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Mathematical Morphology in the HLS Colour
Space

Allan Hanbury andJeanSerra

Abstract

The HLS colour spaceis widely usedin imageanalysisas it is physically
intuitive. As the huecomponentof this spaceis definedon the unit circle,
standardgreyscaleimageanalysisoperators,specificallymorphologicalop-
erators,arenotapplicableto it. A variationof thestandardmorphologicalop-
eratorswhichrequirethechoiceof anorigin arediscussed.In addition,some
lexicographicalvectororders,which allow mathematicalmorphologyto be
usedin theHLS space,arepresented.Includedin theseis a new saturation-
weightedhueorder, which takeshueandsaturationinto accountsimultane-
ously.

1 Introduction

Many colourspacesattemptto separateluminanceandchrominanceinformation.Colours
specifiedin thecoordinatesof thesespacesarethoughtto correspondmorecloselyto hu-
mancolour intuition thanspacessuchasRGB or CMYK. In general,onevectorcompo-
nentis usedto specifytheluminance,andtwo to specifythechrominance.Thesetwo are
usuallyanangleto expressthehue(colour),anda fractionto expressthecolourpurity.

A variety of suchcolour spacesare commonlyused. Oneof the most widespread
of the separateluminanceand chrominancespacesis the HLS spaceand its relatives
(HSI, HSV, etc.). Eventhoughthis colourspacehasa numberof disadvantages[8], the
techniquesintroducedin this articleareappliedto thisspacedueto its ubiquity.

The useof many imageanalysisoperatorson colour imagesis not evident. For the
particularcaseof themorphologicaloperators,oneis facedwith theproblemof imposing
anorderon vectorialdata.In addition,in a colourspacewhereoneof thecomponentsis
representedby avariableontheunit circle(thehue),furtherproblemspresentthemselves.
A numberof possibleordershavebeensuggestedfor vectorsin theRGBspace[1, 2,3,9],
andmethodsof applyingmathematicalmorphologyto dataon theunit circle have been
proposed[5]. In thisarticle,someof thesetechniquesaremodifiedto operateontheHLS
colourspacein a physicallyintuitiveway.

Giventhatthehueis definedontheunit circle(i.e. for any angle
�
,
���������	��

�

���

), we cannotapply standardgreyscaletechniquesto its treatment. Someoperators
adaptedto thetreatmentof circulardataarethereforepresented.Section2 discussesthe
orderingof huesrequiringthechoiceof anorigin. Whenoneprocessescolourimages,it
is preferablenot to treateachcomponentseparately, asrecombiningthecomponentsaf-
ter processingcanleadto theintroductionof falsecolours.Section3 thereforediscusses
somelexicographicalvectorordersin the HLS space,including a new methodof using
thesaturationvaluesto weightthehuevalues.Section4 concludes.
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2 Ordering the hue component

As thehueis definedontheunit circle,thevalueswraparound(
���������	��

��
�� �

),and
wecannotdirectlybuild alatticefor thehuevalues.Somerotationallyinvariantoperators
on theunit circlehavebeendefined[5], andcanbeappliedto thehueband,but they have
not yetbeenexpandedto thefull HLS space.

A methodfor orderingthehuevalueswhich requiresthechoiceof anorigin hasbeen
proposedby Peters[7]. Considersomearbitrarypoints ��� distributedon the unit circle
with centre� . After choosinganorigin ��� , thedistancefrom eachpoint ��� to theorigin is
definedastheacuteangle ������	��� , or� � � ��� � � � � �! � � ��" � � �$#&% � ��' � � % (*)+% � ��' � � %-,/.1032�4576 2 4 ' % � ��' � � %8(*)+% � ��' � � %-9/.1032 4 (1)

ThePetersalgorithmfor mathematicalmorphologyon a hueimageis to choosea global
hueorigin :;� , andto calculatethedistance

� � for all thepointsin thestructuringelement.
The point with smallest

� � is consideredto be the infimum of the structuringelement,
andthe point with the largest

� � to be the supremum.The erosionis thusthe point in
the structuringelementclosestto theorigin, andthedilation the point furthestfrom the
origin.

