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Abstract

Gamutmappingis animportantissuein cross-medigpub-
lishing. Although much researchand developmenthas
beenperformedconsensusn asinglegamutmappingal-
gorithmworking for a broadrangeof imagesanddevices
hasnotyetbeenreachedTherecenttendeng in theliter-
aturesuggestshatimage-dependemgfamutmappingwork
best.To avoid thecomputationabverheadassociateavith
image-dependeigamutmappingalgorithmsonesolution
is to usedifferentrenderingintents (absoluteor relative
colorimetric, perceptualor saturation)or traditional de-
vice gamutbasedalgorithms. The optimal solution, how-
ever, still turnsout to beimagedependentieaving crafts-
manshipasthe only realalternatve. Unfortunately noin-
tuitive tools — neithersoftware nor hardware— exists for
thiswork, sooneis left with trial-and-errobasednethods
with no directintuitive coupling betweenparametersd-
justedand color correctionsobtained. Hence,a software
tool for interactize color gamutmappingin a device in-
dependentolor spacesuchasCIELAB is neededSucha
tool hasbeendevelopedby theauthors.Theapplicational-
lows for interactive manipulationof colorsin the 3D color
space<LIELAB, CIEXYZ, andsRGB.Imageanddevice
gamutscanbe visualizedin variouswaysin the same g-
ure. Theview canbechangednteractizely, andpointsrep-
resentingindividual pixel colors, groupsof pixels, or the
imagegamutboundarycanbe movedin color spaceusing
apointingdevice. Already at the presentstage the appli-
cationhasbecomea usefultool for understandingnecha-
nismsassociate@vith colorimagereproductionaswell as
for actuallyperforminginteractveimage-dependertolor
gamutmapping.

1. Intr oduction

Color gamutmappingis anintegral andimportantpart of

colormanagemengndseveralgamutmappingalgorithms
have beenproposed: Most of the algorithmsare formu-

latedasgeometricdeformationf a color gamut-— either
theimages sourceor theimagegamutdirectly — in some
device independentolor space. The transformationsn-

volved are often comple, andit is not straightforvardto

imaginehow they in uence the gamutand the resulting
colorimage.In orderto achieve a betterunderstandingf

the mechanismsénvolved, differentmethodsfor visualiz-
ing color gamutshave beendevelopedin the past.

A shortsurwey on existing techniquesand tools for
gamutvisualizationand interactive manipulationis pre-
sentedn Section2. Section3 givesa brief introductionto
commongamutmappingstrat@ies. In Section4, ICC3D
—the newly developedtool for visualizationof imageand
device gamutsandinteractive manipulationof imagega-
muts,i.e., interactie color gamutmapping- is presented.
Theemphasisvill beonapplicatiorratherthanimplemen-
tation of the new tool. The tool combinesmary of the
techniquesvhich arefoundin the literature. Someearly
experimentatesultsarepresentedh Sections, and nally,
someconcludingremarksare dravn and suggestiongor
futurework outlined.

2. Color Gamut Visualization

2.1. Visualization Strategies

Sincecolor in tristimulus colorimetry can be represented
by threevalues,color gamutscan be representedby ob-
jectsin a 3D color space. Hence, 2D visualizationsof
gamutsmustreducethedimensioreitherby 2D rendering
of a 3D scene,or by simplifying the problemotherwise,
e.g.,by only shawing certaincrosssections.

The traditional way of visualizing a device gamutis
to plot its outlinein a2D  chromaticitydiagram? Al-
ternative variantsinclude plotting the gamutboundaryin
CIELAB as vs. for givenvaluesof  ,* or view-
ing projectionsof the gamutsolid onto different princi-
pal planes,e.g., , in CIELAB.*® Herzod’ plot-
ted asafunctionof  atconstantuealongwith a
histogram(ascircles)of animage,thusindicatingout-of-
gamutcolors. Otherinstructive techniquesnclude plot-
ting gamutvolumeversus , ,and ,° or shaving

in grayscaleasafunctionof and .3

Already in 1935, MacAdamintroducedthe third di-
mensionof the chromaticitydiagramby the use of
contourlines ® Similar technique$iave alsobeenuseda-
ter.> MacAdamalsopresentech stereoscopiphotograph
of asurfaceboundingall attainablecolorsin illuminantC
in the color space® In 1988, Stoneet al. presented
orthographicviews of idealizeddevice color gamutsas
“true” coloredsolids?® Following theincreasen comput-
ing power, quasi-realistiqperspectie renderingsof color
gamutgrepresentedscoloredsolids >1%!1wireframeout-
lines.®2 or combinationsof both,>* have becomecom-
mon. Particularlyappealings theuseof partiallytranspar



