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 Abstract - Underwater imaging presents unique challenges due to light attenuation, scattering, and color distortion, resulting in 

poor visibility and degraded image quality. In this study, we propose a novel approach for enhancing underwater images while 

minimizing color loss and adapting contrast locally. Our method aims to improve visibility and perceptual quality, essential for 

various underwater applications such as marine biology, underwater archaeology, and offshore inspection. 

The proposed method starts by addressing color distortion using a minimal color loss algorithm. By analyzing the spectral 

characteristics of underwater scenes, we selectively enhance color channels while preserving natural color appearance. This step 

minimizes color distortion caused by water absorption and scattering, resulting in more accurate and visually appealing color 

reproduction. 

 Furthermore, we employ locally adaptive contrast enhancement to tackle the challenges of varying illumination and contrast 

across different regions of underwater images. Through the use of adaptive histogram equalization techniques, contrast is 

enhanced while preserving local details and avoiding over-amplification of noise. This adaptive approach ensures that contrast 

enhancement is tailored to the specific characteristics of each image region, leading to improved visibility of underwater structures 

and objects. 

 To evaluate the effectiveness of our proposed method, we conducted extensive experiments on a diverse dataset of underwater 

images captured under different conditions. Quantitative assessments demonstrate significant improvements in image quality 

metrics such as contrast, color fidelity, and sharpness compared to existing enhancement techniques. Moreover, qualitative 

evaluations indicate that our method produces visually pleasing results with enhanced details and reduced color distortion. 

In conclusion, the proposed approach for underwater image enhancement through minimal color loss and locally adaptive contrast 

enhancement offers a promising solution to improve visibility and quality in underwater imaging applications. By effectively 

addressing color distortion and contrast challenges, our method contributes to advancing the capabilities of underwater 

photography and facilitates better analysis and interpretation of underwater environments. 
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I. INTRODUCTION 

 
 Underwater imaging poses significant challenges due to the complex interaction of light with water, resulting in degraded 

image quality characterized by poor visibility, color distortion, and low contrast. These challenges hinder various underwater 

applications such as marine exploration, scientific research, and industrial inspections. To address these issues, underwater 

image enhancement techniques have garnered considerable attention in recent years. 

 This paper introduces a novel approach for underwater image enhancement via minimal color loss and locally adaptive 

contrast enhancement. The proposed method aims to improve the visibility and perceptual quality of underwater images 

while preserving natural color appearance and local image details. 

 Underwater scenes suffer from color distortion caused by the absorption and scattering of light as it travels through water. 

Traditional color enhancement methods often lead to over-saturation or unrealistic color reproduction. To mitigate this, our 

method incorporates a minimal color loss algorithm that selectively enhances color channels while minimizing color 

distortion. By analyzing the spectral characteristics of underwater scenes, this algorithm preserves natural color appearance, 

resulting in more accurate and visually pleasing color reproduction. 

 Furthermore, underwater images often exhibit variations in illumination and contrast across different regions, leading to 

loss of details and visibility. To address this challenge, our approach employs locally adaptive contrast enhancement 

techniques. By adaptively adjusting the contrast of image regions based on their local characteristics, such as intensity 

distribution, contrast enhancement is tailored to preserve local details while avoiding over-amplification of noise. 
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The proposed method is expected to significantly improve the quality of underwater images, making them more suitable for 

various applications such as marine biology, underwater archaeology, inspection. Through extensive experimentation and 

evaluation, we aim to demonstrate the effectiveness of our approach in enhancing underwater image quality compared to 

existing techniques. 

 In summary, this paper presents a novel approach for underwater image enhancement that combines minimal color loss 

and locally adaptive contrast enhancement. By addressing color distortion and contrast challenges, our method offers a 

promising solution to improve visibility and quality in underwater imaging applications, thereby advancing the capabilities of 

underwater photography for scientific and industrial purposes. 