This definitionis, however, intuitively upside-down. Considerthesimpletwo-colour
examplein Figure1a,animagein theHLS spacehaving grainsmadeupof redpixelswith
coordinates

� : �=<>�@?  �BA 2 4 ��CD � .!E andthebackgroundconsistingof yellow pixelswith
coordinates

A 6 2 4 � CD � . E . If onechooses:;� � 2 4 (i.e. thehueof thegrains)andperforms
adilationusingthePetersformulation,oneactuallyerodesthegrainsanddilatesthepores
(Figure1b). In orderto allow the userto choosethe origin ashaving the colour of the
objectsof interest,thePetersdefinition is inverted,andthehueerosionanddilation are
definedasFHG : ��I  �KJ : �ML  ON �K� : ��L  � : �P �RQ=SUT�V �K� : �XW  � : �! ZY � W �\[^]`_ (2)

and abG : �MI  �KJ : �ML  cN �K� : ��L  � : �! � (ed-) V �K� : ��W  � : �! fY � W �g[^]�_ (3)

where : ��I  is the valueof the hueat point
I

in an image,
[ ]

indicatesan arbitrary
structuringelement

[
at point

I
, andthevalueof :;� is chosenin advance.Theresultof

a dilationusingequation3 is shown in Figure1c.
It is clear that a hue order basedonly on equation1 is a pre-order. The points� C � � � � � � " � �! and � D � � �h' � � " � �	 , where

�
is anarbitraryangle,havethesame

distancesfrom theorigin, eventhoughthey arenot thesamepoint. Wecanimposeacom-
pleteorderby stating,for example,that in the situationwhere

�K� � C � � �! � �K� � D � � �! 
and � C�i� � D , we take � C^j � D if

� � Clk�m-n 576 2�4  co .!032�4 , else� C o � D .
3 Vector orders in the HLS space

The rangesof the componentsin the HLS spacearetaken to be 2 4 , : , 536 2 4 , 2�,< ,p. and 2�, ? ,q. , but thealgorithmspresentedcaneasilybeadaptedto otherranges.
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(a) (b) (c)

Figure1: (a) Theoriginal “binary colour” imagecontainingredgrainsandyellow pores
(background);(b) Thedilation of image(a) by thePetersformulation;(c) thedilation of
image(a)usingequation3. Thehueorigin r;sut�v7w wasusedfor bothoperations.

Beforeapplyingany vectorordersto coloursin theHLS space,oneshouldensurethatthe
double-conesaturationvaluesarebeingused. Becauseof the double-coneshapeof the
HLS space,themaximumpossiblesaturationvaluedependson theluminancevalue.For
example,at the luminanceaxisextremities xltyv and xKt8z , the maximumsaturation
valueis v . Thesaturationcanonly take on its full rangeof valuesat x{t}|~ . Many RGB
to HLS transformationsavailable in imageprocessingpackagesproducean imagein a
cylindrical versionof theHLS space,in which thesaturationvaluesencodethe fraction
of themaximumpossiblesaturationvaluefor thecorrespondingluminance.This implies
that thesaturationcantake on thefull rangeof valuesfor every colour, but thatordering
thecoloursbasedon this representationis meaningless[4].

In order to usemathematicalmorphologyoperationsin a vectorspace,suchasthe
HLS space,we needto orderthe vectors so asto avoid introducingfalsecolours. This
enablesone to choosea supremumor infimum from amongstthe vectors(not vector
components)of a set. If onesplitsanHLS imageinto its threechannels,dilatesonly the
saturationchannel,and thenrecombinesthe threechannels,falsecolours(i.e. colours
which werenot presentin theinitial image)will oftenbeintroduced.

TheHLS spacepermitsoneto applysomephysicallyintuitive ordersto thevectors,
and somepossiblelexicographicalordersfor the vectorsare presented.The standard
lexicographicalorderfor arbitrarythree-componentvectorsis definedasfollows:

�X� |	�@�b|	�=�1|b��� �X� ~ �@� ~ �=� ~ � �*�
������ �����
� |^� � ~�3�� | t � ~��3��� � | ��� ~�3�� | t � ~��3��� � | t � ~��3��� � | �{� ~

(4)

The lexicographicalorder is a completeorder(and is the order in which wordsarear-
rangedin dictionaries,hencethe name). In the RGB space,one can apply relation 4
directly to thevectors,althoughthis implieshaving to elevateoneof the � , � or � com-
ponentsto prominence,a choicewhich is not alwaysobvious. Dueto thespecificshape
of the HLS spaceandthe angularhuecomponent,the straightapplicationof relation4
to this spaceis not possible.Possibleformulationsarediscussedin this section.Firstly,
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Figure2: “Le chanteur”by JoanMir ò

ordershaving luminanceor saturationat thefirst level, andthenthemoredifficult taskof
thelexicographicalorderwith thehuecomponentat thefirst level.

