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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: 

Mark Geyer/NASA-JSC

Deputy Program Manager

Constellation Program
	Alamo Ballroom

	9:00 AM – 10:00 AM
	Shuttle Retirement
	Lone Star Room

	
	Software Tools Session I
	Longhorn Room

	
	Aerospace Technology Session I
	Coronado Room

	10:00 AM – 11:00 AM
	Lunar Reconnaissance Orbiter
	Lone Star Room

	
	Software Tools Session II
	Longhorn Room

	
	Aerospace Technology Session II
	Coronado Room

	11:00 AM – 12:00 PM
	Aeroscience/Flight Mechanics
	Lone Star Room

	
	Space Operations Session I
	Longhorn Room

	
	Aerospace Technology Session III
	Coronado Room

	
	
	

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

	
	
	

	12:45 PM – 1:15 PM
	Speaker: 

Dr. Mike Zolensky/NASA-JSC

Co-Investigator

Stardust Program
	Alamo Ballroom

	
	
	

	1:30 PM – 2:30 PM
	Lunar Missions Session I
	Lone Star Room

	
	Space Operations Session II
	Longhorn Room

	
	Aerospace Technology Session IV
	Coronado Room

	2:30 PM – 3:30 PM
	Lunar Missions Session II
	Lone Star Room

	
	Special Topics Session I
	Longhorn Room

	
	Aerospace Technology Session V
	Coronado Room

	3:30 PM – 4:30 PM
	Lunar Missions Session III
	Lone Star Room

	
	Special Topics Session II
	Longhorn Room

	
	Aerospace Technology Session VI
	Coronado Room


	Friday Morning / 19 May 2006

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


	Software Tools-I
Chair: Greg Pierce (Jacobs Sverdrup)
	Software Tools-II


Chair: Satya Pilla (Boeing)
	Space Operations-I
Chair: Mike Hazen (Jacobs Sverdrup)

	Extracting and Classifying Failure Modes from Text
David Throop

Jane Malin


	Value of Automated Code Analysis Tools in Human Space Flight Programs

Warren Badgley

Paul Judas
	Software Verification Facility Start Script

Lloyd Johnson

Dan Golding


	MDM Dump Tool

Lionel Molina

Lloyd Johnson


	On-board Simulation and Training System

Rolando Garza

Reynaldo Rodriguez


	EVA Operations and Integration Activities as Performed by MOD EVA

Zane Ney

Cynthia Begley



	Shuttle Retirement
Chair: Steve King (Lockheed Martin)
	Lunar Reconnaissance Orbiter
Chair: Bill Atwell (Boeing)
	Aeroscience/Flight Mechanics
Chair: Aaron Morris (Barrios Technology)

	Strategic Capabilities Assessment for Retirement of the Space Shuttle Program: Defining and Documenting the Path for NASA’s Human Spaceflight Transition

Doug Sander

David Frost


	The Next Step in the Vision for Space Exploration: Shuttle Program Transition and Retirement

Debra Boyd
	The Lunar Reconnaissance Orbiter – Spacecraft and Objectives

Craig Tooley
	The Lunar Reconnaissance Orbiter – Instrument Suite and Measurements

John Keller


	A Pseudospectral Method for Space Trajectory Optimization

Jeremy Rea
	Abort Options for Human Lunar Missions Between Earth Orbit and Lunar Vicinity

Gerald Condon

Juan Senent

	Aerospace Technology-I
Chair: Brett Anderson (Boeing)
	Aerospace Technology-II
Chair: Zafar Taqvi (Barrios Technology)
	Aerospace Technology-III
Chair: Veena Ambardar (Jacobs Sverdrup)

	UWB Technology and Applications on Space Exploration

Dickey Arndt
	UWB Tracking Algorithms – AOA and TDOA

David Ni

Melinda Refford
	UWB Tracking Software Development

Julia Gross
	UWB Two-Cluster AOA Tracking Prototype System Design

Phong Ngo
	Performance Evaluation of a UWB-RFID System for Potential Space Applications

Chau Phan
	Proven Avionics Architectural Principles and Non-Deterministic Algorithms

Randall Black


	Friday Afternoon / 19 May 2006

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


	Space Operations-II
Chair: Kam Lulla (NASA JSC)
	Special Topics-I
Chair: Cindy Kurt (United Space Alliance)
	Special Topics-II
Chair: Ed Jablonski (ARES Corporation)

	Space Vehicle Propellant Savings Technique

Tatiana Dobrinskaya 

	Obstacles to Integrated Space Operations

Russ Strachan
	Reliability – An Essential Key to Extended Manned Space Mission Success
James Mulberry
	The Future of Manned Robotics Missions
Mathew Hart
Jordan Lindsey

Samuel Trundle
	Launch Vehicle Economics – Worked Examples

Chris Taylor
	Paradigm Shifts: “Ripples in Space”

Beatriz Kelly-Serrato

	Lunar Missions-I
Chair: Chet Vaughan (Boeing)
	Lunar Missions-II
Chair: Antonio Oliva (Jacobs Sverdrup)
	Lunar Missions-III
Chair: Dan Brockway (United Space Alliance)

	Revisiting Apollo – Trans Lunar Injection (TLI) Guided Burn to the Moon

Earle Bentley


	Deciphering the Mysterious “Hypersurface” for Translunar Targeting

R. Leroy McHenry
	Descent and Landing Trajectory Guidance for Lunar Missions

Ron Sostaric
	Revisiting Apollo – Lunar Landing Guidance

Scott Nemeth

	Revisiting Apollo – Earth Entry
John Burton
	Revisiting Apollo – Translunar and Lunar Orbit Navigation
Samuel Welsh

	Aerospace Technology-IV
Chair: Syri Koelfgen (NASA JSC)
	Aerospace Technology-V

Chair: Kauser Imtiaz (Boeing)
	Aerospace Technology-VI
Chair: Stephen Morgan (Boeing)

	Mach-Lorentz Thrusters

Paul March


	Conceptual Design of a Shuttle-Derived Reusable Exploration Vehicle

Mike Engle
	Inflatable Structures: Test Results and Development Progress since Transhab

Christopher Johnson

Gary Spexarth
	Centrifuge Rotor Models – A Comparison of the Euler-Lagrange and the Bond Graph Modeling Approaches

Jose Granda

Jayant Ramakrishnan

Louis Nguyen
	An Approach to Meet the Space Exploration AR&D Challenge
Bob Blaser
	NASA JSC SBIR STTR Programs
Kumar Krishen


Symposium Location

The American Institute of Aeronautics and Astronautics (AIAA), Houston Section, welcomes you to the 2006 Annual Technical Symposium at NASA/JSC Gilruth Center on May 19, 2006.

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/ats2006. 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 and can be done online at the registration website listed above.

Special Events

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

Keynote Speaker: Mark Geyer/NASA-JSC

Deputy Program Manager, Constellation Program

Complimentary coffee, bottled water, assorted juices, and breakfast food provided
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Lunch, Noon–1:15 PM, Alamo Ballroom

Keynote Speaker: Dr. Mike Zolensky/NASA-JSC

Co-Investigator, Stardust Program
La Vincita Global Buffet

Chicken parmesan and pasta with marinara sauce

Meat 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. 

Software tools session i
Session Chair:
Greg Pierce

Jacobs Sverdrup
9:00 AM

extracting and classifying failure modes from text
David Throop
 The Boeing Company
Jane Malin
 NASA Johnson Space Center

We present a novel method for assigning short (~150 char) English text entries to problem classes in an ontology, to improve search of ISS Problem Reporting and Corrective Action (PRACA) entries. Usual methods of string search and keyword search fall short because the entries are terse and have numerous shortcuts (irregular abbreviations, nonstandard acronyms, cryptic codes.) We have elsewhere reported the development of ontologies (generalization hierarchies based on terms’ meanings) for Entities, Functions and Problems. We have also reported the Reconciler technology for matching terse English text strings. This work builds on those earlier efforts, parsing the descriptive titles of 52K PRACA entries, and assigning each entry to one or more classes in the Problem ontology. Each ontology class includes mapping words - near-synonyms naming different manifestations of that problem class. The mapping words are converted to a canonical form plus any of a small set of modifier words (e.g. non-uniformity → NOT + UNIFORM.) The report titles are parsed as sentences if possible, or treated as a flat sequence of word tokens if parsing fails. Title Entity and Function words are noted and are also converted to a canonical form. When canonical forms in the title match mapping words, the PRACA entry is associated with the corresponding entry in the Problem ontology. The result facilitates a semantic search through the PRACA. The effort has also led to the enrichment of the Problem Ontology class hierarchy, adding some new categories and many new mapping words.  

