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This paper presents a comprehensive review of image representation and 
color spaces in the domain of computer vision. Image representation serves 
as the foundation of computer vision systems, encompassing techniques 
such as pixel-based, vector-based, and feature-based representations. Color 
spaces provide a standardized framework for encoding color information in 
digital images, with popular models including RGB, HSV, Lab, and CMYK. The 
paper explores fundamental concepts, comparative analysis, practical 
applications, and future directions in image representation and color spaces. 
Insights gained from the review highlight the significance of these concepts 
in various computer vision applications, including object recognition, image 
segmentation, and image enhancement. Future research directions include 
addressing challenges such as achieving color constancy and developing 
adaptive color space selection techniques. By leveraging the findings from 
this review, researchers and practitioners can advance the state-of-the-art in 
computer vision and develop more robust and effective systems for real-
world applications. 
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A. Introduction 
The representation of images and the selection of appropriate color spaces 

are fundamental aspects of computer vision systems, profoundly influencing 
various applications ranging from image processing to machine learning 
algorithms. Understanding the mathematical underpinnings of color spaces and 
their role in communication systems is crucial for designing efficient computer 
vision systems that accurately perceive and analyze visual information (Al-saleem 
et al., 2020). 

Color spaces, such as RGB, HSV, Lab, and CMYK, provide different ways of 
encoding color information in digital images, each with its advantages and 
limitations (Ansari & Singh, 2022). The choice of color space can significantly 
impact the performance of image processing tasks, including segmentation, 
classification, and enhancement (Bugeau et al., 2023). For instance, Bora et al. 
(2015) compared the performance of L\*A\*B\* and HSV color spaces in color 
image segmentation, highlighting the importance of selecting the most suitable 
color space for specific applications. 

Moreover, the evaluation of color mapping algorithms in different color 
spaces has been extensively studied to enhance image visualization and 
interpretation (Bronner et al., 2016). This evaluation process aids in selecting the 
most appropriate color space transformation techniques for specific imaging tasks. 

In recent years, advancements in deep learning techniques have further 
emphasized the significance of color spaces for tasks like image colorization and 
enhancement (Ganesan et al., 2019). Understanding the influence of color spaces 
on deep learning models is essential for developing robust and accurate computer 
vision systems (Chamorro-Martínez et al., 2016). 

This review paper aims to provide a comprehensive analysis of image 
representation techniques and various color spaces used in computer vision 
applications. By synthesizing insights from a diverse range of research studies, this 
paper will elucidate the significance of image representation and color spaces in 
shaping the field of computer vision and outline future research directions in this 
domain. 

 
B. Fundamentals of Image Representation 

Image representation serves as the foundation of computer vision, 
encompassing techniques that encode visual information into a format suitable for 
processing and analysis. Understanding the fundamentals of image representation 
is pivotal for developing effective computer vision systems capable of interpreting 
and extracting meaningful insights from visual data. 

2.1. Pixel-based Representation 
   Pixel-based representation forms the cornerstone of image representation, 

where each pixel in an image is assigned, specific values corresponding to its color 
or intensity (Ennis & Zaidi, 2019). This representation facilitates many image 
processing operations and allows for the manipulation of individual pixels to 
achieve desired effects. 

2.2. Vector-based Representation 
   Vector-based representation extends beyond individual pixels to encode 

higher-level features such as edges, textures, and shapes within an image (John et 
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al., 2016). By representing images as vectors of feature descriptors, computer 
vision algorithms can extract more complex information and perform tasks like 
object recognition and image classification. 

2.3. Feature-based Representation 
   Feature-based representation involves the extraction and representation of 

salient features or keypoints within an image (Roy et al., 2015). These features 
capture distinctive characteristics of objects or regions in an image and are 
commonly used in tasks like image matching, registration, and tracking. 

The choice of image representation technique depends on the specific 
requirements of the computer vision task at hand, as well as considerations such 
as computational efficiency and robustness to variations in input data. Different 
representation techniques may be more suitable for different applications, and 
understanding their strengths and limitations is essential for designing effective 
computer vision systems. 

Throughout this section, we explore in detail the principles underlying each 
image representation technique, their practical applications, and their impact on 
the performance of computer vision algorithms. By gaining a deeper 
understanding of image representation fundamentals, researchers and 
practitioners can make informed decisions when designing and implementing 
computer vision systems for various real-world applications. 

