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Application of Computer Vision

Course outline

Module 1: Introduction to Computer Vision

Module 1: Introduction to Computer Vision is an introductory course designed to provide students with a
comprehensive overview of the fundamentals of computer vision. Topics covered include image
processing, feature extraction, object recognition, and deep learning. Students will gain an understanding
of the basic concepts and techniques used in computer vision, and will be able to apply them to real-
world applications.

Lessons

- Overview of Computer Vision

- Image Representation and Processing

- Feature Extraction and Image Segmentation

- Image Classification and Object Detection

- Image Recognition and Scene Understanding
- Image Synthesis and Image Manipulation

- Applications of Computer Vision

- Deep Learning for Computer Vision

- Challenges and Limitations of Computer Vision
- Future Trends in Computer Vision

After completing this module, students will be able to:

- Understand the fundamentals of computer vision and its applications.

- Identify and explain the different types of computer vision algorithms.

- Utilize computer vision techniques to solve real-world problems.

- Develop and implement computer vision projects using Python and OpenCV.

Module 2: Image Processing

Module 2: Image Processing for Application of Computer Vision course is an introduction to the
fundamentals of image processing and computer vision. It covers topics such as image acquisition,
image enhancement, image segmentation, feature extraction, and object recognition. Students will learn
how to apply these techniques to real-world problems and develop their own computer vision
applications.

Lessons



- Image Enhancement Techniques

- Image Segmentation

- Image Registration

- Image Compression

- Image Recognition

- Image Restoration

- Image Analysis

- Image Synthesis

- Image Representation

- Image Transformation

- Image Retrieval

- Image Mosaicing

- Image Fusion

- Image Quality Assessment

- Image Processing for Medical Imaging

- Image Processing for Robotics

- Image Processing for Autonomous Vehicles
- Image Processing for Surveillance

- Image Processing for Augmented Reality
- Image Processing for 3D Reconstruction

After completing this module, students will be able to:

- Understand the fundamentals of image processing and its applications in computer vision.

- Develop an understanding of the various image processing techniques and algorithms used in
computer vision.

- Be able to apply image processing techniques to solve real-world problems.

- Be able to develop and implement image processing algorithms in computer vision applications.

Module 3: Feature Detection and Extraction

Module 3 of the Application of Computer Vision course covers the fundamentals of feature detection and
extraction. Students will learn about various feature detection algorithms, such as SIFT, SURF, and ORB,
and how to apply them to image processing tasks. Additionally, students will explore the use of feature
descriptors and how to use them to match features across images. Finally, students will learn how to use
feature detection and extraction techniques to build robust computer vision applications.

Lessons

- Edge Detection

- Feature Matching

- Feature Descriptors

- Feature Tracking

- Feature Extraction

- Feature Selection

- Feature Classification

+ Feature Transformation

- Feature Detection Algorithms



- Feature Detection in Image Processing

- Feature Detection in Video Processing

- Feature Detection in 3D Imaging

- Feature Detection in Robotics

- Feature Detection in Autonomous Vehicles

- Feature Detection in Medical Imaging

« Feature Detection in Biometrics

- Feature Detection in Machine Learning

- Feature Detection in Natural Language Processing
- Feature Detection in Computer Vision Applications
- Feature Detection in Augmented Reality

After completing this module, students will be able to:

- Understand the fundamentals of feature detection and extraction algorithms such as SIFT, SURF,
ORB, and FAST.

- Implement feature detection and extraction algorithms in Python using OpenCV.

- Analyze the performance of feature detection and extraction algorithms on different datasets.

- Utilize feature detection and extraction algorithms for various computer vision applications such as
object recognition, image matching, and image retrieval.

Module 4: Image Classification

Module 4: Image Classification is a module in the Application of Computer Vision course that focuses on
the use of machine learning algorithms to classify images. It covers topics such as convolutional neural
networks, transfer learning, and image augmentation. Students will learn how to build and train models to
classify images, as well as how to evaluate the performance of their models.

Lessons

- Introduction to Image Classification

- Image Pre-processing for Classification

- Feature Extraction for Image Classification

- Supervised Learning for Image Classification

+ Unsupervised Learning for Image Classification
- Deep Learning for Image Classification

- Evaluation Metrics for Image Classification

- Applications of Image Classification

- Challenges in Image Classification

- Recent Advances in Image Classification

After completing this module, students will be able to:

- Understand the fundamentals of image classification and its applications in computer vision.

- Develop an understanding of the different types of image classification algorithms and their
respective strengths and weaknesses.

- Implement image classification algorithms using Python and OpenCV.



- Analyze and interpret the results of image classification models.

