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Motivation

Why Cooperation?

— Tasks are too complex

— Distinet benefits — “Two hands are better than one”

— Instead of building a single all-powerful system, build
multiple simpler systems

— Motivated by the biclogical communities

e Armies of Ants 5
Schools of Fish Floeks of Birds

How do we incorporate similar cooperation in
artificial (multi-robot) groups?
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Q] ‘Two level hierarchical control ‘

Our Approach

Develop a motion plan using
only actuation of wheeled-bases

Upper level (Steerable Vector Fields):

Verify that arbitrary end-effector motion is feasible.
- Partitioning of feasible motion distribution:
- Actively-realizable {(using wheeled bases)
- Passively-aceommedating (using articulations)
Configuration dependent partitioning
Steer the actively-realizable vector-fields

Lower level (Stable local controller):
- Posture stabilizing controller
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Lower-Level Controller

Control of Single WMR - Virtual Robot Algorithm
[Canudas et al., 1996]
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Posture Tracking and Stabilization:
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Architecture and Features

Research Issues

Design
= Type / Configuration Seleclmn § &-
- Di i/ For

Analysis / Simulation
= Constrained Kinematics / Dynamics

Challenges

- Nonholonomic {wheel) / holonomic {closed-loop)
constraints

Mobility / workspace increased {but also increases
redundancy)

Mixture of active/passive components

. Ki 2 gy ; @
/ i @ N & QOur Focus
; . Control R
Goal: Flexible, lable and dular fr ork for cooperative + Redund Resoluti
payload transport by hoalad malil edundancy Resolution y . ] .
manipulators. = Distributed Operation ﬁ Creation of a decentralized kinematic control scheme
Features: Collaboration
- Accommodate changes in the relative configuration using the E: i i . .
compiiant linkages. g g g Accom.modanon T To realize an arbitrary set of end-effector motions for
- Deleclrelative configuration ch using d artf - Detection / \ _an overall system subject to mixtures of
B for external using redi - Correction - holonemicinonholenomic constraints & active/passive joints
aclualmn of the bases.
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Kinematic Model of Individual Module

Twist matrices expressed in Frame {E} w

Twist Distribution Analysis

Partition the Jacobians: "t =[J,]g, +[J,]q,

Twist Distribution Analysis
Reciprocity Check

Related Conference Proceedings:
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sJacobian Matrix = with the direction of the velocity
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Decentralized Collaboration Implementation Framework and Results Discussion
Frame attached to the common object is Left robot comes to a halt. » 5 x
the end-effector frame of the iwe mobile manipulater systems Right robot to maintain the . Succestsful implementation of decentralized control for
our system
5 5 - Well-suited for online implementation
e B e = Combined system is able to accommodate, detect and
correct disturbances
= o Summary of Current Research Effort
. « Manipulability-Based Configuration Optimization
« Geometric-Based Formation Optimization
Uniffed control system development L/} = Artificial Potential-Field Framework for Distributed Motion
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Integrated Software and
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