9:30 AM

value of automated code analysis tools in human space flight programs
Warren Badgley
GB Tech
Paul Judas
GB Tech

As the result of performing automated code analysis tasks for the NASA Shuttle and the DoD Joint Strike Fighter programs, tool assessments as part of the NASA-wide IV&V team and recent studies for Exploration Systems software strategies, some insights have been gained into the value of automated code analysis tools. These include the ability to: • Identify logic problems (unreachable code, divide by zero, etc) • Identify data problems (un-initialized variables, etc) • Provide a system-wide view of data and information flow • Evaluate against standards and metrics • Assess testability, maintainability These tools don’t replace test and verification analysts, but do make them more efficient. Using available automated tools for code scrutiny review support reduced the preparation effort by a factor of 6 on all projects thus far. Analysts reported some specific rule conformance evaluation efforts were reduced from several days to several minutes and that some problems identified by the tools could have easily been missed if done manually. Some of the tools used, their features, cost and benefits will also be presented and their value at various points in the software life-cycle. Additional test approaches for high integrity and safety rated systems will be discussed including dynamic code coverage and FMET. Also discussed will be potential benefits of automated code analysis applied to autocode generation and code reuse efforts associated with flight, flight operations, and flight simulation software.
software tools session ii
Session Chair:
Satya Pilla

Boeing
10:00 AM

software verification facility start script
Lloyd Johnson

The Boeing Company
Dan Golding
Not Available
	During ISS software testing, simulations and the flight software hosted on MDMs (Multiplexer/DeMultiplexer) must be configured to support the planned test activities. Although, it is possible to preconfigure the simulations, putting the flight software in the desired configuration requires that commands be issued from simulated command sources to configure each on-board subsystem. A startup script was written to send the commands automatically. The initial design of these startup scripts approached each subsystem serially. As the ISS grew in complexity, the startup script grew and by ISS Assembly flight 11A, it took close to 1.5 hours to configure the test rig. If a problem was encountered, the script would stop and wait for the operator to address the problem before continuing. Approximately two years ago, I proposed a new approach to the start script design. Each subsystem was given its own function. Each function would be called and it would check telemetry and delay parameters to determine if a new command should be issued. The function would either exit immediately or issue the next command in the sequence (and then exit). If a problem occurred while activating a subsystem, the operator would be notified and activation of that subsystem would pause, however execution of the other subsystems would continue. When the start script is rerun, the status of the subsystems would be checked and activated subsystems would not be reactivated. The result of this modified start script design was a script that could be executed in twenty minutes or less. 

	 


10:30 AM

Mdm dump tool
Lionel Molina

Cimarron
Lloyd Johnson
The Boeing Company
During ISS software testing a software error may cause the MDM (Multiplexer/DeMultiplexer) to transition to a diagnostic state. Data from the failed MDM’s memory is valuable in determining if a CSCI (Computer Software Configuration Item) problem exists. It is not always practical to dump the failed MDM’s memory using existing flight elements so the DumpTool was conceived by Lloyd Johnson and implemented by Lionel Molina using MDI (Multiple Document Interface) architecture on a laptop PC configured with a 1553 card. The DumpTool uses a configuration file to specify 1553 RTs and SAs and the memory regions to be dumped. These regions are unique to each CSCI and change with CSCI revisions. The configuration file format is specified in the DumpTool user manual and can be updated using a simple editor. During operation, the DumpTool becomes a 1553 bus controller, issues 1553 diagnostic dump commands and polls the MDM for dumped data, captures the data and saves it to a user specifed file name. When an MDM fails to diagnostics, the DumpTool is connected to the BIA (Bus Interface Adapter) of the MDM after first removing the existing1553 cable. The user then selects the CSCI and starts the dump activity. Once the data is obtained, the user will remove the DumpTool from the BIA and reconnect the existing cable. The dumped data is burned to a CD which given to the developer for analysis. The MDM can then be reinitialized to take it out of diagnostics and testing can continue.
space operations session i

Session Chair:
Mike Hazen

Jacobs Sverdrup
11:00 PM

on-board simulation and training system
Rolando Garza
Self Employed
Reynaldo Rodriguez
Self Employed
Long duration space flight will require on-board proficiency training. Therefore, an On-board Simulation and Training System (OSTS) would greatly facilitate the development of solutions to unexpected problems that maybe encountered. OSTS features would include simulation of vehicle operations, support execution of customized training scenarios all hosted on a low cost general purpose computer system. The core of the simulated environment would include the simulation of the on-board computer systems and communication protocols while exercising the exact avionics software used on-board the space craft. Supporting hardware simulations would include possible reuse of previous vendor developed and tested supporting hardware models. Development of various training scenarios could be developed on the ground and transmitted to the space craft for execution on the OSTS by the crew. An astronaut could access the system using his personal computer and exercise the required test scenario or training session. Conceptual design and prototype of an OSTS using the International Space Station (ISS) Command and Data Handling (C&DH) Architecture will be discussed. As well as the potential use of a similar system on-board the crew exploration vehicle.
11:30 PM

eva operations and integration activities as performed by mod eva
Zane Ney

United Space Alliance
	This abstract/presentation discusses the NASA MOD EVA Operations group and explains how it is able to safely plan, train, and fly EVA missions on both Shuttle and Station. It goes into details of how upfront preparation has been done throughout the years of the station program and how an aggressive training and integration program has paid off with many successful EVAs on the ISS. Details of the high work load of the Instructor/Flight Controllers is given and how strong active individuals are required in one of the most complicated areas of space flight. It exposes how efficiency can be obtained by combining tasks and working personnel within common areas in order to improve technical productivity. Most within the operations community will be surprised to find that EVA supports more on console hours than most groups and has done so for many years. EVA is one of the most complex areas of spaceflight and EVA operations specifically is caught in a twisted arena of complex requirements and Operational constraints that keeps EVA at the tip of the spear representing space flight. Successes to date are discussed and detailed discussions on how the standards within EVA have been dramatically raised over the years of working ISS. The cost of operating a complex infrastructure such as EVA is discussed and details on how it would be more expensive without a highly trained technical force in the EVA Operations community. 

	 


space operations session ii
Session Chair:
Kam Lulla

NASA Johnson Space Center
1:30 PM

space vehicle propellant savings technique
Tatiana Dobrinskaya
United Space Alliance
Propellant is delivered to International Space Station (ISS) by cargo vehicles, such as Russian “Progress”. The launch weight is limited, and increases in propellant weight are expensive. Therefore, saving propellant throughout space operations provides a significant benefit. A propellant saving technique for space vehicles was suggested, tested and implemented on ISS. This technique can be applied to every space vehicle when attitude control of the vehicle is performed using a combination of Control Moment Gyroscopes (CMGs) and thrusters. The ISS attitude control is provided by two means: Russian Segment (RS) thrusters and U.S. Segment CMGs. The primary concept of the proposed propellant saving method is to position the CMG gimbals for some activities in such a way that the orbital motion of the station can be beneficially used to create a necessary additional torque. This additional torque can compensate for some known external torques and thus save propellant. Furthermore, typical attitudes that are used for periods of CMG control differ from attitudes used for thruster control periods. This requires an attitude maneuver to be performed during an attitude control handover. Each of these maneuvers uses a relatively large amount of propellant. Applying the suggested method of positioning the CMG gimbals eliminates the need for these maneuvers and saves propellant (up to 10 - 15 kg of propellant per attitude control handover). Flight implementation demonstrated significant propellant savings for events such as Extravehicular Activities (EVAs), cargo vehicle undockings, vents, software uplinks, and others.
2:00 PM

obstacles to integrated space operations

Russell Strachan


Independent Consultant

As the Commercial Orbit Transfer System and Crew Exploration Vehicle approach, it is pertinent to review various obstacles to cohesive space operations. This briefing identifies 16 conditions that can adversely affect safe and efficient space missions. It examines risks that impact design, development, assembly, launch, on-orbit procedures, and landing. The sources of these risks can be categorized into five main areas: Programmatic – inadequate or improper resources, skills, or requirements Schedule – over ambitious plans Cost – insufficient funding to accomplish goals Technical – over complicated solutions or undefined requirements Customer – decisions based on customer “whims” rather than technical reasons Many of these problems can go unnoticed until they result in a mishap or failure. Early recognition and control of these issues establishes confidence and integrity in a project to achieve mission goals and success.

