International Journal of Advanced Research in Basic Engineering Sciences and Technology (IJARBEST)

A Comprehensive Review on Underwater Image Clarification

Techniques

Darshan S Finny Paul
Dept. of Information Science and Engineering Dept. of Information Science and Engineering
Alvas Institute of Engineering and Technology Alvas Institute of Engineering and Technology

Mangalore, India Mangalore, India

darshandarshu8722231@gmail.com finnypaul3 @gmail.com

Nesara S Gowda Tejaswini G
Dept. of Information Science and Engineering Dept. of Information Science and Engineering
Alvas Institute of Engineering and Technology Alvas Institute of Engineering and Technology

Mangalore, India Mangalore, India

nesaragowda246@gmail.com tejaswinig0330@gmail.com

Ms. Lolakshi P K
Dept. of Information Science and Engineering
Alvas Institute of Engineering and Technology
Mangalore, India
lolakshi@aiet.org.in

ABSTRACT

Underwater imaging plays a key role in many fields, from marine biology to archaeological research. However,
the unique challenges of the underwater environment, including light attenuation, colour distortion and
scattering, significantly affect the quality of captured images. This review explores advances in underwater
image clarification techniques to address these challenges and improve the visibility of underwater scenes. The
review begins by outlining the clear challenges of underwater imaging, emphasizing the need for efficient image
analysis methods. Traditional techniques such as colour correction and contrast correction are explored,
revealing their limitations and strengths. More in-depth information is provided on dedicated anti-darkening
algorithms, including dark channel progression and colour suppression, which shed light on their effectiveness
in mitigating dark effects and improving image clarity. The integration of machine learning, especially
Convolutional Neural Networks (CNNs), for the interpretation of underwater images is being investigated,
showing significant advances in the use of artificial intelligence to improve visual results. Real-time processing
and its importance in underwater applications are discussed, emphasizing the importance of efficient algorithms
for fast image clarification. The paper also discusses the integration of imaging techniques into underwater
systems, considering compatibility with different hardware configurations. Emphasis is placed on user-friendly

interfaces and their role in making images accessible to non-experts. Case
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studies from various fields illustrate the practical applications and implications of image

interpretation in underwater research.

[.  INTRODUCTION

Scientists, researchers, and enthusiasts have all
long been enthralled with the captivating and
enigmatic world beneath the surface of the water.
Numerous obstacles prevent the collection of high-
quality visual data for underwater imaging, a vital
tool for the investigation and comprehension of
This
explores the rapidly changing field of underwater

aquatic  ecosystems. thorough analysis
image clarifying methods to provide light on
current developments,[1] obstacles, and potential
paths forward. As we delve further into this review,
it becomes clear that there are many different types
of issues in underwater imaging. Scattered light,
colour distortion, and light attenuation all work
together to deteriorate image quality, posing a
special set of challenges that call for advanced
fixes. While foundational insights have been

obtained by traditional techniques, new
advancements in [2] dehazing algorithms and the
integration of machine learning open exciting new
possibilities for underwater image clarity. The goal
of this review is to help readers understand the
nuances of these methods by highlighting their
uses, drawbacks, and revolutionary possibilities.
Every technique, from colour correction to deep
learning models, adds to the overall endeavour to
unveil the underwater world with never-before-seen
detail.

We take a tour of the conventional and modern
methods of underwater picture clarity in the parts
that follow. We examine how these methods work
together to address the difficulties presented by the

aquatic environment, from the subtleties
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the
potential of machine learning. Practical applications

of dehazing algorithms to revolutionary
in diverse fields require careful consideration of
factors such as real-time processing,[3] seamless
interaction with undersea systems, and intuitive
interfaces. machine learning open exciting new
possibilities for underwater image clarity. The goal
of this review is to help readers understand the
nuances of these methods by highlighting their
uses, drawbacks, and cross-domain applications.
Case studies from the fields of marine biology,

underwater  archaeology, and environmental
monitoring allow us to see firsthand how picture
clarity affects scientific investigation and research.
The paper concludes by highlighting prospective
directions for investigation and the ongoing
development of methods in the constantly changing
field of underwater image clarity. This thorough
review essentially aims to be a guide for scholars,
professionals, and enthusiasts exploring the depths
of underwater imaging by providing an overview of
the state-of-the-art at the moment, difficulties, and
promising future prospects in the quest to elucidate

the secrets hidden beneath the surface of the sea.

