
International Research Journal ▪ № 3 (141) ▪ March

ИНФОРМАТИКА И ИНФОРМАЦИОННЫЕ ПРОЦЕССЫ / INFORMATICS AND INFORMATION PROCESSES

DOI: https://doi.org/10.23670/IRJ.2024.141.59 

AN IN-DEPTH LOOK INTO COMBINING IMAGE PROCESSING AND WAVELET TRANSFORMATION 

Review article 

Liyanage P.1, *, Kruglova L.V.2

1 ORCID : 0009-0005-5030-3266; 
2 ORCID : 0000-0002-8824-1241; 

1, 2 Peoples' Friendship University of Russia, Moscow, Russian Federation 

* Corresponding author (1032225219[at]pfur.ru) 

Abstract 
This article discusses the substantial influence of wavelet transformation in the field of image processing. A thorough

understanding of the mathematical foundations of wavelet transformation is explored, with a focus on its unique capacity to do
multi-resolution analysis. The adaptability of wavelets to a wide range of problems is further demonstrated by showcasing its
applications in feature extraction, denoising, and picture compression. A comparison with other techniques, provides insight on
the  spatial  localization properties  that  set  wavelet  transformation apart  from the  rest.  Future  directions,  such  as  adaptive
transformations and integration with deep learning, as well as challenges, such as computing complexity and wavelet selection,
are also covered. This review encourages further investigation, collaboration, and learning in the developing field of wavelet-
based image processing, emphasizing its revolutionary significance and ongoing potential to dictate the course of visual data
analysis.
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Аннотация 
В этой статье рассматривается существенное влияние вейвлет-преобразований на область обработки изображений.

Рассматриваются  математические  основы  вейвлет-преобразования  с  акцентом  на  его  уникальную  способность  к
анализу в нескольких разрешениях. Адаптивность вейвлетов к широкому кругу задач демонстрируется на примере их
применения в экстракции признаков, обесцвечивании и сжатии изображений. Сравнение с другими методами дает
представление  о  свойствах  пространственной  локализации,  которые  отличают  вейвлет-преобразование  от  других.
Также  рассматриваются  будущие  направления,  такие  как  адаптивные  преобразования  и  интеграция  с  глубоким
обучением,  а  также  проблемы,  такие  как  сложность  вычислений  и  выбор  вейвлетов.  Этот  обзор  призван
способствовать  дальнейшим  исследованиям,  сотрудничеству  и  обучению  в  развивающейся  области  обработки
изображений на основе вейвлетов, подчеркивая ее революционное значение и сохраняющийся потенциал определять
ход анализа визуальных данных.

Ключевые слова: обработка изображений, вейвлет-преобразование, математические основы. 

Introduction 
As an important area of study in computer science and technology, image processing has become a creative force that is

changing many different  sectors.  Fundamentally,  image processing involves  modifying visual  input  to  extract  meaningful
information,  enhance  perceptual  quality,  and facilitate  effective  decision-making in  several  domains [1].  In  this  vast  and
developing subject, wavelet transformation is one method that has drawn a lot of attention because of its unique features. 

The first section of this literature review provides a thorough overview of image processing, outlining its goals, definition,
and evolutionary history. Image processing is an important field that affects many different industries. To enhance the quality
and usability of images, practitioners and researchers have developed new methods that can handle different image structures,
gather detailed features, and overcome issues such as noise and other defects [2]. 

Moving on, the concepts of wavelet transformation come into focus. The goal is to offer a clear understanding of wavelets
by delving into the mathematical concepts that underpin this approach. Wavelet transformation has the advantage of being
flexible with non-stationary signals and efficient in expressing data with both global and local properties [3], which opens the
door to a thorough examination of its uses in image processing.

Finally, wavelet transformation in image processing is explored in great detail, highlighting its applications, complexities,
and potential future developments. In the following sections, the present state and the exciting future potential of the complex
tapestry of wavelet transformation in image processing will be revealed.
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Fundementals of image processing 
One of the primary areas of study in computer science is image processing, which is the management and analysis of a

visual input to extract relevant information. Improving image quality, facilitating pattern recognition, and easing decision-
making processes for a variety of applications are among the objectives of image processing [4]. The constant search for
methods that can more reliably collect and analyze visual data has supported the advancement of image processing. These are
the basic ideas of image processing.

Definition and goal
At its core, image processing is using computer programs to modify and analyze a visual input. The two main objectives of

image processing are image restoration, which attempts to restore or repair images that have been compromised by noise, blur,
or other factors, and image enhancement, which seeks to increase the overall quality of an image [2].

Processes  utilized  for  visual  data  modification  range  from  simple  adjustments  like  scaling  and  cropping  to  more
sophisticated methods like filtering, segmentation, and transformation [5]. These procedures are essential for feature extraction,
pattern recognition, and object identification, which advances computer vision, remote sensing, and medical imaging [1].

Historical Development
During the course of time, significant turning points in the field of image processing has developed it into a thriving,

interdisciplinary field. Early developments in the middle of the 20th century focused on basic picture-enhancing methods, such
as histogram equalization and contrast stretching [6]. In the 1970s, photo compression and encoding techniques advanced
further [7]. Researchers have established the foundation for standards like JPEG by studying the mathematical representations
of images and creating successful data compression methods like the Discrete Cosine Transform (DCT) [8].

The need for effective data representation and feature extraction increased as image processing advanced through the use
of artificial intelligence and machine learning [9] and transformed into a versatile tool for resolving problems in the age of big
data and complex visual information [10].

The following sections will explore further into the powerful role of wavelet transformation in this dynamic environment,
examining its mathematical underpinnings, practical uses, and relative advantages.

