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Neural Information Processing Group
1. NIPG Research

• Research group at ELTE
• https://nipg.inf.elte.hu/#group-page

• AI research
o Computer Vision
o Natural Language Processing
o Composite AI
o Generative AI
o and more

• Research Interests
o Human-machine interaction 
o Applications in diagnostics, treatments, and training, both behavioral and physical
o Detecting and evaluating human-human interactions 
o Information fusion, including image-video, speech, and text 
o Temporal processes and prediction

https://nipg.inf.elte.hu/#group-page
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Research in Autism
1. NIPG Research

Social Interactions
• Social Interactions are an integral part of our daily lives. They can occur in many settings.

• They encompass a wide range of verbal and nonverbal communication signs, which vary 
from human to human, adding to the complexity of human behavior.

• Can be verbal, gestures, facial expressions, eye contact, paralanguage, and more.



5/17/2025 Deep Network Development 9

Research in Autism
1. NIPG Research

Motivation: Autism Spectrum Disorder (ASD)
• ASD is a complex developmental condition that involves challenges in social interaction, communication and behaviour. 

Do you smile back?
Do you wave back?
Do you ignore?

Difficulties in understanding the meaning 
or intention of the person’s emotion or 
gesture.

• The effects of ASD and the severity of symptoms are different in each person.

AUTISM NOW AFFECTS 1 IN 36 

CHILDREN IN THE U.S. [1]

[1] Centers for Disease Control and Prevention. (2023). Prevalence and characteristics of autism spectrum disorder among children aged 8 years—Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2020. Morbidity 
and Mortality Weekly Report, 72(2), 1–14. https://www.cdc.gov/mmwr/volumes/72/ss/ss7202a1.htm

https://www.cdc.gov/mmwr/volumes/72/ss/ss7202a1.htm
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Research in Autism
1. NIPG Research

Goal
• Develop a method that analyzes human behavior by detecting verbal and nonverbal communication signs 

during social interactions 

Method
[No Request; Gesture; Verbal; Grab, 

Mixed]
[Time Interval Start: Time Interval 

End]

Body Hands

Objects

Speech

Video
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Research in Autism - Methodology
1. NIPG Research

Composite AI
• We developed a Composite AI framework that combines Deep Learning methods with traditional methods (rule 

based) to handle different data modalities, ensuring robustness and precision by minimizing false detections. 
• Our composite AI has 4 main modules:

I. Feature Extraction

Context

Human

Environment

II. Episode Detection Episodic components III. Activity Interpretation

Multimodal Input
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Research in Autism - Methodology
1. NIPG Research

Feature Extraction

 - frozen / pre-trained model
 - fine-tuned model
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Research in Autism - Methodology
1. NIPG Research

Episode Detection
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Research in Autism - Methodology
1. NIPG Research

Activity Interpretation
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Research in Autism - Dataset
1. NIPG Research

Dataset
• The data is private and protected under a Non-Disclosure 

Agreement.
• 1 clinician and 1 patient in a controlled setting 
• Clinician is observing and assessing the patient’s level of 

Autism through ADOS-2 test
• Patient performs different activities 
• Specific activity called Construction Task
• Patient must fit 8 puzzle pieces in a predefined shape. 
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Research in Autism - Results
1. NIPG Research

Metrics:
• Accuracy: 87%
• Precision: 100%
• Recall: 77%
• F-1: 87%

Verbal Requests Gesture Requests

Metrics:
• Accuracy: 89%
• Precision: 100%
• Recall: 57%
• F-1: 73%
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Research in Autism - Demonstration
1. NIPG Research
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Research in Autism - Demonstration
1. NIPG Research

Clinician misses communication sign
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Research in Autism - Continuation
1. NIPG Research
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Research in Autism - Continuation
1. NIPG Research
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Research in Autism - Continuation
1. NIPG Research
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Research in Autism - Continuation
1. NIPG Research
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Research in Autism - Continuation
1. NIPG Research
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Research in Autism - Continuation
1. NIPG Research

People bounding 
boxes

(YOLOv9)
Age estimation

(MiVOLO)

Tracking
(BOT-SORT)

