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From Task Description to Custom Robot Hand 

Task  

Pick and Place 

In-hand  
manipulation 

Design 

Material 

Shape 

Actuation 

Control kP ,  kD ,  kI 

Type, 
Placement 

Optimization  
 

 (Task Compiler) 
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Optimization 

High Level Task Input 

Simplified Hand Design + Motion 
Plan 

From Task Description to Custom Robot Hand 



Nancy Pollard and Stelian Coros -- Design and Fabrication of Robot Hands for Dexterous Tasks 

Floating Motion Plan: 
Contacts, forces, object 
positions 

Step 2: Mechanism Synthesis 
Optimization 

User Input:  
Initial contact points (not necessarily optimal), 
base trajectory, motion objectives 

Step 3: “Whole Hand” 
Optimization 

Optimized Mechanism and 
Poses 

Mechanism and final motion plan (contacts, hand/object poses, 
forces) 

Step 1: Floating Contact 
Optimization 

Step 1b: Floating De-
fuzzification 
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Simple Manipulations 

Translate Vertical Rotate 
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180 Rotation Rotate and Bow Out 

Simple Manipulations 
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Pick up and rotate Vertical flip 

Simple Manipulations 
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Alternative Objective: Drawing 

Draw triangle Draw box 
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“Multi-objective” Chaining Example 

Sphere Rotation 
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“Multi-objective” Chaining Example 

Sphere Rotation + translation 
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“Multi-objective” Chaining Example 

Sphere Rotation + xy translation 
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Hand Optimized for Sphere Rotation 
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Soft Foam Hands 
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Morphology and Rest Shape Design 
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Recorded Joint 
Positions  

Connect Joints and 
expand along Path 

Tetrahedralize 
Points to Mesh 

Create Surface 
Mesh + Smoothing 
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  Minimizing total deformation energy 

  Tendon contraction level 

  Contracted length 
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Simulation Model 
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Interactive and Iterative Design 
  Interactive  
simulation 

  Place/remove 
tendons 

  Explore  
workspace 

  Create motion  
keyframes 
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Optimize for Tendon Placement 
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Acceptance based 
on cost 

Acceptance 

Modify Routing and 
Contraction Level 

Create New Solution 

Fingertip Positions 
and Normals as 

Cost 
Evaluation 
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  Create Pose and Motion 
with known routing and 
contraction 
Ø  Ideally Algorithm finds 

exact solution 

Proof of Concept – Pose and Motion 
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Target Pose 

Cost excl. 
Orientation 

Cost incl. 
Orientation 

Target Motion Result 
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Example Result – Precision Tripod 
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Control – Keyframed Motions 
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Control – Teleoperation using a CyberGlove  

CyberGlove   
  22 resistive bend sensors 

  Data collection 
  Imitating robot hand pose 
  24 poses, each pose recorded 

5 times 
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Control – Teleoperation using a CyberGlove  

  Linear Regression Model 

  Input: 22 joint angles 

  Output: 10 motor actuations 

  Ridge regression with a linear 
kernel 
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This year 
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  Optimization for multiple independent tasks 
 
 
  Refine tendon optimization 
  New materials and processes 

  Design for robust control 
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