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Agenda

• AI and Machine Learning

• Generative AI and LLMs

• AI in Research and Robotics

• Agentic AI, Robot Learning, DRL, LBMs

• RoboCup and Robotic Soccer

• FC Portugal Team

• Humanoid Skills with DRL

• Conclusions
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AI and the Discovery of the New World

Image: Shutterstock / CNN  - ttps://edition.cnn.com/2019/02/17/investing/artificial-intelligence-investors-machine-learning/
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Weak and Strong AI

• Weak Artificial Intelligence

weak AI, also known as narrow AI is 
artificial intelligence that is focused on one 
single narrow task

• Strong Artificial Intelligence

Strong AI or Artificial General Intelligence 
(AGI) is the intelligence of a machine that 
could successfully perform any intellectual 
task that a human being can! 

Science fiction?

Image: https://livingsmartheart.com/what-is-strong-ai/
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Machine Learning
Field of artificial intelligence that gives computer systems the ability to
"learn" (e.g., progressively improve performance on a specific task) from
data/results of their actions, without being explicitly programmed

Image: https://towardsdatascience.com/what-are-the-types-of-machine-learning-e2b9e5d1756f

Supervised Learning

Image: https://becominghuman.ai/an-introduction-to-machine-learning-33a1b5d3a560

Reinforcement Learning
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Machine Learning - History
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Artificial Intelligence Today
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Programming vs Machine Learning
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The End of Programming!
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Generative AI

• Generative AI (GenAI) can create a wide variety of data,
such as images, videos, audio, text, and 3D models

• Learning patterns from existing data, and then using this 
knowledge to generate new and unique  outputs in 
response to prompts

• GenAI produce highly realistic  and complex content that 
mimics human creativity

• Large language models (LLM) consist of a very large neural 
network with billions of weights, trained on very large 
quantities of text
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Artificial Neural Networks
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Generative AI Competition
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LLM Evolution
2022/3->2024/5
https://www.mckinsey.com/capabilities/mck
insey-digital/our-insights/superagency-in-
the-workplace-empowering-people-to-
unlock-ais-full-potential-at-work

https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/superagency-in-the-workplace-empowering-people-to-unlock-ais-full-potential-at-work
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/superagency-in-the-workplace-empowering-people-to-unlock-ais-full-potential-at-work
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/superagency-in-the-workplace-empowering-people-to-unlock-ais-full-potential-at-work
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/superagency-in-the-workplace-empowering-people-to-unlock-ais-full-potential-at-work
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Scopus AI
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Elicit
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Consensus
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Scite AI
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Research Rabbit
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How to Use AI and Anti-Anti ChatGPT

Text V1 in 
Portuguese

Good Query in 
Portuguese

Text V2 in 
English

Text V3 in 
English

Final Text
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Technology: Adapt or Resist?!
So! You are the guy…

That took all of our Jobs!

• COVID-19 - Use of 
technology

• Educate New 
Generations

• Ethical Use

• Technical Use

• AI Policy

• Prompt Engineering
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Llama 3 - Meta

https://www.youtube.com/watch?v=diuXUn0aqzM&ab_channel=AIRevolution
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Mistral
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Gemma 2 – Gemini Google
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DeepSeek
DeepSeek is a Chinese AI research lab focused on developing LLMs and AI 
systems. DeepSeek series includes DeepSeek-V2, a high-performance 
open-weight model trained on diverse multilingual datasets, aiming to 
compete with top-tier models like GPT and LLaMA. DeepSeek emphasizes 
efficiency, scalability, and domain-specific capabilities, particularly in 
Chinese language understanding and applications. The lab has also 
developed DeepSeekCoder, an advanced AI model optimized for code 
generation and programming assistance. With strong computational 
resources and a growing presence in the AI research landscape, DeepSeek
is positioning itself as a significant player in the global LLM ecosystem.
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Qwen - Alibaba
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Grok 3 – Chocolate xAI
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Chatbot Arena LLM Leaderboard (27/02/2025)
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RAG Architecture Model

• Retrieval Augmented Generation (RAG) has emerged as a powerful technique for 
improving LLMs

• Retrieving and conditioning external knowledge, RAG allows models to generate 
more accurate, relevant, and comprehensive text