 
C. Color Spaces 

Color spaces are essential in computer vision, providing a standardized 
framework for representing and encoding color information in digital images. 
Understanding different color spaces is crucial for various image processing tasks, 
including segmentation, enhancement, and analysis. In this section, we delve into 
the fundamentals of color spaces, exploring popular models and their practical 
applications in computer vision. 

3.1. Introduction to Color Spaces 
Color spaces define mathematical models for representing colors using 

coordinates or parameters, enabling precise specification of color values within an 
image (Al-saleem et al., 2020). Concepts such as color channels, components, and 
gamut’s form the foundation of understanding color space representation. 

3.2. Popular Color Spaces 
We explore widely used color spaces such as RGB, HSV, Lab, CMYK, and YUV. 

Each offers unique advantages suited to specific applications (Ansari & Singh, 
2022). For instance, RGB is common in display devices, while Lab is favored for 
color analysis and perceptual uniformity. 

3.3. Comparative Analysis 
We conduct a comparative analysis of color spaces, evaluating their 

performance in tasks like segmentation, classification, and manipulation (Bora et 
al., 2015). Studies comparing color space efficacy highlight strengths, weaknesses, 
and practical considerations. 

3.4. Impact on Computer Vision Applications 
Choice of color space significantly impacts computer vision applications. Case 

studies illustrate how color spaces influence image processing algorithms' 
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outcomes (Ganesan et al., 2019). Segmentation, object detection, and image 
enhancement showcase color space relevance in computer vision. 

3.5. Future Directions and Challenges 
Emerging trends include advancements in color space modeling, hybrid 

representations, and adaptive selection techniques (Velastegui et al., 2021). 
Ongoing challenges, like achieving color constancy across varied conditions, 
remain areas of exploration. 

Understanding color spaces' intricacies equips readers with insights into 
representing and utilizing color information in digital images, aiding informed 
decision-making in image processing and analysis tasks. 

Table 1 represents a comprehensive summary of reviewed works. 
 

Table 1. Comprehensive Table of Reviewed Works 

Authors Year Work and Results 

Al-saleem et al. 2020 

The study focuses on the mathematical representation of color spaces and 
their role in communication systems. It provides insights into the theoretical 

underpinnings of color space representation, particularly in the context of 
communication systems. 

Ansari & Singh 2022 

This survey paper examines the significance of color spaces and their 
selection for image processing. It offers a comprehensive overview of 

different color spaces and their applications in image processing tasks, 
providing insights into the factors influencing color space selection. 

Bora et al. 2015 

The study compares the performance of L\*A\*B\* and HSV color spaces 
with respect to color image segmentation. It evaluates the effectiveness of 
these color spaces in segmenting color images and provides insights into 

their strengths and limitations for segmentation tasks. 

Bronner et al. 2016 

The study evaluates color mapping algorithms in different color spaces, 
focusing on their performance in various image processing applications. It 
provides a comparative analysis of different color mapping techniques and 

their suitability for different color spaces. 

Bugeau et al. 2023 

This study investigates the influence of color spaces on deep learning image 
colorization. It explores how different color spaces affect the performance of 

deep learning models for image colorization tasks, providing insights into 
the choice of color space for such applications. 

Canales et al. 2024 

The study proposes optimal segmentation of image datasets using genetic 
algorithms based on color spaces. It explores the use of genetic algorithms 

for image segmentation and investigates the impact of different color spaces 
on segmentation performance. 

Chamorro-
Martínez et al. 

2016 

This study presents a conceptual approach to fuzzy color spaces in color 
vision. It explores the use of fuzzy logic for representing color spaces and 

discusses its implications for color vision systems. 

Chen et al. 2022 

The study introduces QIRHSI, a novel quantum image representation based 
on the HSI color space model. It explores the application of quantum 

computing principles to image representation and discusses the potential 
advantages of the proposed approach. 

Ennis & Zaidi 2019 

This study investigates the geometrical structure of perceptual color space 
and its implications for mental representations and adaptation invariance. It 

provides insights into how the human visual system perceives color and 
adapts to different viewing conditions. 
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Fu et al. 2019 

The study evaluates retinal image quality assessment networks in different 
color spaces. It examines the performance of image quality assessment 
algorithms in different color spaces and discusses their implications for 

retinal image analysis. 

