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PRESIDENT’S MESSAGE

I want to note the recent passing of two dear friends and valued members of the space community – Patti Grace Smith and Molly Macauley. Each made major contributions to the conduct
of space activities – from commercializing space transportation to identifying and highlighting
the tremendous benefits of exploring and utilizing space. Both were very active in AAS, members of the Board, and contributed greatly to our Society. The space community as a whole has
lost two strong people who were committed to advancing space activities and our profession,
and we will miss them deeply.
The 5th Annual ISS R&D Conference was held July 12-14 and was an outstanding success.
Highlights included Dr. Eric Topel, Director of the Scripps Translational Science Institute
and NASA Chief Scientist Dr. Ellen Stofan speaking about the future of digital medicine, and
CNN’s Chief Medical Correspondent Dr. Sanjay Gupta and former astronauts Scott and Mark
Kelly discussing the one year mission and twins study. Attendees also heard from senior NASA and aerospace industry speakers,
astronauts, and the next generation as well as benefitted from almost 200 technical papers and posters showcasing the latest ISS
research. Videos and presentations are online at the conference website: www.issconference.org. Please mark your calendars for
next year’s conference in Washington, D.C., July 18-20 – you won’t want to miss it!
As part of our outreach to the next generation, we now will offer up to 15 complimentary registrations per event to college and
university students to attend AAS major conferences and special events each year. We want to encourage student interaction with
the space community, and our conferences are the perfect venue for networking with leaders in government, industry, and academia as well as for exposure to the latest developments in space. As a bonus, students at a conference always gladden the hearts
of speakers as they look over the audience and see the future leaders of our space endeavors.
Our Special Events Committee is planning a December 1 evening event at the Navy Memorial in Washington, D.C. focused on
Space-based Environmental Intelligence. The objective is to bring key stakeholders together to highlight significant advancements
in Space-based Environmental Intelligence and the importance of continued support for research, development, and operations at
NOAA, NASA, and other agencies to advance capabilities and benefits. Information will be sent out closer to the event.
As I write this, another Google Hangout has just ended which focused on human missions to Mars in the continuing Footsteps
to Mars series. I can’t say enough good things about these Hangouts, which are being regularly scheduled once or twice a month.
Although Google started these Hangouts, most people now access them from YouTube.
The 9th Wernher Von Braun Memorial Symposium in October will address many critical issues facing the space program and
starts off with what’s sure to be an interesting discussion on “After the Election – What’s Next for Space?” The complete program
is included in this issue and for the first time features spotlight talks from the millennial generation. Online registration is now
open, and I hope you’ll be able to attend.
I strongly encourage all members to consider worthy candidates for AAS Fellows and Awards. Any AAS member can nominate
a candidate for Fellow, while award nominations can be submitted by anyone. The deadline for Fellows nominations is September
30 and Award nominations October 31. Full details and all past recipients are on the AAS website.
In closing, I’m delighted to welcome Harris Corporation, The Coalition for Deep Space Exploration, Dittmar Associates, and
Space Center Houston as our newest corporate members, bringing the total of AAS corporate and institutional members to 48.
AAS – Advancing All Space

Lyn D. Wigbels
lyn.wigbels@cox.net
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Making History: History Informs and Influences
Current & Future Missions – Vikings’ Genealogy
of Influence
by Rachel Tillman
Space exploration is a virtual playground for people who love
to build, question, analyze, and create. For those that plan to be
‘Marsnauts’ of the future, those that aspire to design and lead
missions to planetary bodies known or yet undiscovered, and
those that have already proceeded down a career path, it might
just be Viking or current missions that inspired you to make that
choice. Or perhaps it was a person you met, a book you read, or
a movie you saw that nudged you or introduced you to this new
idea that captivated you. But no matter the influence, history
played its part in setting the trajectory.
Full scale model of the InSight lander on display at the USA Science and
Engineering Festival in Washington, D.C., April 2016 (Credit: Lockheed
Martin)

Gerry Soffen (left) and Carl Sagan at Cape Canaveral, 1975 (Credit: Dr.
Ben Clark, Viking Scientist, X-Ray Flourescent Instrument)

At The Viking Mars Missions Education & Preservation Project (VMMEPP), we call it the “Genealogy of Influence.” History not only tells us stories about the past, but it also reveals
pathways being paved right now for the future! Water on Mars,
extraterrestrial organics, terraforming, and more. Many of those
current conversations lead us back to Viking.
From our research and interviews with Vikings and those influenced by the mission, it is clear that Viking continues to shape
missions today and those planned for the future, as well as the
science, technology, and engineering in many other fields and
industries. From asteroid sample missions such as OSIRISReX led by Dante Lauretta, a student of Ray Arvidson who
worked on Viking to Steve Squyres and Dante Lauretta who
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led Spirit and Opportunity to Vikings who advised Curiosity,
InSight, SpaceX, and those currently leading missions, such
as Dr. Bruce Jakosky PI of MAVEN, an intern on Viking and
Vikings Dr. Ben Clark, Jim French, and others who advise
Mars 2020, Orion, and Blue Origins New Shepard, the future
is permeated by Viking peer influence. The communities that
make these missions happen are influenced in a variety of ways
through peer to peer interactions and the evolution of Viking
based technology, methodology, and processes. And its not just
humankind but life itself, here and in our planetary system, that
has been profoundly influenced by Viking.
Not discussed often are the nuances and details of missions,
and so it is this rich history in all its detail that we at VMMEPP
choose to explore. That is our journey – and the end result is the
reconstruction of the mission from technical detail through to
the resulting human and global impact that can only be realized
many years later, as we enter the 40th year following the landing
and first images of the surface of Mars and 53 years after the
U.S. first penned formal plans for a “Mission to Mars” called
“Voyager.” From looking under rocks on Mars, inventing a new
way to build here or in space, designing tools that can work
in zero gravity and operating them to build communities and
products needed in space, discovering why the beautiful images
we see are shaped as they are and how they interact, and devising sustainable communities to defining laws and systems for
extraterrestrial constituents, the opportunities are truly endless.

SPACE TIMES • May-August 2016

tail. We chose to start with Viking, the first successful Mars
surface mission and one that “looms like a legendary giant, an
incredible success against which all present and future missions
will be measured,” as stated by Doug McCuiston, past Mars
Exploration Program Director, NASA Headquarters.

This Viking dedicated magazine published in Japan during primary mission was sent by Viking Chief Scientist to Len Clark, who served on the
Soil Sampler Team during Mission Operations (Credit: Len Clark)

People makes missions successful. Institutes provide the infrastructure and culture that enables these achievements to occur, but the ingredients for success include one part company
and infrastructure, and five parts team members. We know this
not only because it holds true in all fields, but also because
we have uncovered specific traits that are required for successful missions and have learned of missions that have suffered
without them. We also saw companies and groups form and
grow, driven by the passion to make Viking happen, out of very
small groups of individuals with these traits. At Langley, the
Viking Project Office, and Martin Marietta, a small footprint
grew around Viking and made a huge impact.
The people that make missions happen are the people who learn
perseverance early in their lives, even before they enter the
workforce. And this trait of dogged pursuit and passion about
work combined with rigorous work habits and a willingness to
cooperate and collaborate and bring other experts together, is
the hallmark that Vikings represent. All of this was done without regard to status. Viking was made of the best of the best
for each specific role. From entry level career individuals and
students, to people pulled in from other missions and projects,
Viking was built from individuals focused on the success of the
mission without regard, in many cases, to their own individual
lives. It was all or nothing, and every personality type and skill
was needed for its success with no room for egos.
In aggregate, most Vikings did not come from affluent families

These two scanned photos were taken with the prototype facsimile camera at JPL. The camera operates scanning an image area left to right and
top to bottom, moving slowly enough that people appear more than once
in the image as they move after their area is scanned. It was intended to
be a Lander Performance Analysis Group (LPAG) group picture. Tom Arnold is in the horizontal striped shirt spanning the two photos, again in the
background in the center of the second frame, and also on the far right.
(Credit: NASA/Courtesy of Tom Arnold, Viking Team Member)

But in order to make this happen, we need to learn from and
teach each successive generation that has contributed to this
growing body of knowledge in each of these disciplinary fields,
to ensure the integrity and continuity of this knowledge from
generation to generation by preserving the history in all its de-
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The Viking team (Credit: NASA)

5

and expensive schools, which might be the expectation of many
today as kids struggle to get into the best schools and trade time
and extracurricular activities for the best grades. Instead, the
Vikings were an amalgam of individuals representing a variety
of communities and even countries as there were more than
a few who were first generation citizens and a few who were
born in other countries and moved here bringing the strengths
of their origins to contribute to the achievements our nation
takes such pride in.
Across all of these communities, the common threads were perseverance, collaboration, and leadership. Because it was complex, Viking required leaders with many skills and an interdisciplinary approach, and a single individual, Jim Martin, to take
responsibility and create the environment to empower others. It
didn’t matter what company, NASA center, academic institute,
or community you came from if you were on the Viking Team;
it was one “family” with one goal – meet the science objectives.
This kind of leadership across the mission meant that following Viking, there was a wealth of peer knowledge that could
be brought to bear on future missions and discoveries. And so
it was.

JPL Soil Sampler Team (Credit: Len Clark)

The incremental discoveries made long before launch – as early as 1963 – were made by individuals no one has heard of
outside Mars circles – many not at all except by coworkers.
These individuals designed the footpads, rocket engines, and
parachutes that enabled successful landing for Viking and became the baseline for current missions. These critical elements
were the culmination of years of research and testing by individuals committed to solving problems. They persevered, despite changes in the world around them, the budgets, and their
personal lives. Many individuals who worked on Viking were
not even technically on the “Viking” personnel lists. They were
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technicians, scientists in labs across the country, students doing
internships and work studies, or just out of school. They were
people doing their job who took it very seriously and attacked
the problems with creativity and care.
What drives individuals to make the commitment? For some
Vikings such as Jim French, who worked on Viking propulsion
systems and many other missions from Apollo to Blue Origins
current New Sheppard, the influence began in books. When
he was 12, Heinlein’s Rocket Ship Galileo and Buck Rogers
pointed him to a career from which he has never wavered – “I
have never wanted to do anything else from that time.” But like
many other youth from agricultural, inner city United States or
other nations, it took a dream and encouragement from someone to get there. Whether it is a ‘Doc Watson’ like Mr. French
had, or a Teacher or friend, many Vikings began their dreams
with little more than that and a whole lot of unknowns working
against them. And now they continue this chain of influence,
mentoring others who are now driving and leading exploration
from a variety of roles, including as authors and artists keeping
the cycle of art inspiring exploration alive and well.
Some of us are fortunate to grow up in proximity to incredible
events such as Viking, and this shapes us as well. Without question, Viking was a big influence on myself and other children
of those who served on the mission. In my case, the Viking
mission spurred by my father’s immersive science/engineering
career permitted me early entry into the dialogue of science and
engineering. His daily queries impressed on me ‘obscure’ facts
in a relevant and contextual manner that permitted me to develop a world view that was and is highly integrated, filled with
interdependencies, synergies, and cause and effect. Similarly,
philosophical ‘jumping off’ places evolved from conversations
like ‘what if we are not alone...how does that impact the world’,
‘how do we talk about things we can’t prove using existing
tools’ (that conversation was about the ‘how to’ talk about the
likelihood and cause of flowing water on Mars that began when
he showed my Viking Orbiter images as they came in during
Primary Mission Ops). Even more so, it instilled in me the possibilities and firm belief that I could achieve what might be perceived as difficult or impossible to others merely by proximity
to the people, information, and events of Viking. The result of
these conversations, my own curiosity, and a fantastic school
and teacher led me to the understanding of the importance of
diverse lessons and artifacts of the Viking mission.
Fast forward 40 years, the work I began then preserving the
artifacts and materials from the mission continues. Seeing the
significant value in a wide variety of material for educational,
historical, and professional purposes, and observing the inequitable distribution and high cost of educational material over 30
years ago, it is a mission of its own to influence and facilitate
as much as possible the equitable access to the many lessons

SPACE TIMES • May-August 2016

of Viking. We have interviewed over 100 Vikings and found
over 200 of them (yes, we have a long queue). We have curated thousands of documents and have many thousands more
original mission documents that will be available publicly. We
have launched the dedicated online Viking Mission Museum in
partnership with Google Cultural Institute and provided material to students, scientists, engineers, and authors for their work.
We have designed interactive exhibits that will travel and can
be installed by interested facilities, and we have begun to build
teams to develop curriculum from the material on math, engineering, science, leadership, and more.

