
Volume 2, Issue 2, June – 2023 PP 227-234 International Journal of Futuristic Innovation in
Engineering, Science and Technology (IJFIEST)

ENHANCING UNDERWATER IMAGE QUALITY STATE-OF-THE-ART TECHNIQUES

AND FUTURE DIRECTIONS 

Mr. Ghanshyam Sahu, 

Department Name- Computer Science and

Engineering

Bharti Vishwavidyalaya, Durg, Chhattisgarh, India

Dr. Virendra Kumar Swarnkar

Department Name- Computer Science and

Engineering

Bharti Vishwavidyalaya, Durg, Chhattisgarh, India

ABSTRACT

Underwater  imaging  presents  significant  challenges  due  to  light  absorption,  scattering,  and

turbulence,  leading  to  poor  image  quality  and  reduced  visibility.  Enhancing  the  quality  of

underwater  images  is  crucial  for  various  applications,  including marine research,  underwater

robotics, and recreational diving. This paper presents a comprehensive review of techniques for

underwater image quality enhancement. It covers pre-processing, image restoration, and post-

processing methods employed to improve visibility, color accuracy, contrast, and overall image

sharpness.  The  review  highlights  state-of-the-art  approaches,  discusses  their  strengths  and

limitations,  and  identifies  open  research  areas  for  further  advancements.  By  improving

underwater image quality, these techniques contribute to a better understanding and exploration

of the underwater world.
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INTRODUCTIONS

Underwater  imaging  plays  a  crucial  role  in  a  wide  range  of  applications,  including  marine

biology, underwater archaeology, environmental monitoring, and underwater robotics. However,

capturing high-quality  images in underwater environments  is  challenging due to the inherent

characteristics  of  water,  such  as  light  absorption,  scattering,  and  turbulence.  These  factors

degrade image quality by reducing contrast, introducing color shifts, and blurring details, which

significantly impede visual interpretation and analysis [1].

The need to enhance underwater image quality has led to extensive research and the development

of  various  techniques  and  algorithms.  These  approaches  aim  to  overcome  the  limitations

imposed  by  the  underwater  medium  and  improve  visibility,  color  accuracy,  sharpness,  and
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overall image quality. By enhancing underwater images, researchers and practitioners can gain

valuable  insights into underwater ecosystems,  facilitate  object  detection and recognition,  and

enable effective decision-making in underwater operations.

Over the years, significant  progress has been made in the field of underwater image quality

enhancement.  Early  studies  focused  on  basic  image  processing  techniques  such  as  contrast

adjustment  and  color  correction.  However,  with  advancements  in  imaging  technology  and

computational capabilities, more sophisticated algorithms and approaches have been developed

to tackle the unique challenges posed by underwater environments.

In recent  years,  there  has  been a  growing interest  in  the use  of  machine  learning  and deep

learning  techniques  for  underwater  image  enhancement.  These  approaches  leverage  large

datasets of underwater images to train models that can effectively restore and enhance image

quality. By learning the statistical properties of underwater scenes, these models can compensate

for  the  effects  of  light  attenuation,  scattering,  and noise,  resulting  in  visually  appealing  and

informative underwater images [2].

Despite  the  progress  made,  several  challenges  still  exist  in  underwater  image  quality

enhancement.  The  highly  dynamic  and  unpredictable  nature  of  underwater  environments,

variations in water properties, and limited availability of labeled underwater image datasets pose

significant  obstacles  [3].  Additionally,  real-time  processing  requirements,  computational

complexity, and the need for robust algorithms in different underwater conditions further add to

the complexity of the problem.

This research paper aims to provide a comprehensive review of the state-of-the-art techniques for

enhancing underwater image quality. It will discuss the advancements made in pre-processing,

image  restoration,  and  post-processing  methods,  highlighting  their  strengths  and  limitations.

Furthermore,  the paper will  identify open research areas and propose potential  directions for

future advancements in the field of underwater image quality enhancement.

LITERATURE REVIEW:

Underwater imaging is a challenging task due to the unique optical properties of water, including

light  absorption,  scattering,  and turbulence.  These  factors  degrade  image  quality,  leading  to
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reduced  visibility,  color  distortion,  and  loss  of  details.  To  overcome  these  challenges  and

enhance underwater image quality, various techniques and algorithms have been developed. In

this  literature  review,  we  provide  an  overview of  state-of-the-art  techniques  for  underwater

image  quality  enhancement,  discussing  their  advancements,  limitations,  and  potential  future

directions.

PRE-PROCESSING TECHNIQUES:

Pre-processing plays a crucial role in enhancing underwater image quality. Color correction is a

fundamental step to compensate for the color shifts caused by water absorption and scattering.

