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Abstract

In this paper we present an ensemble time series forecasting algorithm using evolutionary multi-objective optimiza-

tion algorithms to predict dissolved gas contents in power transformers. In this method, the correlation between

each individual dissolved gas and other transformers’ features such as temperature characteristics and loading his-

tory is first determined. Then, a non-linear principal component analysis (NLPCA) technique is applied to extract

the most effective time series from the highly correlated features. Afterwards, the forecasting algorithms are trained

using a cross validation technique. In addition, evolutionary multi-objective optimization algorithms are used to

select the most accurate and diverse group of forecasting algorithms to construct an ensemble. Finally, the selected

ensemble is examined to predict the value of the dissolved gases on the testing set. The results of one day, two day,

three day, and four day ahead forecasting are presented which show higher accuracy and reliability of the proposed

method compared with other statistical methods.

Keywords: Ensemble learning, evolutionary algorithms, multi-objective optimization, time series forecasting,

power transformers

1. Introduction

One of the key components in electric power system networks is power transformers and to deliver reliable

electricity it is very important to maintain them properly. Replacing a power transformer is expensive and a unit

can cost up to 1 million dollars. As a consequence, long lead times and loss of supply are typical [1, 2]. So, electric

utilities and power companies can schedule optimum maintenance plans and prevent their transformers from failure5

and widespread power outage in the network. There are various condition monitoring and condition assessment

techniques for these types of assets [3, 4]. Dissolved Gas Analysis (DGA) is a well-known technique which is used

by electric utilities and power companies to assess the condition of power transformers using values and trends of

the dissolved gases [5]. DGA is performed on the transformers’ oil and measures the main hydrocarbons dissolved

gases such as hydrogen (H2), methane (CH4), acetylene (C2H2), ethylene (C2H4), ethane (C2H6), carbon dioxide10

(CO2), and carbon monoxide (CO). There are methods and standards that use values and different ratios of these

gases to diagnose incipient faults of transformers [6, 7, 8]. Therefore, forecasting the value of the dissolved gases
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