Robot Cooperation

Cooperative Manipulation

Multi-robot Control

Augmented Object Model
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Effect of a Load
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Multi-Arm Control
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Augmented Object Model
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Allocation of Forces
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Allocation of Forces
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Internal Forces

f=W*f+ (1 -W*W)f, f, ﬁ

finternal =(| _W#\N)f

Virtual Linkage

Actuator DOF: 18

Resultant Force: 6

Actuator Redundancy: 12
+ Internal Moments (3N):9 Q
» Internal Forces (3N-6): 3

Virtual Linkage

For an N-grasp manipulation
task, the virtual linkage is a

6(N-1) DOF mechanism,
whose actuated joints
characterize the internal

forces and moments.

A Four-Grasp Virtual Linkage

Actuation: 24DOF
Internal: 18DOF




Virtual Linkage Resultant Forces
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Example
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Example

Example
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Requirements | \

+ 10 Newtons tension in cable|} 2
0 —

+ 5 Newtons compression in
horizontal member

* no tension in vertical member

- zero internal moments

* no resultant forces or moments

1000

0 0 0 10 o 0 10 0 0
0 10 o 0 10 o0 0 10 0
o o w0 o0 0o 10 0 0 100
W = o o o 0o 0o 0o 0o 0 03
f o o o o o 04 o 0 o0
o o o o 0w o 0m 0 o0
03 008 0 0 0 060
008 04 0 0 0 080
— o o 10 3% 2% 0
W — 039 008 0 0 0 080
f = 016 012 0 0 0 180
o o om o 2% 0
021 01 0 0o 0 -2
008 04 0 0 0 080
0o o o a0 o




100

100

8
060
0

100

0
0

0
0

080 0

0

0

050

008

008 o 03 016 021
027 040 020
008 012 044

061

0853
016

0
0

020 0
056 0

021
008

I

050

050

00

050

008

o0

008

250

am

250

am

250

am

080
080

100

160

160

160

o1z

016

250

o0

o8 0 0 am

o

om0

08 0 08

0

am

100

10

100

10

DE

Il
h=]
L

200
200
0
300
200

ommouuooooooo

100

100

100

100

100

100

100

100

applied —

100

100

10

100

I

10

100

10

om0

100

030

oz

040

0

008

o0

061

012

008

056

008

100

100

100

10




Augmented Object

AKX+ 115 (X, X) + Pg (X) = Fy

Virtual Linkage: Grasp Matrix
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Centralized Control Structure

Example

Decentralized Control Structure

jM:o«qu,— l|
Contr, roller Iiho(l

Kinematics

S
o Lk
= =
=




Redundancy

Grubler formula

Ng =N, (nlink _1) _(no _1)njoint
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Reflected Load
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Multiple Redundant Robots

il A=A+ (Ag-A)d,
(As — .\-gl\\ i
! ! T _ _ -1
f._..I;;J:-—__-—_'_""-I\-)?; ."I Ji = 'A\+il\:|iT (\]iA+ilJiT )
N T=adlF+(1-9737)r,

Working with the Human




