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General information

Summary

This course provides an in-depth exploration of modern recognition systems utilized in augmented
reality environments. It covers fundamental principles of computer vision, object detection, and pattern
recognition, while introducing advanced techniques such as machine learning, deep neural networks, and
sensor fusion to accurately identify and track virtual and physical elements. Students will learn how to
design and implement robust recognition pipelines, integrate multimodal data sources, and evaluate
system performance. By the end of the course, learners will be equipped with the theoretical knowledge
and practical skills needed to develop efficient, scalable, and context-aware recognition solutions that
enhance user experiences in immersive augmented reality applications.

Course objectives and goals

The primary objective of this course is to equip students with the theoretical understanding and practical
skills required to design, implement, and optimize recognition systems within augmented reality
environments. By exploring core principles of computer vision, sensor fusion, and machine learning-
based techniques, learners will gain the ability to detect, classify, and track objects accurately in dynamic,
real-world contexts. Throughout the course, students will apply state-of-the-art algorithms, evaluate
system performance, and address issues related to scalability, latency, and robustness. Ultimately,
learners will be prepared to develop advanced, context-aware recognition solutions that enhance user
experiences and advance the field of augmented reality.


https://www.kpi.kharkov.ua/ukr/

Format of classes

]Lectures, laboratory classes, consultations, self-study. Final control in the form of an exam.

Competencies

GC-1: Ability to think abstractly, analyze and synthesize.

GC-2: Ability to apply knowledge in practical situations.

GC-11: Ability to make informed decisions.

PCO1. Understanding of the theoretical foundations of computer science.

PCO02. Ability to formalize the subject area of a particular project in the form of an appropriate
information model.

PCO03. Ability to use mathematical methods to analyze formalized models of the subject area.

PCO04. Ability to collect and analyze data (including big data) to ensure the quality of project decision-
making.

PCO06. Ability to apply existing and develop new algorithms for solving problems in the field of
computer science.

PC13. Ability to create mathematical models, design complex software, data, develop algorithms for
collecting and visualizing data sets

Learning outcomes

LO1. Have specialized conceptual knowledge, including modern

scientific achievements in the field of computer science and is the basis for original thinking and
research, critical thinking of problems in the field of computer science and on the border of knowledge
fields.

LO2. Have specialized skills/abilities to solve computer science problems necessary for research
and/or innovation activities to develop new knowledge and procedures.

LO6. Develop a conceptual model of an information or computer system.

LO7. Develop and apply mathematical methods for analyzing information models.

LO8. Develop mathematical models and methods of data analysis (including with a big one).

LO20. Create mathematical models, design software, collect and visualize data sets.

Student workload

The total volume of the course is 120 hours (4 ECTS credits): lectures - 32 hours, laboratory classes - 16
hours, self-study - 72 hours.

Course prerequisites

Database organization, Discrete mathematics, Programming technologies, GUI programming,
Mathematical methods of image processing

Features of the course, teaching and learning methods, and technologies

Classes are made interactively using multimedia technologies for lecture presentations and online
demonstrations of task execution examples. The lecture classes use explanatory-illustrative,
reproductive, problem-oriented methods and the method of critical thinking. Training materials are
available for students through OneNote (Class Notebook).

Program of the course

Topics of the lectures

Topic 1. Introduction to Recognition Systems in AR:
Defining recognition systems, their role in augmented reality, and key application areas.
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Topic 2. Fundamentals of Computer Vision for AR:

Exploring the basics of image capture, processing, and visual feature representation in immersive
environments.

Topic 3. Image Processing and Feature Extraction:

Methods for detecting and describing visual features, edges, corners, and keypoints critical to AR
recognition tasks.

Topic 4. Object Detection and Classification Techniques:

An overview of machine learning and deep learning approaches for identifying objects and categorizing
them in AR scenes.

Topic 5. Tracking and Pose Estimation:

Introduction to methods for stabilizing virtual overlays by tracking object positions and estimating their
orientation over time.

Topic 6. Marker-Based vs. Markerless Recognition:

Comparing traditional marker systems with natural feature tracking to achieve more seamless and
flexible AR experiences.

Topic 7. Sensor Fusion and Environmental Mapping:

Integrating data from cameras, depth sensors, and other devices to build robust environmental models
that support recognition.

Topic 8. Real-Time Performance and Optimization:

Strategies for reducing latency, improving frame rates, and ensuring responsive, interactive AR
recognition systems.

Topic 9. Advanced Neural Architectures for Recognition:

Exploring state-of-the-art CNNs, vision transformers, and other deep learning models tailored for AR
applications.

Topic 10. Semantic Segmentation and Scene Understanding:

Identifying object boundaries, segmenting scenes, and enabling context-aware AR interactions.

Topic 11. Face and Gesture Recognition:

Techniques for detecting faces, analyzing facial expressions, and interpreting user gestures to enhance AR
experiences.

Topic 12. Text and Symbol Recognition in AR:

Implementing OCR and symbol detection to enrich AR environments with contextual information
overlays.

Topic 13. Robustness and Scalability in Diverse Environments:

Ensuring that recognition systems maintain accuracy and performance under varying lighting, weather,
and object conditions.

Topic 14. Privacy, Security, and Ethical Considerations:

Addressing data protection, consent, and the ethical implications of deploying recognition technologies in
AR.

Topic 15. Testing and Evaluation Metrics:

Measuring system accuracy, reliability, and user satisfaction through standardized benchmarks and
experimental studies.

