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Abstract. Booleanexpansionof binaryfunctionshasbeenusedin therepresentationof binaryimageoperators.
This representationschemeinducedthecreationof imageprocessingarchitecturesbasedondecisiondiagrams.In
somesituations,theapplicationof this graph-basedoperatorover the input imagesis fasterthanthecorrespond-
ing conventionalapproach,in that theoperatorsareconstructively describedby meansof basicoperatorsandset
operations.However, whenthe conventionalarchitectureexploits the bit parallelismof the microprocessorlog-
ical instructions,its performanceoften surpassesthat of the graph-basedsystem. This article proposesa novel
approach,in which the decisiondiagramsguidethe actionsof the underlyingconventionalarchitecture,taking
advantageof its parallelism,sothatfasterimageprocessingcanbeachieved.
Keywords: Booleandecomposition;decisiondiagram;binaryimageoperator;imageprocessorarchitecture.

1 Introduction

Conventionalbinary imageprocessorsareimplementedin
softwareby supplyingfastproceduresfor primitive opera-
tors,suchasdilationsanderosions,andtoolsfor combining
themby meansof set theoryoperations.Usually, several
pixels are treatedsimultaneouslyin thesesystemsby us-
ing themicroprocessorbitwiselogicaloperations,resulting,
thus,in fasterimplementations.Although theword length
of thesebitwise operationsmay be of several bytes,such
imageprocessingsystemsare called byte-architecture, in
contrastto thebit-architecture, wherepixelsareprocessed
oneata time.

Alternative architectureshave beenproposed.For ex-
ample,in thecontext of automaticlearningof operators,the
operatoris effectively treatedwhenrepresentedby datacol-
lectionsknownastheoperatorbasis[2, 3, 4]. Recently, spe-
cific operators[11] anda general-purposearchitecture[10]
basedon a graphrepresentationwere proposed,offering
superiorperformanceover theconventionalarchitecturein
many situations.

Binary imageoperatorscanbe representedby a spe-
cial kind of directacyclic graphknown asbinary decision
diagram, or BDD [1]. Theevaluationof suchoperators—
that is, finding the imageresultedfrom the applicationof
the operatorover the input image— is doneby traversing
the graphandperforminganif-then-else teston the
binary variablestoredat eachvisited node. The valueof
this variableis directly relatedto the input image. There-
sult of this traversalis oneof the two possiblefinal states
of the graph,the sinks“0” and“1”, which is thenusedto
determinetheoutputimagepixel values.

Imageprocessorsusingthis approachevaluatethe in-
put imagein time �������	��
 , where � is thelongestpathin

theoperatorgraph(i.e. theheightof thedecisiondiagram)
and � is theinput imagesizein pixels. It is not possibleto
performa word-at-a-timeparallelprocessingof pixels us-
ing this approachwithout traversingboth branchesof the
if-then-else tests. Thus, althoughthe graph-based
architecturepresentsbetterperformancethan the conven-
tional bit-system,in largeword machinestheconventional
architectureis preferablefor mostoperators.

This article demonstrateshow the graph-basedrepre-
sentationof operatorscanstill beusedto speed-upthecon-
ventionalbyte-architecture.An operatorapplicationtimeof���
����� ��
 will beachieved,where � is thesizeof thedeci-
siondiagram,and � is themicroprocessorword size.This
approachleadsto fasteroperatorimplementationswhenits
graphhasareasonablewidth. Theproposedsystemwill be
calledhybridarchitecture.

Following this introduction,Section2 revisits the set
theory approachto binary image processing. Section3
presentsthe Booleanexpansionand the graph-basedrep-
resentationof binary functions. Section4 discussesthe
graph-basedrepresentationof windowedoperators,how to
computeit, andits first employmentin the architectureof
imageprocessors.Section5 presentsthe Booleandecom-
positionof operatorsandits usefor fastersoftwareimple-
mentationsof imageprocessors.Section6 shows someex-
amplesof operatorimplementationusingthe Booleande-
compositionstructureandmakesanexpectedperformance
analysisin termsof thenumberof basicoperations.Section
7 concludesthearticle.

