Chapter 7
Grasping and Manipulation

7.1 Introduction

7.2 Grasping

7.3 Orienting Parts using Gripper

7.4 Orienting Parts using Force Fields
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Gripper
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Robot Hands

Figure 4,12 StanfordifPL Hand (Salisbury Hand)

Figure 4.20 UrahIMIT Hand
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Robot Hands
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Cofficients of Friction
H Hy

Steel on steel 0.74 0.57

Aluminium on steel 0.61 0.47

Copper on steel 0.53 0.36

Rubber on concrete 1.0 0.8

Wood on wood 0.25-0.5 0.2

Glass on glass 0.94 0.4

Metal on metal (lub) 0.15 0.06

Ice on ice 0.1 0.03

Teflon on teflon 0.04 0.04

Human synovial joint ~ 0.01 0.003
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Grasping and Friction
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Force Closure
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Two-Fingered Force Closure
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Concurrent Grasps
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Concurrent Grasps
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Parallel Grasps
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Positively Span
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Part Manipulation

* A very important operation in automation
» Specific problems:
position, orient, sort, and separate parts
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“Traditional” Parts Feeders

Commercial Vibratory Bowl Feeder

[McKnight Automation]
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Programmable Part Feeder

—— ——

Parts

e wopllc =

 Hardware vs. Software

— anwuuwardailvd vs Tdsunsulug

* No sensors
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Grasper

Ken Goldberg, “Orienting Polygonal Part without Sensors”
Algorithmica Vol.10 No.2 pages 210-225, 1993

e Squeeze action f t 7 !
q 8, , LB , ¢, 0
* NoO sensors :

Ky 4y K

o e Ky
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Assumptions

« All motions in plane and inertial forces are negligible
» Gripper consists of two parallel linear jaws

» Gripper motion orthogonal to jaws

» Convex hull treated as rigid planar polygon

» Partis isolated

» Part’s initial position is constrained within jaws

* * Jaws make contact simultaneously

* Once contact made, surfaces remain in contact

« Zero friction between part and jaws
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Symmetry
o S(6+T) =s(0)+T; T period
e T=2xn/r(1+(r mod 2))
—r - rotational symmetry
er=1T=mn nosymmetry
* r=3 T =n/3: equilateral triangle
e r=4 T =mn/2: square
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Parts Feeding Problem

» “Given a list of n vertices describing the
convex hull of a polygonal part, find the
shortest sequence of squeeze actions
guaranteed to orient the part up to
symmetry.”
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Algorithm

» Compute the squeeze function

» Find widest step in the squeeze function and set
®, = corresponding s-interval

» While there exists |S(0)| < ||
— Set ©,,, = widest s-interval
— Increment i

* Return the list (©,,0,...)
 Continue until [©;| =T
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Recovering the Plan

Given (©,,0,,..,0,) > 1 plans
for j between 1~1

a; =0

for(j=1-1j>1]--)
512%Q®j‘—‘5(®j+1))
aj :S(9j+1)—¢9j —&jta
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Flexible Part Feeders

Examples:
Parallel jaw gripper: [Goldberg 93],[Rao and Goldberg 95]
1 JOC and 2 JOC systems: [Erdman 95],[Erdman and Mason 96],
[Lynch 96], [Akella, Huang, Lynch Mason 97]
Fences: [Wiegley,Goldberg,Peshkin, Brokowski 96]

New challenges:
— Parts are smaller and more fragile
— Parts are manufactured in large quantities
— Efficiency, flexibility and robustness of assembly
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Recent Paradigm: Programmable
Force Fields

* Field realized on a plane
» Force and torque exerted on

the contact surface of the part

» Advantages

— Little or no sensin
9 [ Similation by Bohringer and Donald]
— No damage to the parts

— A wide variety of parts
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Programmable Force Fields:
Implementation

T -
u‘r-‘r--r La & 1N
[ -

MEMS: Béhringer, Donald, McDonald 94-99
Arrays of directed air jets: Berlin et al. 98-99
Arrays of small motors, Messner et al. 97-00
Vibrating plates, Reznik and Canny 98-01
and others
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Programmable Force Fields:
Analysis

» Abstaction:

e Partis subjected to force F and torque M
» Equilibrium configuration: position and orientation fixed
e Partis at an equilibrium;: F=0and M =0
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Equilibrium Configurations: A
Brief History

