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ABSTRACT 

Artificial intelligence-based computer vision is an emerging 

technology that enables computers to see. This paper reviews the 

methods of artificial intelligence in computer vision including 

machine learning, deep learning, convolutional neural networks and 

transfer learning, and applications of such technology in object 

detection, facial recognition, medical image analysis, autonomous 

vehicles and security. It also explains the performance measures, 

issues such as bias, complexity and ethical concerns and future 

technologies such as vision transformers and multimodal learning. 

The study ends with the future of more efficient, explainable and 

transferable intelligent vision.  
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INTRODUCTION 

Artificial Intelligence (AI) has transformed computer vision in a way that computers can see, 

understand and interpret visual data in our world in the same way as humans. Computer Vision is an 

application of artificial intelligence that aims to enable computers to learn from visual data such as 

images and video. It has evolved from simple image filtering and segmentation to complex deep 
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learning models that can accurately solve difficult vision problems [1]. Computer Vision, through the 

use of artificial intelligence, is changing the way we perceive and use visual information. 

Traditionally computer vision systems involved hand engineering of features and rules, which was 

very laborious and required a lot of expertise [2]. But with the use of machine learning and deep 

learning, especially Convolutional Neural Networks (CNNs), systems are able to learn hierarchical 

representation of visual data from massive quantities of data. This has led to a tremendous 

improvement in image classification, object detection and segmentation and face recognition [3]. 

AI plays an important role in Computer Vision. In the medical field, AI-driven vision systems are 

used for medical image diagnosis like tumour detection in MRIs and abnormalities in X-rays. 

Computer Vision is also critical to build autonomous vehicles to detect people, objects and road signs. 

Computer Vision systems are also used in security for surveillance, detection and facial recognition. 

It's also used for crop surveillance and customer and inventory management in retail [4]. 

Although there's considerable progress with AI for Computer Vision, there are issues. These include 

the need for large volumes of labelled data, its computational expensive, sensitive to environmental 

factors (e.g. illumination, occlusion) and surveillance and privacy issues. Research is being 

undertaken to address these challenges, through efficient algorithms, generalization and ethical AI 

[5]. Computer Vision and Artificial Intelligence is a technological breakthrough. It is still changing 

the world, improving automation and increasing machine vision and vision understanding [6].  

The integration of Artificial Intelligence with Computer Vision is a significant technological 

breakthrough that has revolutionized the way machines understand visual data. It has advanced the 

field from the rule-based image processing to smart data-driven systems that can learn and adapt to 

the dynamic environment. Thanks to ongoing advancements in algorithms, hardware, and data, AI-

enabled Computer Vision is becoming more precise, fast and versatile. Yet, despite its rapid 

advancements, there is still a need for continued research to overcome the current limitations and to 

unlock its full potential in various real-world applications. 

OVERVIEW OF COMPUTER VISION AND ARTIFICIAL INTELLIGENCE 

Computer Vision and Artificial Intelligence are two fields that are concerned with developing 

computer vision. Computer Vision is a subfield of Artificial Intelligence which focuses on the 

acquisition, analysis and interpretation of visual information (images and video). Artificial 

Intelligence is a general term for an approach to creating systems that can perform tasks that are 

normally associated with human intelligence such as learning, reasoning, decision making and 

perception [7]. So with AI, we get the intelligence to learn and make decisions, and with Computer 

Vision we get the ability to see. 
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The goal of Computer Vision is to convert vision information into machine understandable form. This 

involves image acquisition, image pre-processing, feature extraction, pattern recognition and pattern 

analysis. This has been done by incorporating hand-crafted features such as edges, textures and 

shapes. However, with AI, particularly machine learning and deep learning, these features are learnt, 

not engineered [8]. Computer vision is enhanced using Artificial Intelligence Learning techniques. 

Machine learning allows the system to learn the patterns in the data and deep learning (especially 

neural networks) allows the system to learn features in a hierarchical way. Thus, the lower layers can 

learn low level features (edges and colours) and the higher layers can learn high level features (objects 

and scenes). This type of learning has improved visual recognition [9]. 

The use of AI and Computer Vision technologies has led to the development of smart systems that 

can be used to: For instance, object recognition, image classification, facial recognition, optical 

character recognition (OCR) and scene recognition. They are applied in different areas such as in 

healthcare for medical diagnosis, of medical images; in the automotive industry to develop 

autonomous vehicles; and in security for person identification [10]. 

