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The classical model of ITD coding



Jeffress Model (1948)



Experimental
evidence

Carr and Konishi 1990 J. Neurosci.
Sullivan and Konishi 1986 PNAS
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W. Gerstner, R. Kempter,
J.L. van Hemmen, H. Wagner
Nature 383(1996) 76-78
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Temporal Averaging
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Axon-mediated
 synaptic learning

(AMSL)
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Animal with small
inter-ear distance

Inter-ear distance 3.5 cm
Phase locking < 1.5 kHz



McAlpine‘s experiments
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Information about azimuth is encoded through slopeHypothesis:



Circuit for Computing Time Differences

ITD tuning in gerbil MSO
(Brand et al. 2002)



Temporal Summation Leads to
Asymmetric Tuning

Net effect



Asymmetry Induced by Synaptic Learning



Do barn owls and gerbils provide
special singular solutions,

 or is there a generalization?

Gerstner et al. (1996) Nature 383
Kempter et al. (2001) PNAS 98 The work presented in this talk



Ambiguities  induced by increasing inter-ear
distance or frequency

e.g.:
Humans: 200 mm /(330 m/s) = +\- 600 µs
 critical frequency ~> f=800 Hz

Solution: Distribution of tuning maxima



How to produce a distribution of maxima:
Neuronal implementation of a dual coding architecture

Population rate

Rate 
as a function of ITD

Excitation

Inhibition



Axon-mediated
 synaptic learning

(AMSL)
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Realization of the dual coding principle

400 Hz800 Hz

Above critical frequency:
ITD<0  ~> Slope Code
ITD>0  ~> Place Code





 

Conclusion

1. STDP explains both excitatory and inhibitory
synaptic setup as well as  temporal accuracy of
binaural ITD coding

2. Support by experimentally found inhibitory
plasticity during ontogeny

3. Interpolation between place code (barn owl) and
slope code (gerbil)


