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Seminar Task

In this seminar students, will develop an overview of state-of-the-art research in the field of Learning for
Robot Manipulation. To this end they will conduct a literature research for a given subtopic, present it

and write a short survey.

The tasks will consist of:

« ldentify relevant research areas in given topic

« Identify relevant papers in the chosen research areas

 Read and understand chosen papers

« Connect and embed papers in research area, topic and overall field
* Present in block seminar

« Write a survey
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Seminar Objectives

Scientific Literature & Research Skills

« Learn to conduct systematic and targeted literature searches

« Develop the ability to critically read, assess, and understand primary scientific literature

* Practice identifying the key contributions, limitations, and open questions in a paper
Synthesis & Communication

« Summarize and condense complex technical content into clear, accessible explanations

« Create and embed visual aids (diagrams, figures, etc.) to clarify concepts, methods and ideas
« Create and deliver structured oral presentations to a technical audience

Domain Knowledge

« Familiarize yourself with the current state of the art in learning for robot manipulation

« Understand how individual research contributions fit into broader trends and research directions
* Recognize connections and tensions between different subtopics in the field
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Enrollment Procedure

Fill in our Google Form

: . Students selected .
Register for the seminar in based on HISINONE Select 3 topics in

HISinOne. . decreasing order of
Priority.
preference.

Students assigned
topics based on their
preferences

By 04.05.2026

Please check the course website for more information:
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https://docs.google.com/forms/d/e/1FAIpQLSfaXvul3QR8kqsWTSQXcEoQ4ysgmqTQp96dxJpJC66wAzKYsQ/viewform?usp=header
https://rl.uni-freiburg.de/teaching/ss25/seminar-learning-manipulation

Important Dates

Event Date Time
Lecture 1. Introduction 23.04.2026 now
HISinOne registration 27.04.2026

Place allocation 29.04.2026

Topic preference selection 04.05.2026

Topic assignment 05.05.2026

Lecture 2: How to do a good presentation 25.06.2026 16:00-17:00
Lecture 3: Block Seminar Presentations * 28.07.2026 9:00-17:00
Survey submission 03.08.2025 < 23:59

* Mandatory in-person attendance
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Structure Overview

Form groups of 3 to 4 students (preference in google
form, or assigned by us)

Each group is assigned one topic
Group: Identify list of subtopics

Group with supervisor: discuss list of subtopics and
select one per group member

Individual student: familiarize yourself with subtopic
and identify list of relevant papers

Student with supervisor: Select papers to include in
presentation and survey

Individual student: condense important aspects of
selected papers to slides and written summary

Group: Merge to one presentation and written survey
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Learning for Robot Manipulation

Topic A Topic B

Group A

Subtopic Subtopic Subtopic
A.l A.2 A.3

Presentation & Summary
A.2

Merged
Presentation & Survey
Group A
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Timeline

. : Subtopic : Create Merge
Block
TOp'C : Sul_at'oplp selection with : Pfaper. Pf_iper selec.tlon presentation for | presentations : Survey due
Assignment identification : identification with supervisor : : Seminar
supervisor subtopic for topic
: ——
05.05 05.05-20.05 20.05 - 27.05 27.05-17.06 17.06 — 24.06 24.06 — 17.07 17.07 — 27.07 28.07 03.08

Subtopic Selection

* List of 4-6 potential subtopics should be send to the supervisor by 20.05.
* A discussion and selection of the subtopic should happen between 20.05-27.05

Paper Selection

* List of 10 potential papers should be send to the supervisor by 17.06.

* No detailed knowledge on the implementation, should know their contribution
* 5 of these should be from 2024 or newer
* A discussion and selection of the papers should happen between 22.06-03.07

Preliminary slides

* Per person send by 17.07
* Optional: send group slides for feedback by 24.07
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Evaluation Criteria

Evaluation Due Date
Subtopic suggestions 20.05.2026
Paper suggestions 17.06.2026
Seminar Presentation 28.07.2026
Written Survey 03.08.2026

* Presentation: at most 10 min per person.
» Survey: at most 7 pages (self-contained) excluding bibliography + optional Appendix for the group.
» Final grade:

» Selected subtopics - graded as group based on topic relevance and justification

« Selected papers - graded individually based on paper relevance and justification

* Presentation (slides, delivery, Q&A ) - group part for introduction and overview, individual part for
subtopic part and Seminar Participation

« Written survey — group part for introduction and overview, individual part for subtopic part
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1.
Seminar Topics
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Overarching Seminar Theme
Learning for Robot Manipulation

- Robot Manipulation: robots physically interacting with

environment in the sense of make changes of the environment
« Robot Learning: Intersection of robotics and machine learning

» Robots improve behaviour through data and experience

Instead of explicit programming.

