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Abstract

Gamutmappingis animportantissuein cross-mediapub-
lishing. Although much researchand developmenthas
beenperformed,consensusonasinglegamutmappingal-
gorithmworking for a broadrangeof imagesanddevices
hasnot yetbeenreached.Therecenttendency in theliter-
aturesuggeststhatimage-dependentgamutmappingwork
best.To avoid thecomputationaloverheadassociatedwith
image-dependentgamutmappingalgorithms,onesolution
is to usedifferent renderingintents(absoluteor relative
colorimetric,perceptual,or saturation)for traditionalde-
vice gamutbasedalgorithms.Theoptimalsolution,how-
ever, still turnsout to be imagedependent,leaving crafts-
manshipastheonly realalternative. Unfortunately, no in-
tuitive tools – neithersoftwarenor hardware– exists for
thiswork, sooneis left with trial-and-errorbasedmethods
with no direct intuitive couplingbetweenparametersad-
justedandcolor correctionsobtained.Hence,a software
tool for interactive color gamutmappingin a device in-
dependentcolor spacesuchasCIELAB is needed.Sucha
tool hasbeendevelopedby theauthors.Theapplicational-
lows for interactivemanipulationof colorsin the3D color
spacesCIELAB, CIEXYZ, andsRGB.Imageanddevice
gamutscanbevisualizedin variouswaysin thesame�g-
ure.Theview canbechangedinteractively, andpointsrep-
resentingindividual pixel colors,groupsof pixels,or the
imagegamutboundarycanbemovedin colorspaceusing
a pointingdevice. Alreadyat thepresentstage,theappli-
cationhasbecomea usefultool for understandingmecha-
nismsassociatedwith color imagereproduction,aswell as
for actuallyperforminginteractive image-dependentcolor
gamutmapping.

1. Intr oduction

Color gamutmappingis an integral andimportantpartof
colormanagement,andseveralgamutmappingalgorithms
have beenproposed.1 Most of the algorithmsareformu-
latedasgeometricdeformationsof a color gamut– either
the image's sourceor the imagegamutdirectly – in some
device independentcolor space.The transformationsin-
volvedareoftencomplex, andit is not straightforwardto
imaginehow they in�uence the gamutand the resulting
color image.In orderto achieve a betterunderstandingof
the mechanismsinvolved,differentmethodsfor visualiz-
ing colorgamutshavebeendevelopedin thepast.

A short survey on existing techniquesand tools for
gamutvisualizationand interactive manipulationis pre-
sentedin Section2. Section3 givesabrief introductionto
commongamutmappingstrategies. In Section4, ICC3D
– thenewly developedtool for visualizationof imageand
device gamutsandinteractive manipulationof imagega-
muts,i.e., interactivecolorgamutmapping– is presented.
Theemphasiswill beonapplicationratherthanimplemen-
tation of the new tool. The tool combinesmany of the
techniqueswhich arefound in the literature. Someearly
experimentalresultsarepresentedin Section5,and�nally ,
someconcludingremarksaredrawn andsuggestionsfor
futurework outlined.

2. Color Gamut Visualization

2.1. Visualization Strategies

Sincecolor in tristimuluscolorimetrycanbe represented
by threevalues,color gamutscanbe representedby ob-
jects in a 3D color space. Hence,2D visualizationsof
gamutsmustreducethedimensioneitherby 2D rendering
of a 3D scene,or by simplifying the problemotherwise,
e.g.,by only showing certaincrosssections.

The traditional way of visualizing a device gamutis
to plot its outline in a 2D ��� chromaticitydiagram.2 Al-
ternative variantsincludeplotting the gamutboundaryin
CIELAB as ��� vs. ���

�
	 for givenvaluesof �

�
	 ,3 or view-
ing projectionsof the gamutsolid onto different princi-
pal planes,e.g., ��
���������� , in CIELAB. 4–6 Herzog7 plot-
ted ���

�
	 asa function of ��� at constanthuealongwith a
histogram(ascircles)of animage,thusindicatingout-of-
gamutcolors. Other instructive techniquesincludeplot-
ting gamutvolumeversus�

