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ABSTRACT

Computer vision is a fast-growing field of artificial intelligence. It allows machines to understand and
respond to visual information. This article gives a thorough overview of the basics, common image
processing techniques, and the move toward deep learning methods like convolutional neural networks
and vision transformers. Key computer vision tasks—such as classifying images, detecting objects, and
segmenting them into parts—are explored in depth. The chapter also shows how this technology is used
in different areas of life, like self-driving cars, healthcare, farming, and smart cities. The authors also
look at recent trends like edge computing, multimodal Al, explainability, synthetic data, and low-shot
learning. Along with these, they analyze the critical ethical and governance challenges they present.
This article explains the technical foundations and societal implications of computer vision. It aims
to provide readers with a comprehensive understanding of the field's potential and responsibilities in
shaping the future of intelligent systems.
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INTRODUCTION TO COMPUTER VISION

Computer Vision is a branch of artificial intelligence that aims to mimic human vision to enable
computers to understand and derive information from digital images and videos. Computer Vision is
essentially the automated collection, processing and analysis of visual data.

The development of Computer Vision is related to advances in computer hardware, algorithm de-
velopment, and digital image quality. Emerging in the 1960s as a development of image processing and
pattern recognition, early research focused on geometric modeling and edge detection mainly for object
recognition in a controlled environment (Marr, 1982). In the 2000s, SFT and HOG descriptors emerged
which improved the performance of real-world object recognition (Dalal & Triggs, 2005).

In early 2010, there was a major development with the introduction of deep learning, especially
Convolutional Neural Networks. Alexnet's success in the ImageNet 2012 competition showing superior
performance over traditional methods triggered a paradigm shift in Computer Vision (Krizhevsky et al.,
2017). To provide a historical context, Figure 1 presents a timeline of the key milestones in the devel-
opment of Computer Vision. Since then, Computer Vision has developed rapidly to be able to perform
tasks such as real-time object detection, face recognition, and 3D scene reconstructions.

Figure 1. A Timeline of Key Milestones in Computer Vision
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Today, Computer Vision is implemented into everyday life such as face authentication on smart-
phones, self-driving cars, and Advanced Driver Assistance Systems). These technologies impact various
industries such as smart cities, manufacturing, healthcare, and agriculture. With the emergence of Vision
Transformers (ViT) that use an attention-driven feature learning mechanism has enhanced the capabilities
of Computer Vision (Dosovitskiy et al., 2021).

However, along with the development of Computer Vision various challenges both technical and eth-
ical. The issues of dataset bias, privacy violation, clarity of decision-making are in the spotlight among
Al researchers, government, and society (Buolamwini & Gebru, 2018). The balance between innovation
and responsibility is important in the continued development of this technology.

Multimodal Al systems that can perceive holistically have been made possible in re-
cent years by the integration of computer vision with other modalities like audio analy-
sis and natural language processing (NLP). This convergence is demonstrated by applica-
tions like video summarization, visual question answering (VQA), and image captioning
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