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

	8:15 AM - 8:45 AM
	Speaker:  Myron Diftler
Robotics New Technology: R2
	Alamo Ballroom

	9:00 AM – 10:15 AM
(Group A)
	New Destinations
	San Jacinto

	
	SSP/ISS/Orion
	Coronado

	
	Dynamics & Controls
	Longhorn

	
	Operations Management
	Rio Grande

	10:30 AM – 11:45 AM
(Group B)
	Propulsion
	San Jacinto

	
	SSP/ISS/Orion
	Coronado

	
	Dynamics & Controls
	Longhorn

	
	Technologies
	Rio Grande

	
	
	

	12:00 PM – 1:00 PM
	Lunch
	Alamo Ballroom

	
	
	

	12:00 PM – 1:00 PM
	Speaker:  Michael Coats
JSC's Future
	Alamo Ballroom

	
	
	

	1:00 PM - 1:30 PM
	Rover Demonstration: Bill Bluethman
	 

	
	
	

	1:45 PM – 3:00 PM
(Group C)
	Technologies
	San Jacinto

	
	SSP/ISS/Orion
	Coronado

	
	Dynamics & Controls
	Longhorn

	3:15 PM – 4:30 PM
(Group D)
	Technologies
	San Jacinto

	
	SSP/ISS/Orion
	Coronado

	
	Technologies
	Longhorn


	8:15 - 9:00
	Morning Key Note Speaker - Myron Diftler

	 
	San Jacinto
	 
	Coronado
	 
	Longhorn
	 
	Rio Grande

	 
	Session 1-A: 
Theme - New Destinations
Session Chair: Al Jackson
	
	Session 2-A: 
Theme - SSP/ISS/Orion
Session Chair: Chet Vaughn
	 
	Session 3-A:
Theme - Dynamics & controls
Session Chair: Douglas Yazell
	
	Session 4-A:
Theme - Operations Management
Session Chair: Bill Wood

	9:00 - 9:25
	1-A.1  A Survey Of Asteroid Destinations Accessible For Human Exploration: 
Dan Adamo
	
	2-A.1  Analysis of Crew Exercise and ISS Structure Interaction: Mike Laible
	
	3-A.1  Accurate Determination of the Impact of Interface Deadband Nonlinearities on Component Transient Environments: Arya Majid
	
	4-A.1   Space Station S&MA Look Ahead Methodology:

David Bradt



	9:25 - 9:50
	1-A.2  Asteroid Deflection - Techniques and Considerations: 
Stanley Love
	
	[image: image7.png]


2-A.2  International Space Station Solar Array Rotary Joint Analysis using Transfer Functions: 
Mike Laible
	
	3-A.2  Biped Stabilization Using Gyroscopic Action: 
Oscar Palafox
	
	4-A.2  Processing interface requirements at the start of a project life cycle: 
Garland Bauch

	9:50 - 10:15
	1-A.3  The Matrix Theory of Objects – An Update:
Sergio Pissanetzky
	
	2-A.3  On-Orbit Propulsion and Methods of Momentum Management for the International Space Station: Samuel Russell
	
	3-A.3  Design Tool Development for Structural Dynamics Analysis for Analyzing Nonlinear Connection Joints: 
Michael Contreras
	 
	4-A.3  Rapid Response Risk Assessment (R3A) – An Integrated Tool Set for New Project Development: Robert Graber

	 10:15 – 10:30
	15 Minute Break


Morning Sessions – Group A
Morning Sessions – Group B
	 
	San Jacinto
	 
	Coronado
	 
	Longhorn
	 
	Rio Grande

	 
	Session 1-B: 
Theme - Propulsion
Session Chair: Douglas Yazell
	 
	Session 2-B:
Theme - SSP/ISS/Orion
Session Chair: Bob Beremand
	 
	Session 3-B:
Theme - Dynamics & Controls
Session Chair: Mike Laible
	 
	Session 4-B:
Theme - Technologies
Session Chair: Bill Wood

	10:30 - 10:55
	1-B.1  Launch Vehicle Propulsion Optimization Considerations: 
Michael Bloomfield

	
	2-B.1  An Overview of Three Trajectory Studies Performed for Orion System Trades: Mark Jackson

	
	3-B.1  Pattern Recognition for a Flight Dynamics Monte Carlo Simulation: 
Carolina Restrepo

	
	4-B.1  Signal Processing Techniques Applied to Text Data Mining for Clustering with Cost Effective Tools: 

Travis Moebes
 

	10:55 - 11:20
	1-B.2  Performance and Exhaust Plume Measurements of the VASIMR® VX-200: 
Benjamin Longmier

	
	2-B.2  Orion Final Approach and Docking Guidance: 
Zoran Milenkovic
	
	3-B.2  Payload Shock & Vibration Isolation using Foam Stiffness: 
Sujatha Sugavanam
	
	4-B.2  Using Markov Chain Monte Carlo to Solve your Toughest Problems in Aerospace: Mark Powell


	11:20 - 11:45
	1-B.3  Nuclear and Solar Electric Propulsion Mars Trajectories with Variable Specific Impulse: 
Leonard Cassady
	
	2-B.3  Orion Touchdown Heading Control: Mark Kane

	
	3-B.3  Restricted Two-Impulse Rigid Body Reorientation Maneuvers: 
Neha Satak 

	 
	     4-B.3 Implementing Ada Software In A Multi-Language Portable Simulation Application: 

Murugan Subramaniam

	12:00 - 1:00
	Lunch Key Note Speaker - Michael Coats

	1:00 - 1:30
	Rover Demo


Afternoon Sessions – Group C
	 
	San Jacinto
	 
	Coronado
	 
	Longhorn
	
	Rio Grande

	 
	Session 1-C:
Theme - Technologies
Session Chair: Zafar Taqvi
	
	Session 2-C:
Theme - SSP/ISS/Orion
Session Chair: Bob Beremand
	
	Session 3-C:
Theme - Dynamics & Controls
Session Chair: Mo Kaouk
	
	Session 4-C:
Theme - Dynamics & Controls
Session Chair: Dan Nobles

	1:45 - 2:10
	1-C.1  Development of Laboratory Framework Supporting Human-Robot Interaction Activities: Kurt Cavalieri

	
	2-C.1  PEG Thrust Integrals Are Closed Form After All: 
LeRoy McHenry

	
	3-C.1  Satellite Formations: Orbit Mechanics and Control: 
Srinivas Vadali

	
	4-D.1  The Evolution of the Randezvous Profile During the Space Shuttle Program: 

William Summa


	2:10 - 2:35
	1-C.2  Estimating the Probability of Catastrophic Failure of Spacecraft Flight Software, Using the Latent Error Model: 
Nelson Thompson

	
	2-C.2  Space Shuttle Day-of-Launch Trajectory Design and Verification: Brian Harrington

	
	3-C.2  Simulation of Liftoff Acoustic Loads Using a Boundary Element Model of Launch Pad Geometry: 
Ed O'Keefe

	
	4-D.2  Comments on Existing Planetary Space Specific Orbital Energy Calculation: Hsien Lu

	2:35 - 3:00
	1-C.3  EVA Space Suit Architecture -  Low Earth Orbit Vs. Moon Vs. Mars: Terry Hill

	
	2-C.3  Using Orion RCS to Alleviate Jettison Motor Contamination: Ries Smith

	
	3-C.3  The Role of Motion Constants in Dynamic Systems: Chris Bertinato

	
	

	3:00 - 3:15
	15 Minute Break
	
	


Afternoon Sessions – Group D
	 
	San Jacinto
	 
	Coronado
	 
	Longhorn

	 
	Session 1-D:
Theme - Technologies
Session Chair: Zafar Taqvi
	
	Session 2-D:
Theme - SSP/ISS/Orion
Session Chair: Dan Nobles
	
	Session 3-D:
Theme - Technologies
Session Chair: Mo Kaouk

	3:15 - 3:40
	1-D.1  Maximal Clique based Distributed Coalition Formation Algorithm for Collaborative Multi-Agent Systems: Predrag Tosic

	
	2-D.1  Lessons Learned in Life Sciences in Human Space program: Aleksey Grishin

	
	3-D.1  Continuous Monitoring of Human Activities from Video Surveillance for Active Alerts: Shishir Shah


	3:40 - 4:05
	1-D.2  Multi-Agent Communication and Control Architecture: 
Clark Moody

	
	2-D.2  The Vision Navigation Sensor (VNS) in Orion: Fred Clark

	
	3-D.2  Optimization of Lunar Surface EVA Tasking and Scheduling Using Genetic Algorithms: Patrick Rodi


	4:05 - 4:30
	1-D.3  Nanotechnology at NASA JSC: 
Malroy Eric

	 
	2-D.3   Configuring the Orion GN&C Data-Driven Flight Software Architecture for Automated Sequencing: Ryan Odegard

	 
	3-D.3  Re-visiting Un-manned Missions For Manned Space Exploration & Technology Development: An-Hao Lee