special topics session i

Session Chair:
Cindy Kurt

United Space Alliance
2:30 PM

reliability – an essential key to manned space mission success

James Mulberry


United Space Alliance

Manned space missions are expensive, complex, time and labor intensive. In addition, there are no readily accessible repair shops in space (unless they are set up as way stations in advance of a mission). Therefore, it’s imperative that critical space systems not only function correctly the first time, but that they do so every time that they are called upon to perform. Redundancy has been one approach to reliability, but redundancy adds weight, cost, complexity, and is more labor intensive. The better solution is a prudent and robust system design (with respect to margins of safety and strength) coupled with a well thought out acceptance program. This paper details a reasonable approach to the engineering and testing phases of system design. In particular, it details the design team makeup, testing phases and objectives (with respect to performance, schedule, and cost requirements), and the need for user inputs during these stages of system's life cycle.

3:00 PM

the future of manned robotics missions

Mathew Hart


United Space Alliance

Jordan Lindsey


United Space Alliance

Samuel Trundle
United Space Alliance

Current manned robotics missions utilize the Orbiter’s PDRS (Payload Deployment and Retrieval System) and the Station’s RMS (Remote Manipulator System). Historically the PDRS has been used for deploying, retrieving, & servicing payloads such as the Hubble Space Telescope as well as maneuvering EVA crewmembers. Today the PDRS is used almost exclusively for Station assembly, along with the Station RMS. The Station also has the MSS (Mobile Servicing System) which acts as a movable workstation for the RMS. The functionality of the PDRS during the Shuttle program ensured the future of robotics in space. In addition to the RMS and MSS currently aboard the Station, future additions to the Station include the SPDM (Special Purpose Dexterous Manipulator), the ERA (European Robotic Arm), the JEM RMS, (Japanese Experiment Module Remote Manipulator System) and the JEM SFA (Small Fine Arm). Adequate camera views are a limiting factor in current robotics missions. AERCam (Autonomous Extravehicular Robotic Camera) may solve those problems in the future. AERCam is a 7.5” sphere packed with cameras, lights, avionics, and thrusters. During robotics activities, AERCam can be commanded to autonomously maintain a specific location and orientation in space and transmit video back to the crew, offering unlimited camera viewing angles. Looking farther ahead, Robonaut, a waist-up humanoid EVA robot is continuing development at JSC. Robonaut will perform simple tasks in either autonomous or teleoperated modes. Mission possibilities include maintenance tasks and EVA assistance. Spidernaut, a robot designed to maneuver across the outside of a space vehicle on eight legs, is also in early development for possible maintenance applications.

special topics session ii

Session Chair:
Ed Jablonski

ARES Corporation

3:30 PM

launch vehicle economics – worked examples

Chris Taylor
Jupiter Research & Development

	At the Houston AIAA Section ATS 2004 I gave a talk entitled "A Back of the Envelope Look at Space Launch Costs" that built on the work of Claybaugh[2], Griffin[1], Kalitventsif[3], and others[7] to show how to produce easy but useful cost estimates of launch vehicle designs. This talk will improve on the "back of the envelope" launch vehicle cost method[8] and illustrate its implications for vehicle design with two worked examples. The examples are bimese vs. bimese plus external tank vehicles[6] and separated stage assent vehicles, such as the Black Horse or FLOC concepts[5]. I will also discuss how Griffin’s launch cost publications[4] foreshadowed the current NASA launch vehicle development path. 

	References:

	[1] Griffin, M. D., and Claybaugh, W. R., “The Cost of Access to Space,” JBIS, Vol. 47, 1994, pp. 119-122.

	[2] Claybaugh, W. R., AIAA Professional Study Series Course: Economics of Space Transportation, Oct. 12-13, 2002, Houston TX.

	[3] Kalitventseff, B., “Various Optimization Methods for Preliminary Cost and Mass Distribution Assessment for Multistage Rocket Vehicles,” JBIS, Vol. 20, 1965, pp. 177-183.

	[4] Griffin, M.D., “Heavy Lift Launch for Lunar Exploration,” presented at the U. of Wisconsin, Madison, WI, Nov. 9, 2001, http://fti.neep.wisc.edu/neep533/FALL2001/lecture29.pdf.

	[5] Goff, A., FLOC Tradeoff Study - Minimizing Technical Risk with Zero-g Sustained Fueling presented at the 41st AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, Tucson, Arizona, July 10-13, 2005 

	[6] Olds, J. R., and Tooley, J., “The Bimese Concept: A Study of Mission and Economic Options,” NASA Langley Grant NCC1-229 Final Report, Atlanta, GA, Dec. 22, 1999.

	[7] Raymes, F., and Dodds, J. I., “Reusable Space Transportation Systems: 1970/1980- An Evolutionary View,” Reducing the Cost of Space Transportation: Proceedings of the American Astronautical Society 7th Goddard Memorial Symposium, edited by George K. Chacko, American Astronautical Society, Washington, D.C., 1969.

	[8] Taylor, C. Y., A Back of the Envelope Look at Space Launch Costs, presented at the Houston AIAA Section ATS 2004: http://www.aiaa-houston.org/cy0304/event-16apr04/pres/ate23.ppt


4:00 PM

paradigm shifts: “ripples in space”

Beatriz Kelly-Serrato


Jacobs Sverdrup

Paradigm shifts are sudden, fundamental changes or assumptions which redefine our understanding of science. They tend to be most dramatic when they are least expected. One example of note occurred during the space race between the United States and Russia. A messenger stepped into the President’s cabinet office and stated, “The Russians have a man up there.” A paradigm shift had occurred, the Americans had missed it and the ultimate result was the Russians started the space race and took advantage of their foresight. Twenty years later two US college students foresaw another paradigm shift and initiated Yuri’s Night. Here people gather together to celebrate the launch of the first human in space. This phenomenon rippled across the globe like wildfire. Every year on April 12th literally thousands of parties are held across the planet and connected via the internet, yet another paradigm, and for this one single event remember a single space flight event. This presenter will take you on a journey to explore modern paradigms, some seen or unseen, in the world around you. Looking into the future: The year is 2010. What rests on the rim of this paradigm? Is the CEV launching its first mission towards the Moon? Or is there a foreign interest placing the first inflatable habitat on the Moon, beginning the first base for their scientific studies? Looking into the future the year is 2014. What rests on the rim of this paradigm? Are the engineers attending this conference conducting the first robotic Mars sample return mission? Thomas Kuhn author of The Structures of Scientific Revolutions 1962 was a visionary who invented the word “paradigm” and his philosophy can provide insight into the present ripples in space we are observing. He believed that, \'Science undergoes three phases and that from time to time; a science may go through a phase of revolutionary science.\' The first phase is occurring now, are we ready for it? Mars: Your life time or someone else’s?

