[ Downloaded from ieijqgp.ir on 2025-12-25 ]

[ DOR: 20.1001.1.23222344.1400.10.2.1.8 ]

Iranian Electric Industry Journal Vol. 10 / No. 2/ Summer 2021
Quality & Productivity ISSN 2322-2344
P.P 14-27 elSSN 2717-1639

Evaluating the potential of cascading failure occurrence due to line
outage in power systems by information theory method and radial
base functions

Morteza Abedi, Mohammad Reza Aghamohammadi?, Mohammad Taghi Ameli®

1 Electrical Engineering Department, Shahid Beheshti University, AC, Tehran, Iran

Mor_Abedi@sbu.ac.ir
2 Electrical Engineering Department, Shahid Beheshti University, AC, Tehran, Iran

2 M_Aghamohammadi@sbu.ac.ir
3 Electrical Engineering Department, Shahid Beheshti University, AC, Tehran, Iran

$ M_Ameli@sbu.ac.ir

Abstract: In power systems, a connected topology is created to increase reliability and economic performance.
Increasing dimensions of power systems on the one hand and the need to continuously monitor power systems
for secure operation on the other challenge the evaluation of power system security. In such conditions, due to
economic conditions and considering the fast growth of consumers in a power system and the need to supply
them, power systems are operated in the proximity of their allowed operation limit. Since a power system
includes a large number of transmission lines, the location of the lines in the power system and the number of
lines compared to other devices like transformer and generator make the lines more vulnerable to events and
potent to the outage. Therefore, events like a sudden loss of one or more transmission lines might violate
operation constraints of the network and threaten the stability margins of the power system, resulting in the
occurrence of cascading failures. The most important concern to prevent cascading failure resulting from line
outages is, thus, to determine the potential of cascading failure resulting from line outages using power system
control center (PSCC) information. Since PSCC can only access the operating variables of the power system, a
method based on operating variables should be presented to determine the potential of cascading failure.
Considering the large number of operating variables in a power system and the limitations of measurement and
communication devices, it is impossible to use all variables to estimate the cascading failure potential of a
specific line outage. Therefore, dominant operating variables (DOVs) should be identified to determine the
potential of cascading failure resulting from line outage. This study presents a method based on mutual
information theory and boundary equation to evaluate the potential of cascading failure. In the proposed method,
the mutual information theory method is used to identify DOVSs. Since identifying the DOVs of a power system
alone is not sufficient for evaluating the potential of line outage-induced cascading failure, an index is also
required to evaluate the potential of cascading failure. A mathematical equation is, therefore, developed as the
boundary equation to evaluate the potential of cascading failure using the least-squares error (LSE) method
based on the radial basis function (RBF). As such, the PSCC employs the identified DOVs and the boundary
equation of each line to evaluate the potential of cascading failure at each operating point of the power system
online before line outage. The proposed method is implemented on a standard 39-bus power system and a
standard 118-bus power system, and desired results are obtained.
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