Theexamplesin thissectionuseanimageof thepainting“Le chanteur”by JoanMir ò,
andtheoriginal colourimageis reproducedin Figure2 for comparativepurposes.

3.1 Vector erosion and dilation

Oncea vectororderhasbeendefined,therebyallowing the choiceof a supremumand
infimum from a setof vectors,onecandefinethe basicmorphologicaloperators.The
vectorerosionof animage � N�� D�� ��� at point

I
by structuringelement

[
isF � �MI  ��J � ��L  cN � �ML  � (�d-) V � ��W  �Y � W �\[>]`_ (5)

andthecorrespondingdilationby structuringelement
[

isa � �MI  ��J � ��L  cN � ��L  �RQ=SUT�V � �XW  �Y � W ��[^]`_ (6)

3.2 Luminance and saturation

Choosingto orderthevectorsby luminanceor saturationaloneis straightforward,asthese
componentsformcompletelattices.Usingthemasthefirst level in alexicographicalorder
is thereforeobvious.

For theHLS vectors 7� , thelexicographicalorderwith luminancein thefirst position
is definedas:

 7� j  	¡ (e)
¢££££¤ ££££¥
< � j < ¡m3¦< � �p< ¡�§ d n ? �
o ? ¡m3¦< � �p< ¡�§ d n ? � �p? ¡¨§ d n : �`" : �©o : ¡ª" : � (7)

The ordersfor the saturationand hue in the secondand third rows are somewhat
arbitrary, and the ordersof the signscould easily be reversed. For the third row, one
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(a)Erosion (b) Dilation

Figure3: Theluminanceerosionanddilation with a squareof size2 ( «;¬\« pixels).

hasto choosean arbitraryhueorigin : � , but in practicethis parametergenerallyhasa
negligible effect on the results,asthe “decisionprocess”almostnever reachesthe third
row. An exampleof the useof this lexicographicalorderwith the erosionanddilation
operatorsis shown in Figure3.

Thelexicographicalorderwith saturationin first positionis definedas

  � j   ¡ (*)
¢££££¤ ££££¥
? � j ? ¡m3¦? � �/? ¡�§ d n % < ��' 2U­ « % o % < ¡c' 2U­ « %m3¦? � �/? ¡�§ d n % < ��' 2U­ « % � % < ¡c' 2U­ « % § d n : �`" : �©o : ¡ª" : �

(8)

Thesaturationdilationchoosesthepixel in thestructuringelementwith the“purest”or
mostsaturatedcolour. For asaturationdilation,wheretwo or morepixelsin astructuring
elementhavesaturationvaluesequalto thesupremum,theonewith luminancecomponent
closestto

<®�¯CD is chosen,asat this luminancevaluethesaturationcanassumeits largest
rangeof values.Examplesof saturationmorphologicaloperationsareshown in Figure4.

3.3 Hue

3.3.1 Hue only

For the hueband,the mostobvious approachis to simply expandthe huemorphology
describedin section2 and to constructa lexicographicalorder with, in first position,
the hueorderbasedon distancefrom a chosenhue(hueorigin), followedby saturation
andluminancein secondandthird positions. However, becausethe hueandsaturation
componentsinteractclosely, this orderingleadsto poorresults.
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(a)Erosion (b) Dilation

Figure4: Thesaturationerosionanddilation with a squareof size2 ( «;¬\« pixels).

The resultsof using this simple order with : � � 5 274 (correspondingto the fully
saturatedcolour ) areshown in Figure6a for erosionand6c for dilation. With this
choiceof hueorigin, a dilation shouldenlargetheredsandyellows,andshrinktheblues
andpurples.It is clear, for examplein thedilation of theredstripeat thebottomright of
the image(Figure6c), thatwhite pixelsareoftenchosenin preferenceto the redpixels,
eventhough,intuitively, weexpecttheredpixelsto havepreference.Thisis becausesome
of theredpixelshavehuevaluesaround

5 « 2 4 , andthesurroundingwhitepixelshavehue
valuesaround2 4 , which arecloserto :;� � 5 2 4 usingtheangularhuedistancecriterion,
andthesearethereforechosen.