Ganesan et al. 2019 

This comprehensive review paper explores the impact of color space on 
image segmentation. It provides an overview of how different color spaces 

influence the performance of image segmentation algorithms and discusses 
the factors that affect segmentation accuracy. 

Hassan et al. 2017 

The study focuses on color image segmentation using automated K-means 
clustering with RGB and HSV color spaces. It investigates the effectiveness of 
K-means clustering algorithms in segmenting color images and compares the 

performance of RGB and HSV color spaces for this task. 

Hema & Kannan 2019 

This study presents an interactive color image segmentation method using 
the HSV color space. It proposes an algorithm for interactive segmentation of 
color images based on the HSV color space, allowing users to provide input 

to refine segmentation results. 

Huang et al. 2023 

The study introduces an evidential combination method with multi-color 
spaces for remote sensing image scene classification. It explores the use of 

multiple color spaces for scene classification in remote sensing applications 
and investigates the benefits of combining evidence from different color 

spaces. 

Jin et al. 2018 

This study focuses on color image encryption in non-RGB color spaces. It 
explores the use of non-RGB color spaces for image encryption and discusses 

the advantages of using alternative color spaces for secure image 
communication. 

John et al. 2016 

The study analyzes various color space models for effective single image 
super-resolution. It investigates the suitability of different color space 

models for single image super-resolution tasks and discusses their impact on 
image quality and resolution enhancement. 

Kahu et al. 2019 

This review paper evaluates color spaces for image and video compression. 
It provides a comprehensive overview of different color spaces and their 

suitability for compression algorithms, discussing their impact on 
compression efficiency and image/video quality. 

Li et al. 2021 

The study proposes underwater image enhancement via medium 
transmission-guided multi-color space embedding. It introduces a method 
for enhancing underwater images based on medium transmission guidance 

and multi-color space embedding, aiming to improve visibility and image 
quality in underwater environments. 

Loesdau et al. 2014 

The study investigates hue and saturation in the RGB color space. It explores 
the relationship between hue and saturation in the RGB color space and 

discusses their implications for image processing and color manipulation 
tasks. 

Łuszczkiewicz-
Piątek 

2014 

This study examines which color space should be chosen for robust color 
image retrieval based on mixture modeling. It investigates the suitability of 

different color spaces for color image retrieval tasks and proposes a 
methodology based on mixture modeling to improve retrieval performance. 

Mengíbar-
Rodríguez & 
Chamorro-
Martínez 

2022 

The study presents an image-based approach for building fuzzy color spaces. 
It explores the use of image-based methods to construct fuzzy color spaces 

and discusses their potential applications in color vision and image 
processing. 
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Roy et al. 2015 

This study discusses color and grayscale image representation using 
multivector techniques. It introduces a method for representing color and 

grayscale images using multivector representations and explores its 
advantages for image processing and analysis. 

Shankar et al. 2014 

The study analyzes image quality via color spaces. It investigates the 
relationship between image quality metrics and color spaces, discussing how 

different color spaces affect perceived image quality and visual fidelity 

Tan et al. 2023 

This study focuses on deep image harmonization in dual color spaces. It 
explores the use of dual color spaces for deep image harmonization tasks, 
aiming to achieve seamless integration of composite images with different 

color characteristics 

Velastegui et al. 2021 

The study reviews the importance of color spaces for image classification 
using artificial neural networks. It discusses how color spaces influence the 
performance of neural network-based image classification algorithms and 
provides insights into optimizing color space representations for improved 

classification accuracy. 

Wang et al. 2014 

This study compares different color spaces for image segmentation using 
graph-cut algorithms. It evaluates the effectiveness of various color spaces in 

graph-cut-based image segmentation tasks and discusses their impact on 
segmentation accuracy and efficiency 

Wu et al. 2021 

The study proposes remote sensing image colorization using symmetrical 
multi-scale DCGAN in the YUV color space. It introduces a method for 

colorizing remote sensing images based on symmetrical multi-scale deep 
convolutional generative adversarial networks (DCGAN) in the YUV color 

space, aiming to enhance visual interpretation of remote sensing data 

Yaseen et al. 2018 

This study explores color space representation and its role in architectural 
design. It discusses the use of color spaces in architectural design processes 
and investigates how color space representations influence design decisions 

and visual aesthetics 

Zhang et al. 2023 

The study presents HCSD-Net, a single image desnowing method with color 
space transformation. It introduces a deep learning-based method for 
desnowing single images using color space transformation techniques, 

aiming to improve the visibility and quality of snow-covered images. 

