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The impressive ability of social insects to learn long
foraging routes guided by visual information [1] pro-
vides proof that robust spatial behaviour can be pro-
duced with limited neural resources [2,3]. As such,
social insects have become an important model system
for understanding the minimal cognitive requirements
for navigation [1]. This is a goal shared by biomimetic
engineers and those studying animal cognition using a
bottom-up approach to the understanding of natural
intelligence [4]. Models of visual navigation that have
been successful in replicating place homing are domi-
nated by snapshot-type models where a single view of
the world as memorized from the goal location is com-
pared to the current view in order to drive a search for
the goal [5], for review, see [6]. Snapshot approaches
only allow for navigation in the immediate vicinity of
the goal however, and do not achieve robust route navi-
gation over longer distances [7].
Here we present a parsimonious model of visually

guided route learning that addresses this issue [8]. We
test this proposed route navigation strategy in simula-
tion, by learning a series of routes through visually clut-
tered environments consisting of objects that are only
distinguishable as silhouettes against the sky. Our navi-
gation algorithm consists of two phases. The ant first
traverses the route using a combination of path integra-
tion and obstacle avoidance during which the views
used to learn the route are experienced. Subsequently,
the ant navigates by visually scanning the world – a
behaviour observed in ants in the field – and moving in
the direction which is deemed most familiar. As proof
of concept, we first determine view familiarity by
exhaustive comparison with the set of views experienced

during training. In subsequent experiments we train an
artificial neural network to perform familiarity discrimi-
nation using the training views via the InfoMax algo-
rithm [9].
By utilising the interaction of sensori-motor con-

straints and observed innate behaviours we show that it
is possible to produce robust behaviour using a learnt
holistic representation of a route. Furthermore, we show
that the model captures the known properties of route
navigation in desert ants. These include the ability to
learn a route after a single training run and the ability
to learn multiple idiosyncratic routes to a single goal.
Importantly, navigation is independent of odometric or
compass information, does not specify when or what to
learn nor separate the routes into sequences of way-
points, so providing proof of concept that route naviga-
tion can be achieved without these elements. The
algorithm also exhibits both place-search and route
navigation with the same mechanism. As such, we
believe the model represents the only detailed and com-
plete model of insect route guidance to date.

Author details
1Centre for Computational Neuroscience and Robotics, Department of
Informatics, University of Sussex, Brighton, BN1 9QG, UK. 2Centre for
Computational Neuroscience and Robotics, School of Life Sciences,
University of Sussex, Brighton, BN1 9QJ, UK.

Published: 16 July 2012

References
1. Wehner R: The architecture of the desert ant’s navigational toolkit

(Hymenoptera: Formicidae). Myrmecol News 2009, 12:85-96.
2. Wehner R: Desert ant navigation: How miniature brains solve complex

tasks. Karl von Frisch lecture. J Comp Physiol A 2003, 189:579-588.
3. Chittka L, Skorupski P: Information processing in miniature brains. Proc R

Soc Lond B 2011, 278:885-888.
4. Shettleworth SJ: Cognition, Evolution, and Behavior. New York: Oxford

University Press;, 2 2010.
5. Cartwright BA, Collett TS: Landmark learning in bees. J Comp Physiol A

1983, 151:521543.

* Correspondence: andrewop@sussex.ac.uk
1Centre for Computational Neuroscience and Robotics, Department of
Informatics, University of Sussex, Brighton, BN1 9QG, UK
Full list of author information is available at the end of the article

Baddeley et al. BMC Neuroscience 2012, 13(Suppl 1):O1
http://www.biomedcentral.com/1471-2202/13/S1/O1

© 2012 Baddeley 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.

mailto:andrewop@sussex.ac.uk
http://creativecommons.org/licenses/by/2.0


6. Möller R, Vardy A: Local visual homing by matched-filter descent in
image distances. Biol Cybern 2006, 95:413-430.

7. Smith L, Philippides A, Graham P, Baddeley B, Husbands P: Linked local
navigation for visual route guidance. Adapt Behav 2007, 15:257-271.

8. Baddeley B, Graham P, Husbands P, Philippides A: A Model of Ant Route
Navigation Driven by Scene Familiarity. PLoS Comput Biol 2012, 8(1):
e1002336.

9. Lulham A, Bogacz R, Vogt S, Brown MW: An infomax algorithm can
perform both familiarity discrimination and feature extraction in a single
network. Neural Comput 2011, 23:909-926.

doi:10.1186/1471-2202-13-S1-O1
Cite this article as: Baddeley et al.: A neural network based holistic
model of ant route navigation. BMC Neuroscience 2012 13(Suppl 1):O1.

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

Baddeley et al. BMC Neuroscience 2012, 13(Suppl 1):O1
http://www.biomedcentral.com/1471-2202/13/S1/O1

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/17021827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17021827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22241975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22241975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21222523?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21222523?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21222523?dopt=Abstract

	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


