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Founding Managing Editor's Welcome Remarks

Dear Readers,

With the dawning of the new year 2012, it is with great pleasure that we launch the premiere issue of our long-
anticipated online Journal of Small Satellites (JoSS), www.jossonline.com, sponsored by Science and Technology
Corporation (STC) in cooperation with Advanced Space Technologies Research and Engineering Center (ASTREC)
funded by the US National Science Foundation (NSF), and published by A.Deepak Publishing (ADP)! On behalf
of all of us at JoSS, we send you Best Wishes for a Happy, Productive and Prosperous New Year!!

This scholarly, peer-reviewed, online journal was founded to meet an important need for the small satellite
community of researchers, engineers, scientists and managers whose professional interests lie in research,
development, and systems analysis of femto-/pico-/nano-/micro-class satellites and their applications. In addition,
JoSS is intended to serve as a critically-needed forum for the rapid exchange of information on all aspects of small
satellites — technical, scientific, and systematic, as well as education, policy, and management aspects.

We invite you to explore this website and be an active participant in this high-quality scientific forum on
topics related to small satellites. Our first two issues are free of charge, but we hope you will decide to subscribe, to
continue receiving access to JoSS technical articles in the future. There are also ample opportunities to participate
beyond reading - from submitting an article for technical peer-review in the next issue, to reserving advertising
space for your institution’s or corporation’s logo and information. We welcome letters to the editor, non-technical
articles for publication in our Information Portal, and other types of news and announcement items of workshops
and conferences (in addition to job/internship and competition postings). Do help us provide electronic links to
different web sites containing archival literature, workshop proceedings as well, so that JoSS is your one-stop portal
for access to different types of information related to small satellites.

We hope you will find this issue and our website to be informative and useful, send us original research papers
for review and publishing, provide us with feedback to assist us in improving the quality and content of the journal
- and return often!

We thank the following highly talented group of experts in their different fields for lending their support
and vision in helping us assemble the infrastructure of a professional-quality, peer-reviewed JoSS that will be of
immense benefit to both young entrants and distinguished experts in different aspects of small satellites:

Founding Editor-in-Chief, JoSS:
Norman Fitz-Coy, Ph.D., Professor and Director, ASTREC, University of Florida, for doing a yeo-man’s job in laying the vision and
objectives and helping with setting up the guidelines and requirements of JoSS;

Founding Associate Editors-in-Chief, JoSS:

William Edmonson, Ph.D., Adjunct Associate Professor, North Carolina State University and Co-Director, ASTREC, for help in
initiating the process of STC and ADP sponsorship of JoSS, and for reviewing the research submissions;
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Jordi Puig-Suari, Ph.D., Professor, Aerospace Engineering Department, Cal Poly State University, for valuable inputs into the

development of the JoSS infrastructure; and

Marcello Romano, Ph.D., Associate Professor, Department of Mechanical and Aerospace Engineering & Space Systems Academic
Group, Graduate School of Engineering and Applied Sciences, Naval Postgraduate School, also for valuable inputs into the formation of

JoSS.

Founding Technical Area Editors (TAEs), and Associate TAEs of JoSS:

o Nigel Bannister, Ph.D. (University of Leicester, UK)
o Franco Bernelli, Prof. (Politecnico di Milano, IT)

o Fredrik Bruhn, Ph.D. (AAC Microtec AB, SE)

o James Cutler, Ph.D. (University of Michigan, US)

o Porter Davis (Honeywell, US)

o Pascale Ehrenfreund, Ph.D. (George Washington University,
US)

o Scott Erwin, Ph.D. (Air Force Research Laboratory, US)

o Eberhard Gill, Ph.D. (Delft University of Technology, NL)
« Filippo Graziani, Prof. (Sapienza University of Rome, IT)
¢ John Hines, Ph.D. (NASA Ames, US)

o Therese Moretto Jorgensen, Ph.D. (National Science
Foundation, US)

o Gaeten Kershen, Prof. (University of Liege, BE)
o Viaos Lappas, Ph.D. (Surrey Space Center, UK)

Frederick Leve, Ph.D. (Air Force Research Laboratory, US)
Glenn Lightsey, Ph.D. (University of Texas, US)
Sungyung Lim, Ph.D. (Draper Laboratory, US)

James Lumpp, Jr., Ph.D. (Kentucky Space, US)

