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Abstract

Against the backdrop of global climate change and rapid development of new infrastructure, light-
ning disaster risks continue to escalate, rendering traditional lightning protection technologies inad-
equate for modern complex systems. This paper systematically analyzes the evolution of modern light-
ning protection technology, exploring the intrinsic logic and technical pathways of its transition from
passive protection to active intelligent defense. It identifies core development dimensions, includ-
ing intelligent transformation, refined protection, grounding system optimization, multi-system in-
tegration, and emerging scenario applications. The study elucidates how technologies such as the
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Internet of Things (IoT), artificial intelligence (AI), big data, and advanced materials supportlight-
ning protection systems. It highlights current industry challenges in standardization, data security,
cost control, and interdisciplinary integration, while forecasting future trends like digital twin tech-
nology, wide-area collaboration, and lifecycle management. The research provides theoretical ref-
erences and practical foundations for constructing next-generation intelligent lightning protection
systems.
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Table 1. Comparison of active intelligent defense and passive traditional protection paradigm
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Figure 1. Flowchart of Al-based lightning risk assessment and early warning
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Figure 2. Overall topology diagram of intelligent lightning protection system
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