• Advanced RAG enhances each module further with innovations like higher-order 
retrievers, cross-encoder rerankers, and evidence manipulation architectures

https://medium.com/@gulernilay088/

https://medium.com/@gulernilay088/
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AI & LLM Key Issues in 2024/25

• Small Language Models (SLM) will drive enterprise AI adoption

• Mixture of Experts (MoE) + LoRA will enable SLMs to outperform 10x larger LLMs

• Open-source will become the de facto way for LLMs use

• Large language models will adopt modular architectures

• Synthetic data revolution arrives to LLMs

• LLM hallucinations disappear as training techniques evolve

• Data (not LLMs) becomes the true competitive advantage

• LLM adoption grows as the Transformer architecture matures

• RAGs (Retrieval-Augmented Generation) used in most LLMs tasks

• Shift from closed to open-source democratizes AI (transparency)

• LLMs for Machines and Robots, not just people
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Auto-GPT – AI Agents

• Auto-GPT is an "AI agent" that given a goal in natural 
language, will attempt to achieve it by breaking it into sub-
tasks and using the internet and other tools in an automatic 
way using LLMs APIs to perform autonomous tasks

• The difference between an agent and a language model is 
that agents complete task autonomously
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Agentic AI

• Autonomy: Ability to initiate and complete tasks with limited direct human supervision, with 
great flexibility and efficiency in executing tasks

• Reasoning: Sophisticated decision-making based on context and trade-offs
• Reinforced Learning: Dynamically evolve by interacting with their environment and receiving 

feedback from these interactions.
• Language Understanding: Capacity to understand and follow complex instructions
• Workflow Optimization: Efficient execution of multi-step complex processes

https://aisera.com/blog/agentic-ai/

https://aisera.com/blog/agentic-ai/
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Agent-Based Simulation

• Simulation: Imitation of some real thing, state of affairs, or process, over time, 
representing certain key characteristics or behaviours of the physical or abstract 
system

• Applications:

– Understand system functioning

– Performance optimization

– Testing and validation

– Decision making

– Training and education

– Test future/expensive systems

• Complex systems impossible to solve mathematically

• Agent Based Modeling and Simulation

• Compress/Accelerate Time: Machine Learning
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Deep Reinforcement Learning (DRL)

Image: https://ucsdneuro.wordpress.com/2021/06/13/diving-deep-into-
the-brain-a-case-for-deep-reinforcement-learning-in-neuroscience/
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Large Behavior Models - LBMs

● Large Behaviour Models are AI systems that go beyond processing language. They’re designed 
to interpret, predict, and generate complex sequences of human-like actions and behaviors

● While LLMs focus on text and dialogue, LBMs specialize in behavioural patterns, decision-
making processes, and interactive scenarios

● LLMs try to guess the next word, while LBMs try to guess the next 
action or behaviour

● LBMs are enhancing robots' abilities to move naturally and respond 
intuitively to their surrounding

● LBMs rely on:
○ Transformer Architecture: Similar to LLMs but adapted 

to handle sequences of actions/behaviours
○ Multi-Modal Learning: Integrating visual, spatial, and 

temporal data to enhance understanding
○ Reinforcement Learning: Learning from interactions 

and feedback to improve behavior over time
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Transformers LBMs and DRL: RT-X

https://www.youtube.com/watch?v=a7BkJmTbohI&ab_channel=AIRevolution
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Coordination in Multi-Agent Systems

Motivation:

– Agents don’t live alone and have to work in a group…

– Human-Computer Interaction

– Multi-Agent Coordination

Coordination : “to work in harmony in a group”
– Dependencies in agent actions

– Global constraints

– No agent, individually has enough resources, information or 
capacity to execute the task or solve the problem

– Efficiency: Information exchange or tasks division

– Prevent anarchy and chaos: Partial vision, lack of authority, 
conflicts, agent’s interactions
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Robotic Games and Competitions

Benefits
• Research inspiration
• Hard deadline for creating fully functional system
• Common platform/problem
• Exchange of research ideas/solutions
• Continually improving solutions
• Excitement for students/researchers at all levels
• Large number of teams/solutions created
• Encouragement for flexible software/hardware

