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REFLECTIONS ON REFLECTIONS

The term refl ection actually encompasses three entirely 
different types of optical phenomena. These three kinds 
of refl ection are specular refl ection (like a mirror), diffuse 
refl ection (often called Lambertian) and refl exive refl ec-
tion (or retro-refl ection).

Specular Refl ections
Specular refl ections are those we normally associate with 
a highly polished surface, such as a mirror. In technical 
terms, the angle of incidence of the light is equal to the 
angle of refl ection of the light (see fi gure 1). All materials 
obey the law of refl ection when viewed at a fi ne enough 
detail. It is the specular refl ection which is responsible for 
forming an image in a shiny surface. It also results in a 
bright spot, called a specular highlight, when a small light 
source is at such a position that it can refl ect into the 
eye.

 

 
Figure 1

Specular refl ections. 

Ji (angle of the incident light ray) is equal to Jr (angle of the 

refl ected ray). N is the normal to the refl ecting surface.

Diffuse Refl ections
Most objects are not mirror-like but have some degree of 
surface roughness. Hence, the refl ections we observe are 
a composite of those from numerous surfaces oriented at 
varying angles to our line of sight (fi gure 2). The overall 
observed refl ection becomes the sum of the individual 
refl ections (fi gure 3). This is characterized by a distribu-
tion known as the Lambertian distribution. Diffuse 
refl ections do not result in an image being formed, but 
yield a large bright patch on the surface being 
illuminated.

Figure 2
The law of refl ection is observed, 

regardless of the surface orientation. 

Figure 3
Lambertian distribution is a sum of refl ections in all directions. 

Refl exive Refl ections
The phenomenon of refl exive refl ection is used commer-
cially in making safety products, such as arembands and 
night visible speed limit signs. It occurs whenever the 
structure of the surface is such that light striking the sur-
face is preferentially refl ected back in the direction of the 
source. This occurs for surfaces coated with fi ne beads or 
for structures such as a so-called corner cube, which were 
used on the moon to refl ect laser beams from the earth 
back to sensors for the purpose of precisely determining 
the distance to the moon (see fi gure 4). Refl exive refl ec-
tions are seldom encountered in display applications and 
will not be considered further in this discussion.  
 

 

       
 

Figure 4
Refl ection from a corner cube.

Glare
Glare is the phenomenon by which an ambient light inci-
dent directly on the user’s eyes causes a loss of ability to 
use a display. As such, it is a function of the lighting envi-
ronment and installation and not a property of the dis-
play. This subject will be dealt with in more detail in a 
separate technical note.

Signifi cance of Refl ection to Display Technology
Specular refl ection, as described above, is the image form-
ing refl ection. This is the cause of the “white shirt” effect 
often seen in service. A user or observer standing to one 
side of the display, but in a bright area will cause a dis-
tracting image to be seen when viewed from the other 
side of the display. Several solutions can be used to mini-
mize this effect. The display can be re-oriented so that 
the image is not visible at the primary users location. 
This is facilitated by the use of an adjustable mounting 
arm when the display is installed. 
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REFLECTIONS ON REFLECTIONS

Alternatively, the ambient 
lighting in the vicinity of the 
display can be controlled so 
that annoying refl ections do 
not occur. However, this is 
often not feasible. In the 
fi nal (and best) approach, 
the front of the display can 
be coated with an antirefl ection 
coating to reduce the refl ections to a mini-
mum. Available coatings can reduce the specular refl ec-
tion from about 4% of the ambient light level to less 
than 0.5%. 

In those cases where this is still too great a distraction to 
the user, the surface of the display can be chemically or 
mechanically etched to create a carefully controlled sur-
face roughness. This is commonly called an anti-glare 
treatment. The antiglare treatment results in increasing 
the diffuse refl ection while breaking up the specular 
refl ection. The result is that the “white shirt” is now just 
a large whitish blob of low level. This is frequently 
deemed to be more acceptable than a specular image. 
This surface treatment, in addition to altering the ratio of 
specular to diffuse refl ectances will cause a greater or 
lesser degree of blurring of the image. It is the task of the 
designer, working with the user, to defi ne the degree of 
antiglare to be used. 

Conclusion
Refl ections from a display are a fact of life. By careful 
design of the display and installation, it is possible to pro-
duce a display with adequate luminance and contrast (for 
both specular and diffuse refl ections) to allow the user to 
comfortably read the display and take action on the data 
so obtained. General Digital™ Optical Bonding Laborato-
ries™ is highly competent in this area of technology to 
guide you in selecting the best possible display for your 
application.

For More Information
Determining the best solution for your particular appli-
cation can be a daunting task. We invite you to visit our 
web site, http://www.GDOptiLabs.com for the latest 
information available on LCD, OLED and Plasma display 
optical enhancements. Or  call 800.952.2535 to speak 
with a Sales Engineer.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