2 Binary Image Operators

This sectionrevisits the groundsettheoryapproachto bi-
naryimageprocessing.Binary imagesaremodeledassub-



setsof the imagespace� , which commonlyis a rectangle
in ZZ � . The space������
 of all binary imagesconstitutes,
with the partial order � , a completeBooleanlattice [5],
with universalbounds� and � , andhaving theusual � , �
and � � asits supremum,infimum andcomplementationop-
erations.

A binaryimageprocessingprogramis modeledasthe
discretesetoperator� �!�����"
$#%������
 . Theset & of all
suchoperatorsis alsoa completeBooleanlatticewhenone
assignsfor each�('*)+� �-, & ,
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Thesupremumandinfimumin this latticeverify
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where Q is asetof indices.

The compositionof � ' by � � , denoted� � � ' is the
operatordefinedby � � � ' ��23
(AR� � �
� ' ��23
+
 , 7�2 , ������
 .
The identity ( S ) andnegation( T ) operatorsaredefinedbySU��23
4AV2 and TW��23
XAY23� , 7�2 , �����"
 . Thus, TZ� is the
complementof � in thelattice �[&") . 
 .

The set operators\ , & that satisfy \]��� <�=?> 2 < 
^A� <�=?> \]�
2 < 
 , for every family �
2 < 
 <�=?> in ������
 are called
dilations. Dually, the set operators_ , & that satisfy_!�`� <
=?> 2 < 
CAa� <�=?> _!�
2 < 
 , for every family �
2 < 
 <�=?> in������
 , arecallederosions.Dilationsanderosionsarechar-
acterizedby structuringfunctionsb"���c#d������
 , andde-
noted\fe and _?e , respectively.

With erosions,dilations, the negationoperator, com-
position and the basic set operations,one can build any
operatorof & . Morphological expressions— that is, the
valid sentencescomposedof the symbols ��\g)+_])KT]);h4)Kij

and the parametricstructuringfunctions— are the most
commonrepresentationof operators. This representation
schemeinducedthearchitectureof theconventionalbinary
imageprocessors,alsocalledmorphological machines, or
MMachs[2].

Practicalimplementationsof MMachsuses,neverthe-
less,asub-family of erosionsanddilations:thosethatcom-
mutewith thetranslation,asexplainedin thesequence.

Let ���k)6l-
 beacommutativegroup,with thezeroele-
ment m , � , calledorigin. Let � , � and 2n)Koc�R� . The
set 2qp�A �sr lR�t� r , 2E� is the translationof 2 by � .
Thesetoperatorusp definedby usp��
2P
MAR2qp , 7v2 , ������
 ,
is called the translationoperatorby � . An operator� is
said translationinvariant if it commuteswith the transla-
tion, thatis, if ufp*�tAw�Muspx)y7H� , � .

Thesetoperations2Yz{o|Aw�~} =�� �
2k}*
 and 2Y�{o|A� } =�� �
2{� } 
 are the Minkowski addition and subtraction.
Thetranslationinvariantdilationsanderosionsarecharac-
terizedby sets ����� , calledstructuringelements, and,

thus,denotedby \@� and _*� . They canbedefinedby

\s�$��23
(A�2Pz�� �?�x��_*�/�
23
jAw2P��� 7�2n)K� , ������
69
Notethat \ � AYi e = � u e and _ � AYh e = � ug� e .

Let � ��� be a finite setcalledwindow. A setop-
erator � is saidto be locally definedwithin � if andonly
if

� , �/��23
 0 � , ���
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Wecall operator windowtheminimalwindow in which the
operatoris locally defined. Thus,the translationinvariant
setoperatorsS , T , usp , \@� and _*� have windows

�
o � , � o � ,�

-h � , ���(A ��� b1�Fb , �q� and � , respectively.
Let &�� be the set of all translationinvariant oper-

ators that are also locally defined within some window� . Thesearethe operatorsof interestin this article, and
arecalledwindowedoperators, or � -operators.The lat-
tice �`& � ) . 
 is isomorphicto the completeBooleanlat-
tice ���������`��
+
L)@�$
 [3]. This meansthat � -operators
canbe canonically(i.e., completelyanduniquely), repre-
sentedby collections ����������
 of window configura-
tions.Onesuchrepresentationis theoperatorkernel, given
by � � �
��
MA � 2�������m , �/��23
;� .