Smith and Johnson [1] proposed an adaptive color correction method based on the estimation of

water properties. White balancing techniques have also been employed to correct color biases

and improve color rendition in underwater images [2]. Contrast enhancement methods aim to

enhance the visibility of underwater scenes by improving the dynamic range of the images [3].

IMAGE RESTORATION TECHNIQUES:

Image restoration techniques are employed to mitigate the effects of light attenuation, scattering,

and noise in underwater images. Dehazing methods have been widely used to recover the lost

details and improve visibility in underwater scenes. Li et al. [4] proposed a dark channel prior-

based dehazing method specifically tailored for underwater images. Image denoising techniques,

such as wavelet denoising and non-local means filtering, have been applied to reduce the noise

introduced  during  image  capture  [5].  Image  super-resolution  methods  aim  to  enhance  the

resolution and sharpness of underwater images [6].

POST-PROCESSING TECHNIQUES:

Post-processing techniques are applied after the initial enhancement steps to further improve the

quality of underwater images. Tone mapping algorithms are employed to adjust the overall tonal

distribution and enhance the visual appearance of images [7]. Image fusion techniques have been

used to combine information from multiple underwater images to enhance details  and reduce

noise [8]. Image retargeting and resizing methods are employed to adapt underwater images to

different  display  sizes  and  aspect  ratios  [9].  Image  compression  techniques  tailored  for

underwater images are also essential to reduce storage and transmission requirements [10].
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EVALUATION METRICS:

To  assess  the  effectiveness  of  underwater  image  quality  enhancement  techniques,  various

evaluation metrics  have been proposed. Objective  metrics,  such as peak signal-to-noise ratio

(PSNR) and structural similarity index (SSIM), provide quantitative measures of image quality.

Subjective  metrics,  including  user  studies  and  preference  tests,  involve  human  observers'

judgments of image quality and provide valuable insights into the perceptual quality of enhanced

images.

Enhancing the quality of underwater images is crucial for various underwater applications. This

literature  review has  provided  an  overview of  the  state-of-the-art  techniques  for  underwater

image quality  enhancement,  including pre-processing,  image restoration,  and post-processing

methods. While significant progress has been made, challenges such as environmental variations,

computational complexity, and the lack of standard datasets persist. Future research directions

may include the development of deep learning approaches, multi-modal fusion techniques, and

underwater 3D reconstruction methods to further advance the field of underwater image quality

enhancement.

METHODOLOGY:

To conduct a comprehensive review of underwater image quality enhancement techniques, the

following methodology was followed:

Literature Search: A systematic search was conducted in academic databases, including IEEE

Xplore,  ACM Digital  Library,  and Google  Scholar.  Relevant  keywords  such as  "underwater

image  enhancement,"  "underwater  visibility,"  "underwater  image  processing,"  and  "image

quality enhancement" were used to retrieve relevant research articles, conference papers, and

review papers.

Selection Criteria: The retrieved papers were screened based on their relevance to underwater

image quality  enhancement.  Only papers published in reputable journals or conferences,  and

those that provided significant insights into the topic, were included in the review.

Classification of Techniques: The selected papers were classified into different categories based

on  the  techniques  employed  for  underwater  image  quality  enhancement.  These  categories

included  pre-processing  techniques,  image  restoration  techniques,  and  post-processing

techniques.
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Analysis and Synthesis: Each technique within the identified categories was analyzed in terms of

its underlying principles, advantages, limitations, and applications. Comparative analyses were

performed to highlight the strengths and weaknesses of different techniques.

Identification of Emerging Trends: The review also focused on identifying emerging trends and

advancements  in  underwater  image  quality  enhancement.  This  involved  exploring  recent

publications, conference proceedings, and ongoing research projects to identify new techniques,

algorithms, and approaches.

Critical  Evaluation:  The  reviewed  techniques  were  critically  evaluated  based  on  their

performance,  applicability  to  different  underwater  conditions,  computational  complexity,  and

practical implementation aspects.

Future  Directions:  Based on the  analysis  of  the  existing  literature,  open research  areas  and

potential  future  directions  for  underwater  image quality  enhancement  were  identified.  These

directions included the application of deep learning techniques, multi-modal fusion approaches,

and the integration of underwater 3D reconstruction methods.

Documentation  and  Reporting:  The  findings  were  documented,  and  the  review  paper  was

structured  using  appropriate  sections  such  as  introduction,  literature  review,  methodology,

results, discussion, and conclusion.

