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Lecture Team ﬂ(IT

Karlsruher Institut far Technologie

Tamim Asfour Tilman Daab Jianfeng Gao Christian Dreher

Prof. Dr.-Ing. M. Sc. M. Sc. M. Sc.

Tel.: 608 — 47379 Tel.: 608 — 47133 Tel.: 608 — 47107 Tel.: 608 — 48278

asfour@kit.edu tilman.daab jianfeng.gao c.dreher
@kit.edu @kit.edu @kit.edu

For questions and comments write to: robotics-2@lists.kit.edu

Robotics Il: Humanoid Robotics | Chapter 01 . HﬁT




H2T: Geb. 50.20

30.22 D
h|

3023 30.25 5=
[ 130 :

Berliner

Leonhard-

30.21

Wolgang-Gaede-Strake

Sohncke-Weg

itz-Haber-Weg
0]

Strale am Forum

Studenten-
zentrum

To03

2 Engesserstralle
I 22
Paulck: ' B 08¢ | 10.65
Pl tij

1062 | -
% < jas7
=
Studien —— Ehren- o
biro V hof .
o o
~ = Wilhelm-Nusselt-Weg ez B
1012 ( Z I_EL r
FTET] n q-[: 10.21
Rektorat/ 12 L
Verwaltung

4 Robotics Il: Humanoid Robotics | Chapter 01

Kaicsaratrala

=
Errmt—GaberE--’f i
S, |
m I}

Durlach

KIT

Karlsruher Institut fir Technologie

H2T am Institute fur
Anthropomatik
und Robotik

Tor



Office hours

® Tamim Asfour

® Wednesday 14:00 — 16:00
appointment via email asfour@kit.edu

B Other office hours: See H2T Website
® www.humanoids.kit.edu

® www.humanoids.de
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http://www.humanoids.kit.edu/
http://www.humanoids.de/

Lecture-related information (l)

B KIT ILIAS-Portal: https://ilias.studium.kit.edu

Password for ILIAS: armar@Kkit

Lecture slides will be available after each lecture

® Announcements will be sent via email to participants of this course

W Access ILIAS:

Login
Search course: ,Robotik Il — Humanoide Robotik“
Join the course using the password

Now you can access the slides and additional material
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Lecture-Related Information — Previous Recordings ﬂ(IT

Karlsruher Institut fir Technologie

® Previous recordings of the lecture are available:

® SS 2020
® YouTube: https://www.youtube.com/playlist?list=PLLfZgQJNfLeMGD09nVKRjyHnZKp4N5aSq

® SS 2019
® YouTube: https://www.youtube.com/playlist?list=PLfkODfh13pBNEbbUIMRPe2aVFUm6WBp9IB
® iTunes: https://podcasts.apple.com/de/podcast/robotik-2-humanoide-robotik-ss19/id1462755128
® DIVA: https://mediaservice.bibliothek.kit.edu/#/details/DIVA-2019-C24/1

® Check the following link for a complete list of all KIT public lectures
http://www.zml.kit.edu/veroeffentlichte vorlesungen.php

&
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Dates of the Exams at H>T — SS 2023 ﬂ(IT

Karlsruher Institut far Technologie

Deadline for

registration

Robotics I: Introduction to Robotics July 12, 2023 17:30-18:30 July 5, 2023
Mechano-Informatics and Robotics July 19, 2023 17:30-18:30 July 12, 2023
AL (e ST N August 9, 2023 13:00 — 14:00 August 2, 2023
System

Robotics Il: Humanoid Robotics September 1, 2023 15:00 - 16:00 August 25, 2023
Wearable Robotic Technologies September 7, 2023 15:00 — 16:00 August 31, 2023
Robotics Il Sensors and Perceptionin oo o her 19, 2023 14:30 — 15:30 September 12, 2023

Robotics

Robotics Il: Humanoid Robotics | Chapter 01 HﬁT



Lecture-related information and exam A\‘(IT

Karlsruher Institut far Technologie

® Credit points: 3 ECTS

® Exam in SS 2023
® Written exam in English (schriftlich)
@ Date: September 1, 2023; 15:00 — 16:00
® Registration: Campus-System, https://campus.studium.kit.edu
® Last registration date: August 25, 2023

® Exam in WS 23/24 (Date will be announced later)

® All information regarding lectures and exams will also be published on our homepage:
http://humanoids.kit.edu/