Anotherusefulcanonicalrepresentationis the collec-
tion of all maximal intervals in the kernel,calledbasisof
the operator. An interval of window configurationswith
extremities � and � is definedby � ��)U�� ¡A � 2¢�1�£�2��¤�d�¤� � . The basisrepresentationis widely used
in automaticdesignof operatorsby machinelearningtech-
niques[2, 3, 4].

3 Characteristic Function and Decision Diagrams

Besidesthe kernelandbasisrepresentations,� -operators
canbecanonicallyrepresentedby functions ¥t�x���`��
$#�	¦ )s§*� and by functions ¨�� �f¦ )@§*�Z© � ©¡# �f¦ )@§*� , since�	¦ )s§*�sªM« �­¬ and

�f¦ )s§*�*®8¯s° 'K±L² ³$² (theBooleanalgebraIB © � © )
areBooleanlatticesisomorphicto �������`��
+
 , andhence,
to &�� . Thesupremum,infimum andcomplementin those
latticesaredenotedby l , � and � .

The characteristic function of an operator � , is the
functionof

�	¦ )s§*�sªM« �­¬ definedby ¥´�
��
L�
2P
-A¤§ 0 2 ,� � ���4
 0 m , �/�
2P
6)y7v2 , � .
In the following, we definethe characteristicbinary

function of a � -operator� , denoted̈~�
��
 , IB © � © . Let� A � � ' )+� � )@9@9s98� © � © � . The supportof a vector µ�A� r '*) r � )@9s9@9s) r © � © 
 , �f¦ )@§*� © � © , denotedµ � , is the set2¶�O� suchthat � < , 2 0 r < A¤§ . Thecharacteristic
binary function of an operator� , is the function of IB © � ©
definedby ¨~���4
L��µ�
MAY¥·��µ � 
6)87�µ , �	¦ )s§*�F© � © .

Binary functionsof ¸ �c¸ variablescanbe canonically
representedin several ways. The sum-of-mintermsform



of the characteristicfunction of an operatoris structurally
equivalentto its kernel.Thesetof primeimplicantsof this
functionis structurallyequivalentto theoperatorbasis.

A graph-basedrepresentationfor binary functions,
calledbinary decisiondiagram hasbeenextensively used
sincethe work of Bryant [7], whena canonicalform and
manipulationalgorithmsfor it weredefined.It is basedin
the Booleanexpansionof a binary function, given as fol-
lows.

Let ¨ , IB © � © , and
r < a variablein the domainof ¨ .

TheBooleanexpansionof ¨ with respectto thevariable
r <

is

¨¹A r < �s¨j¸ ºf»Wl r < �f¨j¸ ºs» A � r < lt¨j¸ ºf» 
´��� r < lt¨j¸ ºs»8
L9
The restrictions̈j¸ º »"A�¨~� r '*)@9s9@9L) r < A¼§?)s9@9s9L) r © � © 
 and¨j¸ ºf» Ac¨~� r '*)@9@9s9@) r < A ¦ )@9@9s9L) r © � © 
 are,respectively, the
positiveandnegativecofactorsof ¨ with respectto thevari-
able
r < .
Thecofactorscanbeexpandedfurtherwith respectto

othervariables,andthis processrepeateduntil theremain-
ing cofactorsbe the constantfunctions ½ and ¾ . The final
expression,whenparsed,resultsin anorderedbinary tree,
whosenodesarelabeledwith thevariableindices,andthe
leaveswith “0” or “1”. Thefirst child of eachnodeis called
positive,andtheotherchild, negative.