entsolids 1415 Whenthe gamutto be visualizedis known
from discretemeasuredolorsor is animagegamut,it can
alsobevisualizedasa pointcloud.®1® Anotherinstructive
techniqueis to depictthe gamutasa leaf structurecon-
sisting of “true” coloredplanesof, e.g., constanthue or
constantlightness,in a 3D scene? Outline of the gamut
boundaryin suchplaneshave alsobeenusedfor visual-
ization more recently'” A slightly differentapproachis
to work directly in cylindrical coordinatesand plot the
chromaasa function of lightnessandhue, ,
asasurface35718

Comparisorof differentcolor gamutscanbe doneby
representinghegamutsasobjectsof differenttypes(solid,
wire-frame, etc.) in the samecoordinatesystem®1%.14.15
or moredirectly by generatinga solid from the difference
betweendevice gamuts!® Thesedifferencescanbecome
evenclearerwhenonly partsof thegamutsareshown, ei-
therassolids'® or ascolor codedpoint clouds®

Otherquantitiesrelatedto color canalsogainfrom vi-
sualization Displacemenvectorsassociateavith agamut
mappingalgorithm can be shovn as arraws or line seg-
ments? errorsassociatedvith measurementincertainty
asspheres’, andcolor histogramgor imagesasdifferently
sizedspheres'®

2.2. Gamut Boundary Determination

The determinationof the color gamutboundaryplays a
crucialrole in color gamutvisualization.This canbe per
formedin at leasttwo principally differentways. First,
it canbe found from the measurediatapoints (colorsin
somecolor space). Secondly it canbe derived from an
analyticmodel. Someof the methodsamongthe former
setaredirectly applicableto othercolor setssuchasim-
ages,whereasmethodsof the latter cateyory necessarily
dependsstronglyonthe device.

2.2.1. Point BasedViethods

Thesimplestway of obtainingthedevice gamutfrom mea-
suredcolors,is to assumehatthe gamutboundaryis pre-
senedbetweendevice dependenanddevice independent
colorspacesStoneetal.® measuredhemostextremecol-
ors (gamutcorners)of a printing systemand connected
themwith planes. Bolte!® obtainedgamutsby direct tri-
angulatiorof themeasuregbrintedcolorslaid outin areg-
ular structurein the device color space.An improvement
of thistechniqués to checkfor well-beharedness, e., that
thegamutsurfacein thedevice color spacecorrespond$o
thesurfacein thedevice independentolor spaceandthat
no tetrahedraremirrored 202!

If thereis noimposedstructurein the measurediata,
a cornvex hull algorithmcanbe applieddirectly, resulting
in a purely corvex gamutapproximationt4'® This strat-
egy hasrecentlybeenappliedto gamutderivedfrom ICC
pro les.® Guyler'? recentlyarguedthat the datatend to
be morecorvex in the CIEXYZ color space andthatthe
corvex hull algorithmthusshouldbe performedthereand

later transformedo the desiredcolor spacesuchasCIE-
LAB. A similarsolutionwhichworksfor reasonablyvell-
behaed printersis to computethe corvex hull in a lin-
earizeddyedensityspace?? BalasubramaniaandDalal?
introduceda methodfor makingthe measurediatamore
convex by meansof a non-linearfunction beforecomput-
ing its corvex hull. This methodseemshettersuitedto
printerlike gamutshanto imagessinceit requireghepre-
ciseselectionof aninterior point.