&
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Teaching @ H2T ﬂ(IT

Karlsruher Institut far Technologie

B ws

Robotics | — Introduction to Robotics

SS
Stammmodul (6 ECTS) WS & s
Lectures Practical Courses Seminars

Mechano-Informatics and Lego Mindstorms Humanoid Robots
Robotics (4 ECTS) (3 ECTS) (3 ECTS)

Robotics Il: Humanoid Robotics Humanoid Robots Neural Networks
(3 ECTS) (3 ECTS) (3 ECTS)

Wearable Robotic Technologies Robotics Motion in Human and Machine

(6 ECTS) (3 ECTS)

(4 ECTS)

Mobile Robots
(4 ECTS)

Robotics Il — Sensors and
Perception in Robotics (3 ECTS)

Advanced Artificial Intelligence
(6 ECTS)

Praxis der Softwareentwicklung (6+2 ECTS)

Praxis der Forschung (24 ECTS)

Pupil (Robotik AG, BOGY, Hector Seminar)

A
10 Robotics Il: Humanoid Robotics | Chapter 01 H 2 T
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Teaching @ H2T — Specialization Subjects (Informatics)

KIT

Karlsruher Institut fir Technologie

Robotik & Automation (VF 11) Anthropomatik & kognitive Systeme (VF 12)

Robotics I: Introduction to Robotics (6 ECTS)

Robotics II: Humanoid Robotics (3 ECTS)

Robotics Ill: Sensors and Perception in Robotics (3 ECTS)

Wearable Robotic Technologies (4 ECTS)
Advanced Artificial Intelligence (6 ECTS)

Humanoid Robotics Laboratory (3 ECTS)

Robotics (6 ECTS)
Humanoid Robots (3 ECTS)

Neural Networks and Artificial Intelligence (3 ECTS)

Robotics Il: Humanoid Robotics | Chapter 01

Motion in Human and Machine (3 ECTS)

B Lecture
Seminar
Practical Course

- H2T
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Teaching @ H2T

B Vorlesung
Seminar

P ra ktl ku m Karlsruher Institut fir Technologie

B.Sc. (1, IW, M, EI, M)

Robotik I: Einflihrung

Mechano-Informatik in der Robotik
(4 ECTS)

Lego Mindstorms (3 ECTS)

Mobile Roboter (4 ECTS)

M.Sc. (I, IW, Ml EI, M) M.Sc. (Sportwissenschaften)

in die Robotik (6 ECTS)

Robotik 1l: Humanoide Robotik
Robotik Ill: Sensoren & Perzep.

Anziehbare Robotertechnologien (4 ECTS)

Humanoide Roboter (3 ECTS)

Roboterpraktikum (6 ECTS)

Humanoide Roboter (3 ECTS)

Neuronale Netze (3 ECTS)

Motion in Human and Machine (3 ECTS)

| = Informatik (* = gilt nur fiir Informatik) EI = Elektrotechnik & Informationstechnik
IW = Informationswirtschaft M = Maschinenbau
MI = Mechatronik & Informationstechnik

Robotics Il: Humanoid Robotics | Chapter 01
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This lecture: Robotics Il - Humanoid Robotics A\‘(IT

Karlsruher Institut far Technologie

® The lecture focuses on humanoid robots as embodied Al and cognitive systems, not
on the mechatronics of humanoids

® Interactive lecture

W Selected topics related to perception, action, learning, artificial intelligence and
cognition will be discussed to extend the theoretical and practical knowledge in the
area of humanoid robotics.

B Current state of the art of research

B Material: selected publications

&
Robotics Il: Humanoid Robotics | Chapter 01 H2T
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Outline of Table of Content

@ Introduction
= Why humanoids?
@ Building humanoid robots
m History of humanoid robotics
m State of the art
m Biomechanical models of the human body
m Mechatronics of humanoid robots
W Grasping
® Grasping in humans
m Grasping taxonomies
m Grasping familiar objects
®m Grasping unknown objects

Robotics Il: Humanoid Robotics | Chapter 01

SKIT

Karlsruher Institut

@ Imitation learning
m Observation of human

far Technologie

actions and demonstrations

m Action representation
(movement primitives)

m Learning task models

m Reproduction and execution

® From Signals to Symbols

m From features to objects and
from motions to actions

m Object-Action Complexes:

Semantic sensorimotor
categories

H2T
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[ ]
Literature Al =
Karlsruher Institut fir Technologie

® Humanoid Robotics: A Reference
Editors: Goswami, Ambarish, Vadakkepat, Prahlad

Ambarish Goswami

(Eds.) Prahlad Vadakkepat
, | , Humanoid
® First comprehensive reference on Humanoid :
Robotics:

Robotics

A Reference

@ Springer Link
https://link.springer.com/referencework/10.1007%2F978-94-007-6046-2

15 Robotics Il: Humanoid Robotics | Chapter 01


https://link.springer.com/referencework/10.1007/978-94-007-6046-2

Outline

® Humanoids@KIT

® What is Anthropomatics?

