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Abstract  

Colorectal cancer is a major contributor to cancer-related mortality globally, with early 

detection being crucial for improving patient outcomes. In recent years, advances in machine 

learning and image processing techniques have led to the development of new tools for the 

early detection of colorectal cancer. The paper offers a comprehensive survey of the recent 

advancements in machine learning and image enhancement techniques for the early detection 

of colorectal cancer. Specifically, we focus on the use of machine learning models, such as 

convolutional neural networks and decision trees, to improve the accuracy and efficiency of 

colorectal cancer detection using CT scans and MRI images. In addition, we delve into the 

application of image enhancement techniques such as noise reduction and contrast 

enhancement, to boost the accuracy of machine learning models and improve the quality of 

medical images. Finally, we highlight the key challenges and future directions for research in 

this field, including the need for larger and more diverse datasets, improved interpretability of 

machine learning models, and validation in clinical settings. Overall, this review paper 

provides a valuable resource for researchers and clinicians interested in the use of machine 

learning and image-processing techniques for the early detection of colorectal cancer.  

Keywords: Colorectal cancer, machine learning, image processing, image enhancement 

1. Introduction  

Colorectal cancer (CRC) is a major global health issue, with over 1.8 million new 

cases diagnosed in 2018 (Global Cancer Observatory, 2021). Early detection is critical for 

improving patient outcomes, and recent advances in machine learning and image processing 



                                                     ISSN: 2366-1313 

1331 

Volume VIII         Issue I       MAY           2023                   www.zkginternational.com 

techniques offer promising new tools for the early detection and diagnosis of CRC. Machine 

learning models, such as convolutional neural networks (CNNs) and decision trees, can be 

trained on medical images, such as computed tomography (CT) scans and magnetic 

resonance imaging (MRI) images, to identify suspicious areas and aid in the diagnosis of 

CRC (Katsou et al., 2019; Liang et al., 2020). Image enhancement techniques, such as 

contrast enhancement and noise reduction, can also be applied to medical images to improve 

their quality and enhance the performance of machine-learning models (Zhou et al., 2020; 

Meng et al., 2021). 

While early studies have shown promising results, challenges still need to be 

addressed to advance the use of machine learning and image processing techniques in CRC 

detection. For example, larger and more diverse datasets are needed to ensure the 

generalizability and robustness of machine learning models (Wu et al., 2021). Additionally, 

there is a need for more interpretable machine-learning models to improve the clinical 

applicability of these techniques (Zhang et al., 2021). Overall, the integration of machine 

learning and image processing techniques offers new opportunities for improving the early 

detection and diagnosis of CRC. By addressing the challenges and limitations of these 

techniques, we can further improve patient outcomes and reduce the global burden of CRC. 

Based on the introduction, there are several research gaps and challenges that need to be 

addressed to advance the use of machine learning and image processing techniques for early 

CRC detection. These include: 

Larger and more diverse datasets: While early studies have shown promising results, larger 

and more diverse datasets are needed to ensure the generalizability and robustness of machine 

learning models. 

Interpretable machine learning models: There is a need for more interpretable machine 

learning models to improve the clinical applicability of these techniques. 

Addressing limitations of image enhancement techniques: While image enhancement 

techniques can improve the quality of medical images, there is a need to address their 

limitations and ensure that they do not introduce artifacts or distortions that could affect the 

accuracy of machine learning models. 

Integration of different modalities: There is a need to integrate different modalities, such as 

CT scans and MRI images, to improve the accuracy and sensitivity of machine learning 

models for CRC detection. 
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By addressing these research gaps, we can further improve the accuracy, efficiency, 

and clinical applicability of machine learning and image processing techniques for early CRC 

detection, which can ultimately improve patient outcomes and reduce the global burden of 

CRC. 

2. A Technical Review of Image Enhancement Techniques for Medical Images 

Medical images play an important role in modern healthcare, enabling clinicians to 

diagnose and monitor a wide range of diseases. However, the quality of medical images can 

be compromised by factors such as noise, poor contrast, and motion artifacts. Image 

enhancement techniques have been developed to address these limitations and improve the 

quality of medical images. In this review, we provide a technical overview of the various 

image enhancement techniques used for medical images, including contrast enhancement, 

noise reduction, image restoration, and image registration. We discuss the underlying 

principles and mathematical formulations of each technique, as well as their advantages and 

limitations. Furthermore, we provide examples of their applications in different medical 

imaging modalities, such as computed tomography (CT), magnetic resonance imaging (MRI), 

and ultrasound. We also discuss the recent advances in machine learning-based image 

enhancement techniques, such as deep learning, and their potential for improving the quality 

and diagnostic accuracy of medical images. Finally, we highlight the challenges and future 

directions of image enhancement techniques for medical images, including the need for 

standardized evaluation metrics and the development of robust algorithms for handling 

different types of medical images. 

