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Introduction

What Is an autonomous mobile robot?....

What should be I1ts main features In terms of
decision-making capabillities?.......

How should its sensory and actuator systems be
organised?...

.. These are just some of the questions to pose as a
departing point to the implementation of a control
architecture.

2"d |SLab Workshop IST, July, 2003




Control Architectures

Motivation

 The robot needs to plan

 The robot needs to be controlled

 The robot should react to events

 The implemented architecture should be robust to
unexpected events

Background

What is a robotic architecture?

"An architecture describes a set of architectural components
and how they interact" (Dean and Wellman, 1991)
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Control Architectures

e Deliberative Architectures

— Moravec (1983), Nilsson (1984), Hayes-Roth (1985), Georgeft
and Lansky (1986), Laird and Newell (1987), Carbonell and
Veloso (1988).

« Behaviour Based Architectures
— Brooks (1986), Rosenschein and Kaelbling (1986).

e Hybrid Architectures

— Payton (1986), Georgeff and Lansky (1987), Firby (1989), Arkin
(1990), Ferguson (1992), Gat (1992), Simmons (1994).

 Hierarchical Architectures
— Saridis (1989), Meystel (1993), Albus (1994).
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Control Architectures

Whish one Is the best???

°* ... Not to be discussed in this workshop... ;-)
« There’s no perfect architecture that can be applied to every job.

 Maybe a specific architecture adapts itself better to a specific
job.
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Current Work

Goal

* Apply a control architecture to real mobile robot so that it
can perform a find-and-deliver task in an office-building-like
environment.

Critical Issues

« Different subsystems will have to be combined: navigation,
obstacle avoidance and object recognition.

« Each of these subsystems can be composed of different
sensors and actuators.

« Converging all the information to a decision point can be a
bottleneck concerning fast reaction to events...

e ... but it can be positive concerning the combination of
different sources of knowledge and to provide a common
actuation.
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The RCS Architecture

RCS — Real-time Control Systems
 Huang, Quintero, and Albus (1991). Albus (1994, 1996, 1997).

The Node: The Fundamental Unit in the RCS
Architecture

« The RCS architecture is organized as a tree of computational
nodes. '
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The RCS Architecture

Fundamental Elements Inside a Single Node
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The RCS Architecture

The RCS Hierarchy
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The RCS Architecture

Advantages

Easy to divide the system into modules and to establish
relations between them.

The architecture is organized into different levels of
abstraction.

When we are going up in the hierarchy we are following the
IPDI principle — Saridis (1983), we are increasing
Intelligence while decreasing precision.

Higher levels plan based on simbolic descriptions and
lower levels deal with signals.

The hierarchy “drives” the system for the goal but, but at
the same time it leaves some compliance so that modules
can react to unspected events.
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RCS Architecture Applied to a Real Mobile Robot

Top-Down Design

e Main goal: “the robot should be able to move to different
locations specified by users”
e Sub-goals:
— Determine the order in which to visit offices
— Plan paths to those offices
— Follow paths reliably
— Avoid static and dynamic obstacles
— Identify offices o
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Top-Down Design
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Bottom-Up Refinement Tasks
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Methodology Application

Each node is a thread and is working assyncronously

Cyclic looping structure
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Future Work

Carry on with the software implementation. One
thread for each module...

... Test the interfaces between them (!)

Put more emphasis in the Value Judgment (VJ)
module.

2"d |SLab Workshop IST, July, 2003




References

« Dean, T. L., Wellman, M. P., 1991. “Planning and Control”’, Morgan Kaufmann, San Mateo.

* Nilsson, N. J., 1984. "SHAKEY the Robot", Technical Report Technical Note No. 323, Artificial
Intelligence Center, SRI International.

 Moravec, H., 1983.“The Stanford Cart and the CMU Rover”, Proceedings of IEEE, 71(7):872 &A4.

« Hayes Rih, B., 1985. “A Blackboard Architecture for Control”, Artificial Intelligence, 26:pp. 251
321.

 Georgeff, M. P., Lansky, A. L., 1986. “Procedural Knowledge”, Proc. IEEE Special Issue on
Knowledge Representation, pp. 1383 1398.

« Laird, J., Newell, A., Rosenbloom, P. S., 1987. “SOAR: An Architecture for General Intelligence”,
Artificial Intelligence, 33(1).

o Carbonell, J. G., Veloso, M. M., 1988. “Integrating Derivational Analogy Into a General Problem
Solving Architecture”, In Proceedings of a Workshop on Case Bsed Reasoning, Clearwater, FL.
Morgan Kaufmann.

e Brooks, R. A., (1986). "A Robust Layered Control System for a Mobile Robot", IEEE Journal of
Robotics and Automation, Vol. 2, No. 1.

 Rosenschein, S., Kaelbling, L., 1986. “The Synthesis of Digital Machines with Provable Epistemic
Properties”, Proceedings of Conference on Theoretical Aspects of Reasoning about Knowledge,
pp. 83 B Morgan Kaufmann, Los Altos, California.

« Gat, E., 1992. “Integrating Planning and Reacting in a Heterogeneous Asynchronous Architecture
for Controlling Real  Wild Mobile Robots”, Proceedings of the AAAI92.

« Firby, R. J., 1989. "Adaptive Execution in Complex Dynamic Worlds", Ph.D. thesis, Departament
of Computer Science, Yale University.

2"d |SLab Workshop IST, July, 2003




References

Payton, D. W., 1986. “An Architecture for Reflexive Autonomous Vehicle Control”, Proceedings
from the 1986 IEEE International Conference on Robotics and Automation, pp: 1838 1845.

Ferguson, I. A., 1992. “Touring Machines: Autonomous Agents with Attitudes”, Computer
Magazine, 25(5), 51 .

Georgeff, M. P., Lansky, A. L., 1987. “Reactive Reasoning and Planning”, Proceedings of the
AAAI87 Sixth National Conference on Artificial Intelligence, pp. 677 82.

Simmons, R. G., 1994. “Structure Control for Autonomous Robots”, IEEE Transactions on
Robotics and Automation, 10(1), 34 4.

Arkin, R. C., 1990. “Integrating Behavioral, Perceptual, and World Knowledge in Reactive
Navigation”, Robotics and Autonomous Systems, 6, 105 12

Saridis, G. N., 1989. “Analytical Formulation of the Principle of Increasing Precision with
Decreasing Intelligence for Intelligent Machines”, Automatica, 25(3):461 4.

Meystel, A., 1993. "Nested Hierarchical Control”, In An Introduction to Intelligent and Autonomous
Control, pp 129 &1, Kluwer Academic Publishers, Boston, MA.

Albus, J. S., 1994. "A Reference Model Architecture for Intelligent Systems Design", NISTIR 5502,
National Institute of Standards and Technology, Gaithersburg, MD.

Albus, J. S., 1996. "The Engineering of Mind", Proceedings of the Fourth International Conference
on Simulation of Adaptive Behaviour: From Animals to Animats 4, Cape Cod, MA.

Albus, J. S., 1997. "4 [RCS: A Reference Model Architecture for Demo IlI", NISTIR 5994,
National Institute of Standards and Technology, Gaithersburg, MD.

Huang, H. M., Quintero, R., Albus, J. S., 1991. "A Reference Model, Design Approach, and
Development lllustration toward Hierarchical Real Tme System Control for Coal Mining
Operations", Advances in Control & Dynamic Systems, Academic Press.

Saridis, G. N., 1983. "Intelligent Robotic Control", IEEE Transactions on Automatic Control, AC 3B,

(4).

2"d |SLab Workshop IST, July, 2003




