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Saccades are the fast eye movements dedicated to sight
orientation toward targets. Robinson [1] suggested a
model based on feedback control according to an
internally estimated motor error relying on a “neuronal
integrator”. Although supported by numerous behavioral
studies, this principle is still in search of biological con-
firmation. Indeed, neurophysiological data has not yet
uncovered all the details of the complex circuitry sup-
porting saccade control. The displacement command is
monitored by a brief pulse of activity emitted by sacca-
dic burst neurons of the brain stem resulting in a
stereotypic duration/velocity relationship (the main
sequence). Burst neurons are under the control of the
deep layers of the superior colliculus (SC) which encode
saccade command as a focal burst of activity on a bidi-
mensional retinotopic map. The transformation from
bidimensional activity toward a precise burst is called
the spatio-temporal transformation [2]. The many func-
tional models that have been proposed [3] reproduce
most of the robustness to perturbation observed, but
lack in neuronal implementation details. Most of all, the
“neuronal integrator” appears delicate to simulate with
realistic neurons.
Our proposition is that this integration component

could simply rely on neuronal sub-threshold membrane
integration with appropriate membrane time constant.
The model we present is built with realistic spiking neu-
rons (excitatory and inhibitory LIF neurons with reverse
potentials - Damned simulator [4]). The general scheme
is inspired from simple principles exposed in [5] suggest-
ing that duration and velocity may be coded by two inde-
pendent tracks from the colliculus (Dual path principle)
[6].

The model comprise a complete SC topographic map
and the path from the map to premotor burst neurons,
including central mesencephalic reticular formation
(cMRF) and omni-pause neurons (OPN). With appropri-
ate projections, saccadic pre-motor activity is produced
at the output of the system. Most of state-of-the-art
properties are obtained :spatio-temporal transformation,
component stretching, staircase saccades, etc. Our
model also suggests distinct roles taken by ipsilateral
and contralateral cMRF: contralateral cMRF could play
the role of a “gate” silencing the OPN and allowing the
burst neurons to start spiking, while ipsilateral cMRF
would integrate the signal from SC and emit a brief
burst of spikes at the end of saccade, as observed in [7].

Acknowledgement
This work is supported by French ANR “MAPS” (ANR-07-BLAN-0335-02).

Author details
1Institut des Sciences du Mouvement, CNRS UMR 6233, Marseille, France.
2CEA, Saclay, France. 3Laboratoire de Neurobiologie de la Cognition, CNRS
UMR 6155, Marseille, France.

Published: 18 July 2011

References
1. Robinson DA: Basic mechanisms of ocular motility and their clinical

implications. In Oculomotor control signals. Pergamon, Oxford, UK;
Lennerstrand G, Bach-y-Rita P 1975:337-374.

2. Moschovakis AK, Kitama T, Dalezios Y, Petit J, Brandi AM, Grantyn AA: An
anatomical substrate for the spatiotemporal transformation. J. neurosci
1998, 18(23):10219-10229.

3. Girard B, Berthoz A: From brainstem to cortex: computational models of
saccade generation circuitry. Progress in Neurobiology 2005, 77:215-251.

4. Mouraud A, Puzenat D: Simulation of large spiking neural networks on
distributed architectures, The “DAMNED” Simulator. In proc. of the 11th
International Conference on Engineering Applications of Neural Networks
(EANN’09). Volume 43. CCIS London; 2009:359-370.

5. Groh JM: Converting neural signals from place codes to rate codes. Biol.
Cybern 2002, 85(3):159-165.

6. Nichols MJ, Sparks DL: Component stretching during oblique stimulation-
evoked saccades: the role of the superior colliculus. J Neurophysiol 1996,
76(1):582-600.

* Correspondence: emmanuel.dauce@centrale-marseille.fr
1Institut des Sciences du Mouvement, CNRS UMR 6233, Marseille, France
Full list of author information is available at the end of the article

Daucé et al. BMC Neuroscience 2011, 12(Suppl 1):P133
http://www.biomedcentral.com/1471-2202/12/S1/P133

© 2011 Daucé et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

http://www.ncbi.nlm.nih.gov/pubmed/9822775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9822775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16343730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16343730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8836246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8836246?dopt=Abstract
mailto:emmanuel.dauce@centrale-marseille.fr
http://creativecommons.org/licenses/by/2.0


7. Waitzman DM, Silakov VL, Cohen B: Central mesencephalic reticular
formation (cMRF) neurons discharging before and during eye
movements. J Neurophysiol 1996, 75(4):1546-1572.

doi:10.1186/1471-2202-12-S1-P133
Cite this article as: Daucé et al.: Simple spatio-temporal transformation
with sub-threshold integration in the saccadic system. BMC Neuroscience
2011 12(Suppl 1):P133.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Daucé et al. BMC Neuroscience 2011, 12(Suppl 1):P133
http://www.biomedcentral.com/1471-2202/12/S1/P133

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/8727396?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8727396?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8727396?dopt=Abstract

	Acknowledgement
	Author details
	References