Module 5: Object Detection and Tracking

Module 5 of the Application of Computer Vision course covers the fundamentals of object detection and
tracking. Students will learn how to use various algorithms to detect and track objects in images and
videos. Topics include feature extraction, object classification, and tracking algorithms. Additionally,
students will explore the use of deep learning for object detection and tracking.

Lessons

« Introduction to Object Detection and Tracking

- Image Segmentation for Object Detection

- Feature Extraction for Object Detection

- Deep Learning for Object Detection

+ Object Tracking Algorithms

- Applications of Object Detection and Tracking
Evaluation Metrics for Object Detection and Tracking

- Challenges in Object Detection and Tracking
- Real-Time Object Detection and Tracking
+ Object Detection and Tracking in Autonomous Vehicles

After completing this module, students will be able to:

- Understand the fundamentals of object detection and tracking algorithms.

+ Implement object detection and tracking algorithms using OpenCV and Python.

- Analyze and interpret the results of object detection and tracking algorithms.

- Develop applications that use object detection and tracking algorithms for real-world applications.

Module 6: Image Segmentation

Module 6: Image Segmentation is a module in the Application of Computer Vision course that focuses on
the techniques used to separate objects in an image. It covers topics such as edge detection, region-
based segmentation, and clustering. It also covers the use of deep learning for image segmentation.

Lessons

« Introduction to Image Segmentation
- Image Segmentation Algorithms

- Edge Detection Techniques

- Region-Based Segmentation

- Clustering-Based Segmentation

- Graph-Based Segmentation

- Active Contours and Level Sets

- Image Segmentation Applications

- Evaluation of Image Segmentation



- Deep Learning for Image Segmentation

After completing this module, students will be able to:

- Understand the fundamentals of image segmentation and its applications in computer vision.

- Implement various image segmentation algorithms such as k-means clustering, watershed, and
graph-based segmentation.

- Analyze the performance of different segmentation algorithms on various datasets.

- Utilize segmentation techniques to solve real-world computer vision problems.

Module 7: Image Registration

Module 7: Image Registration is a module in the Application of Computer Vision course that covers the
fundamentals of image registration, including the principles of image alignment, feature-based
registration, and optimization techniques. It also covers the application of image registration in medical
imaging, remote sensing, and other fields.

Lessons

Overview of Image Registration

- Types of Image Registration

- Image Registration Algorithms

- Image Registration Applications

- Image Registration Challenges

- Image Registration Evaluation Metrics

- Image Registration in Medical Imaging

- Image Registration in Remote Sensing

- Image Registration in Robotics

- Image Registration in Augmented Reality

After completing this module, students will be able to:

- Understand the fundamentals of image registration and its applications in computer vision.

- Implement various image registration algorithms such as feature-based, intensity-based, and phase
correlation.

- Analyze the performance of different registration algorithms and select the most suitable one for a
given application.

- Develop a computer vision application that uses image registration techniques.

Module 8: 3D Reconstruction

Module 8: 3D Reconstruction for Application of Computer Vision course is an introduction to the
fundamentals of 3D reconstruction from 2D images. It covers topics such as camera calibration, structure
from motion, multi-view stereo, and 3D object recognition. Students will learn how to use existing
software packages to reconstruct 3D models from 2D images and apply the techniques to real-world
applications.



Lessons

- Overview of 3D Reconstruction

- 3D Reconstruction from Multiple Views

« 3D Reconstruction from Single View

- 3D Reconstruction from Range Data

- 3D Reconstruction from Structure from Motion
- 3D Reconstruction from Photometric Stereo

- 3D Reconstruction from Multi-view Stereo

- 3D Reconstruction from Shape from X

- 3D Reconstruction from Deep Learning

- Applications of 3D Reconstruction

After completing this module, students will be able to:

- Understand the fundamentals of 3D reconstruction and its applications in computer vision.
« Implement 3D reconstruction algorithms using Python and OpenCV.

- Utilize 3D reconstruction techniques to create 3D models from 2D images.

- Analyze and interpret 3D reconstruction results to identify objects and features in a scene.

Module 9: Image Stitching

Module 9: Image Stitching for Application of Computer Vision course covers the fundamentals of image

stitching, a technique used to combine multiple images into a single, larger image. Topics include image
alignment, feature detection, and image blending. Students will learn how to use popular image stitching
software to create panoramic images and other composite images.

Lessons

- Overview of Image Stitching

- Image Warping and Registration

- Feature Detection and Matching

- Image Blending and Seam Finding

- Applications of Image Stitching

- Challenges in Image Stitching

- Image Stitching Algorithms

- Image Stitching in Autonomous Vehicles
- Image Stitching in Robotics

- Image Stitching in Medical Imaging

After completing this module, students will be able to:

- Understand the fundamentals of image stitching and its applications in computer vision.
- Implement image stitching algorithms using OpenCV.

