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Progress of research on polarization image restoration technology for

complex underwater scenes

Guo Wei, Hua Xia, Li Denan, Cui Xiaopeng', Deng Lu
National Key Laboratory of Electromagnetic Energy ,Military Electrical Science and Technology Institute ,

Naval University of Engineering , Wuhan 430020, China

Abstract: As marine development and research continue to advance in terms of depth, underwater images find growing
applications in marine scientific observation, underwater engineering exploration, and marine biological monitoring. How-
ever, because of the coupled absorption and scattering of light by water, combined with turbulence, suspended particles,
and biological disturbances, underwater images exhibit multidimensional degradation (e. g. , color distortion and blurred
details) , which severely influences their visual effect and practical value. Consequently, efficient and reliable underwater
image restoration technology has become a research hotspot. Polarization imaging, which only requires an ordinary camera
and a polarizer and balances low cost with high reliability, has emerged as one of the most promising technical approaches
for image restoration in complex underwater scenes. In terms of technical foundation, water molecules absorb light with
wavelength selectivity (blue light has the least attenuation and red light has the highest attenuation) , leading to a blue-
green tone in underwater images. Forward scattering by suspended particles blurs target edges, and backscattering causes
image haze and distortion. On this basis, underwater polarization imaging physical models (e. g. , the Jaffe-McGlamery
model modified by Schechner et al. by introducing polarization analysis) have been presented, along with an overview of

the principles and performance differences of four types of polarization imaging systems: time-division, amplitude-
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division, aperture-division, and focal-plane-division systems. With regard to technical progress, this study elaborates from
three dimensions. First, the polarization difference method aims to suppress backscattering by analyzing the differences in
light intensity across various polarization states. Focusing on estimating backscattered light intensity at infinity, selecting
optimal orthogonal polarization image pairs, and establishing nonuniform models for dual polarization characteristics, this

study examines in detail the evolution of various techniques and how they address issues, such as over-reliance on manual

operations and overly idealized assumptions. Second, the physical degradation model-based method achieves image clarity
restoration by optimizing the parameters of the imaging physical model and encompasses three technical branches : imaging

model optimization, active circularly polarized light illumination, and refined estimation of transmittance. Imaging model
optimization enables image restoration by constructing models that precisely characterize the physical mechanisms of under-
water imaging. Active circularly polarized light illumination leverages the memory effect of circularly polarized light—spe-
cifically, its superior polarization preservation compared with linearly polarized light—to enhance the separation of scat-

tered light from target light. As a core parameter in underwater imaging physical models, transmittance is estimated pre-
cisely through refined methods, directly improving the clarity of underwater polarization images. Third, deep learning
methods are categorized into model- and data-driven approaches. Model-driven methods integrate underwater imaging
physical models with neural networks, utilizing the robust feature extraction and mapping capabilities of deep learning

while leveraging prior knowledge from physical models to compensate for data scarcity. Thus, they provide physically plau-
sible and algorithmically advanced solutions for underwater polarization image restoration. Data-driven methods, by con-

trast, directly learn image restoration mapping through extensive labeled data, enabling an end-to-end transformation from
input raw images to restored clear images. This study comprehensively reviews the aforementioned methods and provides in-
depth discussions of their respective advantages and limitations. It also identifies current technical challenges, including
insufficient consideration of forward scattering in imaging models, limited stability and generality of algorithms, difficulty

meeting real-time requirements, and gaps between laboratory validation and real-world environments. Future research

should focus on optimizing imaging models to accurately characterize physical processes, improving the cross-scene adapt-

ability of algorithms, enhancing efficiency through model lightweighting and hardware acceleration, expanding multiscene

polarization datasets, and strengthening validation in real environments. This study systematically reviews the research sta-
such as marine resource development and environmental monitoring.
deep learning

51

tus and development trends of polarization image restoration technology for complex underwater scenes, offering a compre-

T

hensive reference for the advancement of this technology and facilitating its effective implementation in practical fields,
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Table 3 Overview of underwater image restoration technology based on deep learning
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