® Why Humanoids?

16 Robotics Il: Humanoid Robotics | Chapter 01
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Humanoids at KIT — Introduction to H2T

Robotics Il: Humanoid Robotics | Chapter 01

SKIT

Karlsruher Institut fir Technologie



Our Goal: Humanoids in the Real World ﬂ(IT

Karlsruher Institut far Technologie

® Engineering Humanoids

® Grasping and manipulation

® Learning for human observation
and experience

® Natural Interaction and
communication

© SFB 588

A
18 Robotics Il: Humanoid Robotics | Chapter 01 H 2 T



Research Topics at H?T ﬂ(IT

Karlsruher In

Mechano-Informatics Learning

from Observation and Experience

'Humanoids@KlT
Balancing
S and Walking

Mathematical Modelling Robot Design

Human Body

and Motion Analysis

Perception

Vision and Haptics

Grasping

and Manipulation

19 Robotics Il: Humanoid Robotics | Chapter 01
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Humanoid Robotics @ KIT ﬂ(IT

Karlsruher Institut fir Technologie

Generalization

Collaborative Robotics Robotronics Wearable Robotics Mechano-Informatics

A
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Our Goal: Humanoids in the Real World ﬂ(IT

Karlsruher Institut far Technologie

® Engineering Humanoids

® Grasping and manipulation

® Learning for human observation
and experience

® Natural Interaction and
communication

© SFB 588

A
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The ARMAR robot family ﬂ(IT

Karlsruher Institut far Technologie

22 Robotics Il: Humanoid Robotics | Chapter 01




KIT

Karlsruher Institut fir Technologie
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KIT

Karlsruher Institut far Technologie

First demonstrator of the SFB 588 Demo at CEBIT 2006

24 Robotics Il: Humanoid Robotics | Chapter 01 . HiT




ARMAR-III (2008) ﬂ(IT

Karlsruher Institut far Technologie

Recognitioniand| GD’posu estimation’
of/colored and| textuwd objects

45 minutes household task, performed more than 4000 times since February 3, 2008

A
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ARMAR-4 (2014) ﬂ(IT

Karlsruher Institut fir Technologie

W 63 DOF
® Torque-controlled!

Multi-contact active compliance balancing controller

26 Robotics Il: Humanoid Robotics | Chapter 01




27

ARMAR-6 (2017)

Robotics Il: Humanoid Robotics | Chapter 01

KIT

Karlsruher Institut fir Technologie

Assistant of a human technician in maintenance
and repair tasks in industrial environments
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ARMAR-5: Humanoids for Human Augmentation

® Humanoid robots with multiple functions and for multiple use

Helper, Assistant and
Companion

Wearable Humanoid
,Body Suit”

Robotics Il: Humanoid Robotics | Chapter 01

KIT

Karlsruher Institut fir Technologie




ARMAR-5: Wearable Humanoid (since 2015) ﬂ(IT

Karlsruher Institut fir Technologie
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Humanoids in the Real World ﬂ(IT

Karlsruher Institut far Technologie

® Engineering Humanoids
® Grasping and manipulation

® Learning for human observation
and experience

® Natural Interaction and
communication

© SFB 588

A
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Grasping and manipulation

N (Vexvind
of/colored anditextirediobjects

Robotics Il: Humanoid Robotics | Chapter 01

KIT

Karlsruher Institut far Technologie

Known objects

Vision-based Object detection and pose
estimation

Vision-based grasping
Vision-based self-localisation
Grasp and motion planning
Hybrid position/force control
Collision-free navigation

