W&&L M 0.3
W&&V M 0.3 W&&M M 0.3
W&&W H 0.6 W&&H H 0.6
W&&Z E 1.0 W&&E E 1.0
Z&&U H 0.6 Z&&L H 0.6
Z&&V H 0.6 2&&M H 0.6
Z&&W E 1.0 Z&&H E 1.0
2&&7Z E 1.0 Z&&E E 1.0
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Fig. 12 Fuzzy rule 3D graph
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Fig. 13 Output membership function
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Table 5 Interval of output membership function

i BB IE R\ B BOIHERE R SR,
ARG imid HEFAR B 2 MR R 45 IR, R X e
RO Hh 45 SR AT B, 15 B A B IEREER
5.2 MFIRBIIELE R
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9T B AR AR SCHR )4 H DXCIORE AR R AE A I
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(receiver operating characteristic, ROC) X FT 1) 4 154
BRI P REREAT VAL, RN RA ROC M2 N1
#(area under the ROC, AUROC)YE N B AN
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FEH, BR T ROC HhZRAb, 5| N T hadfEiR 2 (standard
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Fig. 14 Verification curve under the condition of

complete information
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Table 6 Comparative data of evaluation indicators under

the condition of complete information

BRIEEL BN DBN ALTTiE

AUROC 0.809 0.832 0.895
SE 0.0228 0.0182 0.0146
CI 0.765~0.855 0.796~0.867 0.866~0.923

HEHZE /% 78.88 81.54 88.61
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SE A CI B4 42 1 10.63%-~ 35.96%- 7.95%;
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Fig. 15 Verification curve under the condition of

incomplete information
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Table 7 Comparative data of evaluation indicators under

the condition of incomplete information

BREELE FEHK 10% HEHK 20% {5 EHLK 30%
AUROC 0.853 0.823 0.776

SE 0.0298 0.0407 0.0421

CI 0.794~0.911 0.743~0.902 0.694~0.859
/% 83.59 80.24 75.27
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