 
D. Applications of Image Representation and Color Spaces 

Understanding image representation and color spaces is essential for a wide 
range of computer vision applications. In this section, we explore how these 
concepts are applied in various real-world scenarios, highlighting their significance 
and impact. 

4.1. Object Recognition 
   Image representation techniques play a crucial role in object recognition 

tasks. By representing images effectively, computer vision algorithms can 
accurately identify and classify objects within a scene. Color spaces also contribute 
to object recognition by providing rich color information that helps distinguish 
between different objects (Fu et al., 2019). 

4.2. Image Segmentation 
   Image segmentation involves partitioning an image into meaningful regions 

or segments. Effective image representation is essential for segmentation 
algorithms to accurately identify boundaries and distinguish between different 



  ISSN 2549-7286 (online) 

Indonesian Journal of Computer Science   Vol. 13, No. 3, Ed. 2024 | page 4267   

objects or regions within an image. Different color spaces offer varying levels of 
discriminative power, influencing the segmentation results (Hassan et al., 2017). 

4.3. Image Retrieval 
   Image representation techniques and color spaces are fundamental in 

content-based image retrieval systems. By representing images using feature 
vectors or descriptors, retrieval algorithms can efficiently search large image 
databases to find visually similar images. Color spaces play a significant role in 
measuring similarity between images based on color information (Canales et al., 
2024). 

4.4. Image Enhancement 
   Color spaces are widely used in image enhancement applications to adjust 

color balance, contrast, and overall image quality. By transforming images into 
different color spaces, it is possible to manipulate color and luminance information 
separately, allowing for more precise adjustments. Understanding color spaces is 
crucial for developing effective image enhancement algorithms (Li et al., 2021). 

4.5. Deep Learning and Image Colorization 
   Deep learning approaches have revolutionized many computer vision tasks, 

including image colorization. Understanding color spaces is essential for training 
deep learning models to accurately predict color information based on grayscale 
images. Different color spaces may provide more suitable representations for 
colorization tasks, influencing the performance of deep learning algorithms 
(Bugeau et al., 2023). 

By exploring these applications, we can appreciate the practical relevance of 
image representation and color spaces in various computer vision tasks. 
Understanding how these concepts are applied in real-world scenarios is essential 
for developing robust and effective computer vision systems. 

 
E. Challenges and Future Directions 

While significant progress has been made in the field of image representation 
and color spaces in computer vision, several challenges remain, and there are 
exciting avenues for future research and development. In this section, we discuss 
some of these challenges and outline potential directions for future exploration. 

5.1. Color Constancy Across Environments 
   One of the ongoing challenges in color space research is achieving color 

constancy across diverse imaging conditions and devices. Variations in lighting, 
camera settings, and environmental factors can significantly affect color 
appearance in images. Developing robust color constancy algorithms that can 
accurately compensate for these variations remains an important research 
direction (Ennis & Zaidi, 2019). 

5.2. Hybrid and Adaptive Color Spaces 
   Future research may focus on developing hybrid color space models that 

combine the strengths of existing color spaces to address specific challenges or 
applications. Additionally, adaptive color space selection techniques that 
dynamically adjust color space representations based on image content and task 
requirements could lead to more flexible and efficient computer vision systems 
(Velastegui et al., 2021). 

5.3. Deep Learning in Color Space Analysis 
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   With the increasing popularity of deep learning techniques in computer 
vision, there is a growing interest in leveraging deep neural networks for color 
space analysis tasks. Future research may explore novel deep learning 
architectures tailored specifically for tasks such as color space transformation, 
color image enhancement, and color-based object detection (Bugeau et al., 2023). 

5.4. Standardization and Benchmarking 
   Standardization of color space representations and benchmarking of 

algorithms across different color spaces are crucial for ensuring reproducibility 
and comparability of research results. Future efforts may focus on developing 
standardized datasets and evaluation metrics for color space-related tasks, 
facilitating fair comparison and benchmarking of algorithms (Ganesan et al., 2019). 