The other major characteristic of this integration is real-time. The latest Computer Vision systems 

powered by AI can process and make sense of visuals in real-time, making it great for real-time 

applications such as robotics and autonomous driving. And thanks to other technologies such as GPUs 

and edge computing they are also much faster and scalable. And AI and Computer Vision go well 

together like PB and J. AI enables learning and Computer Vision enables vision. They're the key 

ingredients to many of our smart apps that are transforming work and our lives [11]. 

HISTORY OF AI IN COMPUTER VISION 

Artificial Intelligence based Computer Vision has been an evolutionary and revolutionary journey, 

with multiple technological breakthroughs and paradigm shifts. Initially, Computer Vision relied on 

basic image processing algorithms of the 1960s and 1970s. These were rule-based algorithms and 

were capable of simple operations like edge extraction, filtering and recognition. These were explicit 

algorithms, in which image processing rules were defined by experts. These methods worked in ideal 

environments, but were not robust to noise [12]. 

Visually-based models began to become more complex in the 1980s and 1990s with the development 

of statistical models and early machine learning techniques. Models started to be used where people 

defined salient visual features, such as edges, corners and textures, and then classified them using a 

machine learning method. Some well-known algorithms for object recognition and classification were 

Support Vector Machines (SVMs) and k-Nearest Neighbors (k-NN). These were more efficient than 

other rule-based classifiers, but required feature engineering and were not scalable [13]. Computer 
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vision was next revolutionised in the early 2010s by deep learning. A hierarchy of features was learned 

from Convolutional Neural Networks (CNNs). The breakthrough was the use of deep learning in the 

ImageNet challenge that significantly improved image classification. This demonstrated the potential 

of deep learning to learn complex features from large-scale visual data [14]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Evolution of Artificial Intelligence in Computer Vision (1965–2024) 

Thanks to the increase in computational capabilities, and especially the availability of Graphics 

Processing Units (GPUs) the deep learning models are more available. This enabled the quick 

evolution of Computer Vision tasks such as object detection, semantic segmentation and face 

recognition. The models (AlexNet, VGGNet, ResNet and more recently Transformer models), have 

also lead to more efficient and effective models, which enables more advanced use cases [15]. 

The latest Computer Vision breakthroughs with AI have moved from images to video, real-time and 

multimodal. Models can now use visual information along with other types of information (text, 

audio) to better recognise. And recent self-supervised and unsupervised learning approaches have 

removed the need for large data sets for training, leading to quicker training times [16]. Artificial 

Intelligence-based Computer Vision is an advanced and rapidly growing field. It has evolved from 

simple rule-based image analysis to deep neural networks, as the field of Artificial Intelligence has 

developed and as the techniques have been used more in commercial applications [17]. 
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KEY TECHNIQUES IN AI-BASED COMPUTER VISION 

AI-based Computer Vision techniques are the core techniques used to enable computers to perceive 

visual data. These range from traditional machine learning to cutting-edge deep learning. They are 

fundamental to the next-generation Computer Vision technologies that are used in many different 

industries, such as medical diagnosis, autonomous vehicles, security and manufacturing [18]. 

Machine Learning Approaches: Prior to deep learning, machine learning played a key role in 

Computer Vision. In this case, images are transformed to features through feature engineering. For 

instance, features can be edges, textures, color histograms and shapes [19]. These features are then 

used for classification using machine learning algorithms such as Support vector machine (SVM), 

Decision Tree and k-Nearest Neighbors (k-NN). These worked well for simple tasks, but needed 

features and supervision [20]. 

Deep Learning Techniques: Deep learning has revolutionized Computer Vision by eliminating the 

need for features. These features are learnt from the images. Deep learning models learn features in 

a stack of layers. These have substantially improved the performance for many tasks, such as image 

segmentation, object detection and face recognition [21]. They are frequently used in state-of-the-art 

Computer Vision systems as they can learn from large datasets, and from complex patterns. 

Convolutional Neural Networks (CNNs): Convolutional Neural Networks are the most popular 

Computer Vision network. They are used with grid data (images). CNNs use convolutional layers 

(feature extraction), pooling layers (to reduce the size) and dense layers (classification). This helps 

CNNs find local and global features. They can be applied to image classification, object detection, 

medical image processing, natural language processing, self-driving cars and face recognition [22]. 

y=f(x) 

Transfer Learning and Pretrained Models: The process of transfer learning with pre-trained 

models is known as transfer learning. Instead of training a model from scratch, a model that has been 

trained on another data set (such as ImageNet) is used and then adjusted for use in the new task. It is 

a time, cost and performance efficient approach especially when there is a lack of data [23]. The most 

common pretrained models to date are VGGNet, ResNet and Inception and are being applied in 

Computer Vision. So, AI-powered Computer Vision is built on the technologies of machine learning, 

deep learning, CNNs and transfer learning. They allow us to learn and process visual data in an 

efficient, fast and adaptable way to address problems [24]. 
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Figure 2. Key techniques in AI based Computer Vision 

APPLICATIONS OF COMPUTER VISION 

Computer Vision based on Artificial Intelligence has many applications and is transforming our lives. 

