
  

32 

 
https://deepscienceresearch.com 

 

Chapter 3  

Machine learning implementation in 

computer vision  
Dina Darwish  

Artificial Intelligence Department, Ahram Canadian University, Giza, Egypt.  

 

Abstract: AI has had a significant impact on image processing, which has enabled the 

development of innovative techniques and applications Computer vision examines data from 

digital photos and videos to deduce relationships. It employs artificial intelligence and machine 

learning technologies to enhance output. Similar to other machine learning systems, computer 

vision systems require substantial data to train their algorithms for input comprehension. A 

multitude of businesses, such as entertainment, security, robotics, and healthcare, utilise computer 

vision. Machine learning algorithms are fundamentally trained on extensive datasets of labelled 

images to identify patterns and generate predictions. Similar to other machine learning systems, 

computer vision systems require substantial data to train their algorithms for input comprehension. 

This chapter discusses implementation of machine learning to image analysis, and Recent 

Applications of Artificial Intelligence in Image Processing, Repercussions of ML and AI in image 

processing on Society and Ethics and finally comes the conclusion. 

 

Keywords: Machine Learning, Methods, Computer Vision,  Image Analysis,  Recent 

Applications.  

 

 

3.1 Introduction  

 By delivering cutting-edge methods and applications, artificial intelligence has a 

significant impact on the field of image processing.  Throughout this chapter, we will go 

over the fundamentals of image processing, including representation, formats, 

enhancement techniques, filtering, machine learning, neural networks, optimisation 

approaches, digital watermarking, picture security, cloud computing, image 

augmentation, and data pretreatment. Additionally, it discusses the ways in which cloud 

computing might have an impact on operating systems, performance, privacy, and 

security. Research (Anitha et al., 2023; Reddy et al., 2023) stated that future discoveries 

and applications will make it possible to illustrate the significant advancements that 

artificial intelligence has made in image processing while simultaneously addressing 
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moral and societal challenges. Deep learning, a subject of artificial intelligence that makes 

use of artificial neural networks, is a very significant advance in the field of image 

processing. CNNs, which stand for convolutional neural networks, have been shown to 

be effective in a wide range of tasks, such as segmentation, object detection, and picture 

categorisation. Through the extraction of essential characteristics from raw visual input, 

these deep learning architectures are able to reach exceptional levels of generalisation and 

accuracy (Alam et al., 2022). 

 GANs, which are artificial intelligence image processing methods, are created by 

combining a generator neural network with a discriminator neural network. They have 

significant applications in a wide range of industries, including healthcare, where they 

improve diagnostic accuracy, promote early illness identification, and facilitate the 

development of individualised treatment programs. The identification of anomalies, 

illnesses, and medical specialists has also been a strong point for artificial intelligence in 

the fields of dermatology, pathology, and radiology. An artificial intelligence (AI) 

application in image processing has made it possible for robots to recognise and assess 

visual information in the same way that humans do (Janardhana, et al., 2023; 

Jeevanantham et al., 2023; Selvakumar et al., 2023). For the purpose of ensuring safe 

navigation, autonomous cars make use of artificial intelligence algorithms, and 

surveillance systems monitor behaviour in order to enhance safety. In the entertainment 

sector, the growth of creativity brought about by artificial intelligence has been beneficial 

since it has made content generation, video editing, and special effects feasible. In the 

field of artificial intelligence image processing, optimisation is a crucial component for 

increasing the effectiveness and efficiency of algorithms. Because of the increasing 

complexity of deep learning models, it is essential to optimise the methods for training 

and inference techniques. The training of deep neural networks may be sped up by the use 

of techniques such as parallel computing, distributed learning, and hardware acceleration. 

This makes it possible to deploy real-time applications on devices that have limited 

resources (Letourneau-Guillon et al., 2020; Malik et al., 2018). 