Viking Orbiter cameras (Credit: Ball
Aerospace)

Curiosity cameras (Credit: NASA)

Viking changed the face of Mars exploration, but it also changed
our own “pale blue dot” as Carl Sagan coined earth. And now
as we are 40 years beyond his eloquent science and life lessons,
even Carl’s lessons fade as time loosens and blurs the connective fabric until what is left is a shadow of what was. And so as
one who was infused with lessons from Viking, it became clear
it was too important to lose, and what began 30 years ago at age
11 now continues so those lessons can be shared with everyone,
across the blue dot and beyond, as we edge our way closer to
toeholds outside of our own planetary realm.
What happens when we lose these threads? As time passes,
details are lost. Perhaps it’s the color of a photo that fades, or a
box of documents lost to family or company downsizing, or the
lack of resources and space to maintain physical items. At some
point, this attrition occurs and history is altered as we fill in the
gaps as best we can with what is left – memories and the few
items that remain. When this is not done, the losses are more
than historic. They impact mission design, planning, engineering, and budgets as well as science results – the drivers behind
many missions.
Often humans have neglected our histories in a manner that has
begun to serve as an inadvertent (and sometimes intentional) reconstruction of history, by the omission, and lack of citation of
catalytic events and discoveries by individuals and institutions.
But another often forgotten aspect is that omitting history and
references through lack of citation and sharing of knowledge
can even affect work done today and in the future. This work
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may be historical in nature, but when working in a scientific or
technical field, it can be the very evolution of current and future
discoveries or developments that are impacted by this omission or alteration. This, in turn, can affect economies, cultural
dynamics, education, and future decisions by institutes and individuals, including governing bodies. That means everyone.
Because technical knowledge and research is often locked up in
investment or fiscal scenarios (competition between businesses
for products, methods, etc.), and academic research that used to
be broadly shared between peers is less accessible despite improved digital publishing technologies, opportunities are lost.
The lack of ubiquitous free or attainable access to this material
limits our ability to learn and develop, and increases costs to
do so for all interested groups from students to nations. This
causes an inevitable damper on progress in academia and industry. This can have long lasting and permanent effects.
And while this natural process of forgetting and losing details
occurs, agencies all over the world are creating new ways to do
things and forging new ideas and paths. It is not the job of the
explorers to maintain the history, as public perception might
assume. For organizations that are formed to build and create,
tracking the past is mostly driven by the passion of a few on
very small budgets and little or no physical space. We need the
agencies to keep doing their work to keep exploration alive and
well, and where there is the will to stay connected to the history
for storytelling purposes within agencies and companies, we
see an opportunity to take the soft lessons of Viking and partner
with those that have the drive and resources to ensure the full
preservation in its continuity and detail through oral histories,
preserving original mission documents and artifacts and making them all easily available.
As the daughter of Viking Mission Scientist James E. Tillman, I
began collecting Viking memorabilia as part of my own family
history. However, it soon became clear as a budding young geek
that what I was hearing about for the first time from my father
was also of interest to many other people of all ages. Seeing

Bill Kacena (left), Tom Nelson, and Bob Thomas during an oral history
interview with the Founder (Credit: Rachel Tillman)
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the fascinating pictures hot off the press from the Orbiters and
later Landers, it simply made perfect sense to me as a kid that
we should save history with all its innate science, engineering,
and artistic facets. When I asked my father if I could “have”
the Viking Lander flight spare that we found on the surplus list,
everyone thought I was crazy. They asked me what I would do
with it. It was an easy answer for me that I had thought should
be obvious: “…to teach other kids about going to Mars, build
rovers, study life on other planets! As a kid, I assumed everyone
would be as interested as I was, and apparently many were!”

and design time where a Viking standard or derivative is of interest or a process or testing that was done can provide results
that reduce costs to current designers and engineers. We know
that reducing costs, sharing knowledge, and building collaboration and awareness at grass roots levels is needed to regain
some momentum in our space program, so while we preserve
history and educate youth and professionals about Viking, we
are also supporting the future of space exploration.

VMMEPP connects students to experts April 30, 2016 as a middle school
girl shares her aspirations with a young NASA scientist (Credit: Rachel
Tillman)

Images of the first Lego robotics circa 1979 that began (and continues today) as a direct result of the education outreach using the VL3 that Rachel
Tillman saved from scrap. Rachel’s father and teacher presented Viking to
the students at Rachel’s school. (Credit: Rachel Tillman)

We are already seeing the benefits of our work as we collaborate with scientists and provide material to engineers, writers, students, and enthusiasts, whether it is 7th and 8th graders
learning about Viking’s tangible and intangible lessons as they
build their own websites, documentaries, and poster sessions
with our support, artists and writers of all ilk, or the emerging
scientists like Melissa Guzman at NASA Ames working with
NASA Scientist Chris McKay to study the results of the Gas
Chromatograph Mass Spectrometer data from Viking to inform
and understand new findings on Mars in the present day. By
VMMEPP preserving and sharing the original documentation
from Viking such as design specs, videos, reports, test results,
science requirement defining processes, and more, and sharing
them broadly and completely, we can save future missions costs

8

At VMMEPP we are creating a model that can be used for other
missions, past and future, to document both historical, technical, and human details to preserve artifacts that can be used for
future missions and education, and to collaborate with entities
whose job it is to explore. We are the scribes that will preserve
the scrolls and pyramids, the scholars and storytellers that will
share the inspirations and achievements and build lessons for
future generations, not just redundant headlines but deeply researched nuances that save missions and change lives.
Our preservation is not limited to engineers and scientists, and
indeed those terms themselves are rich with nuances that are
rarely discussed, and yet it is when we “go there” that we excite future generations. Because of the connection between successes today and Viking, it is important to understand the many
and varied threads that permeate the mission, reaching forward
and backward from the roots of Planetary Exploration that grew
from Viking to the current work done by those influenced or
involved in Viking.
At VMMEPP we are mapping all kinds of threads that emerge
from Viking as we reconstruct the mission details and documents. We reflect these in our historical preservation and sharing, weaving together a fabric that captures social, scientific,
technological, financial, cultural, and many other levels of de-
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tailed “histories.” Although each of these histories are usually
reflected by experts or enthusiasts of one of the genres above,
the real story is much more interdependent and, as such, can
only be told when these relationships are researched and included in the ‘telling’. For example, when we discuss scientific
results and analyses, we are also revealing cultural influences.
These relationships are often found in the artistic expressions of
science fiction and the influence extends in both directions. The
possibility for and search for life were stories and dreams long
before they could be studied up close as we do today. These
stories influenced and drove culture and individuals to invest in
“far out” ideas that now drive some of the technological development that we take for granted today, as well as those that follow, on iterations that continue to evolve outside their original
design purpose.

Indeed, Viking embodies these overlapping interest areas, and
because of that our approach at The Viking Mars Missions
Education & Preservation Project is somewhat non-traditional. Frequently historic preservation is done by institutes that
are engaged in the activity in order that their own legacies be
secured. Other preservation projects are started by individuals
who are enthusiasts in a certain area, and over time they collect facts and artifacts as part of their own personal interest in
the topic area. Then there are individuals personally involved
in historic events who either begin to document on their own
or are approached by others to document a significant event
or discovery. VMMEPP is a combination of all of these. It is a
“family” made up of Vikings and professionals from contracted
companies and NASA centers, and from many different countries, with as many personality and work roles as you can imagine, each one as critical as the other, as well as youth, historians,
designers, and administrators, all of whom believe in the work
we are doing. And with each reader who shares this work with
others, or joins in the fun journey with us, the legacy grows.
Perhaps it will include you one day, and you can make history
like these youth (http://youtu.be/cSoBcxAaqhU).

Creation of the Viking Biology (Credit: NASA/VMMEPP Archive)

National History Day Competition Team: (from left) Zacharias Coulis,
Frank Zufelt, Christian Cantrell, Ian Kanz (Credit: Kohler School)

Rachel Tillman is founder, director, and curator of The Viking Mars Missions Education and Preservation Project
and daughter of Viking Mission Scientist James E. Tillman.
Additional information may be found at:
http://www.thevikingpreservationproject.org

After Viking, Martin Marietta designed a portable spectrometer (Credit:
Martin Marietta)
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Follow VMMEPP at:
http://facebook.com/VikingMarsMission
https://twitter.com/MarsVikingTeam
http://marsvikings.tumblr.com
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Astronautics in Light of Science,
Technology and Society
by Amir S. Gohardani and Omid Gohardani
The aerospace sector contributes to an abundance of technical solutions
with profound societal impact. Consequently, considerations of Science,
Technology, and Society (STS), a branch of science studies, are likely to
facilitate the integration processes of technical remedies with society to a
larger extent than earlier.

NASA’s Juno space probe inked a remarkable story in the unwritten pages of history by successfully entering
Jupiter’s orbit on July 4, 2016 after almost a 5-year journey to the solar system’s largest planet. With the advent of
a new space era which in part thrives on visionary space missions, state-of-the-art advanced space technologies and
the private industry’s unprecedented access to space, future space endeavors would benefit from a more all-around
approach diverging from a sole platform of technical solutions. The suggested approach is particularly crucial in
consideration of numerous ongoing adjustments within the aerospace sector.
As the space industry is moving in the direction of unique exploration opportunities, the field of astronautics will
play an augmented role in expanding mankind’s knowledge base about the mysteries of the universe. Capitalizing on
pieces of knowledge found in aeronautics, the technology overlap between aeronautics and astronautics, the subject
domain of astronautics can further benefit from an increased epistemological perspective which ties astronautics to
other disciplines. A branch of philosophy, concerned with the theory of knowledge, epistemology studies the nature
of knowledge, the rationally of belief, and justification. However, the proposed argument herein is not to advocate
for a solely philosophical approach to astronautics. On the contrary, by questioning the level of acquired knowledge
in astronautics, an identification process is suggested to measure the extent of human awareness about the subject
matter and to discover additional resources for acquiring new expertise.
In order to dissect the subjects in question into concrete examples applicable to astronautics, the topic of space
debris is considered. Space debris encompasses both natural (meteoroid) and artificial (man-made) particles. Meteoroids are in orbit about the sun, while most artificial debris is in orbit about the Earth. Hereafter, orbital debris will
refer to the latter. Orbital debris congestion presents one of the multifaceted subject areas ideal for Science, Technology, Society (STS) studies. Naturally, the technology domain resonates mostly with the engineering community and
scientific aspects of orbital debris congestion also weigh in. Nonetheless, at least the direct connection link between
society and technology is not readily apparent as the majority of planet Earth’s citizens have very little, if any contact
with orbital debris on a daily basis. Unlike maritime waste which occasionally can wash up on the shores around
the world or trash piling up in circumstances where the waste management infrastructures of cities fail, the issue of
orbital congestion appears rather distant.
Over the years, orbital debris has transitioned from a direct result of human space exploration to a threat for human lives on board the International Space Station, existing satellite constellations and spacecraft in orbit. In addition, orbital debris, a collection of defunct man-made objects in space including spent rocket stages, spacecraft and
generated fragments due to collisions, disintegrations, and erosion, can further impact future space accessibility and
the functionality of all space assets in orbit. With more than 20,000 pieces of debris larger than a softball orbiting
the Earth and reaching rate of speeds up to 17,500 mph, sufficient to seriously damage a satellite or a spacecraft, the
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risk of collisions are nearly inevitable. Moreover, there are currently more than half a million pieces of debris the
size of a marble or larger and many millions of pieces of debris that are so small they are undetectable but still pose
as collision risks.
Glancing at orbital debris congestion under the light of STS paves the way for a series of new opportunities to
address current challenges. By the same token, STS can unveil new streams of information which collectively can
impact individual domains within the STS subjects. STS considers how cultural, political, and social values affect
scientific research and technological innovation and how these in turn affect society, politics, and culture. In the case
of orbital debris, it is possible to draw parallels to other cases of waste management and to equally address mitigation
efforts for uncontrolled growth of future debris populations. However, expanding horizons beyond the T (technology)
in STS also uncovers an unknown territory for understanding new subject matters. In its most simplistic form, the
researcher is faced with conducting research in at least three different areas instead of one, and these areas are likely
more than three if overlapping domains are considered. Yet, the presented graphical mind map illustrates a number
of disconnected pivots when only one of these areas is considered.
Orbital debris congestion is certainly not confined to a single subject matter. Legal aspects, national and international policy regulations, and techno-economic paradigms are a number of topics impacting the overall orbital
debris congestion map. Orbital debris removal and other considered remedies to minimize the collision threats and to
prevent orbital debris disasters are also shaped by some of the aforementioned topics to a smaller or a greater extent,
dependent on the considered scenario. As a first step, recognition of orbital debris as a multifaceted topic would allow for a more collaborative approach to pursue knowledge from multilateral and multidisciplinary vantage points.
NASA’s latest endeavor to characterize the uncertainties associated with solar activity projection, orbit propagation, and breakup models as part of its long-term orbital debris prediction assessment is therefore commendable.
Presented during the U.S.-China Expert Workshop on Orbital Debris Mitigation and Satellite Collision Avoidance
in Washington DC, on 27 June 2016, consideration of these topics assists the knowledge generation processes in
STS. NASA’s two parametric studies for quantifying the potential negative environmental impacts of CubeSats and
mega-constellations in low Earth orbit equally contribute to more comprehensive pieces of information, if the studies
are linked with legislative and policy areas as an extended approach to include societal impact.
Orbital debris elucidated in the context of STS is one representative subject in astronautics mentioned for exemplification purposes. Following the same train of thought, a wider STS integration of subjects in astronautics is of
remarkable value to society as a whole and conclusively encouraged.
Dr. Amir S. Gohardani is the Vice Chair of the American Institute of Aeronautics and Astronautics (AIAA)
Society and Aerospace Technology Technical Committee and the Past Chair and the current Chair-Elect of
the AIAA Orange County section in Orange County, California. An aerospace manager, educator, and inventor, Dr. Gohardani is also the President of the Springs of Dreams Corporation (www.springsofdreams.org), a
non profit organization with objectives of enriching human lives and enlightening society through knowledge
and education. Dr. Omid Gohardani is the Vice President, Director of Research and Co-founder of Springs of
Dreams Corporation and a Director at Large and Communications Co-Director at the AIAA Orange County
Section. Drs. Gohardani are both holders of Ph.D. and M.Phil. degrees in Aerospace Engineering from Cranfield
University, United Kingdom, M.Sc. degrees in Mechanical Engineering from the University of Arizona, M.Sc.
degrees in Aeronautical Engineering, and B.Sc. degrees from the Royal Institute of Technology, Stockholm,
Sweden. Two identical twin brothers, Drs. Gohardani currently serve as NASA postdoctoral program reviewers
and have held visiting research scholar positions at the University of Florida. In 2014 Dr. Amir S. Gohardani
was presented with the AIAA Orange County Section Engineer of the Year Award, a title presented to Dr. Omid
Gohardani in 2016. Any opinions, findings and conclusions expressed in this article are those of the authors
only and do not necessarily reflect the corporate views of any organization with which they are affiliated.
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Space Navigation: Looking to the Stars
by Roger D. Launius

