A Comparison of the Multiscale Retinex
With Other Image EnhancementTechniques

Zia-ur Rahman, Glenn A. Woodell and Daniel J. Jobson
Collegeof William & Mary, NASA LangleyReseart Center

Abstract

The multiscaleretinex with color restoration(MSRCR)
hasshawn itself to be a very versatileautomaticimage
enhancemendlgorithmthat simultaneouslyprovides dy-
namicrangecompressiongolor constang, andcolor ren-
dition. A numberof algorithmsexist that provide one
or more of thesefeatures,but not all. In this paperwe
comparethe performancef the MSRCRwith techniques
thatarewidely usedfor imageenhancementSpeci cally,
we comparethe MSRCRwith color adjustmenimethods
suchasgammacorrectionandgain/ofsetapplication his-
togrammodi cation techniguesuchashistogramequal-
izationandmanualhistogramadjustmentandothermore
powerful techniquessuch as homomorphic ltering and
“burninganddodging'. The comparisonis carriedout by
testingthe suite of imageenhancemenmnethodson a set
of diverseimages. We nd that though someof these
techniquesvork well for someof theseimages,only the
MSRCRperformsuniversallywell onthetestset.

Intr oduction

The MultiscaleRetinex! (MSR) is a generalizatiorof the
single-scaleetinex2 4 (SSR)which,in turn,is basedipon
the last versionof Land's center/surroundetinex®. The
currentversionof the MSR combinegheretinex dynamic
rangecompressiomandcolorconstang with acolor ‘restora-
tion' Iter thatprovidesexcellentcolor renditiorf 8. This
versionof the MSR is calledthe Multiscale Retinex with
ColorRestoratiofMSRCR).TheMSRCRhasbeertested
with averylargesuiteof imagesandhasconsistentlyproven
to bebetterthanary corventionaimageenhancemernech-
nigue.In thispapemve presenacomparisorof theMSRCR
with severalof themostpopularimageenhancememheth-
ods. Theseinclude point transformssuch as automatic
gain/ofset, non-lineargammacorrection, non-linearin-
tensitytransformssuchasthelogarithmictransformor the
“square-roottransform;andglobaltransformssuchashis-
togramequalizatiod, homomorphicltering 19, andman-
ual "burninganddodging.

State-of-the-art Techniques

In this sectionwe brie y describethe characteristicof
someof thestate-of-the-atechniquesnostcommonlyused
for imageenhancement.

Gain/offsetcorrection

One of the most commonmethodsof enhancingan im-
ageis the applicationof a gain and an offset to stretch
the dynamicrangeof animage. Thisis alinearoperation
andhencehaslimited succes®n sceneghatencompasa
muchwiderdynamicrangethanthatthatcanbedisplayed.
In this case)ossof detailoccursdueto saturatiorandclip-
ping aswell asdueto poorvisibility in the darker regions
of the image. For a scenewith dynamicrangebetween
and , andadisplaymediumwith dynamicrange
, thistransformcanberepresentedy
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where isthe thinputband,and isthe thoutputband.
This particulartransformwill transformthe sceneto com-
pletely Il thedynamicrangeof thedisplaymedium.This
doesnot imply, however, that this processwill provide a
goodvisualrepresentatioof theoriginal scene.

Non-linear Point Transforms

Anotherwell known methodusedfor providing dynamic
rangecompressions the applicationof non-lineartrans-
formssuchasthegammanon-linearitythelogarithmfunc-
tion, and the powerlaw function to the original image.
Thesefunctionsaretypically biasedowardincreasinghe
“visibility' in the “dark’ regionsby sacri cing the visibil-
ity in the “bright' areas.The outputof such lters canbe
describedy

)

where representghe point non-linearity A typical
pointnon-linearityis illustratedin Fig. 1.
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where , and representhe Fourier and the in-
verseFourier transformsrespectrely, and  represents
180+ thehomomorphiclter. It isin its nal exponentiatrans-
form thatthehomomorphiclter differsthe mostfrom the
1204 MSRCR.MSRCRdoesnotapplya nal inversetransform
to go backto theoriginal domain!
60 Manual Image Enhancement
0 As both professionabnd amateumphotographerfacethe
I I I

limitations of the narrawv dynamicrangein currentprint-
ing technologyandthe inadequat@erformancenf image
enhancemerglgorithmsmoreandmoreattentionis being
focusedon manualenhancemenhethods Onesuchtech-
niqueis “burning-and-dodiopg' wheredifferentregionsof
animageareinteractvely modi ed by auser. Theburn
Histogram Equalization and dodgetool provides the capability of modifying the
color contentof a region by usingtools of varying sizes
andshapeshatwork aselectronic‘scrims”
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Figure 1. Atypical nonlinearpointtransformfunction.

A globaltechniquethat works well for a wide variety of
imagesis histogramequalization.This techniquds based
on theideaof remappingthe histogramof the sceneto a } ) !
histogranthathasanearuniformprobabilitydensityfunc- |\_/|U|'[ISC&|€ Retinexwith Color Restora-
tion. This resultsin reassigninglark regionsto brighter ~ tlON

valuesandbrightregionsto darkervalues.Histogramequal-

izationworkswell for sceneshathaveunimodalorweakly ~ The generalform of the MSRCR canbe summarizedy
bi-modal histograms(i.e. very dark, or very bright), but  thefollowing equation:

not so well for thoseimageswith strongly bi-modalhis-

togramg(i.e. sceneghatcontainvery darkandvery bright 8)
regions).