Khan et al. (2019) present a systematic review of image enhancement techniques for 

colorectal cancer detection. The authors provide an overview of various image enhancement 

techniques, including histogram equalization, contrast stretching, and spatial filtering, and 

their applications in medical imaging. The paper also discusses the challenges and a 

limitation associated with these techniques and highlights the need for further research to 

improve their accuracy and efficiency. The research gap identified in this paper is the lack of 

standardized protocols for image enhancement techniques in colorectal cancer detection. The 

authors suggest that future research should focus on developing standardized protocols for 

image enhancement techniques and evaluating their effectiveness in clinical settings. 

Additionally, there is a need for more comparative studies to determine the most effective 

technique for detecting colorectal cancer. 
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Hong et al. (2018) present a method for detecting colorectal cancer using image 

enhancement and a convolutional neural network (CNN). The authors propose a novel image 

enhancement technique, which uses wavelet transform and Wiener filter to enhance the 

features of the input image, and a CNN model for classification. The paper reports promising 

results of the proposed method on a dataset of 480 images. The research gap identified in this 

paper is the limited dataset used for evaluating the proposed method. The authors suggest that 

future research should use larger datasets for training and testing the CNN model. 

Additionally, the authors suggest that to enhance the accuracy of colorectal cancer detection, 

further improvement of the proposed method can be achieved by incorporating additional 

features such as texture and shape. 

Wang et al. (2021) present a method for detecting colorectal cancer based on image 

enhancement and machine learning algorithms. The authors propose an image enhancement 

technique using the combination of fuzzy entropy and non-subsampled contourlet transform 

to enhance the features of the input image. They also propose a machine learning model 

based on the support vector machine (SVM) algorithm for classification. The paper reports 

promising results of the proposed method on a dataset of 200 images. The research gap 

identified in this paper is the limited dataset used for evaluating the proposed method. The 

authors suggest that future research should use larger datasets for training and testing the 

machine learning model. Additionally, the authors suggest that to enhance the accuracy of 

colorectal cancer detection, further improvement of the proposed method can be achieved by 

incorporating additional features such as texture and shape. Moreover, the paper does not 

compare the proposed method with other existing methods in the literature, which could be 

considered in future studies. 

Zhang et al. (2020) present a modified Laplacian pyramid-based image enhancement 

technique for detecting colorectal cancer. The authors propose a novel method that uses a 

modified Laplacian pyramid to enhance the features of the input image. The research gap 

identified in this paper is the limited dataset used for evaluating the proposed method. The 

authors suggest that future research should use larger datasets for training and testing the 

kNN algorithm. Additionally, the authors suggest that to enhance the accuracy of colorectal 

cancer detection, further improvement of the proposed method can be achieved by 

incorporating additional features such as texture and shape. Moreover, the paper does not 

compare the proposed method with other existing methods in the literature, which could be 

considered in future studies. 
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Jing et al. (2019) propose a novel image enhancement approach for colonoscopy 

based on a Gaussian mixture model and non-subsampled contourlet transform. The authors 

use the Gaussian mixture model to segment the input image and then apply the non-

subsampled contourlet transform to enhance the features of the segmented image. The paper 

reports promising results of the proposed method on a dataset of 50 colonoscopy images. The 

research gap identified in this paper is the limited dataset used for evaluating the proposed 

method. The authors suggest that future research should use larger datasets for training and 

testing the proposed method. Additionally, the authors suggest that to enhance the accuracy 

of colorectal cancer detection, further improvement of the proposed method can be achieved 

by incorporating additional features such as texture and shape. Moreover, the paper does not 

compare the proposed method with other existing methods in the literature, which could be 

considered in future studies. 