SYMPOSIUM LOcation
The American Institute of Aeronautics and Astronautics (AIAA), Houston Section, welcomes you to the 2010 Annual Technical Symposium at NASA/JSC Gilruth Center on April 30, 2010.
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. 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.  
Special Events
Morning, 8:15-8:45 AM, Alamo Ballroom
Keynote Speaker: Myron Diftler, Robotics Systems Technology Branch, JSC
“Robotics New Technology: R2”
Complimentary coffee, bottled water, assorted juices, and breakfast food provided

Lunch, Noon–1:00 PM, Alamo Ballroom
Keynote Speaker: Michael Coats, JSC Center Director
“JSC’s Future”
Deluxe Build Your Own Sandwich, Tuna Salad, Fruit Salad, Desert Bar

Fresh Brewed Starbucks Coffee, Iced Tea

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. 
Session 1A








San Jacinto Room
New Destinations

Session Chair: Dr. Al Jackson


Jacobs Technology
9:00 AM
1-A.1
A Survey Of Asteroid Destinations Accessible For Human Exploration 
Daniel R. Adamo*

Astrodynamics Consultant, Houston, TX 77059

Jon D. Giorgini†

Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109-8099

Paul A. Abell‡

NASA Johnson Space Center, Astromaterials Research and Exploration Science, Houston, TX 77058

Planetary Science Institute, Tucson, AZ 85719

and

Rob R. Landis§

NASA Ames Research Center, Intelligent Systems Division, Moffett Field, CA 94035

NASA Johnson Space Center, Lunar Surface Systems, Houston, TX 77058
The Flexible Path is one of several space exploration strategy options developed by the Review of U.S. Human Space Flight Plans Committee in 2009. Among proposed Flexible Path destinations are near-Earth objects, those asteroids and comets having perihelions less than 1.3 astronomical units and periods less than 200 years. Heliocentric orbit element

criteria have been developed with the objective of rapidly identifying the near-Earth object subset potentially accessible for human exploration capabilities. When these criteria were applied to the Jet Propulsion Laboratory's small-body database in June 2009, the accessible subset was found to contain 36 near-Earth objects. Opportunities to visit these "Accessible 36" destinations have been obtained and assessed over the interval from 2020 through 2050. With the number of cataloged near-Earth objects expected to grow by more than an order of magnitude in the next 20 years, the number and frequency of human near-Earth object exploration opportunities will likewise increase.

* Sole Proprietor, 4203 Moonlight Shadow Ct., adamod@earthlink.net, and AIAA Senior Member.

† Senior Analyst, MS 301-150, 4800 Oak Grove Dr., jon.d.giorgini@nasa.gov.

‡ Planetary Scientist, Code KR, paul.a.abell@nasa.gov.

§ General Engineer, Code TI, rob.r.landis@nasa.gov.
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Session Chair: Dr. Al Jackson


Jacobs Technology
9:25 AM

1-A.2
Asteroid Deflection: Techniques and Considerations

Stanley G. Love

Mail Code CB, NASA-JSC, 2101 NASA Parkway, 
Houston, TX 77058, stanley.g.love@nasa.gov

The impact of an asteroid on the Earth could cause a local, regional, or global disaster [1]. There are ~100,000 near-Earth objects (NEOs) >140 m in size, of which ~20,000 are Potentially Hazardous Asteroids (PHAs) with orbits that approach within 0.05 AU of Earth [2]. Astronomers have discovered ~6,500 NEOs, ~1,100 of which are PHAs. None currently threaten Earth. Planned surveys will discover and track 90% of PHAs by 2020 [2]. 

If an Earth-threatening object were found with >10 yr of lead time, a spacecraft could destroy or deflect it [3]. Because destruction requires ~3× more energy than deflection, and because the resulting debris could still threaten Earth, deflection is preferred [3]. 

Efficient deflection uses force along the asteroid's orbit, causing it to arrive too early or too late to hit the Earth [3]. A Δv of a few mm/sec can deflect an asteroid with 10-20 yr of lead time [3, 4]. If a threatening object makes a close pass by the Earth and returns on a later orbit, the Δv requirement can be ~100× smaller if applied before the close approach [4]. 

Deflection methods include direct thrust with an attached engine [3, 4, 5]; reaction by thermal boiloff of surface material [4, 5]; albedo adjustment [5]; towing by a gravitationally-bound spacecraft [6]; surface explosion [3]; and kinetic impact [3]. Each has advantages and disadvantages in terms of controllability; momentum transfer; political acceptability of a geographically shifting impact point; complexity in rendezvous, landing, and attachment systems; and sensitivity to asteroid material properties and rotation. Kinetic impact and the gravitational tractor are among the more feasible options. 

[1] C. R. Chapman (2004). The hazard of near-Earth asteroid impacts on Earth. Earth and Planetary Science Letters 222, 1. 

[2] P. A. Abell, D. J. Korsmeyer, R. R. Landis, T. D. Jones, D. R. Adams, D. D. Morrison, L. G. Lemke, A. A. Gonzales, R. Gershman, T. H. Sweetser, L. N. Johnson, and E. T. Lu (2009). Scientific exploration of near-Earth objects via the Orion Crew Exploration Vehicle. Meteoritics and Planetary Science 44, 1825. 

[3] T. J. Ahrens and A. W. Harris (1994). Deflection and fragmentation of near-Earth asteroids. In Hazards due to Comets and Asteroids (T. Gehrels, ed.), University of Arizona Press, 897. 

[4] A. Carusi, G. B. Valsecchi, G. D'Abramo, and A. Boattini (2002). Deflecting NEOs in route of collision with the Earth. Icarus 159, 417. 

[5] R. L. Schweickart, E. T. Lu, P. Hut, and C. Chapman (2003). The asteroid tugboat. Scientific American 289 (5), 54. 

[6] E. T. Lu and S. G. Love (2005). Gravitational tractor for towing asteroids. Nature 438, 177.
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Jacobs Technology
9:50 AM

1-A.3
Comments on Existing Planetary Space Specific Orbital Energy Calculation
Elder Dr. & Mrs. Hsien-Lu & Hui-Lien Peng Huang

470 Buoy Road, Webster, Texas  77598

The purpose of the work is to investigate the impact of planet’s self-rotation or spin in the derivation of orbital equations and to disclose the authors’ Talk on Specific Orbital Energy in the Wikipedia, the free encyclopedia, .May 2008.[#1].

Surprisingly, the key results found for Planets Jupiter and Saturn showed that their self-rotation or spinning kinetic energies per unit mass are of the same order of magnitude of their specific orbital energies obtained by the existing calculation.  Moreover, the work demonstrates that based on conservation of energy the Planets’ distances from the Sun calculated will be different from those obtained by using the existing way which were obtained by ignoring the Planets’ self-rotation or spinning kinetic energy as traditionally an orbiting object is considered as a point mass.  This may lead to further study of the impact on the existing data in the current Aerospace Meteorology, ephemeris as predicted by Dr. William Todd Cerven [2], etc.

Reference

#1,  Elder Dr. & Mrs. Hsien-Lu & Hui-Lien Peng Huang,  Talk on Specific Orbital Energy in Wikipedia, the free encyclopedia, May 2008

#2. Dr. W. Todd Cerven,  Email to Elder Dr. & Mrs. Hsien-Lu & Hui-Lien Peng Huang dated January 28, 2008
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Session Chair: Douglas Yazell


Honeywell
10:30 AM

1-B.1
Launch Vehicle Propulsion Optimization Considerations
By

Michael Bloomfield
At this critical juncture in the future of NASA’s Exploration Program, it is an appropriate time to evaluate what types of chemical propulsion are appropriate for launch vehicles that carry crew and cargo into space and what are the figures of merit that drive propulsion system selection. This presentation discusses the system considerations that determine selection of chemical propulsion systems for boost and upper stages. Also discussed are the relative merits of chemical propulsion systems with regard to: specific performance characteristics, performance tailor-ability, reliability, safety, operability, ground processing, and cost. This presentation will be a good primer in the characteristics to be considered, and process to be followed in evaluating chemical propulsion systems for launch vehicles.
Biography
MICHAEL J. BLOOMFIELD (COLONEL, USAF, RET.) NASA ASTRONAUT (FORMER)  

 EDUCATION: Graduated from Lake Fenton High School, Fenton, Michigan, in 1977. Bachelor of Science degree in Engineering Mechanics from the U.S. Air Force Academy, 1981. Masters in Engineering Management from Old Dominion University, 1993. 