Tracked Person ID: 1 
(Clinician) Age: 38

Tracked Person ID: 2 
(Subject) Age: 12

Body Pose & Hand Pose
(MediaPipe) + Hand 

Detection (Fine-tuned 
Detectron 2)

For each person

Segmentation + 
Tracking

(DEVA-SAM)

Optical Flow 
(VideoFlow)

Open Vocabulary 
Object Detection 
(YOLO-World v2) Tracking

(BOT-SORT)['toy’, 'doll’, 'car', 'sports ball’, ‘cape’ 
,'action figure’, 'tool’, 'football’, 'truck’, 
'cup’, 'superhero’, 'disk’, 'dinosaur’, 
'box', 'figurine’, 'scissors']

Tracked Object ID: 
1 (Toy)

Hands? 
Toys 

detected 
(bboxes)? 

Object mask 
inside bbox? 

Check optical flow 
of hand and toy

NO

YES YES

Select a set of object 
masks that are near the 

hand

YES
NO

NO

Objects 
segmented 
(masks)?

NO

YES

Exclude masks that are 
body parts

Check optical flow of 
hand and remaining 

masks

Similarity

A. Human

B. Environment

Deep Network Development 24
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Research in Autism - Continuation
1. NIPG Research

Deep Network Development 25
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Keep Gesturing
1. NIPG Research

Deep Network Development 26

• Game Format: 2-player game focusing on observation and non-
verbal emerging pragmatic communication.

• Player Roles:
• Player 1: Wears a HoloLens, physically present in a room with 

digital objects.
• Player 2: Receives a detailed description of the room but 

cannot see it directly.
• Gameplay Overview:

• Setting: A room with various holographic objects placed inside.
• Objective: Identify discrepancies between the actual room 

setup and its description.
• Communication and Visibility:

• Players can see each other during gameplay.
• Key Challenge: Communicate findings and discrepancies through 

gestures only; verbal communication is not allowed.
• Goal: Collaboratively find all discrepancies by effectively using non-

verbal communication to guide the HoloLens player's observation and 
actions within the room.
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FaceGym: A Platform for Visualizing and Enhancing 
Facial Expression Tasks

1. NIPG Research

Deep Network Development 27

Initially designed to assist with facial muscle training
- Facial Paralzsis
- ALS (fatal motor neuron disease)
- For autism to teach social interactions

Now, the focus is to check the effectiveness of the visualization for conveying the task goal
- The application collects facial expression related data, including the images
- This can be used for facial feature related research such as 3D morphable head avatars, or 

behavior analysis
- These tasks helps to create a balanced dataset with rich feature set
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FaceGym: A Platform for Visualizing and Enhancing 
Facial Expression Tasks

1. NIPG Research

Deep Network Development 28

Currently three tasks/visualizations are available

1. Action Unit Bar Maximalization
o The goal is to move the bars corresponding to an 

Action Unit for the specific facial expression as 
high as possible

2. Drawing with Emotions
o The goal is to follow a trajectory with a cursor 

that can be controlled by creating various 
emotional expressions

3. Imitation Game
o The goal is to recreate the reference videos facial 

expression as closely as possible
o The game gives back a distance between the time 

series of the Action Unit activation on the 
reference and the recorded video
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Physical Rehabilitation
1. NIPG Research

Deep Network Development 29

• Optimization of position (camera and patient) & help in navigation 
• Avatar-based demonstration and anonymization for data collection

Communication
Zed2 RGB-D camera

Human partner 

Requires

Video frame

Depth map

Semantic map

Goal
(Intention)

Initial State

Requests

Execution

Evaluation

OpenBot Laptop

Human: Request for instructions
• Robot: Step 1. Turn to the extreme left

and walk in the direction of the door
• Robot: Visual detection of the

execution
• Robot: Now, cross the door, turn to the

right and make two steps forward

Planning

Machine

(a)

(c)
(d)

(f)

(e)

(b)
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The context: 3D model of the environment (and the 
human in it) 

1. NIPG Research

Deep Network Development 30

• Understanding the environment requires reconstructing it.
• This project uses NeRF, Gaussian Splatting and more
• Technologies: Unity & Blender
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The context: 3D model of the environment (and the 
human in it) 