For centuries mariners have looked
to the stars to cross the oceans.
Mariners at sea carried instruments
such as cross staffs and sextants to
determine the position of celestial
objects in the sky. When combined
with an accurate time reference,
this would allow a marine navigator to determine the position of a
ship on the Earth’s surface. Similar
techniques updated with modern
technology can be used in space.
Early human missions to the Moon
even carried sextants and celestial
charts that could be used to determine position.

The art and science of space navigation have continued to be employed
to ensure that spacecraft arrive at
their destinations. Special tools
and techniques have been developed to find the way across the
vast distances of the solar system.
Early flyby missions needed only
to arrive in the correct vicinity,
but more recent missions orbiting
other planets required highly precise trajectories to be successful.
Performing this type of navigation
requires a network of Earth-based
communication stations, accurate
time keeping equipment, and many

The Goldstone station is located in the Mojave
Desert of California. The location was chosen for
favorable topography and open space that limited radio interference. Goldstone contains several
individual sites, each with its own set of large dish
antennas. Each site is commonly named for the
mission or destination for which it was first used.
The first to begin operation was the Pioneer site,
used to receive data from the Pioneer probes to
the Moon. The Uranus site was first used to receive data from the Voyager 2 flyby of Uranus.
(Credit: Courtesy of NASM)

complex calculations.

Three 34m (110 ft.) diameter Beam Waveguide antennas located at the Goldstone Deep Space Communications Complex, situated in the Mojave Desert in California. This is one of three complexes
which comprise NASA’s Deep Space Network (DSN). The DSN provides radio communications for all
of NASA’s interplanetary spacecraft and is also utilized for radio astronomy and radar observations of
the solar system and the universe. (Credit: NASA photo, no. gpn-2000-000506)
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Probes in the first generation of
planetary spacecraft were often
equipped with star trackers to
maintain attitude and keep antennas
pointed at the Earth. Star trackers are small optical devices that
maintain a lock on a bright star.
The most common star used for
this purpose was Canopus, visible
in the southern hemisphere. It is
the second brightest star in the sky
after Sirius, although Sirius is not
well-suited for tracking because it is
a binary star. The star tracker would
SPACE TIMES • May-August 2016

signal if a spacecraft drifted away
from its correct alignment, and
thrusters would be fired to correct
the position.

The Deep Space Network was constructed to communicate with spacecraft across the solar system.
This map shows the three active stations in blue, inactive stations in red, and the first year of operation
for each station. Stations for the Deep Space Network have been constructed at sites that allow for
constant communication throughout the solar system. Almost all missions in space remain near the
ecliptic, so that must be visible in the sky at all three locations. At least three stations spread out in
longitude are required to allow constant communication. The Goldstone station in the Mojave Desert
of California was the first to begin operations. Stations in Australia, South Africa, Spain, and Ascension Island were later added. Today the stations at Goldstone, Madrid, and Canberra make up the
network. The position of the three stations on the Earth’s surface has been surveyed very accurately.
The distance between stations, or the baseline, must be known when using two stations to determine
the location of a spacecraft. (Credit: Courtesy of NASM)

Three methods of determining position using two telemetry sites are shown here. All use signals
received from spacecraft. In Precision Ranging, the difference in arrival time between two stations is
calculated. Telemetry is received at two stations simultaneously and is timed using atomic clocks. By
knowing precisely the distance on the Earth between the two stations, it is possible to determine the
three dimensional position of the spacecraft using triangulation. The second method shown uses two
stations to determine the difference in Doppler shift. As a spacecraft revolves around a distant planet,
it will appear to move in slightly different directions from two points of view on the Earth. Therefore
the two stations will detect a slightly different Doppler shift in the transmission. This information can
be used to calculate the shape of the orbit. In Very Long Baseline Interferometry, two stations receive
transmissions from the spacecraft. Then the two antennas are moved to point at a quasar, a class of
extremely distant celestial objects whose positions are very well known. By comparing these signals
it is possible to determine the angular position of the spacecraft very accurately. (Credit: Courtesy of
NASM)
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As a spacecraft approaches its
intended destination, other kinds
of optical techniques are used to
refine its position. Cameras on the
spacecraft are used to obtain images
of nearby planetary bodies with
stars in the background. Because
the positions of the stars are well
known, these images can be used
to determine the position of the
spacecraft relative to the planetary
body. In this way the position of
the spacecraft can be determined
at higher accuracy than is possible
from Earth.
Deep Space Network
Since the early days of space exploration a network of communications stations has been required
to track and navigate planetary
spacecraft. Goldstone, the first US
station for this purpose, became
operational in 1958 in the Mojave
Desert in California to support the
Pioneer missions to the Moon. Stations in Australia, South Africa, and
Spain were later added. This array
of facilities, known as the Deep
Space Network, today consists of
three globally distributed stations
to enable communication with missions at all times. The Deep Space
Network is managed by the Jet
Propulsion Laboratory for NASA.
Most data from planetary missions
are returned through this network,
and different missions must share
13

the system.
Each station in the Deep Space
Network is equipped with at least
four dish antennas used to transmit
and receive data from operational
spacecraft. The largest antenna at
each station is a 70 meter diameter
dish. Others are about 30 meters in
diameter. Large dishes are needed
to concentrate weak signals from
distant spacecraft.

the clock. Instead, the Deep Space
Network re-acquires a spacecraft
at specified times. The spacecraft
continues to move between communication sessions, so a prediction must be made to point the antenna at the correct point in the sky.
Thousands of measurements of the
spacecraft’s distance and velocity
are made. These are used to update
a model predicting the movement
of the spacecraft.

velocity. The speed at which a
spacecraft moves can be found by
measuring the Doppler shift of its
radio transmissions. All spacecraft
are designed to transmit at certain
radio frequencies. On Earth, the
received signal is slightly shifted
to a lower frequency because the
spacecraft is moving away. This is
the same process that causes light
from stars and distant galaxies to
be “red-shifted”. Measuring the
amount of Doppler shift enables
engineers to determine the rate at
which the spacecraft is receding.

Tracking a distant spacecraft from Navigation Tasks
Earth requires predictions to be
made of its position. Communica- One of the first tasks required in
tions are not maintained around space navigation is determining The range, or distance, of a space-

Mariner 10 was the first spacecraft to visit Mercury. It was also the first spacecraft to perform a gravity assist, a milestone in space navigation. This was
made possible by increased timekeeping accuracy at tracking stations. This photograph from June 1973 shows Mariner 10 being prepared at the Jet
Propulsion Laboratory. Today gravity assist is a common and essential tool for space exploration. It requires that the position of the spacecraft be determined very accurately so a successful trajectory can be planned. (Credit: Courtesy of NASM)
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Mariner 10 trajectory (Credit: NASA)

craft must also be determined. This
can also be accomplished using
radio transmissions. The amount of
time for a signal to travel between
Earth, the probe, and back can
be used to determine the distance
because the speed of light is precisely known. The amount of time

required for the signal to be processed on the spacecraft must also
be known. This is done by testing
engineering copies of the spacecraft
radio equipment used for testing.
Movements of the Earth between
the time of transmission and when
the signal was received must also
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be known.
The angular position of the spacecraft must also be determined. This
is a measure of the probe’s location
as seen from Earth, and along with
range and velocity allows the position and movement to be calculated
15

in three dimensions. Angular position can be crudely measured by
using pointing information of an
Earth-based antenna. More precise
measurements are possible by using
transmissions received simultaneously at two different Earth-based
stations.
Timing is Everything
All the space navigation techniques
have one important aspect in common: they rely on accurate timekeeping. Atomic clocks are used at
each tracking station. These provide
a stable timing reference to maintain constant transmission frequencies and allow data to be combined
from more than one station.
To measure the velocity using
Doppler shift, frequencies of radio

the velocity of a spacecraft can be
determined to an accuracy of a few
millimeters per second.

transmissions must be precisely
controlled. On board spacecraft,
ultra-stable oscillators are used to
maintain a consistent frequency in
radio transmissions. These stable
transmissions can be used to determine position, but not with a great
deal of accuracy. Highly stable time
standards are heavy and consume
a great deal of power, so installing them in planetary spacecraft
is not an option. This situation is
different with GPS satellites, all
of which carry their own atomic
clocks. To obtain a stable timing
reference for planetary spacecraft,
a stable time standard known as a
hydrogen maser is used to produce
a stable transmission frequency on
Earth. This signal is sent to a spacecraft, which is then programmed to
mathematically alter the frequency
and return the signal. This way

