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Program Summary
	Time
	Event
	Location

	7:45 AM – 4:30 PM
	Registration Desk on First Floor
	Next to Alamo Room

	8:15 AM - 8:45 AM
	Speaker: 

Anne Martt/USA

“Constellation: The Journey Ahead”
	Alamo Ballroom

	9:00 AM – 10:00 AM
	Orion - I
	Lone Star Room

	
	Exploration - I
	Longhorn Room

	
	Poster Session
	Coronado Room

	10:00 AM – 11:00 AM
	Orion - II
	Lone Star Room

	
	Exploration - II
	Longhorn Room

	
	Poster Session
	Coronado Room

	11:00 AM – 12:00 PM
	Robotics & Education - I
	Lone Star Room

	
	Space Shuttle - I
	Longhorn Room

	
	Poster Session
	Coronado Room

	
	
	

	12:00 PM – 12:45 PM
	Lunch
	Alamo Ballroom

	
	
	

	12:45 PM – 1:15 PM
	Speaker: 

Blaine Brown/Lockheed Martin

“Constellation: Orion”
	Alamo Ballroom

	
	
	

	1:30 PM – 2:30 PM
	Modeling & Simulation - I
	Lone Star Room

	
	Modeling & Simulation - IV
	Longhorn Room

	
	Space Commercialization - I
	Coronado Room

	2:30 PM – 3:30 PM
	Modeling & Simulation - II
	Lone Star Room

	
	Aerospace Technology - I
	Longhorn Room

	
	Space Operations - I
	Coronado Room

	3:30 PM – 4:30 PM
	Modeling & Simulation - III
	Lone Star Room

	
	Software - I
	Coronado Room


	Friday Morning / 11 May 2007

	09:00
	09:30
	10:00
	10:30
	11:00
	11:30


	Orion – I                                               Lone Star Room
Chair: Steve King (Lockheed Martin)
	Orion – II                                             Lone Star Room
Chair: David Dannemiller (United Space Alliance)
	Robotics & Education – I                    Lone Star Room
Chair: Zafar Taqvi (Boeing/Barrios)

	CEV Electrical Power Subsystem

Brent Hughes
	CEV Trajectory Design Considerations For Lunar Missions

Gerald Condon


	Orion Entry, Descent & Landing Control Issues

Stephen Munday
	A Piloted Orion Flight to a Near-Earth Object: A Feasibility Study

Rob R. Landis
	Mobile Robotic System for Ground-Testing of Multi-Spacecraft Proximity Operations

James Doebbler
	Space Engineering Institute 

Magdalini Lagoudas

	Exploration – I                                   Longhorn Room

Chair: Prerit Shah (United Space Alliance)
	Exploration – II                                    Longhorn Room

Chair: Chester Vaughan (NASA retired)
	Space Shuttle – I                                  Longhorn Room

Chair: Dan Brockway (United Space Alliance)

	The Potential Impact of a LEO Propellant Depot on the NASA ESAS Architecture

Dallas Bienhoff

	Lunar Lander Concepts for Human Exploration

Benjamin Donahue
	Earth-Moon shuttle Orbit

Chang Keem
	Simulated Construction of a Space Habitat Using a Centralized, Multi-Agent Team of Autonomous Robots

Matthew Wilson
	WLES and Shuttle Temperature Analysis

Cecil Shy


	Remote Controlled Orbiter Capability

Michael T. Garske

Rafael De La Torre

	Poster Session                                                                                                                                                                                                                                        Coronado Room

	Passive Thermal Solutions for P6 Relocation

Annemarie Ketola

NASA-Houston Rocket Club

Harold Larson


	Friday Afternoon / 11 May 2007

	13:30
	14:00
	14:30
	15:00
	15:30
	16:00


	Modeling & Simulation – I                 Lone Star Room

Chair: James Turner (TAMU)
	Modeling & Simulation – II                Lone Star Room
Chair: Bill West (NASA)
	Modeling & Simulation – III               Lone Star Room
Chair: John Bain (Honeywell)

	Open Source Flight Simulation Software: FlightGear and JSBSim

Jon S. Berndt
	Using MATLAB and Simulink for Spacecraft System Design and Deployment

Becky Petteys
	Uncertainty Modeling using the OCEA Automatic Differentiation Software Environment

James D. Turner
	A Technology Road Map for the Continued Development of NDiscos

James D. Turner
	A High Accuracy Non-Iterative Kepler Equation Solution Algorithm

James D. Turner
	Beyond Newton's Algorithm for High-Order Approximation Methods

James D. Turner

	Modeling & Simulation – IV              Longhorn Room
Chair: Shirley Brandt (Jacobs)
	Aerospace Technology - I                    Longhorn Room
Chair: Douglas Yazell (Honeywell)
	

	Dynamical Modeling and Control for Proximity Operation Facility

Xiaoli Bai
	
	AR&D without Cooperative Targets

Ross C. Taylor 
	
	
	

	Space Commercialization –I               Coronado Room

Chair: Ilia Rosenberg (Boeing)
	Space Operations - I                          Coronado Room

Chair: Cindy Kurt (United Space Alliance)
	Software – I                                                  Coronado Room

Chair: Gary Brown (Booz Allen Hamilton)

	Key Legal Issues in Space Commercialization

Wayne White
	An Invitation to Space Tourism from a Virgin Galactic Accredited Space Agent

Tara Hyland
	Data Reconfiguration for Space Programs

Anita M Bales
	
	Using COTS to Reduce Cost and Mitigate Risk in Support of the Vision for Space Exploration

Amanda M Brewer
	Utilization of Commercial Off-the-Shelf (COTS) Simulation Tools for Verifying NASA Simulation Tools

Gabe Garrett


Symposium Location

The American Institute of Aeronautics and Astronautics (AIAA), Houston Section, welcomes you to the 2007 Annual Technical Symposium at NASA/JSC Gilruth Center on May 11, 2007.

Enter Gilruth Center using JSC Public Access Gate 5 on Space Center Boulevard if you do not have a JSC badge. The morning and afternoon technical presentations are in the Lone Star, Longhorn, and Coronado rooms on the second floor.  The morning keynote speech and the luncheon are on the first floor in the Alamo Ballroom.
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Figure 1. JSC Gate 5 Public Entrance Map
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Figure 2. Gilruth Center First Floor
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Figure 3. Gilruth Center Second Floor

Symposium Information

Registration

Registration is $5.00 for presenters and $10 for attendees and is open all day beginning at 7:45 AM. Advance reservations are recommended but not required. Advance registration is easy to do on the web at www.aiaa-houston.org/ats2007. The registration desk is located in the hallway leading to the Alamo Ballroom. Registration is paid at the event and not online.  There is no additional fee for the buffet lunch – the cost is included in the registration fee.  Advance reservations for lunch are required by Thursday, May 3rd and can be done online at the registration website listed above.