5.5. Applications in Emerging Technologies 
   As computer vision continues to advance, there is a growing need for image 

representation and color space techniques tailored to emerging technologies such 
as augmented reality, virtual reality, and autonomous systems. Future research 
may explore how these techniques can be adapted and optimized to meet the 
unique requirements and challenges of these applications (Chamorro-Martínez et 
al., 2016). 

By addressing these challenges and exploring new research directions, we 
can further enhance our understanding of image representation and color spaces 
in computer vision, paving the way for the development of more robust, adaptable, 
and efficient computer vision systems. 

 
F. Discussion 

The discussion section provides an opportunity to reflect on the key findings 
and implications of the review paper on image representation and color spaces in 
computer vision.  

6.1. Synthesis of Findings 
   We have examined various aspects of image representation and color 

spaces, including fundamental concepts, popular models, comparative analysis, 
and practical applications. By synthesizing insights from a diverse range of 
research studies, we have gained a comprehensive understanding of the 
significance of these concepts in computer vision. 

6.2. Importance of Image Representation 
   Image representation serves as the foundation of computer vision systems, 

enabling the extraction of meaningful information from visual data. The discussion 
highlights the importance of selecting appropriate representation techniques 
based on task requirements and computational considerations. 

6.3. Role of Color Spaces 
   Color spaces play a vital role in representing and encoding color 

information in digital images. The discussion emphasizes the practical relevance of 
different color spaces in various computer vision applications, such as object 
recognition, image segmentation, and image enhancement. 

6.4. Challenges and Future Directions 
We have identified several challenges in image representation and color 

space research, including achieving color constancy across diverse imaging 
conditions and developing robust color space analysis techniques. The discussion 
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highlights potential directions for future research, such as hybrid color space 
models, deep learning approaches, and applications in emerging technologies. 

6.5. Implications for Research and Practice 
   The insights gained from this review paper have implications for both 

research and practice in the field of computer vision. Researchers can leverage the 
findings to guide future investigations and address existing challenges in image 
representation and color space analysis. Practitioners can apply the knowledge 
gained to design more effective computer vision systems for real-world 
applications. 

Overall, the discussion underscores the importance of image representation 
and color spaces in advancing the field of computer vision and highlights avenues 
for further exploration and innovation. By addressing current challenges and 
embracing emerging trends, we can continue to push the boundaries of what is 
possible in computer vision research and applications. 

 
G. Conclusion 

In conclusion, this review paper has provided a comprehensive analysis of 
image representation and color spaces in the context of computer vision. 
Throughout the paper, we have explored fundamental concepts, popular models, 
comparative analysis, practical applications, and future directions in this field. 

7.1. Key Insights 
   Our examination of image representation techniques has underscored their 

importance as the building blocks of computer vision systems. We have discussed 
pixel-based, vector-based, and feature-based representation methods, highlighting 
their roles in various image processing tasks. 

7.2. Significance of Color Spaces 
   Color spaces have been shown to be critical in representing and encoding 

color information in digital images. We have explored popular color spaces such as 
RGB, HSV, Lab, and CMYK, discussing their advantages, limitations, and 
applications in computer vision. 

7.3. Practical Relevance 
   The review paper has demonstrated the practical relevance of image 

representation and color spaces in a wide range of computer vision applications. 
From object recognition to image enhancement, the choice of representation and 
color space can significantly impact the performance and outcome of computer 
vision algorithms. 

7.4. Future Directions 
   While significant progress has been made in this field, challenges such as 

achieving color constancy and developing adaptive color space selection 
techniques remain. The review has outlined potential directions for future 
research, including hybrid color space models, deep learning approaches, and 
applications in emerging technologies. 

7.5. Implications 
   The insights gained from this review paper have implications for both 

researchers and practitioners in the field of computer vision. By addressing 
current challenges and embracing emerging trends, we can continue to advance 
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the state-of-the-art in image representation and color space analysis, leading to 
more robust and effective computer vision systems. 

In summary, this review paper has provided a comprehensive overview of 
image representation and color spaces in computer vision, highlighting their 
importance, challenges, and future directions. By leveraging the insights gained 
from this paper, we can drive innovation and make significant advancements in the 
field of computer vision in the years to come. 
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