 Utilising computing resources such as memory and energy in an effective manner is 

essential for the development of enhanced artificial intelligence algorithms for the 

processing of pictures. The size of deep learning models and the amount of computation 

that is required can be reduced by the use of model compression techniques like as 

pruning, quantisation, and knowledge distillation. These approaches do not lead to a major 

decrease in performance. These optimisation strategies make it feasible to deploy artificial 

intelligence-powered image processing applications on a wide range of platforms, such 

as edge devices and cloud-based infrastructure (Khokhar et al., 2015). Images may be 

processed using these applications. 
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 Image processing has been significantly impacted by artificial intelligence as a result of 

the cutting-edge advancement of AI (Baduge et al., 2022). The entertainment industry, 

banking, healthcare, and transportation are just some of the areas that might benefit from 

artificial intelligence. This brief provides a solid foundation for understanding the 

significance of artificial intelligence in the field of image processing. Image processing is 

a crucial component in a variety of industries, including computer vision, medical 

imaging, and digital media (Boopathi, Arigela, et al., 2023; A. Mohanty, Venkateswaran, 

et al., 2023; Senthil et al., 2023). Artificial intelligence makes a substantial contribution 

to the automation of processes such as picture processing, which provides results that are 

both more accurate and more quickly produced (Anitha et al., 2023; Babu et al., 2023; 

Boopathi, et al., 2023; Jeevanantham et al., 2023; Subha et al., 2023). Improvements in 

accuracy, advancements in efficiency, and the ability to manage large datasets are all 

desirable characteristics. Examples of practical applications include the development of 

autonomous vehicles, software for facial recognition, and picture analysis in the medical 

field. Using these examples, we can see how significantly artificial intelligence has 

impacted image processing (Sun et al., 2019). 

Machine learning algorithms, and computer vision approaches are discussed in this 

chapter. The chapter also focusses on how these techniques might be used to image 

processing. Specifically, it places an emphasis on recent applications of artificial 

intelligence in image analysis. There are also potential challenges in this field, such as the 

privacy of data, the interpretability of the data, and moral concerns (Babu et al., 2023; 

Boopathi, et al., 2023; Vennila et al., 2023). This chapter provides several research papers 

to provide readers with a thorough review of machine learning and artificial intelligence 

in image processing that includes both the methods that are now considered to be state-

of-the-art. This comprehensive review of machine leraning and artificial intelligence in 

image processing provides readers with a solid understanding of its objectives, and 

primary areas of attention. With this skill, they are better qualified to investigate artificial 

intelligence-based image processing, the numerous applications of this technology 

(Abduljabbar et al., 2019), and the growth of artificial intelligence (Baduge et al., 2022). 

The entertainment industry, banking, healthcare, and transportation are just some of the 

areas that might benefit from artificial intelligence. This section provides a solid 

foundation for understanding the significance of machine learning and artificial 

intelligence in the field of image processing. Image processing is a crucial component in 

a variety of industries, including computer vision, medical imaging, and digital media 

(Boopathi, et al., 2023; Mohanty, et al., 2023; Senthil et al., 2023). Machine learning and 

Artificial intelligence make a substantial contribution to the automation of processes such 

as picture processing, which gives results that are both more accurate and more quickly 

produced (Anitha et al., 2023; Babu et al., 2023; Boopathi, Arigela, et al., 2023; 
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Jeevanantham et al., 2023; Subha et al., 2023). Improvements in accuracy, advancements 

in efficiency, and the ability to manage large datasets are all desirable characteristics. 

Examples of practical applications include the development of autonomous vehicles, 

software for facial recognition, and picture analysis in the medical field. Using these 

examples, we can see how significantly artificial intelligence has impacted image 

processing (Sun et al., 2019). 

 

3.2 Implementation of Machine Learning to Image Analysis  

The field of artificial intelligence known as machine learning (ML) is an important 

subfield that involves the development of algorithms and models that are able to identify 

patterns and make intelligent decisions without the need for explicit programming. A 

dataset that has been tagged is used to train a model, and the input data, which consists of 

photographs, is connected to output labels, which are classifications or annotations that 

are a match for the input data. A model learns underlying patterns and relationships in the 

training data in order to generalise and make predictions on data that has not yet been 

observed (Harikaran et al., 2023; Koshariya et al., 2023; Subha et al., 2023; Vanitha et 

al., 2023). This allows the model to generalise and make predictions on data that has not 

yet been observed. According to Madabhushi and Lee (Madabhushi and Lee, 2016), 

several types of machine learning algorithms may be classified into three distinct 

categories: reinforcement learning, unsupervised learning, and supervised learning. 

- Supervised Algorithms for the Classification of Images;  Under the supervised 

learning paradigm of machine learning, which is employed for the purpose of solving 

picture classification issues, models are trained by making use of examples that have 

been provided with labels. Many different algorithms, such as support vector 

machines (SVMs), decision trees, and random forests, are examples of algorithms that 

learn decision boundaries in feature space in order to split different classes. Through 

the processing of grid-like input data and the identification of localised patterns in 

addition to global structures, convolutional neural networks (CNNs) in particular have 

revolutionised the categorisation of images. According to Abduljabbar et al. research 

( Abduljabbar et al., 2019), CNN architectures like as AlexNet, VGGNet, and ResNet 

have demonstrated state-of-the-art performance on challenging image classification 

tasks. 

