universitatfreiburg

SS25 Seminar
Learning with Limited Supervision

Dr. Simon Bultmann

Robot Learning Lab

24 April 2025 é§\§ 11 1s FREIBURG



Agenda

|. Organization: Enroliment, important dates and evaluation.
Il. Robot Learning Lab: Our research interests and publications.
lll. Topics: Seminar Papers.

?. Questions.

universitéit'freiburg Simon Bultmann | Robot Learning Lab | 24. April 2025



.
Organization

Enrollment, important dates and

evaluation criteria

universitét‘freiburg Simon Bultmann | Robot Learning Lab | 24. April 2025



Seminar
Objectives

Learn to read and understand scientific literature.
Familiarize with the State-of-the-Art (SOTA) in the field.

Discover limitations, propose improvements and

potential future work.
Build knowledge from related work, prior and follow-ups.
Improve presentation skills.

Develop abilities for synthesis (diagram drawing,

summari zing main ideas, &
TL:DR:
Show us that you have a solid grasp of your topic.

universitatfreiburg

usw. mit bestimmen. Von einer geometrischen
Figur unterscheidet sich die Vorstellung ihrem
‘Wesen nach blofs durch den wichtigen Umstand,
daB sie auch noch in der Zeit als vierter Dimension
ebenso klar bestimmt ist wie jene in den drei
Dimensionen des Raumes. Das heiBt es handelt
sich (was ja selbstverstandlich ist) stets um ein
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Anpassung des Bildes, das heiBt unserer Gedanken,
an die Tatsachen gelingen kann.

ische Methode des prazisen Modells
hat den Hauptzweck, die unvermeidliche Willkiir
in den Annahmen sauber isoliert zu halten, ich
méchte fast sagen wie der Korper das Keimplasma,
fir den historischen AnpassungsprozeB an die
fortschreitende Erfahrung. Vielleicht liegt der
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Hohen, den Radius des eingeschriebenen Kreises ! |



Enrollment Procedure

Students
assigned papers
based on their
preferences

Select 3 papers in Register for the Students selected

decreasing order of seminar in based on
preference. HISInOne. HISINONE Priority.

Fill in our

By 28.04.2025

Please check the course website for more information:
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https://docs.google.com/forms/d/e/1FAIpQLScN0ayi7qlnZ8O7OI7j-AV9lz52bnKLG9Fr-gELCFEpTqqZoA/viewform?usp=dialog
https://rl.uni-freiburg.de/teaching/ss25/seminar-limited-supervision

Important Dates

Event Date Time
Lecture 1: Introduction * 24.04.2025 10:00
HISinOne registration + Paper Selection 28.04.2025

Place allocation 29.04.2025

Paper assignment 30.04.2025

Supervisor Meeting 06.2025

Lecture 2: How to do a good presentation *| 27.06.2025 10:00
Lecture 3: Block Seminar Presentations * 24.07.2025 9:00 - 17:00
Paper Summary submission 01.08.2025 < 23:59

* Mandatory in-person attendance

universitatfreiburg
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Evaluation Criteria

Evaluation Due Date

Seminar Presentation

24.07.2025

Paper Summary

01.08.2025

A Presentation: at most 20 min.

A Summary: at most 7 pages excluding bibliography and figures.

A Final grade:

A Presentation (slides & delivery) + Summary + Seminar Participation.

universitatfreiburg
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1.
Robot Learning Lab

Our research interests and publications
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Robot Learning Lab

Autonomous Robotics
: World :
g J
' Y

Deep Learning Reinforcement Learning

Can we learn certain parts of this pipeline?
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Robot Learning Lab
Robot Learning

Learning e

Aé models of robots, tasks or environments

Aé deep hierarchies/representations from sensor and
Aé plans and control pol ici es

Aé methods for probabi lmodatdata i nference from mul ti

Aé st r uct u-tempbralseprasentations, e.g. low-dim. embeddings of Movements

How can we ensure autonomous operation of embodied Al systems

with limited supervision ?
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Research Areas

Mobile Manipulation

A Whole-body motion

A Longhorizon reasoning
A Planning for sensing

Perception

A Recognition

A Depth estimation
A Motion estimation
HumanRobot Interaction

State Estimation Scalable QSociallycompliant behavior

: . Humanrobot collaboration
ﬁ;[i:lt(/:ng & Prediction ‘ Autonomy for A Behavior adaptation & safety
A Registration MObIlIty and

Manipulation

A Seltsupervised learning
A Continual & Interactive learning
A Multimodal & Multitask learning

Motion Planning

A Hierarchical learning

A Reinforcement learning
A Learning from demonstration

Responsible Robotics

A Fairness

A Explainabiity & Privacy
A Practical ethics
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Many Seminal Works

Cityscapes Dataset
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Motion Planning

Learning from Demonstration
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Robotic Perception - Mobility

Mohan, Valada: RA-L 6 2 2
Mohan, Valada: CVPRO

Amodal Panoptic Segmentation

Enabling robots to perceive objects as a whole regardless of
partial occlusion

universitatfreiburg
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Robotic Perception - Mobility

universitatfreiburg

622 Gosala, Petek, Drews, Burgard, Val ada:

Bi r-Byé-giew Panoptic Maps

BEV Panoptic Segmentation Prediction

Input Frontal View Image

Predicting panoptic HD maps from monocular frontal view
images

Simon Bultmann | Robot Learning Lab | 24. April 2025 14

Gosala, Valada: RA-L 6 2 2

C v



Robotic Perception - Mobility

Besic, Gosala, Cattaneo, Valada: RA-L 6 2 2

Unsupervised LIDAR Domain Adaptation

i No Domain Adaptation [— = — i AdaptLPS (

Ours)

universitatfreiburg
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24. April 2025

