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General information

Summary

This course introduces students to the fundamental concepts, methodologies, and tools required to
understand and apply spatial intelligence within infocommunication systems. By exploring concepts from
geospatial data analysis, location-based services, network optimization, and augmented reality, learners
will develop the skills to effectively integrate spatial reasoning into various computational tasks. Students
will engage with technologies and frameworks that facilitate the collection, processing, and interpretation
of spatial data, ultimately improving the accuracy, relevance, and user experience of intelligent
infocommunication solutions. Through a combination of theoretical knowledge and practical exercises,
participants will be equipped to create innovative applications that leverage spatial intelligence to
enhance communication, navigation, and decision-making processes.

Course objectives and goals

The primary objective of this course is to provide students with the theoretical foundations and practical
skills needed to integrate spatial intelligence into modern infocommunication systems, particularly those
enhanced by augmented reality. By exploring concepts such as geospatial data analysis, sensor fusion,
and spatial modeling, learners will gain a comprehensive understanding of how location-based services
and intelligent navigation can improve user experiences and optimize network performance. Throughout
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the course, students will apply advanced computational techniques, data-driven methods, and cutting-
edge tools to design and evaluate applications that leverage spatial intelligence, ultimately preparing
them to develop innovative solutions that enhance communication, information exchange, and decision-
making in complex, spatially aware environments.

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.

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.

PCO08. Ability to develop and implement software development projects, including in unpredictable
conditions, with unclear requirements and the need to apply new strategic approaches, use software
tools to organize teamwork on the project.

PC10. Ability to evaluate and ensure the quality of IT projects, information and computer systems for
various purposes, apply international standards for assessing the quality of software for information
and computer systems, models for assessing the maturity of information and computer system
development processes.

PC12. Ability to organize and conduct research activities.

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.

L020. Create mathematical models, design software, collect and visualize data sets.

Student workload

The total volume of the course is 90 hours (3 ECTS credits): lectures - 16 hours, laboratory classes - 16
hours, self-study - 58 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 Spatial Intelligence in Infocommunication:

Defining spatial intelligence, its relevance, and how it enhances communication systems.

Topic 2. Fundamentals of Geospatial Data:

Understanding geographic coordinate systems, map projections, and data sources for spatial analysis.
Topic 3. Spatial Data Acquisition and Preprocessing:

Methods for collecting, cleaning, and preparing geospatial datasets for infocommunication tasks.

Topic 4. Sensor Fusion and Location-Based Sensing:

Integrating multiple sensors (GPS, IMU, LiDAR) to improve accuracy and reliability of spatial information.
Topic 5. Spatial Analysis Techniques:

Applying spatial statistics, clustering, and interpolation methods to extract insights from georeferenced
data.

Topic 6. Geographic Information Systems (GIS) Tools and Frameworks:

Exploring software platforms for mapping, querying, and visualizing spatial information.

Topic 7. Indoor Positioning and Navigation:

Techniques for location tracking, asset positioning, and navigation in indoor and constrained
environments.

Topic 8. Spatial Intelligence in Augmented Reality Applications:

Incorporating geospatial data into AR scenarios to enhance user experience and decision-making.
Topic 9. Spatial Network Optimization:

Improving network efficiency, coverage, and resource allocation through location-aware routing and
planning.

Topic 10. Privacy, Security, and Ethics in Spatial Data Handling:

Addressing data protection, user consent, and responsible use of sensitive location information.

Topic 11. Spatial Reasoning and Context Awareness:

Leveraging contextual cues, semantic understanding, and user behavior patterns to enrich
communication services.

Topic 12. Real-Time Spatial Processing and Streaming:

Implementing algorithms for dynamic, continuous analysis of geospatial data in real-time applications.
Topic 13. Machine Learning for Spatial Intelligence:

Applying supervised, unsupervised, and deep learning techniques to model, predict, and interpret spatial
phenomena.

Topic 14. Advanced Visualization and Interaction with Spatial Data:

Designing intuitive interfaces and interactive maps, integrating 3D and AR elements for improved
insights.

Topic 15. Evaluating and Benchmarking Spatial Systems:

Assessing system performance, accuracy, scalability, and user satisfaction in location-based solutions.
Topic 16. Emerging Trends and Future Directions in Spatial Intelligence:

Discussing cutting-edge research, evolving standards, and innovative applications shaping the next
generation of spatially aware infocommunication systems.
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Topics of the workshops
] Not included

Topics of the laboratory classes

Topic 1. Exploring Spatial Data and Coordinate Systems:

Acquiring geospatial datasets, understanding coordinate reference systems, and visualizing spatial data
on a map.