Frommeasuredolors,the maximumchromafor cells
in the planecanbefound. Thesepointscanhave
animposedegularstructureandcanthuseasilybeplotted
asatriangulatedsurface >® The sggmentmaximamethod
is a similar methodusing polar insteadof cylindrical co-
ordinates?* It consistsin subdviding the CIELAB color
spacento sggmentof uniformsphericabinglegpolarand
azimuth).Thecenterof the sphericalkcoordinatesystems
taken either as the point having coordinates

or asthe centerof massof the givenpoints. For

eachsggment thepointwith thelargerradiusis storedand
togethertthesepointsde ne thegamutboundary Triangu-
lation of the surfaceis straightforvarddueto theimposed
regularity. This techniquehasalso beenusedfor image
gamutvolumedeterminationusingthe masscenterasthe
centerof the coordinatesystem?®

Recently Cholevo and Love®® introducedthe useof
alphashape$® for gamutboundarydeterminatiorof both
imagesand devices. An alphashapeis a generalization
of a corvex hull applicablealsoto non-corvex solids. It
is obtainedby performinga 3D Delaunaytriangulationof
thepointsetandsubsequentlyemoving thesimplicesj.e.,
tetrahedratriangles,and edges for which thereexists a
sphereof radius whichdoesnotcontainary otherpoints
from the set. Cholavo and Love advisedthat the value
of is choseratleastlarge enoughto make theresulting
body consistin a single component.However, they also
concludedthat the optimum  value is bestdetermined
interactizely by inspection®

2.2.2. ModelBasedViethods

An early attemptat deriving the gamutfrom a physical
modelwasto assumebox-shapede ectanceof colorants
andcalculateCIEXYZ tristimulusvaluesandtherebythe
gamut® Meyeretal.1**>usedtheKubelka—Munk’ equa-
tionsfor determiningthe gamutof printing systems.The
Neugebauet® equationsvere usedby Mahy?® for calcu-
lating thegamutof -ink printing systems.

Inuil’ presentedi novel four-stepalgorithmfor com-
puting printer color gamutshasedon the assumeane-to-
onecorrespondencketweendye amountspaceandcolor
space.

Herzogdevelopedheconcepbf gamulyts-ananalyt-
ical mathematicatlescriptionof color gamuts— by mod-
eling the gamutasa deformedcube.”*® The deformation
wasmodeledby a setof distortionfunctions He alsodis-
cussecdhow this approacttanbeextendedo systemswith
four or morecolorants.



2.3. Interactivity

GamOptby Kalra*® is theonly softwaretool known to the
authorscapableof interactive manipulationof gamutdata.
The interactvity consistsin deformationof the unit cir-
clein with relative scalingof othercolors,linear
transformatiorof the  axis,lineartransformatiorof the
entiregamut,userspeci edfunctionsfor thewholegamut,
andautomatichomogenizingf gamutpoints.

3. Color Gamut Mapping

Recently Morovic andLuo?! publishedan extensie sur
vey ondifferentgamutmappingalgorithms soonly abrief
summarywill begivenhere.Accordingto MacDonald®,
the main aims of the majority of gamutmappingstudies
are to presere the gray axis and aim for maximum|u-
minancecontrast,to reducethe numberof out-of-gamut
colors,to minimize hueshifts, andto increaseatherthan
decreas¢hecolor saturation.

Therearetwo principalkindsof gamutmappingstrate-
gies;gamutclippingandgamutcompressionGamutclip-
ping algorithmsonly changecolorswhich areoutsidethe
reproductiongamut,whereaggamutcompressioralsoaf-
fectscolorsinsidethedestinatiorgamut. Thecompression
canbe performedin variouswayssuchaslinearly, piece-
wise linearly, or accordingto a morecomple, preferably
smoothfunction. Combinationof compressiorand (soft)
clipping is often used. So far, mostgamutmappingal-
gorithmshave corvertedcolors betweendifferentdevice
gamuts but several studiesindicatethatimage-dependent
gamutmappingworks better3!

4. ICC3D: A Tool for Visualization and In-
teractive Manipulation of Color Gamuts

Theaim of theauthords to make a visualizationsoftware
by combiningthe mostinstructive techniquegoundin the
literaturewith novel techniquedor interactive altering of
colorgamutsandindividual colors. Thenew softwarewill
thus allow for experimentingwith color gamutmapping
bothfor researclandeducationapurposesswell asserv-
ing asa realusabletool for optimizedcolorimagerepro-
duction.

