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Robust and Reliable Microtechnolo
Research and Education Throug
the Mobile Microrobotics Challenge

nspired by the success of Robocup

[1], the U.S. National Institute of

Standards and Technology (NIST)

[2] proposed a robot competition at
the microscale—the Mobile Microro-
botics Challenge (MMC). Microro-
bots for this competition utilize
microelectromechanical system tech-
nology and are actuated using
advanced control systems.

The first MMC competition was held
in 2007 with the name Robocup Nano-
gram [3]. The MMC has been held at the
IEEE International Conference on
Robotics and Automation (ICRA) every
year since 2010 and involves microrobots
that must fit within a 500-um- diameter
sphere [4]. In a controlled setup under a

microscope,

microrobots

Teams must qualify race along a

for the challenge distance of 2
. mm, push mic-

by sending a roparts, or sla-
proposal and also lom around

; ; obstadles.

demonstrating basic In 2013, the
maneuverability of NIST delegated
responsibility

their robots ahead of ¢, 1 organi-

zation of the

the competition.
o MMC to the

IEEE Robotics
and Automation Society (RAS), where
the IEEE-sponsored challenge was led
by a committee of representatives from
the RAS Micro-Nano Robotics Techni-
cal Committee. In 2014, the MMC will
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be held in Hong Kong at ICRA 2014 [6].
Teams must qualify for the challenge by
sending a proposal and also demonstrat-
ing basic maneuverability of their robots
ahead of the competition.

Microrobot Challenge 2007-2013
In the first few years of the MMC, NIST
provided competitors with the arenas,
as well as with the driving electronics.
Early competitions took place with elec-
trostatic actuation under a microscope
for three categories of drills:

e 2-mm Dash: The microrobots race in
a straight line across the playing field
in a test of raw speed.

e Slalom Drill: The microrobots dart
around obstacles to test their agility
and controllability.

o Ball-Handling Drill: The microro-
bots retrieve a set of balls and dribble
them across the goal line.
Microactuation approaches varied

from [7], which discusses an electro-

static microrobot of dimensions 250 X

60 pm X 10 um powered through a

capacitive coupling with the underlying

substrate, to the work [8], demonstrat-
ing a 250 um X 130 um X 100 um
magnetic microrobot that can operate
under the excitation of an external
magnetic field. One of the more suc-
cessful designs was a resonant magnetic
actuator composed of two paramag-

netic bodies, a spring system and a

metal frame. It can move forward,

backward, and turn in place with a for-

ward speed up to 12.5 mm/s [9].

In the early years, the MMC was
clearly dominated by European teams,
for instance, in 2010, ETH Zurich was
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the winner of the microassembly event

with their Octomag magnetic drive

[10], and the French CNRS-sponsored

team was the winner of the 2-mm dash

event with a hybrid magnetic/piezo-

electric microrobot [11].

In later years, teams were invited to
bring the microactuation technology
of their choice, as long as the drive sys-
tem, the arenas, and the microrobots
abide by strict dimensional guidelines
and can fit under the competition
microscope. As the 2-mm dash and
microassembly with pegs matured, and
more teams successfully completed
both events, new challenges were put
forth, starting with the 2011 competi-
tion (Figure 1):

o the figure-eight mobility challenge,
where the goal was to complete a
closed path connecting four narrow
gates in the shortest possible time

e a microassembly challenge, where
the goal is to tightly assemble trian-
gles into a narrow conduit by push-
ing them with the microrobot.

In many instances, the microrobots
themselves were either passive mag-
netic structures or they could be micro-
machined to resonate at various input
frequencies. And, in recent years, sev-
eral North American teams [Carnegie
Mellon University (CMU), University
of Hawaii, Stevens Institute of Technol-
ogy, and the University of Texas (UT)
Arlington] have also been strong con-
tenders. U.S. teams, in particular, have
been boosted through a National Sci-
ence Foundation (NSF)-sponsored
grant that funded student travel to the
competition venues since 2011 (grant
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Figure 1. (a) The MMC mobility arena and (b) assembly arena with dimensions in um.

11S-1132487). In the 2011 competition,
only one U.S. team (University of
Hawaii) placed second at the Mobility
Challenge. At the 2012 and 2013 com-
petitions, however, U.S. teams fared
much better, with CMU, the University
of Hawaii, and UT Arlington placing
first, second, or third at both events.

MMC participants in 2011-2013
included a dozen teams from North
America and Europe (Figures 2 and
3). These teams traveled with their
own equipment to ICRA, set it up,
and competed over the period of
three days. Teams also brought post-
ers and presentations for the summa-
tive poster session at the end of the
competition.

Even though magnetic actuation
remains popular and reliable for most
teams, in recent, years, several con-
tenders brought alternate energy har-
vesting technology to the challenge, for
instance, thermal gradients [12], elec-
tro-wetting [13], vibration [14], and
laser [15]. At MMC 2013, the top three
teams completed the Mobility Chal-
lenge considerably faster and more
consistently than in 2011. As a result,
the 2014 challenge will no longer
emphasize completion time on a pre-
defined course. Rather, teams will be
given arbitrary courses and asked to
program trajectory-following behav-
iors at the event. Therefore, the teams
with maximum programming, plan-

(b)

ning, and control infrastructure should
be favorites to win in the future.

Another MMC event is the Micro-
assembly Challenge, in which points
scored indicate triangles successfully
assembled. This event favors microro-
bot controllability and triangle stiction
mitigation, which matter more than
speed. This event is still fraught with
considerable challenges even after
three competition years.

Conclusions

From a programmatic standpoint, after
six years of competition, the MMC has
already achieved its stated goals: 1) mo-
tivate researchers to accelerate microro-
bot development, 2) reveal the most

(b)

Figure 2. (a) The 2012 UT Arlington Microrobotics Team competing at IEEE ICRA in St. Paul, Minnesota. (b) The U.S. participants in

the 2011 MMC in Shanghai, China, including ten students from the University of Hawaii, the University of Maryland, Stevens Institute
of Technology, and UT Arlington, four faculty members, and two NIST organizers. The travel expenses for all ten U.S.-based students
were supported by the U.S. NSF through grant 11S-1132487.
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pressing technical challenges, and 3)
evaluate the most successful methods
for locomotion and manipulation at the
microscale (e.g., actuation techniques
for crawling). The participants directly
o credit the MMC

for channeling

A microassembly their research ef-
challenge, where forts toward de-

. . monstrable and
the goal is to tightly robust microro-
assemble triangles botic technolo-

gy, as opposed
to impractical
lab curiosities.
The MMC
has also proven

into a narrow conduit
by pushing them with

the microrobot.

to be an excel-
lent vehicle for student education by in-
troducing engineering problems at the
micro and nanoscales. The MMC
brings students from all engineering
disciplines closer to the micro/nano
world through an exciting type of com-
petition, which requires both theoretical
and practical know how in microfabri-
cation, metrology, control, robotics, and
system integration.

The 2014 MMC organizing com-
mittee includes Dan Popa of the UT
Arlington, David Cappelleri of Purdue
University, and Igor Paprotny of the
University of Illinois at Chicago. In a
year when ICRA will be held in Asia,
the organizers wish to take this oppor-

Figure 3. Students, faculty, and the organizers of the 2013 MMC gather in Karlsruhe, Germany.

tunity to publicize and expand the list
of MMC participants outside Europe
and North America.
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