shuttle retirement
Session Chair:
Steve King

Lockheed Martin
9:00 AM

strategic capabilities assessment for retirement of the space shuttle program: defining and documenting the path for nasa’s human spaceflight transition
Doug Sander
NASA Johnson Space Center
David Frost
Futron Corporation
Program planning for retiring the Space Shuttle Program (SSP) in 2010 began soon after the President’s Vision for Space Exploration announcement in 2004. Essential to SSP retirement planning is the Strategic Capabilities Assessment (SCA). The SCA’s purpose is two-fold: 1) it defines and documents the mission execution requirements of the SSP. These requirements then 2) set a baseline schedule that defines when SSP capabilities can be either transitioned to follow-on NASA programs or retired. The SCA defines capabilities as “the ability to produce a product or service using a combination of real and personal property, personnel, suppliers, and contracts.” The SCA’s key features are the listing of the major capabilities of each SSP project element and their associated real and personal properties, government and contractor personnel, suppliers, and contracts. Each capability is assigned a “Last Need Date” (LND), after which the SSP can release the capability without unacceptable risk to mission execution. The waterfall of LNDs provides the release schedule for assets, facilities, personnel, suppliers, and contracts. In effect, it forms the baseline retirement schedule of the Shuttle Program and the starting points for NASA’s transition to the Constellation Program. Futron Corporation is developing the Strategic Capabilities Assessment Database (SCADB), a Web-based database application to house the SCA data and to generate reports based on the data collected. The SCADB is available through the NASA intranet to transition managers and their supporting contractors nationwide. Reports will be posted to the SSPWEB Transition Website (http://sspweb.jsc.nasa.gov/upgrades/transition/transition.htm) and to the NASA MIS (NMIS) Website.
9:30 AM

the next step in the vision for space exploration: shuttle program transition and retirement
Debra Boyd

The Boeing Company
NASA has begun the planning process for the Transition and Retirement of the Space Shuttle Program. The Boeing Company is committed to work with our USA and NASA customers to safely fly out the Shuttle manifest and perform an orderly, cost effective phase-out of the Shuttle Program. Human capital management, knowledge management and records disposition, property disposition, facility disposition, historical preservation (including the Orbiter vehicles), supplier and contract close-out, communications management, plus transition project planning and integration across all program elements are all being considered. We are coordinating these Shuttle Transition and Retirement project plans with our USA and NASA customers to empower the timely transfer of key resources, and actively manage the redeployment of our people with vital experience on human space flight systems to Exploration projects, while maintaining the capability to safely operate the Space Shuttle system through completion of the ISS assembly.
lunar reconnaissance orbiter
Session Chair:
Bill Atwell

The Boeing Company
10:00 AM

The lunar reconnaissance orbiter – spacecraft and objectives
Craig Tooley

NASA Goddard Space Flight Center
The Lunar Reconnaissance Orbiter is the first of a series of missions planned by NASA’s Robotic Lunar Exploration Program(RLEP). LRO’s will focus on three broad objectives to support NASA’s Vision for Space Exploration and an eventual extended human presence on the Moon. These are Landing Site Safety, Lunar Resource Mapping, and the Assessment of the Lunar Radiation Environment. The spacecraft carries an instrument payload consisting of six instruments and one technology demonstration project designed to fulfill these goals. It will operate in a challenging environment in a nadir viewing, low lunar orbit, with a mean altitude of 50 km while simultaneously tracking the Earth and Sun. The LRO launch mass will be 1700 kg including a fuel mass of 900 kg, and maximum data collection of 573 Gbits/day using a 100 Mbs Ka band downlink. This presentation will focus on the LRO spacecraft, operations, timeline and tracking including the implementation of a new laser tracking technique.
10:30 AM

the lunar reconnaissance orbiter – instrument suite and measurements
John Keller

NASA Goddard Space Flight Center
NASA’s Robotic Lunar Exploration Program (RLEP), formulated in response to the President’s Vision for Space Exploration, will execute a series of robotic missions that will pave the way for eventual extended human expeditions to the Moon. The Lunar Reconnaissance Orbiter (LRO) is first in this series of RLEP missions, and plans to launch in October of 2008 for at least one year of operation. LRO will employ six individual instruments to produce accurate maps and high-resolution images of future landing sites, to assess potential lunar resources, and to characterize the radiation environment. LRO will also test the feasibility of one advanced technology demonstration package. This presentation will give an introduction to each of these instruments and an overview of their objectives.
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A pseudospectral method for space trajectory optimization
Jeremy Rea
NASA Johnson Space Center
All successful space missions must answer the following question: “What is the best way to get from point A to point B?” The answer to this question is seldom a straight line, nor is it generally intuitive to humans. The Constellation program will pose many such questions: “What is the best way to launch the vehicle?” “What is the best way to land the vehicle?” “What is the best way to travel the great spans between worlds?” Both analytical and numerical methods have been developed to answer these questions. This presentation will focus on just one method. A Legendre Pseudospectral Method for trajectory optimization, proposed by Mike Ross and Fariba Fahroo of the Naval Postgraduate School, has been used for several years with great success. The method uses pseudospectral collocation to discretize the nonlinear differential equations of motion into nonlinear algebraic equations by way of a pseudospectral differentiation matrix. These equations, as well as other complex constraints such as dynamic pressure or heating rate limits, are then posed in the form of a nonlinear optimization problem and solved numerically. It has been implemented by Mike Ross in the Matlab package DIDO (Direct and Indirect Dynamic Optimization) as a general trajectory optimizer. At JSC, the method has been implemented in C for the specific solution of space vehicle trajectories. The solution of possible space trajectories of the Constellation program will be presented, as well as work done to implement the trajectory optimizer as part of a closed-loop guidance algorithm.
11:30 AM

abort options for human lunar missions between earth orbit and lunar vicinity
Gerald Condon
NASA Johnson Space Center
Juan Senent

Odyssey
	Apollo mission design emphasized operational flexibility that supported premature return to Earth. However, it was tailored to use expendable hardware for short expeditions to low-latitude sites and cannot be applied directly to an evolutionary program requiring long stay times at arbitrary sites. This work establishes abort performance requirements for representative on-orbit phases of missions involving lunar orbit/lunar surface rendezvous and libration point rendezvous missions. This study submits reference abort delta-V requirement and other Earth return data (e.g., entry speed, flight path angle) and also examines the effect of abort performance requirements on propulsive capability for selected vehicle configurations. 
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1:30 PM

revisiting apollo – trans lunar injection (TLI) guided burn to the moon
Earle Bentley

United Space Alliance
Future manned lunar missions will likely require multiple Earth launches of vehicles that rendezvous in Earth orbit. After a successful Earth Orbit Rendezvous (EOR) is completed a transfer vehicle will perform a TLI burn to accelerate the spacecraft to the Moon. In order to accomplish Apollo-type lunar trajectories, special TLI targeting is required. This targeting must result in minimal midcourse corrections subsequent to Earth orbit departure. The Apollo Iterative Guidance Mode (IGM) used a targeting technique called “Hypersurface Targeting”. Historically, this is shown to have worked very well under powered flight perturbations and resulted in small midcourse corrections on the way to the Moon. The author will show that a form of the Space Shuttle’s Powered Explicit Guidance (PEG), because of its range angle predictability, can play the same role as IGM. PEG can accurately and safely guide future vehicles toward the Moon.
2:00 PM

Deciphering the mysterious “hypersurface” for translunar targeting
R. Leroy McHenry
The Boeing Company
The Apollo era term “Hypersurface” conjures up images of a mysterious force field from a Star Trek movie. After some preliminary introduction to the lunar transfer problem, this presentation intends to debunk that notion, explain what the hypersurface really is, describe how it was used in Apollo, and describe how it can be used for future lunar programs. In particular, this presentation first identifies the attributes of an acceptable translunar trajectory and then defines the "hypersurface" as a span of all trajectories that can be generated by rotating a single acceptable trajectory about the common node that connects the Earth and Moon at time of intercept. It also includes a discussion of translunar guidance lessons learned from Apollo. Finally, there is a suggestion of a titillating guidance challenge lying in wait for young GN&C engineers.
lunar missions session ii
Session Chair:
Antonio Oliva

Jacobs Sverdrup
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descent and landing trajectory guidance for lunar missions

Ron Sostaric


NASA Johnson Space Center

Future missions to the Moon will require a descent system to soft land a spacecraft on the lunar surface. Beyond just meeting requirements for soft touchdown while minimizing propellant usage, it is desirable to have the ability to land accurately in an area free of surface hazards. Furthermore, it is desirable for many reasons to have an autonomous capability to perform the precision landing and hazard detection and avoidance (HDA) functions. These improvements to descent systems will have applications to both human and robotic missions. A successful implementation of this capability requires advancements in a number of areas, including sensors and autonomy, as well as improvements in trajectory guidance. The trajectory guidance algorithm must provide the thrust and attitude commands to deliver the vehicle to the surface safely. It must provide a trajectory that decreases the descent velocity to an acceptable value at touchdown while minimizing the propellant usage. The trajectory must also meet constraints on acceleration, attitude, and attitude rate. This scheme is also required to be capable of a precise landing and provide hazard avoidance capability. While previously developed guidance schemes are adequate for the first few requirements, newer schemes that build on these previously flown schemes are being developed for precision landing and HDA. This presentation will discuss the current state of trajectory guidance for autonomous precision landing and hazard avoidance, recent guidance improvements, and future development plans.

