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Why is Robotic Manipulation difficult to
solve — an introduction to RWR class
Focus Talk + Q&A #1
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Shall future Al do your art and writing or rather your
laundry and dishes?




Make an image on: A cat wearing sunglasses by the lake



Please write me a short poem.

Of course! Here's a brief poem for you:
Silent Bloom

In quiet moments, flowers grow,
Whispers of the earth below.

In a breath, the world is new,

Bathed in morning'’s gentle hue.

| hope this captures what you're looking for!



| want Al to do my laundry and dishes so that | can do art and
writing,

Not for Al to do my @rt and writing so that | can do my laundry and
dishes.

Joanna Maciejewska—Myth-Touched is here!
@AuthorlMac

- Joanna Maciejewska

You know what the biggest problem with pushing all-things-Al is? Wrong
direction.

| want Al to do my laundry and dishes so that | can do art and writing, not
for Al to do my art and writing so that | can do my laundry and dishes.
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Easy for Al Moravec's Difficult for Al

Tasks that require Tasks requiring sensorimotor
high-level reasoning and perceptual skills

s Maneuver
Winning N X a busy room
chess games

Perform

calculations at |==| —

warp speed Recognize a
familiar face

in low light







The Problem - Hardware

Muscles
Bones

Tendons
Ligaments
Joints

Sensors

27 degrees of freedom (DoF)
over 17,000 touch receptors just in the palm
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The Problem - Control

Data Control Frequency Cross-embodiment
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Cannot simply scrape the internet ~ Need real time control Diverse observations and actions
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Design and Fabrication ~ Kinematics, Dynamics

and Control Sensors Simulation
Reinforcement Learning Teleoperation and Imitation Learning VLAs and

Data Collection Foundation models
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Market - Humanoids
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Market - Robotic Hands
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autonomous, 1x speed







2021

FAIVE PO
ﬁ 11 DofF %Servomotos

This tendon-driven 3D-printed robotic hand is
fabricated using PLA and covered with a soft
silicone skin. The hand incorporates 16
joints with 11 independent degrees of
freedom. Each finger is designed with 2 rolling
contact DoF, while the thumb offers enhanced
mobility with an additional pin-joint.

2022

FAIVE P2
Drior Lpsoomas [

This 16-DoF tendon-driven hand features a
soft, sensorized tactile skin fabricated using
multi-material 3D printing, which preserves its
range of motion and speed. Its design includes
only rolling contact joints, while the skin and
the piezoresistive sensors enables firmer
grasps.

Dexterous Robotic Manipulation @ SRL

Continuous iterations to create
better hardware

2021
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This biomimetic hand is printed in a single
process using Vision Controlled Jetting,
featuring a rigid skeleton, soft joint capsules,
tendons, and printed touch sensors. It
incorporates a human-inspired forearm and
replaces electric motors with 22
independently controlled pneumatic artificial
muscles.
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The tendon-driven robotic hand utilizes 16 DC
motors—three per finger and four for the
thumb—with two tendons connected to each
motor. Two-part spools couple the motor
shafts to the tendons, enabling bidirectional
finger movements. This prototype emphasizes
durability, ease of assembly, and
maintainability.

ROTOGRAB /
11DoF &Ser\,omotots L;w

Rotograb is a tendon-actuated robotic hand
that combines the dexterity of a human hand
with the efficiency of industrial grippers
through its innovative rotating thumb design.
The rotating thumb not only enlarges the
operational workspace but also enables in-
hand manipulation.
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FAIVE P4.5
16 DoF %Servcxmtors

This 16-Dof robotic hand features a soft TPU
skin for enhanced compliance and improved
grasping, a low-friction design for smoother
motion, and an active cooling system to
ensure reliable operation even in high-stress
environments like surgical rooms.

From RWR class!

MEGAHAND (3x)
@16&% ¢Semmtors ‘!T
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MIMIC
16DOF %DC'V‘OWS &

Developed by SRL spin-off startup Mimic
Robotics, this tendon-driven, 3D-printed
robotic hand integrates pin joints driven by DC
motors, and a silicon skin. It is further
equipped with integrated cameras for data
collection, for easier and scalable imitation
learning.
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ORCA /
@17% ¢Sevvormmrs @

The ORCA hand is a low-cost, 17-dof tendon-
driven robotic hand equipped with integrated
tactile sensors that can be assembled in under
eight hours. It features innovative design
elements such as popping joints and auto-
calibration, which reduce mechanical
complexity while enhancing reliability.
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Dexterous Robotic Manipulation @ SRL — Learning Strategies

RL and Simulation IL and Cross-Embodiment
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Dexterous Robotic Manipulation @ SRL - Applications

Robot Hands for Surgery Rooms Megahand for disaster response
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Beyond this class



Musculoskeletal designs bring together multiple worlds

Soft

Rigid

Nature
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Electrohydraulic Muscles
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Buchner, Fukushima, Kazemipour, Gravert, Prairie, Romanescu, Arm, Zhang, Wang, Zhang, Walter, Keplinger, Katzschmann (2023)



Buchner et al., Nature Communications 2024
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Biohybrid Robots
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Bioinspired Locomotion fqrgeDNA S

Soft Aerial Manipulation
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Teaching Team

Prof. Robert Katzschmann

Principal Investigator @ SRL

Dr. Ronan Hinchet Yasunori Toshimitsu Chenyu Yang Davide Liconti Jaehoon Kim

Senior scientist @ SRL Doctoral student @ SRL Doctoral student @ SRL Doctoral student @ SRL Doctoral student @ SRL

Aurel Appius Denis Tarasov Max Firkowski Vikash Jeyathevan Yucheng Xia

Doctoral student @ SRL Doctoral student @ SRL Teaching Assistant Teaching Assistant Teaching Assistant



We are hiring

Come build robots that move like living things

Doctoral positions Postdoctoral positions

Oprar 940

Scan to apply Scan to apply

Or visit: https://srl.ethz.ch/open-positions

ETH:zrich oftRobotics



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Market Complex Manual Labour Tasks
	Slide 12: Market - Humanoids 
	Slide 13: Market - Robotic Hands 
	Slide 18
	Slide 20
	Slide 22
	Slide 23
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 31
	Slide 32
	Slide 33: Musculoskeletal designs bring together multiple worlds
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39: Teaching Team
	Slide 40