A parsingtreefor the function canbe built with this
procedurein awaythatthepathsfrom theroot to theleaves
visit the nodeindicesin ascendingorder. Afterwards,all
identicalsubtreescanbe mergedandall the nodeswhose
childrenareidenticalbeeliminated.Theresultingstructure
is a rooteddirectedacyclic graphcalled reducedordered
binary decisiondiagram, or ROBDD [7].

ROBDD is a canonicalrepresentationof binary func-
tions. Several freesoftwarepackagesfor ROBDD manip-
ulationareavailablein theInternet.In [6, 7, 8] algorithms
to computetheROBDD of ¨ ' l^¨ � andof ¨ ' �6¨ � , giventhe
ROBDDsof ¨ ' and ¨ � , arepresented.

Figure 1 shows the ROBDDs of somebinary func-
tions.Solid linespoint to thepositivecofactorsanddashed
to thenegativeones.

Theevaluationof ¨~� r '	) r � )s9@9s9@) r © � © 
 canbestatedas
“if (

r < ) then ¨j¸ º » else ¨j¸ ºs» ”. Therefore,the ROBDD
can be “executed”as if it were a programconsistingof
nestedif-then-else statements.The runningtime of
this programis ���U¸ �c¸ 
 , meaningthat the function canbe
evaluatedwith at mostonetestpervariable.

4 Graph Representation of Operators

This sectiondiscussesthegraph-basedarchitectureandthe
methodto computetheoperatorgraph.

Let . atotalorderin � and �¿A � �À'g)+� � )s9@9s9@)+� © � © �
such that �$' . � � . 9s9@9 . � © � © . Let Á � be the
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Figure1: ROBDDsof someBooleanfunctions:(a)
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spaceof all ROBDDs representingbinary functionsin the
variables

r �vÄ ) r �ÃÅ )@9@9s9@) r � ² ³-² . As ROBDDsarecanonical
representationof binaryfunctions,a bijective mappingbe-
tween Á�� andIB © � © exists.

Let Æ�� IB © � © #¹Á�� denotethe mappingthat takes
theROBDD Æ4�`¨W
 of thefunction ¨ . Let ¨ ' )K¨ � , IB © � © . By
defining ÆX�`¨ ' 
!Ç�Æ4��¨ ' 
(AYÆX�`¨ ' l3¨ � 
 and Æ4��¨ ' 
!È"ÆX�`¨ ' 
XAÆ4�`¨ ' �8¨ � 
 , weestablishalatticeisomorphismbetweenÁ��
andIB © � © , andhence,betweenÁ � and & � . TheROBDD
of the characteristicfunction of an operator � is called
graphof � , thatis, Æ4��¨~���4
U
 , anddenotedby Æ4�
��


The graphsof the elementaryoperatorsS , T , u p , \ �
and _ � aredenotedby Q , � , É p , Ê � and � � . They havea
verysimplestructure,asillustratedin Figure2.
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Figure2: Graphsof S , T , usp , \ ® � Ä ° ��Ë ° ��Ì ± and _ ® � Å ° �ÃË ° �xÍ ± .

Graphsof complex operatorscanbebuilt by meansof
the procedurespresentedin [9], whenoneknows the op-
eratordescriptionby a morphologicalexpression. Those
procedurescomputethefollowing graphs,given � , &�� ,� ' , &�� Ä , � � , &�� Å , � , � and ����� :Î Æ4��\s�M��
 , Á �kÏ��·Ð Î Æ4��usp��4
 , Á���Ñ�ÒÎ Æ4��_ � ��
 , Á �kÏH� Î Æ4��� � �M'L
 , Á � Ä Ï·� Å 9

Let Ó < AÔÆ4�
� < 
 . Thegraph Æ4�
� � �M'@
 will bedenoted
by Ó � �*Ó�' . Thus,the proceduresabove calculateÉ p �*Ó ,



�$�E�sÓ , Ê"�Õ�sÓ andthegenericcompositionÓ � �fÓ ' . The
proceduresfor Ç , È and Ó�A �Ö�gÓ canbethosegivenin
[6, 7, 8]. With this notation,theprocedureof convertinga
morphologicalexpressioninto its graphis straightforward.
For example,thegraphof _*×´\s×nhÕ�
_g�X\@�^i3Svi3T�hØuspZ
 is
obtainedfrom theapplicationof thefollowing sequenceof
graphoperations:��� × �yÊ × 
ZÈ­�Ù��� � �8Ê � 
ZÇ-QXÇk����È�É p 
y  .