- H2T



Grasping and manipulation with ARMAR-6 ﬂ(IT

Karlsruher Institut fir Technologie

® Known and unknown
objects

W Vision-based Object
detection and pose
estimation

@ Vision-based grasping

® Grasp and motion
planning

B Self-collision avoidance

B Collision-free
navigation

A
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Grasping unknown objects

Deep CNN based grasping

Robotics Il: Humanoid Robotics | Chapter 01

KIT

Karlsruher Institut fir Technologie

T

Semi-Autonomous Affordance Extraction and Selection

Object-Oriented Bounding
Boxes

Affordance Extraction

-
i W)
Principal Component Analysis > W
% ¥}

Insttute for ofTechnology (KIT), Karisruhe, Germany H 2T

Affordance-based grasping

- H2T



Humanoids in the Real World ﬂ(IT

Karlsruher Institut far Technologie

® Engineering Humanoids
® Grasping and manipulation

® Learning for human observation
and experience

® Natural Interaction and
communication

© SFB 588

A
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I m itat i o n Le a rn i ng Karlsruher Institut far Technologie

® Learning from Human Demonstration
® Library of motion primitives (motion alphabet)
® Tasks as sequences of motion primitives

35 Robotics Il: Humanoid Robotics | Chapter 01



Imitation Learning ﬂ(IT

Karlsruher Institut fir Technologie

® Learning key-point based task models from human demonstration videos
® Generalization to novel scenes/objects
® Robot vision, machine learning and control

7
poim-lozfoim point-to-curve
A l.

¥

\& [ E

shape variation ~pose variation

movement primitives

(a) Human demonstrations (b) Extraction of keypoints (c) Geometric task representation (d) Reproduction

A
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Imitation Learning

@ Learning Temporal Task Models

® Learning temporal relations between actions
of a bimanual manipulation task, e.g., cutting
the banana before pouring it into a bowl

® Temporal task constraints are inferred from
the temporal task models using graph-
theoretical operations in a version-space-
inspired approach

37 Robotics Il: Humanoid Robotics | Chapter 01
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Interactive learning for scene manipulation

® Manipulating the scene
based on verbal
instructions and spatial
relations

® Generative models of
spatial relations are
learned incrementally
and interactively from
human demonstrations

38 Robotics Il: Humanoid Robotics | Chapter 01

ARMAR,
put the

mustard

on top of

the rusk,
please.

KIT

Karlsruher Institut far Technologie




Robot Internet of Skills ﬂ(IT

Karlsruher Institut fir Technologie

@ KIT whole-body human motion database: A Robot Motion Alphabet

42 hours of manually labeled
human motion data (including
object information); 9375
motions; 229 (108/40)
subjects and 158 objects.

motion-database.humanoids.kit.edu
https://gitlab.com/mastermotormp

A »

Conyersion of Human and Object Mationsiwith the MMM Framewoljks

A
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https://motion-database.humanoids.kit.edu/
https://gitlab.com/mastermotormp

The KIT whole-body human motion database ﬂ(IT

Karlsruher Institut far Technologie
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Learning to balance from human observation ﬂ(IT

Karlsruher Institut fir Technologie

A
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Understanding human motion intelligence

Taxonomy of whole-body poses with 46 classes

SKIT

Karlsruher Institut fir Technologie

Less area of contact More area of contact
# ( . . .
sup. Standing Kneeling Resting
= r1
Ele .
é 2| 18standing 18 kneeling 10 resting %
7]
o r.2
[=}
= %
;‘I’ ] r3
:.é E &.
ﬁ Oo r4 ;
w
[+
- r5
° ré
=
=lF
E r7
Q
£ qﬁ
w
2 r8 E
)
% ° r.9
@ | =
HE =3
2ls r.10
213
2(8

Robotics Il: Humanoid Robotics | Chapter 01



Semantic of human actions ﬂ(IT

Karlsruher Institut far Technologie

Walking Upstairs

43 Robotics Il: Humanoid Robotics | Chapter 01



KIT

Machine learning for data-driven motion generation e

Karlsruhe Institute of Technology

Using Language Models to Generate Whole-Body Multi-Contact Motions

Christian Mandery, Julia Borras, Mirjam Jéchner, Tamim Asfour

Institute for Anthropomatics and Robotics (IAR), High Performance Humanoid Technologies (H*T)

44 Robotics II: Humanoid Robotics | Chapter 01



Mechano-Informatics ﬂ(IT

Karlsruher Institut fur Technologie

@no-lnform Learning

/ from Observation and Experience

Mechano-Informatics is the synergetic Integration of
artificial intelligence, informatics, and mechatronics to
create complete embodied Al systems that are able to act
in the real-world to assist humans!