To determine the range, the travel
time of a signal must be known to a
small fraction of a second. Atomic
clocks at the tracking station measure the amount of time required to
send and receive signals moving at
the speed of light. Atomic clocks
are also used to compare signals
received at different stations. This
allows space navigators to precisely
determine the angular position.
Roger D. Launius is Associate
Director for Collections and
Curatorial Affairs at the Smithsonian Institution’s National Air
and Space Museum, Washington,
D.C.
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University of Arizona Workshop: Ontologies
for Space Object Behavior - Organizing
information about the behavior of man-made
Earth-orbiting satellites
by Cindy Schumacher
For decades, every field of science has been experiencing some degree of “information explosion.” How do
we access, disseminate, collate, correlate, assimilate and transform quantities of data that are beyond our
capacity to comprehend? In the field of space object behavior, how do we actually use all the data, especially
when we may not know what we need to know or how to find it among the numerous data sources that are
scattered over many computer networks? Getting the answers to such questions makes up the relatively new
field of information ontology.
On March 8-10, 2016 the University of Arizona (UA) Defense and Security Research Institute, the UA College
of Engineering, the UA College of Agriculture and Life Sciences and CyVerse at UA presented a workshop,
Ontologies for Space Object Behavior, to address the problem of organizing and understanding the vast amount
of information relating to the behavior of man-made Earth-orbiting satellites. The first-of-its-kind discussion
group was led by organizers Dr. Ramona L. Walls from CyVerse at UA; Dr. David Gaylor, UA Associate
Professor of Practice in the Department of Aerospace and Mechanical Engineering; and Kathleen Joyce, a
facilitator from M. Kathleen Joyce and Associates.
The meeting brought together researchers, system developers, satellite operators and other stakeholders from
the field of Space Object Behavioral Science (SOBS). Participants represented activities as diverse as space
situational awareness (SSA), space operations, space protection, space traffic management and space debris
monitoring. SOBS includes the problems of how to identify space objects, track them and predict their movements and capabilities. Given this diversity of topics, the goal of the workshop was to define use cases in
SOBS that could lead to general ontologies and better information exchange in the field. Of special interest
were use cases that foster data integration and sharing.
“The distinguished participants, experts from the Department of Defense and from the civil, commercial,
academic and international space communities, worked on practical applications of ontologies to represent
space objects,” said Dr. Gaylor. “We were extremely happy with the level of engagement and participation
in the workshop. Everyone was open and eager to share their knowledge and opinions and in just a few days
we were able to establish a framework for future collaboration.”
The workshop began with a presentation by Moriba Jah, Director, UA Space Object Behavioral Sciences, and
Associate Research Scientist and Professor of Engineering. Jah, an aerospace engineer and astrodynamicist, has
been a spacecraft navigator for NASA missions to Mars. He is the newly appointed director of the UA initiaSPACE TIMES • May-August 2016
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tive, which was announced in January, and is part of the University’s Defense and Security Research Institute.
Noting that space has become increasingly crowded, Dr. Jah emphasized the critical need for systematic understanding of our space operational environment. “We are looking to demonstrate how different technologies
can be integrated into a single system to provide data to private and government-run space organizations alike,
to run their programs safely and effectively,” said Jah.“Ongoing, comprehensive assessment of the space domain helps ensure our way of life and our national security. A global foundational ontology will benefit both
national and international space operators.”
The next two and a half days were filled with a series of plenary and small group discussions, interspersed
with presentations on how ontologies are used in other disciplines, what ontologies exist for space objects and
data integration and how probabilistic (specifically Bayesian) methods could be combined with ontologies
and hierarchies to identify space objects.
“I was thrilled to have over 60 people from academia, industry and government turn out for UA’s very first
workshop on ontologies for space object behavior,” said Dr. Walls, who offered insight on how ontologies are
presently being developed and used in the fast-growing field of biological and biomedical sciences. “This is
a testimony to the need for expanded research in the SSA domain and to the broad spectrum of stakeholders
for whom it is relevant.”

Distinguished guests attending the panel session on the final day of the UA Space Object Behavior Workshop: (left to right) Dr. Moriba Jah, UA Director of
Space Object Behavior Science College of Engineering; Dr. Kimberley Espy, UA Senior Vice President for Research; U.S. Representative Martha McSally
(R-AZ); Major General Roger Teague, Director of Space Programs, Office of the Assistant Secretary for Acquisition, U.S. Air Force; and Mr. Austin Yamada,
Director of the UA Defense and Security Research Institute. (Credit: UA)
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Dr. Matt Wilkins of Applied Defense Solutions, Inc. presented a concept for classifying satellites by body
type, operating characteristics and mission type in a way that is analogous to the taxonomy of life on Earth
developed by biologists over the last 150 years.
“Biological classification is still controversial in some of its branches even after 150 years and the same might
be true for taxonomies describing the bewildering proliferation of satellite systems,” said Dr. Wilkins, who
explained that some kind of systematic organization of satellite-related knowledge is mandatory if researchers
and satellite operators are to be able to exchange information reliably across many different satellite programs,
both domestically and internationally.
Michael Czajkowski, senior software engineer at Lockheed Martin, said, “I don’t often have the opportunity to
collaborate with debris specialists, space threat assessors, satellite conjunction assessment analysts, telescope
data providers, ontologists, biologists and analytics developers on the problems and solutions of keeping space
safe. The Space Object Behavior Workshop gave our diverse group the ability to address the challenges we are
facing in the SSA community while putting into perspective the kinds of solutions that we need to develop.
It will be very interesting to see the ontologies the working group develops with this collective knowledge.”
The three-day workshop concluded with a 90-minute panel discussion moderated by U.S. Representative
Martha McSally (R-AZ), followed by a keynote, SSA for Today’s Changing Environment, presented by Major
General Roger Teague, Director of Space Programs, Office of the Assistant Secretary for Acquisition, U.S.
Air Force. Panel members included Mica Endsley of Situational Awareness Technologies, Susan Lederer of
NASA, Moriba Jah of UA, Michael Bartone of Intelligence Advanced Research Projects Activity, and Travis
Blake of Lockheed Martin Corporation. This inter-disciplinary group brought extensive knowledge of SOBS
and perspective on where the emerging field appears to be headed.
“We can’t look at space as a peaceful sanctuary any longer,” said General Teague. “Space is becoming increasingly congested and contested. We need a good understanding of our operational environment in order
to ensure our way of life.”
Teague, an Arizona native, said “Space power is at the heart of every U.S. military operation. The UA’s recognized expertise in space sciences has never been more important than it is now.”
“Space security requires significant research and development,” explained Teague. “That’s why the military
will continue to reach out to our national laboratories and to academia. The new research headed up by Dr.
Jah is exactly the type of support we need.”
The discussion of critical space issues paved the way for UA, with its globally recognized expertise in space
sciences, to help develop solutions to current, emerging and future challenges in the defense and security
communities.
Cindy Schumacher is a journalist from Maui, Hawaii. She is currently writing for the Lahaina News
and MEDB (Maui Economic Development Board). She has written numerous articles on topics related
to space science and has covered national and international conferences including the annual AMOS
(Advanced Maui Optical and Space Surveillance Technologies) Conference.
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Sensing Progress: Space Solutions for Food
and Water Security
by Rowena Christiansen, Rashmi Nayar, and Cristina Cerioni
Introduction
Throughout history, humanity has looked to the heavens for inspiration and guidance. In the modern era, we look
up to gain information and knowledge from the many man-made ‘eyes in the sky’ orbiting high above the Earth.
These ‘eyes in the sky’ capture imagery of our planet from above. Earth observation (EO) satellites have been
recognized as “crucial for humanity” by the Group on Earth Observations (GEO). Thus an analogy of “looking
up and looking down” is very apt in considering the use of space-based solutions.
In January of 2016, 31 students from 11 nations gathered at the University of South Australia to undertake the
International Space University (ISU) Southern Hemisphere Space Studies Program (SH-SSP16). Working together, participants were challenged to develop a White Paper that considers how to use current and emerging
internationally cooperative space-based (and terrestrial) solutions to improve food and water security in the Global
South: the countries on or below the Tropic of Capricorn. This diverse ‘think tank’ drew on the ISU’s trademark
“international, intercultural, interdisciplinary” approach in researching, preparing and presenting the White Paper,  
titled  “Sensing Progress: Space Solutions for Food and Water Security.”

Figure 1: SH-SSP16 Team logo reflecting Australia, food, water,
and the stratospheric balloon project (Credit: Lydia Drabsch)

Our Sensing Progress team concluded that combining imagery and data derived from diverse sensors on orbiting
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satellites with other ‘remote sensing’ modalities such as crewed aircraft, unmanned aerial vehicles and groundbased systems makes it possible to develop geographically specific, affordable, and effective strategies to address
food and water security challenges in the Global South. As a starting point, we sought working definitions for ‘food
and water security.’ Fortunately, the international community has reached some agreed definitions. “Food security
exists when all people, at all times, have physical and economic access to sufficient, safe and nutritious food that
meets their dietary needs and food preferences for an active and healthy life” (World Health Organization, 2016).
‘Water security’ is the capacity of a population to safeguard sustainable access to adequate quantities of acceptable
quality water for sustaining livelihoods, human well-being and socio-economic development (UN-Water, 2013).
To accommodate a tight project timeframe, we adopted a primarily web-based research methodology. This was
supplemented by both expert opinion and printed material, including peer-reviewed journal articles and organizational reports.
Although there are many important issues affecting the Global South, which contains most of the world’s developing countries, the project team considered three key issues that significantly impact the ability of these countries to
provide food and water security for their populations: Urbanization and Population Growth, Climate Change, and
Extreme Weather Events: Flood and Drought. Three recommendations were subsequently developed around practical space-based strategies to address the food and water security challenges faced by the Global South countries.
Summary of Recommendations