Robotic Perception - Mobility

Sirohi, et al : | CRAG623

Panoptic Uncertainty Estimation
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Robotic Perception - Manipulation

Heppert, et al . : C

Single-Shot Reconstruction

Category-independent reconstruction and pose estimation of
articulated objects from latent codes

universitatfreiburg
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Robotic Perception - Manipulation

PRO623 Chisari et al., RA-L 2022

Robot Learning from Human Feedback
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Exploiting interactive learning where a human teacher
provides feedback during execution
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Mapping and Localization

Current Frame

Predicted Depth (CL-SLAM)

- T

universitatfreiburg
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Vddisch, Cattaneo, Burgard,
Vddisch, Cattaneo, Burgard,
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Val ada:
Val ada:

| SRRO:
CVPRwO

ada:
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Mappina and Localization
SRRO .
/PRwWO

Collaborative Dynamic 3D Scene Graphs Greve, Vodisch, Be¢chner, Valada:

3D Urban Scene Graph

Environment

Roads &
intersections. . s
gy )

Environment

Landmarks

Lane graph &
vehicles

Roads & intersections

Keyframes &
point clouds

Landmarks

Vehicles on lane graph

Central Server
Inter-agent loop closure detection, global map optimization,
lane graph extraction, and scene graph construction. .
; 3 Keyframes & point clouds

= Keyframe data and observations =

~— bl | e =y
Agent1 Agent 2 Agent N
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Mobile Manipulation

Honerkamp, Welschehold, Valada: RA-L 6 2 1
Honerkamp, Welschehold, Valada: T-R 06 2 3

Neural Navigation for Mobile Manipulation

universitatfreiburg
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Mobile Manipulation

Schmalstieg, Honerkamp, Welschehold, Valada : RA-L 6 2 3
Schmalstieg, Honerkamp, Welschehold, Val ada

Long-Horizon Object Search
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Language-Grounded Learning

Honerkamp, Buechner, Despinoy, Welschehold, Valada: RA-L 6 2 5

MoMa-LLM
3x

Task: | am hungry. Find me something for breakfast.

universitatfreiburg

universitatfreiburg
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Language-Grounded Learning

Werby, Huang, Buechner, Valada, Burgard: RS S0 2

Language-Grounded Navigation

Go to the Christmas tree on Go to the blue sofa in the Go to the meeting room on
floor 1 corridor on floor 2 floor 2

Find the bean bag in the office > 7 office Go to the toilet in the bathroom
on floor 1 r i ; on floor 2

Speed 4X
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1.
Topics

Seminar Papers
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Supervisor: Iman Nematollahi
Mastering diverse control tasks

through world models
https://www.nature.com/articles/s41586-025-08744-2

A Generalist RL via World Models: DreamerV3
leverages learned world models to imagine and plan

future outcomes for efficient decision-making.

A Robustness: Solves 150+ tasks (including Minecraft)

with fixed hyperparameters.

A Scalability and Efficiency: Performance improves

predictably with model size and compute.

universitatfreiburg

World Model Learning
@ e}

Actor-critic Learning

o B
/ olte /ol
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Supervisor: Iman Nematollahi
Genie: Generative Interactive

Environments
https://arxiv.org/pdf/2402.15391

A Video-only World Model: Learns
interactive environments from unlabeled

Internet videos using latent actions.

A Versatile Prompting: Generates
controllable environments from sketches,

photos, or text-to-image outputs.

A Unsupervised Action Learning: Infers
latent actions without ground-truth labels,

enabling frame-level controllability.

universitatfreiburg

Text-to-

image

Hand-drawn
sketch

Ploy: M8 {A, B, X, ¥}
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Supervisor: Iman Nematollahi
(a) Training DINO-WM (b) Test-time Inference

DINO-WM: World Models on Pre-trained 2z

Visual Features enable Zero-shot Planning
https://arxiv.org/pdf/2411.04983

Zt
A Latent World Modeling: Predicts future outcomes in M & &
0

DINOv2 patch embedding space; no need for pixel-

level reconstructions. 0 0
t —— O 1

A Zero-shot Visual Planning: Reaches goal images via |
(c) Planning Performance

model-predictive control without expert demos,

rewards, or inverse models.

A Simple & Scalable: Trained on offline data using

DreamerV3

pretrained frozen visual encoders, enabling task-

agnostic reasoning.

Chamfer distance (])
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Supervisor: Iman Nematollahi

Unified World Models: Coupling Video and Action
Diffusion for Pretraining on Large Robotic Datasets

https://arxiv.org/pdf/2504.02792

A Unified Diffusion Framework: Combines
action and video diffusion in one model

with independently controlled timesteps.

A Versatile Inference: Acts as a policy,
dynamics model, inverse model, or video

predictor by adjusting diffusion steps.

A Learns from Videos and Actions: Trains
on both action-annotated robot data and

action-free videos.

universitatfreiburg
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