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GE: “Industrial Internet” (Fall 2012)
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   5 Elements of Cloud Auto.

Cloud-Based Grasping
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5 Elements of

Cloud Automation
1. Big Data:          images, maps, models

2. Cloud Comp.:  EC2 for statistical Learning

3. Open-Source:  Humans sharing Code, data, designs

4. Collective Robot Learning:  

                 Machines Sharing data, outcomes

5. Crowdsourcing and Call Centers: 

                             offline and on-demand human guidance
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Algorithmic Automation

Define Set of Admissible Parts
Define Set of Mechanical Operators
Define Solution(s):   Constraints, Objective (Cost)
Algorithm Output: Solution Set (possibly Null)
Algorithm Correctness, Completeness…
Algorithm Efficiency as function of part complexity
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Related work

Policy transfer for footstep plans
 Stolle et al, 2007

Learning where to sample
Zucker et al, 2008

Skill trees from demonstration
Konidaris, et al, 2010

Reuse-PRM based on known obstacles
 Lien and Lu, 2005

Path retrieval from static library
Jetchev and Toussaint, 2010

Adaptation of Motion Primitives
Hauser et al, 2006
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Shape	
  Uncertainty
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Shape	
  Uncertainty
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Problem	
  Statement

•Extruded	
  polygonal	
  object	
  S	
  on	
  
planar	
  work	
  surface
–Gaussian	
  uncertainty	
  in	
  vertex	
  loca?on	
  
and	
  center	
  of	
  mass

–Quasi-­‐sta?c	
  mo?on
•Parallel-­‐jaw	
  gripper

–From	
  above
–Open	
  loop
–Conserva?ve	
  es?mate	
  of	
  coefficient	
  of	
  
fric?on	
  between	
  gripper	
  and	
  object
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Zero-­‐Slip	
  Push	
  Grasps	
  with	
  Force	
  Closure

•A	
  class	
  of	
  grasps	
  that	
  enhance	
  
object	
  alignment

•Object	
  rotates	
  about	
  the	
  contact	
  
point	
  with	
  the	
  gripper	
  (no	
  
slipping)

•Object	
  rotates	
  into	
  alignment	
  
with	
  the	
  gripper
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Zero-­‐Slip	
  Push	
  Grasps	
  with	
  Force	
  Closure

•Zero-­‐slip	
  pushes	
  can	
  be	
  rapid	
  
evaluated	
  without	
  simula?on

•Mul?ple	
  candidate	
  grasps	
  can	
  be	
  
evaluated	
  simultaneously

•Force	
  closure	
  tests	
  can	
  have	
  
varying	
  levels	
  of	
  
conserva?veness	
  for	
  speed	
  
considera?ons
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Quality	
  Measure
•We	
  define	
  a	
  quality	
  measure	
  
Q(g,S,ϑ)	
  as	
  a	
  lower	
  bound	
  on	
  the	
  
probability	
  of	
  force	
  closure:

for	
  grasp	
  g,	
  parameters	
  ϑ,	
  shape	
  
samples	
  S1	
  …	
  SN,	
  	
  and	
  force	
  
closure	
  test	
  FC

Q*=83.0
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Quality	
  Measure

•Given	
  a	
  shape	
  S,	
  candidate	
  grasp	
  set	
  G	
  
and	
  parameters	
  ϑ	
  we	
  want
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Algorithm
Input:
•Nominal	
  object	
  S

–Uncertainty	
  σV	
  and	
  σCM
•Candidate	
  grasp	
  set	
  G
Parameters:
•Sample	
  size	
  N
•Gripper	
  dimensions
•Fric?on	
  μ
Output:
•For	
  each	
  grasp	
  g	
  in	
  G:

–Quality	
  Q(g,S,ϑ)
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Algorithm
1.	
  Sample	
  object	
  perturba?ons
2.	
  for	
  Object	
  perturba<on	
  do
3.	
   Find	
  stable	
  push	
  regions
4.	
   for	
  Candidate	
  grasp	
  do
5.	
   	
   Evaluate	
  stable	
  push
6.	
   Group	
  edge	
  pushes
7.	
   for	
  Edge	
  push	
  set	
  do
8.	
   	
   Find	
  force	
  closure	
  regions
9.	
   	
   for	
  Push	
  configura<on	
  do
10.	
   	
   	
   Evaluate	
  force	
  closure
11.	
  for	
  Candidate	
  grasp	
  do
12.	
   Calculate	
  quality
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Results
Time(s) |G| |E| t/|G|

A 9.44 174 27 0.0543

B 5.79 108 14 0.0536

C 13.14 108 40 0.1217

D 9.11 150 16 0.0608

E 11.73 168 27 0.0698

F 13.38 164 33 0.0816

G 7.78 125 24 0.0623

H 9.58 132 23 0.0726

I 15.35 156 49 0.0984

Parallel	
  speedup:
Two	
  core:	
   1.7x
Four	
  core:	
  	
   3.3x

N	
  =	
  100	
   σV	
  =	
  20%	
  shape	
  radius
μ	
  	
  =	
  0.7	
   σCM	
  =	
  70%	
  shape	
  radius
Gripper	
  width	
  =	
  25%	
  shape	
  diameter
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Results

N	
  =	
  100
μ	
  	
  =	
  0.7
Gripper	
  width	
  =	
  2.2	
  cm
σV	
  =	
  20%	
  shape	
  radius
σCM	
  =	
  70%	
  shape	
  radius
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Results
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  width	
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Automation plays an increasingly important role in the global 
economy and in our daily lives. Automation is changing 
manufacturing as well as healthcare, security, and energy. T-ASE 
publishes new abstractions, algorithms, theory, methodologies, 
models, systems, and case studies that can be applied across 
industries to significantly advance efficiency, quality, productivity, 
and reliability for society.

ieee-ras.org/publications/t-ase
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Robotics v. Automation
•Both involve: computers, physical world, geometry
•Both engage many disciplines
•“robota”           coined in 1920 (Capek)

–Emphasizes feasibility 

•“automation”   coined in 1948 (Ford Motors)
–Emphasizes optimality, consistency, guarantees

robotics automation
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Open Problems in Algorithmic Automation

–tangling 

–tolerancing

–assembly line layout
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Shape Uncertainty / Tolerancing

•For a given task and a family of shapes, plan actions that accomplish the task 
for any shape in the family
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Shape Uncertainty / Tolerancing

•For a given task and a family of shapes, plan actions that accomplish the task 
for any shape in the family
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Actuator Uncertainty

•For a given part, task, and a range of perturbations of any possible action, plan 
actions such that even the perturbed versions of the actions in the plan 
accomplish the task
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Actuator Uncertainty

•For a given part, task, and a range of perturbations of any possible action, plan 
actions such that even the perturbed versions of the actions in the plan 
accomplish the task
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AMPLIFI  (van der Stappen 13)

Algorithms for manipulation planning with imperfect parts 
and inaccurate manipulators
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Assembly Line (1910)
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Assembly Line (2010)
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Networked Robot, 1995
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google’s Robotic Car
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