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Why humanoid robots?

Test-bed for theories from psychology and 
neuroscience. Understanding (human) 

intelligence by building.

Based on Fitzpatrick et al. (2016). Humanoids. In Springer handbook of robotics.

Humans are so good… “Moreover, 
humans are generalists with the ability 

to perform a wide variety of distinct 
tasks. Roboticists would like to create 
robots with comparable versatility and 
skill…. Exactly what to borrow from the 

human example is controversial.”

“The pleasing mirror. Humans 
are humanity’s favorite 

subject.” “People are highly 
attuned to human 
characteristics.”

Human environments. Stairs, doors, tables, 
human tools…

Humanoids vs. specialized machines and drive-
by-wire….

Human-like interaction. 
Communication…
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Why humanoid robots (cont.)?
Teleoperation

https://youtu.be/p1HmgP9l4VY?si=eMkAu0zXD4q3Q275 

OceanOne – Oussama Khatib & Co., Stanford

• Bimanual manipulation needed for dexterity.
• Two cameras needed for depth.
• Head and two arms, set up such that you can see your 
arms.
• Force feedback through haptic interface.

https://youtu.be/p1HmgP9l4VY?si=eMkAu0zXD4q3Q275
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Why humanoid robots (cont.)?

Billard, A. G., Calinon, S., & Dillmann, R. 
(2016). Learning from humans. Springer 

handbook of robotics.

Learning from humans

[Li, Sedlar, Carpentier, Mansard, Laptev, Sivic, Best paper finalist CVPR 2019; Extended version, IJCV 2022] 



Karel Čapek (1920): R.U.R.
 Rossum’s Universal Robots
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Universal workers
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• Humans don’t have to work anymore. 
• Do we have such robot workers today?



Humanoid robots – immediate past
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DARPA Robotics Challenge (DRC) (2012-2015)

• aimed to develop semi-autonomous ground robots that could do 
"complex tasks in dangerous, degraded, human-engineered 
environments”

• 7/18 teams with Atlas (Boston Dynamics)
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https://youtu.be/g0TaYhjpOfo
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Alternative designs

Winner: KAIST – DRC Hubo
https://youtu.be/H3PptkxA5CU  

3rd – CHIMP CMU Tartan Rescue
https://youtu.be/Wi2WsPUYDoY 

https://youtu.be/H3PptkxA5CU
https://youtu.be/Wi2WsPUYDoY


Humanoid robots – present
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Real progress or shows for the media?

Optimus – Gen 2 | Tesla (2024)
https://youtu.be/cpraXaw7dyc?si=wvQ6VODTA6J5ok6E  

What Dance Would You Like to 
Perform with Unitree G1? (2025)

https://youtu.be/p0xFou30hWI?si=ATh4OnLh5VxKgrfZ

Atlas
Boston Dynamics

Electric Atlas (2024)

• How smart / autonomous do you 
think the robots actually are?
• How much AI is there?

https://youtu.be/29ECwExc-
_M?si=pqKfr7ycbFy80Y9S 

https://youtu.be/cpraXaw7dyc?si=wvQ6VODTA6J5ok6E
https://youtu.be/cpraXaw7dyc?si=wvQ6VODTA6J5ok6E
https://youtu.be/29ECwExc-_M?si=pqKfr7ycbFy80Y9S
https://youtu.be/29ECwExc-_M?si=pqKfr7ycbFy80Y9S
https://youtu.be/29ECwExc-_M?si=pqKfr7ycbFy80Y9S
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https://spectrum.ieee.org/humanoid-robots 

https://spectrum.ieee.org/humanoid-robots
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Humanoids in manufacturing?

Atlas Goes Hands On 
(2024)

https://youtu.be/F_7IPm7f1vI?si=CxbwQcqo
dOvzt2pA 

Proof of concept or real deployment?