Dangers
• Obsession with winning
• Domain dependent/ hacked solutions
• Cost escalation
• Difficulty in entering at competitive level
• Restrictive rules
• Invalid evaluation conclusions
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RoboCup: Objectives

• Joint International Project: 
– (Distributed) Artificial Intelligence
– Intelligent Robotics

• Soccer – Central Research Topic:
– Very complex collective game
– Huge number of technologies involved:

• Autonomous Agents, Multi-Robot Systems, Cooperation, Communication, Strategic 
Reasoning, Robotics, Sensor Fusion, Real-Time Reasoning, Machine Learning, etc 

• 5 Challenges: Soccer, Rescue, @Home, Industrial, Junior
• 17 Leagues, 2500 Humans and 2000 Robots!

• Main Goal: “By 2050, develop a team of fully autonomous humanoid robots 
that may win against the human world champion team in soccer!”

RoboCup 2008 Suzhou

RoboCup 2007

RoboCup 2006 Bremen

RoboCup 2004 Libson

http://124.146.198.189/games/03Padova/images/2003logo.gif

http://124.146.198.189/images/logo2002.gif

RoboCup 2005 Osaka

http://124.146.198.189/games/01Seattle/images/2001Logo.jpg

RoboCup-99 Stockholm

http://www.robocup-cn.org/
http://www.robocup-us.org/Old/robocup-2007/
http://www.robocup2006.org/start?lang=en
http://www.robocup2004.pt/
http://www.robocup2003.org/
http://www.robocup.or.jp/fukuoka/
http://www.robocup2005.org/
http://www.cs.cmu.edu/~robocup2001/
http://www.ida.liu.se/ext/RoboCup-99/
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RoboCup Leagues and Challenges 

Rescue

@Home

Industrial

Soccer
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Robotic Soccer Competitions

RoboCup
• Real, Standard, Simulated Robots
• Mini, Small, Medium and Large Robots
• Wheeled, Legged and Humanoid Robots
• Distinct but interrelated Leagues/Problems
• Only a Few Research Groups able to develop 

code that works in more than one league!
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Robotic Soccer Competitions

Standard 
Platform 
League

Middle 
Size 
League

Humanoid 
Leaguehttps://robocup.org

Small
Size 
League
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RoboCup Leagues and Participations

FC Portugal Team
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Simulation 3D League (Humanoids)

• Realistic physics and humanoid robot model:

• Spheres in 2004, Humanoids in 2007, NAO Robot 
Model: 2008, Heterogeneous Robots: 2013

• Strong relation with SPL and Humanoid

• 2 vs 2 -> 6 vs 6 -> 9 vs 9 -> 11 vs 11

• Server/Simulator (SimSpark) 
• Updates world state

• Forces the “laws of physics”: collisions, drag, gravity, ...

• Send sensor information (perceptors)

• Executes actions (effectors)

• Enforces soccer rules – referee

• Impossible to create competitive skills by hand!
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Simulation 3D League (Humanoids)
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Simulation 3D League Challenges

• Real-time, realistic, multi-robot simulation

• Several sources of sensorial information: visual, auditory, and physical

• Unreliable and low-bandwidth communication

• Heterogeneous robots (5 different types)

• Impossible to generate competitive skills by hand

• Multi-objective, partially cooperative, partially competitive environment

• Need to transform very low-level actions (use motors to move joints in 
time) into high-level skills (walking, kicking, dribbling)

• Need to create complex collective actions (passes, setplays, formations)

• Evolving rules and challenges
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Deep Reinforcement Learning (DRL)
Model-Free RL learns directly from 
interaction with the environment.
Model-Based RL builds an internal 
model of the environment to improve 
decision-making

Policy Optimization: Directly optimizes policy
Q-Learning: Optimizes a value function and 
derives the policy from it

PPO (Proximal Policy Optimization)

- Stability in training

- Sample efficiency

- Balancing exploration and exploitation



                                                              Luis Paulo Reis :: FC Portugal: Tri-World Champions in RoboCup 3D Humanoid Soccer Simulation:: RoboVis :: Porto :: Feb 27th , 2025 :: 48

Robot/Team Architecture

● Short kick (3 - 9m) for passes and long kick (17 - 19m) for shooting
● Omnidirectional walk (0.7 - 0.9 m/s)
● Dribble (1.2 - 1.4 m/s)
● Get Up (3 variations per robot type: front, back, side)
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Model Architecture

Model Architecture for the Long/Short Kick, Walk, 
and Dribble skills

Optimization is performed by the Proximal Policy Optimization 
algorithm extended with Proximal Symmetry Loss

- Enhanced motion 
control pipeline for a 
robot, integrating neural 
networks and predictive 
control

- Learning-based and 

physics-based 

approaches.

