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Abstract

The HLS colour spaceis widely usedin imageanalysisasit is physically
intuitive. As the hue componenbf this spaceis definedon the unit circle,

standardgreyscaleimageanalysisoperatorsspecificallymorphologicalop-

eratorsarenotapplicableoit. A variationof thestandaranorphologicabp-

eratorawhich requirethechoiceof anorigin arediscussedin addition,some
lexicographicalvectororders,which allow mathematicamorphologyto be

usedin the HLS spacearepresentedincludedin theseis a new saturation-
weightedhueorder, which takeshueandsaturationinto accountsimultane-
ously.

1 Introduction

Many colourspacesttempto separatéuminanceandchrominancénformation.Colours
specifiedn the coordinate®f thesespacesarethoughtto correspondnorecloselyto hu-
mancolourintuition thanspacesuchasRGB or CMYK. In generalonevectorcompo-
nentis usedto specifytheluminanceandtwo to specifythechrominanceThesetwo are
usuallyanangleto expressthe hue(colour),andafractionto expressthe colour purity.

A variety of suchcolour spacesare commonlyused. One of the mostwidespread
of the separatduminanceand chrominancespacess the HLS spaceand its relatives
(HSI, HSV, etc.). Eventhoughthis colour spacehasa humberof disadwantageg8], the
techniquesntroducedn this articleareappliedto this spacedueto its ubiquity.

The useof mary imageanalysisoperatorson colourimagesis not evident. For the
particularcaseof themorphologicabperatorspneis facedwith the problemof imposing
anorderon vectorialdata.In addition,in a colour spacewvhereoneof the componentss
representedly avariableontheunit circle (thehue),furtherproblemsresenthemseles.
A numberof possibleordershave beensuggestebr vectorsin theRGBspacd1, 2, 3, 9,
andmethodsof applyingmathematicamorphologyto dataon the unit circle have been
proposed5]. In thisarticle,someof thesetechniquesaremodifiedto operateontheHLS
colourspacen a physicallyintuitive way.

Giventhatthehueis definedontheunit circle (i.e. for ary anglef, 8 = 6 +2an, n €
Z), we cannotapply standardgreyscaletechniquesto its treatment. Someoperators
adaptedo the treatmenbf circular dataarethereforepresentedSection2 discusseshe
orderingof huesrequiringthe choiceof anorigin. Whenoneprocessesolourimagest
is preferablenot to treateachcomponenseparatelyasrecombiningthe componentsif-
ter processinganleadto theintroductionof falsecolours. Section3 thereforediscusses
somelexicographicalvectorordersin the HLS space jncluding a new methodof using
the saturatiorvaluesto weightthe huevalues.Section4 concludes.
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2 Ordering the hue component

Asthehueis definedontheunit circle, thevaluesnraparound(d = 8+27n, n € Z),and
we cannotdirectly build alatticefor the huevalues.Somerotationallyinvariantoperators
ontheunit circle have beendefined[5], andcanbe appliedto the hueband,but they have
notyetbeenexpandedo thefull HLS space.

A methodfor orderingthe huevalueswhich requiresthe choiceof anorigin hasbeen
proposedy Peterg7]. Considersomearbitrarypointsa; distributedon the unit circle
with centreo. After choosinganorigin ag, thedistancerom eachpointa; to theorigin is
definedasthe acuteanglea;oag, or

. a; — Qo if a; — agp S 180°
Di:D(a’iaao):a’iTaO: { !‘560°—||a,~—a0| if Iai_a(]I 21800 (1)
The Petersalgorithmfor mathematicamorphologyon a hueimageis to choosea global
hueorigin Hy, andto calculateghedistanceD; for all thepointsin thestructuringelement.
The point with smallestD; is consideredo be the infimum of the structuringelement,
andthe point with the largestD; to be the supremum.The erosionis thusthe point in
the structuringelementclosestto the origin, andthe dilation the point furthestfrom the
origin.

