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Who are we?

• Headed by
Prof. Dr. Maren Bennewitz

• Our research topics

– Robotics & autonomous 
systems

– Deep learning

– Robot navigation

– Manipulation

– Computer vision

– Human Robot Interaction
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Projects
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Courses

• Seminar: Presentation and discussion of relevant scientific work

• Lab: Programming project on robot simulation software and on 
physical robots

• Project Group: Lab (2/3) + Seminar (1/3)

Bachelor PG Master Master

Lab + Seminar Lab Seminar

ECTS points 6 + 3 9 4

Workload 180 h + 90 h 270 h 120 h
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Course Deliverables

Bachelor PG Master Master

Lab + Seminar Lab Seminar

Presentation X X X X

Lab report X X

Paper 
summary

X
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Seminar
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Seminar Overview

• Presentation and discussion of relevant scientific work 
(conference/journal papers)

• Aspects to cover

• Contribution of the work?

• Technique/Methodology used?

• Strengths & Weaknesses of the approach?

• Paper summary (MSc only): Written summary and discussion 
of the work (7 pages not counting figures, LaTeX template 
provided on web page)
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Seminar Timeline

• Prepare during the semester

– Understand the paper

– Write paper summary (MSc only)

– Prepare your presentation

• Seminar Day at the end of the semester

– Everybody has to be present

– It’s a full day event! (depending on the number of 
participants)
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Seminar Grade

• BSc Students:

– Presentation: 100%

• MSc Students:

– Presentation: 70%

– Paper summary and discussion: 30%
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Seminar Papers
(Only BA-INF 051 Projektgruppe)

BSc Students:
Paper will be assigned to you by your supervisor
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Seminar Papers
(Only MA-INF 4213 Seminar)

MSc Students:
You can choose from the following selection
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Affordance Learning from Play for Sample - Efficient Policy 
Learning
Borja-Diaz et al.
ICRA 2022
Supervisor: Maren Bennewitz

• Goal: Learning an affordance model from human 
teleoperated data and leverage it for motion 
planning

• Combine model-based planning with 
model-free deep reinforcement 
learning

• Learn policies that favor the object 
regions favored by people, while 
requiring minimal robot interactions

• Real-world robot tidy-up experiments: policies 
train faster and generalize better to novel objects
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Oriented Surface Reachability Maps for Robot Placement
Birr et al.
ICRA 2022
Supervisor: Maren Bennewitz

• Goal: Finding feasible robot placements for 
grasping and  manipulation tasks

• In unknown environments with 
multiple support planes 

• Based only on visual information

• Oriented surface reachability maps: 
take inclined surfaces into account

• Find more than 80% of placements for grasps 
estimated to be reachable with a comparable 
execution time to state-of-the-art approaches 
assuming a flat environment

Oriented Surface Reachability Maps for Robot Placement

Timo Birr, Christoph Pohl and Tamim Asfour

Abstract—For a robot to per form a grasping and manipu-
lation task, it has to determine possible robot placements in
the workspace, from which target objects or environmental
elements relevant to the given task are reachable. This work
presents a novel approach for finding placements for the mobile
base of a humanoid robot in an unknown environment with
multiple suppor t planes. Wepropose a novel type of reachability
map – the Oriented Surface Reachability Map – that takes
inclined sur faces in the environment into account and has
the same complexity as reachability maps designed for flat
sur faces. The resulting robot placements are not limited to
SE(2) but can be applied to arbitrar ily or iented planes in
3D space. The proposed method was evaluated in simulation
and on the humanoid robot ARMAR-6 in real-wor ld grasping
exper iments. The results show that a placement can be found
for over 80% of the poses that are reachable in complicated,
simulated environments, with only a small runtime overhead.

I . INTRODUCTION

Manipulation is a central problem in robotic research. For

a successful execution of manipulation tasks, target poses of

the objects involved have to be reachable from the robot’s

pose. Thus, an integral part of the planning of manipulation

actions of a mobile robot consists of finding a suitable

placement pose for the robot. This is especially important

when robots are used in unstructured environments, where

the exact workspace is unknown and areas to stand on

are sparse. Humans have an intuitive understanding of their

surroundings and can easily estimate, which surfaces provide

a suitable support to manipulate objects. For example, they

intuitively know to utilize the environment (e. g., ramps,

ladders, stairs) to manipulate objects that cannot easily be

reached from the ground. Generally, this is hard to achieve

for mobile robots, as it is not trivial to distinguish between

an obstacle and a plane on the ground that allows the robot

to stand on, especially with noisy sensor data. Additionally,

navigating an unknown environment with different levels of

elevation is generally challenging, as paths that cross steep

edges cannot be detected with classical collision detection.