Topic 16. Future Trends and Emerging Technologies:

Examining cutting-edge research, potential breakthroughs, and novel sensors or algorithms that will
shape the next generation of AR recognition systems.

|

Topics of the workshops
'Not included

Topics of the laboratory classes

Topic 1. Setting Up the AR Development Environment:

Installing and configuring AR frameworks, tools, and libraries for basic image and object recognition
tasks.

Topic 2. Image Preprocessing and Feature Extraction:

Implementing basic filtering, edge detection, and keypoint extraction to prepare input images for
recognition.
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Topic 3. Object Detection with Classical Methods:

Applying traditional algorithms (e.g., SIFT or SURF) to identify and locate objects in a scene.

Topic 4. Implementing a Simple Classifier:

Training a basic machine learning model (e.g., SVM) to categorize objects from image features in AR.
Topic 5. Introduction to Neural Networks for Recognition:

Setting up a CNN-based model to detect and classify simple objects in real-time AR scenarios.

Topic 6. Integrating Marker-Based Tracking:

Using AR markers to stabilize virtual overlays and track object positions and orientations.

Topic 7. Markerless Tracking with Natural Features:

Extracting and using environmental features to track objects without relying on predefined markers.
Topic 8. Sensor Fusion Techniques:

Combining data from cameras, depth sensors, or IMUs to improve recognition accuracy and stability.
Topic 9. Real-Time Performance Optimization:

Profiling and optimizing code to reduce latency and maintain frame rates for seamless AR experiences.
Topic 10. Scene Segmentation and Object Highlighting:

Implementing segmentation techniques to differentiate objects from backgrounds and visually highlight
them.

Topic 11. Face Detection and Gesture Recognition:

Developing basic face detection and gesture interpretation systems to enhance user interaction in AR.
Topic 12. Text Recognition in AR:

Integrating OCR techniques to identify and overlay text information within the augmented environment.
Topic 13. Evaluating System Robustness:

Testing recognition performance under varying lighting conditions, distances, and object orientations.
Topic 14. Privacy and Security Considerations:

Exploring methods to protect user data and ensure ethical use of recognition technologies in AR settings.
Topic 15. Benchmarking and Metrics Analysis:

Collecting and analyzing performance metrics, such as accuracy and response time, to evaluate system
quality.

Topic 16. Building a Prototype Recognition System:

Combining acquired techniques and tools into a functional AR recognition prototype for demonstration.

Self-study

Students are encouraged to engage in self-directed learning to deepen their understanding of the course
material and stay updated with the latest developments in the field. This includes independently
exploring scholarly articles, technical documentation, and online tutorials related to augmented reality
recognition systems. Learners should also experiment with code examples, open-source libraries, and
available datasets to refine their technical skills. By critically evaluating emerging tools, algorithms, and
implementation strategies, students will enhance their problem-solving abilities and be better prepared
to tackle complex challenges in designing and optimizing recognition solutions for augmented reality
applications.

Course materials and recommended reading

1. Augmented Reality and Computer Vision: Principles and Practices by Daniel ]. Rogers and Alicia
M. Chen (2021)

2. Deep Learning for Visual Recognition in AR Environments by Marco S. Perez and Jing Li (2022)

3. Context-Aware Recognition Systems for Immersive Applications by Priya Ramachandran and
Oliver K. Meyer (2023)

4. Real-Time Object Detection and Tracking: Methods and Applications by Fatima Y. Hernandez and
Robert G. Stein (2020)

5. Machine Learning in Augmented and Mixed Reality: Algorithms for Recognition and Interaction
by Serena P. Kim and David W. Clarke (2022)

6. Vision-Based Augmented Reality: Theory, Design, and Implementation by Marisol Fernandez and
Helen R. Scott (2021)
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7. Robust AR Recognition Systems: Handling Variability, Noise, and Complexity by Tobias J.

Holtzmann and Greta N. Lee (2023)

8. Human-Centric Al for Augmented Reality: Enhancing Recognition and Experience by Laura P. Wu

and Patrick T. Daniels (2022)

9. Multi-Modal Sensor Fusion for AR Recognition Systems by Richard A. Morales and Emily S.

Lawson (2021)

10. Ethical and Secure Visual Recognition in Augmented Reality Applications by Naveen K. Shankar

and Adriana B. Flores (2023)

Criteria for assessment of student Grading scale
performance, and the final score structure Total National ECTS
The final grade is made up of 100% assessment points
results in the form of an exam (50%) and current 90-100  Excellent A
assessment (50%). 82-89 Good B
75-81 Good C
Breakdown of the grading: 64-74 Satisfactory D
60-63 Satisfactory E
Laboratory work: 30% 35-59 Unsatisfactory FX
Independent work and computational tasks: 20% (requires additional
learning)

1-34

Norms of academic integrity and course policy

Unsatisfactory (requires  F
repetition of the course)

The student must adhere to the Code of Ethics of Academic Relations and Integrity of NTU "KhPI": to
demonstrate discipline, good manners, kindness, honesty, and responsibility. Conflict situations should be
openly discussed in academic groups with a lecturer, and if it is impossible to resolve the conflict, they

should be brought to the attention of the Institute's management.

Regulatory and legal documents related to the implementation of the principles of academic integrity at
NTU "KhPI" are available on the website: http://blogs.kpi.kharkov.ua/v2 /nv/akademichna-

dobrochesnist/ |
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