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Objectives

Development of the first wireless network of
cooperative mobile autonomous robots at a very
small scale

Research Themes:

* Sensing and odometry at very small scale
« Small robotic platforms

 Miniaturized low-power actuation

* Control algorithms subject to limited
computational capability

Education and Outreach

One of the main goals of the project 1s to expose
undergraduate students to the research
environment. Several undergraduate students have
collaborated with graduate students 1n various
aspects of the project.

* To date 13 graduate and 30 undergraduate
students have worked on this project.
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CPS & Cooperative Autonomy
Laboratory

* Development of a tested with an overhead camera
for 2D tracking

» Laboratory equipped with 12- camera 3D tracking
system, 4 small robots and 2 quadrotors

 Main goal: heterogeneous robotic network
1involving small robots

Top Left: in-house testbed with overhead
camera. Top Right: 3D tracking system and
qguadrotor. Right: small robot with IR markers
used for fast control and communication
algorithms prototyping.

Actuation
Dielectric Elastomer Actuation (DEA)

» Successful microfabrication of a DEA using surface
micromachining techniques

» Allows for integration with on-chip circuitry

* Contraction of over 100nm
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Nastic Actuator Mechanism

» Actuation based on electroosmotic pumping
» Strokes of 100 mm are achieved within seconds
» Stable performance: propylene carbonate (PC)
results in bubble-free operation even up to kV
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Top: overview of the nastic actuator system.
Bottom left: actuation using PC. Bottom right:
deflection as a function of time.
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Lattle Legs

* Development of fabrication process that enables
the addiction of elastomers to silicon MEMS
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Platforms
Platform evolution:
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“Wall-e”’-Bot

BristleBot

TinyTeRPs

CPS: Medium: Ant-L.ike Microrobots - Fast, Small, and Under Control

Pamela Abshire, Sarah Bergbreiter, Nuno C. Martins, Elisabeth Smela

TinyTeRPs

* Development of modular, low-cost small platform
* Open source hardware and software
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Silicon/Elastomer Fabrication

¥ Sub-cm Robot Prototyping
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. . ~ TinyTeRP: A Tiny Terrestria
Drivetrain |
Hardware
Software

TinyTeRP:

TinyTeRP Drawi

A Tiny Terrestrial Robotic Platform

TinyTeRP Subsystems

ng in CAD

¥ Hardware
Base RF Circuitboard
Chassis and Drivetrain
Inertial Sensing Board

Power Module
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hpin, the mascot of the University of Maryland ("The Maryland Terp"), the TinyTeRP
Collision Detection using an optional inertial sensing board is operational, and collj
i tips can be found in the subsections of this page.

ke and software are fully released under open source licenses. All hardware found on
ents of this site should be sufficient for an independent researcher to produce and

Top Left: description of the
TinyTeRP platform.

Top Right: TinyTeRP wiki.
Left: Data from our testbed’s
tracking system and on-board
gyroscope

KEPLR

e Current development of a small platform with

mixed-signal architecture

» Sensing: Time Difference of Arrival (TDOA) and IR

* Kalman filtering and receding horizon control
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Top: principles of TDOA.
Left: fabricated KEPLR chassis.

Search and Surveillance

* Novel technique for control design and

determination of safe states

* Based on entropy maximization principles
* Finitely parameterized convex program: highly

Robot

scalable
* Determination of where and how many robots to
deploy Forbidden
regions
A
A

A »

. Unsafe (determined by scenario)

No guarantee of safety [ Safe

Search and surveillance scenario

Award No. 0931878

Mixed-signal Randomized
Receding Horizon

* Development of mixed-signal architecture for state
estimation and RHC

* Precursor of a fully analog low-power architecture.
 Randomized strategy drastically reduces
computational complexity of RHC.
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