- Analyze the results of image stitching and identify potential areas of improvement.

- Utilize image stitching techniques to create panoramic images from multiple images.



Module 10: Image Retrieval

Module 10: Image Retrieval module for Application of Computer Vision course covers the fundamentals
of image retrieval, including feature extraction, indexing, and retrieval techniques. It also covers the use
of deep learning for image retrieval, and the evaluation of retrieval performance. The module provides an
overview of the state-of-the-art in image retrieval and provides hands-on experience with existing retrieval
systems.

Lessons

« Introduction to Image Retrieval

- Image Representation and Indexing

- Content-Based Image Retrieval

- Feature Extraction and Matching

- Image Retrieval Algorithms

- Evaluation of Image Retrieval Systems
- Applications of Image Retrieval

« Challenges in Image Retrieval

- Recent Advances in Image Retrieval

- Future Directions in Image Retrieval

After completing this module, students will be able to:

- Understand the fundamentals of image retrieval and its applications in computer vision.

- Implement image retrieval techniques such as feature extraction, feature matching, and similarity
measures.

- Utilize image retrieval algorithms to build efficient search engines.

- Develop applications that can recognize objects in images and videos.

Module 11: Image Recognition

Module 11 of the Application of Computer Vision course covers the fundamentals of image recognition,
including topics such as feature extraction, feature selection, and classification. Students will learn how to
use various algorithms to detect and classify objects in images, as well as how to evaluate the
performance of their models. Additionally, students will explore the use of deep learning for image
recognition and gain an understanding of how to apply these techniques to real-world problems.

Lessons

« Introduction to Image Recognition
- Image Classification

- Feature Extraction

« Object Detection

- Image Segmentation

- Image Registration

 Image Retrieval



- Image Synthesis

- Image Enhancement

- Image Recognition in Robotics

- Image Recognition in Autonomous Vehicles

- Image Recognition in Medical Imaging

- Image Recognition in Security Systems

- Image Recognition in Augmented Reality

- Image Recognition in Natural Language Processing

After completing this module, students will be able to:

- Understand the fundamentals of image recognition and its applications in computer vision.
- Develop an understanding of the various algorithms used in image recognition.

- Implement image recognition techniques in real-world applications.

- Analyze and interpret the results of image recognition algorithms.

Module 12: Image Synthesis

Module 12: Image Synthesis is a module in the Application of Computer Vision course that focuses on
the use of computer vision techniques to generate new images from existing ones. It covers topics such
as image warping, image morphing, image inpainting, and image synthesis. Students will learn how to
apply these techniques to create realistic images from existing ones.

Lessons

Introduction to Image Synthesis

- Generative Adversarial Networks (GANS)
- Variational Autoencoders (VAES)

+ Image-to-Image Translation

+ Image Inpainting

- Image Super-Resolution

Style Transfer

- Text-to-lmage Synthesis

- Image Synthesis for 3D Reconstruction

- Image Synthesis for Augmented Reality

- Image Synthesis for Robotics

- Image Synthesis for Autonomous Vehicles

After completing this module, students will be able to:

- Understand the fundamentals of image synthesis and its applications in computer vision.

- Develop an understanding of the various technigues used in image synthesis, such as texture
synthesis, image inpainting, and image-to-image translation.

- Implement image synthesis algorithms using popular deep learning frameworks such as TensorFlow
and PyTorch.

- Utilize image synthesis techniques to solve real-world computer vision problems.



Module 13: Image Enhancement

Module 13: Image Enhancement is a module in the Application of Computer Vision course that focuses
on techniques for improving the quality of digital images. Topics covered include image sharpening,
contrast enhancement, noise reduction, and color correction. Students will learn how to apply these
techniques to improve the visual quality of digital images.

Lessons

« Introduction to Image Enhancement

- Image Enhancement Techniques

- Image Enhancement Algorithms

- Image Enhancement in Digital Image Processing
- Image Enhancement in Computer Vision

- Image Enhancement for Medical Imaging

- Image Enhancement for Surveillance

- Image Enhancement for Automation

- Image Enhancement for Robotics

- Image Enhancement for Augmented Reality

- Image Enhancement for Object Detection

- Image Enhancement for Face Recognition

- Image Enhancement for Scene Recognition

- Image Enhancement for Image Segmentation

- Image Enhancement for Image Registration

- Image Enhancement for Image Compression

- Image Enhancement for Image Quality Assessment
- Image Enhancement for Image Restoration

- Image Enhancement for Image Fusion

- Image Enhancement for Image Retrieval

After completing this module, students will be able to:

 Understand the fundamentals of image enhancement techniques such as contrast stretching,
histogram equalization, and gamma correction.

