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EU Projects

ǒ FAIR - Future Artificial Intelligence Research (PNRR)

ǒ HD-MOTION - EU Seal Of Excellence (SOE)

ǒ EXPAND - European Digital Innovation Hub (EDIH)

ǒ EU-ELISE - European Network of AI excellence centers

ǒ EU-ELSA - European Lighthouse on Secure and Safe AI

Industrial Collaborations / Research Contracts

ǒ ASI - Agenzia Spaziale Italiana

ǒ EFORT Europe

ǒ COMAU

ǒ STMicroelectronics

ǒ FCA-CRF

ǒ Italdesign

ǒ Reply

ǒ é

Recent Publication Records

2025:  3 IEEE CVPR, 3 IEEE ICCV, 1 ICML, 1 ICLR, 1 T-RO, 2 IEEE IROS, 2 IEEE RAL, 1 TMLR 

2024: 6 IEEE CVPR, 2 ECCV, 2 ICML, 1 ICLR, 1 IEEE T-PAMI , 2 IJCV

2023: 1 IEEE CVPR, 4 IEEE ICCV, 1 IJRR, 2 IEEE IROS, 3 IEEE WACV , 2 IEEE RAL

2022: 4 IEEE CVPR, 2 IEEE ICCV, 3 IEEE IROS, 5 IEEE WACV, 1 ICML, 1 NeurIPS , 1 IEEE RAL

Alumni

Marco Ciccone ïVector Institute, Toronto

Gabriele Berton ïResearch Fellow at Amazon 

Francesco Cappio BorlinoïResearch Scientist at Amazon

Dario FontanelïMachine Learning Engineer at Snap Inc.

Silvia Bucci ïArgotec

Mirko PlanamenteïARGO Vision

Fabio Frattin ïHead of Product & Co-Founder of Algor

Fabio Cermelli ïCTO and Co-Founder of FocoosAI

Antonio TaveraïCEO and Co-Founder of FocoosAI

Chiara Plizzari ïAssistant Professor at Bocconi University

Gabriele Tiboni ïPostdoc at JMU Würzburg & TU Darmstadt

Eros Fanì - Machine Learning Researcher, Gensyn
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AI for Industry 4.0  - Lead University: Politecnico di Torino.
Participants Universities and Research Institutions: Politecnico di Torino, CNR, 

Università di Bologna, Politecnico di Milano, Università di Milano, Università di Milano 

Bicocca, Universit¨ di Padova, Universit¨ Caô Foscari Venezia, Universit¨ di Verona

Associated Universities and Research Institutions : Universit¨ dellôAquila, Universit¨ di 

Ferrara, Università di Genova, Università del Molise, Università di Torino, Università 

Politecnica delle Marche.

The European Laboratory for Learning and Intelligent Systems aims

at creating new working environments for outstanding researchers to 

enable them to combine cutting-edge research paired with the 

creation of start-ups and industrial impact.

ELLIS Units: Alicante, Amsterdam, Barcelona, Berlin, Cambridge, Copenhagen, 

Darmstadt, Delft, Edinburgh, Lausanne (EPFL), Zürich (ETH), Freiburg, Genoa, Graz, 

Haifa (Technion), Heidelberg, Helsinki, Jena, Vienna (IST Austria), Leuven, Linz, 

Lisbon, Lviv, London (UCL), Madrid, Manchester, Milan, Modena (Unimore), Munich, 

Nijmegen, Oxford, Paris, Potsdam, Prague, Saarbrücken, Stuttgart, Tel Aviv, Trento, 

Tübingen, Turin, Sofia, Warsaw

National Ph. D. in AI

Dottorato Nazionale in IA

https://ellis.eu/
https://ellis.eu/
https://ellis.eu/
https://ellis.eu/
https://ellis.eu/
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Mission

Develop efficient and reliable algorithms that allow artificial systems to see, understand the 

surrounding world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 3D) and multimodal (vision, language) information. 
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Mission

Develop efficient and reliable algorithms that allow artificial systems to see, understand the 

surrounding world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 3D) and multimodal (vision, language) information. 

[Images from the Bravo Challenge at ECCV 2024] 

Robust 

Models for 

Urban 

Scenes
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Mission

Develop efficient and reliable algorithms that allow artificial systems to see, understand the 

surrounding world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 3D) and multimodal (vision, language) information. 

Mask2anomaly: Mask transformer for universal open-set segmentation, IEEE T-PAMI 2024

Unmasking Anomalies in Road-Scene Segmentation, IEEE CVPR 2023

Comformer: Continual learning in semantic and panoptic segmentation, IEEE CVPR 2023

Modeling the background for incremental and weakly-supervised semantic segmentation, IEEE T-PAMI 2021 

Semantic 

Segmentation 

and Anomaly 

Detection
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Mission

Develop efficient and reliable algorithms that allow artificial systems to see, understand the 

surrounding world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 3D) and multimodal (vision, language) information. 

