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Abstract

To address technical degradation issues in complex underwater imaging environments—including
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severe light attenuation, significant color distortion, and loss of critical details—an underwater fish
school image enhancement system based on wavelet decomposition and Retinex correction was de-
signed and implemented in this paper. During the preprocessing stage, adaptive histogram equal-
ization (AHE) is employed to optimize low-contrast regions. Wavelet transformation then performs
multi-scale hierarchical decoupling of degraded images, separating them into low-frequency compo-
nents containing macroscopic contour information and high-frequency components carrying texture
features. For low-frequency components, the Retinex color constancy model is applied for illumina-
tion estimation and chromatic correction to eliminate color distortion caused by water scattering;
for high-frequency components, detail and texture enhancement techniques are applied. Finally,
amulti-scale fusion strategy is utilized to perform pyramid reconstruction on enhanced subbands.
Simulation results on the MATLAB platform demonstrate that this system significantly improves the
visual clarity of underwater fish school images, with notable improvements observed in both peak sig-
nal-to-noise ratio (PSNR) and underwater image quality metrics (UIQM), highlighting its strong prac-
tical value for engineering applications.
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Figure 1. Topological structure diagram
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Figure 2. Comparison of AHE local enhancement simulations of underwater degraded
fish school images
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Figure 3. Structure of one-dimensional and two-dimensional wavelet spatial decomposition
subband in underwater fish school images
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Figure 5. Comparison of subjective effects of different algorithms on underwater fish school degradation images
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Table 2. Quantitative comparison of mean objective indicators for different image enhancement algorithms
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