3:00 PM

revisiting apollo – lunar landing guidance

Scott Nemeth


United Space Alliance

A total of six manned lunar landings have been successfully flown in the history of mankind. The Apollo program developed a unique space vehicle and guidance system to safely accomplish these landings. The presentation shows how the Apollo Lunar Module (LM) powered descent guidance is derived from the equations of motion, followed by a brief introduction to how the guidance was implemented. The guidance has been integrated within a modern simulation tool and is shown to have very close agreement with typical Apollo trajectory data. In conclusion, a video clip of an Apollo 17 simulated lunar landing is shown.
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revisiting apollo – earth entry

John Burton
United Space Alliance

The purpose of this presentation is to provide an overview of a typical Apollo Re-entry from a lunar mission and to discuss some differences for future missions. The command module vehicle will be described along with a brief summary of the Apollo lunar missions. A typical mission profile will be outlined from trans-earth injection to Landing. A description of the high-speed entry guidance for Apollo will be given. One of the possible requirements for future mission is to land in the high desert area. A short discussion of this requirement will be made.

4:00 PM

revisiting apollo – translunar and lunar orbit navigation

Samuel Welsh
United Space Alliance
This presentation provides an overview of the Navigation system used during Apollo for the Translunar and Lunar Orbit phases of flight. First, the navigation components developed and used for both ground and onboard navigation are briefly reviewed to provide a baseline understanding of the tools available during the Apollo timeframe. The ground components discussed include the Manned Spaceflight Network (MSFN), Mission Control Center-Houston (MCC-H) including its Real Time Computer Complex (RTCC), and Marshall Space Flight Center (MSFC). The components onboard the Command and Service Module (CSM) that are discussed include the Sextant (SXT), Scanning Telescope (SCT), and Apollo Guidance Computer (AGC). In addition, a quick outline of the Instrumentation Unit (IU) onboard the S-IVB (3rd stage of the Saturn V) is provided. Next, the navigation techniques and procedures performed from both a ground and onboard perspective are presented chronologically along a typical Apollo mission profile from an Earth parking orbit through the translunar phase to lunar touchdown. This includes the type of ground tracking data and onboard measurements used during each phase of flight as well as how the data was processed in order to provide an accurate state estimate despite being faced with limited processing power and poor lunar gravitation models.
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UWB Technology and applications on space exploration
Dickey Arndt

NASA Johnson Space Center

Ultra-wideband (UWB), also known as impulse or carrier-free radio technology, is one promising new technology. In February 2002, the Federal Communications Commission (FCC) approved the deployment of this technology. It is increasingly recognized that UWB technology holds great potential to provide significant benefits in many terrestrial and space applications such as precise positioning/tracking and high data rate mobile wireless communications. This talk presents an introduction to UWB technology and some applications on space exploration. UWB is characterized by several uniquely attractive features, such as low impact on other RF systems due to its extremely low power spectral densities, immunity to interference from narrow band RF systems due to its ultra-wide bandwidth, multipath immunity to fading due to ample multipath diversity, capable of precise positioning due to fine time resolution, capable of high data rate multi-channel performance. The related FCC regulations, IEEE standardization efforts and industry activities also will be addressed in this talk. For space applications, some projects currently under development at NASA Johnson Space Center will be introduced. These include the UWB integrated communication and tracking system for Lunar/Mars rover and astronauts, UWB-RFID ISS inventory tracking, and UWB-TDOA close-in high resolution tracking for potential applications on robonaut.
9:30 AM

uwb tracking algorithms – aoa and tdoa
Jianjun (David) Ni
NASA Johnson Space Center
Melinda Refford
United Space Alliance
Ultra-Wideband (UWB) tracking prototype systems are currently under development at NASA Johnson Space Center for various applications on space exploration. For long range applications, a two-cluster Angle of Arrival (AOA) tracking method is employed for implementation of the tracking system; for close-in applications, a Time Difference of Arrival (TDOA) positioning methodology is exploited. Both AOA and TDOA are chosen to utilize the achievable fine time resolution of UWB signals. This talk presents a brief introduction to AOA and TDOA methodologies. The theoretical analysis of these two algorthms reveal the affecting parameters’ impact on the tracking resolution. For the AOA algorithm, simulations show that a tracking resolution less than 0.5% of the range can be achieved with the current achievable time resolution of UWB signals. For the TDOA algorithm used in close-in applications, simulations show that the (sub-inch) high traking resolution is achieved with a chosen tracking baseline configuration. The analytical and simulated results provide insightful guidance for the UWB tracking system design.
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uwb tracking software development
Julia Gross

NASA Johnson Space Center

A Ultra-Wideband (UWB) two-cluster Angle of Arrival (AOA) tracking prototype system is currently being developed and tested at NASA Johnson Space Center for applications on space exploration. This talk discusses the software development efforts for this UWB two-cluster AOA tracking system. The role the software plays in this system is to take the waveform data from two UWB radio receivers as an input, feed this input into an AOA tracking algorithm, and generate the target position as an output. The architecture of the software (Input/Output Interface and Algorithm Core) will be introduced in this talk. The development of this software has three phases. In Phase I, the software mostly Matlab driven and only call C++ socket functions to provide the communication links to the radios. This is beneficial at early stage when it is necessary to frequently test changes in the algorithm. The Phase II of the development is to have the software mostly C++ driven and call a Matlab function only for AOA tracking algorithm. This is made in order to send the tracking results to other systems and also to improve the tracking update rate of the system. The third phase is part of future work and is to have the software completely C++ driven with a graphics user interface. This software design enables the fine resolution tracking of the UWB two-cluster AOA tracking system.
10:30 AM

uwb two-cluster aoa tracking prototype system design
Phong Ngo
NASA Johnson Space Center
This presentation discusses a design effort for a prototype ultra-wideband (UWB) tracking system that is currently under development at NASA Johnson Space Center (JSC). The system is being studied for use in tracking of lunar/Mars rovers during early exploration missions when satellite navigation systems are not available. The UWB technology is exploited to implement the tracking system due to its properties such as fine time resolution, low power spectral density and multipath immunity. A two-cluster prototype design using commercially available UWB radios is employed to implement the Angle of Arrival (AOA) tracking methodology in this design effort. In order to increase the tracking range, LNAs (Low Noise Amplifier) and high gain horns are used at the receiving sides. Field tests were conducted jointly with the SCOUT (Science and Crew Operation Utility Testbed) vehicle near the Meteor Crater in Arizona to test the tracking capability for a moving target in an operational environment. These tests demonstrate that the UWB tracking system can co-exist with other on-board RF communication systems (such as GPS, video, voice and telemetry systems), and that a tracking resolution less than 1% of the range can be achieved.
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performance evaluation of a uwb-rfid system for potential space applications
Chau Phan