[Images fromZero-Shote 4D Lidar Panoptic

Segmentation - NVIDIA paper at CVPR 2025] 
Moving towards the integration of 3D, 4D and language 
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Mission

Develop efficient and reliable algorithms that allow artificial systems to see, understand the 

surrounding world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 3D) and multimodal (vision, language) information. 

EarthLoc: Astronaut Photography Localization by Indexing Earth from Space, IEEE CVPR 2024

MeshVPR: Citywide Visual Place Recognition Using 3D Meshes, ECCV 2024

JIST: Joint Image and Sequence Training for Sequential Visual Place Recognition, IEEE RAL 2024

EigenPlaces: Training Viewpoint Robust Models for Visual Place Recognition, IEEE ICCV 2023

Geolocalization from 

2D and 3D data



12

Mission

Develop efficient and reliable algorithms that allow artificial systems to see, understand the 

surrounding world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 3D) and multimodal (vision, language) information. 

Meshgpt: Generating triangle meshes with decoder-only transformers, IEEE CVPR 2024

Polydiff: Generating 3d polygonal meshes with diffusion models, ArXiv 2024

3D Semantic Novelty Detection via Large-Scale Pre-Trained Models, IEEE Access 2024

3dos: Towards 3d open set learning-benchmarking and understanding semantic novelty detection on point clouds, NeurIPS 2022

[Images from CVPR-W 2023] 

Generative AI on 3D data

Defect and 

Novelty Detection 

on Point Clouds 

and Multi -View 

data
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HiERO: understanding the hierarchy of human behavior enhances reasoning on egocentric videos, 

IEEE ICCV 2025

Amego: Active memory from long egocentric videos, ECCV 2024

A Backpack Full of Skills: Egocentric Video Understanding with Diverse Task Perspectives, IEEE 

CVPR 2024

Domain generalization using action sequences for egocentric action recognition, Pattern 

Recognition Letters 2025

Spatial Cognition from Egocentric Video: Out of Sight, Not Out of Mind, 3DV 2025

An Outlook into the Future of Egocentric Vision, IJCV 2024

Mission
Develop efficient and reliable algorithms that allow 

artificial systems to see, understand the surrounding 

world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 

3D) and multimodal (vision, language) information. 

Egocentric Video Understanding 
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SAMWISE: Infusing Wisdom in SAM2 for Text-Driven Video Segmentation ,CVPR 2025

Mission

Develop efficient and reliable algorithms that allow artificial systems to see, understand the 

surrounding world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 3D) and multimodal (vision, language) information. 

Multi -modal (Video and Language)
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Interaction-Aware Gaussian Weighting for Clustered Federated Learning, ICML 2025

Communication-Efficient Heterogeneous Federated Learning with Generalized Heavy-Ball Momentum, TMLR 2025

Beyond Local Sharpness: Communication-Efficient Global Sharpness-aware Minimization for Federated Learning, CVPR 2025

Improving Generalization in Federated Learning by Seeking Flat Minima, ECCV 2022

Accelerating Federated Learning via Sequential Training of Grouped Heterogeneous Clients, IEEE Access 2024

Finding Lottery Tickets in Vision Models via Data-driven Spectral Foresight Pruning, CVPR 2024

Efficient Model Editing with Task-Localized Sparse Fine-tuning, ICLR 2025

Mission

Develop efficient and reliable algorithms that allow artificial systems to see, understand the 

surrounding world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 3D) and multimodal (vision, language) information. 

Distributed, Federated Learning Pruning & Model Efficiency Model Safety & Unlearning

Theory Side of 

Machine Learning
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A Modern Take on Visual Relationship Reasoning for Grasp Planning, IEEE RAL 2025

Select2Plan: Training-Free ICL-Based Planning through VQA and Memory Retrieval, ArXiv 2024

PaintNet: Unstructured Multi-Path Learning from 3D Point Clouds for Robotic Spray Painting, IEEE IROS 2023

Domain Randomization for Robust, Affordable and Effective Closed-Loop Control of Soft Robots, IEEE IROS 2023

End-to-end learning to grasp via sampling from object point clouds, IEEE RAL 2022

Mission

Develop efficient and reliable algorithms that allow artificial systems to see, understand the 

surrounding world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 3D) and multimodal (vision, language) information. 

Wall exploitation

Robotics
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Mission

Develop efficient and reliable algorithms that allow artificial systems to see, understand the 

surrounding world and learn autonomously.