Task: Define fields in which a given part has few equilibrium
configurations

Overview:
1994: O(kn?) and O(kn)

and conjecture for unique equilibrium

1997: 2
2000: 1 existential proof
2001: 1 CONSTRUCTIVE PROOF
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1994:. Squeeze and Unit Radial
Fields

[Bohringer, Donald, McDonald]
e Squeeze Fields:

O(kn?) equilibria for polygons iR 5 e
— —
 Unit Radial + & Squeeze: o ga._

O(kn) equilibria for polygons
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1997: Elliptic

[Kavraki SN
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2000: One Equilibrium

[Bohringer, Donald, Kavraki and Lamiraux] [Lamiraux and Kavraki]

Unit radial + ¢ Constant
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One stable equilibrium for parts

whose center of mass # pivot point
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Pivot Point

A fixed point on the part’'s coordinate frame situated
at the center of the radial field at equilibrium

~ Ny

-

Pivot Point / / ? \ \

In general: pivot point —£ center of mass
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2000: One Equilibrium

[Bohringer, Donald, Kavraki and Lamiraux] [Lamiraux and Kavraki]

Unit Radial + ¢

Constant

Introduction to Robotics o33

Problem: proof is not constructive
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2001: One Equilibrium +
Constructive Proof

[Sudsang and Kavraki]

Linear Radial + Constant
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Combined in a way that depends
on the GEOMERTY of the part
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Notation: Radial Field

<O, f(r)> >£%_- ><

Ex. is the unit radial field
0
<O, h+Kkr > isalinear radial field (h,k constant) centered at O
\ y;
Pivot point defined in a similar way: ‘ - N -
' Pivot
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Notation: Constant Field

-ly— al)y— -alp— -)—
-5 -— - - -
f(x,y) (Oj

Important: A constant field can be written as

the sum of two linear radial fields
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Constant Field as Sum of Linear
Radial Fields

f(x,y)= [_05J is a combination of

< (:j kr> and < (e:d} —kr >, where kd =6

kr
ST *@d
d

where kd = 8
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Constant Field as Sum of Linear
Radial Fields

kr -kr
f(x,y) (‘ﬂ
s = oI ’-'—-::_'_'_""'
0 ('a"‘ If‘GFd)
d -
Proof: where kd =
S
E A
€ d
® el (?)
kA +KkB=kC=k/-d N=ykd\_/-8
f(s)—kA+kB—kC—k< 0>_< 0 >_< 0 )
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Unique Equilibirum: Main Result

o) g
o |t <(O],h+(2k+c)r>

« d,hkc>0
« dis the distance of the center of mass and the pivot point under:

K=<(8], h+(k+c)r>

e If d>0 there is a unique equilibrium 0
and at equilibrium the pivot point under K at ( j
and center of mass at (OJ (dj

o) (o
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Unigue Equilibrium

P

<('dj Kr > <[Oj,h+(k+c)r>
0) 0
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Unique Equilibrium

] 0
FF{SJJ(D F2:<[Oj,h+(k+c)r>

p : pivot point under F,
p’: center of mass
d : distance of p and p’
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Why a Unique Equilibrium?

Step 1: Identifying possible equilibria

kr h+(k+¢)r
d

HHT L i)
N\,

(a) _* .
O 0O =
(b) e —e ® S
9] O
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Step2: Stability Using Potential
Fields

Plane: Potential

u(x, y) = kdx + hy/x* + y* + 2k2+c (x> +y?)

Configuration Space: Lifted Potential

U (q) — Iu(r)dr S,= surface occupied by the
Sq part at configuration g
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Stability Using Potential Fields

» Equilibria Configurations = Local Minima of U
* We show U has a local minimum (and a local maximum)

v 'h+(k+c)r
O/:I: ‘S:,’—f-_:_\ - :_h-{"‘ O= r\g\f
) _
‘.0’ o
o O - 4 =
UNSTABLE
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Unique Equilibrium
. . | P
p : pivot point under F, ><*d%K
p’: center of mass
h+(k+c)r
s _d e _ 0
O=( ¢ O= 0>

-d 0
ﬁ:<(0j’kr> F2:<(Oj,h+(k+c)r>
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