NASA Johnson Space Center

This talk presents a brief overview of the ultra-wideband (UWB) RFID system with emphasis on the performance evaluation of a commercially available UWB-RFID system. There are many RFID systems available today, but many provide just basic identification for auditing and inventory tracking. For applications that require high precision real time tracking, UWB technology has been shown to be a viable solution. The use of extremely short bursts of RF pulses offers high immunity to interference from other RF systems, precise tracking due to sub-nanosecond time resolution, and robust performance in multipath environments. The UWB-RFID system Sapphire DART (Digital Active RFID & Tracking) will be introduced in this talk. Laboratory testing using Sapphire DART is performed to evaluate its capability such as coverage area, accuracy, ease of operation, and robustness. Performance evaluation of this system in an operational environment (a receiving warehouse) for inventory tracking is also conducted. Concepts of using the UWB-RFID technology to track astronauts and assets are being proposed for space exploration.
11:30 AM

proven avionics architectural principles and non-deterministic algorithms
Randall Black

Honeywell Space Applications
Achieving the Space Exploration vision will require significant support from autonomous agents and robotic systems: from rendezvous and docking to in-space assembly; from in situ mining and refining to mobile astronaut assistants. Currently, robotic operations, such as for the Mars Exploration Rovers, require a team of several individuals for each robot. Economic realities preclude this same level of support for the numerous autonomous systems that will be required to make the space exploration vision a reality. Increased autonomy, with the attendant decrease in required operator interaction, is key to providing a cost-effective solution to this problem. However, increased autonomy normally implies decreased determinism. Government agencies have been notoriously reluctant to certify non-deterministic systems, particularly when humans may be affected, as will be the case with many of the Space Exploration autonomous agents. This paper proposes applying proven architectural principles from advanced aircraft avionics to autonomous systems in space. Applying a broad brush, these principles include modular hardware, full time and space partitioning, table-driven coordinated operations, and compatible system-level tools. Adhering to these architectural principles simplifies the effort required to design, develop, test, integrate, certify, operate, maintain, and upgrade software applications and hardware components. More importantly, these principles provide an infrastructure that can isolate non-deterministic applications from the remainder of the system. This protects the autonomous system, and any humans or equipment in the area, from unforeseen negative consequences that may arise from the use of non-deterministic applications. Such protection may provide the bridge needed between non-deterministic algorithms and government certification.
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Mach-lorentz thrusters
Paul March

Barrios Technology
The Woodward Effect (W-E), which is the supposition by Dr. James F. Woodward of California State University - Fullerton that energy storing ions experience a transient mass fluctuation around their rest mass when accelerated, has been tentatively verified using linear electrical thrusters based on the Lorentz q*[E+(vxB)] force equation. The Mach-Lorentz Thruster (MLT) has to have a transient mass differential developed in a working medium such as a capacitor’s dielectric with an applied transverse magnetic field to produce a net thrust. These transient mass fluctuations are thought to come about from Wheeler/Feynman radiation reaction like gravity/inertial interactions between the local dielectric mass and the mostly distant mass in the universe per Mach’s Principle, thus maintaining the observance of the conservation of momentum law. Therefore if a net unidirectional force is produced in such a vxB device, mass fluctuations, as the most likely cause, have to be present. Such a net unidirectional and reversible force, on the order of +0.43 / -0.21 gram-force (+4.2 / -2.0 milli-Newton) or +0.1% / -0.05% of the suspend vxB test article and Faraday shield mass, was recorded by this author in his first 2.2 MHz vxB test article. So why is this small vxB force signal important? Because it gives us our first glimmers on how a recycled propellant rocket can be built, which will ultimately provide us with high thrust, near infinite specific impulse rocket engines that will drastically lower transportation costs and decrease transit times to the Moon, Mars and beyond.
2:00 PM

conceptual design of a shuttle-derived reusable exploration vehicle
Mike Engle

NASA Johnson Space Center
Although the Space Shuttle fleet will be retired at the end of this decade, many of the individual components and systems could be used for future space efforts, rather than as expensive museum pieces. One potential use for these systems and components is the development of a reusable, orbital-based "interim exploration vehicle" assembled from various pieces of Space Shuttle hardware. This paper presents a conceptual design for such a vehicle. Construction of this spacecraft could begin as soon as individual Shuttle vehicles are retired. In addition to providing an interim, crewed spacecraft prior to the start of crew exploration vehicle (CEV) operations, this spacecraft could also help to drive the development of new operational techniques and capabilities, e.g., on-orbit construction and servicing of manned spacecraft, orbital refueling, and new mission architectures.
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inflatable structures: test results and development progress since transhab
Christopher Johnson
NASA Johnson Space Center
Gary Spexarth
NASA Johnson Space Center
	JSC’s TransHab project was the first successful development program to prove the viability of inflatable habitats for space applications [1][2][3]. Although TransHab was cancelled in 2000, significant progress has been made this past year by JSC engineers. Since February 2005, the following test articles have been manufactured and tested: 1) An 88-in diameter restraint layer was pressure-tested to failure and reached an ultimate pressure of 197psi. This test article demonstrated the ability to build a 35-foot diameter inflatable with a factor of safety of 4.0 at 10.2 psi. 2) An 88-in diameter restraint layer with a window frame incorporated into the restraint layer was tested to failure and reached an ultimate pressure of 197 psi. This test article demonstrated the ability to incorporate windows and other structural penetrations in the woven restraint layer without reducing its strength. 3) An 88-inch diameter folding demonstrator that includes a bladder, restraint layer, and all of the MMOD shell layers was manufactured and assembled. This test article demonstrated an improved and simplified shell assembly and folding technique which installs pre-folded shell sections in a controlled manner. 4) Fifth-scale MMOD hypervelocity test articles have demonstrated fiberglass as a viable material for a MMOD bumper shield which is cheaper and more readily available than previously used materials. In addition, four different full-scale advanced shape inflatable mockups have been manufactured and evaluated for applications such as lunar habitats, airlocks, and transfer tunnels. 

	References:

	[1] United States Patent, Inflatable Vessel and Method, 6,547,189, April 2003.

	[2] TransHab: NASA's Large-scale Inflatable Spacecraft, American Institue of Aeronautics and Astronautics, Inc. 2000-1822, 3/06/2000.

	[3] Gossamer Spacecraft: Membrane and Inflatable Structures Technology for Space Applications, Chapter 21, American Institue of Aeronautics and Astronautics, Inc., 2001, Progress In Astronautics and Aeronautics - Volume 191.
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centrifuge rotor models – a comparison of the euler-lagrange and the bond graph modeling approaches
Jose Granda

California State University
Jayant Ramakrishnan

ARES Corporation
Louis Nguyen
NASA Johnson Space Center
	As a part of the NASA Aerosciences and Flight Mechanics Divisions’ centrifuge rotor verification task, a new approach of modeling physical systems was investigated. The bond graph model and the software CAMP-G were used for this purpose. The purpose of this task was to compare this approach with the standard Lagrangian modeling approach and highlight the similarities and differences in the techniques. The bond graph is an explicit graphical tool for capturing the common energy structure of systems. It increases one's insight into systems behavior. In the vector form, they give concise description of complex systems. Moreover, the notations of causality provides a tool not only for formulation of system equations, but also for intuition based discussion of system behavior, viz. controllability, observability, fault diagnosis, etc. Using the CAMP-G software, the authors simulated a simple model of the Japanese Centrifuge Rotor and compared the eigenvalues with those derived from Euler-Lagrange Equations. The authors obtained excellent correlation in the results. 