By  following  this  methodology,  a  comprehensive  review  of  underwater  image  quality

enhancement  techniques  was  conducted,  providing  a  comprehensive  overview  of  the  field's

advancements, challenges, and potential areas of future research.

RESULT & DISCUSSION:

The review of underwater image quality enhancement techniques revealed several key findings

and discussions, as summarized below:

Pre-processing Techniques:

Color correction methods have been widely employed to compensate for color shifts caused by

water absorption and scattering. Adaptive color correction techniques [1] and white balancing

methods [2] have shown promising results in improving color accuracy in underwater images.

Contrast  enhancement  techniques  aim to  improve  visibility  in  underwater  scenes.  Nonlinear

mapping approaches [3] and histogram equalization methods have been effective in enhancing

the dynamic range of underwater images.
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Image Restoration Techniques:

Dehazing  methods  have  been  extensively  studied  for  underwater  image  enhancement.

Techniques  based on dark channel  prior  [4]  and minimum information  loss  [7] have shown

significant improvement in visibility and detail recovery.

Image denoising techniques, such as wavelet denoising [5] and non-local means filtering, have

been used to reduce noise introduced during image capture, leading to improved image quality.

Image super-resolution methods [6] have been employed to enhance the resolution and sharpness

of underwater images, enabling better analysis and visualization of details.

Post-processing Techniques:

Tone mapping algorithms have been used to adjust the overall tonal distribution of underwater

images, improving their visual appearance [7].

Image  fusion  techniques  [8]  have  been  employed  to  combine  information  from  multiple

underwater images, enhancing details and reducing noise.

Image retargeting and resizing methods [9] have been developed to adapt underwater images to

different display sizes and aspect ratios while preserving their quality and content.

Underwater  image  compression  techniques  [10]  have  been  proposed  to  reduce  storage  and

transmission requirements while maintaining the essential image information.

Evaluation Metrics:

Objective  metrics  such  as  peak  signal-to-noise  ratio  (PSNR)  and  structural  similarity  index

(SSIM) have been commonly used to quantitatively assess the performance of underwater image

quality enhancement techniques.

Subjective  evaluation  through  user  studies  and  preference  tests  is  essential  to  evaluate  the

perceptual quality of enhanced underwater images.

The discussions arising from the review emphasize the challenges that still exist in underwater

image  quality  enhancement.  Environmental  variations,  limited  labeled  underwater  image

datasets, and the need for real-time processing remain key obstacles. Moreover, the integration of

machine learning and deep learning techniques shows promise for further advancements in the

field.

Overall, the review highlights the advancements made in pre-processing, image restoration, and

post-processing techniques for underwater image quality enhancement. It identifies the strengths

and  limitations  of  different  approaches  and  provides  insights  into  potential  future  research
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directions. The findings of this review contribute to the development of effective techniques for

enhancing underwater image quality and advancing applications in underwater imaging.

CONCLUSION

The  enhancement  of  underwater  image  quality  is  a  critical  task  for  various  underwater

applications, ranging from marine biology to underwater robotics. This comprehensive review

has  provided  an  overview  of  the  state-of-the-art  techniques  for  underwater  image  quality

enhancement, including pre-processing, image restoration, and post-processing methods.

The  review  highlighted  the  advancements  made  in  color  correction,  contrast  enhancement,

dehazing, denoising, super-resolution, tone mapping, image fusion, retargeting, and compression

techniques specifically tailored for underwater images. These techniques address the challenges

posed  by  light  absorption,  scattering,  and  noise  in  underwater  environments,  resulting  in

improved visibility, color accuracy, sharpness, and overall image quality.

The discussions and analysis of the reviewed techniques shed light on their strengths, limitations,

and applicability in different underwater conditions. While significant progress has been made,

challenges such as environmental variations, limited labeled underwater image datasets, and real-

time  processing  requirements  persist.  However,  emerging  trends,  such  as  the  integration  of

machine  learning  and  deep  learning  techniques,  offer  promising  opportunities  for  further

advancements in underwater image quality enhancement.

Future research directions may involve the development of robust and adaptive algorithms that

can handle the dynamic and unpredictable nature of underwater environments. Additionally, the

exploration of multi-modal fusion approaches, underwater 3D reconstruction methods, and the

utilization of underwater-specific datasets can further enhance the field.

In  conclusion,  the  review  paper  has  provided  valuable  insights  into  the  advancements,

challenges,  and  potential  future  directions  in  underwater  image  quality  enhancement.  The

reviewed techniques contribute to the understanding and development of effective methods for

enhancing  the  visual  quality  of  underwater  images,  ultimately  enabling  better  analysis,

interpretation, and decision-making in underwater applications.
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