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General information

Summary

This course provides an in-depth examination of artificial intelligence methods for image synthesis,
focusing on the principles, techniques, and advanced tools used to generate, manipulate, and enhance
visual content. Students will explore fundamental concepts of deep learning and computer vision, study
state-of-the-art neural networks and generative models, and gain hands-on experience with augmented
reality frameworks. Emphasis will be placed on understanding and implementing algorithms for realistic
image generation, style transfer, texture synthesis, and scene reconstruction, preparing students to
develop innovative applications and solutions in the field of immersive technologies.

Course objectives and goals

The primary objective of this course is to develop students’ ability to understand, design, and implement
state-of-the-art artificial intelligence methods for image synthesis, preparing them to create innovative,
high-quality visual content for augmented reality applications. Students will deepen their theoretical
knowledge of machine learning models, including generative and adversarial networks, and refine their
practical skills through hands-on experimentation with cutting-edge tools and frameworks. By the end of
the course, learners will be equipped to integrate Al-driven solutions into complex augmented reality
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systems, enhance the visual realism and interactivity of virtual content, and contribute to the
advancement of immersive technologies.

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.

PC03. Ability to use mathematical methods to analyze formalized models of the subject area.

PCO6. Ability to apply existing and develop new algorithms for solving problems in the field of computer
science.

PC11. Ability to initiate, plan and implement processes for the development of information and computer
systems and software, including its design, analysis, testing, system integration, implementation and
maintenance.

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.

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

LO11. Create new algorithms for solving problems in the field of computer science, evaluate their
effectiveness and limitations on their application.

LO16. Perform research in the field of computer science.

LO17. Identify and eliminate problem situations during software operation, formulate tasks for its
modification or reengineering.

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 - 16 hours, laboratory classes - 32
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).
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Program of the course

Topics of the lectures

]Topic 1. Introduction to Al-based Image Synthesis:

Key concepts of image synthesis, historical context, and the role of Al in generating realistic visual
content.

Topic 2. Fundamentals of Digital Image Representation:

Pixels, color models, image encoding formats, and the foundational principles of image preprocessing.
Topic 3. Overview of Machine Learning for Image Generation:

Basic ML concepts, supervised vs. unsupervised learning, and how these approaches apply to image
creation tasks.

Topic 4. Deep Learning Architectures for Image Synthesis:

Key neural network structures such as CNNs and autoencoders, and their relevance in producing
synthetic images.

Topic 5. Generative Adversarial Networks (GANs):

Principles of GANSs, their training process, and how generator and discriminator networks collaborate to
create high-quality images.

Topic 6. Variational Autoencoders (VAEs) and Beyond:

Foundations of VAEs, latent space representations, and their use in generating diverse image outputs.
Topic 7. Style Transfer and Image-to-Image Translation:

Methods to alter the visual style of images and translate between different image domains using Al-
driven techniques.

Topic 8. Texture Synthesis and Procedural Generation:

Approaches to generating natural textures and patterns, and integrating them into synthesized images
and environments.

Topic 9. Advanced Generative Models and Diffusion Techniques:

Exploration of cutting-edge generative methods, including diffusion models and their applications in
image synthesis.

Topic 10. Controlling and Editing Synthesized Images:

Techniques to guide image generation, manipulate attributes, and refine results to meet design goals.
Topic 11. Multi-Modal Image Synthesis:

Using text, audio, or other modalities as inputs to generate or condition synthesized images.

Topic 12. 3D and Augmented Reality Content Generation:

Creating 3D models, virtual scenes, and integrating synthetic visual elements into augmented reality
frameworks.

Topic 13. Quality Metrics and Evaluation of Synthesized Images:

Assessing realism, fidelity, diversity, and user experience when evaluating generated visual content.
Topic 14. Ethical Considerations and Bias Mitigation:

Understanding the ethical implications, preventing misuse, and ensuring fairness in Al-driven image
synthesis.

Topic 15. Practical Tools and Frameworks for Implementation:

Survey of software libraries, platforms, and frameworks used to build and deploy image synthesis
models.

Topic 16. Future Trends and Research Directions:

Examining emerging techniques, potential breakthroughs, and ongoing challenges in Al-based image
synthesis research.