The drawback with orderingonly by hue is further illustratedin Figure 5. If one
choosesthe colour closestto red � � � 2 4 � 2�­ « � .3­ 2  in this imageusing only the hue
distance,theresultis thebrown with coordinates° � � .12 4 � 2U­ « � 2�­ �  , althoughtheorange± � � � 2 4 � 2�­ « � 2�­ ²  is visually themostsimilar. A possiblesolutionto thisproblem,which
weightshuevaluesby their correspondingsaturationsbeforeorderingthem,is proposed.

3.3.2 Saturation-weighted hue

Theproposedsolutionaddsapreprocessingstepin whicha new saturation-weightedhue
value :�³ is associatedwith eachvector, andthesenew huevaluesareusedwhenassigning
anorderbasedon thedistancefrom the selectedorigin. Theprincipal characteristicsof
thesaturation-weightedhue :�³ are:´ Vectorswith ahigh saturationvaluekeeptheir initial huevalue.´ Vectorswith a low saturationvaluearemovedtowardsthe : � � ²72 4 or : �µ' ²72 4

positionsto reducetheprobabilityof beingchosenasthesupremumor infimum.

Oncethe
Q=SUT

or (ed-) hasbeenchosen,thevectorsarereassignedtheir initial huevalue :
to avoid introducingfalsecolours.
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(a)
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270°

(b)

(20°,0.5,0.9)

(80°,0.5,0.9)

0°

90°

180°

270°

(72°,0.5,0.2)

(c)

Figure5: (a) Four coloursandtheir HLS values,which illustratethe problemof using
only thehuevalueto orderthecolours;(b) Thepositionof thesecoloursonthehuecircle
usingvalues: � ; (c) Thepositionof thecoloursusingvalues:�³� .

Beforegiving a generalformulation,we will treat the specificexamplein Figure5.
We choosetheorigin : � � 2 4 , andcalculate:�³ asdescribedhere.Thepositionson the
huecircle of thethreecolours(excludingcolour � ) in Figure5aareshown in Figure5b.
All threepointsarebetween2�4 and ²3274 , sowe assign: ³� �pQ=SUT©V :�� � ²32 4 � . ' ? �  ZY (9)

Considerpoint ° � � .12 4 � 2�­ « � 2U­ �  which hasthehuevalue :�¶ � .!2 4 closestto the
origin, and for which ²32 4 ' � 2U­ � ¬ ²32 4  �¸·H� 4 . We therefore,using equation9, set:�³¶ �¹·H� 4 . For the points

± � � � 2 4 � 2U­ « � 2U­ ²  and º � � 032 4 � 2�­ « � 2U­ ²  , the expression²32 4 ' � 2�­ ² ¬ ²32 4  � ² 4 , so :�³» � : » and :�³¼ � : ¼ . Thepositionsof thepointson the
huecircleusingthevaluesof :�³ areshown in Figure5c. In thesubsequentdilationusing
orderingby thevaluesof :�³ , we wouldpick thepoint

±
astheclosestto theorigin.

Thegeneralformulationof the preprocessing,which takesthe four quadrantsof the
circle into account,is givenbelow. For eachpoint ½ , a value :�³� is calculated.In orderto
simplify the notation,it is assumedthat the origin :;� hasthe valueof 2 4 . To take this
into accountin practice,onesimply performsthefollowing substitution

:�� � # :�� ' :�� (e) :�� ' :;� 9�2536 2 4 � � : ��' : �! (e) : ��' : ��o 2
in theequationfor calculating:�³ , which is

: ³� �
¢££¤ ££¥
Q=SUT�V : � � ²72 4 � . ' ? �X �Y (*)¾2 4 , : � ,�²32 4(�d-) V :�� � ²32 4 � . �¿? �  �Y (*)¾²72 4 o :�� ,/.!032 4Q=SUT�V :;� � ²72 4 � 5 ' ? �  �Y (*)¨.!032 4 o :�� , ��· 2 4(�d-) V :�� � ²32 4 � 5 �¿? �  �Y (*) ��· 2 4 o :�� o 576 2 4
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Thelexicographicalorderbasedon thesaturation-weightedhueis definedas

 3� j  	¡ (e)
¢££££¤ ££££¥
� : ³� " 2�4  �o A : ³¡ " 2�41Em3¦� :�³� " 2 4  � A :�³¡ " 2 4 E § d n % < ��' 2U­ « % o % < ¡c' 2U­ « %m3¦� :�³� " 2 4  �ÀA :�³¡ " 2 4 E § d n % < � ' 2U­ « % � % < ¡ ' 2U­ « % § d n ? � j ? ¡