1. NIPG Research

Deep Network Development 31

• The human is also part of the environment
• To animate a humanoid, NeRF model, it must first be rigged 

(outfitted with a standard skeleton) 
• With certain auto-rigging tools (i.e., mixamo) this can be done in 

just a few minutes. 
• However, recent models, like SKEL (https://skel.is.tue.mpg.de/), 

an extension of SMPL can be sufficient.

https://skel.is.tue.mpg.de/
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The context: 3D model of the environment (and the 
human in it) 

1. NIPG Research

Deep Network Development 32



5/17/2025 Deep Network Development 33

Special  Topics
Own Idea - It is a bit harder to find supervisor. Find similar topic and 

ask the professor.

https://nipg.inf.elte.hu/

Company Project

1. NIPG Research

https://nipg.inf.elte.hu/
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Machine Unlearning



2. AI Department Research
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Machine Unlearning – Learning to Forget 
Why does it matter?
• Prevent privacy breaches and safeguard 

sensitive information
• Erase harmful or biased data effectively
• Ensure compliance with ethical guidelines 

and legal requirements
• Purge personal data from recommender 

systems for fairness
• Defend against malicious attacks, like 

poisoning and backdoors
• Enhance adaptability to new data, evolving 

laws, and shifting perceptions

FOR MORE INFO: tamastheactual@inf.elte.hu 
OR www.linkedin.com/in/ranuon

mailto:tamastheactual@inf.elte.hu
http://www.linkedin.com/in/ranuon
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Multi-Agent 
Reinforcement Learning



Collective Intelligence – Scotland Yard
2. AI Department Research

5/17/2025 Collective Intelligence 38

Goal:
• Detective Agents: Capture "Mr. X" within the city of London.
• Mr. X (Prisoner): Evade capture.
• Try to achieve a win rate of 50-50% utilizing meta-learning.

Methodology:
• GNNs
• Reinforcement Learning (PPO)
• Gymnasium

Dr. Gulyás László - lgulyas@inf.elte.hu
Tamás Takács - tamastheactual@inf.elte.hu
Barta Zoltán - dguqkf@inf.elte.hu

mailto:lgulyas@inf.elte.hu
mailto:tamastheactual@inf.elte.hu
mailto:dguqkf@inf.elte.hu


Collective Intelligence – Search & Rescue
2. AI Department Research
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Goal:
• Rescue Simulation in Multi-Agent Systems using PettingZoo
• Simulate and implement a multi-agent rescue scenario where rescuers guide 

victims to safe zones while avoiding obstacles
• Collision Detection
• Victim Search
• Clustering and Delegation

Methodology:
• ANNs
• Reinforcement Learning (PPO)
• PettingZoo

Dr. Gulyás László - lgulyas@inf.elte.hu
Tamás Takács - tamastheactual@inf.elte.hu
Barta Zoltán - dguqkf@inf.elte.hu

mailto:lgulyas@inf.elte.hu
mailto:tamastheactual@inf.elte.hu
mailto:dguqkf@inf.elte.hu


Collective Intelligence – Particle Swarm Optimization
2. AI Department Research
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Goal:
• Given a particular function find the location with the best fitness value:

• Can be complex
• Can be noisy
• Can model real world situations

Methodology:
• ANNs
• Reinforcement Learning (PPO)
• PettingZoo
• SmartSwarm

Dr. Gulyás László - lgulyas@inf.elte.hu
Tamás Takács - tamastheactual@inf.elte.hu
Barta Zoltán - dguqkf@inf.elte.hu

mailto:lgulyas@inf.elte.hu
mailto:tamastheactual@inf.elte.hu
mailto:dguqkf@inf.elte.hu


Collective Intelligence – Pathfinding
2. AI Department Research
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Goal:
• Multiple agents, target locations, static obstacles
• Agents must travel to a specific point in space while avoiding collisions

• Unique Target per Agent
• Train Agents that can:

• Reach Target location
• Avoid colliding with other agents and obstacles

Methodology:
• ANNs
• Reinforcement Learning (PPO)
• PettingZoo
• Gymnasium
Dr. Gulyás László - lgulyas@inf.elte.hu
Tamás Takács - tamastheactual@inf.elte.hu
Barta Zoltán - dguqkf@inf.elte.hu

mailto:lgulyas@inf.elte.hu
mailto:tamastheactual@inf.elte.hu
mailto:dguqkf@inf.elte.hu
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2. AI Department Research

Collective Intelligence 42

MARL Competitions
• MARL competitions are a great way to practice and validate design ideas and principles in the MARL domain.
• They are hosted on excellent platforms that make event submissions easy.
• These competitions usually offer a decent prize pool.
• A vibrant community, mostly found on forums and Discord, supports these events.
• Overall, they are perfect for professional development.

