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* 2 BREXREER

HYFREETTE e L A X HT CC L% FHNE KPR 9 EEHPW
VAN INP -0.063 0.034 ~0.002 0.030
£ RSFRD 0.002 0.245 -0.179 —0.242
414211000 HH f7 B PDE -0.088 0.067 0.008 0.043
1# 7 ) ~f CRD -0.279 -0.792 -0.284 -0.335
AAXTFEIMRERAA 0.285 0.546 0.235 0.316
VAN IINP 0.101 0.039 -0.086 -0.042
218 R~ RD 0.098 0.128 -0.051 0.013
414211000_VV i B3 A PDE 0.093 0.062 -0.073 -0.042
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LR R TTE e 8 X HHT CC W% RHNE KPR B EHPW
WEfE AN ENP 0.177 -0.251 -0.252 -0.281
ZRSFRD 0.276 -0.295 0.134 -0.269
352003977 HH i B Al PDE 0.220 -0.270 -0.244 -0.297
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Abstract:

Objective The growing demand for maritime target detection and recognition has made multi-source
information fusion a critical area of research. Different sensing modalities including radar, visible-light imaging,
and infrared imaging offer complementary information that can improve detection and classification. However,
the correlation among heterogeneous features extracted from these sources remains insufficiently understood. In
addition, the effects of observational conditions on feature stability and discriminability needs further
investigation. This study investigates the intrinsic relationships among multi-source features, evaluates their
robustness under varying conditions, and provides theoretical support for effective multi-source feature fusion in
maritime target detection.

Methods Nine physically interpretable features are extracted across three categories: radar features (radial
dimension, number of peaks, position distribution entropy, cross-range dimension, and relative average
amplitude), visible image features (number of edges and horizontal projected width), and infrared image
features (high-temperature connected component count and thermal texture energy). To ensure accurate feature
extraction, data preprocessing consists of cleaning each compressed dataset. Radar data with excessively low
signal-to-noise ratios and images with extensive occlusion are excluded. For dataset construction, radar echo
data are visualized frame by frame, and a subset of radar, visible-light, and infrared images is manually
annotated using Labellmg. Targets are classified into five types: passenger ships, dry cargo ships, container
ships, tugboats, and search-and-rescue vessels. Based on these annotations, deep learning models are
independently trained for each modality to automate annotation, and the results are manually validated to
ensure quality. A standardized target dataset is then constructed by integrating the manually and
automatically labeled data. Radar echo data are temporally aligned with visible-light and infrared images using
prior time synchronization information. Features are extracted from each modality, and inter-feature
correlations are analyzed. Spearman correlation coefficients are used to quantify relationships, and hypothesis
testing is conducted to assess significance, revealing intrinsic associations among multi-source features.

Results and Discussions Comparative analysis indicates that the correlation between radar echo and image
features is strongly affected by feature attributes. Size-related features show stronger correlations, reflecting
greater stability for multi-source data fusion, whereas structural features are more sensitive to observation
conditions and exhibit weaker correlations. External factors including target motion state, ship type, and radar
polarization mode also influence feature extraction and intermodal correlation. When targets are anchored,
posture remains stable and motion blur is reduced, strengthening the correlation between radar structural
features and image features. Larger vessels, such as container ships and passenger ships, benefit from multiple
scattering centers and larger physical dimensions, which enhance feature extraction and intermodal correlation.

In contrast, smaller vessels, such as tugboats and search-and-rescue boats, exhibit irregular structures and
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weaker radar backscatter, leading to lower correlations. The HH polarization mode, being less sensitive to
background clutter, improves radar feature stability across various target types and enhances alignment with
image features. Image feature stability also varies by modality: visible-light imaging is effective for extracting
structural features, such as contours and edges, but is sensitive to illumination and occlusion; infrared imaging
offers more stable size-related features and performs robustly in complex and low-visibility environments. These
results highlight the complementary properties of multi-source features and establish a theoretical basis for their
integration, supporting improved maritime target detection and classification.

Conclusions This study demonstrates the complementary characteristics of multi-source features and their
potential to improve maritime target detection and recognition. By analyzing feature correlations and stability
across varying observational conditions, the results provide a theoretical foundation for refining multi-source
fusion strategies. These insights support the development of more robust and reliable detection algorithms,
contributing to enhanced situational awareness in maritime surveillance and defense.

Key words: Marine target feature; Multi-source observation; Target feature; Correlation analysis



