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The world is an evechanging, dynamic environment. If robots and other intelligent
systems are to find ways to cope with and reason about the world adeghatetypust be
capable of understanding these dynamic features. This dissertation examines the need for a
centralized knowledge store capable of storing information that is both spatial and temporal in
nature. The interface of a new and unique architettun@andle the exchange of dynamic
information and questions about the future state of that information is presented. A novel
algorithm, called the Statisti®ased N' Order Polynomial Predictor (SNOPP), is also
developed which allows state predictioratrhost any timevariant data.

Each of these contributions is demonstrated through the use of a reference implementation.
The authoroés reference i mplementation is done
Systems (JAUS), a widely accepted, open robarchitecture developed for use in defense
programs.

The architecture and predictor are tested using aveddl sensor algorithm deployed on
an autonomous vehicle at the University of FI

Robotics (CIMAR). Finthgs and results of a these tests are given which examine the behavior of
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the architecture and novel prediction algorithm in a variety of scenarios involving different time
variant data types.

The Dynamic World Model architecture and the SNOPP algoritlavighe significant
contributions to the future of robotics. Many robotic problems, including decision making, health
monitoring and path planning, stand to benefit from better understanding of the dynamic nature
of both the robot and its environment. Thisseértation provides a framework in which many of

these and other problems may be addressed and summarily solved by future robotic engineers.
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CHAPTER 1
INTRODUCTION

The world of mobile, intelligent robotics is expanding rapidly. As the shape, sizépfunc
and capabilities of these systems change, so does the complexity. One of the more complex
functions to be addressed in recent years is that of modeling and understanding more fully the
environment in which the robot operates. This dissertation dodusent he aut hor 6s wo
area, including background literature material, theoretical details and research results from a
reference I mplementation of the system develo
modeling dynamic information and predictitige future state of that information.

Two primary contributions are put forth in this document. Firstly, a framework in which a
large variety of problems can be addressed and solved is presented, both theoretically and in
detail. Second, in the effort tmplement and test that framework, a novel algorithm named the
StatisticsBased N' Order Polynomial Predictor (SNOPP) is developed with which dynamic
attribute prediction is possible; the results of which are presented and discussed.

Motivation and Problem Statement

As robots move out of the lab and into the real world they are forced more and more often
to deal with the constraints of that world. One of these constraints which have not historically
been dealt with is that the nature of the real world exhibit many dynamic characteristics.
Historically most mobile robot systems have assumed the world to be relatively static and
constant. If a dynamic object was present, it would be treated as a static object with respect to
any planning or behavioratferts.

In more recent work, development has begun of systems which address dynamic elements
of the world. Particular effort has been paid to the problem of planning motion within an

environment which comprises a combination of static and dynamic elefRestarch has also
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been conducted in using prediction and estimation techniques in the area of autonomous
behavior generation and mission planning.
However, a weakness of each of these approaches is that the data is segregated in such a
way thatthedynammi i nf or mati on can only be used to acc
work was focused on developing a framework within which any of these and many other tasks
can be completed both separately and cooperatively by an autonomous system.

Proposed Soluton

To accomplish this task, the author developed a knowledge store capable of storing and
guerying dynamic information. The knowledge store is responsible for the storage, evaluation
and prediction of the future state for any defined dynamic informatius.filamework supports
a variety of possible modeling or prediction algorithms with which a particular item can be
modeled. To accomplish this, the sensing or reasoning portion of the robot which seeks to store
the information will specify the methodologyhich the knowledge store should use. The
following is an overview of the steps involved in the creation and use of a series of dynamic
information. For the sake of this example one should assume the dynamic information is the
position of some moving objec

. A sensing element on the robot determines the current position of some moving object.

How this is information is determined is no
. The sensing element creates within the knowledge store the observeandjdesignates
it as fAdynamic. 0 It also designates the pre

possible) which the knowledge store should use in modeling the new object.

. As new position information becomes available, the sensing element updates the
knowledge store with the latest information.

o As planning, decision making, or other sensing elements seek to complete their specialized
goals, they query the knowledge store for the current or future position of the object. The
knowledge store uses the dgsted estimation algorithm to produce future position
estimates.

o The sense and planning elements continue to update and use the information until the
object is no longer sensed or of concern to any planning element.

17



It was beyond the scope of the worlegented herein to address evaluation within the
knowledge store of the correct selection or appropriateness of the estimation algorithm applied.
Instead it is assumed that the sensing element which has identified the information of interest
knows the bestlgorithm which should be applied. For this work, the prediction algorithms
available in the knowledge store were defiaqatiori and agreed upon by the sensor and
knowledge store developers.

Research Environment

The research documented herein was dotieeaCenter for Intelligent Machines and
Robotics (CIMAR) at the University of Florida. CIMAR has been conducting research in
autonomous vehicles and robotics for over 15 years and has seen a large amount of success as
competitors in the Defense AdvanceesRarch Projects Agency (DARPA) Grand Challenge in
both 2004 and 2005 (Figurell i s t he Navi GATOR, CI MARG6Gs 2005
Chall enge) . Much of this work is directly rel
robotic activities of thé\ir Force Research Lab (Tyndall Air Force Base, Panama City, FL).
CIMAR has also actively been involved with the Joint Architecture for Unmanned Systems
(JAUS) Working Group during the time of autho
and relidle foundation on which new ideas and concepts can quickly be implemented and tested
in the field.

The NaviGATOR platform is now in use as the primary autonomous test bed at CIMAR.
|l t6s a robust and proven pl at f e.dtalsowprbvidesh i ncl u
room for ample computing hardware nodes which allow for the rapid development and
deployment of new technologi€ghe systenis compektely JAUS basednd supports a number
of essential JAUS components such as the Global Position Sertstive Velocity State Sensor

which are critical to this research (§&¢for more detailon these componenasid JAUS in
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genera). The NaviGATOR also supports several-prstalled LADAR systems whiclvereused
in support of this research. The modularity of the JAUS architecture allows researchers at
CIMAR to add and remove negritical compmentsfrom the systemt will.

CIMAR also has recently developed a vast library of software to support its recent JAUS
activities both within the working groupos
library, written in C, decreases the deyetent time of reliable and efficient JAUS components.
The work done in this research made use of these libraries to evaluate a reference
implementation. Figure-2 shows a dependency diagram of the CIMAR JAUS implementation

used in this research.
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Figurel-1The Navi GATOR, CI MAROGs entry in the 2005
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Figure 22 CIMAR JAUS Libraries
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