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Abstract: With the advancement of intelligent construction in UHV substations,secondary safety protection
equipment plays a critical role in ensuring operational safety. However, the UHV strong electromagnetic
interference environment and passive safety regulations present a critical conflit between long - term
maintenance-free operation and high real -time response to emergencies for the equipment. To address the
coupling issue between power consumption and response time in intelligent protection equipment, in this
paper a multi-objective optimization strategy is proposed based on an improved non-dominated sorting
genetic algorithm (A-NSGA-II). First, considering the characteristics of the UHV pulse noise channels, a
discrete event - driven micro - energy consumption and worst - case timeliness model incorporating a
retransmission mechanism is constructed for the intelligent protection equipment. Then, to address the
premature stagnation bottleneck of traditional algorithms, an adaptive mutation operator strategy based on
population diversity is introduced, and the crowding distance calculation mechanism based on Euclidean
distance is reconstructed, thereby enhancing the algorithm’ s ability to escape from discrete frontiers and

improving the uniformity of distribution. Finally, the optimal compromise solution for the equipment is
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selected using the Euclidean distance decision - making method. The experinmental results show that

compared with the standard NSGA-II and traditional multi-objective particle swarm optimization algorithms,

the hypervolume indicator of A-NSGA-II is improved by approximately 18.5%. Under the premise that the

equipment response delay meets the safety regulation requirements, the average power consumption current

of the equipment is 0.118 mA. Even under harsh channel conditions, the theoretical battery life can still be

stabilized for more than five years, which provides a highly valuable theoretical basis and quantitative

guidance for the reliable deployment of UHV intelligent protection equipment.

Keywords: UHV substations; intelligent protection equipment; multi-objective optimization; NSGA -11;

energy consumption modeling
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