- Apply image enhancement techniques to improve the visual quality of digital images.

- Utilize image enhancement techniques to enhance the visibility of features in digital images.

- Analyze the effects of image enhancement techniques on the overall quality of digital images.

Module 14: Image Compression

Module 14: Image Compression for Application of Computer Vision course covers the fundamentals of
image compression, including lossy and lossless compression techniques, as well as the use of various
algorithms to reduce the size of an image while preserving its quality. Topics include the JPEG, JPEG
2000, and PNG formats, as well as the use of wavelets and other techniques for image compression.

Lessons



« Introduction to Image Compression

- Lossless and Lossy Compression Techniques
- Image Compression Algorithms

- Image Compression Standards

- Image Compression for Web Applications

- Image Compression for Mobile Applications

- Image Compression for Medical Imaging

- Image Compression for Surveillance Systems
- Image Compression for Remote Sensing

- Image Compression for Digital Cinema

- Image Compression for 3D Graphics

- Image Compression for Video Streaming

- Image Compression for Cloud Computing

- Image Compression for Augmented Reality

After completing this module, students will be able to:

- Understand the fundamentals of image compression algorithms and techniques.

 Implement various image compression algorithms such as JPEG, JPEG2000, and Wavelet
Transform.

- Analyze the trade-offs between image quality and compression ratio.

- Utilize image compression techniques to optimize the size of digital images for storage and
transmission.

Module 15: Video Analysis

Module 15: Video Analysis for Application of Computer Vision is a course that focuses on the use of
computer vision techniques to analyze video data. It covers topics such as motion estimation, object
tracking, and video segmentation. Students will learn how to apply these techniques to real-world
applications, such as surveillance, medical imaging, and autonomous vehicles.

Lessons

« Introduction to Video Analysis

Image and Video Representation
- Video Segmentation

- Motion Estimation and Tracking
Video Stabilization

- Video Compression

- Video Summarization

- Video Object Detection and Recognition
+ Video Scene Understanding

- Video Surveillance

+ Video Forensics

- Video Retrieval

- Video Annotation

Video Quality Assessment
« Video Indexing and Search



After completing this module, students will be able to:

- Understand the fundamentals of video analysis and its applications in computer vision.
- ldentify and analyze objects in videos using various computer vision techniques.

- Develop algorithms to track objects in videos and detect motion.

- Utilize video analysis techniques to solve real-world problems in computer vision.

Module 16: Augmented Reality

Module 16 of the Application of Computer Vision course covers the fundamentals of Augmented Reality
(AR) and its applications. Students will learn about the different types of AR, the components of an AR
system, and how to develop AR applications. They will also explore the use of AR in various industries,
such as healthcare, education, and entertainment. Finally, they will gain hands-on experience with AR
development tools and frameworks.

Lessons

« Introduction to Augmented Reality

- Overview of Computer Vision and Augmented Reality
- Augmented Reality Applications

- Augmented Reality Development Platforms

- Augmented Reality Interaction Techniques

« Augmented Reality and Machine Learning

- Augmented Reality and Image Processing

+ Augmented Reality and 3D Reconstruction

- Augmented Reality and Object Tracking

- Augmented Reality and Scene Understanding

- Augmented Reality and Natural Language Processing
- Augmented Reality and Human-Computer Interaction
- Augmented Reality and Virtual Reality

- Augmented Reality and Robotics

- Augmented Reality and Wearable Computing

+ Augmented Reality and Internet of Things

- Augmented Reality and Augmented Analytics

- Augmented Reality and Security

- Augmented Reality and Privacy

- Augmented Reality and Ethical Considerations

After completing this module, students will be able to:

- Understand the fundamentals of Augmented Reality (AR) and its applications in Computer Vision.
- Develop an understanding of the various components of an AR system and how they interact.

- Design and implement an AR application using Computer Vision techniques.

- Evaluate the performance of an AR system and identify areas for improvement.



Module 17: Autonomous Navigation

Module 17: Autonomous Navigationmodule for Application of Computer Vision course is a
comprehensive course that covers the fundamentals of autonomous navigation, including topics such as
path planning, obstacle avoidance, and motion control. It also covers the application of computer vision
techniques to autonomous navigation, such as visual odometry, SLAM, and object recognition. This
module provides students with the necessary skills to develop autonomous navigation systems for a
variety of applications.

