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Intro Lecturer: Wolfgang Honig

e Assistant Professor (CS; since 04/2023)
e Group: Intelligent Multi-Robot Coordination Lab (https://imrclab.github.io)

e Research on multi-robot systems, aerial robots, and motion planning
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https://imrclab.github.io

Video

https://youtu.be/7KIa9FImbRc



https://youtu.be/7KIa9FlmbRc

Intro Lecturer: Andreas Orthey

= Staff Robotics Scientist at Realtime Robotics (since 07,/2021) .

e Research on humanoid robotics, and abstractions for motion =gt/
planning \
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https://www.youtube .com/watch?v=moAXBesmL8A


https://www.youtube.com/watch?v=moAXBesmL8A

Intro Teaching Assistants: Akmaral Moldagalieva, Khaled Wahba, Pia Hanfeld

e PhD students in my group (since 2022)

e Research on motion planning, controls, and safety for multirotor
teams




Organization



Class Format

e Weekly 90 min lectures (Wednesday 8:15am — 9:45am)
e Prepared jointly, held by one of the lecturers

Weekly exercises
e Theoretical part and occasionally programming part
e 10 % of the grade; exam preparation
Weekly 90 min discussion sessions (Thursday 4:15pm — 5:45pm)

e Discuss exercise problems

e Interactive (rather than presenting solutions), so come prepared
e Four programming assignments

e Individual work

e 40 % of the grade

Office hours by appointment

Class material, communication, feedback, submission via ISIS and GitLab.


https://isis.tu-berlin.de/course/view.php?id=29201

e Portfolio format
e Exercises (0, 0.5, or 1 % per exercise; up to 10 % total), by
» Presenting your solution of a task in the discussion session (1 %); -OR-
e Uploading your individual solution via ISIS (0, 0.5, or 1 %)
e The first option is less work and encourages active participation during the
discussion session.
e Programming assignments (40 %)
e Due every 3 weeks (Wednesday, 6pm, via pushing a GitLab tag)
e Individual work
e Topics: Collision checking, sampling-based motion planning, OMPL,
optimization-based motion planning
e Written exam (50 %)
e 1h, at the end of the semester
= Covers topics from the exercises and programming assignments



e Experience in Python or C4++ * Set theory, e.g.
r e Ability to read pseudo code, e.g., i Wn ([=\1=1Oi)
1 def Astar(G;d;vs;vz;h):
. 0= queue() e Probability Theory
s while O & ;: ) P(BjAP(A)
4 # smallest f-value P(AjB) = W
5 v =0.popQ)
6 ifv=v,: e Linear Algebra and Calculus
7 return solution

8 for n in v.neighbor:
9 # ... Prof. Toussaint has a great tutorial.



https://www.user.tu-berlin.de/mtoussai/teaching/Lecture-Maths.pdf

Syllabus
Foundations
2 Weeks (problem formulation, terminology, collision checking)

Optimization-based

Sampling-based

Search-based
2 Weeks (A* and variants;| |5 \Weeks (RRT, PRM,| |2 Weeks (SCP, TrajOpt)

state-lattice-based plan-|  JOMPL, Sampling Theory)
ning)

Current and Advanced Topics
2 Weeks (Comparative Analysis, Machine Learning and Motion Planning, Hybrid- and
Multi-Robot approaches)

Two holidays: Wednesday (May 1st), Thursday (May 9th)



Related Classes

Classes at TU Berlin

~ Optimization Algorithms, Prof. Toussaint (MOSES)

" Focuses on how continuous optimization problems are solved
" Robot Learning, Prof. Toussaint/Henig (MOSES)

" Focuses on how to apply learning for robotics problems, including motion planning
~ Robotics I+1l, Prof. Brock (MOSES)

" Provides foundation of entire robotics pipeline (sensing, decision making, control)

Classes elsewhere

" Motion Planning, Prof. Berenson, University of Michigan (Web)
" Based on paper reading and projects
"~ Algorithmic Robotics and Motion Planning, Prof. Kleinbort, Tel Aviv University
(Web)

“ Focus on computational geometry
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https://moseskonto.tu-berlin.de/moses/modultransfersystem/bolognamodule/beschreibung/anzeigen.html?nummer=41016
https://moseskonto.tu-berlin.de/moses/modultransfersystem/bolognamodule/beschreibung/anzeigen.html?nummer=41165&version=1&sprache=2
https://moseskonto.tu-berlin.de/moses/modultransfersystem/bolognamodule/beschreibung/anzeigen.html?nummer=40688

Text Books / Reading Material

LaValle [1] Bullo and Smith [2] Lynch and Park [3, Siciliano and Khatib
Chapter 10] [4, Chapter 7]
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Desired Learning Outcome

After the class, you should have/be able to:

~

Knowledge of current state-of-the-art algorithms in motion planning

Decide (theoretically and empirically) which algorithm(s) to use for a given
problem

Implement (basic versions) of the algorithms

Use current academic and industrial tools such as the Open Motion Planning
Library (OMPL)
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Introduction



Autonomy Becomes Ubiquitous

Source: Robotics Business Review Source: Bloomberg Source: iRobot

Industry 4.0 Self-driving Cars Vacuum Robots

What is required to build these systems?
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The Classic Robotics Pipeline

- State Estimation Decision
Sensing . Control
(e.g., Camera) (e.g., Kalman Making (€. LOR)
el Filter) (e.9., MCTS) il

A 4
Environment W b ( Actuation }

(Physics) J‘ k (e.g., Turn Motor)

Motion Planning is a part of decision making: How to reach the goal, given the $tate
of the robot and environment, without collisions.

[Modern robotic systems do not strictly separate parts of the classic robotics pip%line.
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