Focus: solve perception tasks based on visual (2D, 3D) and multimodal (vision, language) information. 

Multi -Modal , Adaptive , Efficient and Robust Learning 

ü Spatial Intelligence

Å Semantic segmentation

Å Geo-localization

ü Anomaly detection

ü 3D learning

ü Video Understanding

Å Ego and exocentric

ü Robot Learning

Å Grasping

Å Painting

Å Locomotion

Å Soft-robotics

ü Efficient and Distributed Learning

ÅFederated Learning

ÅPruning and Distillation

ü Un-learning (remove bias)



Structured Robot Learning

18



GPT-2

Key Enablersof RecentMachine Learning  Successes

23/2/2024 19

AutonomousDriving

Large overparameterized models

Plenty of data

Growing computational capacity

Deep ReinforcementLearning



Challenges for Resource-constrainedLearning

23/2/2024 20

Limited on-board memory

Needs swift (re-)training to adapt

Data scarcity & domain shift

Limited on-board computing

Complex, structured data

Large overparameterized models

Plenty of data

Growing computational capacity



Challenges for Resource-constrainedLearning

23/2/2024 21

Limited on-board memory

Needs swift (re-)training to adapt

Data scarcity & domain shift

Limited on-board computing

Complex, structured data

Large overparameterized models

Plenty of data

Growing computational capacity

Key Issues:
ÅEfficiency
ÅStructure



Atlas (credits: Boston Dynamics)Digit (credits: Agility robotics)

ErgoCub (credits: Istituto Italiano 
di Tecnologia & INAIL)

Robotics: A Playground for Efficientand StructuredLearning

22

ÅGoals
1. Learn robot models
2. Learn actionable representations of the world
3. Learn to control interaction to solve tasks

ÅRequirements
ÅEfficiency
ÁLimited on-board resources
ÁReal-time prediction for seamless interaction
ÁData and labeling efficiency enable autonomy

ÅStructure
ÁInput/output spaces constrained by physics and geometry
ÁEnsure safety
ÁLearning on data streams in time, sequential structure
ÁEnvironment dynamics evolves and is influenced by 

predictions/actions (e.g., RL)



Atlas (credits: Boston Dynamics)Digit (credits: Agility robotics)

ErgoCub (credits: Istituto Italiano 
di Tecnologia & INAIL)

Robotics: A Playground for Efficientand StructuredLearning

23

ÅGoals
1. Learn robot models
2. Learn actionable representations of the world
3. Learn to control interaction to solve tasks

ÅRequirements
ÅEfficiency
ÁLimited on-board resources
ÁReal-time prediction for seamless interaction
ÁData and labeling efficiency enable autonomy

ÅStructure
ÁInput/output spaces constrained by physics and geometry
ÁEnsure safety
ÁLearning on data streams in time, sequential structure
ÁEnvironment dynamics evolves and is influenced by 

predictions/actions (e.g., RL)

Applies to most
Cyberphysical
and Embodied

Systems



SupervisedLearning

Problem: GivenὛ findὪs. t.

Ὢὼ ώ

Ὢshallhavelow error on future data

04/12/2025 Raffaello Camoriano 24

Dataset:   Ὓ ὼȟώ



Learning 
Model
Ὢ

Input ת Output +

SupervisedLearning



Output Spaces

Classification

ὼ

ώ

+  ɴᴙ
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Nickel, Maximillian, and Douwe Kiela. "Poincaré embeddings for learning hierarchical representations." Advances in neural information processing systems 30 (2017).

Ciliberto, Carlo, Lorenzo Rosasco, and Alessandro Rudi. "A consistent regularization approach for structured prediction." NeurIPS 2016.

Marconi, Gian, Carlo Ciliberto, and Lorenzo Rosasco. "Hyperbolic manifold regression." AISTATS 2020.

Structured Learning

Regression

+ȡ set of structured outputs:
Å Points on a manifold
Å Histograms
Å Graphs/trees
Å Sequences
Å Χ
Å Χὼ ὼ

ώ ρ ώ π

Ranking



Structured Robot Learning

ǒ Structured learning: 
Useful approach for constrained learning in 
robotics

ǒ Allows to encode desired properties 
of the output space or model

ƺ Physics priors and environment geometry [1,2]

ƺ Object geometry

ƺ Safety constraints [3]

ƺ Stability [4]

27

[1] Zeestraten, Martijn JA, et al. "An approach for imitation learning on Riemannian manifolds." IEEE Robotics and Automation Letters 2.3 (2017).

[2] Beik-Mohammadi, Hadi, et al. "Reactive motion generation on learned riemannian manifolds." The International Journal of Robotics Research (2023).

