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Abstract. Fire disasters pose a significant threat to human safety. Therefore, timely

and effective fire detection is crucial for mitigating these threats. Combining visible
light and thermal infrared for multimodal flame detection can fully utilize the visual
and temperature distribution information of flames, potentially considerably enhanc-
ing the accuracy and robustness of flame detection methods. This approach is a

highly promising detection method. However, the visible light and thermal infrared
modalities differ fundamentally in imaging principles, pixel resolution, and texture
information. Thus, effective fusion of these modalities becomes challenging. To

address this issue, a novel flame detection method that integrates visible light and
thermal infrared images is introduced. For the visible light modality, an overall
model based on Mask R-CNN is designed, with ConvNeXt as the backbone, FPN as

the neck, and a cascade structure as the detection head. Then, for the thermal infra-
red modality, to adapt to its weak semantic and strong texture features, we specifi-
cally modified the model’s neck to better extract the underlying texture information
of the image using the PAFPN structure. Furthermore, we designed a multimodal

fusion algorithm using GIoU to fuse detection information from the visible light and
thermal infrared modalities to address the weak alignment of detection targets in
imaging principles, pixel resolution, and texture information. Experimental results on

both public and self-collected datasets demonstrate that our proposed method out-
performs other mainstream target detection networks in flame detection. Moreover,
ablation experiments suggest that multimodal fusion significantly improves the overall
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