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Introduction to Computer Vision & Python Setup
1. What is Computer Vision?

Computer Vision (CV) is a multidisciplinary field that combines computer science, artificial
intelligence, and image processing to enable machines to understand and interpret visual data
from the world around them. CV systems use digital images and videos as input, process them
using algorithms, and extract meaningful information. The primary goal is to automate tasks
that the human visual system can do, such as object detection, face recognition, and scene
understanding. Real-world applications include self-driving cars interpreting traffic signals,
facial recognition systems unlocking smartphones, and medical imaging systems detecting
diseases. In robotics, CV plays a vital role in navigation, while in retail, it helps track customer
behavior and inventory.

2. Getting Started with Python

To begin your journey in computer vision, it's essential to have a strong foundation in Python.
Python is the most widely used language in Al and CV due to its simplicity, readability, and
the vast number of libraries available. First, ensure you have Python 3.7 or higher installed on
your system. Python can be downloaded from the official website (python.org). Once installed,
select an Integrated Development Environment (IDE) such as Jupyter Notebook (for
interactive coding), PyCharm (for full-fledged development), or Visual Studio Code. These
IDEs make development faster and easier by offering features like real-time debugging and
code completion. It is also recommended to set up a virtual environment using venv Or conda
to isolate project dependencies and avoid version conflicts.

3. Essential Libraries
To work effectively in computer vision, several Python libraries are essential:

e opencv-python: This is the foundational library for computer vision tasks. It provides
support for reading and writing images and videos, performing image transformations,
applying filters, detecting edges, detecting and recognizing objects, facial detection,
camera interfacing, and more. It is highly efficient and widely used in industry.

« mediapipe: Developed by Google, MediaPipe offers high-performance and cross-
platform machine learning solutions. It is especially useful for real-time hand tracking,
face mesh detection, and full-body pose estimation. Unlike traditional CV approaches
that require manual training and configuration, MediaPipe provides pre-trained models
that are optimized for accuracy and speed.

« numpy and pandas: These libraries are not CV-specific, but they are indispensable for
numerical operations and data manipulation. numpy allows handling multi-dimensional
arrays, which are fundamental in image processing, while pandas is useful for organizing
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and analyzing large datasets, which often accompany CV pipelines for training or testing
models.

e streamlit: Though optional, Streamlit is a very handy tool for creating interactive
web-based applications. It allows you to quickly deploy computer vision demos where
users can interact with your model via browser, without needing complex front-end
coding. With just a few lines of code, you can create real-time dashboards and
visualization tools for your projects.

Setting Up the Environment

1. Installation Commands

pip install opencv-python mediapipe numpy pandas
pip install streamlit # optional

2. Checking Webcam Access

import cv2
cap = cv2.VideoCapture (0)
while True:
success, img = cap.read()
cv2.imshow ("Webcam", img)
if cv2.waitKey(l) & OxFF == ord('qg'):
break

3. First OpenCV Script

« Read an image, convert to grayscale, and display.

img = cv2.imread("test.jpg")
gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)
cv2.imshow ("Gray Image", gray)

MediaPipe Hands Module
1. Introduction

e Detects 21 landmarks per hand.
e High accuracy and performance.

2. How It Works

o Step 1: Detect palm.
e Step 2: Estimate 3D hand landmarks.
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3. Sample Code

import mediapipe as mp

mp_hands = mp.solutions.hands

hands = mp_hands.Hands ()

mp draw = mp.solutions.drawing utils

4. Applications
o Gesture volume control

e Virtual painter
« Finger counting

Hand Tracking Project - Virtual Painter
1. Objective
o Draw on the screen using hand gestures.
2. Key Steps
o Detect hand landmarks
e Track finger position
e Draw using OpenCV
3. Drawing Logic

if fingers[l] and not fingers([2]:
cv2.line(img, prev_pos, curr pos, color, thickness)

4. Enhancements

e Add color change based on gestures
e Save drawn canvas

Pose Detection with MediaPipe
1. Overview

o Identifies 33 key points on the human body.




2. Use Cases

Fitness tracking
Posture correction
Dance and sports motion analysis

3. Project Example: Al Trainer

angle = calculate angle(hip, knee, ankle)
if angle < good angle:

feedback = "Correct form!"

4. Angle Calculation Function

def

calculate angle(a, b, c):
# Use vector math and cosine rule

Face Detection and Face Mesh

1. Face Detection

Finds face bounding boxes and key points.

2. Face Mesh

468 landmarks for detailed facial tracking.

3. Applications

AR filters (glasses, hats)
Emotion recognition
Eye tracking and blink detection

4. Face Mesh Sample

mp face mesh = mp.solutions.face mesh
face mesh = mp face mesh.FaceMesh ()

Real-World Projects using MediaPipe

1. Vi

rtual Mouse

Move cursor based on index fingertip location.

' o d

NETCOM




2. Gesture Volume Controller
e Pinch detection to adjust system volume.
3. Finger Counter
o Count raised fingers and display count on screen.

4. Snap Filter Clone

e Overlay dog face or glasses based on face landmarks.

Streamlit Integration for Web Demos
1. What is Streamlit?
e Python library for making browser-based apps.

2. Sample Integration

import streamlit as st
st.image (processed img)
st.write ("Angle: ", angle)

3. Benefits

e Share apps with link
« Easy frontend without HTML/CSS/JS

4. Hosting Options

e streamlit.io
e Render or Heroku

Tips for Learners and Developers
1. Start Small

e Begin with detecting one hand or pose landmark.
2. Learn by Doing

e Try the projects hands-on.
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3. Debug Visually
e Use print and draw landmarks to understand positions.
4. Expand Projects

e Add voice control or audio feedback.
o Create dashboards using Streamlit.

Final Thoughts & Career Guidance

1. Why Learn Computer Vision?

Computer Vision is revolutionizing multiple industries like healthcare, retail, and security by
enabling machines to understand images and videos. It’s a high-demand skill with growing job
opportunities in Al-driven domains.

2. Building a Portfolio

Showcase your CV skills by uploading projects on GitHub and sharing demo videos on LinkedIn
or YouTube. A strong portfolio builds trust with employers and sets you apart from other
candidates.

3. Job Roles to Target If you're interested in pursuing a career in this field, here are some job
roles you can aim for:

« Computer Vision Developer
o Develops and optimizes algorithms to process images and videos.
e Al Engineer (CV Focus)
o Integrates computer vision with other Al components in end-to-end applications.
e AR/VR Developer
o Implements tracking, gesture recognition, and scene understanding.
e Machine Learning Engineer (with CV expertise)
o Trains and deploys deep learning models for tasks like object detection,
segmentation, and tracking.
o Data Scientist (CV domain)
o Analyzes large-scale visual data and uses vision models for prediction and
insights.

4. Continue Learning Computer Vision is a constantly evolving field, and continued learning is
essential. Once comfortable with OpenCV and MediaPipe, consider diving into:

o TensorFlow/Keras: For building and training your own custom deep learning models.
e« YOLO (You Only Look Once): For real-time object detection.
e OpenPose: For detecting multi-person body, face, and foot keypoints