�
	 , ��� , and ���

��	 ,5 or showing
���

�
	 in grayscaleasa functionof �

��	 and ��� .3

Already in 1935, MacAdamintroducedthe third di-
mensionof the ����� chromaticitydiagramby the useof
contourlines.8 Similar techniqueshavealsobeenusedla-
ter.5 MacAdamalsopresenteda stereoscopicphotograph
of a surfaceboundingall attainablecolorsin illuminant C
in the ����� color space.8 In 1988,Stoneet al. presented
orthographicviews of idealizeddevice color gamutsas
“true” coloredsolids.9 Following the increasein comput-
ing power, quasi-realisticperspective renderingsof color
gamutsrepresentedascoloredsolids,2,10,11wireframeout-
lines,6,12 or combinationsof both,5,13 have becomecom-
mon.Particularlyappealingis theuseof partiallytranspar-



entsolids.14,15 Whenthegamutto bevisualizedis known
from discretemeasuredcolorsor is animagegamut,it can
alsobevisualizedasapointcloud.6,16 Anotherinstructive
techniqueis to depict the gamutasa leaf structurecon-
sistingof “true” coloredplanesof, e.g., constanthueor
constantlightness,in a 3D scene.4 Outline of the gamut
boundaryin suchplaneshave alsobeenusedfor visual-
ization more recently.17 A slightly different approachis
to work directly in cylindrical coordinates,and plot the
chromaasa functionof lightnessandhue, � �

��	

� ��� � �

�
	

� ,
asa surface.3,5–7,18

Comparisonof differentcolor gamutscanbedoneby
representingthegamutsasobjectsof differenttypes(solid,
wire-frame,etc.) in the samecoordinatesystem,6,11,14,15

or moredirectly by generatinga solid from thedifference
betweendevice gamuts.10 Thesedifferencescanbecome
evenclearerwhenonly partsof thegamutsareshown, ei-
therassolids15 or ascolorcodedpoint clouds.16

Otherquantitiesrelatedto colorcanalsogainfrom vi-
sualization.Displacementvectorsassociatedwith agamut
mappingalgorithm can be shown as arrows or line seg-
ments,2 errorsassociatedwith measurementuncertainty
asspheres,2 andcolorhistogramsfor imagesasdifferently
sizedspheres.19

2.2. Gamut Boundary Determination

The determinationof the color gamutboundaryplays a
crucialrole in color gamutvisualization.This canbeper-
formed in at leasttwo principally differentways. First,
it canbe found from the measureddatapoints(colors in
somecolor space). Secondly, it canbe derived from an
analyticmodel. Someof the methodsamongthe former
setaredirectly applicableto othercolor setssuchasim-
ages,whereasmethodsof the latter category necessarily
dependsstronglyon thedevice.

2.2.1. Point BasedMethods

Thesimplestwayof obtainingthedevicegamutfrom mea-
suredcolors,is to assumethatthegamutboundaryis pre-
servedbetweendevice dependentanddevice independent
colorspaces.Stoneetal.9 measuredthemostextremecol-
ors (gamutcorners)of a printing systemand connected
themwith planes.Bolte10 obtainedgamutsby direct tri-
angulationof themeasuredprintedcolorslaid out in areg-
ular structurein thedevice color space.An improvement
of thistechniqueis to checkfor well-behavedness,i.e.,that
thegamutsurfacein thedevicecolorspacecorrespondsto
thesurfacein thedevice independentcolorspace,andthat
no tetrahedraaremirrored.20,21

If thereis no imposedstructurein themeasureddata,
a convex hull algorithmcanbe applieddirectly, resulting
in a purely convex gamutapproximation.14,15 This strat-
egy hasrecentlybeenappliedto gamutsderivedfrom ICC
pro�les.6 Guyler12 recentlyarguedthat the datatend to
bemoreconvex in theCIEXYZ color space,andthat the
convex hull algorithmthusshouldbeperformedthereand

later transformedto the desiredcolor spacesuchasCIE-
LAB. A similarsolutionwhichworksfor reasonablywell-
behaved printersis to computethe convex hull in a lin-
earizeddyedensityspace.22 BalasubramanianandDalal23

introduceda methodfor makingthe measureddatamore
convex by meansof a non-linearfunctionbeforecomput-
ing its convex hull. This methodseemsbettersuitedto
printer-likegamutsthanto imagessinceit requiresthepre-
ciseselectionof aninteriorpoint.

