
Introduction to Robotics



Structure of the class

ωLƴǘǊƻŘǳŎǘƛƻƴ ǘƻ wƻōƻǘƛŎǎ ŀƴŘ ŦƛŜƭŘǎ ƻŦ ŀǇǇƭƛŎŀǘƛƻƴǎ (no tutorial)
ωLƴǘǊƻ ǘƻ ǊƻōƻǘƛŎǎ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ŀǊŎƘƛǘŜŎǘǳǊŜǎ(Tutorial on GrublerFormula and basic mechanics)
ωwƛƎƛŘ aƻǘƛƻƴ ŀƴŘ IƻƳƻƎŜƴŜƻǳǎ ¢ǊŀƴǎŦƻǊƳŀǘƛƻƴǎ (Tutorial on rotation matrixes and basic geometry)
ωCƻǊǿŀǊŘ YƛƴŜƳŀǘƛŎǎ (Tutorial on DH)
ωLƴǾŜǊǎŜ YƛƴŜƳŀǘƛŎǎ (Tutorial on Jacobians and again DH 1)
ω5ƛŦŦŜǊŜƴǘƛŀƭ YƛƴŜƳŀǘƛŎǎ (Intro to ROS)
ωaƻǘƛƻƴ tƭŀƴƴƛƴƎ (Intro to ROS) 
ωCƻǊǿŀǊŘ 5ȅƴŀƳƛŎǎ (Tutorial on LagrangianFormulation 1)
ωLƴǾŜǊǎŜ 5ȅƴŀƳƛŎǎ (Tutorial on LagrangianFormulation 2) 
ωwƻōƻǘ /ƻƴǘǊƻƭ (Tutorials on stability and more on control theory) 
ωaƻōƛƭŜ wƻōƻǘƛŎǎ (Practice tutorial in Lab with Holger)

https://www.ros.org/



Meeting and Consultation 

Send an email before and pass by ZITI (Im Neunheimerfeld368) 4th and 5th floor.
Lorenzo Masia (Room521  5th Floor) lorenzo.masia@ziti.uni-heidelberg.de
Nicola Lotti nicola.lotti@ziti.uni-heidelberg.de
Francesco Missiroli francesco.missiroli@ziti.uni-heidelberg.de
Holger Dieterich holger.dieterich@ziti.uni-heidelberg.de
Ryan Alicea ryan.alicea@ziti.uni-heidelberg.de

Nicola Francesco 

Ryan Holger 
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Policy
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Examination

Written examination (2.5 hours)
15-20 questions on exercises and theory explained and discussed in the classes 
over the semester. 
3 homeworksto be completed to access the exam



Master Thesis (min 6 months)
±ƛǎƛǘ ƘŜǊŜ ǘƻ ƪƴƻǿ ǿƘŀǘ L Řƻ ŦƻǊ ƭƛǾƛƴƎ ǳƴŘŜǊ άtǊƻƧŜŎǘǎέ ǇŀƎŜΥ 

www.lorenzomasia.com
Research
ÅRobot-Aided Rehabilitation
ÅSoft Wearable Exosuits
ÅBio-Robotic Design
ÅHuman Machine Interaction 
ÅControl System Engineering 
ÅVirtual Reality & Haptics
Å Intelligent Actuators Design 

Requested skills (one at least)
ÅProgramming MatLab, C, C++
ÅMechanical Design CAD 
ÅClinical Data Analysis
ÅStatistics  

http://www.lorenzomasia.com/




robot

The term was first introduced by the Czeck playwrigth Karel Kapek in 1920 in 

his play drama R.U.R. (Rossumovi univerzální roboti). 

Robota: «hard work»













Application in robotics 

It is a multi-disciplinary domain. The different branches occupied in the development of Robotics are:

Å Mechanical Engineering: Deals with the machinery & structure of the Robots.
Å Electrical Engineering: Deals with the controlling & intelligence (sensing) of Robots.
Å Computer Engineering: Deals with the movement development and observation of Robots.

ña robot is an actuated mechanism programmable in two or 

more axes with a degree of autonomy, moving within its 
environment, to perform intended tasksò





robot

RIA (Robotic Institute of America)

ñA robot is a programmable multifunctional mechanism designed to move 

material, part or tools, or specialized devices through variable programmed 

motion for the perfomance of a variety of tasksò.



Main structure

Åsensors used to perceive the surrounding environment;

Åactuators, e.g. servomotors, to interact with the environment; 

Åa control structure i.e. the brain of the robot; 
Åthe mechanical structure of the robot itself. 



Classification according to the working environment

Robotics can be divided into industrial and advanced. 

Industrial robotics is located in a structured environment whose geometrical or physical characteristics are mostly 

known a priori. Three main working areas can be identified: material handling, manipulation and measurements.

Advanced robotics operates in unstructured environments, whose geometrical or physical characteristics would not 

be known a priori. It can be further divided into field robotics, i.e. the working environment is not safe, and service 

robotics, i.e. its scope is to improve quality of life



https://www.staubli.com/de/robotik/

http://new.abb.com/products/robotics/de

http://www.kuka-robotics.com

https://www.staubli.com/de/robotik/
http://new.abb.com/products/robotics/de
http://www.kuka-robotics.com/


https://avenue.cllmcmaster.ca

http://www.tuvie.com

http://www.popularmechanics.com

https://www.theengineer.co.uk

http://itelemedicine.com

www.popularmechanics.com

https://www.wsj.com/

http://www.engineering.com

www.engineering.com
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http://www.bmwblog.com 

https://www.technologyreview.com 

https://www.roboticsbusinessreview.co





https://www.youtube.com/watch?v=hxsWeVtb-JQ



Anatomy of an industrial robot







https://www.youtube.com/watch?v=fH4VwTgfyrQ&t=140s







How is made an industrial robot

https://www.youtube.com/watch?v=mADNlV1yCSo





https://www.youtube.com/watch?v=5UkB7CbY2Uc



https://www.youtube.com/watch?v=7k20Zp5aPjY



https://www.youtube.com/watch?v=kzG-TxT4wd8



https://www.youtube.com/watch?v=xqRbHCCdFB8



https://www.youtube.com/watch?v=EMvvB-_V0Eo
https://www.youtube.com/watch?v=9Wof8g-OO3w
https://www.youtube.com/watch?v=xjvzhvMTdTc

https://www.youtube.com/watch?v=kDP-oofDn4w

https://www.youtube.com/watch?v=EMvvB-_V0Eo
https://www.youtube.com/watch?v=xjvzhvMTdTc


https://www.youtube.com/watch?v=I-M1x6aWPs8

These are the way to program a robotic 
system for specific tasks.



https://www.youtube.com/watch?v=neWc5I9IdQ4

Top Industrial Robots



Human Robot Collaboration

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






