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Abstract: Weak maritime target detection usually faces challenges such as small radar cross sections, low infrared
contrast, and susceptibility to background interference from sea clutter, floating objects, islands, and seabirds. Due to inher-
ent physical limitations, single-sensor detection methods have difficulty balancing detection probability and false-alarm sup-
pression under complex sea conditions. Track-before-detect (TBD) techniques can effectively enhance weak target detection

through multi-frame joint processing; however, traditional TBD methods mostly rely on prior motion model assumptions
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and are primarily designed for single-sensor scenarios, showing insufficient adaptability under target maneuvering or com-
plex background conditions. To address these issues, this paper proposes a radar-infrared multi-view cooperative intelligent
TBD technique to achieve reliable detection of weak targets in complex maritime environments. First, to deal with the dense
background clutter and noise points in radar echoes, a radar low-threshold preprocessing mechanism is introduced, which re-
moves part of the low-amplitude interference points while preserving target echo information, thereby reducing the computa-
tional complexity of subsequent processing. Then, considering the heterogeneity of radar and infrared sensors in measure-
ment dimensions and spatial representations, a radar-infrared heterogeneous data spatial mapping model is constructed. Ra-
dar range-azimuth measurements are mapped onto the infrared image plane to generate radar-infrared virtual fusion images,
enabling the alignment and fusion of the two types of sensor information in a unified pixel space, thus increasing the target
measurement data rate and enhancing target saliency. Based on the constructed fusion images, a maximum-value multi-
frame accumulation strategy is employed to perform energy accumulation on consecutive fusion images, highlighting the
spatio-temporal correlation of weak targets and suppressing random noise. Meanwhile, by exploiting the cross-modal differ-
ence that real targets generate responses in both radar and infrared sensors, whereas some background interference appears
only in a single sensor, a candidate target region delineation mechanism based on joint radar-infrared response constraints is
established. This mechanism effectively excludes non-target interference such as seabirds and floating objects, provides reli-
able spatial constraints for subsequent detection, and significantly reduces false-alarm rates. In the target detection stage,
considering that weak targets in multi-frame accumulated fusion images are characterized by small size, low contrast, and
elongated continuous trajectories, an adaptive multi-scale feature enhancement network based on the YOLOv11 framework
(AMSFE-YOLOVI11) is constructed to achieve target trajectory detection and instance segmentation, while further suppress-
ing complex background interference. The proposed method eliminates the dependence of traditional TBD approaches on
prior motion models and can still effectively extract trajectory features and spatio-temporal correlations under target maneu-
vering conditions, achieving stable energy accumulation with good robustness and applicability. Finally, the proposed meth-
od is validated using real maritime radar and infrared data. The experimental results demonstrate that the proposed method
achieves a detection probability exceeding 94.7% for weak targets, with a false alarm rate below 0.52%. Compared with sin-
gle-sensor detection approaches, it exhibits a clear performance advantage, thereby validating the effectiveness and practical
application potential of the proposed radar-infrared multi-view cooperative intelligent TBD technique in complex maritime
environments.
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