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Context

NASA and international partners are planning a crewed return
to the lunar surface in this decade, with the explicit long-term
goal of establishing sustainable lunar habitat infrastructure.
International space agencies and several space entrepreneurs
have shared plans for human missions to Mars in the 2030s.
A menagerie of “new space” start-up companies is poised to
support extensive activity for in-space habitation. Space explo-
ration is entering an age of burgeoning commercial movement,
fueled not only by the unique science experiments performed
in microgravity but also by space tourism and a need for inhab-
itable next-generation space architecture.

Designers such as architects, engineers, and space structure
practitioners should aim to democratize access to space and
challenge the prevailing paradigm of space as an exclusive and
inaccessible domain. In that case, they must build space architec-
ture that can scale to welcome, safeguard, and inspire human-
kind. Our space structures research program applies biomimetic
principles to design modular, reconfigurable, and self-assembling
space architecture. Currently, The team includes electrical and
mechanical engineers, designers, a university-trained architect,
and a spaceflight mission integration specialist.

Research Question

The axiom “Space is expensive, space is hard” challenged our
team to develop a series of research hypotheses and in-space
manufacturing tools that lower costs while increasing the
robustness and resiliency of space habitats. The science of self-
assembly from biology, and programmable matter approaches
from the robotics and architecture fields, are applied in this
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<l Figure 1. Artist depicts the TESSERAE self-assembling space
architecture in orbit around Mars. (Credit: MIT Space Exploration
Initiative/TU Dortmund Fraunhofer Institute)

A Figure 2. (a) TESSERAE Shell partial dome configuration and (b)
TESSERAE Shell tile hardware close-up (Credit: photos courtesy of
Jimmy Day, MIT Media Lab), (c) WeBots simulation of the TESSERAE
Shell tiles self-assembling in orbit. (Credit: MIT Space Exploration
Initiative)

work to design novel space station shell elements and nodes
that indeterminately “grow” via advanced magnetic docking.!
Through our research and iterative hypothesis development,
we ask: How can quasi-stochastic self-assembly efficiently
grow space architecture in orbit? This question requires a spiral
development theory across extensive prototyping, microgravity
testing, and computational design and simulation tools.

147

Research Methodology

The TESSERAE (Tessellated Electromagnetic Space Structures
for the Exploration of Reconfigurable Adaptive Environments)
project utilizes multiple research methods in our broader prac-
tice.? They include:

e Fabrication of scaled electromechanical primitives: To test
assembly and construction concepts, ~1:50 scaled-down
experimental hardware platforms are built in the lab. One
of the most-explored geometries, a “buckyball,” offers a
highly efficient surface area to volume ratio, approaching
that of a sphere. For space applications, maximizing vol-
ume for a given surface area is preferable, given the high
cost of launching prefabricated surface cladding to orbit.
These architectural primitives allow rapid prototyping,
iteration, and assessment of physical and electromechani-
cal features for structural bonding through geometry and
magnetism. Specifically, dihedral bonding angles between
tiles establish proper shell geometry for a buckyball or
other closed shape, and magnet behavior is controlled by
computational code and the power electronics in each tile.
Primarily two types of primitives are built: shell tiles that
self-assemble into a hollow structure, such as the penta-
gon and hexagon tiles of a buckyball (Figure 1); and cell
nodes (i.e., plesiohedrons) that self-assemble into a space-
filling design, such as the stacking of truncated octahe-
dra. Arange of 3D printing techniques is used to fabricate
the shells, with a preference for light-cured photopolymer
printers for more precise tolerances. The tiles are pow-
ered through a combination of batteries and supercapaci-
tors and have a specification for 20 W pulses over two
to three seconds on our latest International Space Station
(ISS)-tested prototypes (Figure 2). A custom suite of elec-
tronic components, including sensors, LEDs, a central pro-
cessor, and data storage, is mounted on fabricated PCBs
(printed circuit boards) that run a self-assembly algorithm
code in Python and C++.

e Microgravity testing: These miniature platforms are then
tested in microgravity environments, ranging from recur-
ring 15-20 second periods of weightlessness on a para-
bolic “Zero-G” flight, to three minutes of floating inside the
experiment chamber of a suborbital rocket, to a multiday
mission in orbit onboard the International Space Station
(Figure 3). When released to float in one of these micro-
gravity environments, the tiles record sensor data, and
cameras capture footage for analysis that will inform the
next iterative prototype series. These microgravity tests
are crucial to a holistic understanding of self-assembly
behavior at an optimized ratio of tile mass to magnetic field
strength. For the ISS missions, either purely autonomous
orbital tests are conducted using a confined experiment
box within which tiles must self-actuate, or astronaut-
tended experiments release tiles into the open aisleway
for a greater volume of test space.® To supplement the
small-scale hardware tests, we use a suite of robotics sim-
ulation software (notably WeBots from Cyberbotics) to
produce mathematically rigorous models of self-assembly
behavior in orbit at the human habitation scale.
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A Figure 3. (a) Dr. Ekblaw testing TESSERAE tiles on a 2019 Zero-G
flight (Credit: Steve Boxall / Zero Gravity Corporation), (b) TESSERAE
tiles have flown twice onboard the International Space Station for
multiday missions. (Credit: NASA)

Key Research Insights

The interdisciplinary TESSERAE research program relies on
integrating electromechanical engineering, architecture and
design, and the physics of aerospace structures. TESSERAE is
the beginning of a multiyear research and development explo-
ration of novel in-space construction approaches. Learnings
from these research methods range from identifying the opti-
mum ratio of magnet strength to tile mass to measuring the tim-
escale for self-assembly of a 32-tile system. These outcomes
and insights are actively incorporated into building human-
scale, modular habitat sets currently underway at the Aurelia
Institute and Autodesk BUILD facilities in Boston. A viable path
is emerging for autonomous self-assembly for space architec-
ture through a combination of prototype and simulation work.
Our research program includes exploring crossover applications
for the TESSERAE modular structures in resource-constrained
analog environments on Earth.
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