
 

 

 

Journal of Nonlinear Analysis and Optimization  

Vol. 16, Issue. 1:  2025  

ISSN : 1906-9685 
 

 

SINGLE UNDERWATER IMAGE RESTORATION USING VARIATIONAL 

FRAMEWORK GUIDED BY IMAGING MODEL WITH NOISE 

Dr. K. Niranjan Reddy 1,UMA DEVI2, ANIL3,SHAIK NISSAR4 

1. Associate Professor, Department of Electronics and Communication Engineering, CMR 

Institute of Technology, Medchal, Hyderabad. 

2. Bachelor’s Student, Department of Electronics and Communication Engineering, CMR 

Institute of Technology, Medchal, Hyderabad. 

3. Bachelor’s Student, Department of Electronics and Communication Engineering, CMR 

Institute of Technology, Medchal, Hyderabad. 

4. Bachelor’s Student, Department of Electronics and Communication Engineering, CMR 

Institute of Technology, Medchal, Hyderabad. 

ABSTRACT 

Underwater images often suffer from 

degradation due to scattering, absorption, and 

noise, leading to reduced visibility, contrast, 

and color distortion. These issues 

significantly impact underwater exploration, 

marine biology research, and autonomous 

underwater vehicle (AUV) navigation. This 

study proposes a single underwater image 

restoration framework based on a variational 

approach guided by an imaging model with 

noise consideration. The proposed method 

incorporates a physics-based underwater 

imaging model to accurately estimate 

attenuation and backscatter effects, while a 

variational framework is employed to 

enhance image clarity and suppress noise. A 

regularization technique is introduced to 

balance noise removal and detail 

preservation, ensuring that fine textures and 

edges remain intact. The proposed method is 

evaluated on benchmark underwater image 

datasets, demonstrating superior 

performance in terms of contrast 

enhancement, structural similarity, and color 

correction compared to conventional 

dehazing and filtering-based approaches. 

Experimental results show that the 

framework effectively restores scene 

visibility, corrects color distortions, and 

reduces noise interference, making it a 

reliable solution for underwater imaging 
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applications. Future work will focus on real-

time processing capabilities and integration 

with deep learning-based enhancement 

models to further improve restoration quality 

and computational efficiency. 

INTRODUCTION 

Underwater imaging is critical for 

applications such as marine research, 

underwater robotics, and surveillance. 

However, the quality of underwater images is 

often severely degraded due to light 

scattering, absorption, and artificial noise, 

leading to low visibility, poor contrast, and 

color imbalance. Traditional image 

enhancement methods, such as histogram 

equalization and white balancing, often fail to 

recover the lost information due to the 

complex optical properties of water and 

varying depth conditions.To address these 

challenges, researchers have developed 

physics-based restoration models that 

leverage the underwater imaging formation 

process. However, these methods often suffer 

from over-smoothing, noise amplification, or 

require depth-dependent priors, which limits 

their practical applicability. This study 

proposes a variational framework guided by 

an imaging model that explicitly considers 

noise effects, aiming to achieve robust and 

adaptive underwater image restoration. The 

key contributions include Formulation of a 

physics-guided variational model that 

estimates light attenuation, backscatter, and 

noise interference. Regularization-based 

noise suppression to preserve fine details 

while removing unwanted 

distortions.Comprehensive evaluation on 

benchmark underwater datasets, 

demonstrating significant improvements in 

visibility, structural similarity, and color 

accuracy.By integrating physical modeling 

with variational optimization, this approach 

achieves superior restoration results without 

requiring additional depth information or 

specialized hardware, making it ideal for 

real-world underwater imaging applications. 

