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Recent progress and improvements on optical technol-
ogy have enabled us to measure the characteristics of
the eye in great detail. It has also been shown that, even
when myopia and astigmatism are completely corrected
with spectacle, the retinal image is still blurred due to
uneven refraction power of the cornea and the crystal-
line lens [1][2], an effect known as “irregular astigma-
tism”. However, almost all researches in visual science
assume sharp images as input.
Currently, a large-scale whole visual system models is

being developed on a supercomputer to elucidate its
complex function [3]. Moreover, it has been demon-
strated that the blurred retinal images are gradually
compensated at both, the retina and the cortex [4].
Therefore, we have developed an eye optics model
which can calculate the blurred retinal image based on
known physiological evidences to provide a more realis-
tic input to retinal and visual cortex model.
The proposed model is described by the linear image

filter based on Artal’s model [5]. It can process multi-
spectral image for reproducing the spectral characteris-
tics of photoreceptors. OTF (Optical transfer function)
calculated from the wavefront aberration with spectral
transmittance of the lens is used for image processing
filter. The wavefront aberration is defined by Zernike
Coefficients values (measured by wavefront aberrometer
such as OPD-Scan or Shack-Hartman Sensor systems)
or SCA values (power of sphero-cylindrical lens with its
axis for spectacle lens or contact lens prescriptions). To
consider the effects of diffraction, OTF is designed to
vary depending on pupil diameter and wavelength. To
account for aging effects, the spectral transmittance of
the lens [6] was also implemented. As inputs of the

model, multispectral images taken by multispectral
camera or converted from RGB image can be utilized.
We simulated a closed-loop system connecting the

proposed model to a simple eye movement model and
pupil model. The eye movement model generates
random saccades and the pupil model modifies pupil
diameter according to the mean luminance of retinal
image. As a result, our model could reproduce the effect
of chromatic aberration, pupil diameter and age on the
blurred retinal image. By applying our model to the
large-scale visual system model, it is expected to be able
to evaluate the phenomena, for example, age dependent
perception on visual illusions, blur compensation in
retina or visual cortex, and so on.

Published: 18 July 2011

References
1. Liang J, Williams DR: Aberrations and retinal image quality of the normal

human eye. J Opt Soc Am A Opt Image Sci Vis 1997, 14(11):2873-83.
2. Thibos LN, Hong X, Bradley A, Cheng X: Statistical variation of aberration

structure and image quality in a normal population of healthy eyes.
J Opt Soc Am A Opt Image Sci Vis 2002, 19(12):2329-48.

3. Usui S, Inagaki K, Kannon T, Kamiyama Y, Satoh S, Kamiji NL, Hirata Y,
Ishihara A, Shouno H: A Next Generation Modeling Environment PLATO:
Platform for Collaborative Brain System Modeling. Neural Information
Processing Lecture Notes in Computer Science 2009, 5863/2009:84-90, DOI:
10.1007/978-3-642-10677-4_9.

4. Kannon T, Imazumi Y, Nakauchi S, Sakai H, Usui S: Effect of figure-ground
segregation on blur adaptation. Perception 36 ECVP Abstract Supplement
2007.

5. Artal P: Calculations of two-dimensional foveal retinal images in real
eyes. J Opt Soc Am A 1990, 7(8):1374-81.

6. van de Kraats J, van Norren D: Optical density of the aging human ocular
media in the visible and the UV. J Opt Soc Am A Opt Image Sci Vis 2007,
24(7):1842-57.

doi:10.1186/1471-2202-12-S1-P348
Cite this article as: Kannon and Usui: Generating realistic retinal image
for whole visual system modeling. BMC Neuroscience 2011 12(Suppl 1):
P348.

* Correspondence: kannon@brain.riken.jp
RIKEN Brain Science Institute, Wako, Saitama, 351-0198, Japan
Full list of author information is available at the end of the article

Kannon and Usui BMC Neuroscience 2011, 12(Suppl 1):P348
http://www.biomedcentral.com/1471-2202/12/S1/P348

© 2011 Kannon and Usui; 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/9379245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9379245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12469728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12469728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2398446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2398446?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17728807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17728807?dopt=Abstract
mailto:kannon@brain.riken.jp
http://creativecommons.org/licenses/by/2.0

	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


