New Multi-Robot Algorithms and Coordination Strategies by Storing
Data in the Environmg_nt Usqng Physucai~AIphabets
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. ) i ) . , , Stigmergy: [noun] A mechanism of indirect coordination via the environment.
Wireless communication infrastructure that 1s typically used for multi-robot Stigmergic: [adjective] Relating to or of the nature of stigmergy.

coordination may be severely curtailed in disaster scenarios and in remote
natural environments. There 1s a need for new algorithms that allow robots
to coordinate without wireless communication. Insects, people, and other
groups of biological agents often communicate and coordinate their actions
by storing information in the environment, for example, by depositing
chemical pheromones, erecting street signs, or altering the shape/state of the
environment itself (e.g., cairns and blazes on hiking trails). The concept of
storing information 1n the environment for communication and collaboration
1s called stigmergy. This effort aims to build on these ideas to take a
fundamentally different approach to the use of stigmergy in multi-robot
algorithms, one in which robots read and write multi-symbol messages  Multi-Symbol Stigmergy: Stigmergy that uses alphabets of symbols for data transmission and error correction.

Ant Stigmergy Termite Stigmergy Human Stlmergy signs, blazes, QR-codes, cairns, etc.

directly upon/into the physical environment using onboard sensors and  Various Alphabets Encoded in Paint & Material Multi-Symbol Words Store Data & Instructions
actuators for the purposes of storing and communicating large amounts of A B C Turn Left Turn Right Stop
digital data. .
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events by discovering safe paths through disaster areas, directing Morse gt
emergency workers to victims in need of help, and directing evacuees to
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updated in real time to communicate preferred escape routes in dynamically . More
evolving disaster scenarios. Multi-agent algorithms that use stigmergy will pal.nt L . Efficient e >3 i
enable the use of robot swarms in environments where traditional forms of material - & ad Material

wireless communication are unavailable or very poor, such as disaster

scenarios with damaged communication infrastructure and/or remote  Outline of Research Plan
natural wilderness environments. Task 1: Experimental characterization of multi-symbol stigmergy.

o Task 2: Understand tradeoffs of using multi-symbol stigmergy in multi-robot target search.
Our Existing Testbeds Task 3: Understand tradeoffs of using multi-symbol stigmergy in multi-robot (re)routing and (re)planning.

UMD "Testudo" mascot o Two paint circles Task 4: Understand the application of distributed computing concepts to multi-symbol stigmergy.
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