(10)

Here,onceagain,thedirectionsof thecomparisonsfor theluminanceandsaturation
in the secondand third rows arearbitrarily chosen. The differencebetweenusing the
lexicographicalorderwith huein thefirst position(section3.3.1)andtheoperatorsusing
thesaturation-weightedhue(equation10) is demonstratedin Figure6 for theerosionand
dilation operators.Theorigin :;� is chosento beat

5 2 4 , sothata dilation shouldenlarge
theredsandyellows andshrink thebluesandpurples.As hasalreadybeenpointedout,
onecanseein Figure6c that this is not true whenonly the hueis used. The red stripe
at thebottomright of the imagehasa huevalueat around

5 « 2 4 , andthedilation should
thereforeresultin its expansion.Eventhoughthedilation basedon orderingby hueonly
fails (Figure6c) dueto the surroundingwhite pixelshaving a hueof 2 4 , the saturation-
weightedhuedilation (Figure6d) eliminatesthesepixels from considerationdueto the
saturationweighting.

A disadvantageof this approachis that in regionswhich do not containhighly satu-
ratedpixelswith huecloseto theselectedorigin, thebehaviour is lesspredictable.This
is visible, for example,in thegreenregionsof theimagein Figure6.

4 Conclusion

This article dealsprincipally with morphologicaloperatorsfor the HLS colour space.
Thiscolourspaceis widely usedin imageanalysisbecauseit is physicallyintuitive,even
thoughit hassomedisadvantagesof whichtheusershouldbeaware.Mostof thedifficul-
tiesof applyingimageanalysisoperatorsin thisspacearedueto thehuecomponentbeing
definedontheunit circle. Unneededdifficultiescanbeintroducedthroughtheinadvertent
useof thecylindrical versionof theHLS space.

A discussionanddevelopmentof morphologicaloperatorsrequiringthechoiceof an
origin is presented.In addition,somelexicographicalordersfor theHLS spacearesug-
gested.The first two orderssimply usethe two componentswhich alreadypossessan
order— the luminanceandsaturation— in first position. The problemswith a “tradi-
tional” lexicographicalorderwith huein first positionarediscussed,andasolutionin the
form of alexicographicalorderwith saturation-weightedhuein first positionis suggested.

Having presentedtheseorders,it is interestingto reflecton thepracticalimageanal-
ysistasksto which they areapplicable,andwhich oneis bestappliedto which task.The
choicedependslargely on thepropertiesof theimagesto beprocessed,andtheinforma-
tion thattheuserwishesto extractfrom theseimages.Somepossibleapplicationsare:´ Operatorsbasedon the lexicographicalorderwith luminancein first positionare

thebestat preservingthecontoursof theobjectsin the image.Nevertheless,they
areusefulonly in situationswhereoneknows that the objectsof interestarethe
brightestor darkestin theimage.
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(a) Hue-onlyerosion (b) Saturation-weightedhue
erosion

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

Figure6: Theerosionanddilationwith asquareof size2 andtheorigin : � � 5 2 4 . Hue-
only orderingis usedin (a)and(c), andtheproposedsaturation-weightedhueorderingin
(b) and(d).
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´ In situationswherethe objectsof interestarehighly colouredon a greyish back-
ground,theoperatorswith saturationin first positionshouldbebest.However, the
choicebetweena low saturationblackanda low saturationwhitepixel madeby the
operatorcanappearto bearbitrary. This problemalsomanifestsitself in textured
regionscontainingcoloursof differenthuesbut similar saturations.´ In anapplicationwhereonlyobjectsof aspecificcolourareof interest,thesaturation-
weightedhueoperatorswith anastutelychosenhueorigin canbe usedto smooth
theseobjectsbeforethresholding,thusmakingthethresholdrangesmaller. When
using the saturation-weightedhue operators,it shouldbe rememberedthat even
thoughone gainsa “better” behaviour aroundthe hue origin :�� and the point:�� � .1032 4 , thechoicesmadeby theoperatorin regionsof theimagewhichcontain
nopixelswith huescloseto thesepointscanappeararbitrary.

Eventhoughonly theHLS colourspaceis discussed,thetechniquesshouldbeapplicable
to otherspaceswith angularhuevalues,suchasHSI, HSV or the polar versionof the
L*a*b* space[6]. For thesespaces,somesmall modificationsto the orderscould be
necessaryto take into accountthedifferentshapesof thespaces.
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