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Abstract:

In electric power distribution systems, reliability is of paramount importance, and the
occurrence of unscheduled outages affects customer satisfaction and operational
costs. Detecting the causes of permanent and momentary outages, particularly in
grids with limited observability, is time-consuming and heavily dependent on field
operations and experience. This paper proposes a data-driven framework based on
ensemble learning and logistic regression. The proposed approach leverages more
than 50,000 records of unscheduled outages from a real-world distribution system,
along with hot-line and cold-line maintenance records, hourly feeder load data, and
weather data, to extract rich descriptive features. Using a One-vs-Rest strategy
combined with resampling, we address the severe class imbalance in outage data.
Ensemble models are trained for each outage cause and are then combined via soft
voting, with weights determined by validation AUC. This prioritizes the most likely
causes of permanent and momentary outages. The results demonstrate high
classification accuracy across different outage causes, achieving up to a 30%
improvement in the accuracy of identifying different outage causes compared to
state-of-the-art methods. Overall, the proposed approach enhances the distribution
system's reliability by reducing outage duration and accelerating outage cause
identification.

Keywords: Distribution Network Reliability, Ensemble Learning, Logistic
Regression, Permanent and Momentary Outages, Power Distribution Network.
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