The visual perception and understanding capability of Computer Vision can be used in applications 

that need to be automated, efficient and precise. The main Computer Vision applications demonstrate 

its potential and the growth in its usage [25]. 

Object Detection and Recognition: Object detection and recognition is the identification and 

recognition of objects in images or videos. This is commonly used in self-driving cars, robots and 

machinery. Objects can be detected and recognised using machine learning. For example, in vehicles, 

other vehicles, pedestrians and signs can be identified to enhance safety [26]. 

Image Classification: Image classification is a traditional Computer Vision task, where an image is 

classified based on its content. This task has been revolutionized by deep learning, especially CNNs. 

It's used in applications like automatic image tagging in social media, product detection in e-

commerce and remote sensing in the environment [27]. 

Facial Recognition Systems: Facial recognition is a type of Computer Vision that can be used to 

verify or recognise people from their face. It has security, mobile phone and surveillance applications. 

Computer Vision techniques can be used to calculate facial features, such as the distance between the 

eye, nose and jaw to create an electronic facial map. It has improved security and user experience 
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[28]. 

Medical Image Analysis: Computer Vision is used for medical image analysis. Computer Vision 

helps in the diagnosis of disease from X-rays, CT scans, MRI scans and ultrasound. They can detect 

tumours, fractures and infections. This makes the diagnosis more accurate, makes the doctor's job 

easier and speeds up treatment [29]. 

Video Surveillance Systems: Computer Vision is also used for security in video surveillance 

systems. Computer Vision can detect any abnormalities, recognise a person and generate alerts. This 

removes the requirement for 24/7 monitoring and enables a quicker response. Computer Vision has a 

wide range of applications [30]. Artificial Intelligence in Computer Vision is changing how we do 

things in the medical, transportation, security and other industries via new methods of improving 

speed, accuracy, and automation. 

PERFORMANCE EVALUATION METRICS 

Performance evaluation metrics are an important part of Artificial Intelligence in Computer Vision 

systems. Computer vision systems are used in "life and death" applications such as medical diagnosis, 

autonomous vehicles, video surveillance and automation; therefore, it's necessary to measure their 

performance. These metrics provide empirical proof of the performance of models in understanding 

images (or video) and help model development [31]. 

The most common and straightforward metric is accuracy - the number of times the model gets it 

right divided by the number of predictions. While accuracy is a simple metric to tell you how well a 

model performs, it can be misleading in situations where the classes are not equally represented (that 

is, some classes have more instances than others) [32]. In such cases, accuracy may not be the best 

means of measuring performance and alternative metrics should be used. In these situations, you 

would typically report precision and recall. Precision is the fraction of positives that were predicted 

and recall is the fraction of positives that were detected. For example, precision is more relevant if 

the cost of false positives is higher than that of false negatives (for example, medical diagnosis) [33]. 

The F1-score is the harmonic mean (weighted arithmetic mean) of precision and recall. It is the 

harmonic mean of precision and recall, and is more suitable for the case of unbalanced class 

distribution.  

The higher the F1-score the better the model is at predicting positive cases and avoiding false positives 

and false negatives [34]. Along with the above, for object detections more complicated measures such 

as Intersection over Union (IoU) are used to compare the predicted boxes to the ground truth boxes. 

A confusion matrix is also used. This can be used to look at the true positives, true negatives, false 

positives and false negatives and provides more information about the model's mistakes. This can be 
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used to see if the model is combining classes or in some cases [35].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. AI based computer vision performance 

Along with model accuracy, Computer Vision also has efficiency metrics. These metrics are speed, 

latency and the amount of computational resources used, and are important in Computer Vision 

applications like self-driving vehicles and CCTV. The model could be accurate but inefficient. There 

are metrics to help understand, compare and optimize AI based Computer Vision systems. These 

ensure the system is accurate, fast, stable and applicable for high performance systems [36]. 

CHALLENGES AND LIMITATIONS 

The pace of improvement and success of using Artificial Intelligence in Computer Vision has been 

quick, however there are a few limitations and challenges which affect its performance, accuracy and 

application. Such challenges and limitations are around technical and practical issues of data, 

computing and ethics. Large and quality data is important [37]. Machine learning models (such as 

deep learning models) which are widely used in Computer Vision, require large data for training. Data 

gathering and labelling can be time-consuming, expensive and tedious (for medical images). In 

certain situations, the data may not be of high quality, leading to poor generalizability [38]. 