Figure 2: The inter-linked triad of recommendations (Credit: Dr. Rowena Christiansen)
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Why are these key issues so important for food and water security in the Global South?
Lack of sustainable access to food and water of acceptable quality is an unfortunate reality for many countries
worldwide, especially in the Global South.
Urbanization and Population Growth
Expanding cities, population growth, and changing consumption patterns result in increased demand for food and
water, significantly straining finite resources. Some results of urban expansion include a decrease in fertile arable
land, and a decrease in the availability and quality of water for agricultural and domestic applications. In addition,
significant amount of pollutants known to harm crops and reduce agricultural productivity are generated.
In this context, space-based solutions have a vital role in monitoring and providing feedback to inform urban planning and management activities. Remote sensing systems can monitor how urbanization impacts water quality and
availability. Combining remote sensing systems with terrestrial sensor networks allows near-real-time detection
of air and water pollution events and quick incident mitigation responses.
Climate Change
Environmental events linked to climate change - such as floods, droughts and storms, and rising temperatures and
sea levels - present universal challenges for food and water security. With increasingly unpredictable weather,
farmers are less likely to be able to plan for the future. This may result in crop failures and diminishing overall
food yields. In addition, changing precipitation patterns or melting snow and ice reserves negatively affect water
resources in many regions.
Space-based technologies, such as EO satellites, enable effective remote monitoring of environmental changes.
The data obtained can be used to improve farming practices and inform policymakers. The CGIAR (Consultative Group for International Agricultural Research) Research Program on Climate Change, Agriculture and Food
Security recommends agricultural producers would be ideally served by “a combination of historic and monitored
information, and a seamless suite of prediction that ranges from sub-daily to at least seasonal forecasts.”
Extreme Weather Events: Flooding and Drought
Food and water security are difficult to maintain in the face of severe weather events such as flooding and drought.
Many Global South countries are especially vulnerable to flooding and its impacts. Topsoil can be washed away
during flooding, causing severe damage to arable land, and flooding also leads to water contamination and infrastructure destruction.
Droughts crucially impact agricultural production and water supply. Decreasing crop yields directly impact food
prices, affecting global markets and consumer demand. Reductions in river flows in drought-affected regions may
affect water supplies and limit the potential for hydroelectric generation. Poor quality water can have significant
negative health outcomes for affected populations.
Current space-oriented solutions rely heavily on remote sensing satellites used to monitor water levels, inundation, soil moisture, and crop health and likely yields. Hydrological models interfaced with Geographic Informa-
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tion Systems (GIS) data sets allow managers to monitor water levels for potential flooding and create 3D maps to
evaluate potential drainage issues. For example:
The GEOGLAM Global Agricultural Monitoring Portal uses multi-spectral remote sensing technology to provide
a near-global measurement area for prediction of crop yields and disseminating agricultural forecasts. This is
especially valuable in areas where ground-based measurements are difficult or costly to implement, and allows
for further determination of at-risk areas. It builds on existing monitoring programs and emphasizes networking,
research, and data sharing.
Remote Sensing-based Information and Insurance for Crops in Emerging Economies (RIICE) is a collaborative
public-private program in eight Southeast Asian countries collating remote sensing data on rice crops to provide
assessments of yield and quantifiable losses from natural disasters (ASEAN Sustainable Agrifood Systems, 2014).
Recommendations
Sensing Progress proposes potential solutions to assist decision-makers of the Global South and the international
community, particularly towards attaining a better understanding of the benefits of remote sensing in building and
implementing reliable strategies for food and water security.
Recommendation 1: International Data Sharing
We recommend the open and timely sharing of Earth observation data, experience, and other information
resources among nations and peoples. This tangible exchange will foster broader bilateral and multilateral
cooperation, enhancing food and water security.
The basic humanitarian goal of adequately feeding and hydrating all of humankind requires us to share our collective capabilities and tools, including data, knowledge, and other information resources.
We suggest that international collaboration  focus first  on the exchange of space-derived data and sharing of data
processing and analysis software, systems, and techniques (ideally at minimal cost).
Improved information sharing at the international level allows non-space enabled governments and institutions to
provide advice directly to those who would benefit from it at local, regional, or national levels. However, there are
capability gaps in the technical expertise required for processing and analysis. These gaps could be reduced through
a suggested coordinated global program of increased cooperation between space-enabled international institutions
and governments, beginning with the exchange of personnel involved in processing and analyzing non-military
EO and remote sensing data. Such a program would foster sharing of technical know-how and people-to-people
networking.
Engagement of the private sector, including both traditional space industries and ‘New Space’ actors, represents
a further avenue for promoting cooperation.
Existing Mechanisms for International Cooperation and Data Sharing
In addition to those mentioned earlier, Sensing Progress presents several other major avenues of international
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cooperation around space-based technologies.
GEO is coordinating efforts to build a Global Earth Observation System of Systems (GEOSS). GEOSS (2005) is a
voluntary partnership of 80 governments and 52 international organizations linking EO, information, and processing systems to improve monitoring the state of the Earth.
In 2015, GEO helped to launch the Global Partnership for Sustainable Development Data (GPSDD) to support the
Sustainable Development Goals adopted by the United Nations (UN). GPSDD envisages a better world through
data sharing.
The Global Climate Observing System (GCOS) participates in GEO. Its mission is to ensure the availability and
quality of climate-related EO. GCOS has strong links with the UN Framework Convention on Climate Change
(UNFCCC). The GCOS Cooperation Mechanism (GCM) was established to identify and make the most effective
use of available resources for improving climate observing systems in developing countries, particularly to enable
them to collect, exchange, and utilize data on a continuing basis in pursuance of the UNFCCC (GCOS, 2016).
The World Meteorological Organisation (WMO) (1950) is a specialized UN agency monitoring the atmosphere
and how it interacts with the ocean. The WMO’s Agricultural Meteorology Program is designed to assist WMO
members in providing meteorological services to help develop viable agricultural systems.
The Famine Early Warning Systems Network (FEWS NET) (1985) is a leading provider of early warnings and
evidence-based food insecurity analysis in 35 countries. FEWS NET reporting focuses on acute food insecurity,
such as sudden and/or short-term household food deficits, rather than chronic food insecurity.
The European Space Agency (ESA) TIGER Initiative (2002) promotes use of EO technology to improve integrated
water resource management in Africa and aims to fill existing information gaps to achieve sustainable and efficient
water management on regional to national scales. TIGER involves over 150 African institutions in 42 countries,
and is also designed to build capacity in African countries through research and information networking (ESA
TIGER, 2016).
Recommendation 2: Capacity Building
Governments in the Global South should invest in capacity building by funding Earth observation and
remote sensing education and outreach programs. These programs should be supported by well-developed
communications infrastructure and access to relevant hardware and software platforms. These programs
should be accompanied by setting measurable goals to assess performance.
EO data is freely available via the Internet, yet some potential end-users are unable to access and/or interpret
it. We suggest that governments in the Global South expand current agricultural education programs to include
training on the benefits and use of remote sensing systems and how to convert raw data into useful information. In
countries where no agricultural education programs exist, governments should consider initiating such programs.
Education alone is not enough. Communications infrastructure is also needed to ensure individual access to EO
data. End-users will require inexpensive computers and open-source or commercial image processing software to
convert EO data into relevant agricultural information. One solution would be to house suitable computers at central
community locations -for instance, a town hall or community center - to allow all users an equal degree of access.
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Local Capacity Building
Stratospheric Balloon Project
This project represents a localized, small-scale remote sensing solution that could be used in areas without Internet
connectivity or where local remote sensing technical expertise is lacking. An introductory remote sensing training
program designed around a stratospheric balloon and payload has the benefits of being inexpensive and relatively
easy to understand and implement; the balloon payload technology is similar in many respects to small satellite
payloads.
To demonstrate the use of a helium-filled stratospheric balloon for remotely imaging vegetation, the SH-SSP16
cohort built a relatively simple “cubesat” payload carrying three cameras designed to capture visible and nearinfrared images. Assembled in less than a week, the balloon was launched from Mount Barker, South Australia
in collaboration with the Amateur Radio Experimenters Group (AREG), and later successfully recovered. The
project cost less than A$2,500, and demonstrated that high quality pertinent remote sensing data can be acquired
relatively inexpensively.

Figure 3: The stratospheric balloon and payload just prior to launch (Credit:
Dr. Rowena Christiansen)
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Figure 4: Mid-altitude processed image from the stratospheric balloon demonstrating the use of the Normalized Difference Vegetation Index (NDVI) (Credit: Gustavo Fonseca Naranjo, Melissa Mirino, Rashmi Nayar, and Jackie Slaverio)

Small projects such as this, potentially carried out in cooperation with ‘start-up’ companies, represent potential
innovative solutions to fill information distribution gaps.
The HappY Farmers solution
The SH-SSP16 cohort also developed a collaborative start-up pilot project concept called “HappY Farmer,” to be
developed and tested in remote areas of Australia. This would use (Low Earth Orbit) satellite cellphones to (1)
provide farmers with real-time remote sensing data such as weather forecasts, crop typology, and disease information; and (2) promote ‘person-to-person’ communication, e.g., between farmers and experts for technical support,
and also farmer networking for sharing knowledge, problems, and ideas. This innovative solution could eventually
be applied to Africa (aligned with the TIGER project), and later extended to other countries.
Recommendation 3: Expansion
Expand current Earth observation programs by establishing multi-sectoral policies and programs focused
on strengthening food and water security within States where such schemes are already prevalent, and to
States where such schemes would greatly improve the quality of life. In particular, successful programs
such as Remote Sensing-based Information and Insurance for Crops in Emerging Economies (RIICE) and
Famine Early Warning System (FEWS) should be expanded to cover a greater number of countries.
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Figure 5: The international model for the HappY Farmers Solution  (Credit: Cristina Cerioni)

Food and water insecurity are interlinked and complex issues with many causes. We suggest that by establishing
multi-sectoral policies and programs, current EO schemes can be expanded to address the issues of food and water
security in a holistic manner.
Programs such as RIICE, FEWS NET and TIGER are examples of effective use of EO data. We suggest that RIICE
partners consider extending to other regional countries; that FEWS NET be expanded to include more African
states, and broadening its coverage to South and Central America; and that the TIGER coalition examine expansion options. For regions in the Global South where no such programs exist, we suggest that governments consider
constructing frameworks to facilitate adoption of these or similar programs.
Stakeholder engagement is essential to empower developing countries to reach a full operating capacity for EO
services; for instance, managing their own water resources through TIGER. Another example is the (Global Monitoring of Environment and Security) GMES & Africa program (2007), a long-term partnership between African and
European Stakeholders (ESA, European Union). Its goal is to set up an overall framework in Africa  to improve
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the exploitation of EO data (space and in-situ) technologies and services in support of sustainable development
in Africa.
Orbital Seed Vault Concept
Food security can be considered over short, medium, and long term time-scales. One method of protecting and
preserving humanity’s access to key food crops over the long-term is through seed banks (vaults). These biorepositories preserve seeds for extended durations. As protection against a catastrophe affecting life on Earth, we  
suggest establishing an international ‘orbital seed vault’ to store seeds from staple food crops within a specially
designed satellite in high Earth orbit (HEO).
As a proof of concept, the SH-SSP16 stratospheric balloon payload included a collection of seeds to mimic the
parachute landing phase of an orbital seed satellite; this was successful, with all seeds landing intact and retrievable. Although this exercise lacked the aspects of microgravity or atmospheric re-entry, both China and NASA
have   previously launched seeds  in a satellite payload, to orbit and de-orbit successfully.
Conclusion
The journey from a blank slate to the final version of Sensing Progress was a meaningful one for our SH-SSP16
cohort. Our eyes were opened to the dazzling array of space-based technologies that are already in orbit, and the
diversity of information and images that they capture and share. There is so much potential for the future, but - as
with many things - this will only come to pass if we all work together for the greater good. The key issues affecting
food and water security in developing countries are issues that increasingly affect us all. Even in the developed
world, we are starting to see events that affect our food and water security. We offer the information and recommendations in Sensing Progress to  provide  policy makers of the Global South and the international community
with some further ‘tools in the toolkit’ to consider using when developing strategies to address food and water
insecurity.
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The ISU/SHSSP is an intense, multidisciplinary summer course for postgraduate students and professionals.
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The curriculum covers the principal technical and non-technical space-related fields, ranging from policy,
law, business, management, and humanities to sciences, engineering, and space applications.
The full report can be downloaded from the ISU Library at:
https://isulibrary.isunet.edu/opac/doc_num.php?explnum_id=1040

Calling all writers!

Do you have a story to share? Would you like to get your piece published in Space
Times?
We are looking for contributors to share their articles with our vast audience of space
professionals and enthusiasts, educators and students, and all others interested in
the space program, space exploration, science, policy, and relevant topics.
To get involved, please contact the AAS office at aas@astronautical.org or 703-8660020.

Charitable Giving and the AAS

A popular way of donating to an organization is through a gift by means of a will
(i.e., to make a bequest). You may decide to consider either a general bequest to the
AAS or a bequest targeted to an existing or new AAS scholarship or an award fund.
These bequests are deductible against estate and inheritance taxes.
There are also tax advantages when making charitable donations to the AAS while
you are living. Such gifts could contribute to the memory of someone who has passed
away or be made in the honor of a person who is still alive. In addition, special occasions
offer opportunities for gifts to be directed to the Society.
As a final note, although the AAS is able to provide suggestions for charitable giving,
your financial or legal advisor should be consulted about such actions.

Have you moved? Update your membership at
www.astronautical.org
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OVERVIEW OF AAS AWARDS

OVERVIEW OF AAS AWARDS
Space Flight Award
Recognizes an individual whose outstanding efforts and achievements have contributed most significantly to the advancement of space flight and space exploration.
The highest award bestowed by the AAS.
Neil Armstrong Space Flight Achievement Award
For outstanding achievement as flight crew, flight crew member or team.
Neil Armstrongtm used with permission from the Purdue Research Foundation

Sally Ride Excellence in Education Award
Recognizes an outstanding educator in either a) the delivery of space education or
b) the use of space in STEM education. Both K-12 educators and
college/graduate-level educators can be nominated.
Industrial Leadership Award
Individual in the space industry who has made an outstanding contribution through
leadership in development and acquisition of space systems.
Space Life Sciences Award
Recognizes outstanding results in two broad categories of research: a) results of space life sciences
research on the ISS or elsewhere that benefit humanity overall (e.g., medicine, genomics, etc.)
and b) discoveries of importance to conducting the human exploration of space
(e.g., effects of zero g and mitigation strategies.
Earth Science and Applications Award
Recognizes an outstanding achievement in Earth or Environmental Sciences.
John F. Kennedy Astronautics Award
An individual who has made an outstanding contribution to public service through leadership in
promoting our space programs for the exploration and utilization of outer space.
Space Technology Award
Recognizes an outstanding achievement in space technology.
Space Entrepreneurship Award
Recognizes the successful introduction of new technologies and production
methods into the market by entrepreneurs.
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Dirk Brouwer Award
Recognizes significant technical contributions to spaceflight mechanics and astrodynamics.
Advancement of International Cooperation Award
For outstanding contributions in advancing international astronautics activities.
Carl Sagan Memorial Award
An individual who has demonstrated leadership in research or policies
advancing exploration of the Cosmos.
Ordway Award for Sustained Excellence in Spaceflight History
Recognizes exceptional, sustained efforts to inform and educate on spaceflight
and its history through one or more media.
Eugene M. Emme Astronautical Literature Award
Recognizes outstanding books that advance public understanding of astronautics.
Named for NASA’s first Historian.
Lifetime Achievement Award
Recognizes individuals who have made sustained, personal contributions to the field
of Astronautics. Last awarded in 2014; awarded at every tenth anniversary of the Society.
AAS awards will be bestowed for meritorious accomplishments during the previous year. However,
meritorious accomplishments prior to then, not previously honored by AAS award recognition, are
equally acceptable and will receive full consideration. Likewise, accomplishments of an individual over a
sustained period of time will be sufficient to merit the granting of any relevant AAS award. As a rule, any
nominee who received an AAS award within the preceding 3 years will not be considered for additional
awards.
Nomination materials should be sent as Word or PDF attachments to aas@astronautical.org with
subject line “2016 Award Nomination – last name.” Deadline is October 31.
•  Nominations are welcome from anyone, not just AAS members.
•  Nominations will not be accepted from a member who is a direct subordinate of the nominee.
•  Late nominations and nominees who did not win awards will be retained for consideration for the next
   year’s award cycle.
•  Required for each nomination is a letter (not to exceed two pages) which includes the following items:
   Date of submission; Title of award; Name, position, affiliation and contact information for the nominee;
   Citation (3 lines maximum); Description of the accomplishments for which the nomination is being
   made, including applicability to the specific award under consideration; Name, affiliation and address
   of the submitter. Other letters of recommendation supporting the nomination may be submitted.
   Supporting material for nominee: i.e., curriculum vitae not to exceed 2 pages, is desirable, but not
   mandatory.
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STUDENT CANSAT COMPETITION

