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Motor homunculus

e In Pen eld's homunculus, a very large area of the motor
cortex is related to the hand and ngers.
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What do we want to achieve?

e We can build a robot that can beat the chess grandmaster,
but not a general purpose hand that can move arbitrary pieces.
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What do we want to achieve?

e The R2, the most advanced humanoid arm, has 12 degrees of
freedom in the hand, and 350 sensors

e Despite this, it cannot perform dextrous manipulation
e It is currently on the international space station!
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Redundancy in grasping

e Redundancy = more solutions than necessary

e When grasping, we are required to solve (at least) these
mostly redundant problems:

Select grasp points for a particular task

Select the posture of the hand

Select the sti ness properties of the ngers and grasp
Coordinate the grip and tangential forces of the ngers
e Share the force produced by multiple ngers

e and ideally do this in an e cient / optimal way
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Degrees of freedom problem

There are many degrees of freedom in the hand
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I will present the results of three studies looking at di erent
aspects of redundancy in grasping:

@ Grasp selection - from all possible grasps ( ngertip locations,
hand postures), which grasps do we select for object
manipulation?

@ Control of load and grasp forces - how do we coordinate nger
forces to stabilise and manipulate an object?

© \Good" and \bad" variance - what is the relation of good and
bad variance to frequency?
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Experiment 1: Which grasps do we select for object

manipulation?
Friedman & Flash,Cortex, 2007

e We need to select posture and impeda
properties to successfully perform the
manipulation

e This work examined the grasp selected ai
the start of the manipulation rather than
the movement

Jason Friedman Grasping and redundancy



Jason Friedman Grasping and redundancy



Experiment 1: Methods

Friedman & Flash,Cortex, 2007

Kinematic recording

Joint angles recorded with the CyberGlove, position and
orientation of the wrist recorded with the Fastrak

Sti ness recording

Forces applied to each n-
ger using the CyberGrasp
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Grasp Jacobian
Friedman & Flash,Cortex, 2007

Relationship between joints, contacts and object

The grasp Jacobian is the transformation from the joint velogtie
to the velocity of the object being grasped. It takes into account
the contact relationships between the ngers and the object.
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What are the task requirements for unscrewing the lid of a jar,
or lifting the lid of a jar

The grasp Jacobian can be visualised as an ellipsoid (its shape
and orientation will depend on the posture of the hand)

In order to most e ciently perform the task, the ellipsoid
should be aligned with the requirements of the task.
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Experiment 1: Results (Jar lid - torque)
Friedman & Flash,Cortex, 2007




Experiment 1: Results (Jar lid - sti ness)
Friedman & Flash,Cortex, 2007




Experiment 1: Results (Optimal grasp selection)
Friedman & Flash,Cortex, 2007
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Experiment 1: Conclusions
Friedman & Flash,Cortex, 2007
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Experiment 2:Control of grip and load forces
Friedman, Latash & Zatsiorsky,Exp Br Res 2009
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Experiment 2:Statement of the problem
Friedman, Latash & Zatsiorsky,Exp Br Res 2009
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Experiment 2:Balance of moments - strategy 1
Friedman, Latash & Zatsiorsky,Exp Br Res 2009




Experiment 2:Balance of moments - strategy 2
Friedman, Latash & Zatsiorsky,Exp Br Res 2009




Experiment 2:Results
Friedman, Latash & Zatsiorsky,Exp Br Res 2009




Experiment 2:Results
Friedman, Latash & Zatsiorsky,Exp Br Res 2009




Experiment 2: Superposition
Friedman, Latash & Zatsiorsky,Exp Br Res 2009
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Experiment 2: Conclusions
Friedman, Latash & Zatsiorsky,Exp Br Res 2009




Experiment 3: Relation of \Good" and \bad" variance t

frequency
Friedman, SKM, Zatsiorsky & Latash,Exp Br Res 2009




Experiment 3:Prehension synergies
Friedman, SKM, Zatsiorsky & Latash,Exp Br Res 2009




Experiment 3:Uncontrolled Manifold (UCM)

Friedman, SKM, Zatsiorsky & Latash,Exp Br Res 2009
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Experiment 3: Expected variance components
Friedman, SKM, Zatsiorsky & Latash,Exp Br Res 2009




Experiment 3: Experimental methods
Friedman, SKM, Zatsiorsky & Latash,Exp Br Res 2009




Experiment 3: Results
Friedman, SKM, Zatsiorsky & Latash,Exp Br Res 2009
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Experiment 3: Conclusions
Friedman, SKM, Zatsiorsky & Latash,Exp Br Res 2009




General conclusions

The high level of redundancy allows us to optimize multiple
requirements, while grasping the same object.
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