Another challenge is computational power. Computer Vision algorithms, particularly deep neural 
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networks are computationally expensive. They can require specialised equipment (e.g. GPUs) to train 

which is expensive. They might be slow to run and so unsuitable for real-time applications such as 

driving and security [39]. There can be problems of over-fitting and generalisation. The model 

performs well on the training data, but does not work (generalise) on the real data. This is because it 

has learnt spurious features. Data augmentation and regularisation can help, but can be difficult. 

Variability is also an issue. Computer Vision can be affected by lighting, occlusions, background and 

poses. A computer vision system that works to detect objects in a lab may not work so effectively 

outside in changing lighting conditions and with varying object appearances [40]. 

Privacy and ethics concerns. Facial recognition and other methods have issues with surveillance, 

privacy and use. Issues with data collection and storage need to be addressed to ensure legal and 

ethical procedures are adhered to. There are also problems with model interpretability. Deep learning 

algorithms can be thought of as "black boxes" - we don't know why this decision is made. This is a 

problem in critical applications such as health where it is essential to have some understanding of the 

prediction [41]. There are a lot of developments in the field of Computer Vision and Artificial 

Intelligence but there are some constraints on the data used, computer resources, environmental, 

ethical and black box problems. These limitations need to be addressed to improve the efficiency, 

effectiveness and reliability of systems in the future [42]. 

RECENT ADVANCES AND TRENDS 

The rapid advances in the realm of Artificial Intelligence for Computer Vision have resulted in 

increased speed, efficiency and effectiveness. Over the last couple of years, we have moved from 

convolutional-based models to more efficient, scalable and flexible models which improve the 

outcomes of different computer vision tasks such as object detection, image segmentation, video 

recognition and multimodal learning [43]. Vision Transformers (ViTs) are the latest development. 

Rather than using local filters like the traditional convolutional neural networks (CNNs) to produce 

a feature map of an image, Vision Transformers use attention to learn relationships between different 

parts of an image. This enables more global information to be incorporated and improved 

performance on recognition tasks. Vision Transformers work well with large data sets and are being 

applied in sophisticated models, instead of CNNs [44]. 

The second development is using self-supervised learning (not using large amounts of labels). Self-

supervised models are trained to predict the masked region of the image. This is particularly helpful 

when labels are hard (and costly) to obtain, such as medical images and satellite images. It has allowed 

scaling of AI models. The second one is foundation models [45]. These are large models which have 

been trained with large datasets and then fine-tuned for different tasks. Computer Vision foundation 
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models have high transfer learning capacity, where the model can be fine-tuned for a range of tasks 

like classification, segmentation and detection [46]. 

The second trend is multimodal learning where computer vision can be integrated with other 

modalities like text, audio and sensors. This helps to learn better about the world. They can now 

caption the image, describe the image and use vision and text to describe. There is a focus on real-

time and Edge AI. Due to the advances in hardware and quantization, computer vision models can be 

run on mobile, IoT and drones. This results in quicker execution and improved privacy as data is not 

outsourced to the cloud [47]. 

Synthetic data is also being used. Techniques to produce synthetic images are generative adversarial 

networks (GANs) and diffusion models. This helps with data availability and generalization issues. 

Recent advances in Computer Vision are advancements in transformers, self-supervised learning, 

foundation models, multimodal learning, and edge computing and synthetic data. This is now leading 

to more powerful, efficient and flexible AI [48]. 

ETHICAL AND PRIVACY CONCERNS 

Privacy and ethics in the use of Artificial Intelligence (AI) Computer Vision systems are becoming 

more important as they are taken up by governments and industry. Computer Vision systems offer 

numerous benefits including security, automation and efficiency but also raise human rights, privacy 

and ethical issues. We need to think about these to ensure ethical, fair and socially responsible 

deployment of AI systems [49]. One of the main concerns is privacy concerns with facial recognition 

and surveillance. Computer Vision systems can be used to identify people in real time, using cameras 

in public spaces, at work and even in the home. This can be used for security and law enforcement 

but can also lead to "constant surveillance". The subjects may not be aware they are being monitored, 

and there are questions around consent [50]. 