American Team Takes First Place Prize at 12th
Student CanSat Competition
Photo Credit: Jamie J. Baker, Naval Research Laboratory
College students from the United States, Canada, Mexico, Azerbaijan, India, Turkey, Poland, and Switzerland gathered
June 10-12 in Abilene and Burkett, Texas, to compete in the annual Student CanSat Competition. In order to experience a
hands-on aerospace program at an affordable cost, each of the final 40 teams had to build and launch an autonomous CanSat
payload (containing a glider) via rocket to an altitude of 700 meters.
The 2016 mission simulated a sensor payload traveling through a planetary atmosphere sampling the atmospheric composition during descent. The CanSat system was composed of two primary components, a science payload (glider) and a
re-entry container to protect the payload during ascent, “near-apogee” deployment, and initial re-entry/descent. The payload
was required to send telemetry during descent and take an image of the landing area.
The competition is purposely designed to reflect key aspects of real world missions, including telemetry requirements,
budget restrictions, communications, and autonomous operations. The goal is for all teams to experience, on a small scale,
a typical aerospace program from preliminary design review to post-mission debrief. Teams are scored throughout the competition on deliverables such as schedules, design reviews, and demonstration flights.
The University of California, San Diego, took first place with the highest overall score, followed closely by Carleton
University from Canada in second place. The University of Alabama in Huntsville came in third, followed by the University
of Petroleum and Energy Studies from India and AGH University of Science & Technology from Poland as the fourth and
fifth place winners. Tenderfoot Awards, given to first-time participants with the highest scores, went to the Turkish Air Force
Academy, Chandigarh Engineering College (India), and Ecole Polytech Federale de Lausanne (Switzerland).

First place winner - Team Triton Cansat from Univeristy of California, San Diego
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This year’s competition was supported by AAS, AIAA, Jet Propulsion Laboratory, Naval Research Laboratory, and NASA
Goddard Space Flight Center. Planning for next year’s competition is already underway, with a solar-powered glider as the
new mission requirement. See additional photographs of this and past year’s events at www.cansatcompetition.com. Corporate
sponsors are needed to support the 2017 Competition. Contact the AAS Business Office at 703-866-0020.

Preparation before launch

Pre-launch

Pre-launch with rocket

Post flight review

Launch site - Burkett Ranch
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2016 WERNHER VON BRAUN MEMORIAL SYMPOSIUM

9th Wernher von Braun Memorial Symposium
Exploring the Universe and Maintaining U.S. Leadership in Space
October 25-27, 2016

Charger Union Theater - The University of Alabama in Huntsville

- Draft Program Tuesday, October 25
6:00 pm
		

Welcome Reception
Student Services Building - sponsored by The University of Alabama in Huntsville

Wednesday, October 26
7:00 am
7:00 am
8:00 am
		
8:15 am
		
8:30 am
		

10:00 am
10:15 am
		

11:45 am
12:30 pm
		
2:00 pm
		

3:30 pm
3:45 pm
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AAS Corporate Members Breakfast  (Invitation Only)
Registration Opens / Networking / Continental Breakfast
Charger Union, Lobby - sponsored by Dynetics
Welcome to Campus - Charger Union Theater
Dr. Robert Altenkirch, President, The University of Alabama in Huntsville
Welcome by AAS
Walt Faulconer, Executive Vice President
Marshall Space Flight Center Update
Todd May, Director, NASA Marshall Space Flight Center
After the Election - What’s Next for Space?
Moderator: Dale Thomas, Professor/Eminent Scholar, I & S Engineering, UAH
Featuring:
- Scott Pace, Director, Space Policy Institute, George Washington University
- Ann Zulkosky, Director of NASA Programs, Lockheed Martin  invited
Break - sponsored by Dynetics
The Path to Mars - Key Industry Perspectives
Moderator: Jody Singer, Deputy Director, NASA MSFC
Panelists:
- John Elbon, Vice President and General Manager of the Space Exploration Division, Boeing Defense,
  Space & Security
- Tony Antonelli, Chief Technologist, Exploration Systems, Civil Space, Lockheed Martin Space
  Systems Company
- Julie Van Kleeck, Vice President, Advanced Space and Launch Business Unit, Aerojet Rocketdyne
- Charles Precourt, Vice President and General Manager of Propulsion Systems for Flight Systems
  Group, Orbital ATK
Millennial Spotlights
- TBD, Firefly Space Systems
- Nick Skytland, Data Evangelist, Technology and Innovation Division, NASA Headquarters
Luncheon - Student Services Building - sponsored by Boeing
Guest Speaker: Kirk Shireman, Manager, International Space Station Program, NASA JSC
Payloads for SLS’ Exploration Missions
Moderator: Steve Creech, Deputy Manager, Spacecraft/Payload Integration and Evolution, Space Launch
     System Program, NASA MSFC
Panelists:
- TBD - will represent 2 primary and 2 secondary payloads
Break - sponsored by Dynetics
Millennial Spotlight
- Adam Bower, President, Space Hardware Club, UAH
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4:00 pm
		

5:30 pm
6:15 pm

Commercial Cargo and Crew Partnerships
Moderator: Phil McAlister, Director of Commercial Spaceflight Development, NASA Headquarters
Panelists:
- Frank DeMauro, Vice President & General Manager, Advanced Programs Division, Space Systems
  Group, Orbital ATK
- John Olson, Vice President, Space Systems Group, Sierra Nevada Corporation
- Peter McGrath, Director, Global Sales & Marketing, Boeing Space Exploration
- SpaceX
Adjourn
Reception and Student Poster Displays
Burritt on the Mountain - Baron Bluff Building - sponsored by United Launch Alliance

Thursday, October 27
7:00 am

8:00 am
		
8:30 am

10:00 am
10:15 am

11:45 am
12:30 am
		
2:30 pm

Registration Opens / Networking / Continental Breakfast
Charger Union
Opening Speaker - Charger Union Theater
Dava Newman, Deputy Administrator, NASA Headquarters
Launch Vehicle Reusability: What Makes Sense?
Moderator: Dan Dumbacher, Professor of Engineering Practice, School of Aeronautics and Astronautics
     Engineering, Purdue University
Panelists:
- Jess Sponable, XS-1 Program Manager, DARPA
- George Sowers, Vice President, Advanced Programs, ULA
- Holger Wentscher, Senior Vice President, RUAG Space
- Mike Griffin, CEO, Schafer Corporation
- Lisa Watson Morgan, Director, Spacecraft & Vehicle Systems Department, Engineering Department,
  NASA MSFC
- TBD - SpaceX
- TBD - Blue Origin
Break
Commercial Opportunities in Cislunar Space
Moderator: Jason Crusan, Director, Advanced Exploration Systems Division, Human Exploration and
     Operations Mission Directorate, NASA Headquarters
Panelists:
- Steve Cook, Vice President Corporate Development, Dynetics
- others TBD
Millennial Spotlights
- Christina Hammock Koch, NASA Astronaut, Class of 2013
- Michael P. J. Benfield, Principal Research Engineer, Assistant Research Professor, UAH
Luncheon - Student Services Building - sponsored by Lockheed Martin
Guest Speaker: Donald Pettit, NASA Astronaut
Announcement of Student Poster Awards
Adjourn

28th ANNUAL WERNHER VON BRAUN MEMORIAL DINNER

- Davidson Center at the U.S. Space & Rocket Center
5:30 pm
Reception
7:00 pm
Dinner - Special Guest Speaker: The Honorable Harrison H. Schmitt
Note: The dinner is a separate event and is not included as part of the symposium registration. For information about the
dinner, visit http://spaceclubhsv.org/

Friday, October 28 (optional)

Tour of the United Launch Alliance Atlas and Delta Rocket Production Facility (limited to 50 spots; first come,
first served)
Bus will depart from (and return to) the UAH Intermodal Parking Facility (Bldg. 16 on campus map)
For further information, please contact Rob Hauser, ULA, at 303-269-5562 or robert.l.hauser@ulalaunch.com

8:30 - 12:00
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2016 ISS RESEARCH & DEVELOPMENT CONFERENCE

Snapshots of the 5th ISS Research & Development Conference
Photos courtesy of the Center for the Advancement of Science In Space (CASIS)

We greatly appreciate the
support of the following
sponsors who made this
event possible.
PLATINUM

The Boeing Company

GOLD

Orbital ATK
Sierra Nevada Corporation

SILVER

FedEx® Space Solutions
United Launch Alliance

MARKETPLACE

Airbus DS Space Services Inc.
Alpha Space
Bionetics
Dittmar Associates, Inc.
Fish & Richardson
HNu Photonics
JAXA
Kentucky Space/Space Tango
Lockheed Martin
Made In Space
NanoRacks
Oceaneering Space Systems
Rothenberg Ventures
SpaceX
Techshot, Inc.
Teledyne Brown Engineering
Wyle
ZIN Technologies

Save the Date!
July 18-20, 2017

6th International Space Station Research & Development Conference

Omni Shoreham
Washington, D.C.
36

ARISS
BioServe Space Technologies
CONNECT
EarthKAM
Eli Lilly
Genes in Space
HUNCH
IMAX
ISS Above
Oculus/Facebook
STEM Scouts
Zero Robotics/MIT
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TECHNICAL CONFERENCE