This definitionis, however, intuitively upside-davn. Considerthe simpletwo-colour
examplein Figurela,animagein theHLS spacehaving grainsmadeup of redpixelswith
coordinateH, L, S) = (0°, 1,1) andthe backgrounctonsistingof yellow pixelswith
coordinate5(60°, %, 1). If onechoosed, = 0° (i.e. thehueof thegrains)andperforms
adilationusingthe Peterdormulation,oneactuallyerodeshegrainsanddilatesthe pores
(Figure 1b). In orderto allow the userto choosethe origin ashaving the colour of the
objectsof interest,the Petersdefinition is inverted,andthe hue erosionanddilation are

definedas

enH (x) = {H(y): D(H(y),Ho) =sup[D (H (), Ho)l,z € B} ()
and

5uH (x) = {H(y) : D (H (y), Ho) = inf [D (H () , Ho)] ,z € B} (3)

where H (x) is the value of the hue at point x in animage, Bx indicatesan arbitrary
structuringelementB at pointx, andthevalueof Hy is choserin advance.Theresultof
adilation usingequation3 is shavn in Figurelc.

It is clearthat a hue order basedonly on equationl is a pre-order The points
a1 = ag + (6 + ap) andaz = ag — (8 + ap), whered is anarbitraryangle have the same
distancedrom theorigin, eventhoughthey arenotthe samepoint. We canimposeacom-
pleteorderby stating,for example,thatin the situationwhereD (a1,a0) = D (a2, ag)
anda; # a2, wetakea; > as if (a1 mod 360°) < 180°, elsea; < as.

3 Vector ordersin the HL S space

Therangesof the componentsn the HLS spacearetakento be0° < H < 360°, 0 <
L <1land0 < S < 1, butthealgorithmspresentedaneasilybeadaptedo otherranges.
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Figurel: (a) Theoriginal “binary colour” imagecontainingred grainsandyellow pores
(background){b) Thedilation of image(a) by the Peterdormulation;(c) the dilation of
image(a) usingequation3. Thehueorigin Hy = 0° wasusedfor bothoperations.

Beforeapplyingary vectorordersto coloursin theHLS spacepneshouldensurghatthe

double-conesaturationvaluesare beingused. Becauseof the double-coneshapeof the

HLS spacethe maximumpossiblesaturatiornvaluedepend®n the luminancevalue. For

example,at the luminanceaxis extremities, = 0 andL = 1, the maximumsaturation
valueis 0. The saturationcanonly take onits full rangeof valuesat L = % Many RGB

to HLS transformationsvailablein imageprocessingpackagegproduceanimagein a

cylindrical versionof the HLS spacejn which the saturatiorvaluesencodethe fraction

of the maximumpossiblesaturatiorvaluefor the correspondinguminance.Thisimplies

thatthe saturationcantake on thefull rangeof valuesfor every colour, but thatordering
thecoloursbasecdbn this representatiors meaningles#4].

In orderto usemathematicamorphologyoperationsn a vectorspace suchasthe
HLS spacewe needto orderthe vectors so asto avoid introducingfalsecolours. This
enablesone to choosea supremumor infimum from amongstthe vectors(not vector
componentspf a set. If onesplitsanHLS imageinto its threechannelsdilatesonly the
saturationchannel,and thenrecombineghe threechannels falsecolours(i.e. colours
which werenot presenin theinitial image)will oftenbeintroduced.

The HLS spacepermitsoneto apply somephysicallyintuitive ordersto the vectors,
and somepossiblelexicographicalordersfor the vectorsare presented. The standard
lexicographicabrderfor arbitrarythree-componentectorsis definedasfollows:

a; < as
or

(al,bl,cl) < (az,bz,CQ) if a1 =az and by < by 4
or

ar=ay and by =by and ¢ <c»

The lexicographicalorderis a completeorder (andis the orderin which words are ar
rangedin dictionaries,hencethe name). In the RGB space,one can apply relation 4
directly to the vectors,althoughthis implieshaving to elevateoneof the R, G or B com-
ponentsto prominencea choicewhich is not alwaysobvious. Dueto the specificshape
of the HLS spaceandthe angularhue componentthe straightapplicationof relation4
to this spaces not possible.Possibleformulationsarediscussedn this section. Firstly,
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Figure2: “Le chanteur’by JoanMiro

ordershaving luminanceor saturatiomatthefirst level, andthenthe moredifficult taskof
thelexicographicalbrderwith thehuecomponentt thefirst level.