Lux AI Challenge

Melting Pot Challenge

Neural MMO Challenge
FOR MORE INFO: tamastheactual@inf.elte.hu 
OR www.linkedin.com/in/ranuon

mailto:tamastheactual@inf.elte.hu
http://www.linkedin.com/in/ranuon


2. AI Department Research

5/17/2025 Deep Network Development 43

Agent-Based 
Modeling (NetLogo)



Collective Intelligence – Corporate Organism
2. AI Department Research
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Dr. Gulyás László - lgulyas@inf.elte.hu
Tamás Takács - tamastheactual@inf.elte.hu
Barta Zoltán - dguqkf@inf.elte.hu

mailto:lgulyas@inf.elte.hu
mailto:tamastheactual@inf.elte.hu
mailto:dguqkf@inf.elte.hu


Collective Intelligence – Simulating Biological NNs
2. AI Department Research
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Dr. Gulyás László - lgulyas@inf.elte.hu
Tamás Takács - tamastheactual@inf.elte.hu
Barta Zoltán - dguqkf@inf.elte.hu

mailto:lgulyas@inf.elte.hu
mailto:tamastheactual@inf.elte.hu
mailto:dguqkf@inf.elte.hu


Supporting the Medical Domain
2. AI Department Research
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Dr. Gulyás László - lgulyas@inf.elte.hu
Tamás Takács - tamastheactual@inf.elte.hu
Barta Zoltán - dguqkf@inf.elte.hu

Agent based modelling

The main task is to participate in consultation and implement a Data-
Driven multi-agent framework where the agents act based on a 
"simple" model, and the collective level behavior is given.

https://link.springer.com/article/10.1007/s12559-020-09801-w

https://www.sciencedirect.com/science/article/pii/S1574013716301198?casa_token=LN
LDWtYg33gAAAAA:La-
WXEBnSgKyT6SzzVKYHEr_GNVY5qmwYQHBP5Y2doVdmUKbCuVgYAxY-ufPN-
DcFPDqg49RIKkZ

mailto:lgulyas@inf.elte.hu
mailto:tamastheactual@inf.elte.hu
mailto:dguqkf@inf.elte.hu
https://link.springer.com/article/10.1007/s12559-020-09801-w
https://www.sciencedirect.com/science/article/pii/S1574013716301198?casa_token=LNLDWtYg33gAAAAA:La-WXEBnSgKyT6SzzVKYHEr_GNVY5qmwYQHBP5Y2doVdmUKbCuVgYAxY-ufPN-DcFPDqg49RIKkZ
https://www.sciencedirect.com/science/article/pii/S1574013716301198?casa_token=LNLDWtYg33gAAAAA:La-WXEBnSgKyT6SzzVKYHEr_GNVY5qmwYQHBP5Y2doVdmUKbCuVgYAxY-ufPN-DcFPDqg49RIKkZ
https://www.sciencedirect.com/science/article/pii/S1574013716301198?casa_token=LNLDWtYg33gAAAAA:La-WXEBnSgKyT6SzzVKYHEr_GNVY5qmwYQHBP5Y2doVdmUKbCuVgYAxY-ufPN-DcFPDqg49RIKkZ
https://www.sciencedirect.com/science/article/pii/S1574013716301198?casa_token=LNLDWtYg33gAAAAA:La-WXEBnSgKyT6SzzVKYHEr_GNVY5qmwYQHBP5Y2doVdmUKbCuVgYAxY-ufPN-DcFPDqg49RIKkZ
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Robotic
Interactions