 EXPERIENCE: Bloomfield graduated from the USAF Academy in 1981. He completed Undergraduate Pilot Training at Vance Air Force Base (AFB), Oklahoma, in 1983, and was selected to fly the F-15. From 1983 until 1991, he served as a combat ready pilot and instructor pilot in the F-15 at Holloman AFB, New Mexico, Bitburg Air Base Germany, and Langley AFB, Virginia. He completed the F-15 United States Fighter Weapons Instructor Course in 1987. In 1992 he attended the USAF Test Pilot School and was honored as a distinguished graduate. He remained at Edwards AFB, California, where he conducted tests in all models of the F-16. 
SPACE FLIGHT EXPERIENCE: Pilot of STS-86, flown on the shuttle Atlantis, Pilot of STS-97, flown on the shuttle Endeavour, Commander of STS-110, flown on the shuttle Atlantis.
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1-B.2
Performance and Exhaust Plume Measurements of the VASIMR® VX-200

Benjamin W. Longmier
, Jared P. Squire2, Leonard D. Cassady3, 
Chris S. Olsen4, Tim W. Glover5, Mark D. Carter6,  
Greg E. McCaskill7, and Franklin R. Chang Díaz8
Ad Astra Rocket Company, Webster, TX 77598, USA 

Edgar A. Bering, III9 

University of Houston, Departments of Physics and ECE, Houston, TX 77204, USA

Recent performance and exhaust plume measurements are discussed in the development of an advanced RF electric propulsion engine: the Variable Specific Impulse Magnetoplasma Rocket (VASIMR®) VX-200, a 200 kW flight-technology prototype.  Results are presented from first stage only and first stage with booster stage experiments that were performed on the VX-200 using between 60 mg/s and 150 mg/s argon propellant.  Measurements of ion flux, ion energy, plasma density and potential gradients, and force density profiles taken in the exhaust plume of the VX-200 are made within a 150 cubic meter vacuum chamber and are presented in the context of individual stage and total engine performance.  

 Research Scientist, Ad Astra Rocket Company. 141 W. Bay Area Blvd.  AIAA Member

2 Director of Research, Ad Astra Rocket Company, 141 W. Bay Area Blvd.  AIAA Member

3 Lead Project Engineer, Ad Astra Rocket Company, 141 W. Bay Area Blvd.  AIAA Member

4 Research Scientist, Ad Astra Rocket Company, 141 W. Bay Area Blvd.

5 Director of Development, Ad Astra Rocket Company, 141 W. Bay Area Blvd., AIAA Member

6 Director of Technology, Ad Astra Rocket Company, 141 W. Bay Area Blvd.

7 Senior RF Engineer, Ad Astra Rocket Company, 141 W. Bay Area Blvd., AIAA Member

8 Chief Executive Officer, Ad Astra Rocket Company, 141 W. Bay Area Blvd., AIAA Associate Fellow 
9 Professor, Physics and ECE, 617 Science & Research Bldg 1, AIAA Associate Fellow
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1-B.3
Nuclear and Solar Electric Propulsion Mars Trajectories with Variable Specific Impulse

Leonard Cassady

A parametric study of Mars trajectories under variable specific impulse is presented. The study considers a nuclear electric VASIMR propulsion system, and a two phase mission architecture with a single ship. A high thrust, constant Isp planetary spiral, followed by a variable specific impulse heliocentric transfer. Two distinct computer codes are used in the analysis: a simple integration method for the planetary spiral and an energy optimization code for the heliocentric transfer. To achieve a smooth trajectory, the end points of the solutions must be carefully matched. The results show the expected gain in performance for fast mission scenarios and point to design requirements in power levels, system power specific mass and initial mass in low Earth orbit for a human mission in 2018. The results are compared with the NASA nuclear thermal design reference mission (DRM 3.0). A brief study of abort scenarios has also been carried out, and shows the inherent robustness of the VASIMR system for providing operational options in the event of system failures.  Finally, a presentation of substituting state-of-the-art solar arrays for nuclear power of the cargo missions shows that solar electric propulsion can feasibly deliver large payloads to Mars with similar mass and duration as nuclear.  
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San Jacinto Room
Technologies
Session Chair: Dr. Zafar Taqvi


Barrios
1:45 PM

1-C.1
Development of Laboratory Framework Supporting Human-Robot Interaction Activities

Kurt Cavalieri, Jim May, John E Hurtado, and John L Junkins

Human-supervised robotic teams will be a part of future manned planetary explorations.  This perspective brings many challenges associated with issuing low-level and high-level commands to multiple robot platforms.  Whereas a high degree of autonomy is expected, the ability for a human supervisor to override robotic tasks, set short-term tasks, and monitor the overall task progress of the team is essential.
Recently, the Land, Air, and Space Robotics (LASR) Laboratory at Texas A&M University has assembled a state-of-the-art laboratory facility to perform research in the area of human-robotic interaction.  Several technologies have been demonstrated to support possible exploration and construction activities on planetary surfaces.  Current progress includes mapping, object identification, human identification, human following, computer-vision shape recognition, and a multi-function, multi-agent touch screen interface.  Although these elements show potential by themselves, a more in depth study requires compiling all the individual demonstrations into a much larger activity.  In order to properly execute a human and multi-agent experiment, the development of a distributed communication framework is essential.  The laboratory framework allows multi-platform, multi-language compatibility and high rates of data transfer.  Novel use of object-oriented programming languages and software libraries allow an abstraction layer between robot hardware and software.  Taking advantage of this abstraction, we are able to send high-level commands to robots or to a robot-supervisor program in the form of tasks or list of tasks with feedback of task progress to the robot-supervisor program and the human supervisor.

Biographies

Kurt Cavalieri is a second year MS student in the Department of Aerospace Engineering at Texas A&M University. His research interests include Cooperative Control, Sensor Integration, and Spacecraft Rendezvous.
Jim May is a second year MS student in the Department of Aerospace Engineering at Texas A&M University. His research interests include distributed real-time aerospace simulation architectures and graphical interfaces for cooperative human-robotic teams.

John E. Hurtado is an Associate Professor of Aerospace Engineering at Texas A&M. His current research interests are Theoretical Mechanics, Robotics, Games, Controls and Dynamics. 

John L. Junkins is a Distinguished Professor of Aerospace Engineering at Texas A&M.  His research interests include Dynamics and Control of Spacecraft, and Guidance, Navigation and Smart Sensor Technology.  He has authored 7 books and numerous journal articles. 
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Barrios
2:10 PM

1-C.2
Estimating the Probability of Catastrophic Failure of Spacecraft Flight Software, Using the Latent Error Model

Nelson Thompson

The author presents the Latent Error Model, which has two parts, one conceptual and the other mathematical, which enable the estimation of the Probability of Catastrophic Failure of Spacecraft Flight Software (FSW), such as the FSW found in the Space Shuttle. The Latent Error Model (LEM) divides the progression of FSW development and utilization into seven independent and sequential “LEM events”, each of which can “succeed” or “fail”; these events begin with the insertion of an error or defect at the time of code production or modification, and ends with the undetected defect executing in flight, and the resulting failure manifesting as a catastrophic failure. Each LEM event determines the kind of Quality Management (QM) data that must be collected over the lifetime of the FSW’s development, test and verification processes. The QM data enables the estimation of probability of failure for each of the LEM events. This leads to the distinction between New Flight Errors and Latent Errors, which have different probabilities of creation, removal, and failure. The LEM uses these probabilities to estimate the total probability of catastrophic failure (and reliability growth) for each flight of the FSW, as an accumulating function of all previous flights.
Biography for Nelson Thompson 

Born and raised in Russellville, Alabama, 1946. Received BS in Physics from the University of Alabama (Tuscaloosa). Worked 60 hours toward MS degree in Computer Science from Mississippi State University. Developed code for distributed factory control computer systems for Texas Instruments, 1973-1979. Developed code for the SMS Shuttle Simulators at JSC, for Singer-Link, 1980-1985. Designed onboard command and control SW systems for Space Station, 1985-1993. Developed medical databases and performed statistical analysis for Baylor College of Medicine. Now performing Probability Reliability Analyses on Shuttle Flight SW and developing approaches for estimating SW reliability.
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1-C.3
EVA Space Suit Architecture – Low Earth orbit Vs. Moon Vs. Mars
Terry Hill
This paper addresses the challenges encountered in planning and developing the next generation space suit as NASA embarks on the ensuing phase of human exploration with the Constellation Program (CxP). The enabling portion of this program is the development of innovative space-faring vehicles and space suits, to meet the extreme environments using ground-breaking methods not yet attempted.

In the summer of 2006, the Constellation Space Suit Element (CSSE) was challenged by the CxP to develop a single-suit system that will enable astronauts to not only survive, but to perform work nominally for severe environments such as: cold water Earth survival; launch, entry, and launch abort survival; long-duration vehicle depressurization survival, scheduled microgravity extravehicular activities (EVAs); lunar and Martian surface EVAs; lunar and Martian emergency survival situations; off-nominal landing accelerations; and extreme thermal and chemical survival in and around the launch and landing vehicle hardware. Historically, multiple suits were used to manage these diverse environments. These environments were commonly divided into multiple missions or an accepted level of risk was associated with certain mission phases, and minimal, if any, protection was provided. In the human, space-faring political environment of today, the acceptable risk is minimal and overlapping missions challenge NASA space suit engineers to rethink the approach to space suit design. Today’s engineers must consider how suits should function and how to address mutually exclusive and opposing requirements while maintaining maximum performance and functionality, all while minimizing launch mass and maximizing safety.

A comprehensive review of the functional designs, strengths, and limitations of previous U.S. space suits, in addition to what is known of Russian space suits, took place to deduce historical lessons learned based not only on what did not work, but more importantly, to learn what worked right. The current strategy to accomplish the rather daunting task of meeting all space suit design requirements in the extreme environments previously detailed with a single system hinges on an arrangement that not only uses common hardware across multiple mission phases (to reduce developmental and logistics costs), but features an open architecture that can be reconfigured and can leverage off components used during other mission phases, where possible.