Special Events

Morning, 8:15-8:45 AM, Alamo Ballroom

Keynote Speaker: Anne Martt/USA

“Constellation: The Journey Ahead”

Complimentary coffee, bottled water, assorted juices, and breakfast food provided

[image: image1]
Lunch, Noon–1:15 PM, Alamo Ballroom

Keynote Speaker: Blaine Brown/Lockheed Martin

“Constellation: Orion“

La Vincita Global Buffet

Fettuccini Alfredo with Chicken

Vegetable Lasagna

Selection includes Italian tossed salad and green beans, garlic bread, and tiramisu

Vegetarian plate available upon request

Technical Program

Technical Sessions

Three sessions will run in parallel in the morning and afternoon. Morning sessions start at 9:00 AM and end by noon. Lunch program begins at 12 noon and lasts for about an hour and fifteen minutes. Afternoon sessions start at 1:30 PM and end by 4:30 PM.

The sessions are held in the three meeting rooms on the second floor of the Gilruth Center.

Presentations

Each presentation is allocated 25 minutes total time, including questions and any initial setup. Session chairs will maintain this pace to ensure that attendees can see presentations according to the posted schedule. Each room will be equipped with a laptop computer and a computer projector. 

Orion -I

Session Chair:
Steve King

Lockheed Martin

9:00 AM

CEV ELECTRICAL POWER sUBSYSTEM

Brent Hughes
Lockheed Martin

The dramatic increase in on-orbit duration of up to 7.5 months, compared with previous US crew transport vehicles, combined with the need to supply continuous electrical loads on the order of 4 to 7 kW in environments and spacecraft attitudes that are encountered in LEO and the cis-lunar environment requires a robust, reliable, and versatile CEV electrical power subsystem (EPS). The EPS must be single fault tolerant for loss of mission and dual fault tolerant for loss of crew. Several EPS architectures have been evaluated based on metrics such as mass, volume/packaging, reliability, fault tolerance, test & verification, and operational complexity in order to meet the CEV EPS requirements most effectively. Lockheed Martin has baselined an electrical power subsystem that utilizes two solar array wings, each generating up to 6 kW, and over 18 kWh of lithium ion battery capacity evenly distributed over a 3-channel power management and distribution (PMAD) network. The EPS will interface with other Constellation elements, such as LSAM, as well as ISS, controlling the amount and at what voltage power is transferred to or from the CEV. Some of the key design challenges include: power generation and storage requirements for multiple mission phases - including failure and mission abort scenarios, launch packaging of solar arrays within a constrained volume envelope, array and articulation structure that can withstand >2.5g loading during a translunar injection burn, and charge control and safe operation of high capacity lithium ion batteries.

9:30 AM

cev TRAJECTORY DESIGN CONSIDERATIONS FOR LUNAR MISSIONS

Gerald Condon


NASA

Timothy Dawn

Robert Merriam

Ronald Sostaric

Carlos Westhelle

NASA
The CEV translational maneuver delta-V budget must support both the successful completion of a nominal lunar mission and an “anytime” emergency crew return with the potential for much more demanding orbital maneuvers. This translational delta-V budget accounts for Earth-based LEO rendezvous with the LSAM/EDS stack, orbit maintenance during the lunar surface stay, an on-orbit plane change to align the CEV orbit for an in-plane LSAM ascent, and the Moon-to-Earth TEI maneuver sequence as well as post-TEI TCMs. Additionally, the CEV will have to execute TEI maneuver sequences while observing Earth atmospheric entry interface objectives for lunar high-latitude to equatorial sortie missions as well as near-polar sortie and long duration missions. The combination of these objectives places a premium on appropriately designed trajectories both to and from the Moon to accurately size the translational delta-V and associated propellant mass in the CEV reference configuration and to demonstrate the feasibility of anytime Earth return for all lunar missions. This report examines the design of the primary CEV translational maneuvers (or maneuver sequences) including associated mission design philosophy, associated assumptions, and methodology for lunar sortie missions with up to a 7-day surface stay and with global lunar landing site access as well as for long duration (outpost) missions with up to a 210-day surface stay at or near the polar regions. The analyses presented in this report supports the Constellation Program and CEV project requirement for nominal and anytime abort (early return) by providing for minimum wedge angles, lunar orbit maintenance maneuvers, phasing orbit inclination changes, and lunar departure maneuvers for a CEV supporting an LSAM launch and subsequent CEV TEI to Earth return, anytime during the lunar surface stay.

ORION - Ii

Session Chair:
David Dannemiller

United Space Alliance

10:00 AM

ORION ENTRY, DESCENT & LANDING CONTROL ISSUES

Stephen Munday
 NASA

Alan Strahan
 NASA 

Greg Loe

Honeywell

The primary issues and challenges for atmospheric entry flight control of the Crew Exploration Vehicle (CEV)- aka Orion- Crew Module (CM) are discussed. Descriptions of the capsule subsonic aerodynamic instability, reaction control system (RCS) thruster sizing, ballistic emergency entry simulations, and linear frequency domain analyses are presented. The subsonic aerodynamic damping derivatives are compared to past entry capsules. Most of the time domain results are based upon 6-DOF deterministic and Monte Carlo simulation analyses of lunar return skip entry trajectories in both nominal and failure scenarios. As the Apollo lunar missions dramatically and successfully demonstrated, these control challenges are surmountable, and the CEV Entry, Descent & Landing GN&C team looks forward to safely returning astronauts from the ISS and the Moon in the next two decades.  

10:30 AM

A PILOTED ORION FLIGHT TO A NEAR-EARTH OBJECT: a FEASIBILITY STUDY

Rob A. Landis

NASA Johnson Space Center

David J. Korsmeyer

David Morrison

Andrew Gonzales

Larry Lemke

Paul A. Abell

Ed Lu

Michael G. Hess

Daniel R. Adamo

Lindley Johnson

NASA

Robert Gershman

Jet Propulsion Laboratory

Thomas D. Jones

Association of Space Explorers
The notion of a piloted mission to a near-Earth object (NEO) was first discussed and analyzed in depth as part of the Space Exploration Initiative in 1989 (Davis et al., 1990). Since then, four other studies have examined the details of sending humans to NEOs (Nash, et al., 1989; Jones, et al., 1994, 2002; Mazanek, et al., 2005). The most recent assessment has been undertaken by the Advanced Projects Office (APO) within NASA’s Constellation Program. This particular study team includes representatives across NASA and is examining the feasibility of sending a Crew Exploration Vehicle (CEV), the Orion spacecraft, to a NEO. Depending on the suite of spacecraft and integrated components, a mission profile would include two or three astronauts on a 90 to 120 day space flight; including a 7 to 14-day stay at the NEO itself. 