In orderto male the tool as platform independenas
possible the Jasa 2 SDK3? was chosenfor development.
For corveniencetheJava3D,3® Java Advancedmaging 3
andJavaMediaFramevork® APlswerealsoused.Unfor-
tunately theselibrariesare currently not available on the
Macintoshplatform, but this will hopefully changen the
nearfuture. Sofar, the currentpre-releaserersionof the
applicationhasbeentestedsuccessfullyon bothWindows
andLinux platforms. A screen-shobf the applicationis
shavnin Fig. 1. Informationon how to obtaina betaver
sion of the softwarefor testingcanbe found on the weh
36

Being basedupon plug-inswhich areloadeddynam-
ically at start-up,the software architectureis extremely

nnnnnnnn

N (lecons

e | = | ICESD

Figure 1. Sceen-shotshowinglCC3D at work in a Windows
ervironment.

modular The basicfunctionality of the software is the
ability to readcolor dataeitherasanimagein somestan-
dard format, as measureccolorsin the IT8.7/2 le for-

mat, as extractedby the gamuttag of anICC pro le, or

ascolorvaluesin aregular le formatidenticalto theone
usedby Color3D?*® for compatibility. The color datacan
then be displayedin differentwaysin various3D color

spaces. The usermay interactwith the visualizationin

severalways,possiblyundersomeconstraintsin orderto

changethe color dataas desired. The plug-ins thusfall

into four differentcategories:color spacesyisualizations,
interactionsandconstraints.

In practice,a plug-in is implementedas a Java class
which extendsa given abstractbaseclass. In additionto
performingtherequiredwork, eachplug-inis responsible
for creatingits own GUI.

4.1. Image Gamut Visualization

Imagescanbeloadedin moststandardmage le formats
andviewed on the monitor. Both the color datain thein-
put les andthe monitorareassumedo be sRGB.Sofar,
thesRGB,CIEXYZ, andCIELAB color spacehave been
implementedisingthewell-known analyticaltransforma-
tions.

Theimagecolorscanbevisualizedusingeitherparal-
lel or perspectie renderingin oneof the sSRGB,CIEXYZ
or CIELAB color spaces.In the chosen3D color space,
theusercanrotateandzoomusingthemouse In addition,
several prede nedviews suchas straightfrom above or
alongthe axiswith  directedupwards,canbechosen
by meansf pushbuttons.

Several modesof visualizationare implemented. In
thesimplestmode,every pixel in theimageis plottedasa
pointin the givencolor spaceresultingin a cloudof col-
oredpoints. With mary differentcolorspresenin theim-



Figure 2: Thefamous'Lena” image.

Figure 3: 3D histagramin CIELABfor theimage shownin Fig. 2
(left). Thedeformedtuberepresentshe sSRGBgamutboundary

age,this resultsin a quite time-consumingenderingpro-

cess.To copewith this problem.,it is possibleto quantize
the color spaceinto discreteregionsandshow a pixel for

thecolor spaceregiononly if imagepixelsexistin thatre-

gion. An extensionof thisapproachs to countthenumber
of pixelsin eachcolor spaceregion andplot this asa his-

togramof differently sizedcoloredspheresFig. 3 shavs

the histogramfor theimageshawn in Fig. 2.

More interestingfrom the users point of view, is to
visualizethe image gamutas a solid in the color space.
In ICC3D, the gamutsurfacecanbe calculatecby means
of threedifferentalgorithms: the sgmentmaximaalgo-
rithm, the corvex hull algorithm, or by meansof alpha
shapesFor all of thesemethodsthe gamutsurfacecanbe
visualizedasa coloredwire-frame,coloredsolid, partially
transparentoloredsolid. Fig. 4 shovs gamutsurfacesob-
tainedby the sgmentmaximaandthe corvex hull meth-
ods,whereasanalphashapesxampleis shovnin Fig. 1.

4.2. Device Gamut Visualization

Device gamutscanbe obtainedin threeways. First, they
canbe extractedfrom the gamuttag of ICC pro les. Sec-

Figure 4: Sgmentmaximamethodappliedto the image (wire-
frame)in Fig. 2 (left) alongwith a printer gamutvisualizedasa
corvex hull (solid).

ondly, they canbe obtainedfrom standardT8.7/2 mea-
surementles containingCIELAB data,and, nally, they
canbeextractedfrom aregular le formatidenticalto the
oneusedby Color3D?” for compatibility.

The device gamutscan be visualizedin exactly the
sameways as image gamuts,and several device gamuts
canbe showvn togethemwith animagegamut. An example
of thisis givenin Fig. 4.

4.3. Interactions

The probably most important strengthof ICC3D is the
possibility for interactive changeof imagecolorsin the
3D color space ICC3D operatesvith two principally dif-

ferentkinds of interactions:globalinteractionswvhich op-
erateon the entireimageor device gamut,andlocal inter-

actionsactingonasinglecoloror asinglegroupof colors.
Theeffectof variousinteractive colorchangeso theimage
shavn in Fig. 2 is shavn in Fig. 5 anddescribedelow.