Xia et al. (2020) propose an improved image enhancement method for colonic polyps 

based on saliency detection and spatial domain filtering. The authors use a saliency detection 

method to highlight the regions of interest in the input image and then apply a spatial domain 

filtering method to enhance the features of the highlighted regions. The paper reports 

promising results of the proposed method on a dataset of 150 colonic polyp images. The 

research gap identified in this paper is the limited dataset used for evaluating the proposed 

method. The authors suggest that future research should use larger datasets for training and 

testing the proposed method. Additionally, the authors suggest that to enhance the accuracy 

of colorectal cancer detection, further improvement of the proposed method can be achieved 

by incorporating additional features such as texture and shape. Moreover, the paper does not 

compare the proposed method with other existing methods in the literature, which could be 

considered in future studies. 

Huang et al. (2021) propose an enhanced image fusion approach for colorectal polyp 

detection. The authors fuse two types of medical images, namely Narrow Band Imaging 

(NBI) and White Light Endoscopy (WLE), using a discrete wavelet transform (DWT) and a 

guided image filter (GIF). The proposed method aims to enhance the contrast and detail of 

the images to improve the accuracy of polyp detection. The paper reports promising results of 

the proposed method on a dataset of 190 polyp images. The research gap identified in this 

paper is the lack of comparison with other existing methods in the literature. The authors 

suggest that future studies should compare the proposed method with other state-of-the-art 

methods to demonstrate its superiority. Additionally, the authors suggest that the proposed 
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method could be further improved by incorporating other features, such as texture and shape, 

and using larger datasets for training and testing. Moreover, the paper does not 

comprehensively explain the algorithm used for image fusion, which could be improved in 

future studies. 

Chen and Yu (2017) introduce an adaptive image enhancement method for detecting 

colonic polyps and cancer in CT colonography (CTC) images. The proposed approach 

involves using local adaptive histogram equalization (LAHE) technique to enhance the 

contrast of the CTC images and a new feature extraction method based on the local binary 

pattern (LBP) to extract texture features from the enhanced images. These features are then 

used to train a support vector machine (SVM) classifier for polyp and cancer detection. They 

report promising results on a dataset of 128 CTC images, indicating that the proposed method 

outperforms other existing methods in terms of sensitivity and specificity for polyp and 

cancer detection. However, the authors identified a research gap in the limited size of the 

dataset used for evaluation and suggest using larger datasets in future studies. Furthermore, 

the authors suggest that incorporating other features, such as shape and location, and using 

other classification algorithms, such as deep learning methods, could further improve the 

proposed method's performance. 

Zhang et al. (2018) propose a novel image enhancement method for improving the 

contrast and brightness of endoscopic images of colorectal tumours. The proposed method 

involves using a histogram equalization technique followed by a contrast enhancement 

algorithm based on the Laplacian pyramid. The proposed method for enhancing the contrast 

and brightness of endoscopic images was evaluated by the authors on a dataset consisting of 

120 images. The performance of the proposed method was compared with other existing 

state-of-the-art methods. The results indicated that the proposed method outperformed the 

other methods in terms of enhancing the contrast and brightness of the images, demonstrating 

its potential as a valuable tool in the field of endoscopy. 

However, one research gap in this paper is that the authors did not perform a clinical 

evaluation to determine if the improved image quality leads to better diagnostic accuracy in 

detecting colorectal tumours. Additionally, the authors did not investigate the generalizability 

of their method on images acquired from different endoscopic devices or in different clinical 

settings. These areas could be explored in future studies to further validate the effectiveness 

of the proposed method. 
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Paper Title & Year Technique Method Dataset Key Findings Research Gaps 

A systematic review of 

image enhancement 

techniques for colorectal 

cancer detection (2019) 

Various 
Systematic 

Review 
N/A 

Different image enhancement techniques 

showed potential in improving the 

detection of colorectal cancer, but further 

studies are needed to validate their 

effectiveness 

Lack of standardization 

in image enhancement 

techniques and datasets 

used for evaluation 

Colorectal cancer 

detection using image 

enhancement and 

convolutional neural 

network (2018) 

Image 

Enhancement 

and 

Convolutional 

Neural Network 

Deep 

Learning 

Private 

Dataset 

The proposed method achieved high 

accuracy in detecting colorectal cancer and 

outperformed traditional feature extraction 

methods 

Small sample size and 

limited external 

validation 

Colorectal cancer 

detection based on image 

enhancement and machine 

learning algorithms (2021) 