Figure Status Update - 
BMW Use Case (2024)

https://youtu.be/WlUFoZstcWg?si=jkSRfm
mcLzb6s0xK

First (claimed) commercial 
deployment

Digit's First Day of Work at 
GXO, Agility Robotics, 2024

https://youtu.be/AJpTpUqjgrY?si=SuYlDpJvxj
SxPuM9 

https://youtu.be/F_7IPm7f1vI?si=CxbwQcqodOvzt2pA
https://youtu.be/F_7IPm7f1vI?si=CxbwQcqodOvzt2pA
https://youtu.be/F_7IPm7f1vI?si=CxbwQcqodOvzt2pA
https://youtu.be/F_7IPm7f1vI?si=CxbwQcqodOvzt2pA
https://youtu.be/AJpTpUqjgrY?si=SuYlDpJvxjSxPuM9
https://youtu.be/AJpTpUqjgrY?si=SuYlDpJvxjSxPuM9


Why legs?
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Why our humanoid robot has legs, 
Agility Robotics, 2024

https://youtu.be/mHmmySGdaoM?si=IdShAK1_E9ddJM1c 

Stretch, 
Boston Dynamics

https://youtu.be/8WZoVJIV9V0?si=5Jku06AqTUCAL7qU 

https://youtu.be/mHmmySGdaoM?si=IdShAK1_E9ddJM1c
https://youtu.be/8WZoVJIV9V0?si=5Jku06AqTUCAL7qU


Humanoid robots – future
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Mass production of humanoids? 
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slide from Peter H. Diamandis:
 2025-2035 Metatrend Report. The 

Rise of Humanoid Robots. 
https://metatrendreport.com/hum

anoid-robots-c 

https://metatrendreport.com/humanoid-robots-c
https://metatrendreport.com/humanoid-robots-c
https://metatrendreport.com/humanoid-robots-c
https://metatrendreport.com/humanoid-robots-c
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Ride side of slide from Peter H. Diamandis:
 2025-2035 Metatrend Report. The Rise of Humanoid Robots. 

https://metatrendreport.com/humanoid-robots-c 

Enablers

AI – LLMs, VLMs, code LMs
• for reasoning & common sense
• perception 
• communication
• for walking and manipulation (?)

• imitation learning 

Radosavovic et al. (2024). Real-world humanoid 
locomotion with reinforcement learning. Science Robotics.

advances in 
battery 

technologies

technological
societal & market

elderly care 
crisis

shortage of 
labor in 

manufacturing

falling costs

realistic simulators and 
compute power

realistic simulators and 
NVIDIA Isaac Groot

https://metatrendreport.com/humanoid-robots-c
https://metatrendreport.com/humanoid-robots-c
https://metatrendreport.com/humanoid-robots-c
https://metatrendreport.com/humanoid-robots-c
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Or a bubble which will burst?
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Evan Ackerman, IEEE Spectrum 10/2025

https://rodneybrooks.com/why-todays-humanoids-wont-learn-dexterity/ 

Perception AI … Generative AI …  Agentic AI ….. Physical AI
Going to Physical AI may be harder than we think! 
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Universal humanoid workers
• Multi-purpose humanoid robots

• How come Rossum’s robots were better?



What can we learn from Rossum’s robots today?

04/11/2025
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They were from 
living matter.

only starting now (see “zenobots”)

”...after the living matter is prepared, 

individual organs, bones, nerves and veins 

are manufactured. Then they (Robots) are 

assembled like cars. After that, they are 

put in a store, where they get into 

existence. They internally adhere 

somehow. Many things even newly grow in 

them. You see, we have to leave some time 

for natural development.”

Afterwards, they went to school.

They were 
“learning”.

Rossum’s robots (1st generation) Today’s robots

Rossum’s robots (2nd generation)

Nerves for pain added so they don’t 
damage themselves; “irritability”

They were embodied and enactive 
cognitive agents.

“We were machines, 
Sir; but from horror 
and pain we have 
become – ...souls.” 



Humanoid and cognitive robotics @ CTU Prague, Czechia

Department of Cybernetics, Faculty of Electrical Engineering,  
Czech Technical University (CTU) in Prague, Czechia

https://cyber.felk.cvut.cz/research/groups-teams/humanoids/

PhD students

Filipe 
Gama

PostdocHead, Assoc. Prof.

Shubhan 
Patni

Jason 

Khoury

Matej 
Hoffmann

Lukáš
 Rustler

Giulia D’Angelo Haofeng Chen

HW development & 
maintenance

Bedřich Himmel
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Assistant Prof. 