4.3.1. Globalinteractions

Using the global interactions,the user can perform ac-
tions on the entire gamutobject, therebyin uencing all
colors, similar to the effects obtainableby familiar im-
age manipulationprograms. The global interactionsin-
cludemoving thegamutin the plane(correspond-
ing to hueshifts, cf. Fig. 5(a)), scalingthe  axis (con-
trast), moving alongthe  axis (brightness)radial ex-
pansion/compressidigorrespondingo saturatiorandde-
saturation,correspondinglycf. Fig, 5(b)), andtilting of
the entire gamut(white-pointcorrection). The global in-
teractionscanbe performedwith any gamutvisualization
mode.

4.3.2. Localinteractions

When the imageis visualizedas a point cloud in color
space,individual pixels can be moved using the mouse.
The image preview is updatedafter eachmove. In the
quantizedview, it is possibleto dragobjectsrepresenting
collectionsof pixels. All colorsrepresentetby the object
canbe movedan equaldistancen color space.However,
sincethis inevitably leadsto bandingeffects, a betterso-
lution canbe choserby theuser:A tetrahedrastructureis



(a) Effect of moving the entiregamutin the plane. (b) Effectof decreasingheradialextensionof theentiregamut(cor
respondingo a desaturation).

(c) Theeffect of moving asinglegroupof colors. (d) Theresultof transforminghetestimage(Fig. 2) usingthegamut
mappingshowvn in Fig. 6.

Figure 5. Variousopemtionsperformedonthefamous‘'Lena” image.



Figure 6: Theimage gamutfrom Fig. 4 (now as solid) interac-
tively manipulatedto t within the device gamutfrom the same
gure (nowaswire-frame).

built for the entirecolor spaceusingthe histogrampoints
asnodes.Thisis straightforvardsincethe histogramcells
have beenchoserasaregularstructure.Tetrahedrainter-
polationis thenusedfor all pixelsnotlying exactly atthe
nodalpositions.For an exampleof theresultof moving a
singlegroupof colors,cf. Fig. 5(c).

Although the histogramstrateyy reducesthe number
of points somavhat, thereare still far to mary pointsto
move in orderto obtaina reasonablgamutmapping. To
copewith this, interactvity directly with the gamutsur
faceshasbeenintroduced. An interactively alteredim-
agegamutsurfaceis shavn in Fig. 6. Upon movement
of a single surfacepoint, all of the interior pointsare up-
datedaccordingone out of two schemes. The simplest
solutionis to scalethe translationvectorof the boundary
point linearly with the radiusfor all pixelsin the origi-
nal sggment, inevitably leadingto in banding. The im-
provedsolutionconsistsn usingtetrahedrainterpolation,
thetetrahedrdeingconstructedrom the surfacetriangles
andthecentralpoint. For pixelslying outsidethe sggment
maximasurface(they may exist), extrapolationusingthe
sameequationsasfor the tetrahedrainterpolationis ap-
plied afterselectingthe nearestetrahedronTheresulting
imageis shavn in Fig. 5(d).

Forthecornvex hull andalphashapewisualizationsno
localiinteractionis availableyet.

4.4. Constraints

Moving pointsin a3D colorspacehrougha2D userinter-
facecanbe quite challenging.To help the user it is pos-
sible to constrainthe movementto certainplanesor cer
tainlines. Thesecanbe choseraslinestowardthe nearest
point on the gray axis, lines toward color spaceor gamut
center planesof constantightnessandplanesof constant
hue.

5. Experimental Results

In orderto testtheprincipleof interactive gamutmapping,
we constructedhe testimageshovn in Fig. 7 in sSRGB.
Theimageis designedasatypical presentatioslide. The
backgroundmagecontainsa texture with extremely sat-
uratedandbright colors, the image containsmuch softer

color tones,and the text containsan intermediatecolor.
Theaim of the studyis to comparéenteractive andsimple
automatiggamutmappingof thisimageontothe Euroscale
UncoatedCMYK gamutde ned by the standardCC pro-
le. Containingmportanttexturesbothoutsideandinside
this quite smallgamut,the imageis designedsuchthat it
is dif cult to gamutmapnicely.