Lessons

- Introduction to Autonomous Navigation
- Path Planning Algorithms

Localization and Mapping

« Sensor Fusion for Autonomous Navigation

« Autonomous Navigation in Unstructured Environments
« Autonomous Navigation in Dynamic Environments

- Autonomous Navigation in Urban Environments

- Autonomous Navigation in Industrial Environments
 Autonomous Navigation in Agricultural Environments

- Autonomous Navigation in Marine Environments

- Autonomous Navigation in Space Environments

« Autonomous Navigation in Extreme Environments

- Autonomous Navigation in Autonomous Vehicles

« Autonomous Navigation in Unmanned Aerial Vehicles

« Autonomous Navigation in Unmanned Ground Vehicles
« Autonomous Navigation in Unmanned Underwater Vehicles
- Autonomous Navigation in Autonomous Robots
 Autonomous Navigation in Autonomous Drones

- Autonomous Navigation in Autonomous Boats

- Autonomous Navigation in Autonomous Submarines

After completing this module, students will be able to:

- Understand the fundamentals of autonomous navigation and its applications in robotics.
- Develop algorithms for autonomous navigation using computer vision.

« Implement autonomous navigation systems using computer vision.

- Evaluate the performance of autonomous navigation systems using computer vision.

Module 18: Robotics

Module 18 of the Application of Computer Vision course covers the fundamentals of robotics and how to
apply computer vision to robotic systems. Topics include robot kinematics, motion planning, and vision-
based navigation. Students will learn how to use computer vision to detect and track objects, as well as
how to use vision-based navigation to control a robot's movements.

Lessons



Introduction to Robotics and Computer Vision
- Image Processing for Robotics

- Object Detection and Tracking

+ Autonomous Navigation

- Path Planning and Motion Control

- Robot Manipulation and Grasping

Visual SLAM and Localization

- Deep Learning for Robotics
« Human-Robot Interaction

Applications of Computer Vision in Robotics

After completing this module, students will be able to:

- Understand the fundamentals of robotics and computer vision

- Develop algorithms for robotic navigation and object recognition

- Design and implement robotic systems for various applications

- Utilize computer vision techniques to detect and track objects in real-time

Module 19: Medical Imaging

Module 19: Medical Imaging module for Application of Computer Vision course provides an introduction
to medical imaging and its applications in computer vision. It covers topics such as medical imaging
modalities, image processing techniques, and medical image analysis. It also covers the use of computer
vision algorithms for medical image segmentation, registration, and classification.

Lessons

- Overview of Medical Imaging

+ Image Acquisition and Pre-processing
- Image Segmentation

- Image Registration

+ Image Analysis

- Image Visualization

- Image Reconstruction

- Image Fusion

- Image Quality Assessment

+ Image-Guided Surgery

+ Image-Guided Therapy

- Image-Guided Diagnosis

- Image-Guided Interventions

- Image-Guided Radiotherapy
 Image-Guided Radiation Therapy
- Image-Guided Drug Delivery

+ Image-Guided Biopsy

- Image-Guided Prosthetics

- Image-Guided Robotics

+ Image-Guided Diagnostic Imaging



After completing this module, students will be able to:

- Understand the fundamentals of medical imaging and its applications in computer vision.

- Analyze medical images using computer vision techniques such as segmentation, registration, and
classification.

- Develop algorithms for medical image processing and analysis.

- Utilize medical imaging data to build and evaluate computer vision models.

Module 20: Biometrics

Module 20: Biometricsmodule for Application of Computer Vision course provides an introduction to
biometrics and its applications in computer vision. It covers topics such as biometric authentication, facial
recognition, fingerprint recognition, iris recognition, and voice recognition. It also covers the use of
biometrics in security systems, access control, and surveillance.

Lessons

« Introduction to Biometrics

 Types of Biometrics

- Biometric Authentication Systems

- Biometric Security Systems

- Biometric Identification Systems

- Biometric Access Control Systems

- Biometric Data Storage and Management

- Biometric Data Protection

- Biometric Data Analysis

- Biometric Data Mining

- Biometric Image Processing

- Biometric Pattern Recognition

- Biometric Template Matching

- Biometric Feature Extraction

- Biometric Algorithms

- Biometric System Performance Evaluation

- Biometric System Design and Implementation
- Biometric System Security

- Biometric System Usability

- Biometric System Standards and Regulations

After completing this module, students will be able to:

- Understand the fundamentals of biometrics and its applications in computer vision.

- Identify and analyze different biometric techniques and their applications.

- Develop algorithms for biometric authentication and recognition.

+ Implement biometric systems for various applications such as security, access control, and identity
management.
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