Research Statement --- Daniel S. Drew
In the near future, swarms of millimeter scale robots will be vital and common tools in industrial, commercial, and personal settings. By enabling applications spanning from distributed
gas and chemical sensing, to tangible 3D interfaces, to dynamic wearable devices, providing
mobility platforms to low-power sensing and actuation nodes will push us that much closer
to the dream of ubiquitous computing. My dissertation research focused on development
of a novel centimeter-scale flying robot platform; in the future, I want to expand my focus
to include research on multi-agent coordination and control, heterogeneous robot systems,
and human-swarm interaction. This effort is inherently interdisciplinary and will require
pulling from the domains of classical robotics, fundamental device and materials research,
human-computer interaction, and machine learning, to name a few. As such, it represents a
tremendous opportunity for collaboration, for training a new generation of interdisciplinary
investigators, and for forging new ties between the worlds of industry, academia, and design.
a future full of microrobots
Glittering synthetic cockroaches, skittering through the rubble in a search for survivors; a
robotic bee hovering above a corn stalk, sending a message back to its colony about the leaf
blight it has just spotted; a cloud of glowing gnats, rearranging themselves in front of your
eyes to outline the destination of your journey — I believe that insect-scale “microrobots” form
the basis for a future set of tools that we will use in our daily lives, across a wide variety
of application spaces. Since Kris Pister’s “Smart Dust,” the tantalizing image of ubiquitous,
distributed sensing and actuation has floated just out of reach despite major academic and
commercial interest. I believe that one of the greatest barriers to realization of “Smart Dust”
was over-reliance on static nodes. A technology that could deploy itself, maintain and reconfigure
itself, and add a physical traffic layer to its data transmission may make a huge change in the
current economic calculus. A ubiquitous platform will need to be small enough to be placed
unobtrusively, inexpensive enough to be purchased in enormous quantities, and both simple
and versatile enough to be easily deployed across a large swath of potential scenarios. Luckily,
nature has provided a blueprint for such a system; the insects, with their variety of inspirational
methods of mobility, sensing, and coordination.
my doctoral work: the ionocraft
My dissertation work focused on developing a novel platform for centimeter-scale flight, the
“ionocraft”. Recent work on flying insect-scale robots has focused primarily on biomimetic
propulsion mechanisms, i.e. the motion of flapping wings. Significant progress has been made,
but biomimetic fliers remain challenging to design, build, and control. My work shows that
although we may still draw on bioinspired methods for sensing and control, we could end up
with flying robots that move unlike anything found in nature. The ionocraft is unique in that it
uses microfabricated corona discharge-based electrohydrodynamic (EHD) actuators to produce
thrust.
Electrohydrodynamic thrust is a propulsion mechanism that is silent, has no mechanical
moving parts, is mechanically trivial to design, and theoretically simple to use for controlled
flight. It has unparalleled potential for robust construction, high thrust-to-weight ratio, and
retaining functionality through a wide range of Reynolds numbers. The thrust itself is scale
invariant, indicating a favorable scaling to low-mass systems.
I have been the first to demonstrate thrust and takeoff from a microfabricated EHD propulsion system1 . My investigations of EHD actuator design sought to maximize beneficial scaling
relationships without significant added fabrication complexity, and should help to shed light
on some of the major challenges facing sub-millimeter scaling of EHD propulsion systems2 .
Proof-of-concept demonstrations of thrust have been backed up with more rigorous experimental validation so that future researchers will have the foundation in place to make informed
design decisions. Ease of assembly is an important metric for a future microrobotic platform,
as it may be a key driver of scalability and unit cost. The assembly process has evolved over
the course of my dissertation (now a robot per half hour, with nearly a 100% success rate), in
a process that could easily be automated thanks to its mechanical simplicity.3 .
Centimeter-scale quadcopters suffer from extremely short flight time and extreme fragility.
Simply replacing the rotors with EHD thrusters allows us to sidestep some of the unfavorable
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