- NN acts as an 

enhancement layer, 

improving traditional 

motion models

- Precise movements, 

such as kicking or 

driblling a ball
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6D Pose Localization

- Robot localization algorithm, 
estimates 6D pose (position and 
orientation) of a humanoid 
- Integrates landmark detection, 
geometric transformations, and 
probabilistic optimization

- Final pose refined using Probabilistic 
Gradient Ascent, which optimizes the 
position estimate based on likelihood 
distributions
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Learning to Kick Long
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Learning to Control Kick



                                                              Luis Paulo Reis :: FC Portugal: Tri-World Champions in RoboCup 3D Humanoid Soccer Simulation:: RoboVis :: Porto :: Feb 27th , 2025 :: 53

Learning to OmniWalk
omnidirectional walk.mp4

http://drive.google.com/file/d/1fUAhFVOFxB_2q-AMyF9U9NlFtE8wCQfZ/view
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DRL for Learning to Sprint
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DRL for Learning to Sprint
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DRL for Learning to Sprint and Kick
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Learning to Dribble

Reinforcement 
Learning

Analytical Controller

Walk in place

Residual 
dynamics

Predictive Control

Analytical Model

0.8s                           0.5s                               0.3s                           0.2s
Step Duration

Walk in place
(LIPM model)

N
eu

ra
l N

et
w

o
rk

Robot

Ball

state

state

relative 
position

Inputs

relative position of 
feet / hands

Inverse Kinematics

1-step predictive 
controller

O
u

tp
u

t 
La

ye
r

enhanced position 
of feet / hands

residuals

New dribble training.mp4

http://drive.google.com/file/d/1XNmOY5N93vhdPbZ7_bahlBtJD-XMu1sL/view
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DRL for Learning to Dribble
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DRL for Learning to Dribble

https://www.youtube.com/channel/UCpMr8nYaN_EuBDRl0m9drGQ/videos

https://www.youtube.com/channel/UCpMr8nYaN_EuBDRl0m9drGQ/videos
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FC Portugal Team Strategy
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Semi Final:  FCPortugal 5 – Appollo3D 0                        Final: FCPortugal 6 – magmaOffenburg 1 

RoboCup 2022 - Results
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RoboCup Best Goals
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Rule Changes!

Sim3D Technical Committee 
• Rules Discussion

– Limit Dribbling to:
• 5 seconds, and
• 5 meters

• Final Rule 
–2 weeks before the competition! 
–Ball Holding is forbidden!

• No Dribbling?!

Solution: Dribble Retrain!
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DRL for Learning again to Dribble
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RoboCup Games
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RoboCup Semi-Final
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RoboCup Final
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Code Release - https://github.com/m-abr/FCPCodebase
Skills
• Get Ups, Walk, Step (latest version)
• Dribbles
• Basic kick, and goalkeeper dive
Features
• Accurate localization: probabilistic 6D pose estimation algorithm and IMU
• Automatic communication: teammates to share location of players and ball
• Basics: common math ops, server communication, RoboViz drawings 
• Custom A* pathfinding optimized for the soccer environment
• Easy integration of neural-network-based behaviors (via OpenAI Gym)
• Interactive demonstrations, tests and utilities showcasing key features of the 

team/agents
• Other modules: Relative/absolute position & orientation of every body part & joint 

through forward kinematics and vision, Inverse Kinematics, predictor for rolling ball 
position and velocity

https://github.com/m-abr/FCPCodebase
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Conclusions
• AI and the New Discovery of the New World

• Strong Impact of AI in Research and Robotics 

• New AI/GenAI, LBMs and DRL powered and trained Robots

• Approach to optimize robot performance in dynamic environments: 
Accurate localization, efficient movement, and improved decision-
making in RoboCup

• Python Code Base Release

• Huge Success in recent competions – Tri-World Champios (2022, 
2023, 2024)
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