Missions to NEOs reinforce the Constellation Program with an uncanny suite of benefits: operational experience beyond cislunar space (i.e., the manned CEV will be several light-seconds from the Earth); risk reduction for space hardware; confidence building for future mission scenarios; in situ resource utilization (ISRU) evaluation; as well as a rich scientific return. Further, in terms of Δv and propellant requirements, NEOs are more easily accessible than the surface of the Moon with mission lengths no longer than a fraction of an ISS expedition. This incremental step along the way towards Mars can serve as the next generation Apollo 8 for the Constellation Program, marking humanity’s first foray beyond the Earth-Moon system.

Our feasibility study examined four possible combinations of Constellation hardware that could be utilized to propel a manned CEV Orion to a NEO. 

Robotics & Education - I

Session Chair:
Zafar Taqvi

Boeing/Barrios

11:00 AM

MOBILE ROBOTIC SYSTEM FOR GROUND-TESTING OF MULTI-SPACECRAFT PROXIMITY OPERATIONS

James Doebbler

Texas A&M University

Jeremy Davis

John Valasek

John L. Junkins

Texas A&M University
	Ground testing of multi-spacecraft proximity operations with hardware in-the-loop is currently an expensive and challenging process. We present our approach to this problem, applicable to proximity operations of small spacecraft. We are developing a novel autonomous mobile robotic system to emulate full 6 degree of freedom relative motion at high fidelity. The robotic system consists of multiple mobile robotic platforms, each consisting of an omni-directional base which provides large 3-DOF motion with moderate precision, and a micron-class Stewart platform on top which provides high precision, limited range 6-DOF motion. This robotic system is designed to accommodate multiple untethered vehicles simultaneously with full circumnavigation, allowing for the emulation of relative motion for a variety of multi-spacecraft proximity operations. Compared with other facilities with similar objectives, this approach will allow greater freedom of motion at a target operating cost much lower than existing facilities. We believe these capabilities will be invaluable to the growing number of small and micro satellite programs. The active split offset castor (ASOC) drive mechanism used in the mobile robotic base allows for completely holonomic omni-directional planar motion utilizing only standard wheels. Details of the ASOCs will be shown in order to demonstrate these capabilities. Feasibility of the drive mechanism is demonstrated using a velocity-level kinematics-based control law, implemented on a 1/3 scale hardware prototype version of the full-size mobile robotic base. 

	 


11:30 AM

SPACE ENGINEERING INSTITUTE

Magdalini Lagoudas

Texas A&M University

	Recently several reports have addressed the need to attract more students pursuing STEM careers for the US to maintain its competitive edge on science and technology (1, 2). The Space Engineering Institute (SEI) is a NASA funded program with focus to increase the participation of under utilized groups like women and ethnic minorities in space engineering careers. This is accomplished by enhancing the educational experience of students through real engineering projects and professional development training, which results in increasing the retention rates in engineering. The program started in 2002 at the Spacecraft Technology Center, TAMU College Station and expanded in 2005 to TAMU Prairie View and then in 2006 to TAMU-Kingsville and TAMU-Commerce. Currently the program involves sixty students in four university campuses working on NASA related projects: Pretreatment for Water Recovery System, LED Illuminating Device for Biological Detection, Mechanical Energy Storage Device, Applied Speech Control, SOLAR High Altitude Balloon, Camera Stabilization, Carbon Nanotube Technology, and Robotics Space Colonization. Each project is assigned to a team of undergraduate engineering students along with a NASA engineer or a TAMU faculty as a mentor. Each team is interdisciplinary and multi-level (freshman to seniors) thus composed of different layers of academic experiences and maturity while it offers constant stimulation along with a mentoring pyramid. SEI has been a very successful program and we are looking to expand it to include more industry sponsored projects. 

	References:

	[1] Gathering Above the Rising Storm 

	[2] Recommendations for Urgent Action, Project Kaleidoscope 2006, Report on Reports II. 


.

MODELING & sIMULATION - i

Session Chair:
James Turner

Texas A&M University

1:30 PM

OPEN sOURCE FLIGHT SIMULATION SOFTWARE: FLIGHTGEAR AND JSBSIM

Jon S. Berndt
Jacobs Sverdrup

	FlightGear is a sophisticated flight simulator framework for use in research or academic environments, as an end-user application, and in the development and pursuit of other interesting flight simulation ideas. JSBSim [1] is an open source software library that models the dynamics of flight of an aerospace vehicle. The JSBSim library can be incorporated into larger simulation packages (such as FlightGear and OpenEaagles), or it can be called from a small standalone program to create a batch simulation tool. Both FlightGear and JSBSim have been in development and use since 1996, and have been built on all of the most popular platforms in use today including those running Linux, Macintosh, and Windows operating systems. These applications have found a wide variety of uses: - The University of Naples in Italy uses FlightGear/JSBSim to drive their motion base research simulator. - FlightGear/JSBSim was used at the Air Force Research Lab at WPAFB as the basis for a modeling and simulation familiarization tool for teaching engineers who would be supporting other USAF simulators. [2] - The Institute for Scientific Research, Inc. used FlightGear/JSBSim to perform simulated flight testing of a small UAV.[3] This presentation will give an overview of these projects, the use of other open source tools during development, and how FlightGear and JSBSim have made an impact in the field of flight simulation. 

	References:

	[1] JSBSim: An Open Source Flight Dynamics Model in C++, AIAA-2004-4923, Jon S. Berndt

	[2] Development of a Low-Cost Simulator for Demonstration and Engineer Training, Burns, R. S. ; Duquette, Matthew M. ; Howerton, Joseph B. ; Simko, Richard J., AIR FORCE RESEARCH LAB WRIGHT-PATTERSON AFB OH AIR VEHICLES DIRECTORATE, July 2003

	[3] Simulated Flight Testing of an Autonomous Unmanned Aerial Vehicle Using FlightGear, Eric F. Sorton and Sonny Hammaker, Institute for Scientific Research, Inc.


.