Therefore, we investigate a vision-based approach for the

mobile base placement of a robot in unknown, nontrivial

terrain, that facilitates the application of 2D collision-based

path planners to partially planar 3D environments.

In our previous work [1] we introduced the concept of

Inverse Reachability Maps (IRM) for the efficient query of

collision-free placement poses of a mobile robot, based on

The research leading to these results has received funding from the
German Federal Ministry of Education and Research (BMBF) under the
competence center ROBDEKON (13N14678).

The authors are with the Institute for Anthropomatics and
Robotics, Karlsruhe Institute of Technology, Karlsruhe, Germany.
t i mo. bi r r @st udent . ki t . edu, asf our @ki t . edu

Fig. 1: Simulated robot on an inclined ramp grasping an

object with visualized Oriented Surface Reachability Map.

the inversion of pre-computed reachability or manipulability.

Even though this facilitates collision-free mobile manipula-

tion in most indoor environments, there is no straightforward

extension of the approach to uneven terrain. This signifi-

cantly reduces the robot’s versatility in cluttered scenes, as

all parts of the environment with a higher elevation than

the ground level have to be considered as obstacles. While

approaches for robot placement on uneven terrain [2] and

inclined support surfaces [3] exist for legged robots, these

cannot be applied to platform-based robots, which require

sufficiently large placement areas and can only navigate on

continuous surfaces, in a straightforward way.

This work proposes an approach that facilitates the estima-

tion of feasible platform placements for manipulation tasks

that have to be executed by robots with a mobile platform

in unknown and unstructured environments. Possible support

planes are extracted from point clouds using planar region

segmentation that is based on the approach described in [4],

which we extend to be more noise resistant. We combine this

segmentation with an IRM to retrieve the Oriented Surface

Reachability Map (OSRM), which allows the sampling of

possible placement poses in piece-wise planar 3D terrain

efficiently, as it only contains poses that respect the support

constraints of the environment. Finally, the robot has to

navigate to the determined pose, which can be difficult

in situations with multiple levels of elevation. Therefore,

we add obstacles for edges that cannot be traversed to the

obstacle space, so that conventional path planning algorithms

for 2D environments can be used. We implemented our

approach using the robot framework ArmarX [5], evaluated

it in simulation and on the humanoid robot ARMAR-6 [6].
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6D Robotic Assembly Based on RGB-only Object Pose 
Estimation
Fu et al.
IROS 2022
Supervisor: Benedikt Kreis

• Goal: Vision-based robotic assembly in 3D

• Problem: Sensor and actuator noise

• Approach: Novel 3-axis calibration to reduce placement error
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Placing by Touching: An empirical study on the importance 
of tactile sensing for precise object placing
Lach et al.
arXiv Preprint 2022
Supervisor: Benedikt Kreis

• Goal: Precise and stable object placement of everyday objects

• Problem: Sensor and actuator noise in dexterous object manipulation

• Approach: Using a neural network and tactile sensors for direct feedback
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Panoptic Multi-TSDFs: a Flexible Representation for Online 
Multi-resolution Volumetric Mapping and Long-term 
Dynamic Scene Consistency 
Schmid et al.
ICRA 2022
Supervisor: Rohit Menon

• Goal: Achieve spatio-temporal 
semantic consistency for volumetric 
mapping of changing environments

• Semantic consistency using object level 
reasoning

• Use panoptic segmentation for multi-
resolution 3D reconstruction and 
temporal consistency

• Reconstruction accuracy of 1.4 cm on 
real world dataset
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Active Perception and Scene Modeling by Planning with 
Probabilistic 6D Object Poses
Eidenberger and Scharinger
IROS 2010
Supervisor: Rohit Menon

• Goal: Keep track and update object 
poses in a complex multi-object cluttered 
environment

• Probabilistic active perception planning 
to improve detection results and to 
tackle occlusion problems

• Partially observable Markov Decision 
Processes (POMDP) to find next best 
sensing action 

• Reduction in object detection uncertainty 
higher for proposed approach
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Real-Time Path Planning in Unknown Environments for 
Bipedal Robots
Hildebrandt et al.
RA-L 2017
Supervisor: Arindam Roychoudhury

• Quickly and robustly plan footstep 
trajectories in unknown environments 
on a mobile platform in real time.

• Search for multiple 2D paths for 
robustness.

• Experiments on a full size humanoid in 
unknown dynamic environments.
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Dynamic Maps for Long-Term Operation of Mobile
Service Robots
Biber and Duckett
RSS 2005
Supervisor: Arindam Roychoudhury

• A dynamic map for mobile robots that 
adapts continuously over time.