II. RELATED WORKS

A large body of research reflecting a variety of
strategies and breakthroughs has arisen as the
search for the best underwater image clarifying
solutions continues. An overview of linked
studies is given in this part, which [4]groups
them into major themes that serve as a basis for
comprehending the development of underwater

image clarity.



a. Traditional approach:

A large body of research reflecting a variety of
strategies and breakthroughs has arisen as the
search for the best underwater image clarifying
solutions continues[5]. An overview of linked
studies is given in this part, which groups them
into major themes that serve as a basis for
comprehending the development of underwater
image clarity.

b. Dehazing Algorithms:

Techniques for dehazing have attracted a lot of
attention because they work well to increase
visibility underwater. [6]Dark channel prior was
first introduced as a potent dehazing algorithm in
seminal works by , which had an impact on later
research in this field. The toolkit for addressing
haze in underwater imagery has

been expanded by additional
developments, such as improved colour
attenuation  models and  adaptive
algorithms.

c. Machine Learning Paradigms:
(CNNs), in

particular, have revolutionized underwater image

Convolutional Neural Networks

clarification through the integration of machine

learning.[7] gave an example of how deep learning

can automatically

pick up on and adjust to the intricate
transformations needed to

improve image quality. More resilient and

adaptable models have been made

possible by later research that investigated a

variety of architectures and training

techniques.

d. Real-Time Processing:
Real-time image processing is essential for

surveillance and underwater robotics
applications. Effective algorithms designed for
quick image clarification were presented by ,

highlighting the
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significance of timely data analysis in
dynamic underwater environments.

I[II. Review of Underwater

Image Processing and
Analysis Models

Underwater imaging presents unique challenges,
from light attenuation to color distortion, requiring
advanced processing and analysis models. This
review surveys the landscape of underwater image
processing and analysis and examines the various
models that have been developed to improve the
quality and interpretability of images captured in

the aquatic environment.

Fig.1.Diagram of underwater image processing
(UIP) and analysis

1. Traditional Image Processing
Techniques:

Early efforts in underwater image processing
focused on traditional techniques such as color
correction, contrast correction, and [8]filtering.
Research by pioneers such as a laid the
foundation for understanding the effect of water
on image quality. Although these methods are
certainly effective, they are often unable to deal
with the complex and dynamic conditions of the
underwater environment.

2. Dehazing Models:



Blurring plays a key role in improving
underwater visibility. [9] Previous work, such
as implementation of the dark channel forward
algorithm, represented a major breakthrough.
Later models,
sophisticated color suppression methods were
developed to combat the effects of blurring
and produce clearer and more detailed
underwater images.

blur-free including more

3. Machine Learning in Underwater
Image Analysis:

The integration of machine learning, particularly

convolutional neural networks (CNNs), has
revolutionized  underwater image  analysis.
demonstrated the potential of CNNs to

automatically learn complex features and patterns
from underwater scenes.[10] This paradigm shift
has led to the development of more adaptive
models that can handle the inherent complexities of

underwater imaging.
4. Real-Time Image Processing:

Real-time processing is crucial for applications
such as underwater robotics and surveillance.
And further research is focused on developing
efficient algorithms that ensure timely analysis
of underwater images. These models strike a
balance between [11] computational efficiency
and the requirement for rapid decision-making

in dynamic underwater environments.

5. Object Detection and

Recognition Models:
Detection and identification of underwater objects
is crucial for various applications,

including marine biology and

environmental monitoring. Object recognition

models using techniques such
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as region-based convolutional neural
networks (R-CNN) and You Only Look
Once (YOLO) have shown promise in
accurately identifying underwater wildlife
and objects.

VI. Experimentation and Analysis:

Unveiling  the Efficacy  of
Underwater Image Clarification
Techniques:

This section discusses the empirical validation of

underwater image declaration techniques. It
introduces the experimental setup, performance
measures, and analyzes used to evaluate the
effectiveness of the various methods, and provides
an overview of the strengths and limitations of each

approach.