HISTORY OF UNDERWATER IMAGES: 

The fascination with the underwater world 

dates back centuries, as humans have long 

sought to explore the mysteries hidden 

beneath the waves. The journey of 

underwater imaging is an intriguing blend of 

technological innovation, artistic endeavor, 

and scientific inquiry. This exploration can be 

divided into several key eras, each marked by 

significant advancements and milestones in 

underwater photography. Early Exploration 

(Ancient to 19th Century) Technological 

Innovations (20th Century) The earliest 

records of underwater exploration can be 

traced back to ancient civilizations. The 
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Greeks and Romans used simple diving 

equipment made from hollow reeds or 

wooden tubes to observe underwater life. 

However, these early attempts at underwater 

exploration lacked the means to capture 

images. In the late 19th century, the invention 

of the camera revolutionized the ability to 

document the underwater world. The first 

successful underwater photographs were 

taken in the 1850s by the French 

photographer and inventor, Louis Boutan. He 

used a glass plate camera and a weighted 

wooden box to submerge the camera 

underwater. His pioneering work laid the 

foundation for underwater photography as we 

know it today. The 20th century marked a 

significant turning point for underwater 

imaging. With advancements in technology, 

underwater photography became more 

accessible and sophisticated. In the early 

1900s, the introduction of waterproof 

cameras made it possible for divers to capture 

images while submerged. Notably, the 

introduction of the "Aqua-Lung" in the 1940s 

by Jacques Cousteau and Émile Gagnan 

opened up new possibilities for underwater 

exploration and photography.Invention of the 

first waterproof housing for cameras allowed 

photographers to use standard cameras 

underwater, leading to an explosion of 

underwater imagery. Notable underwater 

photographers such as Cousteau and Hans 

Hass gained recognition for their stunning 

images of marine life, bringing the beauty of 

the underwater world to the public's attention. 

LITERATURE REVIEW 

1. A Variational Framework for 

Underwater Image Restoration Using 

Physics-Based Imaging Models 

Authors: Li, Y., Chen, X., & Wang, J. 

(2022) 

This study introduces a physics-based 

variational model to restore single 

underwater images affected by scattering and 

absorption. The model employs Total 

Variation (TV) regularization to remove 

noise and enhance image clarity while 

preserving edge structures. The proposed 

framework incorporates a haze imaging 

model and a depth estimation algorithm, 

effectively correcting color distortion and 

contrast loss. Experimental results on real-

world datasets indicate a 30% improvement 

in visibility and contrast, proving its 

effectiveness for marine exploration and 

underwater surveillance applications. 

2. Noise-Aware Variational Framework 

for Underwater Image Enhancement 

Using Deep Priors 

Authors: Kumar, R., Zhao, H., & Tan, Y. 

(2023) 
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This research presents a deep learning-aided 

variational framework that integrates a 

statistical noise model into underwater image 

restoration. The method refines the Retinex-

based enhancement approach by adapting it 

to underwater lighting conditions. Using 

adaptive regularization constraints, the 

framework effectively suppresses noise 

while maintaining structural integrity. 

Results demonstrate a 25% reduction in noise 

artifacts and enhanced perceptual quality, 

making it ideal for marine robotics and 

underwater object detection applications. 

 

3. Variational Model-Guided Image 

Restoration for Single Underwater Image 

Enhancement 

Authors: Sharma, P., Gupta, S., & Luo, J. 

(2021) 

This study introduces a multi-scale 

variational approach that integrates dark 

channel prior (DCP) with a noise-guided total 

variation model for restoring single 

underwater images. The framework 

compensates for light scattering and 

wavelength-dependent attenuation, 

improving visual quality and contrast 

restoration. The experimental validation on 

multiple underwater datasets indicates a 20% 

increase in feature sharpness and reduced 

backscatter noise, making the approach 

suitable for autonomous underwater vehicles 

(AUVs) and underwater photogrammetry. 

 

4. Variational Decomposition Model for 

Underwater Image Restoration Under 

Low-Light and Noisy Conditions 

Authors: Zhang, H., Lee, C., & Wang, R. 

(2022) 

This study proposes a variational 

decomposition framework that 

simultaneously removes low-light distortion, 

backscatter effects, and sensor-induced noise 

in single underwater images. The model 

combines non-local total variation 

regularization with Bayesian noise filtering, 

significantly improving image visibility. 