	References:

	[1] 1. Jose J. Granda, “Methods for Developing Computer Models of the Space Station Centrifuge Rotor and the Orbiter Repair Maneuvers”, Final Report, NASA Summer Faculty Research Opportunities Program 2005, NASA JSC, August 2005. 2. Jayant Ramakrishnan, "Centrifuge Rotor Models – A Comparison of the Euler-Lagrange and the Bond Graph Modeling Approaches", ARES Report No NASA-PIC-Task 613-CR Analysis, Final Report, ARES Corporation, September 2005. 
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An approach to meet the space exploration ar&d challenge
Bob Blaser
Honeywell
The nation’s Space Exploration vision requires a robust architecture for flexible Advanced Rendezvous & Docking (AR&D) and in-space vehicle element assembly that will support a broad suite of space vehicles and Design Reference Missions. In order to fulfill these needs, there are significant technical challenges that must be addressed to ensure architectural consistency across vehicles, technology readiness and system cost minimization. A robust and comprehensive AR&D architecture is needed that supports deployment of mature solutions for near-term vehicle deployments. This architecture must also be flexible and extensible enough to support insertion of emerging AR&D technology, at low-risk and low-cost. This paper presents some promising tools, technology and processes that can be matured and applied to help meet these AR&D challenges. A cooperative and collaborative approach that can assist NASA in addressing this daunting challenge is presented. The following AR&D topics are discussed in this paper: 1) heterogeneous fault tolerant sensor applicability, 2) algorithm needs, 3) various vehicle element and mission needs, 4) multiple coordinated vehicle operations, 5) refueling, 6) reconfiguration of conjoined vehicle assets, 7) leveraging commercial, government, industrial and academic solutions, 8) Integrated System Health Management, 9) promising mechanisms technology, 10) alternative AR&D maneuver approaches and 11) use of rapid-prototyping and Modeling & Simulation tools, processes and techniques to reduce system risk and cost.  

4:00 PM

NASA JSC SBIR Sttr programs
Kumar Krishen
NASA Johnson Space Center
The status and accomplishments of the NASA JSC Small Business Innovation Research (SBIR) and Small Business Technology Transfer (STTR) Programs will be presented. The SBIR Program was established by U.S. Congress in 1982 to provide increased opportunities for small businesses to participate in research and development (R&D), to increase employment, and to improve U.S. competitiveness. The program's specific objectives are to stimulate U.S. technological innovation, use small businesses to meet federal research and development needs, increase private-sector commercialization of innovations derived from federal R&D, and foster and encourage participation by socially disadvantaged businesses. Legislation enacted in 2000 extended and strengthened the SBIR program and increased its emphasis on pursuing commercial applications of SBIR project results. The STTR Program awards contracts to small business concerns for cooperative research and development with a non-profit research institution (RI), such as a university. The goal of the Congress in establishing the STTR program is to facilitate the transfer of technology developed by an RI through the entrepreneurship of a small business. The small business and its partnering institution are required to sign an agreement on how intellectual property will be shared between them. Modeled after the SBIR Program with the same basic requirements and phased funding structure described above, STTR is nevertheless a separate activity and is separately funded. JSC SBIR STTR program will be discussed in detail in this presentation. Technology developments being pursued through this program will be included. Success stories will be highlighted.
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Prof. Jose J. Granda, Professor in the Department of Mechanical Engineering, California State University, Sacramento obtained his Master of Engineering from the University of California, Berkeley and a Ph.D. in Mechanical Engineering from the University of California, Davis. He is currently Chairman of the Technical Activity Committee on Bond Graph Modelling and Simulation of the Society for Computer Simulation International and a Registered Professional Engineer in the State of California. He has served also as General Chair or Program Chair of the International Conferences on Bond Graph Modeling and Simulation, ICBGM'93, ICBGM'95, ICBGM'97, ICBGM'99, ICBGM'2001, ICBGM’2003 and is currently the General Chair of ICBGM'2005. In 1999-2000 he served the University of Applied Sciences in Sankt Augustin, Germany on sabbatical, invited by the German DAAD (the German NSF). Dr. Jose Granda was a visitng faculty at NASA JSC in SUmmer of 2005.

Gross, Julia

Julia Gross works in the Electromagnetic Systems Branch of the Engineering Directorate’s Avionic Systems Division at NASA Johnson Space Center. Her responsibilities include the design, development, evaluation, and testing of RF/microwave Communications and Tracking Systems. She graduated with a BSEE from South Dakota School of Mines and Technology in 1995. Ms Gross worked with the development of RF/microwave Communication Systems in the commercial sector before joining NASA in June 2004. 

Hart, Mathew

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

Johnson, Christopher

Both authors were involved in the engineering development of inflatable structures during the TransHab project. Gary led the design, analysis, and fabrication activities for the soft-goods. Chris was heavily involved with the design of the rigid core structure and window, and led the hydrostatic testing activities. Both authors continue to refine inflatable structure technology, as well as monitor the progress of space rated inflatable modules in private industry. 

Johnson, Lloyd

Lloyd Johnson received a BSEE degree from University of North Dakota in 1975 and a MSEE from the University of Washington in 1995. Lloyd works for Boeing and has been working in the ISS Hardware/Software Integration organization since 1996. 

Judas, Paul

Paul Judas has over 15 years of technical experience in spacecraft performance analysis, software development life cycle support with emphasis on testing, requirements development and configuration management. Mr. Judas has over 12 years of experience in technical lead and first-line technical management. Mr. Judas is currently the technical manager supporting the Space Shuttle Onboard Flight Software (OBS) Contract to United Space Alliance. Technical responsibilities on this CMM level 5 equivalent project included flight specific testing and analysis of Guidance, Navigation and Control orbit/deorbit flight software and simulated vehicle performance. Other recent responsibilities included performing Lunar Exploration Systems trade studies for GN&C systems. Mr. Judas received a Bachelor of Science degree in Aerospace Engineering from Iowa State University, Ames IA. Mr. Judas is a senior member of the American Institute of Aeronautics and Astronautics (AIAA) and member of the International Institute for Software Testing (IIST). 

Keller, John

Biography not available. 

Kelly-Serrato, Beatriz

BeBe Kelly-Serrato holds a BS is Geological Sciences and engineering and is currently the System Engineering Manager, Command and Data Handling Engineering Avionics for Jacobs-Sverdrup, providing critical support at the Johnson Space Center. In her career she has held many posts within the NASA community in Fight Crew and Thermal Crew Systems, and Crew Environmental and Health Systems and On Orbit Information Systems, all as a Systems Manager Engineer. She has held many positions in the private sector spanning 17 years of IT infrasturcture, security and disater recovery plans. BeBe strives for a robust space program that will one day take humans back to other worlds like the Moon and eventually Mars.

Krishen, Kumar

Dr. Krishen has served as JSC Chief Technologist and represented JSC as the Principal Technologist on the NASA Council on Science and Technology. Currently, he is the Senior Technologist for the Technology Transfer Office, NASA Johnson Space Center, Houston, Texas, responsible for small business technology programs and developing strategies for joint research and technology projects and plans with, industries, universities, other NASA centers and government agencies. Dr. Krishen has served at Virginia Tech as University Fellow for Technology Transfer, Office of Special Initiatives, and Visiting Professor in Electrical and Computer Engineering on a special NASA assignment. He also served as Adjunct Professor at Rice University in the Electrical and Computer Engineering Department. Dr. Krishen’s academic degrees are from Kansas State University (Ph.D. and M.S.), Calcutta University (M. Tech and B. Tech), and Jammu and Kashmir University (B.A.) in electronics, electrical engineering, radio physics, and mathematics. Dr. Krishen taught and guided research in Electronics and Electrical Engineering at Kansas State University before joining Lockheed in 1969 as Staff Scientist. Dr. Krishen joined NASA in 1976 and has held key positions in Advanced Programs in Earth Observations, Science Payloads, Experiment Systems, Tracking & Communications, Mission Support, New Initiatives, and technology R&D.
Lindsey, Jordan

Jordan Lindsey recieved his Master's degree in Aerospace Engineering from the University of Cincinnati in 2004. He worked as an NDE Project Engineer at Kennedy Space Center before coming to the Robotics Division at JSC. 

Malin, Jane T

Jane T. Malin is Senior Technical Assistant in the Intelligent Systems Branch, Automation, Robotics and Simulation Division, Engineering Directorate, NASA Johnson Space Center, where she has led intelligent systems research and development since 1984. She has led development of the CONFIG hybrid simulation tool. She has led research on intelligent user interface and intelligent agents for control of space systems, and on teamwork tools for anomaly response teams. Her 1973 Ph.D. in Experimental Psychology is from the University of Michigan. 

March, Paul

Paul March has a Bachelor degree in Electrical Engineering from the University of Texas at Arlington and has been working in the aerospace field for the last 33-years at five different companies, with the longest stretch being 22-years with Lockheed Martin working at Johnson Space Center. He has also published two papers on the Woodward Effect in the American Institute of Physics (AIP) STAIF-2004 and STAIF-2006 Conference and Proceedings. 