ABSTRACT DEADLINE: October 7, 2016

CALL FOR PAPERS
27th AIAA/AAS Space Flight Mechanics Meeting
Marriott Plaza ♦ San Antonio, Texas
February 5-9, 2017
The 27th Space Flight Mechanics Meeting will be held February 5-9, 2017, at the Marriott Plaza in San Antonio, Texas. The
conference is organized by the American Astronautical Society (AAS) Space Flight Mechanics Committee and co-sponsored by
the American Institute of Aeronautics and Astronautics (AIAA) Astrodynamics Technical Committee. Manuscripts are solicited
on topics related to space flight mechanics and astrodynamics, including but not necessarily limited to:
• Asteroid and non-Earth orbiting missions
• Atmospheric re-entry guidance and control
• Attitude dynamics, determination, and control
• Attitude-sensor and payload-sensor calibration
• Dynamical systems theory applied to space flight problems
• Dynamics and control of large space structures and tethers
• Earth orbital and planetary mission studies
• Flight dynamics operations and spacecraft autonomy
• Orbit determination and space-surveillance tracking
• Orbital debris and space environment
• Orbital dynamics, perturbations, and stability
• Rendezvous, relative motion, proximity missions, and formation flying
• Reusable launch vehicle design, dynamics, guidance, and control
• Satellite constellations
• Spacecraft guidance, navigation, and control (GNC)
• Space Situational Awareness (SSA), Conjunction Analysis (CA), and collision avoidance
• Trajectory / mission / maneuver design and optimization
Manuscripts will be accepted based on the quality of the extended abstract, the originality of the work and/or ideas, and the
anticipated interest in the proposed subject. Submissions that are based on experimental results or current data, or report on ongoing
missions, are especially encouraged. Complete manuscripts are required before the conference. English is the working language
for the conference.
SPECIAL SESSIONS
Proposals are being considered for suitable special sessions, such as topical panel discussions, invited sessions, workshops, minisymposia, and technology demonstrations. A proposal for a panel discussion should include the session title, a brief description
of the discussion topic(s), and a list of the speakers and their qualifications. For an invited session, workshop, mini-symposium,
or demonstration, a proposal should include the session title, a brief description, and a list of proposed activities and/or invited
speakers and paper titles. Prospective special-session organizers should submit their proposals to the Technical Chairs.
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BREAKWELL STUDENT TRAVEL AWARD
The AAS Space Flight Mechanics Committee announces the John V. Breakwell Student Travel Award. This award provides travel
expenses for up to three (3) U.S. and Canadian students presenting papers at this conference. Students wishing to apply for this
award are strongly advised to submit their completed manuscript by the abstract submittal deadline. The maximum coverage per
student is limited to $1,000. Details and applications may be obtained via http://www.space-flight.org
INFORMATION FOR AUTHORS
Because the submission deadline of October 7, 2016, has been fully extended for the convenience of contributors, there are no
plans to defer this deadline due to the constraints of the conference planning schedule. Notification of acceptance will be sent via
email by November 8, 2016. Detailed author instructions will be sent by email following acceptance. By submitting an abstract,
the author affirms that the manuscript’s majority content has not been previously presented or published elsewhere. Authors may
access the web-based abstract submittal system using the link available via the official website http://www.space-flight.org. During
the online submission process, authors are expected to provide:
1. a paper title, as well as the name, affiliation, postal address, telephone number, and email address of the corresponding author
and each co-author;
2. an extended abstract in the Portable Document File (PDF) format of at least 500 words that includes the title and authors, and
provides a clear and concise statement of the problem to be addressed, the proposed method of solution, the results expected or
obtained, and an explanation of its significance to astrodynamics and/or space flight mechanics, with pertinent references and
supporting tables and figures as necessary; and
3. a condensed abstract (100 words) to be included in the conference program, which is directly typed into the text box provided
on the web page and avoids the use of special symbols or characters, such as Greek letters.
Foreign contributors requiring an official letter of acceptance for a visa application should contact the Technical Chairmen by
email at their earliest opportunity.
Technology Transfer Notice – Technology transfer guidelines substantially extend the time required to review abstracts and
manuscripts by private enterprises and government agencies. To preclude late submissions and withdrawals, it is the responsibility
of the author(s) to determine the extent of necessary approvals prior to submitting an abstract.
No-Paper/No-Podium Policy – A complete manuscript must be electronically uploaded to the web site prior to the conference in
PDF format, be no more than twenty (20) pages in length, and conform to the AAS manuscript format. If a complete manuscript
is not received on time, then its presentation at the conference shall be forfeited; and if a presentation is not made by an author at
the conference, then the manuscript shall be omitted from published proceedings.
Questions concerning the submission of manuscripts should be addressed to the Technical Chairs:
AAS Technical Chair
Dr. Jay McMahon
Colorado Center for Astrodynamics Research
ECNT 320, 431 UCB
University of Colorado
Boulder, CO 80309-0431
303-492-3944
jay.mcmahon@colorado.edu

AIAA Technical Chair
Dr. Yanping Guo
The Johns Hopkins University
Applied Physics Laboratory
11100 Johns Hopkins Road
Laurel, MD 20723-6099
240-228-7541
yanping.guo@jhuapl.edu

All other questions should be directed to the General Chairs:
AAS General Chair
Dr. Frederick Leve
Air Force Research Laboratory
AFRL/RVSV
3550 Aberdeen Avenue SE
Kirtland AFB, NM 87117-5776
505-853-7476
Fred.Leve@kirtland.af.mil
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AIAA General Chair
Dr. Jon Sims
Jet Propulsion Laboratory/CalTech
4800 Oak Grove Drive
M/S: 301-121
Pasadena, CA 91109-8099
818-354-0313
Jon.A.Sims@jpl.nasa.gov
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TECHNICAL CONFERENCE

40th Annual AAS Guidance
and Control Conference
Beaver Run Resort ♦ Breckenridge, Colorado
Thursday, February 2 - Wednesday, February 8, 2017
The Rocky Mountain Section of the AAS is excited to invite you to the 40th Annual
AAS Guidance, Navigation and Control Conference from February 2 to February 8,
2017. The unclassified conference begins on Friday evening (February 3). The conference will host topics covering the entire lifecycle of GN&C for spacecraft and sensors
while reflecting some of the most relevant and current topics in the industry. In keeping
with the desire to build the next generation of engineers, the conference will again host
STEMscape - an outreach to over 100 local high school students and educators.
As always, Advances in GN&C will continue as an anchor session and will examine
the current state-of-the-art and the future of GN&C. Building on the success of the
2016 conference, tutorial sessions between sessions will be offered between sessions,
and will be led by industry leaders covering a variety of “beyond the textbook” topics.
The space industry is changing with the introduction of lower cost launch opportunities, and the smaller satellites that enable rid
sharing to space. The Advanced Propulsion for Space Systems session will cover the propulsion of launch vehicles and in-space
vehicles, and the Small Satellite GN&C session will focus on the GN&C sensors and analysis for small spacecraft. The GN&C of
Space Mining session will focus on the difficult problem of maneuvering around and contacting small bodies in the solar system.
As greater pointing accuracy is sought across a variety of terrestrial and orbital applications, our Precision Pointing session will
look at the current state of the art in instrument, antenna, and spacecraft pointing solutions. The challenge of parts selection to enable the on-board computation and storage necessary to enable advanced GN&C processing for space missions will be addressed
in a Space EEE Parts session.
In the interest of learning from others, the conference is excited to introduce two sessions for 2017 that aim to mix ideas between
groups. The first is the GN&C Beyond the Space Industry session that solicits papers from, for example, the self-driving car, the
robotics, and the UAV industries. The second is the European Technology Demonstration session that will focus on new technology being developed in Europe.
The conference will have sessions addressing our community’s growth interest in Autonomous Rendezvous and Docking, Entry
Descent and Landing, Control Structure Interaction, Space Environments, and Mars Aerial Vehicles. We will also have a session
that looks back at the science enabled by the GN&C of recent missions.
Continuing our tradition of welcoming those new to the industry and based on the stellar presentations over the last four years,
Student Innovations in GN&C will feature a student competition with scholarship prizes. After looking forward to the great emerging work of the students, we will do a retrospective of the GN&C pioneers of the 21st century. Wrapping up the conference will be
Recent Experiences, a traditional session with candid revelations of the successes and failures, trials, and tribulations encountered
by your colleagues in the space industry.
The conference will expand the Classified Sessions on Advances in GN&C and Recent Experiences at the beginning of the conference for participants who have proper clearances to start on Thursday morning.
Family events include the perennial favorite Technical Exhibits and buffet on Saturday night. Our diverse attendance and agenda
offers interaction with industry, government, and academia personnel and state-of-the-art technology.
Abstracts are due by August 26, 2016. Paper and poster abstracts may be submitted on the GN&C Conference web site at http://
www.aas-rocky-mountain-section.org/. The conference web site also contains the full conference schedule as well as registration
and lodging information.
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IN MEMORIAM

In Memory of Patti Grace Smith and Dr. Molly Kenna Macauley

Patti Grace Smith (Credit: Future
in Review)

Dr. Molly Kenna Macauley (Credit:
Resources for the Future Website)

Patricia (Patti) Grace Smith died on June 5, 2016, at age
68. Born in Tuskegee, Alabama, Patti was among the African American students instrumental in the desegregation
of Tuskegee and other Alabama schools. She received her
Bachelor’s degree in English from Tuskegee University and
had a successful career in the communications industry, both
private (National Association of Broadcasters; Westinghouse
Broadcast Corporation; Sheridan Radio Network) and government (Federal Communications Commission; Department
of Defense; Senate Commerce, Science, and Transportation
Committee), before becoming Associate Administrator for
the FAA’s Office of Commercial Space Transportation (AST).
She was a passionate supporter of commercial space activities
during her years with the AST (1995-2008) and led the AST
as it implemented the 2004 amendments to the Commercial
Space Transportation Act, granted a license for the SpaceShipOne flight, and made Mojave Air and Spaceport the first
inland commercial spaceport. Patti was named by SpaceNews
as one of the top ten people in the U.S. space sector. Following her retirement from the FAA, Patti remained active in the
space industry as a consultant and Board member for several
organizations, including Virgin Galactic, The Tauri Group, and
CSSI, Inc. She chaired the Commercial Space Committee of
the NASA Advisory Council (2009-2013), was appointed to
the advisory board of the National Air and Space Museum by
President Obama (2012), became vice chair of the Aeronautics
and Space Engineering Board at the National Academy of Sciences, Engineering, and Medicine (2014), was a member of
the Advisory Committee of the Secure World Foundation, and
was a Board member of the American Astronautical Society
(2008-2016).

Molly Kenna Macauley died on July 8, 2016, at age 59. Molly
received her Bachelor’s degree in economics from the College
of William and Mary in 1979 and her Master’s and Doctorate degrees in economics from Johns Hopkins University
in 1981 and 1983, respectively. She was a policy analyst at
the Communications Satellite Corporation (COMSAT) from
1979 to 1983 and a Visiting Professor of Economics at Johns
Hopkins University from 1989 to 2008. In 1983 Molly joined
Resources for the Future (RFF), the first think tank devoted
exclusively to conducting research and analysis related to
natural resources and environmental issues, and rose to the
position of Vice President for Research and Senior Fellow. She
was a valued member of the space policy community and was
internationally recognized for her work on the economics of
satellites, especially in the area of earth observation, and the
space program. Her work also included the use of economic
incentives in climate and earth science, and recycling and solid
waste management. Molly testified before Congress numerous
times and authored more than 80 journal articles, books, and
book chapters. She was a past member of the Space Studies
Board (SSB) and Aeronautics and Space Engineering Board
(ASEB) of the National Academy of Sciences, Engineering,
and Medicine and served on many of its study committees.
Molly also served on the Board of Trustees of the University
Corporation for Atmospheric Research and the Board of advisers for the Thomas Jefferson Program in Public Policy at the
College of William and Mary. She was a member of the steering committee for the Decadal Survey for Earth Science and
Applications from Space, chair of the Women in Aerospace’s
(WIA) scholarship committee, and a Board member of the
American Astronautical Society (2007-2016).
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Submitting Articles for Publication in Space Times
The readership of Space Times magazine includes space professionals, space enthusiasts,
educators, students, and those interested in the space program, space exploration, science, and
policy. The tone of the magazine leans more toward conversational rather than formal. Articles are
written for a well-educated audience that has a great interest in space topics but may not necessarily
be familiar with an author’s specific topic. Virtually any topic involving space science, technology,
exploration, law, or policy may be covered. Issues relevant to the civil, commercial, and military and
intelligence space sectors are also welcome.
Articles published in Space Times magazine are written with a clear explanation of technical
concepts without inclusion of footnotes, endnotes, or bibliographies. Articles range from 600 to
3,500 words, and any exceptions are handled on a case-by-case basis. Articles must be submitted
in Microsoft Word format, Times New Roman font, 10.5 pt. Additional formatting will be handled
during the editing process.
Submission of photos, tables, charts, and other visual support is strongly encouraged but is not
required. All images must be provided in high resolution (minimum 300) JPG format, both in color
(CMYK) and black and white (grayscale). Images must be provided as separate files.
Two copies of the final article must be submitted, one without any images embedded and one
with images embedded for layout guide purposes. Captions and sources for all images are required.
Obtaining permission from the owner of any photos or other visuals is the responsibility of the author
of the article.
Articles must include:
(1) a title;
(2) a one to two sentence summary of the article for index purposes;
(3) if applicable, subheadings providing separation between major sections of the article;
(4) a one to two sentence byline/author biography which will appear at the end of the article;
(5) the current mailing address of the author(s).
Five complimentary copies of the issue in which the article appears will be mailed to each author.
A PDF of the final magazine will be available on the web site of the American Astronautical Society
(www.astronautical.org).
The standard submission deadline is the 15th of the month prior to the issue date (i.e., December
15 for the January/February issue; February 15 for the March/April issue; etc.); however, extensions,
if possible, will be granted on a case-by-case basis.
Please submit articles and graphics/images directly to Diane Thompson, Editor, at:
dthompson@astronautical.org
For telephone inquiries, please call 703-866-0020 (Monday-Friday, 9 am-5 pm U.S. ET).
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MARK YOUR CALENDAR
FELLOWS NOMINATIONS DEADLINE – SEPTEMBER 30
Members of the Society are nominated to become Fellows in recognition of their outstanding contributions to
astronautics. A list of current Fellows and nomination procedures can be viewed on the AAS website. The Fellows Committee will review the submissions and forward names of recommended candidates to the officers,
directors, and active Fellows for approval.

www.astronautical.org/members/fellows

AWARDS NOMINATIONS DEADLINE – OCTOBER 31
AAS presents awards to recognize the excellence and professional service of our own membership and
members of the space community. AAS members (and non-members) are invited and strongly encouraged to
nominate worthwhile candidates for this year’s awards. Award descriptions, previous recipients, and nomination
procedures can be viewed on the AAS website. The Awards Committee will review submissions and forward
names of recommended candidates to the officers and directors for approval.

