The CNBC Rodent Navigation Pr oject

(or ‘‘Robo-Gerbil’’)

David S. Touretzky A. David Redish Lisa M. Saksida Center for the Neural Basis of Cognition Carnegie Mellon University

1. Neuroscience Component: What is the Brain Doing?

• ‘‘Place cells’’ in the rat hippocampus fire when the animal is in a specific region of its environment. • Head direction cells fire when the rat faces in a particular direction. • The place and head direction systems are interconnected.

• Both systems are sensitive to visual landmarks, but can also function in total darkness. We use neurophysiological data from a variety of labs to inform and constrain our modeling efforts.

2. Computer Modeling Component

• We have a detailed computational theory of what the rodent brain is doing when the animal navigates through space.

• We have implemented our theory in a computer simulation called CRAWL. • CRAWL produces results in agreement with a variety of brain-recording experiments. • It also produces behavioral results that agree with navigation experiments performed on rats and gerbils.

3. Robotics Component

• A portion of the CRAWL model has been implemented on a mobile robot, Xavier. • Putting our theories on a robot forces us to deal with complex issues of perception and error tolerance that would be easy to overlook in a computer simulation.

• Our long term goal is to build a ‘‘robot gerbil’’ that behaves just like a real one, including exploring new environments, learning a navigation task by being rewarded for correct behavior, and accurately navigating through complex environments.

4. Behavioral Component

• We operate our own rodent navigation laboratory with roughly a dozen gerbils and a compterized animal tracking system.

• In this lab, we can record the detailed behavior of animals as they learn and perform landmark-based navigation tasks. Data from these experiments are used to test our theories and will eventually help fine-tune the parameters of the computer and robotic simulations.