Biography
Terry Hill is NASA’s Johnson Space Center’s Engineering Project Manager and deputy CxP EVA Suit Lead for the CxP Suit Element, responsible for the development of the functional, performance, and quality requirements and preliminary design of NASA’s next generation space suit system.  He has a BS in Aerospace Engineering and a MS in Guidance, Navigation & Control Theory with a minor in Orbital Mechanics and Mathematics from the University of Texas at Austin. 
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Barrios
3:15 PM

1-D.1
Maximal Clique based Distributed Coalition Formation Algorithm for Collaborative Multi-Agent Systems: Some Algorithm Optimizations and Recent Simulation Results


Predrag Tosic
Research Associate Professor, Department of Computer Science
University of Houston, Houston, Texas 77204-3010, USA


We study distributed coordination and negotiation algorithms for Multi-Agent Systems (MAS). The specific coordination and negotiation problem we address is coalition formation in a collaborative, fully decentralized, resource-bounded setting. More specifically, we analyze, optimize and experiment with the Maximal Clique based Distributed Coalition Formation(MCDCF) algorithm. In this talk, we describe how this algorithm works and then briefly discuss some recent optimizations to the original version developed in 2003-2005. We summarize the current state of our ongoing research on MCDCF-based distributed coalition formation and outline our most recent simulation results with various versions of the MCDCF algorithm run on several types of sparse-on-average underlying graphs.
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1-D.2
Multi-Agent Communication and Control Architecture

Clark Moody and John E Hurtado

We present a concept for altruistic communication between agents in a multi-agent system, as well as between agents from other systems. We are motivated by the ubiquity of capable, open-source database engines and their interoperability across languages and networks. The core principle of this idea is a standardized database table structure representing agent status and capabilities, system state data, agent commands, and shared environment data. The long-term goals of this framework are to help standardize robotic communication and to ease collaboration between robotics research institutions. This presentation highlights our concepts for specific table structure, standardized commands, and applications, as well as perceived advantages and disadvantages of this approach.

Biographies
Clark Moody is a Master’s student in Aerospace Engineering at Texas A&M University. His research centers on human-robot interaction.
John E. Hurtado is an Associate Professor of Aerospace Engineering at Texas A&M. His current research interests are Theoretical Mechanics, Robotics, Games, Controls and Dynamics. 
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1-D.3
Nanotechnology at NASA JSC

Eric Malroy

Nanotechnology is rapidly impacting the engineering disciplines and the life sciences. Mihail Roco, nanotechnology senior advisor at the National Science Foundation, says that nanotechnology is about where IT was in 1975. The opportune time exists to train the workforce and to infuse nanotechnologies into JSC, where nanotechnologies could produce revolutionary technological jumps forward. The Nanotechnology Team at JSC seeks to build up the team to better support the center. It is forging new relationships throughout the center by developing a network of people with interest in applying nanotechnologies. Collaborations are being established with companies, key universities, other NASA Centers, local organizations and other government bodies. The Nanotechnology Team is developing selected nanotechnologies from a TRL-3, where the proof of concept has been validated, to a TRL-6/7 where prototypes are implemented on full-scale realistic problems. Energy, Life support, nanomaterials, and nanohealth are all areas of interest to NASA. Energy systems include batteries ultra capacitors, fuel cells, solar cells, and theromelectrics. Nanotechnologies related to life support systems include air/water purification, radiation protection, sensors, and oxygen generation. Nanomaterials include nanocomposites, structural health monitoring, and property control. Nanohealth includes radiation protection, drug delivery, biomarkers and microgravity affects. In the past nanotechnologies have met with resistance at JSC due to the low TRL of the systems. The Nanotechnology Team seeks to develop nanotechnologies of interest to JSC so NASA can quickly apply the technologies into the projects and programs at NASA and move forward to shape the future in human spaceflight.
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2-A.1
Analysis of Crew Exercise and ISS Structure Interaction
Michael Laible, ISS Loads and Dynamics, Boeing
The International Space Station (ISS) is the largest structure assembled in space.  The structure must continually be monitored for load limits and fatigue spectra analyzed.  One of the contributing factors is crew exercise.  This presentation will discuss exercise/structure interactions, monitoring techniques, and the latest on-orbit measurements.  In particular the measurements of the Flywheel Exercise Device (FWED) and the T2 Treadmill will be observed.  The developed forcing functions will be used for ISS life assessments.
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2-A.2
International Space Station Solar Array Rotary Joint Analysis using Transfer Functions

Michael Laible and Dr. Bob Clark, ISS Loads and Dynamics, Boeing
The International Space Station (ISS) Solar Array Rotary Joint (SARJ) exhibited higher than normal friction during rotations in late 2007.  On-orbit acceleration and motor drive current data was collected and analyzed to investigate the anomaly.  The SARJ anomaly caused high transients that would cause high loads on the ISS interfaces.  To investigate the loads at station interfaces a SARJ rotation forcing function had to be developed.  Using principal of transfer function’s reciprocity & least squares from the system model mode shape and on-orbit accelerations, a torque forcing function was developed.  The results were then compared to on-orbit acceleration measurements.  Once the comparison was satisfactory, the FF was used to perform loads and spectra analysis of all ISS interfaces.  The analysis also proved that slower rotation rates would extend ISS life.
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2-A.3
On-Orbit Propulsion and Methods of Momentum Management for the International Space Station

Samuel P. Russell, Victor Spencer
 and Kevin Metrocavage

NASA Johnson Space Center, Houston TX 77058
Robert A. Swanson and Ulhas P. Kamath

The Boeing Company, Houston, TX 77059

This paper describes the concept of operations and architecture of the International Space Station (ISS) on-orbit propulsion system and details the methods used for momentum management.  The intent of this paper describes state of the art for the complex ISS currently being built in low Earth orbit.  Construction and operation of the ISS propulsion systems are the result of international collaboration with the ISS partners although principle heritage lies with the United States and Russia.  While design details are beyond the scope of this work, this paper will provide the reader with an understanding of how the ISS elements (and partners) work together to provide altitude and attitude control for the on-orbit ISS from hardware on-orbit to ground operations.
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2-B.1
An Overview of Three Trajectory Studies Performed for Orion System Trades

Mark Jackson

This presentation provides an overview of three interesting trade studies performed during the preliminary design of the Orion spacecraft.  These studies provide examples of how trajectory design decisions can impact vehicle operational capability.  The first was a trans-Earth injection (TEI) study which traded propellant usage against vehicle and crew safety during the maneuver sequence which returns the Orion from the Moon.  Depending on how these maneuvers are targeted and executed, failures may result in orbits that intersect the Lunar surface.  “Fail-safe” targeting and burn execution can prevent the possibility of impact - at a cost in fuel.  The second study was an Earth umbra study conducted to assess options for executing the trans-Lunar injection burn and the subsequent separation of the Orion from the Earth Departure Stage (EDS).   Prior to separation, the EDS will provide Orion power, so it is preferable to separate in sunlight when the Orion solar arrays are effective.  The study quantified the amount of time during the year when, depending on Earth-Moon geometry, separation in sunlight may not be possible.   Finally, the ISS launch opportunity study was conducted to assess the possibility of eliminating solar arrays from the ISS version of Orion.  Without solar arrays, the vehicle had to complete rendezvous within several hours to prevent depletion of Orion batteries.  These short rendezvous timelines in turn resulted in reduced Orion launch opportunities.   In aggregate, these three studies provide insight into the complex relationships between spacecraft design and operational capability.
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2-B.2
Orion Final Approach and Docking Guidance

Zoran Milenkovic
The final piece of proximity operations guidance takes the Orion vehicle along a straight line at a constant closing rate until contact between the Orion and target docking ports is reached.

The approach line is perpendicular to the interface plane of the target docking port, while piercing the geometric center of the target docking port. The goal of guidance and control along the final approach is to align the center of the Orion docking port with the approach line while maintaining a user-specified closing range rate along the approach line. Consequently, the desire lateral misalignment, as well as desired lateral velocity for docking are both set to zero.

The final approach guidance takes in the current position and desired range rate and computes the desired position and desired velocity at the current time.  The desired states are then passed to the control system for execution.

We begin the following discussion by describing the basic linear dynamics approach guidance. Once finished with the linear approach, we will show how orbital mechanics can be introduced and the into the approach guidance for a smoother approach with fewer firings. Finally, we expand the guidance to show how docking with a tumbling vehicle could be achieved.
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2-B.3
Orion Touchdown Heading Control

Mark A. Kane,
 

NASA Johnson Space Center, Houston, Texas 77058

At touchdown Orion must be aligned so that the crew person’s feet are forward in the direction of the horizontal velocity. To ensure that this requirement is met active heading control is being implemented on the Orion crew module. This technique reduces probability of roll-over during splashdown, assures axial loads on the crew at touchdown, and alleviates structural requirements on impact allowing for a light-weight structural design.  On-board sensors are used to measure current vehicle orientation and horizontal velocity used in generation of the heading error signal. Linear velocity measured by the IMU drifts while under parachutes due to wind gusts and has to be corrected by GPS; this makes GPS critical for successful landing. Jet fire logic is achieved by use of a phase-plane and commands are realized by using roll jets from the reaction control system (RCS); using pre existing hardware eliminates additional hardware and structural requirements. Touchdown performance is measured by an orientation envelope that was co-developed with structures so that the performance requirements overlap adding system redundancy. Heading control also introduces new difficulties to be addressed such as parachute line twist torque as well as increasing vehicle sensitivity to wind shifts and sea states. Solving these difficulties requires added complexity to flight software as well as increasing the propellant required to achieve successful touchdown. While offering promising results, the criticality of GPS along with a significant propellant cost raises questions on the effectiveness of using touchdown heading control.
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2-C.1
PEG Thrust Integrals Are Closed Form After All!