Evaluations on benchmark datasets indicate a 

40% improvement in brightness correction 

and noise suppression, outperforming 

traditional wavelet-based and histogram 

equalization methods. This model is 

particularly beneficial for underwater 

archaeology and marine biodiversity 

analysis. 

 

5. An Improved Underwater Image 

Restoration Method Using Variational 

Regularization and Physical Imaging 

Constraints 

Authors: Patel, M., Sun, Y., & Kim, D. 

(2023) 
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This paper presents a hybrid approach 

combining variational regularization with an 

imaging constraint-based dehazing model to 

restore underwater images. The method 

refines light absorption correction by 

integrating a color attenuation prior, 

improving color consistency across various 

water depths. The framework is tested on 

synthetic and real underwater datasets, 

achieving a 35% increase in contrast and 

sharpness. The authors conclude that 

incorporating physical priors with variational 

modeling leads to more robust and natural-

looking underwater images. 

IMPLEMENTATION 

These methods are rooted in underwater 

imaging model and leverage prior 

information to estimate physical properties, 

thereby inversing the imaging model to 

generate high quality images. Inspired by 

dark channel prior , several prior-based 

approaches were proposed for underwater 

image restoration. According to the unequal 

absorption on light with different 

wavelengths, Chiang and Chen restored 

underwater images by compensating the 

attenuated wavelength. Considering the 

massive absorption on red light, Drews et al.  

excluded the red channel to estimate the 

depth of scene, i.e., underwater dark channel 

prior. Galdran et al. inverted red channel and 

proposed saturation prior to correct the depth 

of scene to avoid overexposure. Li et al. 

minimized the loss of color information in 

restored images to calculate the physical 

properties for restoring underwater images. 

Peng et al. proposed the prior involving in 

light absorption and image ambiguity to 

estimate transmission map and generalized 

DCP to restore underwater images (GDCP). 

Berman et al. generated haze lines from 

degraded underwater images to restore the 

wavelength-based degradation in underwater 

images. Moreover, other prior information 

was proposed to accurately estimate the 

scene depth. Liu et al. explored the rank-one 

prior of underwater images and applied the 

prior to estimate the depth of underwater 

scene (ROPU). Dai et al. decomposed curves 

of degraded color into RGB axes to estimate 

transmission maps (DCAC). Zhou et al. 

proposed channel intensity prior to estimate 

the depth map and employed adaptive dark 

pixels to eliminate back scattering. 

CONCLUSION 

This study presents a novel single underwater 

image restoration framework, combining a 

physics-based imaging model with a 

variational optimization approach to address 

scattering, absorption, and noise degradation. 

By explicitly modeling light attenuation, 

backscatter effects, and noise components, 

the proposed method enhances image clarity, 

contrast, and color balance more effectively 

than conventional enhancement 

techniques.Experimental results on 

benchmark underwater image datasets 

confirm that the proposed approach 

significantly outperforms traditional 
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dehazing, filtering, and enhancement 

methods, achieving higher structural 

similarity and better noise suppression. 

Furthermore, the regularization-based 

formulation ensures that fine image details 

are preserved, making it a versatile and robust 

solution for diverse underwater 

conditions.Despite its effectiveness, some 

challenges remain, including Computational 

complexity, which may require optimization 

for real-time processing in AUV and 

underwater surveillance 

applications.Variability in underwater 

environments, requiring further adaptation to 

different water types and lighting 

conditions.Potential integration with deep 

learning models to enhance feature learning 

and automated restoration 

performance.Future research will focus on 

accelerating processing speed, incorporating 

deep neural networks for feature 

enhancement, and expanding the framework 

to real-time underwater video restoration. 

This work contributes to the advancement of 

underwater vision technologies, providing a 

practical and efficient solution for 

underwater image enhancement across 

multiple applications. 
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