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Optimum Design of Substation Bus Configuration
through Application of EBL and SBL
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Configuration design of a transformer substation bus is a kind of combinatorial problems
where the exact optimum solution is pursued. The design process requires not only search in
configuration design space but also search in accident case space, because the performance of
a bus configuration is evaluated on the basis of the most severe design basis accidental out of
a large number of possible accident cases. It can be, therefore, said that the optimum configura-
tion design with the lowest bus capacity is obtained through a doubly nested combinatorial
search. Machine learning techniques have been extended and applied to develop a system that
learns domain knowledge and utilizes it for the design problem to realize efficient search
process and to assure the exact optimum solution. The system is based on the generate and test
framework and searches the optimum configuration with self-acquired knowledge. For the
exact solution through efficient search, two kinds of machine learning techniques are com-
bined for knowledge acquisition in this system ; i.e. deductive learning (EBL) for configuration
screening knowledge which is required to be logically valid to avoid the exact optimum design
omission in configuration generation, and inductive learning (SBL) for accident case ordering
knowledge which is not necessarily required to be logically valid because of irrelevance to the
optimum design omission. In this EBL application, the domain theory (DT) comprises thou-
sands of pieces of knowledge due to combinational characteristics of the design. To cope with
this “imcomplete DT” difficulty, a template-based method is proposed to generate the complete
DT automatically and dynamically on the basis of compact physical principles for electric
circuits in the learning process. A real world sized design problem has been solved through the
application of two kinds of machine learning techniques to the knowledge acquisition accord-
ing to their characteristics. The results suggested that the proposed method for design
knowledge acqusition is widely applicable to other combinatorial design problems.
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Fig.1 Example of transformer substation structure.
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Fig.2 Approach to machine learning application.
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Fig.9 Explanation structure to acquire structure restricting knowledge.
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