All the topics introduced in the following slides are to be

viewed and addressed in the context of Learning for Robot

Manipulation!
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Reinforcement Learning

- Frames manipulation as sequential decision-making, allowing agents to

discover complex behaviors through trial-and-error interaction with the
environment.

- Addresses fundamental challenges including sparse reward design,
sample efficiency, and safe exploration in contact-rich manipulation

tasks.
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Imitation Learning

- Enables robots to acquire manipulation skills by observing and
replicating expert demonstrations, bypassing the need to hand-craft

reward functions.

« Covers core challenges such as distribution shift, data efficiency, and

scaling to diverse, real-world manipulation scenarios
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Foundation Models in Robot Manipulation

- Examines how large pretrained generative models, and robot foundation

models are learned or adapted to power generalised manipulation policies.

« Explores the promise of cross-task generalisation and few-shot adaptation,
alongside the practical challenges of grounding these models in physical

Interaction.
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Representation Learning

« Investigates how robots learn compact, structured internal representations of

objects, scenes, and actions that support efficient downstream policy learning.

« Covers self-supervised, contrastive, and generative approaches to learning

representations that generalise across variations in object appearance and

environment.
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Grasping

- Covers methods for computing stable, robust robot grasps from sensory
Input, spanning analytic force-closure approaches and modern data-driven

grasp planners.

- Addresses challenges such as handling novel objects, clutter, partial

observability, and adapting grasps to downstream task constraints.
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Dexterous Manipulation

« Focuses on controlling multi-fingered hands to perform fine-grained, in-hand
manipulation tasks that go beyond simple pick-and-place.

« Highlights the unique difficulties posed by high-dimensional action spaces,

contact dynamics, and the gap between human and robot hand morphology.
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Tactile Sensing in Robot Manipulation

- Reviews tactile sensing hardware and the computational methods used
to process rich contact information for slip detection, force estimation,

and object recognition.

« Examines how integrating tactile signals with vision and proprioception

enables more robust, contact-aware manipulation policies.

université.t‘freiburg Tim Welschehold | Robot Learning Lab | 23. April 2026 18



World Models

« Covers learned internal models of environment dynamics that allow agents to
predict the consequences of actions, enabling model-based planning and

sample-efficient learning.

« Discusses the trade-offs between model accuracy and computational cost,
data efficiency, and the challenge of learning models that remain faithful under

contact and deformable-object interactions.
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Sim-to-Real Transfer

« Examines strategies for training manipulation policies in simulation and deploying

them on real hardware, leveraging the safety and scalability of synthetic environments.

« Covers technigues for bridging the reality gap, including domain randomisation,

physics calibration, and adaptive methods that fine-tune policies with limited real-world

data.
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Human—Robot Interaction

« Studies how robots can collaborate, communicate, and share workspace safely with

humans, including intent prediction and natural language instruction following.

« Addresses the design of interfaces and learning algorithms that allow non-expert users

to teach, correct, and supervise manipulation systems in real environments.
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Mobile Manipulation

« Integrates navigation and manipulation, enabling robots to move through unstructured

environments and interact with objects across diverse, spatially extended tasks.

« Covers challenges in coordination between locomotion and arm control, long-horizon

task planning, and operating under real-world constraints such as limited compute and

dynamic scenes.
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Multi-modal Manipulation

« Explores how combining multiple sensory modalities as vision, touch, audio, and
language leads to richer perception and more robust, context-aware manipulation

policies.

« Explores fusion architectures and training strategies that align heterogeneous sensor

streams, as well as the challenges of missing or noisy modalities at deployment time.
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NeXt StepS Reinforcement Learning

Imitation Learning

° Register in HISInOne by April 27

. _ _ _ _ Foundation Models in Manipulation
° Fill registration form for seminar by Mai 4

* Available on homepage after seminar spot Representation Learning

allocation Grasping
* Group preference identification

Dexterous Manipulation

* Topic preference selection

_ _ _ Tactile Sensing in Robot Manipulation
* Assighment of topics on Mai 5

° Start reading on your topic World Models
* Subtopic identification by Mai 20 Sim-2-Real Transfer
Human-Robot Interaction
Qu estions? Mobile Manipulation

Multi-modal Manipulation
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