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How do humans learn to localize objects using echolocation alone?

-  Some blind individuals use series of clicks and echoes to guide perception and action

-  We simulate this using a predictive model that learns to orient based on echo feedback

MODEL CONCEPT
Model estimates azimuth and updates head position based on simulated echo cues

TL;DR: Larger 𝜺 → less reliable 𝑀

BACKGROUND

- Click + echo

- Echo measurement drives 
KF updates

- No click

- No measurement update

N = 5,
 100 trials each

2 CONDITIONS

CONTROLTEST

KEY RESULTS
INDIVIDUAL TRIAL DYNAMICS: 
KF has no updates → model does not converge in control

•Simple predictive model ➜ Realistic learning behavior.

•Generated behavior patterns generally similar to human behavior patterns.

•However, human behavior is smoother and more integrated over clicks VS. 
click-move-click model search pattern.

•Next step: RNNs for better temporal dynamics integration.

SUMMARY

CONVERGENCE:  
Error decreases with feedback. No convergence without it.

FINAL ERROR DISTRIBUTION: 
Echo-guided model achieves near-zero final error.

COMPARISON WITH HUMAN PERFORMANCE:
Model approximates blind expert human echolocator behavior at the same task 
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𝐻𝑒𝑎𝑑 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

𝑢𝑘  ← 𝑢𝑘−1 +  𝛾 ෡𝜃 − 𝑢𝑘−1 + 𝛿

𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 [4] =  −
1 + cos 𝜃 + 𝜋

𝛼 cos 𝜃 + 𝜋 2 + 𝛽 sin 𝜃 + 𝜋 2

𝑺𝒄𝒂𝒍𝒊𝒏𝒈 𝒇𝒂𝒄𝒕𝒐𝒓 [𝟏] =
0.8014

1.35
× 𝜃 0.4402+1

For echolocalization precision 
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