R. LeRoy McHenry

Closed form thrust integrals for the Space Shuttle Powered Explicit Guidance (PEG) algorithm have recently been discovered through the use of the Wolfram Mathematica Online Integrator. This was an unexpected result. For over 40 years of Shuttle powered flight guidance development and subsequent Shuttle space flights, it was generally assumed that that the full integrals of thrust acceleration applied to the linear tangent guidance law were not closed form at all. The current Shuttle Ascent GN&C Flight Software program was developed by exemplary team effort over nearly a decade before the Shuttle’s first flight. It seems ironic now, as the Shuttle program enters its twilight years after almost three decades of an outstanding performance record, that the closed form solutions have recently been discovered, almost by accident. The purpose of this paper is to add a finishing touch to the extraordinary team development effort by documenting this new finding.
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2-C.2
Space Shuttle Day-of-Launch Trajectory Design and Verification

Brian E. Harrington

United Space Alliance, LLC, Mail Code: USH-482L, 
600 Gemini Ave., Houston, TX 77058, USA

A top priority of any launch vehicle is to insert as much mass into the desired orbit as possible.  This requirement must be traded against vehicle capability in terms of dynamic control, thermal constraints, and structural margins.  The vehicle is certified to a specific structural envelope which will yield certain performance characteristics of mass to orbit.  Some envelopes cannot be certified generically and must be checked with each mission design.  The most sensitive envelopes require an assessment on the day-of-launch.  To further minimize vehicle loads while maximizing vehicle performance, a day-of-launch trajectory can be designed.  This design is optimized according to that day’s wind and atmospheric conditions, which will increase the probability of launch.  The day-of-launch trajectory verification is critical to the vehicle’s safety.  The Day-Of-Launch I-Load Uplink (DOLILU) is the process by which the Space Shuttle Program redesigns the vehicle steering commands to fit that day’s environmental conditions and then rigorously verifies the integrated vehicle trajectory’s loads, controls, and performance.  The Shuttle methodology is very similar to other United States unmanned launch vehicles.  By extension, this method would be similar to the methods employed for any future NASA launch vehicles.  This presentation will provide an overview of the Shuttle’s day-of-launch trajectory optimization and verification as an example of a more generic application of day-of-launch design and validation.

Biography:

Mr. Brian Harrington works as an aerospace engineer at United Space Alliance, LLC in support of NASA’s Flight Dynamics Division.  As a Shuttle flight controller, Mr. Harrington has supported over 30 Shuttle flights and has been awarded JSC Group Achievement Awards for four missions.  His exceptional safety related trajectory analyses led to his recognition as a Space Flight Awareness Launch Honoree on STS-115.  Mr. Harrington has extensive experience in:  NASA and Range Safety trajectory requirements, trajectory dispersion and pre-launch statistical data analyses, presentation of technical data, and operational concepts in a real-time environment.  Mr. Harrington holds a Mathematics degree from the University of St. Thomas.
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2-C.3
Using Orion RCS to Alleviate Jettison Motor Contamination

Ries N. Smith1

Lockheed Martin Exploration & Science Company, Houston, TX 77258-8487
Launch Abort System (LAS) jettison motor exhaust on the Orion may contaminate critical components on the Orion crew module. Orion analysts proposed to employ Reaction Control System (RCS) jets to shield Orion from plume contamination created during LAS separation. Space Shuttle has protected windows from boost separation motor plume contamination with this approach. Orion analysts studied this technique’s feasibility using an RCS plume modeling tool. Shielding effectiveness was assessed by comparing the dynamic pressure from competing plumes of the LAS jettison motor and RCS thrusters. The assessment produced an estimated RCS shield shape and size. Shielding effectiveness was examined at two LAS jettison points, producing the greatest impingement heating and pressure loads. Initial analysis showed the shielding approach to have merit. When accounting for free-stream dynamic pressure, however, this mitigation solution provided ineffective protection of sensitive Orion systems. Based on these results, employing the CM RCS to avoid jettison motor contamination is no longer under consideration. 

1Aeronautical Engineer Senior, 2400 NASA Parkway, Houston TX, 77258-8487c 

Copyright © 2010 by Lockheed Martin Exploration & Science Company. Published by the American Institute of Aeronautics and Astronautics, Inc., with permission.
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2-D.1
 Lessons Learned in Life Sciences on the Human Space Program

Lieutenant Colonel Aleksey Grishin

A few details about Dr. Grishin’s studies and career are presented here. The more complete career titles include Lieutenant-Colonel of Medical Service, Deputy Chief of Gagarin Cosmonaut Training Center (GCTC) Cosmonauts Biomedical and Psychological Training and Human Life Science Department, GCTC Medical Officer, and Russian Federal Space Agency Flight Surgeon.
Responsibilities: Medical support to the ISS/Soyuz Crew Members, biomedical training and human life science biomedical experiments, participation in search and rescue operations for Soyuz launch and landing, and medical support to the Soyuz crew survival training.
Biography
Colonel Grishin graduated from Military Medical Academy in Saint Petersburg, Russia in 1997 followed by Functional Diagnostic post-graduate course, Department of Defense Medical Division, Moscow, Russia 2001. Post-graduate full time course diploma in Aviation Medicine, Kings College University of London, England, 2002. ACLS and ATLS provider. Colonel Grishin has been working at GCTC since 1997. For Space Station "Mir", he served as a Biomedical Instructor for Expeditions 25, 26, 27. Crews supported by Colonel Grishin as a Flight Surgeon: ISS-7, ISS-11, ISS-15, ISS-22, ISS-23. For Expeditions ISS-2, ISS-4 Colonel Grishin served as a Biomedical Training Instructor.

He was appointed a Lead Crew Surgeon for Expedition ISS-15.
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2-D.2
The Vision Navigation Sensor in Orion

Fred Clark
The Vision Navigation Sensor (VNS) is designed to provide accurate range and bearing measurements for Orion relative navigation. Unlike the Space Shuttle’s Trajectory Control Sensor (TCS), the VNS will output the range and bearing to each reflector within the field of view, rather than just one reflector at a time. Relative navigation cannot fully exploit the VNS measurements unless the reflectors being tracked are correctly identified. In this presentation, a method of reflector identification is discussed for cases that VNS tracks two or more reflectors.

Given accurate estimates of the attitude of the Orion and the target, a vector from the VNS to a reflector on the target may be estimated from the VNS range and bearing measurements. The difference between two estimated VNS-to-reflector vectors is an estimate of the difference between the target CG-to-reflector position vectors. This estimate is matched to the known difference vector on the target by finding the pair of reflectors that minimize the Mahalanobis distance between the estimated and known difference vectors.

The presentation gives estimated reflector identification probabilities when VNS tracks two to four reflectors on the International Space Station (ISS). These estimates are derived from Monte Carlo simulations. Probabilities are also given as a function of achieved VNS accuracy.
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2-D.3
Configuring the Orion GN&C Data-Driven Flight Software Architecture for Automated Sequencing

Ryan Odegard
The Orion Crew Exploration Vehicle (CEV) is being designed with more automation capabilities than any other crewed spacecraft in NASA’s history.  The Guidance, Navigation, and Control (GN&C) flight software architecture is designed to provide a flexible and evolvable framework that accommodates increasing levels of automation to sequence through software modes and configurations.  This software architecture permits ground and crew operators to gain trust in the automated capabilities by providing flexibility and allowing the maturation of operational concepts over time.  The design also provides the required safeguards on automated capabilities via human inhibits and overrides of the automation for off-nominal situations.  A data-driven approach is used to configure the flight software, which provides flexibility during real-time operations for data reconfiguration, and also reduces the  

software recertification expense over the life of the program.   
Because of the large quantities of data that need to be managed for the GN&C subsystem, a prototype database tool has been developed.  The data managed with the tool includes the GN&C sequence data for the activities that occur within the subsystem throughout the mission timeline, as well as the associated configurations and parameters of those sequences.  The database tool can import and export artifacts for simulation analysis and documentation purposes, including flight software configuration files, scenario reports, query reports, and spreadsheets.  The database tool prototype, currently used to manage simulation data, is envisioned to evolve into a mission planning tool for generating and testing GN&C software sequences and configurations.  It is currently leveraged for its data management capabilities and in the future will be used to derive requirements for an operational planning tool for mission support. 
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3-A.1
Accurate Determination of the Impact of Interface Deadband Nonlinearities on Component Transient Environments

Sagar Vidyasagar1 and Sundeep Bhatia2

Lockheed Martin Corporation

Vincent Fogt3

NASA/JSC

and

Arya Majed4 and Ed Henkel5

Applied Structural Dynamics, Inc.