Mathematical Modelling
45 Robotics II: Humanoid Robotics | Chapter 01 . HQT

Robot Design




Integration of Al, machine learning, vision and control ﬂ(IT

Karlsruher Institut far Technologie

B ,ARMAR, please help me to prepare dinner for two people!”

- N
I ‘1/> S|
e j> ¢ paco|plus
perception, action and cognitior
t(ﬁ l:] through learning of object-action complexes.
XPERIENCE.ORG
High
level
Mid ion
level lection
Hierarchical Statecha:ts
- | oo [ oo [ e
| G o iware Abstraction Layer
[ e | [ o B
E: '
| A

A
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Verbalization of Robot Experience ﬂ(IT

Karlsruher Institut fir Technologie

B Deep Learning based Episodic Memory

(
\
b |last saw itat
the table ten
minutes ago. /

S

47 Robotics Il: Humanoid Robotics | Chapter 01
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Memory-Centric Robot Cognitive Architecture

Memory-centered, hybrid architecture
that supports semantic and
sensorimotor representations

Robotics Il: Humanoid Robotics | Chapter 01

High Level

Mid Level

Low Level

KIT

Karlsruher Institut fir Technologie

Task Execution and Control

Language Understanding Scene Understanding Pl;r:;:(ng Pla’r\;‘zﬁ:;ti:; &

Unified data representation

—— Prior Knowledge ——

Py od .
N
i (s
Motions Skills

Memory and Communication

——  Working Memory

- ——.
—— Sensory Memory

Unified data representation

—Long-Term Memory—

Multi-Modal
Episodic Memory
Procedural Memory

Unified data representation

Sensor Measurements

Sensor Firmware and Drivers

Hardware and Abstraction

Unified data representation

Real-time Control

Motor Firmware and Drivers

bt rht taad

Cognitive architecture implemented in ArmarX

H2T



Outline

® Humanoids@KIT

® What is Anthropomatics?

® Why Humanoids?

49 Robotics Il: Humanoid Robotics | Chapter 01
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Anthropomatics is ... A\‘(IT

Karlsruher Institut far Technologie

... the science of the symbioses between human and machine

50 Robotics Il: Humanoid Robotics | Chapter 01
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Outline

® Humanoids@KIT

® What is Anthropomatics?

® Why Humanoids?

Robotics Il: Humanoid Robotics | Chapter 01
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Karlsruher Institut far Technologie



Why humanoids? A\‘(IT

Karlsruher Institut far Technologie

B Versatility: We need robots which ...
B are versatile, i.e. can perform a wide variety of tasks
® canact and interact in made-for-human environments
® can use made-for-human tools
Human body is the best morphology we know so far!
B Better Prediction of robot actions

® Motion behavior of robots with human-like morphology, i.e. humanoid robots, allows
humans to better predict the robot actions. This leads to intuitive and fluent human-robot
interaction

@ Acceptance

® Human-like appearance may support acceptance and intuitive human-robot interaction
but the Uncanny Valley tells us something different!

&
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The Uncanny Valley A\‘(IT

Karlsruher Institut far Technologie

The uncanny valley is the region of negative emotional response towards robots that
seem "almost" human. Movement amplifies the emotional response

uncanny valley ,
+ MOVING =mm=a= — — ."\
still —— .*' healthy
bunraku puppet s person
humaneid robot i
o .It
(Y "
3 :
1 ]
[ 1
H
. : !
+"  stuffed animal H
= # '
£ | industrial robot  #" i
2 + : i
E : :
¥ i
- "
- ¥
human likeness S0% \/j\ 100%
]
corpse :. .‘I prosthetic hand
VoS
[}
"
- \or
zombie —

Japanischen Robotiker Masahiro Mori: The Uncanny Valley, Phidnomen des unheimlichen Tals,
jap. FERERD A IFEK bukimi no tani genshd, 1970 https://de.wikipedia.org/wiki/Uncanny Valley

D
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https://de.wikipedia.org/wiki/Uncanny_Valley

Why Humanoids? Impact of humanoids ﬂ(IT

Karlsruher Institut fir Technologie

Building Humanoids = Building Human-Centered Technologies

B Versatile systems that act and interact in made-for-human environments and use
made-for-human tools

B Versatile assistants and companions that provide help for people in different ages,
situations, and environments and improve human’s quality of life

® Key technologies for future robotic systems
® Experimental platforms “bodies” to study theories about humans

A 3
54 Robotics Il: Humanoid Robotics | Chapter 01 H 2 T
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Major goals in humanoid research

