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INTRODUCTION
The purpose of this effort is to support the design, implementation and documentation of the estimation package within the CLARAty architecture [1-3]. This infrastructure package will provide a uniform solution to allow various types of estimation algorithms to be implemented across a wide range of robotic vehicles, e.g. Rocky 7 (JPL), Rocky 8 (JPL), FIDO (JPL), K9 rovers (NASA Ames).

We propose to derive different layers of abstractions from a wide range of current implementations of estimators in the field of robotics, primarily for localization and mapping, and provide classifications for essential estimation components that will lead to generic implementations of them with reduced variability.

A significant impact of this work is that it will allow for code portability and reusability and therefore reduce development cost by sharing the same functionality on more than one vehicle. In addition, it will provide the necessary software architecture to support competing estimators and allow for direct comparison of their performance on the same robot platform.

This effort will be realized in close collaboration with leading robotics centers at the Jet Propulsion Laboratory, the NASA Ames Center, Carnegie Mellon University, University of Michigan and the Massachusetts Institute of Technology.

Point of contact: Dr. Issa Nesnas (JPL), Dr. Dan Gaines (JPL)

STATEMENT OF WORK

The specific tasks addressed by the proposed work are:

1) Define a framework that will enable integration and mixed mode operation of various technologies within the RMSA program on the Mars rover prototypes. This work will focus primarily on integrating within the CLARAty Architecture the following estimation research efforts:
(i) Current FIDO Extended Kalman filter estimation work (initial algorithm by Dr. Eric Baumgartner and implementation by Dr. Ashitey Trebi-Ollennu)

(ii) Navigation on Slopes estimation work (PI: Dr. Larry Matthies, JPL)

(iii) Flexible Navigation estimation work (PI: Prof. Johan Borenstein, Univ. of Michigan)

(iv) Terrain Modeling (PI: Prof. Steven Dubowski, MIT)

2) Work with the CLARAty team at JPL to design the software infrastructure required to support various type of estimation algorithms, such as: Kalman filter, Extended Kalman filter, Bayesian Filters, Maximum Likelihood Estimators (e.g Least Squares, Iterative Least Squares, Weighted Least Squares),  Statistical filters (e.g. particle filter, Uncented filter) etc. These estimators can be applied to implement different forms of localization, simultaneous localization and mapping, feature tracking, radar, vision or laser-based motion estimation, to name a few.

3) Develop CLARAty tools to facilitate visualization and evaluation of the performance of the considered estimators. This will require us to determine quantities of interest within each type of estimator that need to be visualized, e.g. gains of the estimator, covariance of the final estimates, covariance of the residual measurements, residuals, errors in state estimates, probability density function etc. We propose to utilize current visualization tools from Matlab for this purpose. Our work will focus primarily on (i) identifying the quantities of interest for performance evaluation of a specific type of estimator, and (ii) interfacing CLARAty with Matlab for visualization purposes.

4) Evaluate the new CLARAty software implementation of the estimation package in simulation and where possible on sample hardware, e.g. Packbot (iRobot), Scouts and MegaScouts (property of Univ. of Minnesota).

5) Propose extensions and modifications to consecutive versions of the estimation package within the CLARAty Architecture.

TECHNICAL APPROACH

In order to design a generic estimation module under CLARAty we intend to examine several implementations of estimation algorithms on robotic systems, primarily for the purpose of localization and mapping.

An important first step is the analysis and classification of the individual components of these systems so as to identify reusable ones that then will be incorporated in the proposed estimation CLARAty module as standard provided functionalities.  For example, since the "prior" is a fundamental notion in all recursive estimators (e.g. Kalman filters [4] or Particle filters [5]), we will examine various implementations to determine the common approaches for incorporating the "prior" in the estimation cycle, i.e. as a the first two center moments of a Gaussian probability density function or as the set of all sample points necessary to describe an arbitrary prior distribution.

Once candidate estimation blocks are identified, the next step will be to design generic and adaptive implementation of these elements and their interfaces so as to allow for adaptability in a wide range of robotic vehicles. For example, all implementations of a Kalman filter based estimator require the existence and communication of a number of separate modules: one for propagation and (N-1) for updates, where N is the number of sensors onboard the vehicle [6], [7]. A generic estimation module within CLARAty should be able to support this form of algorithmic separation. In addition, in many navigation applications where the indirect (sensor based) form of the KF is used, both the propagation and update functions are designed for certain types of sensors but not a specific realization of one. This in effect allows us to produce a set of generic propagation and update functions for some of the most common sensors or sensing modalities used in navigation (e.g. IMU, sun sensor, wheel encoders, visual odometry etc) and support reusability of these components with the appropriate parameterization.

We intend to address most of the design requirements determined by studying and analyzing a large number of implementations of estimation algorithms and use them as test-cases to validate consecutive versions of the CLARAty estimation module and specify its limitations. In addition, we expect to be in regular consultation with other engineers in this field of research and receive comments and suggestions that will lead to modifications and extensions of the intermediate designs. Although the focus of this proposal is on estimation code reusability for Mars exploration rovers, we strongly believe that the results of this work will also benefit the academic community and industry related to robotics.
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PERSONNEL

The analysis of different types of estimators will be carried out at the University of Minnesota, Dept of Computer Science and Engineering by Prof. Stergios Roumeliotis and a graduate student. The design of the estimation module for the CLARAty Architecture will be done in close collaboration with Drs. Issa Nesnas and Dan Gaines at the Jet Propulsion Laboratory. Prof. Roumeliotis has spent the previous 2 years as a postdoctoral fellow at the California Institute of Technology working on projects sponsored by JPL. Over the past 1 year he has been collaborating with the CLARAty team and has met and consulted with Dr. Issa Nesnas on the various issues and challenges pertinent to the development of the required estimation module under the CLARAty Architecture. Prof. Roumeliotis has designed and implemented numerous estimators over the past 8 years that are used for: (i) mobile robot localization and mapping, (ii) autonomous stair climbing and (iii) safe and precise landing of autonomous helicopters. A number of these estimators have been ported and are used for navigation on various autonomous vehicles at JPL.

BUDGET
FY03: $48K

FY04: $48K

FY05: $24K

1. Short Curriculum Vitae of the PI

Stergios I. Roumeliotis received the Diploma in electrical engineering from the National Technical University of Athens (NTUA), Athens, Greece, in 1995, and the M.S. and Ph.D. degrees in electrical engineering from the University of Southern California (USC), Los Angeles, CA, in 1999 and 2000, respectively. Between September 2000 and August 2002, Dr. Roumeliotis was a Postdoctoral Fellow at the Division of Engineering and Applied Science at the California Institute of Technology, Pasadena, CA where he conducted research sponsored by NASA's Jet Propulsion Laboratory (JPL). He is currently Assistant Professor of Computer Science and Engineering at the University of Minnesota, Twin Cities. His research has focused on sensing and estimation for distributed autonomous systems, mobile robot localization, mapping and navigation, fault detection and identification, and human-robot interaction.
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