Fundementals of wavelet transformation 
Understanding the impact of wavelet  transformation on image processing involves an exploration of its mathematical

underpinnings. The primary objective of wavelet transformation is to analyze signals or images at different resolutions. This is
accomplished  by  gradually  dividing  the  original  signal  into  approximation  and  detail  coefficients  using  a  hierarchical
decomposition approach [11]. 

Two functions are convolved in the wavelet transform: wavelet ( ,psi) and scaling ( ,phi). The wavelet function

records the high-frequency components of the signal, whereas the scaling function extracts the low-frequency components
[11]. A series of expansions and translations of these functions result in the transformation, which generates an analysis with
many resolutions.

Equation 1 gives the continuous wavelet transformation (CWT) of the signal [12].

(1)

where   is the scaling factor,  is the translation parameter, and  is the wavelet function. The integral is taken

over all values of . 
To simplify computation, the CWT is frequently discretized in practical applications. The discrete wavelet transformation

(DWT) splits a signal into approximation (A) and detail (D) components via convolution and down sampling [13].
Let    represent a discrete signal. The DWT is calculated using equations 2 and 3.

(2)

(3)

The  approximation  and  detail  coefficients  at  the   level  of  the  decomposition  are  represented  by  the

variables   and   in  equations 2 and 3,  respectively.  The filters   and   are known as  the

scaling  and  wavelet  coefficients.  The  down  sampling  procedure  and  the  degree  of  decomposition  are  indicated  by  the
subscript   and .

This  formulation can  analyze and  portray  complicated  signals  and  images  of  real-world  visual  content  owing to  the
mathematical underpinnings of wavelet processing. The various uses of wavelet transformation in image processing will be
covered in detail in the next sections, which will also show how well it works to solve issues with feature extraction, denoising,
and compression.

Applications of wavelet transformation in image processing 
The versatility of Wavelet transformation can be seen by the many applications it has in image processing. It is a useful

tool for carrying out sophisticated applications in a range of disciplines because of its exceptional capacity to represent both
high-frequency and low-frequency components at different sizes [11]. The main applications of wavelet transformation, such
as feature extraction, denoising, and image compression, are examined in this section.

Image Compression
Wavelet  transformation is an efficient  way to represent  images with minimal data redundancy, and it  has  completely

changed  the  field  of  image  compression.  Wavelet  processing  is  frequently  used  with  methods  like  JPEG2000  in  image
compression [14].  An image is  divided into approximate and detail  coefficients  over a  range of  scales  by wavelet-based
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compression. Since high-frequency elements have little effect on overall perceptual quality, they may either be completely
eliminated or quantized more aggressively to provide a compact representation. Wavelet transformation is a crucial part of
modern picture compression standards as a result of this capability [15].

Denoising
Noise is a significant issue in image processing since it may deteriorate the quality of the image and make further analysis

challenging. When the wavelet  transform divides  an image into approximation and detail  coefficients,  the low-frequency
approximation coefficients resemble the actual signal, while the high-frequency detail coefficients frequently contain noise.
Wavelet-based denoising algorithms may successfully remove noise while maintaining significant image features, since they
rely on thresholding or altering detail coefficients [16]. 

Feature Extraction
Feature  extraction  is  crucial  for  applications  like  object  identification,  content-based  image  retrieval,  and  image

recognition. Using multi-resolution analysis, wavelets allow for easier to extract features at different resolutions, capturing
both  little  details  and  more  prominent  patterns  [17].  These  offer  a  more  comprehensive  representation  of  the  visual
characteristics and resulting in a more accurate and precise image analysis. 

The next part will present a comparative study between wavelet transformation and other image processing techniques in
order to make clear its benefits and situate it within the framework of image processing approaches as a whole.

Future direction 
There are promising new directions for future research and development in wavelet-based image processing [18]. 
Integration with Deep Learning: Combining the advantages of wavelet transformation with the learning capabilities of

deep neural networks is an intriguing preposition. In order to improve image analysis, these hybrid approaches are currently
being investigated.

Real-time Implementation: As algorithmic optimization and parallel processing advances, wavelet-based image processing
may become increasingly useful for real-time applications. 

Multimodal  Image  Processing:  Extending  wavelet  transformation  to  handle  multimodal  data,  including  merging
information from many image sensory systems, is a growing field of research.

Conclusion 
Image processing, a crucial field of research in the fields of technology and computer science, is evolving into a creative

force  that  is  transforming numerous industries.  It  entails  altering  visual  input  in  order  to  extract  significant  information,
improve perceptual quality, and support efficient decision-making in a number of contexts. In the rapidly evolving field of
image processing, wavelet transformation has shown to be a transformative journey, demonstrating its significant impact on the
interpretation and manipulation of visual data.

Given its exceptional capacity to provide a multi-resolution analysis by simultaneously gathering high and low-frequency
components,  wavelet  transformation is  a  potent  tool  for  image processing.  The aforementioned applications – denoising,
feature extraction, and image compression – illustrate the versatility and potency of wavelet-based techniques in real-world
settings.

In order to overcome the challenges and look ahead to the future of wavelet-based image processing, it is imperative that
researchers  focus  on  the  integration  of  wavelet  transformation  with  new  technologies,  such  as  deep  learning,  real-time
implementations, and adaptive wavelet transforms. 

In the broad field of image processing, wavelet transformation is a key technique that yields an advanced and efficient way
to analyze visual data. Wavelet transformation holds great potential for the future of image processing as long as all involved
parties  can  better  comprehend  its  intricacies,  find  solutions  to  its  problems,  and  explore  novel  applications.  This  study
highlights the significance of wavelet transformation currently and open up opportunities for more investigation, cooperation,
and innovation in the rapidly developing area.
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