Theexampledn this sectionuseanimageof thepainting“Le chanteur’by JoanMir 0,
andtheoriginal colourimageis reproducedn Figure2 for comparatie purposes.

3.1 Vector erosion and dilation

Oncea vectororder hasbeendefined,therebyallowing the choiceof a supremumand
infimum from a setof vectors,one candefinethe basicmorphologicaloperators. The
vectorerosionof animagef : R2 — R® atpointx by structuringelementB is

ef %) ={f(y): f(y) =inf[f (2)],z € B} ()
andthecorrespondinglilation by structuringelementB is
6f(x)={f(y): f(y) =sup[f(z)],2 € By} (6)

3.2 Luminance and saturation

Choosingo orderthevectorsby luminanceor saturatioraloneis straightforward,asthese
component$orm completdattices.Usingthemasthefirst levelin alexicographicabrder
is thereforeohvious.

For the HLS vectorsc;, thelexicographicalorderwith luminancein thefirst position
is definedas:

L; > Lj
or

C; > Cj if L; = Lj and S; < Sj (7)
or

LiZLj and SiZSj and Hi+H0<Hj+H0

The ordersfor the saturationand hue in the secondand third rows are someavhat
arbitrary and the ordersof the signscould easily be reversed. For the third row, one
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Figure3: Theluminanceerosionanddilation with a squareof size2 (5 x 5 pixels).

hasto choosean arbitraryhueorigin Hy, but in practicethis parametegenerallyhasa
negligible effect on the results,asthe “decision process”almostnever reacheghe third
row. An exampleof the useof this lexicographicalorderwith the erosionanddilation
operatorss showvn in Figure3.

Thelexicographicalorderwith saturationn first positionis definedas

S; > Sj
or
C; > Cj if S; = Sj and |Ll’ - 0.5| < |Lj - 0.5|
or
S; = Sj and |Li — 0.5| = |Lj — 0.5| and H; - Hy < Hj =+ Hy

(8)

Thesaturatiordilationchooseshepixelin thestructuringelemeniwith the“purest”or
mostsaturateatolour. For a saturatiordilation, wheretwo or morepixelsin a structuring
elementhave saturatiorvaluesequalto thesupremumtheonewith luminancecomponent
closesto L = % is chosenasatthisluminancevaluethe saturatiorcanassumats largest
rangeof values.Examplesof saturatiormorphologicalbperationsareshovn in Figure4.

3.3 Hue
3.3.1 Hueonly

For the hue band,the mostobvious approachs to simply expandthe hue morphology
describedin section2 andto constructa lexicographicalorder with, in first position,
the hue orderbasedon distancefrom a chosenhue (hueorigin), followed by saturation
andluminancein secondandthird positions. However, becausdhe hue and saturation
componenténteractclosely this orderingleadsto poorresults.
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(a) Erosion (b) Dilation

Figure4: Thesaturatiorerosionanddilation with a squareof size2 (5 x 5 pixels).

The resultsof using this simple orderwith Hy = 30° (correspondingo the fully
saturatectolour ) areshawn in Figure 6afor erosionand6c for dilation. With this
choiceof hueorigin, a dilation shouldenlagetheredsandyellows, andshrinkthe blues
andpurples.lt is clear for examplein thedilation of thered stripeat the bottomright of
theimage(Figure6c), that white pixels areoften chosenn preferencedo the red pixels,
eventhough,intuitively, we expecttheredpixelsto have preferenceThisis becaussome
of theredpixelshave huevaluesaround350°, andthe surroundingwhite pixelshave hue
valuesaround0°®, which arecloserto H, = 30° usingthe angularhuedistancecriterion,
andthesearethereforechosen.