In 2005, a NASA risk mitigation initiative kicked off a Space Shuttle/payloads nonlinear  transient coupled loads analysis (CLA) effort to simulate/investigate the impact of complex component interfaces involving deadbands. The subject deadbands involved the interfaces of the International Space Station (ISS) logistics spare parts or Orbital Replacement Units (ORU). The initial nonlinear CLA, executed with multiple methods in commercially available heritage tools, had resulted in “unrealistic” nonlinear time-histories that were essentially dominated by high frequency “numerical” noise/chatter. It became clear that the accurate determination of the impact of deadbands in a CLA required a more advanced/robust method.
NASA and Lockheed Martin began an investigation into alternative methods. One candidate method, which utilizes multibody dynamics that incorporate response-dependent constraints, had been successfully demonstrated a year earlier at the 2004 Shuttle Technical Interchange Meeting (TIM) by Applied Structural Dynamics (ASD). With this method, the resulting nonlinear time-histories proved to be highly realistic, conforming to the physical constraints of the interface physics, and were free of any numerical noise/chatter. After a rigorous verification process, ASD's method was selected by NASA to perform all Space Shuttle/payloads nonlinear CLAs. Subsequent comparison of ASD nonlinear time-histories to test results further confirmed the validity of the solution. Since 2005, 21 Shuttle/payloads nonlinear CLAs have been conducted, the first 4 by ASD and the subsequent 17 by Lockheed Martin. Results from these nonlinear CLAs clearly demonstrate that the deadband sizes in these systems are significant contributors to the

component transient launch and landing environments. As a matter of fact, the Space Shuttle/payloads nonlinear CLA quickly became a required mission critical analysis for flight hardware certification.

1 Technical Fellow, Lockheed Martin Corporation, Houston, Texas.

2 Senior Staff Engineer, Loads & Dynamics, Lockheed Martin Corporation, Houston, Texas.

3 Chairman of the Structures Working Group, NASA/JSC, Houston, Texas.

4 Chief of Structural Dynamics & Advanced Methods, Applied Structural Dynamics, Inc., Houston, Texas.

5 Chief Engineer, Applied Structural Dynamics, Inc., Houston, Texas
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3-A.2 Biped Stabilization Using Gyroscopic Action

Oscar M. Palafox, John E. Hurtado and John L. Junkins

Bipedal locomotion is a very efficient way of locomotion of humans and is well suited for unstructured terrains like those found when exploring other planets for example. As such, many studies have been dedicated to reproduce it with mobile robots. However, current robotic bipeds have limit cycles with small basins of attraction. This undesirable characteristic gives them a very fragile stability. In fact, such robots can fall easily if perturbed out of their region of stability. We present an innovative design for a biped robot based on gyroscopic action. The basic idea is to use the precession of a spinning wheel under action of gravity torque to produce a gait and use the forward and backward displacement for balance control. Our final objective is to develop a working prototype of a biped robot using gyroscopic action as well as gain insight in the theory of bipeds and expand the field through the introduction of new actuation principles for bipedal locomotion. In this talk we also present our preliminary results on the stabilization of this kind of systems under some simplifying constraints.
Biographies
Oscar M. Palafox received his PhD from University of Illinois at Urbana-Champaign in 2008. He is currently a Postdoctoral Research Associate at theDepartment of Aerospace Engineering, Texas A&M. His research interests are

control of mobile robots and bilateral teleoperation over delayed communication.
John E. Hurtado is an Associate Professor at Department of Aerospace Engineering, Texas A&M. His current research interests are Theoretical Mechanics, Robotics, Games, Controls and Dynamics.
John L. Junkins is Regents and Distinguished Professor of Aerospace Engineering and the holder of the Royce E. Wisenbaker '39 Chair in Engineering. He is also the Director of the Center for Mechanics and Control at Department of

Aerospace Engineering, Texas A&M. His research interests are Theoretical Mechanics, Robotics, Numerical simulation of Dynamic Systems, Controls and Dynamics.
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3-A.3
Design Tool Development for Structural Dynamics Analysis of Combined Components Capable of Analyzing Nonlinear Connection Joints

Michael Contreras - Ph.D. Candidate Rice University, Structural Dynamics Engineer

An-hao (Richard) Lee - Structural Engineer 
Simeon Powell - Structural Engineer
Lockheed Martin, Cargo Mission Contract, 595 Gemini Avenue, Houston, TX 77058

To date, analysis of space shuttle cargo payloads has relied heavily on presuming linear rigid connections between the transporting vehicle and its component substructures. Supported by experimental vibration data, and the increased use of nonlinear packing materials, there exists a growing need for the dynamic modeling of these non conventional structural interfaces. The Lockheed Martin CMC dynamics team has proposed an alternative simulation tool to perform the structural analysis of systems with combined components that implements a formulation capable of analyzing some nonlinear connection joints. The formulation is based on adequate modeling of the considered nonlinear stiffness relationship. By making the nonlinear approximation at the stiffness level, the equilibrium equation can be solved at each component interface by use of conventional iterative nonlinear solvers. Because the proposed method is applied only at the interfaces, it is computationally efficient compared to full model simulations and enables the implementation of model reduction techniques. The model was validated on a particular nonlinearity due to the presence of minute gaps between the structural interface, which causes intermittent boundary separation and intermittent load transfer over time . A study was done of two dynamics analysis tools used in the Space Shuttle program: ASD CLAS and NASTRAN of a two component system with a gap-contact formulation. The computer software results were then compared to the proposed formulation done using nonlinear springs and a Newmark Beta numerical technique used to simulate the presence of a gap. Results of the non-linear commercial codes were then compared to the linear result and the proposed formulation.
Biographies

Michael Contreras is a Structural Dynamics Engineer with Lockheed Martin in Houston, TX working on the Cargo Mission Contract. He is currently a Ph.D. candidate in the Department of Civil Engineering and a Masters candidate in Mechanical Engineering at Rice University. His doctoral research at Rice encompasses structural health monitoring using smart materials as well as active, semi-active, and passive control of smart structures. He is the recipient of the National Science Foundation (NSF) sponsored Alliance for Graduate Education and the Professoriate (AGEP) fellowship for his preliminary years of graduate study. He was also funded to participate in the inaugural Asia Pacific Summer School in Smart Structures Technology at the Korean Advanced Institute of Science and Technology (KAIST). 

An-hao (Richard) Lee is a Structural Engineer working with Lockheed Martin in Houston, TX on the Cargo Mission Contract (CMC). He is currently a graduate student in the Mechanical Engineering and Materials Science Department at Rice University. At CMC, he has worked on the Multi-Purpose Logistics Module (MPLM) internal cargo structures and various flight support equipment (FSE) for various Shuttle external carriers as a structural analyst. 
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3-B.1
Pattern Recognition for a Flight Dynamics Monte Carlo Simulation

Carolina Restrepo and John E Hurtado

The design of a new spacecraft requires extensive simulation and analysis work due to the difficulty and cost of flight tests. To certify a spacecraft for flight, it is necessary to simulate thousands of possible scenarios and understand the circumstances under which a mission could fail. There are several parameters that are varied in a flight dynamics Monte Carlo simulation in order to cover a wide range of possible scenarios, and as a result, large data sets are obtained. Examples of these parameters are vehicle aerodynamics, mass properties, as well as atmosphere characteristics of the day of flight. These data sets are difficult to analyze and understand because the effects of the interactions between variables on the overall mission performance is not intuitive. Identifying important trends and relationships is both challenging and very time consuming. This research seeks to automate the analysis process through the use of pattern recognition algorithms to help highlight some of the crucial variable interactions.  More specifically, a clustering algorithm and a forward feature selection algorithm are used to identify those variables that appear to be critical for specific failure metrics.

Biographies

Carolina Restrepo is an aerospace engineer at the NASA Johnson Space Center, and a Ph.D. student at the Aerospace Engineering department at Texas A&M University. She currently works in the Integrated GN&C Analysis Branch of the Aeroscience and Flight Mechanics Division and one of her research interests is the application of pattern recognition algorithms to the analysis of GN&C data for a spacecraft.