www.astronautical.org/awards

9th Wernher von Braun Memorial Symposium
The University of Alabama in Huntsville

“Exploring the Universe and Maintaining U.S. Leadership in Space”

October 25-27, 2016

www.astronautical.org
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NOTES ON NEW BOOKS

Soviet Space Mythologies
Reviewed by Gideon Marcus
Soviet Space Mythologies by Slava
Gerovitch. Pittsburgh, PA: University
of Pittsburgh Press, 2015. 232 pages.
ISBN 13: 978-0-8229-6363-9. ISBN
10: 0-8229-6363-9. $27.95 (soft cover).
It is said that journalism is the first
draft of history. The formal account
comes next, succeeded by contextual
analysis. With Soviet space program,
the order was reversed: state-approved
narrative developed in advance, and
Communist newspapers reported as
directed. Thus, the first histories of
the cosmonauts and their flights were
necessarily constrained in content and
tone. They were a state-propagated
myth, concordant with true events only
where convenient.
With the fall of the Iron Curtain, the
West became privy to events that had
been secrets for decades. So began the
second era of Soviet history, which in
many ways was a kind of journalism.
For the first time, it was possible to
debunk the myths and piece together
what really had happened.
We are now in a third age. One can
now analyze the first decade of the Soviet space program not just in the role
of reporter, but in the pursuit of broader
insights. Slava Gerovitch has done just
that with his Soviet Space Mythologies,
taking the fairy tales of the first age
and exploring them within the context
of the facts of the second. The result is
a fascinating look into the motivations
for the myths’ creation as well as their
effects on their subjects and the USSR
as a whole.
Gerovitch tells his tale in seven
chapters, several of which have appeared in magazines previously. My-
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thologies assumes no prior knowledge
of the space program, and much of
Gerovitch’s work is a serviceable history. Woven throughout, however, is
a detailed look at the building of the
Soviet space mythology, each chapter
a different facet of the record, real and
constructed.
Chapter 1 is a riveting, self-contained piece introducing us to the
concepts of erased failed cosmonauts,
suppressed mission disappointments,
and cultivation of a space chic designed
to glorify Soviet Communism. In the
second chapter, Gerovitch describes
how the engineers, suffering from the
tumultuous Khruschev and post-Khruschev periods, long for the perceived
stability of Stalin’s regime – in essence,
creating their own myth totally out of
alignment with reality.
Chapter 3 introduces the New Soviet
Man, the paradoxical creation defined
as the ideal and exemplified in the
cosmonaut myth. They were expected
to be self-reliant and utterly devoted to
the state, completely human yet utterly
subservient to the machines he rode,
perfect in word and deed, but prey to
the foibles inherent in humanity. It was
an ideal no individual could attain...
without the help of an interested and
all-powerful state. Chapter 6 further
explores this phenomenon, emphasizing the toll it took on the spacemen
and spacewomen; Chapter 5 discusses
in-depth the oppressive emphasis on
automation, both mechanical and mental, of the cosmonauts’ functions.
Gerovitch treats us to a play-by-play
of the creation of a myth in Chapter 4,
a collection of uncensored accounts
placed side-by-side with official sto-

ries of the lead-up to and execution
of Gagarin’s first orbital mission. The
book concludes with the status of Soviet space mythologies today, and how
they have been appropriated by Russia,
the USSR’s successor, for its own stateserving purposes.
Mythologies makes extensive use of
existing resources, as well as the author’s independent first-hand research,
to create a unique and riveting narrative. It is an excellent work, setting a
high bar for other third age histories.
Highly recommended to any student
of the Space Race.
Gideon Marcus is a space historian
with a focus on the first few years of
unmanned spaceflight. He maintains
the Space Technology Laboratories
digital archive at http://sdfo.org/stl
as well as the Hugo-nominated Space
Race/Science Fiction history blog,
http://galacticjourney.org
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Spaceships: An Illustrated History of the Real
and the Imagined
Reviewed by Rick W. Sturdevant
Spaceships: An Illustrated History
of the Real and the Imagined by
Ron Miller. Washington, DC:
Smithsonian Books, 2016. 256 pages.
ISBN 9781588345776. US $34.95
(hardcover, illustrations, index).
Although it can be challenging
to review a forthcoming book based
only on a proof copy, it seems safe to
pronounce Ron Miller’s Spaceships
as praiseworthy. Due for release
in mid-October 2016, this volume
should attract readers who liked
earlier books – such as The Dream
Machines (1993) and The Art of Space
(2014) – by this award-winning artist
and author. As for newcomers to the
Ron Miller fan club, be prepared for
a visual tour de force accompanied by
an unusually informative narrative.
With more than 800 color and
black-and-white illustrations, plus
a wealth of historically obscure
details, Spaceships promises to wow
knowledgeable experts and curious
neophytes alike.
Adopting
an
organizational
scheme similar to what he used
in The Dream Machines, Miller
guides the reader chronologically
through seven loosely defined eras –
Dreamers, Experimenters, World War
II, Golden Age, Dreams to Reality,
and Future – in as many chapters. He
and his readers must acknowledge,
however, that dreamers have existed
throughout history and still do. Some
articulate their dreams in writing
and others through art. The same is
true for mathematicians, scientists,
and engineers. As knowledge and
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understanding increase, both dreamers
and doers confront new horizons. The
book’s back cover captures the essence
of its interior pages by postulating
that “when it comes to spacecraft,
art actually does imitate life and,
even more bizarrely, life imitates
art.” Through the ages, imagination
remains forever intertwined with
reality, and fantasy helps reveal truth.
In addition to repeating familiar
details about the giants of space
travel in fact – Tsiolkovsky, Goddard,
Oberth, von Braun, Korolev, and
others – and in fiction – Verne, Wells,
Clark, Heinlein, Asimov, and others
– Spaceships highlights less familiar
thinkers and artists. From Francis
Godwin’s fictional astronaut Domingo
Gonsales in 1638 to Roy Scarfo’s
artistic rendering of Dandridge Cole’s
self-contained world in 1965, Miller
surprises us with historical minutiae
and tantalizes us with obscure tidbits.
He supplies just enough context in this
volume to compel interested readers
to urgently search the internet or their
local libraries for more information.
From decades-old drawings and covers

of pulp-fiction novels to images of
movie posters and children’s toys, he
reminds us of the depth and breadth to
which space travel – real and imagined
– has permeated popular culture.
Hopefully, before Spaceships
goes on sale, Miller or his copy
editor will correct a handful of small
textual inaccuracies. The American
Rocket Society, for example, does not
exist “to this day” as the American
Astronautical Society but as part of
the American Institute of Aeronautics
and Astronautics. In the text, NACA
is identified as the National Advisory
Committee on Aviation, but it is
correctly indexed as the National
Advisory Committee for Aeronautics.
A caption for a Dyna-Soar illustration
refers to its official designation as “the
X-2,” when Miller certainly knows it
was X-20.
To mention an ongoing activity,
such as the Planetary Society’s
solar-sail project, when composing
a historical narrative invariably
risks being upstaged by events. That
apparently happened to Miller, who
says the “next attempt by the Planetary
Society [to launch LightSail] will be
made in 2015.” In fact, the LightSail-1
launch did occur in 2015. This simply
confirms one of his main points – what
we imagine today might really happen
tomorrow.
Dr. Rick W. Sturdevant is an AAS
Fellow and deputy director of history
for Air Force Space Command at
Peterson AFB in Colorado Springs,
Colorado.
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Join the American Astronautical Society
or renew or update your membership online at
www.astronautical.org
or use the form below.
Follow AAS on:

www.facebook.com/AmericanAstronauticalSociety

www.twitter.com/astrosociety

www.youtube.com/user/astrosociety

http://www.slideshare.net/astrosociety

Membership Application
703-866-0020
www.astronautical.org
www.twitter.com/astrosociety
www.facebook.com/AmericanAstronauticalSociety
_ ___________________________________________________________________________________________
Mr./Mrs./Ms./Dr./Rank                  Last Name
                                    First Name
_ ___________________________________________________________________________________________
Title
Affiliation
_ ___________________________________________________________________________________________
Address
_ ___________________________________________________________________________________________
City
State
Zip Code
_ ___________________________________________________________________________________________
Phone                                                                     Email
Membership Benefits Include: Subscriptions to The Journal of the Astronautical Sciences
(quarterly) and SPACE TIMES magazine (bi-monthly), as well as reduced rates at all AAS events.
Visit the AAS website at www.astronautical.org for additional information about benefits.
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Membership Type

       Member.........................................$100
Senior Member.. ...................$125  
Fellow (renewal only) ...............$135   
Retired................................. $50
Retired Fellow (renewal only) .. $50    
Teacher (K-12)...................... $45  
Student (full-time)................. $45  

Payment Method
Check
AMEX  

Discover  

MasterCard  

VISA

____________________________________

Credit Card Number

_ ___________________________________
Expiration Date

_ ___________________________________
Code (on back of credit card; front for AMEX)

_ ___________________________________
Signature

Mail to: American Astronautical Society
6352 Rolling Mill Place, Suite 102
Springfield, VA 22152-2370
Fax to: 703-866-3526
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AAS CORPORATE AND INSTITUTIONAL MEMBERS

AAS Corporate and Institutional Members
a.i. solutions, Inc.
Aerojet Rocketdyne
The Aerospace Corporation
Aerospace Industries Association
Analytical Graphics, Inc.
Applied Defense Solutions, Inc.
Arianespace
Auburn University
Ball Aerospace & Technologies Corp.
The Boeing Company
CASIS
The Coalition for Deep Space Exploration
Colorado Center for Astrodynamics Research (CCAR)
Dittmar Associates, Inc.
Dynetics, Inc.
Embry-Riddle Aeronautical University
Harris Corporation
Honeywell Technology Solutions, Inc.
International Space University
Jet Propulsion Laboratory
JHU / Applied Physics Laboratory
KinetX, Inc.
Lockheed Martin Corporation
Marquette University
Millennium Space Systems

Moog Inc., Space and Defense Group
Northrop Grumman
Orbital ATK
The Pennsylvania State University
Qwaltec
RWI International Consulting Services
SAIC
SGT, Inc.
Sierra Nevada Corporation
Space Center Houston
Space Dynamics Laboratory /
Utah State University
SpaceX
The Tauri Group
Texas A&M University
United Launch Alliance
Univelt, Inc.
University of Alabama in Huntsville
University of Florida
University of South Florida
University of Strathclyde, Glasgow
University of Texas at Austin
Virginia Commercial Space Flight Authority /
Mid-Atlantic Regional Spaceport
Women in Aerospace

Thank you for your continued support!

Please join us in welcoming our newest
Corporate and Institutional Members!
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2016-2017 Schedule of Events
September 13-16, 2016
AIAA/AAS Astrodynamics Specialist Conference
Long Beach, California
www.aiaa.org
September 14-15, 2016
Space for Inspiration: ISS and Beyond
Science Museum
South Kensington, London, England
http://space4inspiration.esa.int/
September 20-23, 2016
Advanced Maui Optical and Space Surveillance
Technologies Conference (AMOS)
Wailea Marriott
Maui, Hawaii
www.amostech.com
September 26-30, 2016
International Astronautical Congress (IAC)
Wailea Marriott
Guadalajara, Mexico
www.iac2016.org
October 25-27, 2016
Wernher von Braun Memorial Symposium
The University of Alabama in Huntsville
Huntsville, Alabama
www.astronautical.org
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www.facebook.com/AmericanAstronauticalSociety

February 2-8, 2017
Guidance and Control Conference
Beaver Run Resort
Breckenridge, Colorado
www.aas-rocky-mountain-section.org
February 5-9, 2017
Space Flight Mechanics Meeting
Marriott Plaza
San Antonio, Texas
www.space-flight.org
ABSTRACT DEADLINE: October 7, 2016
March 7-9, 2017
Robert H. Goddard Memorial Symposium
Greenbelt Marriott
Greenbelt, Maryland
www.astronautical.org
July 12-14, 2017
International Space Station Research &
Development Conference
Omni Shoreham Hotel
Washington, D.C.
www.issconference.org

www.twitter.com/astrosociety SPACE
www.youtube.com/user/astrosociety
SPACE
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TIMES
• July/August
• Sep/Oct 2014
2013