@ Advanced human-like mechatronics systems

® Tools to study humans

Robotics Il: Humanoid Robotics | Chapter 01
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My Motivation ﬂ(IT

Karlsruher Institut fir Technologie

® Understanding human motion
intelligence

B Creating embodiments for
intelligence

® Engineering human-centered
versatile robot technologies

56 Robotics Il: Humanoid Robotics | Chapter 01
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My inspiration

® Biology

B Science Fiction

Robotics Il: Humanoid Robotics | Chapter 01
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Understanding human performance A\‘(IT

Karlsruher Institut far Technologie

Roger Federer Johanna Quaas - oldest active Gymnast
https://www.youtube.com/watch?v=S0Gz8HI9xRjM of the World! 86 years Halle Germany

https://www.youtube.com/watch?v=ou5rtTyuW1lc

&
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https://www.youtube.com/watch?v=SoGz8H9xRjM
https://www.youtube.com/watch?v=ou5rtTyuW1c

Understanding human performance A\‘(IT

Karlsruher Institut fir Technologie

® .. in-hand manipulation (e.g. pen spinning)

WorldCup 2010 Final

https://www.youtube.com/watch?v=v9rShM1Y2Rw

&
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https://www.youtube.com/watch?v=v9rShM1Y2Rw

Humanoid Robotics (1970 — 2023) ﬂ(IT

Karlsruher Institut fir Technologie

60 Robotics Il: Humanoid Robotics | Chapter 01
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Karlsruher Institut fir Technologie

Huge Potential

< & i o
Ay
h a~TE

Underwater Diving Space Eplora;ion Manufacturing Rescue Maintenance Household
Ocean One, Stanford Valkyrie, NASA Nextage, Kawada Industries Momaro, Uni Bonn ARMAR-6, KIT ARMAR-III, KIT
?\E Humanoid assistive robotics: market is expected to grow from
= $1.5 billion in 2022 to $17.3 billion by 2027

4 Al robotics market is expected to grow Q‘

— from $6.1 billion in 2020 to $37.9 billion by 2027  ......Y ...
Social Interaction

Pepper, Softbank

H2T
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Ambitious goals have been set for humanoid robotics

® Companions and assistants for
humans in daily life

® Helpers in man-made and natural
disasters

® Winners against the winner of the
most recent World Cup in 2050

B DARPA Robotics Challenge

Robotics Il: Humanoid Robotics | Chapter 01

KIT

Karlsruher Institut fir Technologie




Some examples (IT

her Institut far Technologie

ASIMO, Honda, Japan HRP-4C, AIST, Tsukuba, Japan
https://www.youtube.com/watch?v=UKRfkP15tzE https /www.youtube.com/watch?v=xcZJqgiUrbnl

Boston Dynamics

Atlas, Boston Dynamics, USA ARMAR-IIIb, KIT, Germany
https://www.youtube.com/watch?v=rVIhMGQgDkY

A 3
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https://www.youtube.com/watch?v=xcZJqiUrbnI
https://www.youtube.com/watch?v=UKRfkP15tzE
https://www.youtube.com/watch?v=rVlhMGQgDkY

Some examples ﬂ(IT

Karlsruher Institut fir Technologie

2018

;1 - This is HRP-5P, \
' | the 5th generation humanoid robot

T-HR3, Toyota, Japan HRP-5P, AIST, Tsukuba, Japan

https://www.youtube.com/watch?v=jJYsOsoBIZU https://www.youtube.com/watch?v=fMwiZXx09Qg

iCub, IIT, Italy ARMAR-6, KIT, Germany

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

&
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https://www.youtube.com/watch?v=fMwiZXxo9Qg&t=2s
https://www.youtube.com/watch?v=jJYsOsoBIZU&t=41s
https://www.youtube.com/watch?v=ErgfgF0uwUo

ARMAR-IIl with Leaders A\‘(IT

Karlsruher Institut far Technologie
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ARMAR-6 with Leaders A\‘(IT

Karlsruher Institut far Technologie

&
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Further information

Humanoids@ KIT
http://www.humanoids.kit.edu

IEEE Robotics and Automation Society
http://www.ieee-ras.org

IEEE RAS Technical Committee on Humanoid Robotics
https://www.ieee-ras.org/humanoid-robotics

interACT
http://www.informatik.kit.edu/interact.php
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http://www.humanoids.kit.edu/
http://www.ieee-ras.org/
https://www.ieee-ras.org/humanoid-robotics
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