Gamutclipping was obtainedby rst corverting the
sRGBimageto CMYK by meansof the absolutecolori-
metric renderingintentin the ICC pro le, and secondly
convertingit backto SRGB,usingthe absolutecolorimet-
ric renderingintent. Theresultingimageshavn in Fig. 8
shavsthattheimageis reproducedhicely, sincemostof it
is insidethe Euroscalegamut. The backgroundhowever,
haslost its texture, sinceis is completelyout of gamut.
Thetext hasmoreor lesskeptits original color.

By corvertingthe original SRGBtestimageto CMYK
by meansof the perceptualrenderingintent in the ICC
pro le, andsecondlycorvertingit backto sRGB, using
the absolutecolorimetricrenderingintent,a sortof gamut
compressiomwasobtained.Theresultingimageshavn in
Fig. 9 shaws that all colors have beendesaturatedand
that the contrastof the imagehasbeenreduced. In this
way, the out-of-gamutexturesin the backgrounchassur
vived, whereaghe colors of the photographandthe text
haschangedar too much. Suchcolor changesvould be
crucialif thetext were,e.g.,a corporatdogo.

Finally, interactve color gamutmappingwith ICC3D
wasappliedto the testimage. First, the contrastwasre-
ducedslightly. Secondlythe blue partof the color space
wascompressedsingthetetrahedralnterpolationon the
segmentmaximasurfacein orderto keepasmuchaspos-
sible of the backgroundextures.Only slight change$ad
do be performedin otherpartsof the color spacein order
to make the entireimage t into the EuroscaldJncoated
gamut. Theresultingimageshavn in Fig. 10 revealsthat
thisimagekeepghebestof boththecompressiomndclip-
pling regime. The imageis not too desaturatedthe text
coloris fairly correct,andthebackgroundextureis partly
presered.

6. Conclusionand Futur e Work

A noveltool for visualizationandinteractive manipulation
of color gamutshasbeenpresented.Although far from
complete,it is alreadyat the presentstageusefulfor ex-
perimentingwith differentgamutmappingstratgiesand
for gaininganincreasedinderstandingf themechanisms
involved. Sincethetool is basedupona plug-in structure,
it is extremely well-suitedfor future extensions. In this
papertheusefulnessf thetool hashopefullybeenclearly
demonstrated.

For thefuture,thereareseveralpossibilitiesfor adding
featureswvhichwill make tool evenmoreinteresting:

ICC pro les for bothinput les andmonitorin order
to increaserealismand usefulness. Also, a color
appearanceodelshouldbeincluded.



Figure 7: ThesRGBtestimage usedfor comparisorbetweerinteractiveand automaticgamutmapping

Figure 8: Thetestimage fromFig. 7 gamutmappednto the EuroscaleUncoatedgamutby meansof gamutclipping.



Figure 9: Thetestimage fromFig. 7 gamutmappednto the EuroscaleUncoatedgamutby meansof gamutcompession.

Figure 10: Thetestimage fromFig. 7 gamutmappednto the EuroscaleUncoatedgamutby meansof interactivegamutmapping



Otherforms of constraintsvhen performinginter-
active color adjustments. For example, it should
beimpossibleto mirror atetrahedronvhile moving.
This canbe solvedeitherby constraininghe move-
ment,or by makingthemovemenin uence alsothe
movementf neighboringtetrahedra.

Introduceotheralgorithmsfor gamutboundaryde-
termination,e.g., corvex hulls computedby “con-
vexi cation” of theimagedata,cf. thesuney above.

Possibility of selectingregionsin the color space
andhighlightingthe correspondingixelsin theim-

ageandyvice versa. Selectionscould alsobe made
automaticallybasedn speci ¢ propertiese.g.,pix-

els outsidegivendevice gamut. It shouldthenalso
be possibleto performoperationgtranslationtc.)
on suchgroupsof points.

More advancedinterpolationfunctions,e.g.,S-cur-
vesandclipping.

Operationon a device gamutaswell ason anim-
agegamut,and save the resultasa generalgamut
mappingalgorithmin the form of, e.g.,anabstract
ICCprole. 8

Experimensomaevhatwith theuserinterface.ln the
presentersion,confusinglymary parameterareto
be controlledby the useof a single mouse. Alter-
nativesinclude the useof track balls, joy sticksor
simply the keyboard.
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