2:00 PM

USING MATLAB AND SIMULINK FOR SPACECRAFT SYSTEM DESIGN AND DEPLOYMENT

Becky Petteys

Mathworks

	Designing robust embedded control systems for spacecraft requires extensive simulation and testing. Model-Based Design provides a proven technique for creating these embedded control systems. MATLAB and Simulink provide a flexible software environment for designing multidomain systems, simulating high-fidelity behavioral dynamics, designing the software and modeling its behavior, and then simulating the entire system model to accurately predict and optimize performance. The system model becomes a specification from which you can automatically generate real-time software for testing, prototyping, and actual flight system deployment, thus avoiding manual effort and reducing the potential for errors.
 

This talk will lay out a workflow for the design and testing of a fault-tolerant spacecraft attitude control system. It will highlight the use of the Aerospace Blockset for modeling spacecraft dynamics, the use of Stateflow for modeling state machines and control logic, and the integration of The MathWorks’ verification and validation products throughout the workflow.

. 

	 


MODELING & SIMULATION - ii

Session Chair:
Bill West

NASA

2:30 PM

UNCERTAINTY MODELING USING THE OCEA AUTOMATIC DIFFERENTIATION SOFTWARE ENVIRONEMNT

James D. Turner

Texas A&M University

Modeling and simulations are critical components in developing advanced system concepts for engineering and scientific applications. Available analysis tools include finite element modeling for structural, thermal, and acoustic effects as well as multibody dynamics for linking together systems of rigid and flexible substructures that must undergo large and rapid relative and absolute motions. Common to all of these approaches is the assumption that the vehicle, environmental, and disturbance model parameters are known. Engineering level of fidelity models are developed to explore the behavior of notional systems in virtual applications, where parameter errors exist, control systems must handle errors arising from sensor data, misalignments of components; uncertain mass, stiffness and damping distributions; non-ideal mechanisms, time delays and so on. Traditional approaches for handling these problems involve massive calculations to gain insights into how uncertainty impacts the vehicles performance. This paper proposes a new approach that has significant potential for reducing the computational burden for understanding how uncertainties propagate throughout the system. A high-order tensor-based state and parameter transition tensor for computing uncertainties is presented. The basic idea is to exploit recently developed automatic differentiation software tools for automatically generating the partial derivatives required for building the tensor transition state and parameter models. The Object-Oriented Coordinate Embedding Algorithm (OCEA), developed by Turner, is presented. OCEA generates 1st-4th order partial derivative models. The user programs the engineering/scientific problem using standard language constructs and OCEA computes, without user intervention, the partial derivatives are accurate the working precision of the machine. OCEA provides exact analytic calculations for all derivative orders, because OCEA embeds the chain rule of calculus into the OCEA modified intrinsic and math library functions. OCEA exploits operator-overloading and the advanced user defined data types to generate abstract compound data objects; these compound data objects allow the partial derivatives to be computed using hidden tools. OCEA language extensions are proposed for computing the tensor data required for generating the uncertainty calculations. The new algorithm replaces the current approach with a new methodology that computes the tensor transition operators one time and then uses highly efficient algebraic propagation techniques to predict the future time dependence of model uncertainty impacts.

3:00 PM

A TECHNOLOGY ROAD MAP FOR THE CONTINUED DEVELOPMENT OF NDISCOS

James D. Turner

Texas A&M University

Xiaoli Bai

Harry Frisch
Texas A&M University

	For the past 35 years it has been well known that ambitious and complex space missions are at risk if the behavior of notional vehicle models is not understood to a level where advanced control approaches can suppress induced rigid and flexible body motions arising from disturbance sources. Unanticipated dynamic interactions can arise from structural misalignments of parts, moving parts, thermal deformations, fluid slosh, thruster firings; changing mass, stiffness and damping properties, as well as from sensing and control errors. The best defense against these problems has been to resort to comprehensive physics-based modeling for developing high fidelity models that can be used to validate simplified reduced order models for control designs and system performance assessments. Many NASA and DOD missions have profited from the use of Discos/NDiscos for supporting model development, control design, and performance assessments. Specialized versions of NDiscos have been commercially developed for applications in computational chemistry and bioinformatics. The Discos family of simulation tools currently handles linked systems consisting of either rigid or flexible bodies that are undergoing large and rapid motions in both open- and closed-loop body interconnection topologies. Future opportunities require new capabilities that build on legacy investments and extend the software capabilities to embrace recently developed tools for automatic differentiation. A technology roadmap will be presented that documents potentially very valuable capabilities that build on the automatic differentiation capabilities. Target applications include multibody/structural optimization, multibody/structural model selection for articulating substructures, high-fidelity contact dynamics, multibody/structural/thermal optimization for orbiting satellites An example application shall be presented that is concerned with the design of a facility for robotic studies that emulate multiple interacting small/nano satellites during proximity operations. High fidelity linked models are required to understand the behavior of a base-Stewart-platform-satellite system, where the satellite has robotic arms can interact with one or more satellites for repair, rescue, disabling, manufacturing, and/or building platforms in space or on other worlds. 

	 


MODELING & SIMULATION - iii

Session Chair:
John Bain

Honeywell

3:30 PM

A HIGH ACCURACY NON-ITERATIVE KEPLER EQUATION SOLUTION ALGORITHM

James D. Turner

Texas A&M University

Kepler’s Equation is solved over the entire range of elliptic and parabolic motion. The M-e plane is segmented into four domains where analytic starting values are developed for the Eccentric Anomaly by using perturbation methods. A closed-form solution is obtained for the parabolic special case by dividing the parabolic range into three independent ranges as a function of the Eccentric Anomaly, where series solution are obtained. A rapidly converging variable-order refinement algorithm, based on an analytic continuation of Newton’s method, is presented for providing. The refinement algorithm maintains a minimum of thirteen digits of precision over the entire range of elliptic and parabolic motion. Only four trigonometric evaluations are required for half of the M-e plane. The remaining half of the M-e plane, including the parabolic special case, only requires a cube root and four trigonometric evaluations. A pair of complex-valued roots have been identified as the source of series convergence sensitivity for a small portion of the M-e plane. The series convergence sensitivity has been traced to the existence of an inflection point in the first derivative of the complex-valued root near the solution boundary for M = 0.0. The proposed algorithm effectively provides a closed-form solution for Kepler’s equation, in the sense that the solution accuracy exceeds projected operational mission needs.