Paulo Lozano, Ph.D. (Massachusetts Institute of
Technology, US)

Benjamin Malphrus, Ph.D. (Kentucky Space, US)
James Newman, Ph.D. (NPS, US)
Periklis Papadopolous, Ph.D. (San Jose State University, US)

Jeroen Rotteveel, (ISIS - Innovative Solutions in
Space BV, NL)

Amit Sanyal, Ph.D. (New Mexico State University, US)
Paolo Tortora, Prof. (University of Bologna, IT)
Robert (Bob) Twiggs, Prof. (Morehead State University, US)

Without the expertise and time of this dedicated corps, the peer-review process would not be possible!

Sincerely Yours,

Dr. Adarsh Deepak

Managing Editor, Journal of Small Satellites (JoSS)
a.deepak@jossonline.org
January 1, 2012
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Thinking Out of the Box: Space Science
Beyond the CubeSat

Ravi A. Deepak !, Robert J. Twiggs >

! Taksha University, , > Morehead State University

Abstract

Over a decade ago, Professors Robert (Bob) Twiggs (then of Stanford University) and Jordi Puig-Suari (CalPoly-
SLO) effected a major paradigm shiftin space research with the development of the 10-cm CubeSat, helping to provide
a new level of student accessibility to space science research once thought impossible. Seeking a means to provide
studentswithhands-onsatellitedevelopmentskillsduringtheirlimitedtimeatuniversity,andinspiredbythesuccessful
deployment of six 1-kg, pico-satellites from Stanford’s Orbiting Picosatellite Automatic Launcher (OPAL) in 2000,
Twiggsand Puig-Suariultimately developed the 10-cm CubeSat. In 2003, the first successful CubeSat deploymentinto
orbit demonstrated the very achievable possibilities that lay ahead. By 2008, 60 launch missions later, new industries
had arisen around the CubeSat, creating new commercial off-the-shelf (COTYS) satellite components and parts,
and conventional launch resources became overwhelmed. This article recounts this history and related issues that
arose, describes solutions to the issues and subsequent developments in the arena of space science (such as further
miniaturization of space research tools), and provides a glimpse of Twiggs’ vision of the future of space research.

Mavericks of Space Science

With the development of the Cubesat over a decade
ago, Bob Twiggs, at Stanford University (now faculty
at Morehead State University), (Figure 1) and Jordi
Puig-Suari, at California Polytechnic State University
(CalPoly) (Figure 2), changed the paradigm of space
research, helping to bring a new economy to space sci-
ence that would provide accessibility once thought im-

N possible to University students around the globe. Nei-
Figure 1. Prof. Bob Twiggs Figure 2. Prof. Jordi Puig-Suari  ther intentionally set out to establish a new model for
satellite design and space research; instead, it happened
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as a result of seeking a pragmatic solution to the ques-
tion of how to best provide students with hands on sat-
ellite development skills within their one- to two-year
span at the university. From this fundamental question,
they disrupted the space research industry, and cata-
lyzed new growth areas in space science, providing a
foundation for attainable hands-on space research.

Twiggs describes the historical background of the
development of the CubeSat concept in illustrated de-
tail in his article “Origin of CubeSat” (Helvajian and
Janson, eds., 2008). In brief, the radical departure from
traditional satellite design represented by the CubeSat
began after the successful 2000 launch of the Orbit-
ing Picosatellite Automatic Launcher (OPAL), part of
Stanford University’s Satellite Quick Research Testbed
(SQUIRT) led by Twiggs. OPAL deployed six hockey
puck-sized picosatellites (1 kg weight) (Soojung-Kim
Pang, 2011). Inspired by this success, Twiggs explored
a larger, more cubical design to support more power
and experiment capacities. According to Twiggs, he
found the perfect model for his new design in a local
retail store, in the form of the 4-inch cube packaging
for Beanie Babies. The resulting picosatellite, measur-
ing 10-cm cube and weighing only 1 kilogram, was the
CubeSat. (Figure 3).

