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Why robotic hand and grasping?

Grasping and manipulation is an 

essential skill for humans



Why robotic hand and grasping?

•10 Breakthrough Technologies 2015 •18 Months Baby

•Google Deep Learning 2016

“…… If there is something that is so 

natural for humans or animals to do well, 

but it is so hard for us to control such an 

engineer system, that most likely means 

this is the correct challenge that deserves 

our investigation…… ”

----- Russ Tedrake

Understanding
human behavior



Why robotic hand and grasping?



Why hand?

RT-2

https://venturebeat.com/business/openai-disbands-its-robotics-research-team/



Why hand?

1X

Boston Dynamics Tesla Bot

Sanctuary

https://www.youtube.com/watch?v=YHk7Czt
k6Lg&ab_channel=SanctuaryAI



Why hand?

https://rodneybrooks.com/resear
ch-needed-on-robot-hands/



A robotic grasping system
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How to design, model, and 
control a robotic hand?



A robotic grasping system
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• How to design the hardware including the palm, finger 

link, finger joint and fingertip?

• How to integrate a proper sensor for a hand, especially a 

tactile sensor?

• How to choose the configuration of the fingers, including 

the degree of freedoms for each finger?

• How to model the kinematics of the finger and the hand?

• How to model the contact between the fingertips and the 

object?

• How to plan a suitable/optimal grasp for different objects?

• How to control the hand for a given task ?

• How to dexterously manipulate an object? 



A robotic grasping system
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Still a hot topic in robotics



A robotic grasping system

Soft Hand
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Hand Kinematics
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Hand Kinematics
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Hand Kinematics

We are interested in two kinematics topics

Forward Kinematics (angles to position)
What you are given:  The length of each link

The angle of each joint

What you can find:  The position of any point
(i.e. it’s  (x, y, z) coordinates

Inverse Kinematics (position to angles)
What you are given: The length of each link

The position of some point on the robot

What you can find: The angles of each joint needed to obtain 
that position



Hand Kinematics- Joints

Revolute Joint
1 DOF

Prismatic Joint
1 DOF (linear)

Spherical Joint
3 DOF



Hand Kinematics- An 2D example

Position

Orientation Matrix



Hand Kinematics- FK

？

All about FK ?



Hand Kinematics
DH Parameters

？

1. Denavit, Jacques; Hartenberg, Richard Scheunemann (1955). "A kinematic notation for lower-pair mechanisms 

based on matrices". Trans ASME J. Appl. Mech. 23: 215–221.

2. Hartenberg, Richard Scheunemann; Denavit, Jacques (1965). Kinematic synthesis of linkages. McGraw-Hill series 

in mechanical engineering. New York: McGraw-Hill. p. 435. Archived from the original on 2013-09-28. 

Retrieved 2012-01-13.

How many parameters?

4
6

http://ebooks.library.cornell.edu/k/kmoddl/toc_hartenberg1.html
https://web.archive.org/web/20130928181639/http:/ebooks.library.cornell.edu/k/kmoddl/toc_hartenberg1.html


Hand Kinematics- FK

1. Spong, Mark W.; Vidyasagar, M. (1989). Robot Dynamics and Control. New York: John Wiley & Sons. 

Exist only 4 params（Spong 1989）

right-hand rule



Hand Kinematics- FK

？
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Learning Algorithms for Soft Manipulation- Miao Li

Hand Kinematics- DH param procedure



Hand Kinematics- DH in practice



Hand Kinematics- FK in Practice

https://docs.google.com/document/d/10sXEhzFRSnvFcl3XxNGhnD4N2SedqwdAvK3dsi
hxVUA/edit



Hand Kinematics- FK in PyBullet

https://docs.google.com/document/d/10sXEhzFRSnvFcl3XxNGhnD4N2SedqwdAvK3dsi
hxVUA/edit



Hand Kinematics- FK in Practice

https://docs.google.com/document/d/10sXEhzFRSnvFcl3XxNGhnD4N2SedqwdAvK3dsi
hxVUA/edit



Hand Kinematics- FK in Practice

https://docs.google.com/document/d/10sXEhzFRSnvFcl3XxNGhnD4N2SedqwdAvK3dsi
hxVUA/edit



Hand Kinematics- FK in Practice

https://docs.google.com/document/d/10sXEhzFRSnvFcl3XxNGhnD4N2SedqwdAvK3dsi
hxVUA/edit



Hand Kinematics- FK in Practice
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Robotic Hand Dynamics 

Complicated with many assumptions



Robotic Hand Dynamics 



Robotic Hand Dynamics 



• We have had high degree of freedom robot hands in 

humanlike form since the 80’s. What is missing?

• There have been many exciting new ideas about hand design 

throughout the past decades. 

• Yet we still do not have highly dexterous robotic hand.

• What are the gaps?

• How can we close them?

Opening thoughts on robot hands
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• Complex hands = Complicated!

• Difficult to control

• Expensive

• Fragile

They don’t work reliably!

Utah/MIT hand

robonaut.jsc.nasa.gov



A robotic grasping system
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How to deal with “poor” sensing?

⚫ Errors in positioning, finger placement

⚫ Can’t control contact forces
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A new robotic grasping system
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Durable

Compliant

+

=

Simple
+

Robust

Adaptive

+ ⚫ 3D printing

⚫ Soft hand technology

⚫ Anyone can make a hand?



A toy example





Video

(2 mins)



Video

(7 mins)







Soft Hands

https://www.youtube.com/watch?v=HE4MGYLkXjk&ab_channel=RBOTUBerlin

How to build Soft Robotics Fingers, Pulps and Gloves

https://www.youtube.com/watch?v=HE4MGYLkXjk&ab_channel=RBOTUBerlin
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Deformation



A robotic grasping system
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Rigid Hand Soft Hand

How to design and control the deformation?



Soft Hands

Rigid Hand Soft Hand

Deformation

How to design and control the deformation?



Soft Hands

Soft grippers using passive 

structure with external motors

Soft grippers using fluidic 

elastomer actuators



Soft Hands

Soft grippers using dielectric 

elastomer actuators

Soft grippers using shape memory 

materials



New Material 

Steel → Rubber….→ Meta Material



Material Video

(3 mins)



Video

(1.5 mins)



Motion Transmission 

Back-drivable is already good enough 
for rigid hand！

No(few) Deformation!



Add some deformation to right hand!





Motion Transmission 

Deformation is motion!

Shape is function!



Video

(1 mins)



Video

(2 mins)



Video

(1 mins)





Video

(1 mins)



Actuator



Actuator

Video

(5 mins)



Actuator
Video

(3 mins)



Actuator
Video

(2 mins)



Sensors



Sensors

Still a  hot topic



Sensors



Sensors



Sensors



In case you need some tactile 
sensor for your design



Sensors



Sensors



Sensors
Finger Vision: Tactile Sensing

Feeling With Your Eyes



Sensors



Sensors



Sensors



Sensors
Video

(2 mins)



SensorsVideo

(1 mins)



Sensors

Please join us if you are interested in this project!

Can we attach this sensor 
to something else?
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Goal for this course

• Design：soft hand design  x1

• Perception: vision, point cloud, tactile, force/torque x1

• Planning: sampling-based, optimization-based, learning-based x3

• Control: feedback, multi-modal x2

• Learning: imitation learning, RL x2

• Simulation tool (pybullet, matlab, OpenRAVE, Issac Nvidia, Gazebo)

• How to get a robot moving! 



Grasp planning



Grasp control

Model-based → Learning-based



Application Scenarios

https://www.youtube.com/watch?v=gskX0cwCTZQ&ab_channel=IEEERoboticsandAutomationSociety