Dynamic Obstacle Determining
2. AI Department Research

5/17/2025 Collective Intelligence 48

Aphilak Lonklang - aphilak@inf.elte.hu

• Determine the size and velocity of detected objects
• Using 2D LiDAR and/or camera
• Application for TurtleBot

mailto:aphilak@inf.elte.hu


Dynamic Obstacle Determining
2. AI Department Research
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Aphilak Lonklang - aphilak@inf.elte.hu

• Research on path planning algorithms for use in multi-robot 
system

• New ideas, that potentially have advantages to the current 
state of the art

mailto:aphilak@inf.elte.hu


Neural Network for Path Planning Algorithm
2. AI Department Research
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Aphilak Lonklang - aphilak@inf.elte.hu

• Training the neural network model with path planning 
algorithm

• Using the trained model for path planning application in 
mobile robot

mailto:aphilak@inf.elte.hu


Robotics
2. AI Department Research
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Domonkos Márk - domonkos@inf.elte.hu

• Human robot interaction
• Collaborative robotics
• Robot hardware
• Robot Operating System (ROS)

mailto:domonkos@inf.elte.hu


Robotics – Ethonik (Unitree GO2)
2. AI Department Research
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• Robot agility competition challenges
• Reinforcement Learning
• Learn to solve different problems
• Collaborative robotics
• Robot hardware
• Robot Operating System (ROS)

Balázs Nagy - nagybalazs@inf.elte.hu

mailto:nagybalazs@inf.elte.hu


Social Robotics - Biscee
2. AI Department Research
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Balázs Nagy - nagybalazs@inf.elte.hu

• How to integrate robots into human environments?
(nursing home, restaurants)

• How to design human-robot interactions?
• How to give a body to the technology?
• Ethological research
• Behavior learning and tuning

mailto:nagybalazs@inf.elte.hu


Social Robotics - Mecanumbot
2. AI Department Research
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Balázs Nagy - nagybalazs@inf.elte.hu

• How to learn and model dog behavior
• Utilize mecanum wheel locomotion
• Implement Ainsworth's Strange Situation Test
• Test different approaches to learn behavior 

patterns on the robot

mailto:nagybalazs@inf.elte.hu
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Deep Learning
For Graphs



Graph Neural/Convolutional Networks
2. AI Department Research

5/17/2025 Collective Intelligence 56

Dr. Gulyás László - lgulyas@inf.elte.hu

• When the input is a graph
• Classification of Networks
• Classification of Nodes

• Prediction of Node Labels
• Prediction of Links
• Generation of Graphs

• Application Areas
• (Traffic) Scenarios
• Molecules
• Knowledge Graphs

• Potential connections to NLP
• Recommeder Systems

• Purchase
• Social Network

mailto:lgulyas@inf.elte.hu


Robustness of Graph Neural Networks
2. AI Department Research
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Dr. Gulyás László - lgulyas@inf.elte.hu

• Against adversarial attacks
• A general challenge for Artificial Neural Networks

• Active Research Area
• Many solution proposals
• Applicability to Graph Neural Networks?
• Any new approaches that take the specific input structure into 

account?

mailto:lgulyas@inf.elte.hu


Explainability of Graph Neural Networks
2. AI Department Research
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Dr. Gulyás László - lgulyas@inf.elte.hu

• Explanaible AI (XAI)
• Why certain decisions were made?
• What is the reason for the given answer/prediction?

• An active topic for ANNs in general
• How well do the common approaches fit?
• Any ideas that take the specific input structure into 

account?

mailto:lgulyas@inf.elte.hu
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Sparse Neural
Networks



Sparse Neural Networks
2. AI Department Research
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Dr. Gulyás László - lgulyas@inf.elte.hu

• Artificial Neural Networks have many edges (weights)

• Sparse Neural Networks 
• Have some of these links dropped
• Prior, during or after training
• Based on various rules

• Resulting in
• Higher or comparable accuracies
• Stronger generalisation abilities
• Often increased robustness against adversary attacks
• Sometimes decreased computational load

• Task:
• Comparing and Combining 3 approaches

• Sparse NNs from network priors
• Sparse-Evolutionary Training (SET)
• Deep-R

• To achieve various goals
• To understand the structural properties of ‚best’ 