4:00 PM

BEYOND NEWTON’S ALGORITHM FOR HIGH-ORDER APPROXIMATION METHODS

James D. Turner

Texas A&M University

Finding the root of an equation f = 0 is a common problem in computational science and engineering. Many line search and derivative-based methods are available. Newton’s derivative-based Method, discovered in 1669, takes a starting guess, uses first-order derivative information, and iteratively refines the solution until a specified accuracy level is achieved. Under well-know conditions Newton’s Method converges quadratically. Higher order versions of Newton’s Method have been known since Halley’s discovery of a cubically convergent version of the algorithm 1694. Extensions for vector-versions of the algorithm have been proposed, but have generally been limited to variations on Chebyshev’s third order method, which is itself a derivative of Halley’s original work. Historically the labor required to generate high-order partial derivative models has acted as a practical impediment for development and application of higher-order versions of Newton’s Method. This paper exploits recently developed automatic differentiation tools for generating high-order partial derivative models; thereby making it possible and practical to evaluate higher-order versions of Newton’s method. To this end, two analytic continuation methods are presented for formulating and solving higher-order Newton method algorithms. The resulting math models are compared with Halley’s and Chebyshev’s algorithms. Several numerical examples are presented to demonstrate the effectiveness of these new methods.

EXPLORATION - i

Session Chair:
Prerit Shah

United Space Alliance

9:00 AM

THE POTENTIAL IMPACT OF A LEO PROPELLANT DEPOT ON THE NASA ESAS ARCHITECTURE

Dallas Bienhoff

The Boeing Company

The maximum benefit and minimal impact benefit to lunar exploration given the availability of a low Earth orbit (LEO) propellant depot are determined by comparing 31 alternative approaches to the Exploration Systems Architecture Study (ESAS) Recommended Architecture.  Results indicate that total mass landed on the Moon can be increased 180% or two surface sorties can be conducted per mission without changing the basic ESAS system characteristics.  With Earth Departure Stage (EDS) and Lunar Surface Access Module (LSAM) configuration changes landed mass can be increased up to 325%.  Alternatively, the Cargo Heavy Launch Vehicle (CaLV) lift capability can be reduced as much as 72% relative to the ESAS Recommended Architecture capability while retaining the current landed mass.  LEO Propellant Depot capacity ranges between 180 klbs and 700 klbs for all assessed cases.  The alternative approaches include:  retaining ESAS Recommended Architecture system physical characteristics, maintaining the CaLV launch capability, holding the LSAM launch mass constant, or fixing the lunar landed mass capability.  Variations within these approaches include:  lunar orbit insertion burn allocation to the EDS or LSAM, full to empty propellant tanks at launch and whether the Crew Exploration Vehicle (CEV) is launched on the Crew Launch Vehicle (CLV) or CaLV.  The NASA Recommended Architecture, as defined in the Exploration Systems Architecture Study Final Report (November 2005), is used as a reference for this study.

9:30 AM

LUNAR LANDER CONCEPTS FOR HUMAN EXPLORATION

Benjamin Donahue

The Boeing Company

This task - the design of a Lunar vehicle that will establish long duration outposts on the lunar South Pole - represents a fascinating engineering challenge. Preliminary results of an internal Boeing Lunar Lander study are presented; lander concepts are intended to serve as preliminary technical contexts for future, more detailed design studies which are in work and will be published at a later date. Mission analyses are based on current NASA plans featuring the use of Ares-V and Ares-I launch vehicles for the Lander/Earth Departure Stage and Crew Exploration Vehicle elements, respectively. Performance values are presented for two different staging modes and 3 different propellant combinations. A diverse set of lander configurations are illustrated to serve as a catalog of concept types; from these a preliminary down select to a smaller number of preferable designs might be made. Efficient outpost site build-up, Lander staging, and surface payload capability vs. propellant selection are discussed. The next generation manned Lunar Lander, whatever shape it assumes, will be a unique craft with a broad range of requirements, many of which are conflictive and will necessitate compromise solutions. The lander's final configuration

will be dependant on how the future final design team implements key safety, reliability and crew abort capability requirements which may transcend the aforementioned payload, staging and crew surface access considerations.

EXPLORATION - ii

Session Chair:
Chester Vaughn

NASA Retired

10:00 AM

EARTH-MOON SHUTTLE ORBIT

Chang Keem

AKIMA

Travel to the moon, while achieved in the Apollo program almost 40 years ago, is still difficult and costly. An enormous advantage could be achieved with a shuttle that continuously runs back and forth to the moon. This would make trips to the moon much more accessible. Here a group of low-cost Earth-Moon shuttle orbits, which runs back and forth from the vicinity of the Earth to the vicinity of the Moon with low fuel cost is suggested. These orbits are designed to give a control boost when spacecraft pass through the vicinity of the L2 point (Szebehely convention, unstable equilibrium Lagrangian point) to economize on fuel. As an example, a specific orbit was chosen to show a rough estimation of upper limit of fuel budget to keep a spacecraft in that orbit for 10 years. This work can be extended to Sun, Earth and spacecraft system to make Sun-Earth shuttle or to any Keplerian system together with a spacecraft, which forms a restricted 3-body system.

10:30 AM

SIMULATED CONSTRUCTION OF A SPACE HABITAT USING A CENTALIZED, MULTI-AGENT TEAM OF AUTONOMOUS ROBOTS

Matthew Wilson

Space Engineering Institute

Jesse Bowes

Lesley Weitz

Space Engineering Institute
The Space Engineering Institute (SEI) Program at Texas A&M University's Spacecraft Technology Center offers undergraduate students an opportunity to work on NASA-sponsored projects related to the space industry. The Robotics Space Colonization (RSC) project is exploring autonomous robotic systems to build a space habitat that enables extended human occupation on the moon or Mars. Space experts suggest that modular components of a human space habitat can be sent to the moon or Mars on several different launch missions. Autonomous robots can then gather these components from their landing sites and assemble them at a desired location. The RSC project implemented one phase of this habitat construction in the spring-2007 semester. The initial phase of the project focused on moving the habitat materials to a construction zone. We designed and implemented a pair of self-contained, sensing robots to locate and transport building components. In order to accommodate this rapid development, the team implemented a centralized system to track robot locations and cooperatively allocate tasks to the individual robots. This implementation utilized a known environment consisting of set paths for the robots to follow, two building-material pick-up locations and a single drop-off point to represent a construction site. The two robots cooperatively transported the blocks from the pick-up points to the drop-off point, while avoiding collisions and deadlocks. This presentation will describe the robotic platform, communication-, navigation-, and mechanical-subsystem design and subsystem integration. Results of the first phase of the project and future phases will be discussed.