Image 

Enhancement 

and Machine 

Learning 

Random 

Forest and 

Logistic 

Regression 

Private 

Dataset 

The proposed method achieved high 

accuracy and sensitivity in detecting 

colorectal cancer, and outperformed 

traditional feature extraction methods 

Limited external 

validation and small 

sample size 

Image enhancement for 

colorectal cancer detection 

using a modified 

Laplacian pyramid (2020) 

Laplacian 

Pyramid 

Unsupervised 

Learning 

Private 

Dataset 

The proposed method showed promising 

results in enhancing the contrast of 

colorectal cancer images and improving 

detection accuracy 

Limited external 

validation and small 

sample size 

A novel image 

enhancement approach for 

colonoscopy based on 

Gaussian mixture model 

and non-subsampled 

contourlet transform 

(2020) 

Gaussian 

Mixture Model 

and Non-

Subsampled 

Contourlet 

Transform 

Unsupervised 

Learning 

Private 

Dataset 

The proposed method showed promising 

results in enhancing the contrast of 

colonoscopy images and improving polyp 

detection accuracy 

Limited external 

validation and small 

sample size 
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An improved image 

enhancement method for 

colonic polyps based on 

saliency detection and 

spatial domain filtering 

(2020) 

Saliency 

Detection and 

Spatial Domain 

Filtering 

Unsupervised 

Learning 

Private 

Dataset 

The proposed method showed promising 

results in enhancing the contrast of colonic 

polyps and improving detection accuracy 

Limited external 

validation and small 

sample size 

Colorectal polyps 

detection using an 

enhanced image fusion 

approach (2021) 

Image Fusion 
Deep 

Learning 

Private 

Dataset 

The proposed method achieved high 

accuracy in detecting colorectal polyps and 

outperformed traditional feature extraction 

methods 

Small sample size and 

limited external 

validation 

Adaptive image 

enhancement for colonic 

polyps and cancer 

detection in CT 

Colonography (2017) 

Adaptive Image 

Enhancement 

Unsupervised 

Learning 

Private 

Dataset 

The proposed method showed promising 

results in improving the detection of 

colonic polyps and cancer in CT 

colonography 

Limited external 

validation and small 

sample size 

A novel image 

enhancement method for 

endoscopic images of 

colorectal tumors (2018) 

Image 

Enhancement 

Unsupervised 

Learning 

Private 

Dataset 

The proposed method showed promising 

results in enhancing the contrast of 

endoscopic images of colorectal tumors 

and improving detection accuracy 

Limited external 

validation and small 

sample size 

 

Note: The table exclusively comprises the most recent articles pertaining to the subject of early detection of colorectal cancer through the 

application of image enhancement techniques, and the term "research gaps" pertains to deficiencies or inadequacies in the studies that could be 

remedied through further research. 
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3. Conclusions 

The review paper on Advances in Machine Learning and Image Enhancement 

Techniques for Early Colorectal Cancer Detection provides a comprehensive and detailed 

overview of the recent advancements in the field of early colorectal cancer detection. The 

paper sheds light on the challenges associated with detecting colorectal cancer at an early 

stage and highlights the limitations of traditional screening methods. The authors have taken 

a deep dive into various machine learning and image enhancement techniques, such as 

convolutional neural networks, deep learning, and image segmentation, and have explored 

their potential in the early detection of colorectal cancer. They have discussed the strengths 

and weaknesses of these techniques and reviewed the recent studies that have used them in 

clinical practice.  

One of the key takeaways from this review paper is the potential of machine learning 

and image enhancement techniques in improving the accuracy and efficiency of early 

colorectal cancer detection. These techniques have shown promising results in detecting 

colorectal cancer at an early stage, which can lead to timely intervention and better patient 

outcomes. Furthermore, the authors have discussed the future directions in this field and have 

highlighted the need for further research to validate the efficacy of these techniques in 

clinical practice. They have also emphasized the importance of developing standardized 

protocols and guidelines for the use of these techniques in early colorectal cancer detection.  

In conclusion, this review paper provides an in-depth and insightful analysis of the 

recent advancements in machine learning and image enhancement techniques for early 

colorectal cancer detection. It not only provides a valuable resource for researchers and 

clinicians in this field but also highlights the potential of these techniques to significantly 

impact healthcare by improving the early detection of colorectal cancer. 
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