Frommeasuredcolors,themaximumchromafor cells
in the � ��� � �

�
	

� planecanbefound.Thesepointscanhave
animposedregularstructure,andcanthuseasilybeplotted
asa triangulatedsurface.3,5 Thesegmentmaximamethod
is a similar methodusingpolar insteadof cylindrical co-
ordinates.24 It consistsin subdividing the CIELAB color
spaceinto segmentsof uniformsphericalangles(polarand
azimuth).Thecenterof thesphericalcoordinatesystemis
taken either as the point having ��� � � 
 � � � � � coordinates

�

���

�

�

�

�

� or asthecenterof massof thegivenpoints.For
eachsegment,thepointwith thelargerradiusisstored,and
togetherthesepointsde�ne thegamutboundary. Triangu-
lation of thesurfaceis straightforwarddueto theimposed
regularity. This techniquehasalso beenusedfor image
gamutvolumedetermination,usingthemasscenterasthe
centerof thecoordinatesystem.25

Recently, Cholewo andLove13 introducedthe useof
alphashapes26 for gamutboundarydeterminationof both
imagesand devices. An alphashapeis a generalization
of a convex hull applicablealsoto non-convex solids. It
is obtainedby performinga 3D Delaunaytriangulationof
thepointsetandsubsequentlyremoving thesimplices,i.e.,
tetrahedra,triangles,andedges,for which thereexists a
sphereof radius� whichdoesnotcontainany otherpoints
from the set. Cholewo and Love advisedthat the value
of � is chosenat leastlargeenoughto make theresulting
body consistin a singlecomponent.However, they also
concludedthat the optimum � value is bestdetermined
interactively by inspection.13

2.2.2. ModelBasedMethods

An early attemptat deriving the gamutfrom a physical
modelwasto assumebox-shapedre�ectanceof colorants
andcalculateCIEXYZ tristimulusvaluesandtherebythe
gamut.8 Meyeretal.14,15usedtheKubelka–Munk27 equa-
tions for determiningthegamutof printing systems.The
Neugebauer28 equationswereusedby Mahy29 for calcu-
lating thegamutof � -ink printingsystems.

Inui17 presenteda novel four-stepalgorithmfor com-
putingprintercolor gamutsbasedon theassumedone-to-
onecorrespondencebetweendyeamountspaceandcolor
space.

Herzogdevelopedtheconceptof gamulyts– ananalyt-
ical mathematicaldescriptionof color gamuts– by mod-
eling thegamutasa deformedcube.7,18 Thedeformation
wasmodeledby a setof distortionfunctions. He alsodis-
cussedhow thisapproachcanbeextendedto systemswith
four or morecolorants.



2.3. Interacti vity

GamOptby Kalra16 is theonly softwaretool known to the
authorscapableof interactivemanipulationof gamutdata.
The interactivity consistsin deformationof the unit cir-
cle in ��
 � �����
� with relative scalingof othercolors,linear
transformationof the ��� axis,lineartransformationof the
entiregamut,userspeci�edfunctionsfor thewholegamut,
andautomatichomogenizingof gamutpoints.

3. Color Gamut Mapping

Recently, Morovic andLuo1 publishedan extensive sur-
vey ondifferentgamutmappingalgorithms,soonly abrief
summarywill begivenhere.Accordingto MacDonald30,
the main aimsof the majority of gamutmappingstudies
are to preserve the gray axis and aim for maximumlu-
minancecontrast,to reducethe numberof out-of-gamut
colors,to minimizehueshifts,andto increaseratherthan
decreasethecolorsaturation.

Therearetwo principalkindsof gamutmappingstrate-
gies;gamutclippingandgamutcompression.Gamutclip-
ping algorithmsonly changecolorswhich areoutsidethe
reproductiongamut,whereasgamutcompressionalsoaf-
fectscolorsinsidethedestinationgamut.Thecompression
canbeperformedin variouswayssuchaslinearly, piece-
wise linearly, or accordingto a morecomplex, preferably
smoothfunction. Combinationof compressionand(soft)
clipping is often used. So far, most gamutmappingal-
gorithmshave convertedcolorsbetweendifferentdevice
gamuts,but severalstudiesindicatethat image-dependent
gamutmappingworksbetter.31

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

Theaim of theauthorsis to makea visualizationsoftware
by combiningthemostinstructive techniquesfoundin the
literaturewith novel techniquesfor interactive alteringof
colorgamutsandindividualcolors.Thenew softwarewill
thus allow for experimentingwith color gamutmapping
bothfor researchandeducationalpurposesaswell asserv-
ing asa realusabletool for optimizedcolor imagerepro-
duction.