SPACE SHUTTLE - i

Session Chair:
Dan Brockway


United Space Alliance

11:00 AM

WLES AND SHUTTLE TEMPERATURE ANALYSIS

Cecil Shy

NASA 

Wing Leading Edge Sensor (WLES) units are one of the few components that are battery operated on NASA’s Shuttle. NASA engineers have found that once batteries are in orbit, they simply “don’t behave.” Battery life is a major function of temperature while on orbit. In order to monitor the temperatures that the sensor unit batteries are experiencing, we must know the sensor unit mounting plate temperature. In attempt to make the most accurate WLES mounting plate temperature predictions, we apply an algorithm which involves finding the smallest squares of the WLES and Shuttle telemetry. If we can successfully find a correlation of data between the Shuttle and WLES temperature sensors, then we can use the data to better monitor the status of WLES sensor units; thus, get necessary information to use towards more efficient WLES battery power usage.

11:30 AM

REMOTE CONTROLLED ORBITER CAPABILITY

Michael T. Garske

NASA

Rafael De La Torre

The Boeing Company

	The Remote Control Orbiter (RCO) capability allows a Space Shuttle Orbiter to perform an unmanned re-entry and landing. This low-cost capability employs existing and newly added functions to perform key activities typically performed by flight crews and controllers during manned re-entries.  During an RCO landing attempt, these functions are triggered by automation resident in the on-board computers or uplinked commands from flight controllers on the ground. In order to properly route certain commands to the appropriate hardware, an In-Flight Maintenance (IFM) cable was developed. Currently, the RCO capability is reserved for the scenario where a safe return of the crew from orbit may not be possible. The flight crew would remain in orbit and await a rescue mission. After the crew is rescued, the RCO capability would be used on the unmanned Orbiter in an attempt to salvage this national asset. 

	 


MODELING & SIMULATION - iv

Session Chair:
Shirley Brandt

Jacobs Sverdrup

1:30 PM

DYNAMICAL MODELING AND CONTROL FOR PROXIMITY OPERATION FACILITY

Xiaoli Bai

Texas A&M University

John L Junkins 
James Daniel Turner 
James Doebbler 
Jeremy J. Davis

 Texas A&M University
The Center for Mechanics and Control at Texas A & M University is developing an autonomous mobile robotic system to emulate the 6 degrees of motion (DOF) spacecraft relative motion. The challenge of accurate ground laboratory simulation of on-orbit dynamics is met in a novel way. An omni-directional robotic base can provide arbitrary, large, planar, 3 DOF motion with moderate accuracy. By mounting a judiciously controlled six DOF Stewart Platform on top of the moving robotic base, we can emulate general 6 DOF relative spacecraft motion with high accuracy. With rigid and flexible payload on the Stewart Platform, we will be able to emulate general interacting spacecraft doing proximity, serving, repairing, and observations missions. This presentation will focus on the dynamical modeling and control research work for our laboratory robotic systems. Firstly, the importance of various dynamic models for the robotic systems will be discussed. Then, we will talk about our specific goals in this work, and the unique aspects of our approach. We have several advanced multi-body dynamics modeling toolboxes we can utilize. Object Oriented Coordinate Embedding Algorithm (OCEA) is an automatic differentiation toolbox which can calculate partial derivatives automatically; this tool enables automatic derivation of Lagrangian equations of motion and also enables efficient optimization and sensitivity studies. Order N Dynamic Interaction Simulation of Controls and Structure (NDISCOS) is a general multi-body dynamics modeling toolbox which has been used for several NASA and DOD missions. Also we use symbolic software packages, such as Macsyma and Mathematica, when the systems are not too complicated. A key issue is to use a model of appropriately low fidelity for control design, and a high fidelity dynamical model for validation of the control formulation in simulations studies. Our dynamic and adaptive control simulation results for the Stewart Platform and for the robotic base will be presented in detail.

AEROSPACE TECHNOLOGY - i

Session Chair:
Douglas Yazell

Honeywell

2:30 PM

ar&d WITHOUT COOPERATIVE TARGETS

Ross C. Taylor
Neptec USA
Typical autonomous rendezvous and docking (AR&D) solutions require cooperative targets on the target vehicle. Neptec Design Group has developed a sensor and algorithms to eliminate this requirement. Neptec's AR&D sensor, TriDAR, combines autosynchronous laser triangulation and time-of-flight LIDAR to collect 3D point cloud data from long range to hard mate. The sensor is based on Neptec’s flight qualified Laser Camera System which is flown aboard the Space Shuttle for thermal protection system inspection. The hardware is supplemented by Neptec’s 3D Intelligence software, which extracts 6 degree-of-freedom target position in real-time using fast algorithms and smart data collection. This presentation will present TriDAR's heritage, underlying technologies, and continuing developments along with its capabilities and applications.

SPACE COMMERICALIZATION - I

Session Chair:
Ilia Rosenberg

The Boeing Company

1:30 PM

KEY LEGAL ISSUES IN SPACE COMMERICALIZATION

Wayne White

Oceaneering

This presentation provides an overview of international laws that are relevant to commercial activities in outer space. The author suggests new laws that the United States could enact to govern and facilitate commercial space activities, and provides examples of international cooperation that would enhance safety and facilitate international business transactions.

2:00 PM

AN INVITATION TO SPACE TOURISM FROM A VIRGIN GALACTIC ACCERDITED SPACE AGENT

Tara Hyland

Navigant Vacations/Virgin Galactic
As Director of Leisure Marketing in the United States of America with Navigant Vacations, I was recently selected by Richard Branson's Virgin Galactic as one of only 46 travel consultants in North America to become an Accredited Space Agent for the world's first spaceline. I am not working in a technical field, but I have been trained by Virgin Galactic to serve in this capacity, and I work and live in the Houston Clear Lake area. The key elements of my presentation are: 1) History, selection and training of Virgin Galactic Accredited Space Agents in North America 2) Background on Richard Branson’s Virgin Galactic space tourism program 3) Spaceship2- design information, flights, medical requirements, civilian astronaut flight tiers, cost and reservation process, New Mexico Space Port information 4) DVD of remarks by Richard Branson and SpaceShip1 test pilots 5) DVD of animation of SpaceShip2 flights.

