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Abstract

Research objectives

In this project we will develop the first wireless network of cooperative mobile autonomous robots at a very small scale. In order to achieve this goal, we will face technical and scientific challenges that arise from severe power constraints, space and weight limitations. The following are the expected outcomes of this research:

1. Development of prototypes of micro and mini-robots featuring effective and power-efficient locomotion mechanisms, hybrid on-board processing (analog and digital), wireless communication, localization and inertial measurements.
2. New decentralized control and coordination structures that can be implemented in the aforementioned robots using very low power, sparing communication and coarse localization and inertial measurements.

Scientific Directions
We plan to execute our research plan via a multi-disciplinary collaboration among the PIs. This entails a co-design approach that is anchored on the concurrent and collaborative research of algorithms, system’s structure and hardware. In particular, our ongoing research can be categorized as follows:

1. We are developing new thermal biomorphs that are amenable to the fabrication of robotic legs at very small scales. Here, forward locomotion occurs as a result of the twisting action induced by unequal expansion in a muti-layer assembly. A similar concept is being explored, but using dielectric elastomer actuators, which currently have advantages and drawbacks in comparison to thermal biomorphs. 

2. We are also conceiving power-efficient event triggered architectures for communication and localization. In specifying this structure, we are also paying attention to the fact that communication and localization will be used for coordination.

3. We are investigating new decentralized coordination algorithms based on stochastic model predictive control principles. In particular, we are determining conditions under which modest computation and crude inertial measurements may lead to suitable collective behavior, in the presence of the stochastic dynamic behavior that is typical of small robots. We are also exploring hybrid structures (analog and digital) to implement these algorithms using very low power hardware.
Abridged Progress Report (as of July, 2010)
We currently have four graduate research assistants developing fundamental research and eight undergraduate students working on implementation issues. We are also constructing a new test-bed, which is currently populated by Zigbots to create a first line of testing for visual tracking and coordination algorithms. We have also sent out a chip for fabrication that constitutes a proof-of-concept for the assembly of legs at very small scales. 