Underwater Image Processing I

Underwater Image l'mhmcemenj

Underwater Image Rcstonu'onJ

Not Based on IFM J Based on IFM J

Hardware based approaches | Software based approaches ] Dehazing I

Contrast Enhancement I
Fig.2.

enhancement and restoration methods

Colour Correction I Hybrid Methods |

Classification of underwater image

4.1. Experimental Setup:

4.1.1 Selection of data:

The selection of datasets is critical in evaluating
This

discusses the rationale behind the selection of the

image sharpening techniques. section
dataset, considering the diversity of underwater
scenarios, lighting conditions, and issues such as

color distortion and turbidity.

4.1.2 Creating the ground truth:



Creating reliable ground truth data involves careful
labeling of images for clarity, color accuracy and
object detection. This section explores the methods
used to generate ground truth data that provide a

solid foundation for quantitative analysis.
4.1.3 Test parameters:

Parameters such as image resolution, camera
specifications and environmental conditions are
described in detail to ensure transparency of the
experimental setup. Standardization of parameters
is crucial for a fair comparison of different

technologies.
4.2 Performance indicators:

4.2.1 Target indicators:

Objective metrics such as peak signal-to-noise
ratio (PSNR), structural similarity index (SSI),
and color difference measurements measure the
quality and accuracy of clear images. This
section explains the reasons for the choice of the

metric and their interpretation.
4.2.2 Subjective assessment:

Human perception is an important part of image
quality assessment. In subjective evaluation,
human observers rate the clarity, color accuracy
and overall quality of images. Methods such as
average opinion score (MOS) are used to gain
insight into the effect of image explanation on

perception.
4.3 Method-based analyses:

4.3.1 Traditional approaches:

In traditional methods, the analysis involves
comparing the effect of color

correction algorithms, contrast enhancement
techniques and filtering on image quality. This

includes a detailed
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study of their strengths and limitations in

various underwater scenarios.
4.3.2 Decomposition algorithms:

Analyzes of obfuscation algorithms focus on
their ability to obfuscate and improve visibility.
The effects of dark channel advance and color
suppression models on different types of fog are
investigated, emphasizing their effectiveness in

different underwater conditions.
4.3.3 Machine learning models:

Analyzes of machine learning models include the
performance of CNNs in learning complex
underwater features. The adaptability of transfer
learning and fine-tuning is evaluated, and the
effect of data augmentation techniques on model

reliability is carefully examined.

V. Challenges and future proposals :

The main purpose of this review is to summarize
recent research, identify issues and challenges in
the field of underwater imaging and then intends to
provide some insights and suggestions for future
direction. Below is a summary of open issues and
challenges that contribute to the progress of
underwater photography processing and thus draws
attention to signal processing and computer science
researchers intelligence > Underwater quality
Turbidity, light refraction, absorption and
underwater scattering the environment is still the
main factor influencing the quality of the
underwater image. Currently, most existing models
focus on one of the above factors. In the future
based on research, several

influencin actors can e
fl fact b



comprehensively viewed for effectiveness quality

of underwater images.

> Low contrast objects with a complex seabed
view, changing underwater environment lighting
conditions and heavy blur resulting in blurry and
monochrome images underwater objects that do not
have much color information together

form a large obstacle Improved underwater
visibility detection and object detection.

> Although the imaging device itself affected
the captured underwater image, perturbation of
optical wave propagation in turbulent absorption
and scattering underwater also often causes
image distortion with a distinct difference getting
the final image and the actual scene. The
physical model based on the propagation of light
is still there should be further investigated to
address the influence of these factors underwater
computer vision research probably requires a

long time of groping.

> Research on deep learning methods for
underwater image processing is just beginning
scene Currently, the lack of a large-scale
underwater database is limiting and hindering
deep learning-based models for underwater
image processing. Like more underwater image
files with annotations in deep truth are published
in deep learning There is a huge increase in
footage for underwater image processing the

future.

VI. CONCLUSION:

In this article, we have compiled a brief overview
of recent underwater research image processing and
analysis. In the past, representational methods were

divided into seven distinct ones categories:
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underwater image, enhancement, noise reduction,

fusion, segmentation, visibility
strength

addition,

detection, color and

recovery/recovery. In we also
presented materials used in underwater

image processing. Finally, we systematically
analyse the challenges area of underwater image
processing and gives some recommendations for

further

development underwater image processing.
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