SPACE OPERATIONS - I

Session Chair:
Cindy Kurt

United Space Alliance

2:30 PM

DATA RECONFIGURATION FOR SPACE PROGRAMS

Anita M. Bales

United Space Alliance

Synopsis: This presentation will explore the data reconfiguration process, integration with ground facilities and onboard systems. The management challenges with configuration of data used during real-time flight and simulation environments. A brief history of reconfiguration data in manned space systems as well as an overview of the current use of data from multiple ground facilities to multiple laptop environments Abstract: Have you ever wondered what do we really mean when we say Recon? This presentation will explore the definition; methods; ability to support changes, and reuse of data with software products. Also, we will explore the challenges of project management and integration of schedules. The advantages of designing Recon (data & cm) into the project at an early stage will be explored; pitfalls of not designing in Recon will be examined. What is data in the context of Space missions? Why data as well as onboard software and flight hardware need to be incorporated into the overall project plans and schedule. The discussion will include; comparisons of data required supporting the real-time flight operations, reconfiguration of data products, their use in preparation and support of real time operation, development of data and integration with on-board and ground facilities. The evolution of data; from a mostly hardware driven to mostly software driven interface. Example includes: ISS telemetry data and many places it has been used have illustrated the flexibility of function of data products, telemetry products used to configure laptop’s which interface with the ISS, Shuttle, training facilities, and many control centers (Houston, Marshall, Oberpfaffenhofen, and Tsukuba).

Copyright © 2007 by United Space Alliance, LLC. These materials are sponsored by the National Aeronautics and Space Administration under Contract NAS9-20000 and Contract NNJ06VA01C. The U.S. Government retains a paid-up, nonexclusive, irrevocable worldwide license in such materials to reproduce, prepare, derivative works, distribute copies to the public, and perform publicly and display publicly, by or on behalf of the U.S. Government. All other rights are reserved by the copyright owner.

SOFTWARE - i

Session Chair:
Gary Brown

Booz Allen Hamilton
3:30 PM

USING COTS TO REDUCE COST AND MITIGATE RISK IN SUPPORT OF THE VISION FOR SPACE EXPLORATION

Amanda M Brewer

AGI

As the future of space exploration rapidly expands, technology developers are being tasked to support these programs—and to do it safely and at a lower cost. Military and government organizations; industry; and academic facilities all benefit from commercial off-the-shelf software (COTS), which provides proven technology at a substantially lower cost than developing in-house tools. Additionally, competition between and demands made upon COTS solution providers necessitate constant, rapid improvements to capabilities and functionality—something that tools developed and maintained in-house are less likely to achieve. With a proposed fiscal year 2008 $17.3 billion budget for NASA and only 13 years left in the sprint to return to the Moon, COTS technology allows engineers to spend more time planning missions and less time developing software. Advancements in existing COTS tools improve pre-, real-time, and post-mission planning, therefore mitigating risk in a normally high-risk environment. COTS software is used to perform a variety of analyses including trajectory design ranging from LEO to interplanetary; launch planning and real-time tracking; space debris analysis for the shuttle and International Space Station (ISS); and communications analysis. Using COTS enables mission planners and operators to leverage existing proven technology in a customized environment, reducing development time and cost. This presentation will explore the use of COTS to support real-time launch analysis by Lockheed Martin’s Titan IV team; debris analysis and potential effects on the ISS; and trajectory planning and communications analysis for the Moon, Mars, and beyond.

4:00 PM

UTILIZATION OF COMMERICAL OFF THE SHELF (cots) SIMULATION TOOLS FOR VERIFYING NASA SIMULATION TOOLS

Gabe Garrett

ARES Corporation

The use of COTS tool Satellite Tool Kit (STK) to verify the gravity models in the Station Orbiter Multibody Berthing Analysis Tool (SOMBAT-P) simulation is presented in this work. Specifically, the presentation discusses the verification of NASA’s SOMBAT upgrade to SOMBAT-P (port and parallelization) by using the combination of STK and MATLAB. While many upgrades were introduced in SOMBAT-P, the full gravity model capability that was added in SOMBAT-P was verified by STK/MATLAB for fundamental test cases. Earth gravity modeling and the SOMBAT-P simulation tool are introduced followed by a description of the method used for verifying the gravity model module in SOMBAT-P. 

AUTHOR Biographies

(In Alphabetical Order)

Bai, Xiaoli

Xiaoli Bai is a PhD student in Aerospace Engineering at Texas A&M University. She obtained both her bachelors and masters degrees from the Beijing University of Aeronautics and Astronautics with major in automatic control. She has been advised by Dr. John Junkins since June, 2005 and her current research interests are multi-body dynamics modeling, adaptive control, and computation methods. She was awarded a Zonta International Amelia Earhart Fellowship for the 2007-2008 academic year. 

Bales, Anita

Anita M. Bales is a Project Manager, ISS MOD Avionics Reconfiguration System (IMARS) Organization: United Space Alliance, LLC Voice 281-483-4261 Fax 281-483-0747 email anita.bales-1@nasa.gov Ms. Bales supports MOD Advanced Operations Development Division, System Engineering and Reconfiguration Branch. She has worked with MOD on ISS since May 1996, previously she support Shuttle Operations. Ms. Bales began working Shuttle October 1980, and supported Shuttle from the first flight until moving to support ISS. She has worked reconfiguration processes for ground facilities supporting Shuttle and ISS with NASA organizations at JSC, KSC and MSFC. Ms. Bales has been awarded the Silver Snoopy, NASA Group Achievement Award for MOS Station STATS Panel, an ISS STS-92/3A mission plaque, and 2A mission poster from the crew. Her bachelor’s degree is from California State University at San Bernardino. 

Berndt, Jon

Jon Berndt is an engineer with ESCG/Jacobs. He has worked over the past twenty years on simulation projects ranging from torpedoes, to jet fighters, to spacecraft. He is the chief architect of the open source JSBSim flight dynamics model project. In his spare time over the past ten years he has coordinated the efforts of an all-volunteer, international team of engineers and developers in refining JSBSim and assisted with the development of companion tools and applications. Jon was recently admitted as a member of the national AIAA Modeling and Simulation Technical Committee. 

Condon, Gerald

Gerald Condon is a senior engineer in the Aeroscience and Flight Mechanics Division at the NASA Johnson Space Center in Houston, Texas. He currently serves and the Crew Exploration Vehicle (CEV) On-Orbit Performance Subsystem Manager with responsibility for all major translational CEV maneuvers. Previously, as a division lead engineer for space flight mechanics and mission design, he was responsible for development of design reference missions and flight vehicle performance capabilities for advanced missions including associated tool development. He has led related mission studies including both human and robotic missions to the Moon and Mars as well as libration point studies. He also provided debris transport analysis in support of the Columbia Accident Investigation Board impact testing. Mr. Condon received his B.S. in Aerospace Engineering from the University of Florida in August 1982 and his M.S. in Aerospace Engineering at the University of Florida in December 1983. After graduating, he began work in 1983 in the Mission Planning and Analysis Division at the Johnson Space Center. 

