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Background:  As a result of many complaints from the public about headlamp glare, NHTSA 
initiated a multipronged research program to examine the reasons for the complaints as well as 
possible solutions.  In addition the legislation known as SAFETEA-LU (Safe, Accountable, 
Flexible, and Efficient Transportation Equity Act: A Legacy for Users) included a requirement to 
develop recommendations for reducing glare based on a study of “the risks associated with glare 
to oncoming drivers, including increased risks to drivers on two-lane highways, increased risks 
to drivers over the age of 50, and the overall effects of glare on driver performance.”   
 
Objectives:  There are many possible reasons why drivers might be complaining about glare.  
The most obvious reason appears to be the increasing prevalence of high-intensity discharge 
(HID) lighting systems.  However, there are several additional, more fundamental factors that 
can be hypothesized as contributing to glare. These include the light color, the novelty of a 
differently appearing light, the beam pattern distribution, higher mounting height, smaller 
headlamps, mis-aim, and lamp intensity.  Thus, the objective of our research program is to 
understand how these factors affect driver nighttime visibility and response to glare.  
 
Approach: Multiple studies were conducted using field measurements, laboratory studies, 
computer analyses, and instrumented vehicle tests to examine the effects of different headlamp 
factors on driver performance.  
 
Summary of findings to date: 
With respect to headlamp factors that affect glare and possible solutions, our available studies 
have shown the following: 
 

• Discomfort ratings increased due to bluish color of HID, but disability glare effects (i.e., 
reductions in seeing distance) were only influenced by lamp intensity. 

• Higher lamp intensity attracts drivers’ visual attention, not the bluish color of HID lamps.  
• Increasing mounting height increased discomfort ratings to oncoming drivers and in 

rearview mirrors, but only had a minor effect on reducing seeing distance.  
• Upward mis-aim can significantly increase both discomfort and disability glare.  Our 

measurements of real-world aim from a small sample of vehicles suggest that although 
some lamps are aimed high, many lamps are actually aimed low.  Drivers having 
vehicles with headlamps aimed too low will have shorter seeing distance.  

• The effect of different beam patterns and intensity levels on visual recovery time was 
studied.  Older people had longer recovery times, but there were no differences between 
the age groups in terms of rated discomfort.  Their discomfort ratings were determined 
by the peak intensity but their detection of roadway objects was affected by the duration 
of exposure to light.  This implies that restrictions on maximum luminous intensity at 
isolated points in the beam pattern is not sufficient to minimize glare recovery. The total 
exposure of drivers to the passing beam pattern affects recovery. 

• Analyses of a sample of different beam patterns found that in general HID lamps are 
more intense than halogen headlamps, but some data indicates that there are individual 

1 



variations in optical designs that can result in some halogen headlamps having more 
intensity directed at oncoming drivers or in rearview mirrors than HID lamps. Because 
HIDs are more intense, they can be more glaring when mis-aimed or when driving on 
curved or hilly roads. 

• One potential solution to reducing glare without lowering the vision of drivers using the 
“glaring headlamp” is an adaptive lighting system that adjusts intensity automatically in 
response to the presence of nearby vehicles. Our research explored this concept in two 
ways: lowering intensity when high ambient lighting from street lights is sensed; and 
reducing the intensity of the beam pattern in the direction of an oncoming or nearby 
lead vehicle. Both approaches showed promise but more research is needed to 
determine the effectiveness of this concept and its practicality. 

 
 
The implications of our findings to date are that:  

• Light levels are a compromise. A glare source to one driver is a source of seeing light to 
another driver. 

• Discomfort ratings of glare are a somewhat different phenomenon than the effects of 
glare on driver visual performance. 

• The relation of light levels and glare to crash risk can not be quantified directly.  Thus, 
other metrics of safety need to be used. 

• Based on these proxy measures, minor improvements in glare reduction and visual 
performance may be possible with new aim control requirements, control of excessive 
mounting height, and updating the NHTSA lighting standard to tighten control of glare. 

• There is potential for additional improvements using advanced forward lighting 
technology which can automatically adjust the beam intensity to reduce glare in the 
direction of nearby vehicles. However, this is a long-term, costly solution. 

 
 
 
 

2 





DOT HS 811 006
July 2008



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /ENU ([Based on 'Screen preset'] [Based on 'Illustrator Default'] These are the default settings when saving an Illustrator file as an Adobe PDF document. Use these settings when you plan on editing the file again in Illustrator, or when you need to place it in a layout application such as InDesign, or when the final use of the file is unknown.)
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