The drawback with orderingonly by hueis further illustratedin Figure5. If one
chooseshe colour closestto reda = (0°,0.5,1.0) in this image using only the hue
distancetheresultis the brown with coordinateg = (10°,0.5,0.2), althoughthe orange
b = (20°,0.5,0.9) is visually themostsimilar. A possiblesolutionto this problem which
weightshuevaluesby their correspondingaturationdeforeorderingthem,is proposed.

3.3.2 Saturation-weighted hue

The proposedsolutionaddsa preprocessingtepin which a new saturation-weightetue
valueH' is associatetvith eachvector andthesenew huevaluesareusedwhenassigning
anorderbasedon the distancefrom the selectedorigin. The principal characteristicef

the saturation-weightetlue H' are:

e Vectorswith ahigh saturatiorvaluekeeptheirinitial huevalue.

e Vectorswith alow saturationvaluearemovedtowardsthe Hy + 90° or Hy — 90°
positionsto reducethe probability of beingchoserasthe supremurnror infimum.

Oncethesup or inf hasbeenchosenthe vectorsarereassignedheir initial huevalue H
to avoid introducingfalsecolours.

456



90°  (80°,0.5,0.9) 90° * (80°,0.5,0.9)
(72°,0.5,0.2)

(20°,0.5,0.9) (20°,0.5,0.9)

(10°,05,0.2)
o 18

18 o

(80.0:5.0.9) 2700 270°

@) (b) (c)

Figure5: (a) Four coloursandtheir HLS values,which illustrate the problemof using
only thehuevalueto orderthecolours;(b) The positionof thesecoloursonthehuecircle
usingvaluesH;; (c) Thepositionof thecoloursusingvaluesH.

Beforegiving a generalformulation,we will treatthe specificexamplein Figure5.
We chooseheorigin Hy = 0°, andcalculateH' asdescribechere. The positionson the
huecircle of thethreecolours(excludingcoloura) in Figure5aareshowvn in Figure5h.
All threepointsarebetweer® and90°, sowe assign

H! = sup[H;,90° (1 — S;)] )

Considermpoint ¢ = (10°,0.5,0.2) which hasthe huevalue H. = 10° closestto the
origin, and for which 90° — (0.2 x 90°) = 72°. We therefore,using equation9, set
H! = 72°. Forthepointsb = (20°,0.5,0.9) andd = (80°,0.5,0.9), the expression
90° — (0.9 x 90°) = 9°, soH, = Hy andH); = H,. Thepositionsof the pointsonthe
huecircle usingthevaluesof H' areshown in Figure5c. In the subsequerdilation using
orderingby thevaluesof H', we would pick the pointb asthe closestto theorigin.

The generalformulationof the preprocessingyhich takesthe four quadrantof the
circleinto accountjs givenbelow. For eachpointi, avalue H] is calculatedIn orderto
simplify the notation, it is assumedhatthe origin Hy hasthe valueof 0°. To take this
into accountn practice ,onesimply performsthe following substitution

g | Hi—H if H;— Hy>0
i 360° + (H; — Ho) if H; — Ho <0

in the equationfor calculatingH’, whichis
sup [H;,90° (1 —S;)] if 0°< H; <90°
inf [H;,90° (14 S;)] if 90° < H; < 180°

sup [H;,90° (3 — S;)] if 180° < H; < 270°
inf [H;,90° (3 + S;)] if 270° < H; < 360°
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Thelexicographicalorderbasedn the saturation-weightetueis definedas

(Hj +0°) < (Hj +0°)

or
c; >c;if ¢ (Hf+0° = (H}+0°) and |L;—0.5]<|L;—0.5|
or
(H}+0°) = (Hj+0°) and |L;—0.5]=|L; —0.5] and S;>S;

(10)

