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Path integration (aka "dead reckoning") is the neural computational process that enables an animal to estimate its location inan
environment from self-motion cues (i.e., velocity and acceleration). Path integration is a state estimation process and as such
requires 1)aninitial estimate of position (e.g. from known landmarks), 2) sensory measurements of self-motion, and 3) a "process
model" that includes a path-integration gain, namely, a multiplicative factor that relates integrated self-motion cues to
movement inthe physical world.

We built a virtual reality apparatus ("the Dome") to test and quantify elements of the computation of this path integration in
rodents. In the dome, rats run ona circular track while visual cues are projected around them. In this talk, | will discuss two results
from this VR Dome: In (Jayakumar*, Madhav*, et al., Nature, 2019), we showed that the internal gain of the path integration
process is a plastic variable that can be adapted in relation to manipulations of landmarks in VR. In (Madhav*, Jayakumar* et al.,
In Review), we used an optic-flow based cue to control the cognitive representation, i.e. a "cognitive clamp", that turns out to be
a surprisingly simple integral control law. This brain-in-the-loop closed-loop control system allowed us to make the animal "think"
it was going ata speed that we so desired (i.e., the set-point of the integral feedback controller). Using this cognitive clamp, we
demonstrated the strong influence of optic flow on self-motion estimation and used this to examine the complex interactions
between visualand non-visual self-motion cues informinga stable,internal representation of position.
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