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Abstract : The rapid, non—destructive detection of underground voids in urban roads is a critical challenge for
the safe operation and maintenance of infrastructure. Traditional single-modality methods each
have their limitations: visible—light cameras rely on external lighting, resulting in severely degraded
image quality in low=light conditions, at night, or in tunnels; while ground—penetrating radar (GPR) can
penetrate the road surface, it is expensive, slow, and requires specialized expertise to interpret the
data, making it unsuitable for rapid, large—scale surveys of road networks. Based on the thermal effect
theory of road—damaging voids, this paper proposes a multimodal detection scheme that integrates
thermal imaging with visual recognition. Experiments demonstrate that this fusion strategy improves
the mAP@0.5 from 84.9% to 92.9% in low—-light conditions and from 67.5% to 92.9% in complete
darkness, while achieving a real-time detection frame rate of 23.7 fps, thereby meeting the engineering
requirements for vehicle—mounted mobile inspections.
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