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FOREWORD

Marshall Space Flight Center is essential to human space explo-
ration, and exploration propels technological advancements. As
we solve the challenges of expanding human presence deeper
into the solar system than ever before, we advance technology
on Earth, further scientific knowledge and discovery, create new
economic opportunities, and continue to lead the world in space
exploration.

The investments in technology development we made in 2015
not only support the Agency’s current missions, but they will
also enable new missions. Some of these projects will allow us
to develop an in-space architecture for human space exploration;
Marshall employees are developing and testing cutting-edge
propulsion solutions that will propel humans in-space and land
them on Mars. Others are working on technologies that could
support a deep space habitat, which will be critical to enable
humans to live and work in deep space and on other worlds.

Still others are maturing technologies that will help new scientific instruments study the outer edge of the
universe—instruments that will provide valuable information as we seek to explore the outer planets and

search for life.

While each project in this report seeks to advance technology and challenge our way of thinking, it is
important to recognize the immense variety of work being done in support of our mission. This report
highlights Marshall’s reputation for solving complex problems and shows the progress that has been made
this past year. These scientists, researchers, and technologists are enabling technology that will facilitate
NASA’s ability to fulfill the ambitious goals of innovation, exploration, and discovery for years to come.

I hope you enjoy reviewing this report. It has been an exciting year and has set the stage for even more

progress in 2016.

Todd A. May
Center Director
Marshall Space Flight Center
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INTRODUCTION

I am honored to present the Marshall Space Flight Center Research and
Technology Report for 2015. Our immensely talented workforce is pur-
suing a wide variety of research and technology efforts, and this docu-
ment showcases their impressive work. From early stage innovations
developed in the Center Innovation Fund program to advanced tech-
nologies that were investigated to enable future Space Launch System
capabilities, the efforts detailed in this report should advance the current
state of technology such that future NASA missions are enabled.

Marshall’s technologists achieved significant accomplishments in proj-
ects funded by Human Exploration and Operations Mission Directorate
(HEOMD), including the Advanced Exploration Systems Program and
Space Launch System Advanced Development. The HEOMD work was
managed by the Space Launch Systems Office and the Flight Programs
and Partnerships Office.

Outstanding progress was also achieved in technology projects funded
by Space Technology Mission Directorate (STMD), including efforts in
the Technology Demonstration Missions Program, Centennial Challenges Program, Game Changing Development,
Center Innovation Fund, Small Business Innovation Research (SBIR) and Small Business Technology Transfer
(STTR), and Small Spacecraft Technology Program. These efforts were managed by the Science and Technology
Office and the Flight Programs and Partnerships Office.

Technology efforts at MSFC funded by the Science Mission Directorate (SMD) included work in the Astrophysics
Division and the Planetary Science Division’s Mars Exploration Program. This work was managed by the Science
and Technology Office.

Finally, MSFC Center Management and Operations funded efforts such as the Technology Investment Program,
Center discretionary investments, and Dual-Use Technology Cooperative Agreement Notice. This work was man-
aged by the Office of Strategic Analysis and Communications and the Center Strategic Development Steering
Group.

The innovations described within this report may serve to not only enhance and enable NASA’s near-term programs
and projects, but could also provide the solutions required for future Mars missions, human and robotic exploration
of other solar system bodies, and destinations beyond. I trust that you will enjoy reviewing the Marshall research
and technology accomplishments of 2015.

linlesd

Andrew Keys
Center Chief Technologist
Marshall Space Flight Center
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Project Description

The Advanced Concepts Office (ACO) performs con-
ceptual design and analysis on many far-reaching
missions, which requires significant technology devel-
opment. The intent is to help guide NASA’s technology
development programs and to quantify through analysis
the benefits of those technologies. The Agency’s pro-
grams and projects, by their very nature, frequently
require the development and infusion of new techno-
logical advances to meet mission goals, objectives,
and resulting requirements. Figure 1 depicts the rela-
tionship between architectural studies and technology
assessments.

Key to the technology assessment process is an under-
standing of program and Agency goals, technology
capabilities, the collection of the technology data, and
the actual technology assessments. The process requires
significant input in the form of interviews with technol-
ogists throughout the industry/government/academia.
Technology assessments also require the input from
multiple discipline analysts.
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Figure 1: Relationship between concepts, architectural studies,
and technology assessments.

The technology assessment process is laborious and
time intensive due to the nature of assembling and
obtaining input from multiple discipline experts. ACO
is attempting to improve the process by using state-of-
the-art technology in computer text and content analyt-
ics. ACO is collaborating with two leading experts in
this field: ai-one™ and ISC Consulting Group.

ai-one is a recognized Who’s Who in text analytics
technology, which will enable ACO to obtain informa-
tion from almost any digital source, in any language,
regardless of its structure (or lack of structure). ISC
Consulting Group has experience working with the ai-
one technology to obtain and classify information for
the United States Army Intelligence Center.

ACO is testing the ai-one technology by performing
a technology assessment of wireless sensors. ACO col-
lected data on wireless sensors from the NASA Tech-
nical Reports Service repository, which returned 230
documents, which amounts to approximately 10,000
paragraphs, or 3,000 pages, of technical information
from all NASA Centers from the years 2000-2015.

With the help of the ai-one technology and support from
ISC Consulting Group, ACO created 45 agents to rep-
resent various avionics system designs. This was done
not through programming, but by providing each agent
a few paragraphs describing each avionic system. The
10,000 paragraphs were then evaluated by each agent
and scored on how well the wireless sensor paragraphs
matched the capabilities described by the avionics sys-
tem. That amounts to 450,000 assessments.
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