McHenry, R. Leroy
Leroy McHenry has nearly 40 years experience in spacecraft GN&C area. Early in his 23-year career at NASA, he performed detailed mission planning and trajectory data analysis in support of Project Apollo. Then he was a key contributor to the design, development, requirements documentation, and verification of the Space Shuttle GN&C flight software, mostly notably the PEG guidance algorithm. He has supervised and mentored many entry and junior level engineers in support of numerous NASA projects. Most recently, he is employed at Boeing in the Shuttle BFS flight software area. 

Molina, Lionel

Biography not available. 

Mulberry, James

This paper draws upon the author’s 25 years of aerospace experience with the MX and United States Space Transportation System (STS) programs in Colorado, California, Florida, and Texas. James Mulberry is currently a staff engineer with United Space alliance at the Johnson Space Center. He worked with Martin Marietta in Colorado in the mid 1980's on the MX program, with Lockheed on the now mothballed space shuttle launch site at Vandenberg AFB in the late 1980's in California, and with Lockheed Martin and United Space Alliance in software configuration management, safety engineering, payload safety, and facility configuration and payload customer data and commanding requirements documentation since 1987 in Florida and now in Texas. 

Ney, Zane A
United Space Alliance EVA Operations Manager 
EVA Instructor/Flight Controller 
Associate Science - Fire Science 
Bachelor Science - Mechanical Engineering 
Master Science - Systems Engineering 

Nemeth, Scott

Scott M. Nemeth is an aerospace engineer at United Space Alliance and has 18 years experience in aerospace and mechanical engineering. He supports Space Shuttle flight operations in ascent/descent trajectory design. Mr. Nemeth holds an Aeronautical and Astronautical Engineering degree from the University of Illinois. 

Ngo, Phong

Phong Ngo works in the Electromagnetic Systems Branch, Avionic Systems Division at the NASA Johnson Space Center for 20 years in the RF and Microwave Engineering field. He has received over 10 patent awards during this time. He graduated from Texas A&M Universtiy in 1987 with a BSEE. His interests include RF, antennas and communication systems 

Nguyen, Louis

Louis Nguyen works at the Guidance and Control branch of the Aerosciences and Flight Mechanics Division at NASA JSC. Louis' research interests include flight controls, dyamic simulations with flexible structures and robotic systems. Louis has worked on the ISS program and has been the technical focal for several contracts. Louis has a BS in Aerospace Engineering from the University of Illinois, Urbana Champaign and has worked for Lockheed Martin and NASA for the past 19 years. For the last 9 years,he has been the technical lead for the integrated ISS GN & C System Verification and Analysis. 

Ni, Jianjun (David)

Dr. Jianjun (David) Ni received his Ph.D. degree in Electrical Engineering from Iowa State University in 2002. From January 2001 to July 2003, he was a researcher in Department of Electrical & Computer Engineering at University of Houston. Dr. Ni received the 2003 National Research Council (NRC) Research Associateship Award and joined NASA Johnson Space Center as a NRC resident research associate in July 2003. Dr. Ni\'s research interests fall in the general areas of communications, signal processing and information theory. 

Phan, Chau

Chau Phan joined NASA Johnson Space Center after graduating with a BSEE from the University of Texas in 1990. She currently works in the Electromagnetic Systems Branch of the Engineering Directorate’s Avionic Systems Division. Her responsibilities include the development, evaluation, and testing of communications and tracking systems for space applications. 

Ramakrishnan, Jayant

Dr. Jayant Ramakrishnan is an AIAA Associate Fellow and has been in the Houston Section since 1993. He is a Vice President and Manager at ARES Corporation and manages several projects including Return-to-Flight Statistical Analysis and work on the Hubble contract. He has 18 years of diverse engineering experience in structural dynamics, control systems and control-structure interaction problems. He has over 25 papers in conferences, journals and refereed texts. Jayant earned a BS in Mechanical Engineering from University of Madras, India in 1981 and an MS and Ph.D. in Mechanical Engineering from the University of Missouri-Rolla in 1983 and 1987 respectively.

Rea, Jeremy

Biography not available.

Refford, Melinda

Melinda Refford is a Shuttle Flight Controller for the Instrumentation and Communications (INCO) group. The INCO group monitors and analyzes the communication, payload and telemetry systems onboard the Space Shuttle. Also, Ms. Refford is earning a MS Electrical Engineering degree this May at University of South Florida. Her fields of interests are Electromagnetics and Communication Systems. She received a BSEE from Penn State University in 2003. 

Rodriguez, Reynaldo

Reynaldo R. Rodriguez, P.E. is an engineering consultant with 23 years of experience in the design and operation of NASA space and simulation systems. Reynaldo began his career as a Space Shuttle Flight Controller supporting Payload Operations. He has served as a systems engineer on the Shuttle Mission Training Facility Upgrade and as Chief Systems Engineer for the International Space Station (ISS) Part-Task Trainer (PTT). Training and simulation software development was the next challenge that Reynaldo embraced when he designed and developed the Command and Data Handling model for the ISS PTT. He is currently working as an Embedded Software Engineer tasked with integration and verification testing of ISS on-board application software. Reynaldo holds a Bachelor of Science in Electrical Engineering from the University of Houston. 
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Doug Sander, 46 
Arlington, Minnesota 
BS, USAFA 82’ 
MA, UHCL, 93’ 
Systems Engineering MS coursework, UHCL 
7.5 years USAF 
16 years NASA MOD, ISS, OSP, SSP 
Wife Ann, three boys

Senent, Juan

Biography not available.

Sostaric, Ron

Education: 
BS, AE - Georgia Tech, 2000 
MS, AE - University of Houston, 2005 
Experience: 
1996-2000: JSC Co-op 
2000-present: Full-time NASA JSC in Flight Mechanics and Trajectory Design Branch (Aeroscience and Flight Mechanics Division) 
Projects: 
X-38 Parafoil GN&C and Flight Testing 
Mars EDL - Powered Descent Guidance 
Lunar Powered Descent Guidance 
Lunar Ascent Guidance 
Other: 
Member of AIAA-Houston GN&C Technical Committee 

Strachan, Russell L

Mr. Strachan is licensed in Texas as a Professional Engineer with 25 years of experience in military and civilian space projects.
Taylor, Chris

Chris Y. Taylor is a mechanical engineer for Jupiter Research and Development. Previous papers include: 
Taylor, C. Y., Modanese, G., Evaluation of an Impulse Gravity Generator Based Beamed Propulsion Concept, presented at the 38th AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit, Indianapolis, Indiana, 7-10 Jul 2002 
Taylor, C. Y., A Back of the Envelope Look at Space Launch Costs, presented at the Houston AIAA Section ATS 2004 
Taylor, C. Y., Propulsion Economic Considerations for Next Generation Space Launch, presented at the 38th AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit, Fort Lauderdale, Florida, 11-14 Jul 2004 
He served as Programs Chair for the Houston AIAA Section in 2003-2004. 

Throop, David  R

David R. Throop has been an Artificial Intelligence Specialist with The Boeing Company since 1992. He provides engineering software support in the Intelligent Systems Branch in the Automation, Robotics and Simulation Division in the Engineering Directorate at NASA Johnson Space Center. He oversaw development of FMEA modeling software and its use for the International Space Station. His 1979 Bachelors of Chemical Engineering is from Georgia Tech. His 1992 Ph.D. in Computer Science is from the University of Texas, with a dissertation on Model Based Diagnosis.
Tooley, Craig

Biography not available.

Trundle, Samuel

Samuel Trundle is currently persuing his Bachelor's degree in Aerospace Engineering from Embry-Riddle Aeronautical University. He is currently a co-op in the Robotics Division at JSC.

Welsh, Samuel

Sam currently works for United Space Alliance as a Navigation Flight Controller for the Space Shuttle Program. He received a M.S. in Aerospace Engineering from University of Texas at Arlington in 2004 and a B.S in Aerospace Engineering from Texas A&M University in 2002.
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