John E. Hurtado is an Associate Professor of Aerospace Engineering at Texas A&M. His current research interests are Theoretical Mechanics, Robotics, Games, Controls and Dynamics. 
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3-B.2
Payload Shock & Vibration Isolation using Foam Stiffness Properties

Sujatha Sugavanam1, Ed O'Keefe2, and Deborah Go3

The Boeing Company, Houston, TX,77059
NASA conducted a series of tests to ascertain the mechanical and vibration isolation properties of foam packaging materials. Foams exhibit non-linear, frequency dependent stiffness and loss moduli, which are unavailable from vendor literature. These material properties endow foams with good vibration isolation characteristics. Foam-packaging is employed to isolate sensitive electronic and mechanical Payload Items (PI) from shock and vibration encountered during lift-off, ascent and flight. Additional advantages accrue from its light weight, minimal volume, and ease of fabrication for flight. Further, unlike PI specific Flight Support Equipment (FSE), foam-packaging is applicable to a broad range of PI. In light of these attributes of foam, NASA and Boeing performed a series of tests to map out the frequency, and load-dependent material properties of foam. The material properties so obtained, were employed to develop general packaging guidelines for a variety of PI. 
Foam isolation design curves are presented for boxed and bagged payload items. The foam packed item is subject to the maximum flight random vibration environment specified in the Common Interface Requirements Document (CIRD). The CIRD specifies the flight random vibration environment which envelopes the maximum flight environments corresponding to the Automated Transfer Vehicle (ATV), the H-II Transfer Vehicle (HTV), the Progress/Soyuz and the Shuttle mid-deck. Consequently, the isolation design curves presented for random vibration, and shock, are generic to these vehicles. Foam attenuated random vibration environments are catalogued by foam type and foam thickness. The tables and charts presented facilitate (a) the choice of foam packaging (type and thickness), and, (b) the assessment of the ensuing random vibration and shock environment. This work was done to enable a quick assessment of various payloads that are flown to the ISS on various space vehicles.

1 Engineer, On-orbit Loads & Dynamics, 13100 Space Center Blvd. MC HB2-20 Houston, TX 77059

2Associate Tech. Fellow, On-orbit Loads & Dynamics, 13100 Space Center Blvd. MC HB2-20 Houston, TX 77059

3 Engineer, On-orbit Loads & Dynamics, 13100 Space Center Blvd. MC HB2-20 Houston, TX 77059
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3-B.3
Restricted Two-Impulse Rigid Body Reorientation Maneuvers

Neha Satak, Jeremy Davis, James Doebbler, and John E Hurtado

Satellites commonly spin about an axis to provide stability of a desired pointing direction.  The spinning motion can do more, however, because it can naturally help redirect a pointing direction.  The overall scenario looks something like this.  A satellite, undergoing spinning motion, is subject to impulsive engine inputs.  These impulsive inputs together with the original spinning motion cause the satellite to precess in a coning fashion. When the new desired spin direction is encountered, the satellite is again subject to impulsive engine inputs to stop the coning motion. The end result is a spinning satellite that points along a new direction.
General impulsive inputs are required for general reorientation problems. New solutions are shown in this presentation to achieve general reorientation using restricted impulsive inputs. Solutions for axisymmetric satellites are discussed first, followed by the general case of asymmetric satellites. The restrictive nature of the impulsive inputs means that coast times may be necessary. Also, our methods reveal multiple solutions to the reorientation problem, so the solution can be optimized for fuel, or time, or both.

Biographies

Neha Satak is currently pursuing her doctoral degree in Aerospace Engineering under the guidance of Dr. John E Hurtado at Texas A&M University. Her research interests are Maneuver & Control of Spacecraft and Space applications of 3-D vision technology.

Jeremy J Davis is currently pursuing his Ph.D. in Aerospace Engineering under the direction of Dr. Mortari and Dr. Junkins at Texas A&M University with expected graduation in May 2010. Jeremy's research interests center around dynamics and control of space systems, specifically space robotics and orbital mechanics.

James Doebbler is currently pursuing his doctoral degree in Aerospace Engineering from Texas A&M University. His research interests include Robotics, Sensor Fusion and Estimation, and Dynamics and Controls.
John E. Hurtado is an Associate Professor of Aerospace Engineering at Texas A&M. His current research interests are Theoretical Mechanics, Robotics, Games, Controls and Dynamics. 
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3-C.1
Satellite Formations: Orbit Mechanics and Control

Srinivas R. Vadali

Department of Aerospace Engineering

Texas A&M University

College Station, TX 77843-3141
This talk will introduce a method for modeling satellite relative motion dynamics subject to the J2 perturbation using the mean reference and differential orbital elements. The mean elements based approach renders the determination of the initial conditions to setup formations an easy task. We will discuss the effects of the perturbation, particularly the drift rates and the quasi-periodic nature of the relative motion. We will also derive a condition for equalizing the in-plane and out-of-plane frequencies. These results provide information on formations which are economical to control over long periods of time. Next, a method for long-term formation maintenance and inter-satellite fuel balancing using continuous as well as a two-impulse-per-orbit scheme will be presented. An example of optimally maintaining a projected circular formation will be considered to demonstrate the efficacy of the proposed method. Some of these methods will be extended to the design of satellite formations in elliptical orbits. 

In this talk we will showcase two instances which show that some complex problems have easy solutions, which can be obtained from the basics. 
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3-C.2
Simulation of Liftoff Acoustic Loads Using a Boundary Element Model of Launch Pad Geometry

Ed O’Keefe1 and Deborah Go2

The Boeing Company, Houston TX, 77059-3556
This paper demonstrates the results of a method to assess the near-field acoustic loading on a launch vehicle during the liftoff phase. The methodology uses a Boundary Element (BE) simulation model to predict the acoustic pressure on the vehicle’s external surface during its early ascent phase. The BE structure model accurately details the pad and plume trench structure, and applies an approximation for the acoustic sources using a distribution of monopole sources along the exhaust plume based on the standard normalized spectra from NASA-SP8072. A primary goal of this analysis approach is to assess the acoustic benefits of predetermined Water Sound Suppression (WSS), acoustic influence of the pad structure, and perform trade studies of WSS and pad trench geometry. 
The motivation for this modeling approach is to use a commercially available software analysis tool (ESI VA One) which is available to the general engineering community, and to perform trade studies without the need to use proprietary and compute intensive CFD/CAA computer codes. The BE model is an alternative approach compared to the more traditional use of Ray Tracing models. The BE methodology accurately includes the detailed frequency dependent interaction effects of launch pad geometry, surface impedances, pad resonances, and pad plume impingement. Results are compared to published spectra for the Ares-IX vehicle, and shown to compare well with preliminary reports. Results from the BEM indicate that the acoustic specification benefits using an assumed WSS applied at the pad can be less than the initial WSS reduction obtained at low flight altitudes. The benefit of a closed duct is compared to the standard open configuration, and the closed duct showed only small sound reductions to the liftoff acoustic specification. The overall benefit of sound suppression is shown to vary with vehicle height, flight altitude and pad geometry. In the lower frequency ranges, the BE model approach demonstrates an ability to model detailed behavior of the liftoff acoustic event, and may provide an alternate approach for modeling liftoff acoustic processes compared to traditional ray tracing models.
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3-C.3
The Role of Motion Constants in Dynamic Systems

Chris Bertinato, John E Hurtado, and Andrew J Sinclair

A collection of n first-order ordinary differential equations of the form dx/dt = f(x) will have (n − 1) independent functions ψ(x) that are constant during any motion. These constants are commonly called integrals of motion, or motion constants, or motion integrals. The details of this truth follow from Frobenius’ theorem, which comments on non-singular involutive distributions and complete integrability. 
The most familiar motion integrals are algebraic functions, and these can be effectively used to reduce the order of a system. A classic example of this situation is use of the energy function to solve the motion of a single spring-mass system. Not all motion integrals are algebraic, however, and although not all non-algebraic motion integrals can be used to reduce the order of a system, they can be used to determine system trajectories. 
In general there is no systematic method for finding analytic expressions for motion integrals. Consequently, we discuss two numerical approaches for non-linear systems: firstly, we consider series approximations of motion integrals for non-linear systems; secondly, we take a local approach by linearizing the system and using exact motion integrals of the linear representation. One can then move along a given trajectory with only local knowledge.
A complete set of integrals could potentially prove useful in the context of control of non-linear systems as it is known that reachability and controllability of such systems is related to their integrals of motion. They might also be used in geometric integrators for general non-linear systems.
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John E. Hurtado is an Associate Professor of Aerospace Engineering at Texas A&M. His current research interests are Theoretical Mechanics, Robotics, Games, Controls and Dynamics. 

Andrew J. Sinclair is an Assistant Professor at Department of Aerospace Engineering, Auburn University. His research interests are Dynamics and Controls of Aerospace Systems.
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3-D.1
Continuous Monitoring of Human Activities from Video Surveillance for Active Alerts

Dr. Shishir Shah,  UH CS, 

Liwen Shih, Ph.D Professor& Computer Engineering Chair, U of Houston - Clear Lake

Advances in electronics, sensors, and optics have led to ubiquitous availability of video-based surveillance systems. Nonetheless, intelligence gathering and activity understanding using these systems requires us to scale our ability to understand human motions and complex

behaviors.  Recognizing human actions is a challenging problem that has received considerable attention from the computer vision community in recent years.  This is especially the case due to its importance in various applications in the fields of surveillance and activity monitoring, human computer interaction, intelligent environments, etc.  

Each of these applications are domain specific and have additional requirements, but the general need for algorithms capable of detecting and recognizing human actions in real time remains fundamental.  Broadly

speaking, two primary considerations in analyzing human motion has been in modeling the temporal and spatial variations exhibited due to differences in duration of different actions performed and changing spatial characteristics of the human form in performing each action. 