Doebbler, James

James Doebbler is a Ph.D. candidate in the Department of Aerospace Engineering at Texas A&M University. He is currently a Graduate Research Assistant in the Flight Simulation Laboratory under Dr. John Valasek. His current research interests include dynamics and control of robotics for aerospace applications. James received his B.S. and M.S. degrees in Aerospace Engineering from Texas A&M University.

Donahue, Benjamin

Ben Donahue, of Boeing's Advanced Programs Group, has contributed to a variety of NASA and Advanced Space Systems projects over the past 19 years. Ben has over 20 technical papers and journal articles published in the areas of advanced space systems. Ben's recent activities with Boeing include working activities related to the NASA Lunar Surface Access Module, such as LSAM. Ben is chairman of the "AIAA Nuclear Propulsion and Future Flight Technical Committee" and a member of the industry "Space Propulsion Synergy Team" consortium.

Garrett, Gabe

Mr. Garrett has professional experience in the areas of spacecraft dynamics, dynamic and discrete system modeling/analysis, probabilistic schedule/cost analysis, probabilistic risk assessment, and risk management. Mr. Garrett received a B.S. in Aerospace Engineering from the University of Texas at Austin in 2004. Mr. Garrett is currently an Engineer for ARES Corporation. 

Garske, michael

Mr. Garske has almost 23 years of combined experience in NASA working for the Space Shuttle Program in engineering, operations, and management from two NASA centers - Kennedy and Johnson Space Centers.  He earned his B.S. in Technical Physics and A.A. in Astronomy from Southwest Missouri State University in 1983 and a M.S. in Engineering Management from University of Central Florida in 1990.  He is the Senior Project manager for the Orbiter Project Office and is the Project Manager for RCO.  He's earned many NASA awards including the NASA Exceptional Service Medal and the NASA Space Flight Awareness Award. 

Hyland, Tara

As Director of Leisure Marketing in the United States of America with Navigant Vacations, I was recently selected by Richard Branson's Virgin Galactic as one of only 46 travel consultants in North America to become an Accredited Space Agent for the world's first spaceline. I am not working in a technical field, but I have been trained by Virgin Galactic to serve in this capacity, and I work and live in the Houston Clear Lake area. The key elements of my presentation are: 1) History, selection and training of Virgin Galactic Accredited Space Agents in North America 2) Background on Richard Branson’s Virgin Galactic space tourism program 3) Spaceship2- design information, flights, medical requirements, civilian astronaut flight tiers, cost and reservation process, New Mexico Space Port information 4) DVD of remarks by Richard Branson and SpaceShip1 test pilots 5) DVD of animation of SpaceShip2 flights. 

Keem, Chang

Chang Keem has a M.S. in aerospace engineering at UT Austin - Research on restricted 3-body problem under the supervision of Dr. Szebehely. - Worked at Satellite Technology Research Center at KAIST in South Korea as a Senior Research Engineer. - Worked at Globalstar (communication part of former Loral Space and Communication) as a Senior Systems Engineer. - Taught at Santa Ana College as a physics lecturer - presently working at Akima for ISS project. 

Ketola, Annemarie

Passive Thermal Control Systems Engineer for the International Space Station under Boeing. Current Society of Women Engineers President ~Texas Space Center Section. Graduate of Michigan Technological University 2003.

Lagoudas, Magdalini

Ms Lagoudas is an Associate Director of the Spacecraft Technology Center (STC) and the Interim Director of the Space Engineering Institute (SEI) at Texas A&M University. She joined STC in 1998 where she is responsible for engineering design and analysis of payloads. She worked on several payloads, StarNav1 an advanced star tracker launched on STC 107, Khalstar a high accuracy star tracker part of the GIFTS program, HDMAX an ultra high definition camera payload designed for the Express Rack. In addition, she has supported several industry payloads with engineering analysis (structural, thermal, dynamic and bolt analysis). 

Landis, Rob

Former ISS flight controller, who as worked at a number of NASA centers on numerous projects to include the Hubble Space Telescope, the Rossi X-ray Timing Explorer, Cassini-Huygens mission to Saturn and Titan, and the Mars Exploration Rovers (Spirit and Opportunity).  Currently assigned to the Constellation Program representing the Mission Operations Directorate.
Shy, Cecil

Cecil Shy is a Sophomore Mechanical Engineering major at Prairie View A&M University.  I am a member of the American Society of Mechanical Engineers (ASME), National Society of Collegiate Scholars (NSCS), and the Men’s Track & Cross Country Team.  

Turner, james

Dr. Turner has 30+ years of experience with dynamics and control issues ground, robotic, and large flexible spacecraft. He has worked extensively with multibody dynamics, optimization, rapid retargeting, estimation, and automatic differentiation. He has marketed, led, and directed many programs in both the public and private sections that have involved applied research, engineering, and software development. He is currently the Director of Operations for the Consortium for Autonomous Space Systems (CASS), where he is concerned with broad-based applications of robotic technology for ground, air, and space applications. CASS is targeting research in sensing, modeling, control, dynamics, as well as ground-based demonstrations of proximity operations, for observation, repair, assembly, and situational awareness operations.

White, wayne

Wayne White is Manager of Contracts and Purchasing at Oceaneering Space Systems. Mr. White received his law degree from the University of California, Davis. He represented the United States as a member of the State Department delegation to the United Nations Committee on the Peaceful Uses of Outer Space, Legal Subcommittee in 2003. He is a long-time member of the International Institute of Space Law, and the National Space Society. Mr. White served as a Director of the National Space Society from 2000 -2004, and chaired the Society's annual International Space Development Conference in 2002. Mr. White is the author of 13 published articles in the field of international space law, and speaks frequently at professional conferences. 

Hart, Mathew

Mathew Hart received his Bachelor's Degree in Aerospace Engineering from Embry-Riddle Aeronautical University in 2005. He is currently in the Robotics Division at JSC. 

Wilson, White

Matthew Wilson is a senior computer engineering student at Texas A&M University at College Station. His research interests include robotics and autonomous systems. He has worked at the Space Engineering Institute for the past two years and is a Co-op student at Advanced Micro Devices. He is graduating in December of 2007 and plans on continuing on to graduate school. 
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