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Fast encoding/decoding of haptic microneurography data based on 
first spike latencies
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During haptic exploration tasks, forces are applied to the
fingertips, which constitute the most sensitive parts of the
hand and are prominently involved in object manipula-
tion/recognition tasks. The epidermis is innervated with
thousands of sensory cells, called mechanoreceptors, that
encode the mechanical indentations and deformations of
the skin. These cells project directly to a dorsal column
nucleus called the cuneate nucleus (CN) that constitutes
the first synaptic relay to the central nervous system.
Recent microneurography studies in humans [1] suggest
that the relative timing of impulses from ensembles of
mechanoreceptor afferents can convey information about
important contact parameters faster than the fastest possi-
ble rate code and are fast enough to account for the use of
tactile signals in natural manipulation.

Here, we study a biologically plausible encoding/decod-
ing process accounting for the relative spike timing of the
signals propagating from peripheral nerve fibres onto sec-
ond-order CN neurons. The CN is modelled as a popula-
tion of 450 spiking neurons receiving as inputs the
spatiotemporal responses of real mechanoreceptors
obtained via microneurography recordings in humans. An
information-theoretic approach is used to quantify the
efficiency of the haptic discrimination process. To this
extent, a novel entropy definition has been derived analyt-
ically. This measure proved to be a promising decoding
scheme to generalize the classical Shannon's entropy for
spiking neural codes, and it allowed us to compute

mutual information (MI) in the presence of a large output
space (i.e., 450 CN spike train responses) with a 1 ms tem-
poral precision. Using a plasticity rule designed to maxim-
ise information transfer explicitly [2], a complete
discrimination of 81 distinct stimuli occurred already
within 40 ms after the first afferent spike, whereas a partial
discrimination (80% of the maximum MI) was possible as
rapidly as 20 ms.

The rationale behind this study was to corroborate our
working hypothesis that the CN does not constitute a
mere synaptic relay, but it rather conveys an optimal con-
textual account (in terms of both fast and reliable infor-
mation transfer) of peripheral tactile inputs to
downstream structures (in particular to the thalamus and
the cerebellum). Therefore, the CN may play a relevant
role in the early processing of haptic information and it
would constitute an important component of the haptic
classification process (e.g., by facilitating fast discrimina-
tion of haptic contexts, minimising destructive interfer-
ence over lifelong learning, and maximising memory
capacity).

Acknowledgements
Granted by the EC Project SENSOPAC (SENSOrimotor structuring of Per-
ception and Action for emergent Cognition), IST-027819-IP.

from Eighteenth Annual Computational Neuroscience Meeting: CNS*2009
Berlin, Germany. 18–23 July 2009

Published: 13 July 2009

BMC Neuroscience 2009, 10(Suppl 1):P349 doi:10.1186/1471-2202-10-S1-P349

<supplement> <title> <p>Eighteenth Annual Computational Neuroscience Meeting: CNS*2009</p> </title> <editor>Don H Johnson</editor> <note>Meeting abstracts – A single PDF containing all abstracts in this Supplement is available <a href="http://www.biomedcentral.com/content/files/pdf/1471-2202-10-S1-full.pdf">here</a>.</note> <url>http://www.biomedcentral.com/content/pdf/1471-2202-10-S1-info.pdf</url> </supplement>

This abstract is available from: http://www.biomedcentral.com/1471-2202/10/S1/P349

© 2009 Brasselet et al; licensee BioMed Central Ltd. 
Page 1 of 2
(page number not for citation purposes)

http://www.biomedcentral.com/1471-2202/10/S1/P349
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


BMC Neuroscience 2009, 10(Suppl 1):P349 http://www.biomedcentral.com/1471-2202/10/S1/P349
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

References
1. Johansson R, Birznieks I: First spikes in ensembles of human tac-

tile afferents code complex spatial fingertip events.  Nature
Neuroscience 2004, 7:170-177.

2. Toyoizumi T, Pfister J-P, Aihara K, Gerstner W: Generalized Bien-
enstock Cooper Munro rule for spiking neurons that maxi-
mizes information transmission.  PNAS 2005, 102:5239-5244.
Page 2 of 2
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14730306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14730306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15795376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15795376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15795376
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Acknowledgements
	References