Homomorphic Filterin
P g where is the th bandof the MSRCRoutput, isthe

Thetechniquethatmostresemblesursconceptuallyand  numberof scaleseingused, istheweightof thescale,
functionallyis homomorphicltering 10. Thegeneralidea is the th bandof theinputimage,,and isthenumber
of homomorphicltering is shavn in Fig. 2. Theimage of bandsin theinputimage. The surroundfunction is
is rst passedhroughalogarithmicnon-linearitythatpro-  de ned by

videsdynamicrangecompressionit is thenFouriertrans-
formed,andits representatiom the spatialfrequeng do-
main is modi ed by applyinga lter that provides con-
trastenhancement.The modi ed imageis theninverse
Fouriertransformedandis passeshroughan exponential
non-linearitythat ‘reverses'the effectsof the logarithmic
nonlinearity Mathematically

where isthestandardleviationofthe thsurroundunc-
tion, and . Thenum-
berof scales, , andthewidthsof the surroundfunctions,

, areimageindependent In otherwords, thesehave
beenchoseno maximizeenhancemerfor alarge num-
berof images.Oncetheconstanthiave beenselectedthen
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(3) theprocesss truly automaticandindependenof the vari-
(4)  ationsin scenestatistics.
(5) Adobe Photoshop4.0, a commercialphoto manipulationsoftware
packageprovidesa burn anddodgetool.
A modi ed colorversionof thehomomorphiclter wasproposedy Typically for images.The  may changewith the di-
Faugeratl in 1979. Our implementatiorsimply appliesthe black and mensionof images.
white versionof thehomomorphiclter to eachbandof thecolorimage We have not yet found an exceptionafter having processed 000+

andcombinegheresultsto form a color outputimage. images!



Figure 2: Homomorphicltering ©

Comparison

We have comparedhe MSRCRwith all of theimageen-
hancementechniquesiescribedibore. We presenthere-
sultsin Figs. 3, and4. We presentthe comparisornwith
manualburninganddodgingseparately

Point operations

Figure3 shaws a collageof imageghatcomparesheout-
put of the MSRCRwith the point transforms.As canbe
seenthe MSRCRprovidedthe bestoverall visual quality
in eachcase.Thetechniquesuchashistogramequaliza-
tion performwell for awide rangeof sceneshut they also
fail for a large set. The MSRCR outperformsthe other
methodsuniversally

Homomorphic ltering

Figure4 shavs a comparisorof the MSRCRwith homo-
morphic Itering. Thehomomorphiclter consistentlyro-
vided excellentdynamicrangecompressiotout is lacking
in nal color rendition. The outputof the homomorphic
Iter in effect appearsxtremelyhazycomparedvith the
outputof theMSRCRthoughthe dynamicrangecompres-
sionof thetwo methodsappearso becomparable.

Manual Burning and Dodging

Figure5 shavs a comparisorof the MSRCRwith there-
sultsobtainedby usingmanualburninganddodging. The
manuallyprocesse@nmageshonvsanimprovemenioverthe
original asfar astheinformationanddetailin the darkar-
easis concernedut it lacksthe vividnessandcolor satu-

rationthatthe MSRCRimageretainsandeven enhances.

Thereis obviousstreakingrom theverylocal operatiorof
thetool stroke—thiscouldbeeliminatedbut only attheex-
penseof addingconsiderablyto the total processindime.
In the high detail areaswherethereare sharpdifferences
in re ectance atool with sizeapproachinghatof a single
pixel would berequiredto bring out all the details. Since
the time neededor enhancinga region is roughly in in-
verseproportionto the sizeof thetool beingusedfor the
processingthis suggestshata very large amountof time
would be neededo performsuchan enhancementOn a
scene-by-scenwmasisthetime andeffort requiredfor man-
ual manipulationcanbe reasonablehut the MSRCR pro-
ducesimagesthat are equivalentor betterin quality at a

fraction of the time. Becausehe visual quality of man-
ual burning anddodgingis solely limited by the patience
andtime commitmentof the user the caseshawn is per
hapstypical of the performanceachievedby the persistent
non-specialist.

Conclusions

We have provided a brief descriptionof the most com-
monly usedimageenhancementchniquesndcompared
theiroperatiorwith themultiscaleretinex with colorrestora-
tion. We have shovn thatthe MSRCR outperformghese
techniquedn all casesn termsof dynamicrangecompres-
sion achieved, andthe renditionof the nal colorimage.
Theautomatimnatureof the processlsoenablesisto use
thesamesetof parametersblindly' for eachandeveryim-
agethatis encounteredOf coursethereareafew images
for whichtheMSRCRhassub-pamperformanceBut these
arefairly rareand generallyrelateto defectsin the orig-
inal imagedata—suchas preferentialclipping of a spec-
tral band.We arecurrentlyinvestigatingnethoddo detect
suchscenesand adaptvely adjustthe MSRCRto correct
for thesesub-pamperformances.
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Figure 3: A comparisonof the MSRCRwith point opeiations. Top row: original; secondrow: histagram equalization;third row:
gain/ofset; fourthrow: gammanon-linearity;bottomrow: MSRCR



(a) Original (b) Homomorphiclter (c) MSRCR
Figure 4: A comparisorof the MSRCRwith imagesenhancedy homomorphicltering . Thedynamicrange compessionachievedby
thetwo methodss compaable but the MSRCRproducesmagesthat possesmud bettercontrastand sharpercolors.

(a) Original (b) Manualburninganddodging (c) MSRCR
Figure 5. Comparisonof the MSRCRwith manual burning-and-dodging The manuallyenhancedmage was producedusingthe
burning and dodgingtool providedin AdobePhotoshop4.0. Circular tools with softedgswere usedto modifythe color contentof
differentregions. Thetotal timeto producethis enhancedmage was20 minutes TheMSRCRmage took45 second®n a PentiumPo
200MHzmadine
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