Topic 2. Data Cleaning and Preprocessing for Spatial Analysis:

Applying filters, transformations, and normalization methods to prepare geospatial data for subsequent
processing.
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Topic 3. Sensor Fusion for Location Tracking:

Combining data from GPS, IMUs, and other sensors to enhance the accuracy and reliability of position
estimates.

Topic 4. Implementing Basic GIS Queries:

Performing spatial queries, attribute searches, and geoprocessing operations using GIS software or
libraries.

Topic 5. Spatial Clustering and Hotspot Detection:

Applying clustering algorithms (e.g., DBSCAN) to identify geographic patterns, hotspots, or anomalies.
Topic 6. Path Planning and Routing Optimization:

Designing algorithms for shortest path calculation, coverage optimization, and resource allocation in
spatial networks.

Topic 7. Indoor Localization Experiments:

Testing and comparing different techniques (e.g., Wi-Fi fingerprinting, BLE beacons) for indoor
positioning.

Topic 8. Integration of Geospatial Data into AR Scenes:

Overlaying spatial information onto a physical environment through augmented reality frameworks and
tools.

Topic 9. Real-Time Spatial Data Streaming:

Setting up pipelines to ingest, process, and visualize continuous geospatial data feeds with low latency.
Topic 10. Machine Learning for Spatial Prediction:

Training and evaluating ML models that predict spatial events, distributions, or movement patterns.
Topic 11. Spatial Data Visualization Techniques:

Creating interactive maps, 3D scenes, and thematic layers to present geographic information intuitively.
Topic 12. Evaluating System Performance:

Measuring accuracy, speed, and scalability of location-based applications and comparing different
approaches.

Topic 13. Privacy and Security Measures for Spatial Data:

Implementing encryption, anonymization, or differential privacy methods to protect sensitive location
information.

Topic 14. Semantic Enrichment of Spatial Data:

Enhancing raw coordinates with contextual metadata, place names, and domain-specific semantics.
Topic 15. Multi-Platform AR Integration:

Testing solutions that run on various devices (e.g., smartphones, AR glasses) to ensure cross-platform
compatibility.

Topic 16. Final Spatial Intelligence Project:

Combining learned techniques to develop a proof-of-concept application leveraging spatial intelligence
for improved communication and navigation.

Self-study

Students are encouraged to engage in self-directed learning activities that complement the course
material and deepen their understanding of spatial intelligence concepts. This may involve exploring
advanced online tutorials, experimenting with open-source geospatial libraries, working with publicly
available datasets, and staying up-to-date with cutting-edge research in spatial analytics and augmented
reality. Additionally, learners should critically examine case studies, compare different tools and
platforms, and apply theoretical principles to their own small-scale projects or experiments. By
dedicating time to self-study, students will refine their technical skills, sharpen their analytical thinking,
and be better prepared to tackle real-world challenges in infocommunication systems.

|

Course materials and recommended reading

1. Spatial Analytics and Intelligent Systems: Advancing Communication Networks by Elena M. Rivera
and Tobias D. Huang (2021)

2. Geospatial Data Science for Augmented Reality Applications by Victoria L. Andersen and Juan M.
Contreras (2022)
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3. Location-Based Intelligence: Enhancing Infocommunication through Spatial Data by Serena K.

Willis and Dominic J. Park (2023)

4. Context-Aware Computing with Spatial Intelligence: Theory and Practice by Harriet O. Adams and

Rohan P. Singh (2020)

5. Sensor Fusion and Geospatial Analytics for Connected Environments by Aisha Y. Carter and

Matteo D. Rossi (2021)

6. Spatial Reasoning in Next-Generation Communication Systems by Christopher J. Wright and Yun-

Fei Zhao (2022)

7. AR-Driven Spatial Intelligence: Integrating Data, Devices, and Interactions by Priya R. Menon and

Carlos A. Valdez (2023)

8. Intelligent Geolocation Services: Algorithms, Architectures, and Applications by Li Q. Zhang and

Marina T. Fernandez (2021)

9. Cognitive Mapping and Spatial Decision-Making in Infocommunication by Fatima E. Hughes and

Oliver C. Bennett (2022)

10. Advanced Spatial Computing for Enhanced User Experiences in AR by Ramesh K. Gupta and Helen

R. Weber (2023)

Criteria for assessment of student
performance, and the final score structure

The final grade is made up of 100% assessment
results in the form of an exam (50%) and current
assessment (50%).

Breakdown of the grading:

Laboratory work: 30%
Independent work and computational tasks: 20%

Grading scale

Total National ECTS
points
90-100 Excellent A
82-89 Good B
75-81 Good C
64-74 Satisfactory D
60-63 Satisfactory E
35-59 Unsatisfactory FX
(requires additional
learning)
1-34 Unsatisfactory (requires  F

Norms of academic integrity and course policy

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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