In order to make the tool asplatform independentas
possible,theJava 2 SDK32 waschosenfor development.
Forconvenience,theJava3D,33 JavaAdvancedImaging,34

andJavaMediaFramework35 APIswerealsoused.Unfor-
tunately, theselibrariesarecurrentlynot availableon the
Macintoshplatform,but this will hopefullychangein the
nearfuture. So far, the currentpre-releaseversionof the
applicationhasbeentestedsuccessfullyonbothWindows
andLinux platforms. A screen-shotof the applicationis
shown in Fig. 1. Informationon how to obtaina betaver-
sion of the softwarefor testingcanbe foundon the web.
36

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

Figure 1: Screen-shotshowingICC3D at work in a Windows
environment.

modular. The basic functionality of the software is the
ability to readcolor dataeitherasan imagein somestan-
dard format, as measuredcolors in the IT8.7/2 �le for-
mat, asextractedby the gamuttag of an ICC pro�le, or
ascolor valuesin a regular�le formatidenticalto theone
usedby Color3D19 for compatibility. The color datacan
then be displayedin different ways in various3D color
spaces. The usermay interactwith the visualizationin
severalways,possiblyundersomeconstraints,in orderto
changethe color dataas desired. The plug-ins thus fall
into four differentcategories:color spaces,visualizations,
interactions,andconstraints.

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

4.1. ImageGamut Visualization

Imagescanbeloadedin moststandardimage�le formats
andviewedon themonitor. Both thecolor datain the in-
put �les andthemonitorareassumedto besRGB.Sofar,
thesRGB,CIEXYZ, andCIELAB colorspaceshavebeen
implementedusingthewell-known analyticaltransforma-
tions.

Theimagecolorscanbevisualizedusingeitherparal-
lel or perspective renderingin oneof thesRGB,CIEXYZ
or CIELAB color spaces.In the chosen3D color space,
theusercanrotateandzoomusingthemouse.In addition,
several prede�nedviews suchas straight from above or
alongthe 
�� axiswith ��� directedupwards,canbechosen
by meansof pushbuttons.

Several modesof visualizationare implemented. In
thesimplestmode,everypixel in theimageis plottedasa
point in thegivencolor space,resultingin a cloudof col-
oredpoints.With many differentcolorspresentin theim-



Figure 2: Thefamous“Lena” image.

Figure3: 3D histogramin CIELABfor theimageshownin Fig. 2
(left). ThedeformedcuberepresentsthesRGBgamutboundary.

age,this resultsin a quitetime-consumingrenderingpro-
cess.To copewith this problem,it is possibleto quantize
thecolor spaceinto discreteregionsandshow a pixel for
thecolorspaceregiononly if imagepixelsexist in thatre-
gion. An extensionof thisapproachis to countthenumber
of pixelsin eachcolor spaceregion andplot this asa his-
togramof differentlysizedcoloredspheres.Fig. 3 shows
thehistogramfor theimageshown in Fig. 2.

More interestingfrom the user's point of view, is to
visualizethe imagegamutas a solid in the color space.
In ICC3D, thegamutsurfacecanbecalculatedby means
of threedifferentalgorithms: the segmentmaximaalgo-
rithm, the convex hull algorithm, or by meansof alpha
shapes.For all of thesemethods,thegamutsurfacecanbe
visualizedasacoloredwire-frame,coloredsolid,partially
transparentcoloredsolid. Fig. 4 showsgamutsurfacesob-
tainedby thesegmentmaximaandtheconvex hull meth-
ods,whereasanalphashapeexampleis shown in Fig. 1.

4.2. DeviceGamut Visualization

Device gamutscanbeobtainedin threeways. First, they
canbeextractedfrom thegamuttagof ICC pro�les. Sec-

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

ondly, they can be obtainedfrom standardIT8.7/2 mea-
surement�les containingCIELAB data,and,�nally , they
canbeextractedfrom a regular�le formatidenticalto the
oneusedby Color3D37 for compatibility.

