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3The SICE Conference
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München: “Weltstadt mit Herz”

“The Cosmopolitan City with a Heart”
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The Annual Beer Festival
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City Campus of TU München



7The Cloverleaf Logo of TU München
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Renewal of Academic Cooperation 
Agreement in February 2007
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Leibniz Gymnasium

Abitur – Graduation, March 1955

My High School
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Gottfried Wilhelm Leibniz 
1646 – 1716
Philosopher and Mathematician

Inventor of  
Determinants,
Differential & Integral Calculus
Binary Number System
- Chinese sources
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Excursion to Deutsches Museum, München

in 1952
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Hand Prosthesis, Goetz von Berlichingen
“The Knight with the Iron Hand”, 1504
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Mechanical Trumpet
Players

Friedrich Kaufmann, 
Dresden, 1810

Android – Artificial Human



14Karakuri ningyo - Mechanized Puppets

Tea-serving Puppets, 18th & 19th century
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Robocop 1924

???

Science Fiction: Robocop 1924
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Engineering Education 
and Research Positions
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Dornier Do 31E

Vertical Take-Off
and Landing – VTOL 
Transport Aircraft, 

Friedrichshafen, 
Germany 1968

Engagement in Aerospace Projects
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KIEBITZ – peewit

Teleoperated
Helicopter with
Reconnaisance Radar,

Friedrichshafen, 
Germany, 1970

Engagement in Aerospace Projects
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Airship Zeppelin, 1920 

and Flying Boat Dornier DO X, 1929 
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The KUKA The KUKA RobocoasterRobocoaster
 KUKA Co., Augsburg, Germany, 2004KUKA Co., Augsburg, Germany, 2004
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From the Factory-floor 
to the Amusement Park

Productivity                                

Entertainment
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•Kuka Robocoaster Movie

•Movie Hannover

Excitement by a Ride with the Robocoaster

*
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Mobile Robots on the FactoryMobile Robots on the Factory--floor,floor,
1990 1990 -- 19981998
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*
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Mobile Manipulator in FetchMobile Manipulator in Fetch--andand--Carry Task,Carry Task,
20002000
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*
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Mobile Manipulator in Hospital Environment,Mobile Manipulator in Hospital Environment,
20012001
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*

Personal Robotic Assistant
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Mechanical 
Ventilators

Dialysers

Cardiac Pacemakers 

Neuroprosthesis 
(WALK)

Surgical Field 
Robots

Intelligent 
Wheelchairs

Rehab. Robots
(LOKOMAT)

Anesthesia 
Simulator

Laparoscopy 
Simulator 

Knee Simulator 
(VOR)

Analytics
(chem./biochem.)

Imaging Techniques  
(MRI, CT, US)

Data Acquisition
(ECG, EEG)

Robotics and Automation in Medicine

Organ Function 
Replacement 

Systems
Life sustaining/improving

Support
Systems

Physicians, Patients, 
Health Care Staff

Educational and
Training Systems

Students, Physicians, 
Health Care Staff

Laboratory
Automation 

Systems

Biomedical Engineering Systems

Interaction of Human 
and Artificial System
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LOKOMAT LOKOMAT ––A Driven Robotic Gait A Driven Robotic Gait OrthosisOrthosis
HOCOMA Co. HOCOMA Co. ZürichZürich, Switzerland, 2006, Switzerland, 2006
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treadmill

orthosis

LOKOMAT Systems for Adults and Kids
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Therapist-assisted Training of Patient

*
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Functional Locomotion Therapy 
with Robotic Gait Trainer

*
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A PatientA Patient--driven Gait driven Gait NeuroprosthesisNeuroprosthesis,,
20002000--20042004
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Generation of motion patterns
relevant for locomotion

by means of
Functional Electrical
Stimulation (FES)
of paralyzed limbs

WALK! - A Patient-driven Gait Neuroprosthesis
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Target Group
• Patients with complete spinal 

cord injury (thoracic lesions)

Method
• Electrical stimulation of peripheral

motor neurons by surface electrodes

Relevant Motion Tasks
• Standing: Standing up, Standing, 

Sitting down

• Gait:  Step Forward

• Climbing: Stair ascent and descent

Hip 
Extensors

Flexion 
Reflex

Knee 
Flexors

Knee 
Extensor 

s

Muscle activation
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Patient mounted
Sensors and Actuators
• Knee angles + angular velocities
• Force sensing soles
• Electrodes + Neurostimulator + 

