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❖ Underwater images suffer from color distortion, haziness, and 
low-contrast due to light absorption and scattering.

❖ Despite deep learning advances in enhancement, challenges persist 
in efficiency, global context modeling, spatial-spectral consistency, 
and perceptually accurate detail recovery.

Motivation Proposed Method

❖ Design a novel underwater image enhancement framework, 
D2Mamba, adopting a dual-domain information (spatial and 
frequency) with state space models (SSMs), enabling efficient global 
context modeling while preserving local de- tails.

❖ Unlike conventional SSMs that rely on raster, bidirectional, cross or 
diagonal scans, D2Mamba uses an A* search guided by 
physics-based Geodesic Information- Field Heuristic (GIFH) scan for 
feature traversal based on input degradation characteristics

❖ GIFH combines feature gradients, high-frequency heterogeneity, and 
low-frequency semantic distance to compute adaptive costs, enabling 
the capture of both spatial and spectral dependencies

❖ Further, a Spectral Wasserstein Attenuation Loss (SWAL) is introduced 
to enforce distributional alignment in the spectral domain, enabling 
perceptually consistent and physically consistent color restoration in 
enhanced underwater.

Contributions

Figure 1: Comparison of different scanning strategies for MAMBA BLOCK. Unlike (a) bidirectional, (b) raster, or (c) diagonal, 
our (d) A*  guided GIFH traversal adaptively follows degradation-aware paths, enabling more effective and sparse feature 
propagation.

Figure 2: Overall Architecture of D2Mamba. The network extracts spatial and frequency features via a dual-stream encoder, adaptively 
traverses them using A* guided GIFH, enhances sequential features with Mamba blocks, and reconstructs images through a gated decoder.

Experimentations

Table 1: Quantitative comparison of D2Mamba with existing methods on two full-reference datasets (UIEB, LSUI) and four no-reference 
datasets (U45, UCCS, C60, SQUID). The top-performing method is highlighted in red, the second-best in blue, and the third-best in green. (↑ 
higher is better, ↓ lower is better).

Table 2: Comparison of quantitative results on D2Mamba using various scanning types on 
the UIEB dataset.

Table 3: Comparison of quantitative results on D2Mamba obtained using different loss 
settings on the UIEB dataset.

Table 4: Comparison of quantitative results on D2Mamba by varying path numbers and 
Mamba layers on the UIEB dataset.

Figure 3: Qualitative results on C60 and U45. D2Mamba method produces clearer structures and more natural colors compared to other
existing methods.

Figure 4: Visualization of learned paths using GIFH.
Figure 1: Enhanced image under various loss configuration.

Figure 2: Depth map of degraded and enhanced images.

❖ Proposed D2Mamba, a lightweight Mamba-based framework for underwater 
image enhancement. 

❖ Integrates dual-stream spatial-frequency encoding, geodesic-guided feature 
traversal, Mamba-based correction, and gated synthesis reconstruction to 
capture local details and global dependencies effectively.

❖ Outperforms existing UIE methods with lower computational requirements, 
achieving a strong balance of efficiency, robustness, and visual fidelity.

Conclusion
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