Topics of the workshops
] Not included

Topics of the laboratory classes

Topic 1. Environment Setup and Tools:
Installing and configuring Python environments, deep learning frameworks, and image processing
libraries.
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Topic 2. Image Preprocessing and Basic Filters:

Loading images, applying normalization, resizing, and experimenting with simple filtering techniques.
Topic 3. Building a Simple Autoencoder:

Implementing and training a basic autoencoder to reconstruct input images from latent representations.
Topic 4. Exploring CNN-based Image Generation:

Creating a simple convolutional neural network to generate patterned images and understand
convolutional filters.

Topic 5. Implementing a Basic GAN:

Training a generative adversarial network to produce synthetic images and analyzing generator-
discriminator dynamics.

Topic 6. Fine-tuning a Pre-trained Generator:

Using transfer learning techniques to adapt an existing generative model to a new image domain or style.
Topic 7. Variational Autoencoders for Image Synthesis:

Training a VAE to encode images into latent spaces and generate diverse image samples.

Topic 8. Neural Style Transfer Experiments:

Applying style transfer methods to combine content and style images, producing creative visual outputs.
Topic 9. Conditional Image Generation:

Integrating labels or attributes into a GAN to control the features and appearance of generated images.
Topic 10. Text-to-Image Synthesis:

Experimenting with models that use textual descriptions as input to generate corresponding visual
content.

Topic 11. Image-to-Image Translation:

Implementing translation models to convert images from one domain to another (e.g., sketches to
realistic photos).

Topic 12. AR Content Integration:

Generating synthetic objects and embedding them into augmented reality scenes or live camera feeds.
Topic 13. Quality Assessment of Generated Images:

Evaluating generated images using metrics like IS or FID and performing basic user studies.

Topic 14. Model Optimization and Deployment:

Optimizing generative models for performance and deploying them on various platforms, including
mobile or web.

Topic 15. Experimenting with Diffusion Models:

Implementing a simple diffusion-based method to produce high-quality synthetic images.

Topic 16. Final Project - Custom Image Synthesis Pipeline:

Combining techniques learned to develop a personalized end-to-end image synthesis solution tailored for
AR applications.

Self-study

Students are expected to engage in self-directed learning activities that complement and reinforce the
course material, including reviewing assigned readings, experimenting with publicly available datasets
and code repositories, exploring advanced models and techniques through online tutorials, and
independently implementing small projects or case studies. This may involve studying current research
articles, comparing different image synthesis frameworks, and testing emerging generative models to
deepen their understanding of the principles and applications of Al-driven image creation.

Course materials and recommended reading

1. Generative Deep Learning, 2nd Edition by David Foster (2022)

2. Hands-On Image Generation with TensorFlow: A Practical Guide to Generating Images and Videos
Using Deep Learning by Soon Yau Cheong (2020)

3. Generative Al with Python and TensorFlow 2 by Sudharsan Ravichandiran (2021)

4. Practical Machine Learning for Computer Vision by Valliappa Lakshmanan, Sara Robinson, and
Michael Munn (2021)

5. Deep Learning for Vision Systems by Mohamed Elgendy (2020)
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6. Mastering GANs: A Hands-On Guide to Advanced GAN Techniques and Architectures by Raghav
Bali, Tamoghna Ghosh, and Dipanjan Sarkar (2021)

7. Creative Al: Generating Art, Music, and Design with Machine Learning by Nguyen Bui (2022)
8. Deepfakes: The Coming Infocalypse by Nina Schick (2020)
9. Augmented Reality and Virtual Reality: New Frontiers in Immersive Media by Timothy Jung and

M. Claudia tom Dieck (2021)
10. Advances in Deep Learning for Multimedia Applications: Theory and Practice by Fuchen Sun,
Wanli Ouyang, Xiaogang Wang, and Luc Van Gool (2021)

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 Unsatisfactory (requires  F

repetition of the course)

Norms of academic integrity and course policy

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/ |

Approval

Approved by Date, signature Head of the department
Pavlo PUSTOVOITOV

Date, signature Guarantor of the educational
program
Oleksiy VODKA
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