Muscles

Goniometers 
Gyroscopes

Insole Pressure 
Sensors
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Synthesis of Motion Task : Stair Ascent
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*
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Stair-climbing by Means of FES

*
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Virtual Virtual OrthopaedicOrthopaedic Reality Reality –– VOR,VOR,
20032003



45

Example

McMurray Test 
for diagnosis of 
meniscus injuries

• Joint diagnosis requires 
high level of experience and sensitivity

• Training with patients is cumbersome and time-consuming

Novel Approach to Orthopaedic Education

*
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User
Environment

Human-Computer 
Interface

Virtual Patient 
Environment

Visual Feedback    

Auditory Feedback      

Kinesthetic Feedback         

Tactile Feedback   

Principle of Multimodal VR
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Industrial robot for kinesthetic feedback

Artificial leg for 
tactile feedback

Realistic examina- 
tion environment

Visual  feedback

..ugh!

Auditory feedback

..crunch!

The Munich Knee Joint Simulator
... a multimodal platform for interactive training



48The Knee Joint Simulator in Action

*
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Baby passing through cervix without 
and with (right) doctor‘s intervention

Cooperation Partners
Orthopedic Clinic
Clinic for Gynaecology

Delivery Training Simulator 
for medical students and midwives
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Long-Term Goal for Telepresence Research: 
Multi-Modal Full-Body Immersion in RE?

Modalities of Human Perception
audition, vision, haptic, taste, smell

kinesthesia - tactility

Full-body 
haptic suit

Humanoid
teleoperator

locallocal remoteremote
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Guiding of a Remote Mobile Teleoperator
by Visual Telepresence,

2003 
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*
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Walking About a Virtual Museum,
2002
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*
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Disposal of Explosives and Demining,
2003
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Remote Disposal of Explosives . . .
needs an increased sensation of operator immersiveness via

• multimodal perceptional feedback: stereo vision, audition 
and haptics = touch and force,

• two-arm manipulator system
• intuitive human system interface (HSI)
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Manual Disposal of Mine

*
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Telepresent Disposal of Mine

*
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Advanced Virtual Prototying,
2001



61
Inserting a Radio into Instrument Panel

*



62

ContentsContents
 

Introduction and Motivation
 

Robots for Amusement 
Autonomous Mobile Robots

 Robots
 

and Robotic Approaches
 in Medicine 

Telepresence
 

and Teleoperation
 Humanoid Robots

 
Final Remarks



63

Intelligent Humanoid Robot Walking,
1998 -

 
2005
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Basis of Locomotion AutonomyBasis of Locomotion Autonomy 
in Humans and Robots ?in Humans and Robots ?

Cognitive Functionalities,
“interplay of

perceptional and locomotion behaviours”
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“The view anticipates the step”

Pedestrian Walk Scenario



66Information Flow in Vision-Guided Locomotion



67Locomotion Task: ”Walk along U-Shaped Path” 

nominal path 
without obstacle

modified path

on-line 
modified path

Walking 
Scenario

Boundaries of 
walking space

StartGoal

Demonstration of Intelligent Humanoid Robot Walking
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Video: 
johnnie_hannover_3.mpe

Obstacle Avoidance and Self-Localization

*
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An Advanced Humanoid Two-arm Robot
German Aerospace Establishment (DLR),German Aerospace Establishment (DLR), 

20072007



70
JUSTIN – A Humanoid Robot Torso
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•Justin Movie*
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Bill Gates Article, March 2007 
“Robotic Helpers for Everybody”
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“To invent
 

you need a good 
imagination and a pile of junk”

- Thomas A. Edison

“Converting an Invention
 

into an Innovation
 

needs  
Imagination and Creativity,

 a solid Education
 

in 
Maths, Natural and Computer Sciences,

a good Understanding
 

of
 Social Developments, Psychology, Kansei

 Economics, Marketing, . . .
 and last but not least an Openess

 
to

 Cross-disciplinary Team Work”
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Excellent Opportunities for 
Macro-scale and Micro-scale Robots

Conclusions

Past:

Economic Development driven by Technology

Future:

Shift to Awareness
of Customer Demands/Needs, Aging Society

Emergence of Novel Assistance Business
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Thank you Thank you 
for your kind attentionfor your kind attention

????????
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