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Radiomap data augmentation based on a multi—dimensional
conditional diffusion model

FENG Tianping, LI Zhi

(College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract: To address the problems of limited training samples, insufficient scenario coverage, and the strong randomness and weak
task relevance of traditional data augmentation methods in electromagnetic spectrum sensing and cognition tasks, this paper proposes
a radiomap data augmentation method based on a multi—dimensional conditional diffusion model. Multi —dimensional conditions,
including frequency, time, spatial location, and prior environmental information, are incorporated into the diffusion generation
process, and jointly constrain the generated samples during the reverse denoising stage, enabling controllable modeling and high-
fidelity generation for specific electromagnetic scenarios. The condition — guided diffusion probabilistic model ensures that the
augmented data maintain high consistency with real spectrum data in statistical distribution, structural characteristics, and physical
consistency, alleviating the problem that traditional rule —based augmentation methods may introduce invalid samples or disrupt
spectrum structures. Experimental results show that downstream models trained with the augmented data achieve significant
performance improvements in spectrum reconstruction and signal detection tasks, demonstrating the effectiveness and generalization
capability of the proposed method in complex electromagnetic environments.
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Fig. 1 Examples of an electromagnetic spectrum image
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Fig. 2 Design of the conditional input tensor for the diffusion model
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Fig. 6 Forward diffusion process of the electromagnetic spectrum image
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Fig. 10 Flexible generation of electromagnetic spectrum images by varying a single input condition
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Fig. 11 Example results of the reconstruction task using different methods
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Table 1 Quantitative comparison of downstream task generation
quality
i NMSE PSNR SSIM
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