Copyright © A. Deepak Publishing. All rights reserved.
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Figure 4. Twiggs with his PocketQub (1PQ)

Later that year, Twiggs and Puig-Suari released
the specifications for the open-source CubeSat in a
10-page manual (Stephenson, 2011). By 2003, Puig-
Suari and CalPoly had developed the Poly- PicoSatellite
Orbital Deployer, or P-POD, for launching up to three
1-unit CubeSats; and Twiggs, at Stanford, had com-
pleted CubeSat buses and experiment designs. By its
first launch, in 2003, the CubeSat had already morphed
from a one-unit (1U) research tool to double-unit (2U)
and triple-unit (3U) CubeSat experiments.

A Chilly Reception Thaws

Initially, when Puigi-Suari and Twiggs presented
their novel idea to the Space community, they were met
with harsh criticism, namely that the CubeSat could
never function as more than a toy in space. Howev-
er, by using the converted ICBM launcher the SS-18,
Dnepr, the first successful CubeSat deployment into
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orbit in 2003 helped demonstrate the very real, and
very achievable possibilities that lay ahead. Twiggs de-
scribed how CubeSat emerged from the CalPoly and
Stanford labs as follows:

“One of the first scientific applications of the Cube-
Sat started with the first launch in 2003. A triple Cube-
Sat called QuakeSat developed with Stanford students
by Quakefinder, Inc. from Palo Alto, CA was launched
to determine if they could observe low frequency elec-
tromagnetic radiation in areas prior to an earth quake.
This EM radiation was analyzed after the fact from re-
corders near the 1989 Loma Prieta earth quake near
Santa Cruz, CA. There was some evidence of this phe-
nomena seen which may lead to new space prediction
systems in the future” (Personal Communication to
Deepak, 2011)

Over the past eight years since the first CubeSat
launch, more than 60 CubeSat missions have been suc-
cessfully launched into orbit (Stephenson, 2011). A
little over half of these were U.S. missions. CubeSat
missions have had a variety of stakeholders, from uni-
versities to high schools, and an increasing number of
industry partners, such as Boeing, which was the first
large aerospace company to form a new group to de-
velop the CubeSat. New industries have arisen around
the CubeSat, as well — such as Pumpkin in the US, In-
novative Solution in Space (ISIS) in the Netherlands,
and Clyde Space in Scotland, all of which have facili-
tated further research and innovation, and led to com-
mercial off-the-shelf (COTS) satellite components and
designs.

With this burgeoning interest, the small satellite
community is now inundated with CubeSat experi-
ments, as technologies continue to evolve in support of
miniaturization, and interest in space is reignited with
each success. CubeSat demand and popularity among
university and government scientists, students, and
other users have, at this point, overwhelmed conven-
tional launch resources. This is partly attributable to
heightened interest from government agencies and pri-
vate industry; but also, in large part, to the sheer mag-
nitude of research and educational projects for which a
low cost CubeSat platform is ideal.

NASA has responded to the demand for more low-
cost launches for universities through its new Educa-
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tional Launch of NanoSatellites (ELaNa) mission led
by Garret Skrobot at the NASA Kennedy Space Center
in Florida. This endeavor is scheduled to provide 22
launch missions by the end of 2012, with more launch
opportunities to be made available in the years that fol-
low.

Miniaturization of Space Science Tools

The CubeSat developers focus on enhancing and
improving current models of the picosatellite -- advanc-
ing the attitude control, miniature magnetic-torquers,
and star trackers, for example; the Payload developers
facilitate improving CubeSat research with enhanced
spectral imaging and astrophysics devices and experi-
ments. Meanwhile, Twiggs looks to the future of space
research, noting that within the past decade, space re-
search has been condensed exponentially to fit CubeSat
size and form-factor requirements. Synergistic minia-
turization by innovative technology companies from
all industries has developed and enhanced the current
capabilities of the CubeSat—making it possible to con-
duct bigger space research experiments with smaller
systems.

This trend towards smaller size shows no signs of
stopping in the near future, as components continue
to become smaller and more powerful. For example,
Twiggs’ PocketQub, a collaborative effort with More-
head State University and Kentucky Space, is a palm-
sized satellite that can fit into your pants pocket! (Figure
4.) A 5-cm side cube, it further shrinks small satellite
technology. Approximately eight (8) PocketQubs can
fit within one CubeSat -- a new model for the future of
education in space science! (See Figures 5 and 6.)