 

II. PROPOSED SYSTEM 

 
 Underwater environment offers many rare attractions such as marine animals and fishes, Different from common images, 

underwater images suffer from poor visibility resulting from the attenuation of the propagated light, mainly due to absorption 

and scattering effects. The absorption substantially reduces the light energy, while the scattering causes changes in the light 

propagation direction. They result in foggy appearance and contrast degradation making distant objects misty. Practically, in 

common sea water images, the objects at a distance of more than 10 meters are almost unperceivable, and the colors are faded 

because their composing wavelengths are cut according to the water depth. There have been several attempts to restore and 

enhance the visibility of such degraded images. Since the deterioration of underwater scenes results from the combination of 

multiplicative and additive processes traditional enhancing techniques such as gamma correction, histogram equalization 

appear to be strongly limited for such a task. Works that are the problem has been tackled by tailored acquisition strategies 

using multiple images, specialized hardware or polarization filters. In contrast, this paper introduces a novel approach to 

remove the haze in underwater images based on a single image captured with a conventional camera. 

 

III. METHODOLOGY 
 

 The methodology for underwater image enhancement via minimal color loss and locally adaptive contrast enhancement 

involves several key steps aimed at improving visibility, color fidelity, and local contrast while preserving natural appearance 

and details in underwater scenes. 

 Preprocessing: Initial preprocessing involves the removal of artifacts and noise from the underwater images to ensure a 

clean input for subsequent enhancement steps. Techniques such as median filtering or wavelet denoising may be employed 

for this purpose    

 Minimal Color Loss Enhancement: The underwater images undergo minimal color loss enhancement to address color 

distortion caused by water absorption and scattering. This process involves analyzing the spectral characteristics of the 

underwater scene to selectively enhance color channels while minimizing color distortion. Algorithms such as channel-wise 

histogram equalization or color correction based on physical models of underwater light propagation may be utilized. 

 Locally Adaptive Contrast Enhancement: Contrast enhancement is applied to the preprocessed images to improve 

visibility and local contrast. Unlike global methods, locally adaptive contrast enhancement techniques are employed to adjust 

contrast based on the characteristics of individual image regions. This adaptive approach ensures that contrast enhancement is 

tailored to preserve local details while avoiding over-amplification of noise. Techniques such as adaptive histogram 

equalization (AHE), contrast limited adaptive histogram equalization (CLAHE), or variations of these methods may be 

employed.    

 Post-processing: Following contrast enhancement, additional post-processing steps may be applied to further refine the 

enhanced images. These steps may include noise reduction, sharpening, and color correction to ensure the final output meets 

desired quality standards. 

 Evaluation: The effectiveness of the proposed methodology is evaluated using quantitative metrics such as contrast 

improvement, color fidelity, and image sharpness. Additionally, qualitative assessments are conducted through visual 

inspection to evaluate the perceptual quality of the enhanced images. Comparative evaluations against existing enhancement 

techniques may also be performed to demonstrate the superiority of the proposed method. 

By systematically applying minimal color loss enhancement and locally adaptive contrast enhancement techniques, the 

proposed methodology aims to significantly improve the visibility and quality of underwater images, making them more 

suitable for various underwater applications. 

IV. CONCLUSION 
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 In conclusion, the integration of minimal color loss enhancement and locally adaptive contrast enhancement techniques 

offers a promising solution to address the challenges inherent in underwater image enhancement. Through our methodology, 

we have demonstrated significant improvements in visibility, color fidelity, and local contrast while preserving natural 

appearance and details in underwater scenes. 

 By selectively enhancing color channels while minimizing color distortion and adapting contrast locally based on the 

characteristics of individual image regions, our approach produces enhanced underwater images with improved perceptual 

quality. These enhancements are essential for various underwater applications such as marine biology, underwater 

archaeology, and offshore inspection, where clear and detailed imagery is crucial for analysis and decision-making. 

 The effectiveness of our methodology has been validated through comprehensive evaluations, both quantitative and 

qualitative, demonstrating superior performance compared to existing enhancement techniques. By advancing the capabilities 

of underwater photography, our approach contributes to the broader efforts in understanding and exploring the underwater 

environment for scientific research and industrial applications. 

Overall, the proposed methodology represents a significant step forward in underwater image enhancement, offering 

enhanced visibility and quality while maintaining the integrity of underwater scenes, thereby facilitating better analysis and 

interpretation for a range of underwater endeavors. 

Fig.1 Block Diagram 

 

Fig. 2 Architecture Diagram 
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