
Introduction to Robotics



Structure of the class

•Introduction to Robotics and fields of applications (no tutorial)
•Intro to robotics components and architectures (Tutorial on Grubler Formula and basic mechanics)
•Rigid Motion and Homogeneous Transformations (Tutorial on rotation matrixes and basic geometry)
•Forward Kinematics (Tutorial on DH)
•Inverse Kinematics (Tutorial on Jacobians and again DH 1)
•Differential Kinematics (Intro to ROS)
•Motion Planning (Intro to ROS) 
•Forward Dynamics (Tutorial on Lagrangian Formulation 1)
•Inverse Dynamics (Tutorial on Lagrangian Formulation 2) 
•Robot Control (Tutorials on stability and more on control theory) 
•Mobile Robotics (Practice tutorial in Lab with Holger)

https://www.ros.org/



Meeting and Consultation 

Send an email before and pass by ZITI (Im Neunheimerfeld 368) 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 

Open 
Door 

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 homeworks to be completed to access the exam



Master Thesis (min 6 months)
Visit here to know what I do for living under “Projects” page: 

www.lorenzomasia.com
Research

• Robot-Aided Rehabilitation
• Soft Wearable Exosuits
• Bio-Robotic Design
• Human Machine Interaction 
• Control System Engineering 
• Virtual Reality & Haptics
• Intelligent Actuators Design 

Requested skills (one at least)
• Programming MatLab, C, C++
• Mechanical Design CAD 
• Clinical Data Analysis
• Statistics  

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:

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

“a robot is an actuated mechanism programmable in two or 

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





robot

RIA (Robotic Institute of America)

“A 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 tasks”.



Main structure

• sensors used to perceive the surrounding environment;

• actuators, e.g. servomotors, to interact with the environment; 

• a control structure i.e. the brain of the robot; 
• the 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











https://www.youtube.com/watch?v=FORcPhBaa50&list=PLKyLX1dBFAo2hTHojzmOQOqjcHwTvWvLX

Most important robots



Example of production line

Typical applications of industrial robots include welding, painting, ironing, assembly, pick 
and place, palletizing, product inspection, and testing, all accomplished with high 
endurance, speed, and precision.





Robotic imaging and automated surgery

https://www.youtube.com/watch?v=XhvHU99ib0o



Tele-operated surgical system 

• Master Slave configuration 
• High accuracy in movement 
• Stereoscopic console  
• No haptic feedback 
• Safety is done by scaling surgeon´s movement 

https://www.youtube.com/watch?v=CacWd64RJhM



Myoelectric control and prosthetics 



How is made a prostheses?



Raw Signals from muscles 



Wireless signals



Detection of Muscle signals



Myoelectric control and classification



Typical controller for prostheses



http://research.vuse.vanderbilt.edu/cim/research_arm.html



The “Deus Ex Machina” of Prosthetics
Hugh Herr (MIT) 

https://www.youtube.com/watch?v=PLk8Pm_XBJE



• Designed of human assistance in clinical scenarios or for human augmentation.
• They use electromechanical actuators  in parallel with the human biomechanics.
• The control is mostly based on passive motion because it is designed for complete SCI 

(spinal cord injury) patients or sever stroke. 



Commercial exoskeletons



An interesting website

https://exoskeletonreport.com/



Example of lower limb exos
https://www.youtube.com/watch?v=nKv81nGJ0tM



How is it controlled a lower limb exos?



Exoskeleton in production (sci-fi for now)



Exosuits (check Harvard Biodesign Lab)

https://www.youtube.com/watch?v=aeDm5yFYt10



Exosuits (in Heidelberg)
https://www.lorenzomasia.com/projects



Controlling an exosuit



Controlling an exosuit via EMG



Exoskeletons Vs Exosuit



Human machine interaction controller 

https://www.youtube.com/watch?v=F1zXnPDfTgM&fbclid=IwAR1_3gX
tP6Vyzrgd7rXBP5tDD7HQgvHIqUiHnj0x5UbhOB085QUqyd7xYTg



These kind of platforms are developed for universities and labs. 
The idea is to share technology for implementing new control schemes and new hardware.



Icub (IIT, Italy)

https://www.youtube.com/user/robotcub http://www.icub.org/



Example: Agility Robotics (US) 

https://www.youtube.com/channel/UCN-StetwWuVYf-MU2_NVj4A



Humanoids (Boston Dynamics, US) 

https://www.youtube.com/watch?v=LikxFZZO2sk https://www.youtube.com/watch?v=fRj34o4hN4I



Humanoid controller (example)



https://www.youtube.com/watch?v=7F43R8ghTiU



https://www.youtube.com/watch?v=EzjkBwZtxp4





Bio-inspiration and biomimetics

https://www.youtube.com/watch?v=BaDz12Yt0rw https://www.youtube.com/watch?v=nnR8fDW3Ilo

https://www.youtube.com/user/FestoHQ



Conceived for exploring and intervening in location which are hazardous of inaccessible to 
humans.
Usually are designed to be operated remotely with limited decision authority  



https://www.youtube.com/watch?v=sD9okFLvzV8

https://www.youtube.com/watch?v=_mFg0Md5qG4



https://www.youtube.com/watch?v=wXxrmussq4E

https://www.youtube.com/watch?v=chPanW0QWhA

https://www.youtube.com/watch?v=Zzgz52KmCag







The end!