Twiggs believes that the PocketQub will be a key
tool in re-igniting Science, Technology, Engineering,
and Mathematics (STEM) education at high schools
throughout the U.S. and around the globe. The STEM
education subject matter in the field of space research is
often easily lost on students because of its inherently al-
most abstract application in space research. By provid-
ing high schools with a two-year course outline along
with hands-on experience in design, build, launch and
telemetry of small satellites, it has far greater potential
to keep students’ focus and interest on these more at-
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Figure 5. A 2PQ satellite

tainable project goals, especially after they hear their
first signals from space!

At present, the small satellite community seems
hesitant to embrace the PocketQub -- as hesitant as it
was about the CubeSat in the past. But Twiggs is con-
fident in the development of micro-miniaturization of
technology, and believes that in the not-too-distant fu-
ture, CubeSat-like experiments will be possible on the
5-cm cube scale of the PocketQub. He is even prepar-
ing for another order of magnitude reduction with Slic-
eSat/ChipSat inventions. Both of these are flat, panel-
like space experiments with limited power, but simpler
experiments capable of data transmission, using the
five-cm-cube dimensions of the PocketQub. Over 24
small matchbox-sized FemtoSats can be stacked inside
a CubeSat, and possibly released towards the Moon,
and as such, Twiggs aptly named “Moonbeams.” There
is also significant progress being made on the Cornell
University ChipSat. This is bringing new attention to
the smaller- than- PocketQub class of spacecraft that
performs important space science functions using
swarms of these ChipSats. These types of relatively
inexpensive experiments are excellent research tools
for providing hands-on experience for the benefit of
encouraging younger space enthusiasts and to help
breach the current STEM education stagnation.
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Figure 6. 1PQ next to 1U and 2U

Out of the Box

Reflecting on launched CubeSat mission research,
Twiggs recognizes that space microgravity research in
particular is significantly limited. In his vision for the
future, he foresees companies such as NanoRacks open-
ing up exciting new possibilities for doing microgravity
research. Twiggs and Jeffrey Manber (of NanoRacks)
believe this opportunity will revolutionize astrobiology
research. They have devised a NanoLab (Manber, 2011)
to fit in a rack system to be attached to the International
Space Station (ISS), based on CubeSat form-factor; the
NanoLab has the same dimensions and relative weight
as the CubeSat. The Rack provides “hassle-free,” plug-
n-play research for 32 NanoLabs. Most notably, the
Rack has USB adapters for the Labs to plug into for
data storage/transmission and for powering the Nano-
Lab. The NanoLab can stretch to accommodate up to
four units, and can be any variation of 4U x 2U in size.

Overall, from a practical standpoint, the satura-
tion of the CubeSat market (due to its economical and
ready access to space) has put a pinch on progress in
the area of space science, as there are only a select few
launch opportunities for experiments per year. Howev-
er, Twiggs feels that the politicking behind the growing
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CubeSat market should not limit the research opportu-
nities available for education. NanoRacks, for example,
provides a new tool, a new paradigm for the conduct
of space research - one where the experiment is not
space-limited by battery or solar cell production. He
believes it will be invaluable to continuing University-
led research, especially in the chemical and biological
fields, and in new ones, such as exo-medicine, where it
is not necessary to have free-flying space experiments.
The Valley Christian High School in San Jose, Cali-
fornia, was one of the first to benefit from the STEM
education experience on the ISS, using the NanoRacks
system, with a plant-growing experiment in early 2011.

Space Fingerprints

This is an era of miniaturized space research, her-
alded by the CubeSat. As a technological innovation
that presents a radically different level of versatility
and accessibility to enthusiasts, educational and pro-
fessional facilities, the CubeSat/small satellite phe-
nomenon has been likened to the development of the
personal computer (Stephensen, 2011). Computer en-
thusiasts and technologists were able to build their own
machines and gain invaluable hands-on experience to
contribute and advance the community’s knowledge.
Similarly, the CubeSat enthusiasts/developers share the
common goal to leave their “fingerprint on the ceiling”
of space through their own hands-on experience with
small satellites.

As a point of illustration, Twiggs makes reference
to a recent HackerSPACE workshop hosted by Ken-
tucky Space in Lexington, Kentucky, USA: “This work-
shop was directed towards a broader audience than
the normal university or government engineers. The
workshop attracted double the expected attendance of
25 to learn about what it takes to do space experiments.
At least three more of these workshops are planned for
early 2012. It is believed that there could be a commu-
nity of developers for space experiments like the apps
developers for smart phones.”
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