[3] Liu, P., Tateo, D., Ammar, H. B., & Peters, J. Robot reinforcement learning on the constraint manifold. In Conference on Robot Learning (2022, January).

[4] Mazzoleni, Mirko, et al., "A comparison of manifold regularization approaches for kernel-based system identification." IFAC-PapersOnLine (2019).

Learning the demonstration manifold [2]

Bimanual object manipulation (credits: Boston Dynamics)

3D object model   



Structured Robot Learning

23/2/2024 28

Object StructureRobot Structure

In both cases, leveraging 
structure improves 

efficiency and safety



Structured Inverse Kinematics Learning

ÅGoal: Learn robot inverse kinematics (e.g., for CLIKC)
ÅChallenge: Model-based IK fails under model misspecification

ÅLearn on the robot manifold

ÅCan we learn accurate IK mapping from data? 

ÅYes, via structured prediction
ÅAllows to use custom loss in Cartesian space

ÅFlexible nonparametric kernel method

Dƛŀƴ aŀǊƛŀ aŀǊŎƻƴƛΣ wΦ /Φ Σ [ƻǊŜƴȊƻ wƻǎŀǎŎƻΣ /ŀǊƭƻ /ƛƭƛōŜǊǘƻΣ ά{ǘǊǳŎǘǳǊŜŘ tǊŜŘƛŎǘƛƻƴ ŦƻǊ CRiSP Inverse Kinematics Learning with 
Misspecified wƻōƻǘ aƻŘŜƭǎέΣ L999 w![ нлнм

Input: Target Cartesian pose
Output: Joint configuration

29



IK

Nguyen-Tuong, Duy, and Jan Peters. "Model learning for robot control: a survey." Cognitive processing 12.4 (2011): 319-340.

APA

Configuration space

FK IK

Inverse Kinematics

Task space

Goal:

30



Analytical approaches:

ƺ Need to be derived from scratch for every model

ƺ Might be too complicated or unfeasible for some robot 
structures

ƺ Can be very sensitive to errors in the mechanical model
(e.g. non-rigid links, human body)

Why Data Driven?



CRiSP: Kernel-based Structured IK Learning

Structured kernel method for learning 
inverse kinematics from data

ǒ Output space

o Safety constraints (joint limits)

o Complex nonlinear structure

ǒ Robust to model misspecification

6/10/2023 32

Marconi G. M.*, C. R.*, Rosasco L., Ciliberto C. Structured Prediction for CRiSP Inverse Kinematics Learning with

Misspecified Robot Models, IEEE Robotics and Automation Letters (RA-L) & IEEE ICRA 2021 

Example of  CRiSP dataset



Task space Configuration space

Joint limits

Challenge 1: Structured Output Space

Raffaello Camoriano 33



Challenge 2: Loss in Joint Space

Raffaello Camoriano 34



Linear combinations in joint 
space are not representative of 

the desired configuration

Challenge 2: Loss in Joint Space

Raffaello Camoriano 35



1) Training:    Compute

2) Prediction:    Find minimizing
e.g., L-BFGS constrained minimization 

CRiSP-FK with Forward Kinematics Loss

Raffaello Camoriano 36

Position Loss Orientation Loss



CRiSP w/ Joint 
Loss Minimization

CRiSP-FK

One-Class
Structured 

SVM
Neural Network

(Proposed)

Baseline Comparisons
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CRiSP-based Trajectory Reconstruction on 
a 7-DoF Panda Manipulator

6/10/2023 38



Structured Imitation Learning

ÅGoal: Safely learn trajectories on non-Euclidean surfaces

ÅLow-dimensional manifold: Fewer examples to learn 
policy

Å!ǇǇƭƛŎŀǘƛƻƴǎΥ {ǳǊŦŀŎŜ ǇƻƭƛǎƘƛƴƎΣ ǊƻōƻǘƛŎ ǎǳǊƎŜǊȅΣ Χ

ÅWe propose a kernelized structured prediction method 
for supervised imitation learning (SIL) on manifolds

39

Surrogate Structure-encoding Loss

A Duan, I BatzianoulisΣ w /ŀƳƻǊƛŀƴƻΣ [ wƻǎŀǎŎƻΣ 5 tǳŎŎƛΣ ! .ƛƭƭŀǊŘ ά! {ǘǊǳŎǘǳǊŜŘ tǊŜŘƛŎǘƛƻƴ !ǇǇǊƻŀŎƘ ŦƻǊ wƻōƻǘ LƳƛǘŀǘƛƻƴ [ŜŀǊƴƛƴƎέΣ LWww нлно
The International Journal of Robotics Research, 2023



Experimental Results

04/12/2025 Raffaello Camoriano 40