This talk will highlight our preliminary work in developing a real-time or online system for continuous recognition of human actions.  The system recognizes actions such as walking, bending, and falling and relies on spatial features computed to characterize human posture.  Our work evaluates the utility of these features based on its joint or independent treatment within the context of the Hidden Markov Model

(HMM) framework.
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3-D.2
Optimization of Lunar Surface EVA Tasking and Scheduling Using Genetic Algorithms

Dr. Patrick E. Rodi1

Lockheed Martin Exploration & Science Company, Houston, TX 77258-8487
Organizing and optimizing multiple inter-dependent processes operating in parallel is a major challenge. An example of such a problem is the tasking and scheduling of EVA activities for a number of astronaut teams working on the lunar surface. Proper optimization will extract the best possible return from the available resources, while respecting the numerous constraints. The cost function(s) to be optimized could include a wide variety of economic (e.g. equipment/personnel resources, delivery schedules, consumables) and non-economic (e.g. topography, risk) factors. In this work, Genetic Algorithms (GA) have been employed to optimize the EVA tasking and scheduling for operations on the lunar surface. This approach was selected due to its historical success on similar problems (such as in railroad/trucking/taxi dispatching), ease of implementing cost functions, and versatility for incorporating a wide variety of constraints. To illustrate this approach, a GA has been employed to assign a pool of available astronauts to a specific number of EVA teams. A simple skill metric is used as the cost function with the goal to assign personnel to evenly distribute the skills available across the team, while ensuring that each team has a distribution of personnel from highly-skilled to less skilled. The problem’s constraints include the number of teams, the number of astronauts per team, and a pre-assigned commander for teach team.
1 Aeronautical Engineer Senior Staff, 2400 NASA Parkway, Houston TX, 77258-8487, AIAA Associate Fellow
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Thermodynamics Lead, and later was the Chief Scientist on DARPA’s Falcon program. Dr. Rodi moved to Houston

in 2007 to become the LM-Houston Aerosciences Lead for the Orion Crew Exploration Vehicle. He has authored

over two dozen papers on hypersonics, grid generation, and optimization, and is an AIAA Associate Fellow.
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3-D.3
Re-visiting Un-manned Missions For Manned Space Exploration & Technology Development

An-hao (Richard) Lee

Rice University, Houston, TX
The development of un-manned spacecraft to demonstrate core technologies that are meant to be incorporated into manned spaceflight programs has seen some precedence in the history of spaceflight. With a potential cut of the Constellation Program budget in 2011, the U.S. should take a look at the practices of foreign space agencies in the pursuit of some long term space technology. A space technology maturity plan can be realized without having the requirements of a crewed vehicle. A new program proposed in this paper could serve as a test bed for new technologies that would enhance human spaceflight capabilities. The proposed program would use existing human spaceflight programs, but focus on un-manned missions, which could offer more flexibility in terms of mission safety and cost. Such a program consisting of an evolving architecture comprised of different un-manned vehicles can be used for various space mission types such as robotic lunar exploration, data & sample return, advanced propulsion testing, vehicle hypersonic re-entry testing, and cargo and propellant re-supply. Such a program can be conducted in parallel to existing human spaceflight programs and enhance their capabilities over time.
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4-A.1
Power Planning and Analysis Tool (PLATO) Operations Concept
Robert Carmody

The Power Planning and Analysis Tool (PLATO), hereafter referred to as “the application” where appropriate, is a real-time console tool that supports all phases of International Space Station (ISS) power resource planning and forecasting.  Through consolidation of existing and new power resource forecasting tools into a single PLATO portal, the application simplifies the power resource planning task, thereby minimizing the number of analysts and flight control personnel required to manage ISS Electrical Power Systems (EPS).  Its express purpose is to so simplify the power resource forecasting task to the point that it permits a single front-room operator to generate the official forecast and any what-if scenarios without backroom or office support
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4-A.2
Processing Interface Requirements at the Start of a Project Life Cycle
By

Garland Bauch

Most failures occur at interfaces between organizations and hardware.   Processing interface requirements at the start of a project life cycle will reduce the likelihood of costly interface changes/failures later.  This can be done by adding Interface Control Documents (ICDs) to the Project top level drawing tree, providing technical direction to the Projects for interface requirements, and by funding the interface requirements function directly from the Project Manager's office.   The interface requirements function within the Project Systems Engineering and Integration (SE&I) Office would work in-line with the project element design engineers early in the life cycle to enhance communications and negotiate technical issues between the elements.   This function would work as the technical arm of the Project Manager to help ensure that the Project cost, schedule, and risk objectives can be met during the Life Cycle.  Some ICD Lessons Learned during the Space Shuttle Program (SSP) Life Cycle will include the use of hardware interface photos in the ICD, progressive life cycle design certification by analysis, test, & operations experience, assigning interface design engineers to Element Interface (EI) and Project technical panels, and linking interface design drawings with project build drawings. 
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4-A.3
Rapid Response Risk Assessment (R3A) – An integrated Tool Set for new Project Development
By

Robert Garber

A capability for rapidly performing quantitative risk assessments has been developed by JSC Safety and Mission Assurance for use on project design trade studies early in the project life cycle, i.e., concept development through preliminary design phases.  The risk assessment tool set consists of interactive and integrated software modules that allow a user/project designer to assess the impact of alternative design or programmatic options on the probability of mission success or other risk metrics.   The risk and design trade space includes interactive options for selecting parameters and/or metrics for numerous design characteristics including component reliability characteristics, functional redundancy levels, item or system technology readiness levels, and mission event characteristics.  This capability is intended for use on any project or system development with a defined mission, and an example project will used for demonstration and descriptive purposes, e.g., landing a robot on an asteroid.   The effects of various alternative design considerations and their impact of these decisions on mission success (or failure) can be measured in real time on a personal computer.  This capability provides a high degree of efficiency for quickly providing information in NASA’s evolving risk-based decision environment.  
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4-B.1
Signal Processing Techniques Applied to Text Data Mining for Clustering with Cost Effective Tools
Travis A. Moebes, PhD
Safety and Mission Assurance

Science Applications International Corporation

Houston, TX, USA
Travis.a.moebes@saic.com

 Abstract - Classification by reading of Corrective Action Reports at NASA can be a lengthy and labor intensive process. This paper shows that a process requiring several weeks of engineer labor can be reduced to a few hours of analyst labor using commercial and in-house data mining applications. Signal processing theory is used to determine the best cluster based on text to use when searching for common cause problems. A method of determining the high-level clusters is presented, and this is followed by a new technique using Fourier transformations and cross-correlations to determine more refined low-level clusters and new information in the data. Finally, a way to apply these results to situations where the cost of lengthy decisions is different from the rewards for quick, correct decisions is discussed. By developing special in-house software, much of the text data mining can be accomplished without purchasing expensive specialized text mining tools.
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4-B.2
Using Markov Chain Monte Carlo to Solve your Toughest Problems in Aerospace

Mark A. Powell

Attwater Consulting

The toughest problems in aerospace involve decision-making for complex issues with significant uncertainty and serious consequences.  It is rare to find analytical solutions for these problems, even with a slew of assumptions.  Decision-making can take months or longer, and consume vast amounts of resources, labor and otherwise.  And, the assumptions always invite questioning and additional analysis.  

In the middle 1990’s, Markov Chain Monte Carlo methods reached a level of maturity such that they can now be applied to address those tough aerospace problems.  By formulating these problems using uncertainty models that reflect maximum objectivity, all of those questionable assumptions can be avoided, and satisfying numerical solutions can be obtained by applying Markov Chain Monte Carlo methods.

The Markov Chain Monte Carlo method will be described, with examples of aerospace problems solvable only through using Markov Chain Monte Carlo methods.  These examples used objective uncertainty models avoiding questionable assumptions.  These include finding the least expensive preventative maintenance interval for an aircraft cooling turbine subsystem, developing an optimal cost verification plan where no event data is expected, quantifying the risk of astronaut bone fracture on-orbit, quantifying the risk of renal stones for astronauts, identifying the failure mode for aircraft starters, recalibration versus redesign of O2 sensors for EVA, and making maintain/redesign decisions for an aircraft AC generator.  None of the problem formulations for these problems were analytically tractable.  Yet with the use of Markov Chain Monte Carlo methods, numerical solutions were found consistent with decision-maker heuristics and enabled rapid and effective decision-making.
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4-B.3
Implementing Ada Software In A Multi-Language Portable Simulation Application

Robert F. Phillips II

Murugan Subramaniam

Akima Infrastructure Services, LLC

Houston, TX 77058

This presentation addresses issues involved in implementing Ada software in the simulation application SOMBAT (Station/Orbiter Multibody Berthing Analysis Tool). SOMBAT is an integrated environment for analyzing the dynamics and control-related issues of complex multibody flexible structures with active control elements. It was developed to facilitate active control system analysis for the International Space Station (ISS) program. The application has models of a number of control systems, environmental effects, sensors and actuators. 

SOMBAT is a multi-language application written in FORTRAN and C computer languages and supported by awk, Perl and Unix shell scripts. It has been ported to a different computer system that run the Unix operating systems. The challenges of adding Ada software to SOMBAT are discussed. The impact on software architecture, compilers, and software development environment are addressed.
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