• Representation over multiple time 
scales.

• Can track transient elements in the 
environment.

• Evaluation over 5 weeks in a real 
environment.
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Pushing fast and slow: task-adaptive planning for non-
prehensile manipulation under uncertainty
Agboh and Dogar
WAFR 2018
Supervisor: Nils Dengler

• Goal: Adaptive planning and control framework for physics-based object 
manipulation in scenarios with different needed accuracy. 

• Able to generate  “careful” motion if the task requires it.

• Evaluation with an UR5 robotic arm

BaselineApproach
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Robot, Organize my Shelves! Tidying up Objects by 
Predicting User Preferences
Abdo et al.
ICRA 2015
Supervisor: Nils Dengler

• Goal: Tidying up objects in e.g., shelves or 
boxes, by following user preference

• Utilizing hierarchy and graph representations 
of object relations

• learn user preferences using crowdsourced 
and mined data

• Evaluation on the PR2 mobile manipulation 
robot 
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A Behavioral Approach to Visual Navigation with Graph 
Localization Networks
Chen et al.
RSS 2019
Supervisor: Jorge de Heuvel

• Goal: Robot should navigate from A to B, while only 
relying on visual input and a topological map

• Problem: Biology suggest visual navigation based on 
cognitive maps. Can we use the concept for a robot?

• Approach: Graph neural networks for localization, 
CNN+RNN for robot control
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APPLD: Adaptive Planner Parameter Learning from 
Demonstration
Xiao et al.
RA-L 2020
Supervisor: Jorge de Heuvel

• Goal: Efficiently apply existing LIDAR-
based navigation controllers to new 
environments

• Problem: Robotic navigation systems need 
tedious re-tuning in new environments

• Approach: Learn from user 
demonstrations and predict navigation 
context
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Open HiWi Position

• Job description PDF available at

– hrl.uni-bonn.de/job_announcments

• Contact

– Jorge de Heuvel

– deheuvel@cs.uni-bonn.de

https://www.hrl.uni-bonn.de/job_announcments/22_10_11__job_announcement_hiwi.pdf
https://www.hrl.uni-bonn.de/Members/deheuvel/deheuvel
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MA-INF 4214 Lab
&

BA-INF 051 Projektgruppe
(Lab Part)
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Available Lab Projects
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Soccer

• Score a goal

• Detect the goal and ball, walk up to the 
ball and kick the ball into the goal

• Defend with the goalie
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Turtlebot

• Program a mobile robot to avoid obstacles 
and to find an object in a labyrinth
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Robot Arm – Pick and Place

• Program a robot arm to sort objects into a cup
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Robot Arm – Memory Game

• Program a robot arm to 
play the card game 
“Memory”

• Pick up the memory-cards

• Identify matching pairs

• Clear the field
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Lab Overview

• Small groups of 2-3 people

• A selection of projects involving perception and action generation 
for different robots

• Supporting C++ framework written by the lab     obligatory

• Demonstration and written lab report at the end of the semester 
(27.03.2023)



32

Lab Timeline

1)Work with robot simulation software

2)Move on to real robots in our lab

• Demonstration Day at the end of the semester

– Everybody has to be present

– Full day event! (depending on the number of participants)

– 2 runs: 1) simulation 2) real robot

– Prepare a video as backup

Show working simulation 
model to your supervisor 
(required latest 2 weeks 

before demo day)

Transition



33

Lab Grade

• Individual grade for each group member

• Depends on participation during the semester and the 
performance of the system in the final demonstration

• Lab report is a precondition!

• Written lab report of the work (LaTeX template 
provided on web page)
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Registration
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Next Steps

• Two separate registrations are necessary!

1)Registration on our web site (first-come-first-serve!)
until Sunday, 16.10.

Topic and group assignment (Hungarian algorithm)
until Wednesday, 19.10. (notification via e-mail).

2)Registration in BASIS until Sunday, 23.10.
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The registration is open. Register here

Website Registration
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Website Registration
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Schedule

Date BSc Project Group MSc Lab Course MSc Seminar

Sun Oct 16 Registration deadline

Wed Oct 19 Participation confirmation and topic assignment

Sun Oct 23 BASIS registration deadline

Supervised lab course during the whole 
semester

Individual 
supervision

Wed Jan 25 Seminar presentation • Seminar 
presentation

• Deadline for the 
summary

Mon Mar 27 • Lab demonstration (in person)
• Deadline for the lab report
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Thank you!
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Questions ???


