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Abstract: Sixth generation mobile communications (6G) is driving the evolution of wireless networks from traditional in-
formation transmission toward integrated systems that combine environmental perception with spatial intelligence. As the
central medium through which 6G networks interact with the physical environment, electromagnetic space and its precise
cognition directly determines the synergistic efficiency of perception, communication, and decision making; thus, it
serves as a critical prerequisite for realizing on demand services in 6G networks. However, the inherent complexity of

electromagnetic space makes it challenging to achieve high precision, real-time, and predictable digital representations,
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thereby constraining the development of intelligent digital twin technologies for 6G electromagnetic environments. Tradi-
tional modeling approaches struggle to simultaneously balance accuracy, real-time performance, and generalizability;
moreover, existing research often focuses on only one of the three fundamental elements-radiation sources ("Source"),
propagation environments ("Environment"), and electromagnetic fields ("Field")-without systematically characterizing
their coupled relationships. To address these issues, an integrated "Source-Environment-Field" cognitive model for intelli-
gent electromagnetic space twins was proposed. The model achieves a fine-grained representation of the "Source" through
techniques such as parameter estimation and behavior recognition, completes the physical reconstruction of the "Environ-
ment" through 3D geometric reconstruction and electromagnetic propagation-effect modeling, and performs digital-twin
modeling of the "Field" using multiscale strategies and physics-data fusion methods. Furthermore, from an integrated cog-
nitive perspective, this paper summarizes the roles of existing techniques in three collaborative links: existing techniques
such as differentiable ray tracing, neural radiance fields, and generative radio map (RM) can mainly support the "Source-
Environment-to-Field" forward prediction; source localization and parameter inversion methods can support the "Field-
Environment-to-Source" inverse solving; and environmental structure and electromagnetic material inversion methods
can support the "Field-Source-to-Environment" reverse inference. Subsequently, the paper explores the potential applica-
tions of intelligent electromagnetic space twins across various typical scenarios, including 6G networks, integrated space-
air-ground communication systems, emergency rescue operations, and national defense security. Finally, the paper summa-
rizes the major challenges currently facing this field of research and outlines future directions for the development of uni-
fied electromagnetic space modeling theories, physics-constrained da-ta-driven methodologies, and collaborative evolu-
tionary approaches involving large-scale models-all geared toward the 6G era.
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