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ABSTRACT 

Waves carry information through space and time, and extracting meaning from them lies at the heart of 
perception in both natural and engineered systems. This talk addresses how to extract meaningful 
information from waves, through the lens of biological echolocation. Many animals, including bats and 
dolphins, navigate complex environments using ultrasound, precisely extracting spatial details from echoes 
through specialized physiology and neural processing. This remarkable sensing strategy has long inspired 
artificial sonar systems, yet despite significant advances, engineered solutions still fall short of the 
perceptual acuity seen in biology. I will present an artificial echolocation framework that uses convolutional 
neural networks (CNNs) to interpret ultrasound echoes for object recognition. The approach features a 
scalable, modular architecture of parallel CNNs, each trained for a specific object shape and augmented 
with physics-informed synthetic data. This design enables the system to learn new objects by simply adding 
CNNs, without retraining existing networks. Importantly, models trained entirely on synthetic data can 
accurately classify measured echoes, alleviating the need for extensive data acquisition. I will also discuss 
a correlation between network predictions and acoustic echo features, offering insights into how the model 
"hears," rather than treating it as a black box. This research presents a new paradigm for machine-based 
sensing that mirrors the efficiency and adaptability of biological echolocation. It opens pathways for 
advanced sonar technologies in imaging, non-destructive evaluation, material characterization, and 
autonomous navigation, bridging the gap between engineered and biological perception.  
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