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Just Noticeable Difference (JND)

• A JND is a matter of statistics
– The smallest statistically measurable difference of perception, 

e.g., smallest perceivable distance between 2 lines
– Typically, defined when half of the people perceive a difference

and the other half are guessing (50% JND)

50% perceive
a change 50% guessing
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Specific JND Example
• A JND value is dependent on stimulus

– Value of 1 JND for change in weight perception of a feather ≠
Value of 1 JND for change in weight perception of a filled water
cooler jug

2 lbs.
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Subjective Testing Applied to 
Photographs

• People are able to judge differences in quality of 
photographs

• Subjective testing can be quantified into meaningful and 
repeatable numbers

• When subjective numbers are in JNDs, then results from 
multiple photographic attributes can be compared and 
combined

“Which is better—A or B?” A

B
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ISO 20462 Method
“Photography—Psychophysical experimental methods to 

estimate image quality—Part 3: Quality ruler method”
• Standardization of anchored pair method based on JND units
• Substitute length units with an image set having a series of 

sharpness levels
• Quality ruler approach allows for repeatable and definable results
• Compare test image to images on ruler and pick best match on ruler
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Softcopy Quality Ruler
• Softcopy quality ruler method 

based on ISO 20462 Part 3
– 30" Apple Cinema Display monitor
– 34" controlled viewing distance
– Simultaneous viewing of ruler and 

test images
– Quality ruler reference stimuli span 

30 just noticeable difference (JND) 
values in sharpness
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16 Ruler Images
• 30 JND levels 

of sharpness 
for each ruler 
image

7



Softcopy Quality Ruler Screen
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Softcopy Quality Ruler Method Workflow

Perform 
psychovisual 

studies

Analyze data 
and report 

results

Obtain test 
images

Specifications 
on obtaining 
test images 
at any time of 
the year and 
around the 
globe in a 
timely 
manner

Specifications 
on subject 
selection, 
vision   
screening, 
number of 
subjects, etc.

Obtain 
ruler 

images

Set up 
viewing 

environment

Obtain 
software 

tools

Fixed sets of 
digital anchor 
images, i.e.
- 16 scenes
- 30 images 
per scene

Specifications 
on viewing 
distance and  
ambient 
lighting.
Create ICC 
profile for the 
monitor.

Software 
applications 
to display 
images and 
collect viewer 
responses.

Tools for 
analyzing 
the results 
and report 
template

One time setupOne time setup Running the tests Running the tests 
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Example Ruler Results
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Completed Results
• Four CPIQ companies have been running subjective 

evaluations to obtain JNDs of quality
• Subjective results have been calculated for 4 key image 

quality attributes
– Color non-uniformity
– Lens chromatic aberration
– Lens geometric distortion
– Texture blur

• Subjective results have been correlated to objective 
metrics, allowing for an objective metric to be converted 
into JND units
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Toward a Consumer Rating Scale
• Multivariate analysis allows for combination of JNDs of 

individual attributes into a predicted overall quality change

where ∆Qm is the overall JND quality change, ∆Qi is the JND quality 
loss due to a particular ith attribute, and nm is an assigned 
weighting value

• ∆Qm can be associated with a specific consumer rating
• The weighting value, nm, can be made variable in order to 

account for different weightings for different attributes
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Phase 3 Development
• Recommendations for making the subjective testing more 

robust to experimental variability
• Recommendations for minimum number of observers to 

obtain reliable subjective results and how number of 
observers influences test variability and reliability

• Methods for removing observers from the data pool who 
exhibit poor usage of the quality ruler

• Investigation of potential alternative subjective test methods
• Involvement from additional companies in the development of 

subjective testing

13


	Subjective Image Quality EvaluationPart 2CTIA 2009Las VegasJonathan PhillipsEastman Kodak Company
	Just Noticeable Difference (JND)
	Specific JND Example
	Subjective Testing Applied to Photographs
	ISO 20462 Method
	Softcopy Quality Ruler
	16 Ruler Images
	Softcopy Quality Ruler Screen
	Softcopy Quality Ruler Method Workflow
	Example Ruler Results
	Completed Results
	Toward a Consumer Rating Scale
	Phase 3 Development


<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