- Methods of Unsupervised Learning for the Clustering of Different Images;  

Employing unsupervised learning strategies allows for the discovery of hidden 

patterns or structures within training data that has not been labelled. In the field of 

image analysis, unsupervised learning techniques are widely utilised to cluster similar 
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photographs based on their visual similarities. Using clustering techniques such as k-

means, hierarchical clustering, and Gaussian mixture models, the data is divided into 

groups. Photos that are contained within a cluster are more similar to one another than 

those that are contained within other clusters (Boopathi, et al., 2023; Janardhana, et 

al., 2023; Kavitha et al., 2023; Sathish et al., 2023). The study and management of 

vast photo collections is made easier by these approaches, which do not rely on labels 

or annotations that have been preset. 

- Approaches to Image Recognition Utilising Deep Learning; Deep learning has 

revolutionised the way in which picture identification issues are solved. These 

difficulties include object detection, image segmentation, and facial recognition. 

Through the process of learning hierarchical representations from unprocessed visual 

input, deep neural networks have demonstrated remarkable success in overcoming 

these difficult problems. A few examples of object identification algorithms are R-

CNN, YOLO, and SD. These algorithms are able to find and classify a variety of 

objects shown in a photograph (Boopathi, et al., 2023; Gowri et al., 2023; Yupapin et 

al., 2023). Image segmentation approaches make use of Fully Convolutional 

Networks (FCNs) and U-Net architectures in order to segregate images into portions 

that are meaningful from a semantic perspective. In order to achieve accurate face 

detection, identification, and attribute analysis, face recognition software acquires the 

ability to learn discriminative representations of distinct faces. The identification and 

validation of individuals based on face characteristics employs the usage of deep 

learning models. Siamese networks and deep metric learning are two examples of 

techniques that may be utilised to facilitate the process of learning similarity metrics 

for face recognition. 

- In the field of image processing, transfer learning;  The term "transfer learning" 

refers to a technique that involves making use of pretraining on one task or dataset in 

order to transfer knowledge to another task or dataset that is connected to the other. 

Because of the availability of massive pretraining datasets like as ImageNet, it is an 

important component in the field of image processing. It is possible to employ deep 

learning models that have previously been trained, such as those on ImageNet, to learn 

comprehensive visual representations from tagged photographs. These models may 

also serve as a foundation for a wide range of image processing applications. Through 

the process of reusing and improving these models, transfer learning makes it possible 

to achieve faster convergence and improvement in performance on target tasks. Both 

feature extraction and fine-tuning are two methods that may be utilised to execute 

transfer learning. Feature extraction involves the utilisation of the convolutional 

layers of the pretrained model as fixed feature extractors, while fine-tuning involves 
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the modification of both the convolutional and classifier layers based on the target 

task. As a consequence of this, the model may benefit from the broad knowledge that 

was obtained during the pretraining phase while simultaneously adjusting to the 

specific characteristics of the target task (Berg et al., 2019; Kan, 2017). 

 In conclusion, the application of machine learning techniques has substantially improved 

image analysis tasks. These approaches have made it possible to do tasks such as 

categorisation, grouping, identification, and other challenging activities. Deep learning, 

unsupervised learning, and supervised learning are the three methods under this category 

of learning approaches. Through the utilisation of pretrained models, transfer learning has 

resulted in enhanced performance for particular image processing applications of interest. 

Fig. 3.1 illustrates image processing.  

 

Fig. 3.1. Image Processing 
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3.3 Recent Applications of Artificial Intelligence in Image Processing 

There is a large variety of applications for artificial intelligence in image processing 

(Alam et al., 2022; Letourneau-Guillon et al., 2020). 

- Artificial intelligence-driven image processing is bringing about a revolution in 

medical imaging, which is beneficial to radiologists to uncover abnormalities, 

diagnose ailments, and provide individualised treatment regimens for specific 

conditions. In addition, it is helpful in the investigation of pathology, the monitoring 

of patient outcomes, and the planning of surgical procedures.  