Data collection and use is an issue. AI vision systems need to store a lot of data. This may include 

images of people, locations and items that may be private. If this data is not secure it can be hacked, 

stolen and misused. This may result in identity theft, privacy and data concerns. Computer Vision 

also presents issues with bias. Machine Learning algorithms can learn biases from training data, and 

can make incorrect predictions for some individuals [51]. For example, facial recognition systems 

have been shown to be less accurate for dark skinned individuals or some facial structures. This may 

result in discrimination and unfairness, especially in critical applications such as law enforcement 

and recruitment [52]. 

Ethical issues are also raised by explain ability. Deep-learning models are black boxes - you can't see 

how they work. This means it might be difficult to understand how a system has come to a decision, 
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which could be a problem for some medical or policing applications. There are fears that AI will be 

used maliciously, for example, generating deep fakes and spyware. AI-based computer vision systems 

can create images and videos, which can be used to deceive and manipulate others [53]. The aim is 

to minimize the risks through ethical and regulatory guidelines for AI. These include anonymisation, 

consent, and fairness and explain ability. Computer vision is a good thing, but can be unethical. We 

should address these challenges to ensure ethical deployment of AI-based systems, protect human 

rights and build trust in AI [54]. 

FUTURE OF AI COMPUTER VISION 

Computer Vision based on AI will have a future with more accurate, efficient, adaptable and useful 

Computer Vision systems. Computer Vision systems are becoming smarter, efficient and with human-

like intelligence. There are some recent breakthroughs in the design of AI systems using Computer 

Vision. One of the future directions is general models. At present Computer Vision models are trained 

for a particular task such as object detection and classification. But in the future they will be more 

general models. This is tied to the creation of task-adapted foundation models [55]. 

The second one is unsupervised and self-supervised learning. Given the expense of labelling data, we 

will likely see more Computer Vision systems in the future that use learning techniques that can be 

applied to unlabelled data (or semi-supervised learning). This will allow models to learn to be faster 

and learn to adapt to a new environment [56]. Multimodal AI systems will also play an important 

role. Computer Vision models in the future will not only understand images and video, but will 

understand images and video together with text, audio and other sensor data. This will lead to a better 

comprehension of the world. For example, an AI system will not only comprehend a scene, but also 

describe the scene using text and answer questions about the scene [57]. 

There will also be an increase in the use of Computer Vision on devices due to the increase in real-

time and edge computing. With the improvement of computing power and speed, Computer Vision 

will be run on mobile phones, drones, sensors and so on. This will reduce the latency, enhance privacy 

and improve the real-time decision making in applications such as robots and self-driving cars. 

Another very exciting research direction is to develop explainable and safe AI models [58]. Computer 

Vision models will be explainable and users will be able to interpret them. This will be essential for 

safe use in other safety-critical domains such as health, finance and law. More use of data and training 

for Computer Vision. These techniques allow for training in the virtual world without big data and 

improve safety in training for applications such as self-driving cars [59]. Computer Vision will be 

more intelligent, efficient and inclusive when powered by AI. And new learning methods, multimodal 

technologies, edge computing and explainable Computer Vision will increase the importance of this 
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technology for industry and human-machine interaction [60]. 

CONCLUSION 

Artificial Intelligence-powered Computer Vision is a recent disruptive technology that helps 

computers. Computer Vision has progressed from low-level processing to transformers. This enables 

computers to perform complex visual tasks, such as object classification and detection, face 

recognition and scene understanding, accurately and quickly. Computer Vision and AI have provided 

new opportunities in several fields. In medicine, it's used for detection of disease. In vehicles, it's 

essential for autonomous vehicles for object detection and tracking. In security, it's used to monitor 

and identify, and in business and farming, it's used to automate, analyses and make decisions. These 

are only a few of the possible applications of Computer Vision technology. 

These tools work with advanced technologies like machine learning, deep learning, and convolutional 

neural networks (CNN) and transfer learning. These allow models to be trained on multiple data sets 

and for them to be retrained. These technologies are complemented with evaluation metrics like 

accuracy, precision, recall, F1-score, IoU and mAP to measure model performance and usage. But 

there are challenges. These include the need for large data sets, computational resources, 

generalizability, explain ability and ethical issues related to privacy and bias. These factors must be 

considered to ensure safe and effective systems. 

Emerging techniques, such as Vision Transformers, self-supervised learning, foundation models, 

multimodal AI and edge computing are providing new opportunities in Computer Vision. These 

approaches are enhancing the efficiency, speed and adaptability of systems, while reducing the 

resource requirements in terms of data and computation. AI in Computer Vision is a fascinating 

research field that will revolutionize computer vision. Its growing potential and ongoing research and 

development will ensure its future as a valuable technology as it will be a safe, efficient and intelligent 

system for many applications. 
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