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Information in the brain is usually encoded in a way
that distributes the activity over a population of neu-
rons, referred to as population coding[1]. Population
coding has been observed in almost all brain systems
and renders the neural code robust, accurate, and failure
resistant.
The coding of single stimuli in population codes is

relatively well understood [2], and in particular the
noise models, correlations, neural heterogeneity and
links to psychophysics have been studied. However, the
situation is much less clear when multiple stimuli are
simultaneously encoded [3].
Theoretical studies (e.g., [4]) have thus far only exam-

ined linear supposition schemes that encode a probabil-
istic stimulus ensemble. However, experimental studies
(c.f. [5], [6], [7]) suggest a non-linear encoding scheme
using a maximum rule, where the response of a single
neuron to a pair of stimuli equals the response to the
constituent that on its own produces the maximum
response, i.e.
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We investigate the theoretical implications of these
findings by comparing different encoding strategies and
examine the decoding accuracy. The goal is to find the
optimal encoding scheme for multiple stimuli.
We investigate the theoretical implications of these

findings by comparing different encoding strategies and
examine the decoding accuracy. The goal is to find the
optimal encoding scheme for multiple stimuli.
In our current study, we focus on the simultaneous

coding of visual stimuli representing overlapping

movements of two groups of points in different direc-
tions. We investigate different ways of decoding these,
among them a Maximum Likelihood decoder and esti-
mate error rates made by these predictors, comparing to
maximum rule to a linear rule.

Author details
1Department of Computational Biology, CSC, Royal Institute of Technology,
Stockholm, Sweden. 2Department of Informatics, Edinburgh University,
Edinburgh, EH8 9AB, UK. 3Department of Neuroscience, Karolinska Institutet,
Stockholm, Sweden.

Published: 16 July 2012

References
1. Pouget A, Dayan P, Zemel R: Information processing with population

codes. Nature Reviews Neuroscience 2000, 1(2):125-132.
2. Averbeck B, Latham P, Pouget A: Neural correlations, population coding

and computation. Nature reviews Neuroscience 2006, 7(5):358-66,
doi:10.1038/nrn1888.

3. Treue S, Hol K, Rauber H: Seeing multiple directions of motion-physiology
and psychophysics. Nature neuroscience 2000, 3(3):270-6, doi:10.1038/
72985.

4. Zemel R, Dayan P: Distributional population codes and multiple motion
models. Advances in Neural Information Processing Systems 1999, 11.

5. Gawne T, Martin J: Responses of primate visual cortical neurons to
stimuli presented by flash, saccade, blink, and external darkening.
Journal of neurophysiology 2002, 88(5):2178-86.

6. Lampl I, Ferster D, Poggio T, Riesenhuber M: Intracellular measurements of
spatial integration and the MAX operation in complex cells of the cat
primary visual cortex. Journal of neurophysiology 2004, 92(5):2704-13,
doi:10.1152/jn.00060.2004.

7. Oleksiak A, Klink P, Postma A, van der Ham I, Lankheet M, van Wezel R:
Spatial summation in macaque parietal area 7a follows a winner-take-all
rule. Journal of neurophysiology 2011, 105(3):1150-8, doi:10.1152/
jn.00907.2010.

doi:10.1186/1471-2202-13-S1-P17
Cite this article as: Pieczkowski et al.: Optimal information encoding for
multiple, simultaneously presented stimuli. BMC Neuroscience 2012 13
(Suppl 1):P17.

* Correspondence: janpi@kth.se
1Department of Computational Biology, CSC, Royal Institute of Technology,
Stockholm, Sweden
Full list of author information is available at the end of the article

Pieczkowski et al. BMC Neuroscience 2012, 13(Suppl 1):P17
http://www.biomedcentral.com/1471-2202/13/S1/P17

© 2012 Pieczkowski 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/11252775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11252775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16760916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16760916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10700260?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10700260?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12424259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12424259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15269230?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15269230?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15269230?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21177995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21177995?dopt=Abstract
mailto:janpi@kth.se
http://creativecommons.org/licenses/by/2.0

	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