Šárka
Lísková

https://cyber.felk.cvut.cz/research/groups-teams/humanoids/
https://cyber.felk.cvut.cz/research/groups-teams/humanoids/
https://cyber.felk.cvut.cz/research/groups-teams/humanoids/
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Robots with large-area electronic skins (@CTU Prague)

iCub 
humanoid ~ 

4000 
capacitive 
sensors

Nao humanoid 
retrofitted with “iCub 
skin” – 970 sensors

UR 10e manipulator 
with Airskin pressure 

sensors

• Why sensitive electronic skin covering complete robot bodies?

• human-robot interaction (HRI)

◦ safety - contact detection and localization

◦ social interaction

• self-calibration

custom 
development of 

large-area skins – 
electrical impedance 
tomography (EIT)

Bartolozzi et al., Nature Materials 2016.

Dahiya et al., Proceedings of the IEEE, 2019.

© MATEJ HOFFMANN



HARMONIOUS
• Use the contact location and magnitude from tactile 
inputs for avoidance reactions.

• Reactive motion controller that commands two arms of 
a humanoid robot and three torso joints (17 DoF in 
total).

• Unified treatment of obstacles that dynamically maps 
• tactile (postcollision) (2000 pressure-sensitive receptors)

• visual and proximity (precollision) 

obstacles as additional constraints to the motion 
controller, in a distributed fashion over the surface of 
the upper body of the iCub robot
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Rozlivek, J.; Roncone, A.; Pattacini, U. & Hoffmann, M. (2025), 'HARMONIOUS – Human-like 
reactive motion control and multimodal perception for humanoid robots', IEEE Transactions on 
Robotics 41, 378 - 393. https://sites.google.com/site/matejhof/publications/harmonious

https://sites.google.com/site/matejhof/publications/harmonious
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Multisensorial self-contained robot calibration

Roncone et al., ICRA 2014. Stepanova, K et al., IEEE RAL 2019.

Rustler, L. et al., IEEE Humanoids 2021. Stepanova et al. RCIM 2022.

https://github.com/ctu-
vras/multirobot-

calibration

Rozlivek et al., IEEE Humanoids 2021.

Hoffmann, M. (2022), Biologically inspired robot body models and self-calibration, in Marcelo Ang; Oussama Khatib & Bruno Siciliano, ed., 'Encyclopedia of Robotics', Springer.
Videos and publications at https://sites.google.com/site/matejhof/research/touch-and-selfcalibration. 

© MATEJ HOFFMANN
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robots as embodied 
computational 

models of child and 
brain development 

• instantiation of complete 
sensorimotor loops is key
• robotics theory (e.g. 

inverse kinematics) 
provides normative 

models. 

Understanding by building
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The “mobile paradigm”.
Which limb is connected to the toy?



Funding:
• 2025-2027: Czech Science Foundation 

(GA ČR), “Understanding infant body 
know-how development through baby 
humanoid robots” (no. 25-18113S)

• 2020-2024: Czech Science Foundation 
(GA ČR), “Whole-body awareness for 
safe and natural interaction: from 
brains to collaborative robots”, Project 
EXPRO for Excellence in Fundamental 
Research (no. 20-24186X)

• 2023-2027 Robotics for Advanced 
Industrial Production (ROBOPROX) 
(co-funded by the European Union; 
reg. no. CZ.02.01.01/00/22 
008/0004590). 

Thank you! Humanoid and cognitive 
robotics

interested in collaboration,  visiting, 
internship, PhD, postdoc…? 

Contact me!

Collaborations in robotics:
• Ugo Pattacini, Chiara Bartolozzi (IIT 
Genoa)
• Alessandro Roncone (UC Boulder)
• Sami Haddadin (TU Munich / Mohamed 
Bin Zayed University of Artificial 
Intelligence)
• Hyosang Lee (TU Eindhoven)
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Assoc. Prof. Matej Hoffmann, Ph.D.
Department of Cybernetics, Faculty of Electrical Engineering

Czech Technical University in Prague
matej.hoffmann@fel.cvut.cz 

https://sites.google.com/site/matejhof 
https://cyber.felk.cvut.cz/research/groups-teams/humanoids/ 
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