The device gamutscan be visualizedin exactly the
sameways as imagegamuts,and several device gamuts
canbeshown togetherwith animagegamut.An example
of this is givenin Fig. 4.

4.3. Interactions

The probablymost important strengthof ICC3D is the
possibility for interactive changeof imagecolors in the
3D color space.ICC3D operateswith two principally dif-
ferentkindsof interactions:global interactionswhich op-
erateon theentireimageor devicegamut,andlocal inter-
actionsactingonasinglecoloror asinglegroupof colors.
Theeffectof variousinteractivecolorchangesto theimage
shown in Fig. 2 is shown in Fig. 5 anddescribedbelow.

4.3.1. Global interactions

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-
agemanipulationprograms. The global interactionsin-
cludemoving thegamutin the � 
�� � ����� plane(correspond-
ing to hueshifts, cf. Fig. 5(a)), scalingthe � � axis (con-
trast), moving along the �

� axis (brightness),radial ex-
pansion/compression(correspondingto saturationandde-
saturation,correspondingly;cf. Fig, 5(b)), and tilting of
the entiregamut(white-pointcorrection). The global in-
teractionscanbeperformedwith any gamutvisualization
mode.

4.3.2. Local interactions

When the imageis visualizedas a point cloud in color
space,individual pixels can be moved using the mouse.
The imagepreview is updatedafter eachmove. In the
quantizedview, it is possibleto dragobjectsrepresenting
collectionsof pixels. All colorsrepresentedby theobject
canbemovedanequaldistancein color space.However,
sincethis inevitably leadsto bandingeffects,a betterso-
lution canbechosenby theuser:A tetrahedrastructureis



(a)Effectof moving theentiregamutin the �����������
	 plane. (b) Effectof decreasingtheradialextensionof theentiregamut(cor-
respondingto adesaturation).

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

Figure 5: Variousoperationsperformedon thefamous“Lena” image.



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

built for theentirecolor spaceusingthehistogrampoints
asnodes.This is straightforwardsincethehistogramcells
havebeenchosenasa regularstructure.Tetrahedralinter-
polationis thenusedfor all pixelsnot lying exactly at the
nodalpositions.For anexampleof theresultof moving a
singlegroupof colors,cf. Fig. 5(c).

Although the histogramstrategy reducesthe number
of pointssomewhat, thereare still far to many points to
move in orderto obtaina reasonablegamutmapping.To
copewith this, interactivity directly with the gamutsur-
faceshasbeenintroduced. An interactively alteredim-
agegamutsurfaceis shown in Fig. 6. Upon movement
of a singlesurfacepoint, all of the interior pointsareup-
datedaccordingone out of two schemes.The simplest
solutionis to scalethe translationvectorof theboundary
point linearly with the radiusfor all pixels in the origi-
nal segment, inevitably leadingto in banding. The im-
provedsolutionconsistsin usingtetrahedralinterpolation,
thetetrahedrabeingconstructedfrom thesurfacetriangles
andthecentralpoint. For pixelslying outsidethesegment
maximasurface(they may exist), extrapolationusingthe
sameequationsas for the tetrahedralinterpolationis ap-
plied afterselectingthenearesttetrahedron.Theresulting
imageis shown in Fig. 5(d).

For theconvex hull andalphashapesvisualizations,no
local interactionis availableyet.

4.4. Constraints

Movingpointsin a3D colorspacethrougha2D userinter-
facecanbequitechallenging.To help theuser, it is pos-
sible to constrainthe movementto certainplanesor cer-
tain lines.Thesecanbechosenaslinestowardthenearest
point on thegrayaxis, lines towardcolor spaceor gamut
center, planesof constantlightness,andplanesof constant
hue.

5. Experimental Results

In orderto testtheprincipleof interactivegamutmapping,
we constructedthe test imageshown in Fig. 7 in sRGB.
Theimageis designedasa typical presentationslide.The
backgroundimagecontainsa texture with extremelysat-
uratedandbright colors, the imagecontainsmuchsofter

color tones,and the text containsan intermediatecolor.
Theaim of thestudyis to compareinteractive andsimple
automaticgamutmappingof thisimageontotheEuroscale
UncoatedCMYK gamutde�ned by thestandardICC pro-
�le. Containingimportanttexturesbothoutsideandinside
this quitesmall gamut,the imageis designedsuchthat it
is dif�cult to gamutmapnicely.