Here,onceagain,the directionsof the comparisongor theluminanceandsaturation
in the secondand third rows are arbitrarily chosen. The differencebetweenusing the
lexicographicabrderwith huein thefirst position(section3.3.1)andthe operatorsising
the saturation-weightetiue(equationl0) is demonstrateth Figure6 for theerosionand
dilation operatorsTheorigin Hy is choserto beat 30°, sothata dilation shouldenlage
theredsandyellows andshrink the bluesandpurples. As hasalreadybeenpointedout,
onecanseein Figure6c¢ thatthis is not true whenonly the hueis used. The red stripe
at the bottomright of theimagehasa huevalueat around350°, andthe dilation should
thereforeresultin its expansion.Eventhoughthe dilation basedon orderingby hueonly
fails (Figure 6¢) dueto the surroundingwhite pixels having a hue of 0°, the saturation-
weightedhuedilation (Figure 6d) eliminatesthesepixels from consideratiordueto the
saturatiorweighting.

A disadantageof this approachis thatin regionswhich do not containhighly satu-
ratedpixelswith huecloseto the selectedrigin, the behariour is lesspredictable. This
is visible, for example,in the greenregionsof theimagein Figure®6.

4 Conclusion

This article dealsprincipally with morphologicaloperatorsfor the HLS colour space.
This colourspaceis widely usedin imageanalysisbecausdt is physicallyintuitive, even
thoughit hassomedisadwantage®f whichtheusershouldbeaware.Most of thedifficul-
tiesof applyingimageanalysisoperatorsn this spacearedueto thehuecomponenbeing
definedontheunit circle. Unneededlifficultiescanbeintroducedhroughtheinadwertent
useof thecylindrical versionof the HLS space.

A discussioranddevelopmentof morphologicaloperatorgequiringthe choiceof an
origin is presentedln addition,somelexicographicalordersfor the HLS spacearesug-
gested. The first two orderssimply usethe two componentshich alreadypossesan
order— the luminanceandsaturation— in first position. The problemswith a “tradi-
tional” lexicographicabrderwith huein first positionarediscussedanda solutionin the
form of alexicographicabrderwith saturation-weightetuein first positionis suggested.

Having presentedheseorders,it is interestingto reflecton the practicalimageanal-
ysistasksto which they areapplicable andwhich oneis bestappliedto which task. The
choicedependdargely on the propertiesof theimagesto be processedandthe informa-
tion thatthe userwishesto extractfrom theseimages.Somepossibleapplicationsare:

e Operatorshasedon the lexicographicalorderwith luminancein first positionare
the bestat preservinghe contoursof the objectsin theimage. Neverthelessthey
areusefulonly in situationswhereoneknows thatthe objectsof interestarethe
brightestor darkestin theimage.
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(b) Saturation-weightetiue
erosion

(c) Hue-onlydilation (d) Saturation-weightetiue
dilation

Figure6: Theerosionanddilation with a squareof size2 andtheorigin Hy = 30°. Hue-
only orderingis usedin (a) and(c), andthe proposedsaturation-weighteueorderingin
(b) and(d).
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¢ In situationswherethe objectsof interestare highly colouredon a greyish back-
ground,the operatorawith saturatiorin first positionshouldbe best.However, the
choicebetweeralow saturatiorblackandalow saturationwhite pixel madeby the
operatorcanappearo be arbitrary This problemalsomanifeststself in textured
regionscontainingcoloursof differenthuesbut similar saturations.

¢ Inanapplicatiorwhereonly objectsof aspecificcolourareof interestthesaturation-
weightedhueoperatorswith an astutelychoserhueorigin canbe usedto smooth
theseobjectsbeforethresholdingthusmakingthe thresholdrangesmaller When
using the saturation-weightedhue operatorsjt shouldbe rememberedhat even
though one gainsa “better” behaiour aroundthe hue origin Hy, and the point
H, +180°, thechoicesnadeby the operatoiin regionsof theimagewhich contain
no pixelswith huescloseto thesepointscanappeamarbitrary

Eventhoughonly the HLS colourspaces discussedthetechniqueshouldbe applicable
to otherspaceswith angularhue values,suchasHSI, HSV or the polar versionof the
L*a*b* space[6]. For thesespacessomesmall modificationsto the orderscould be
necessaryo take into accounthedifferentshape®f thespaces.
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