Chapter 18: Introduction to Computer Vision

Q Introduction

Computer Vision is a fascinating subfield of Artificial Intelligence (Al) that enables machines to
"see," interpret, and understand the visual world—just like humans do. From facial recognition
on smartphones to self-driving cars, computer vision plays a vital role in modern technology. In
this chapter, we will explore what computer vision is, how it works, its components, techniques,
and real-world applications.

18.1 What is Computer Vision?

Computer Vision is the science and technology of making computers gain high-level
understanding from digital images or videos. It aims to automate tasks that the human visual
system can do, such as identifying objects, analyzing scenes, and recognizing faces.

+ Example:

e When you upload a photo to Facebook, and it suggests tags by recognizing your friends’
faces — that’s computer vision.

18.2 How Computer Vision Works

Computer vision works in three basic steps:

1. Image Acquisition The system collects images or videos using cameras, smartphones,
drones, etc.

2. Processing & Analysis The raw image is transformed using algorithms such as edge
detection, filtering, and pattern recognition.

3. Understanding or Interpretation The system interprets the image by recognizing
patterns, objects, or faces and making decisions.

18.3 Key Components of Computer Vision

Component Description

Image Classification | Assigning a label to an image (e.g., cat, dog, car).

Object Detection Detecting the location of multiple objects within an image.




Component Description

Image Segmentation | Dividing an image into regions or segments based on color, shape, etc.

Facial Recognition | Identifying or verifying a person’s identity using their facial features.

Pose Estimation Determining the orientation or position of objects or people.

[0 18.4 Tools and Libraries Used in Computer Vision

Tool/Library

Use Case

OpenCV (Open Source Computer Vision
Library)

Real-time image processing, facial recognition,
object tracking.

TensorFlow Deep learning-based image classification and
detection.
PyTorch Al model training and vision tasks.

MediaPipe (by Google)

Face detection, hand tracking, pose estimation.

18.5 Techniques Used in Computer Vision

1. Edge Detection Helps in identifying object boundaries in an image (e.g., using Canny

Edge Detector).

2. Color Detection and Filtering Used in applications like traffic light recognition.

3. Feature Extraction Involves identifying unique patterns like corners, textures, or shapes.

4. Convolutional Neural Networks (CNNs) A special type of deep learning model designed

for visual data processing.

5. Image Augmentation A technique used in training Al models by creating multiple
modified versions of the same image (rotated, cropped, etc.).

& 18.6 Real-World Applications of Computer Vision

Application Area Example

Healthcare Detecting tumors from X-ray/MRI scans.

Agriculture Identifying diseased crops using drone images.

Security Facial recognition in surveillance systems.

Retail Virtual try-on of clothes or accessories.

Autonomous Vehicles | Lane detection, pedestrian detection, obstacle avoidance.
Social Media Filtering inappropriate content automatically.




18.7 Advantages and Limitations
</ Advantages:

e Automates visual tasks with high accuracy.

e Reduces human error.

e Faster processing of visual data.

e Enables intelligent decision-making in robotics and Al.

A Limitations:

e Requires large datasets and training.

e May struggle in poor lighting or complex environments.
e Biased outcomes if trained on biased data.

e High computational power is needed.

FEE: Summary

Computer Vision is a revolutionary part of Artificial Intelligence that helps machines "see” and
understand the world through images and videos. It involves various processes such as image
classification, object detection, and facial recognition. Tools like OpenCV and TensorFlow are
widely used in this field. Computer Vision has powerful applications in fields like healthcare,
agriculture, security, and self-driving cars, but it also comes with technical challenges and
limitations.

As technology advances, computer vision is becoming increasingly capable, opening up endless
possibilities in Al-powered automation and smart systems.




