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Using Braitenberg vehicles to model bat echolocation
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Bat echolocation is an ability consisting of many subtasks such as navigation, prey detection and object recognition. We propose
that to understand the echolocation capabilities of bats it is useful to isolate the minimal set of acoustic cues needed to complete
each task. While many possible cues have been suggested, very little is known about the actual cues supporting obstacle avoidance in echolocating bats. We propose that the Interaural Intensity Difference (IID) as calculated on the onset of the first echo is
a reliable cue for obstacle avoidance. As evidence we present a simple Braitenberg vehicle using first echo IID and time delay cues
combined with alternating ear movements modelled after the constant frequency bat Rhinolophus rouxi. Using spatial simulations
(2D and 3D) we show that the vehicle can be steered clear from obstacles without performing a reconstruction of the 3D layout
of the scene or explicitly localizing discrete obstacles. We hypothesize that using a low level yet robust cue for obstacle avoidance
allows bats to comply with the hard real-time constraints of this basic behavior while freeing up cognitive resources for the more
computationally demanding detailed analysis of selected echoes as might be required by more sophisticated echolocation behaviors.
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