Gamutclipping was obtainedby �rst converting the
sRGBimageto CMYK by meansof the absolutecolori-
metric renderingintent in the ICC pro�le, andsecondly
convertingit backto sRGB,usingtheabsolutecolorimet-
ric renderingintent. Theresultingimageshown in Fig. 8
showsthattheimageis reproducednicely, sincemostof it
is insidetheEuroscalegamut.Thebackground,however,
haslost its texture, sinceis is completelyout of gamut.
Thetext hasmoreor lesskeptits original color.

By convertingtheoriginalsRGBtestimageto CMYK
by meansof the perceptualrenderingintent in the ICC
pro�le, and secondlyconverting it back to sRGB,using
theabsolutecolorimetricrenderingintent,a sortof gamut
compressionwasobtained.Theresultingimageshown in
Fig. 9 shows that all colors have beendesaturated,and
that the contrastof the imagehasbeenreduced. In this
way, theout-of-gamuttexturesin thebackgroundhassur-
vived, whereasthe colorsof the photographandthe text
haschangedfar too much. Suchcolor changeswould be
crucialif thetext were,e.g.,a corporatelogo.

Finally, interactive color gamutmappingwith ICC3D
wasappliedto the test image. First, the contrastwasre-
ducedslightly. Secondly, thebluepartof thecolor space
wascompressedusingthetetrahedralinterpolationon the
segmentmaximasurfacein orderto keepasmuchaspos-
sibleof thebackgroundtextures.Only slight changeshad
do beperformedin otherpartsof thecolor spacein order
to make the entireimage�t into the EuroscaleUncoated
gamut.Theresultingimageshown in Fig. 10 revealsthat
thisimagekeepsthebestof boththecompressionandclip-
pling regime. The imageis not too desaturated,the text
color is fairly correct,andthebackgroundtextureis partly
preserved.

6. Conclusionand Future Work

A novel tool for visualizationandinteractivemanipulation
of color gamutshasbeenpresented.Although far from
complete,it is alreadyat the presentstageuseful for ex-
perimentingwith differentgamutmappingstrategiesand
for gaininganincreasedunderstandingof themechanisms
involved.Sincethetool is basedupona plug-in structure,
it is extremely well-suitedfor future extensions. In this
paper, theusefulnessof thetool hashopefullybeenclearly
demonstrated.

For thefuture,thereareseveralpossibilitiesfor adding
featureswhichwill make tool evenmoreinteresting:

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



Figure 7: ThesRGBtestimage usedfor comparisonbetweeninteractiveandautomaticgamutmapping.

Figure 8: Thetestimage fromFig. 7 gamutmappedinto theEuroscaleUncoatedgamutbymeansof gamutclipping.



Figure 9: Thetestimage fromFig. 7 gamutmappedinto theEuroscaleUncoatedgamutbymeansof gamutcompression.

Figure 10: Thetestimage fromFig. 7 gamutmappedinto theEuroscaleUncoatedgamutbymeansof interactivegamutmapping.



� Other forms of constraintswhenperforminginter-
active color adjustments. For example, it should
beimpossibleto mirror atetrahedronwhile moving.
Thiscanbesolvedeitherby constrainingthemove-
ment,or by makingthemovementin�uencealsothe
movementof neighboringtetrahedra.

� Introduceotheralgorithmsfor gamutboundaryde-
termination,e.g., convex hulls computedby “con-
vexi�cation” of theimagedata,cf. thesurvey above.

� Possibility of selectingregions in the color space
andhighlightingthecorrespondingpixelsin theim-
ageandvice versa. Selectionscould alsobe made
automaticallybasedonspeci�c properties,e.g.,pix-
elsoutsidegivendevice gamut. It shouldthenalso
bepossibleto performoperations(translationsetc.)
onsuchgroupsof points.

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

� Operationson a device gamutaswell ason an im-
agegamut,andsave the resultasa generalgamut
mappingalgorithmin the form of, e.g.,an abstract
ICC pro�le. 38

� Experimentsomewhatwith theuserinterface.In the
presentversion,confusinglymany parametersareto
be controlledby the useof a singlemouse. Alter-
nativesincludethe useof track balls, joy sticksor
simply thekeyboard.
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