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Improved intelligent methods for power transformer fault diagnosis
based on tree ensemble learning and multiple feature vector analysis
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Abstract

This paper discusses the impact of the feature input vector on the performance of dissolved gas analysis-based intelligent
power transformer fault diagnosis methods. For this purpose, 22 feature vectors from traditional diagnostic methods were
used as feature input vectors for four tree-based ensemble algorithms, namely random forest, tree ensemble, gradient boosted
tree, and extreme gradient tree. To build the proposed diagnostics models, 407 samples were used for training and testing. For
validation and comparison with the existing methods of literature, 89 samples were used. Based on the results obtained on
the training and testing datasets, the best performance was achieved with feature vector 16, which consists of the gas ratios
of Rogers’ four ratios method and the three ratios technique. The test accuracies based on these vectors are 98.37, 96.75,
95.93, and 97.56% for the namely random forest, tree ensemble, gradient boosted tree, and extreme gradient tree algorithms,
respectively. Furthermore, the performance of the methods based on best input feature was evaluated and compared with other
methods of literature such as Duval triangle, modified Rogers’ four ratios method, combined technique, three ratios technique,
Gouda triangle, IEC 60599, NBR 7274, the clustering method, and key gases with gas ratio methods. These methods suffer
from unreliability, and this is the motivation behind the current work to develop a new technique that enhances the diagnostic
accuracy of transformer faults to avoid unwanted faults and outages from the network. On validating dataset, diagnostic
accuracies of 92.13, 91.01, 89.89, and 91.01% were achieved by the namely random forest, tree ensemble, gradient boosted
tree, and extreme gradient tree models, respectively. These diagnostic accuracies are higher than 83.15% for the clustering
method, 82.02% for the combined technique, 80.90% for the modified IEC 60599, and 79.78% for key gases with gas ratios,
which are the best existing methods. Even if the performance of dissolved gas analysis-based intelligent methods depends
strongly on the shape of the feature vector used, this study provides scholars with a tool for choosing the feature vector to use
when implementing these methods.

Keywords Dissolved gas analysis - Gradient boosted tree - Power transformer - Random forest - Tree ensemble - XGBoost
model

1 Introduction

DI Abdelaziz Lakehal

alakehal @univ-soukahras.dz Power transformers are major pieces of equipment in elec-

I LGMM Laboratory, Faculty of Technology, University of 20 trlcal.f?nergy transnyssmn and dlStl‘lbuthI’l. networ.ks [1].
August 1955-Skikda, PB No 26 Route Elhadaik, 21000 Condition-based maintenance plays a crucial role in pro-
Skikda, Algeria longing the operational lifespan of equipment [2]. In the

Laboratory of Research On Electromechanical and
Dependability, University of Souk Ahras, Souk-Ahras,

Algeria

3 Laboratory of Energy, Materials, Modelling and Methods, 5 Laboratory of Energy Systems Modeling (LMSE), Electrical
National Higher Polytechnic School of Douala, University of Engineering Department, Faculty of Technology, University
Douala, PO Box 2701, Douala, Cameroon of El Oued, 39000 El Oued, Algeria

ENSIT-Laboratory of Signal Image and Energy Mastery, Electrical Engineering Department, College of Engineering,
University of Tunis, Tunis, Tunisia Taif University, PO Box 11099, 21944 Taif, Saudi Arabia

Published online: 03 November 2023 @ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00202-023-02084-y&domain=pdf

