
HAL Id: hal-03760863
https://hal.science/hal-03760863

Submitted on 13 Oct 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Axonal Delay Learning: from biology to computational
neuroscience

Amélie Gruel, Jean Martinet

To cite this version:
Amélie Gruel, Jean Martinet. Axonal Delay Learning: from biology to computational neuroscience.
Journées Ouvertes en Biologie, Informatique et Mathématiques (JOBIM) 2022, Jul 2022, Rennes,
France. . �hal-03760863�

https://hal.science/hal-03760863
https://hal.archives-ouvertes.fr


soma

dendrites myelin sheath
Ranvier node

oligodendrocyte

axon

axonal branches

information 
via spikes

Myelination
↗ sheath thickness

& ↗ number of segments

Learning
memory consolidation

at an early age and in older animals

Axonal delay alteration 
activity coupling in distant neuron populations

& ↗ speed of electric current

Our goal: implement delay learning for motion detection, drawing on neurological knowledge in order to approach biological efficiency
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→ paradox [Gerstner, 1996]
"Neural networks encode 

behaviorally relevant signals 
in the range of a few μs 

with neurons that are at least 
one order of magnitude slower"

Adapted from [Kubke, 2006]

Contralateral 
cochlear nuclei
magnocellularis

Ipsilateral 
cochlear nuclei
magnocellularis

Nucleus laminarris

Sound 
from infront

Sound from 
contralateral side

Axonal delay lines

Coincidence
detectors

More and more SNN models
are being developed 

with an impetus to learn 
by updating delays
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[Paugam-Moisy, 2008] combines delay learning and polychronisation for reservoir computing, with STDP and supervised delay learning algorithm.
 

[Wright, 2012] presents a Spike-Delay-Variance Learning (SDVL) which adapts the shape of the post synaptic profiles according to temporal error. 

[Kerr, 2013] selectively potentiates recurrent connections with different axonal and dendritic delays during oscillation activity.

[Matsubara, 2017] implements an unsupervised delay learning algorithm adjusting conduction delays and synaptic weights.

[Nadafian, 2020] proposes an STDP extended to the delay learning of repeated spatio-temporal patterns.
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Computational approaches to delay learning

Myelin facilitates neural circuit function and behavioral performance [Fields, 2015]

Spiking neural network [Maass, 1997]

Delay learning [Hüning, 1998] 
→ updates the delay of the electronical spike journey in the pre-synaptic neuron's axon 

neural activity
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Draw inspiration from ITD ... ... and Reichardt detectors ... ... to learn different visual movements with an adapted spiking learning rule 

with δA1 >> δA2 >> δA3 > δAB 
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with δ the delay of the last spiking neuron between A and B  
and w the weight of the connection between the pre and post neurons
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Proposed approach: combine two learning rules to learn spatio-temporal patterns
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