- In order for autonomous vehicles to effectively see and interpret their surroundings, it is 

necessary for them to have algorithms for image processing and computer vision. with 

order to ensure that driving is both safe and reliable, artificial intelligence technologies 

are being utilised to assist with the detection of pedestrians, lanes, objects, and traffic 

signals.  

- Artificial intelligence-based image analysis enables remote sensing and earth 

observation by detecting environmental changes, tracking deforestation, forecasting 

natural catastrophes, and evaluating ecosystem health. This is accomplished by quickly 

extracting large-scale satellite pictures.  

- The video surveillance, face recognition, anomaly detection, real-time monitoring, threat 

detection, and suspicious behaviour identification capabilities of artificial intelligence-

powered image analysis are enhanced, resulting in a rise in the level of security in public 

spaces, airports, and important infrastructure environments.  

The use of artificial intelligence in augmented reality and virtual reality applications 

improves the quality of immersive experiences by combining virtual content with real-

world environments, as well as by improving picture recognition, tracking, and scene 

understanding.  

 

3.4 Repercussions of ML and AI in image processing on Society and Ethics 

The application of ML and AI in image processing raises a number of ethical and societal 

concerns.  

- The processing of images by ML and AI systems presents significant privacy 

concerns, which calls for the cautious management and protection of sensitive data. 

For these problems to be resolved, it is absolutely necessary that the rules and 

regulations be understandable.  
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- Image processing models are impacted by biases in the training data, which may result 

in biassed outcomes and biassed judgements. It is necessary to guarantee that there is 

fair representation, and it is also necessary to remove biases in the training data, 

algorithms, and decision-making methods. ML and AI systems are required to be 

accountable, transparent, and provide users with insight into procedures and 

decisions.  

- By promoting openness and transparency, ethics norms and rules support the use of 

artificial intelligence in an ethical manner. There is a possibility that AI-assisted 

image processing occupations may have an effect on industry employment, which 

will need the implementation of steps to upskill and reskill the workforce in 

preparation for new positions and opportunities. Image processing algorithms need to 

be respectful of cultural diversity and societal standards in order to prevent unwanted 

representations, objectifiable content, and stereotypes from being introduced into ML 

and AI systems.  

 

Fig. 3.2. AI use in image processing 

AI breakthroughs in image processing need to be utilised responsibly and advantageously 

for society’s evolution (Selvakumar et al., 2023; Senthil et al., 2023). In the field of image 

processing, the growth of ML and AI will be impacted by new applications, ethical issues, 

and responsible deployment of ML and AI. According to research (Koshariya, 2023; 

Palaniappan et al., 2023, Rahamathunnisa, 2023; Reddy et al., 2023; Sampath et al., 

2022), it is possible to develop innovative solutions by making intelligent use of the 

capabilities of ML and AI. This will contribute to the development of better future societal 
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issues. Fig. 3.2. illustrates use of AI in image processing, and Fig. 3.3. illustrates AI and 

ML applications in image processing. 

 

Fig. 3.3.  AI and ML applications in image processing 

 

Conclusions 

The purpose of this chapter is to investigate the fundamental concepts, procedures, and 

applications of ML and AI in the field of image processing. Additionally, the paper 

discusses emerging applications, upcoming breakthroughs in image processing, as well 

as the ethical and societal implications of employing ML and AI for image processing. 

The purpose of this chapter is to provide a comprehensive introduction to the numerous 

applications of ML and AI in image processing and its many and varied methods.  

Image processing has seen significant transformations as a result of the capacity to do 

complex analysis, automation, and decision-making abilities. The advancement of Ml and 

AI, their integration with cutting-edge technologies such as augmented reality, virtual 

reality, and the internet of things (IoT), the promotion of interdisciplinary collaboration 

between specialists in image processing, computer vision, machine learning, and domain-

specific fields, the guarantee of ethical and responsible use of ML and AI, and the 

implementation of ML and AI in the real world will be the primary focusses of research 

and development in the future.  
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These innovations will require extensive validation, precise testing, and deployment in 

real-world scenarios in order to be able to translate research into applications that can be 

used. This will require close collaboration between academics, industry, and government.  

The field of image processing is undergoing a revolution via the use of ML and AI, which 

holds tremendous potential across a wide range of businesses. If we apply ML and AI in 

a responsible and ethical manner, intelligent picture processing will play a very important 

role in shaping our future. It is possible that by doing so, we will be able to address 

challenging situations, open up new chances, and influence this future. 
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