SNNs
• To increase the computational efficiency (and thus, 

scalability) of training and using ANNs 
• To increase the robustness

• Use Evolutionary Algorithms to optimize sparse structure 
– for accuracy, for robustness

mailto:lgulyas@inf.elte.hu


Cost-Efficient Methods for Time Series: Classification 
and Forecasting

2. AI Department Research
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Dr. Gulyás László - lgulyas@inf.elte.hu
Dr. Botzheim János – botzheim@inf.elte.hu
Gyöngyössy Natabara - natabara@inf.elte.hu
Dr. Szekeres Béla - szekeres@inf.elte.hu

Goal:
• Low computational cost, cost-effective deployment
• Utilizing knowledge from network science
• Applications in mechanical engineering
• Consideration of spectral characteristics
• Development of state-of-the-art techniques

Methodology:
• Fourier Neural Operator
• UNet, Autoencoders, Implicit Neural Networks
• Scale-free Networks, Sparse Neural Networks

Detailed Information – Research Plan

Tasks:
• Use Fourier Neural Operator to detect anomalies in ECG signals
• Collect time series (e.g., vibration or temp.) to build your own dataset
• Fix & test linear models and compare models on real data.
• Design new models: Develop lightweight forecasting & classification 

architectures.

mailto:lgulyas@inf.elte.hu
mailto:tamastheactual@inf.elte.hu
mailto:tamastheactual@inf.elte.hu
mailto:tamastheactual@inf.elte.hu
https://ikelte-my.sharepoint.com/:b:/g/personal/szekeres_inf_elte_hu/EW6rJ2EeTu9HkA8ZN1nSBuIBamX3tK5TyLPOc9A3LgLeOg?e=OMlLZP


Fuzzy Explainer and Trajectory Prediction in Sensor 
Production

2. AI Department Research
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Hunor István Lukács - lukacs.hunor@inf.elte.hu

 Trajectory prediction:
 MEMS based sensors are measured over hours in temperature chamber in the 

production
 temp-chamber generates >1h long time series data
 target: reduces the measurement time in the chamber by using AI methods 

without affecting the quality of the measurement

 Fuzzy Rule-based System
 a type of AI system that employs fuzzy logic to 

handle uncertainty and imprecision in decision-
making processes. 

 Exploiting the “white-box” behavior of the model:

 Model training: Combining Evolutionary algorithms and 
Gradient-based methods

 Linguistic interpretation of a FRBS : 
"If [Antecedent] then [Consequent]“
 Easy to understand by humans

mailto:lukacs.hunor@inf.elte.hu


Incremental Learning
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Main directions:
• Forward propagation: learning data representations and 

selection
• Curriculum learning - increasing model and task 

complexity
• Learning to learn
• Explanation capability

Dr. Gulyás László - lgulyas@inf.elte.hu

mailto:lgulyas@inf.elte.hu
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Concept
Learning



Few Shot Concept Learning
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Dr. Gulyás László - lgulyas@inf.elte.hu

• Concept Learning
• Recognize and categorize objects or 

situations 
• Based on 

• their attributes and 
• relations. 

• E.g., 
• Different animals based on 
• shape, size, color, and behavior

• Few Shot Learning
• Meta-learning

• Training on several related tasks
• To generalize well to unseen (but related) 

tasks 
• With just a few examples

mailto:lgulyas@inf.elte.hu


Few Shot Concept Learning
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Dr. Gulyás László - lgulyas@inf.elte.hu

• Learning the concept of numbers
• In an image
• Of non-empty values in a vector
• Etc.

mailto:lgulyas@inf.elte.hu
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Natural  Language
Processing

NLP-related projects (we recommend taking the NLP course as well)

Gyöngyössy Natabara - natabara@inf.elte.hu

mailto:natabara@inf.elte.hu
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Low Energy
Networks

Low Energy Neural Networks (Spiking Neural Networks, ...) and their 
applications

Gyöngyössy Natabara - natabara@inf.elte.hu

mailto:natabara@inf.elte.hu
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Special  Topics
Own Idea - It is a bit harder to find supervisor. Find similar topic and 

ask the professor.

https://mi.inf.elte.hu/employees

Company Project

https://mi.inf.elte.hu/employees


That’s all for today!
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