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Abstract

The study of underwater image restoration algorithms aims to address the quality degradation of un-
derwater images caused by light absorption and scattering, thereby enhancing image clarity and usa-
bility for various applications. This review summarizes recent advancements in the field, focusing on
three main categories: physics-based methods, data-based techniques, and deep learning-based ap-
proaches. Physics-based methods analyze light propagation characteristics in underwater environ-
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ments, employing techniques such as the dark channel prior, red channel methods, and polarization
analysis to restore image clarity. Data-driven methods rely on statistical and optimization techniques,
including histogram equalization, fusion strategies, and color correction models, to enhance image
quality. Meanwhile, deep learning-based approaches utilize models like convolutional neural net-
works (CNNs) and generative adversarial networks (GANSs) to achieve effective and adaptive restora-
tion within both supervised and unsupervised frameworks. These methods have demonstrated re-
markable advancements in dehazing, color correction, and contrast enhancement. Despite these
achievements, challenges remain in addressing complex optical environments and improving compu-
tational efficiency for real-time applications. This review highlights the need for hybrid methods that
integrate the strengths of physics-based models and deep learning, as well as the development of algo-
rithms tailored for real-time underwater image restoration. Future research is expected to focus on
achieving greater robustness, adaptability, and processing speed, enabling wider adoption in under-
water robotics, marine research, and environmental monitoring.
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Figure 1. A physical model of an underwater image
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Table 1. Comparison of underwater image restoration algorithms based on physical models
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Table 2. Comparison of underwater image restoration algorithms based on image enhancement
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Table 3. Comparison of underwater image restoration algorithms based on multi-image fusion
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Table 4. Comparison of underwater image restoration algorithms based on deep learning
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Table 5. Comparison of underwater image restoration algorithms based on statistical analysis and prior knowledge
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Figure 2. Comparison of (a) Raw image, (b) UDCP [65], (¢) ROP [66] and (d) ROP+ [67]
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Figure 3. Comparison of (a) Raw image, (b) IBLA [68], (c) Gray-world [69] and (d) CBF [70]
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