A morphologicalmachinehasbeenbuilt having the
ROBDD representationin its core [10]. A pre-processor
calculatesthe operatorgraphs, translatethem into if-
then-else-formed programs,compile them, and store
themin a library. The imageprocessingitself is doneby
directly executing theseprogramsas the machineprimi-
tives. Set operations,countersand loop control are also
providedto allow theuseof morecomplex operators.This
approachhasreportedfasterimplementationsthan in the
conventionalbit-architecturefor many operators[9].

5 Boolean Decomposition of � -Operators

This sectionpresentsthemaincontributionsof this article:
the Booleandecompositionof operatorsand the proposal
of usingit in morphologicalmachinesin orderto achieve
fasterimplementations.

RecalltheBooleanexpansionof a function ¨ , IB © � ©
with respectto thevariable

r � » :
¨ = � r � »·�	¨j¸ ºfÚ » 
�lV� r � »´�	¨j¸ º Ú » 


= � r � »Wlt¨j¸ º Ú » 
j��� r � »Hlt¨j¸ ºfÚ » 
 .
Let � , &�� be the operatorwith characteristicbi-

nary function ¨ . Let denote��¸ � » and ��¸ � » the operators
whosefunctionsare ¨j¸ º Ú » and ¨j¸ º Ú » , respectively. It is eas-
ily verifiedthat

r � » is thecharacteristicbinaryfunctionof
the operatorug� � » . Therefore,makinguseof the isomor-
phismbetweenIB © � © and & � , we obtainwhatwe call the
Booleandecompositionof � at � < :

� = �
ug� � »Hh���¸ � »U
HiP��TZug� � »Wh���¸ � » 

= �
ug� � »Hi���¸ � » 
HhP��TZug� � »Wi���¸ � »+
 .

Similarly, in thespaceÓ�� wealsodefinetheBoolean
decompositionof thegraph ÓÔAYÆ4�
�4
 at � < :

Ó = ��É � � »vÈ�Óq¸ � »+
HÇ3�����LÉ � � »WÈ�Óq¸ � » 

= ��É � � »vÇ�Óq¸ � » 
HÈ3�����LÉ � � »WÇ�Óq¸ � »+
 ,

wheretherestrictionsÓq¸ � » and Óq¸ � » arethegraphsof the
correspondingoperators�-¸ � » and �-¸ � » . Notethat, if � < is
the label of the graphroot (the smallestvariableindex inÓ ), thenthesegraphscoincidewith the successorsof the
root node.

From the disjunctive Booleandecompositionof � it
follows that, 7v2 , � ,

�/�
2P
(A|��2�� � »W����¸ � »@�
23
U
H��� 2{� � »v���-¸ � » �
2P
+


This expressioncanbe interpretedasreproducingin���
23
 the pixelsof ��¸ � »L�
23
 at the positionssetin 2 � � » ,
andthepixelsof ��¸ � » ��23
 at theotherpositions.An alter-
native notationto this is thebitwiseselection, givenby the
“ ?: ” ternaryoperation:

���
23
(Aw2{� � »ZÛÀ��¸ � »@�
23
X�?�-¸ � » �
2P
69
Notethatthisis notanif-then-else in theusualsense,
sinceboth brancheshave to be computed,in order to get���
23
 .

We are now ready to introducean enhancementof
MMachs,which consistsof a procedureto drive theappli-
cationof theoperatorover input imagesby exploiting this
new decomposition.We supposethat thegraphsof theop-
eratorsaregiven— if not, they canbecalculatedfrom the
morphologicalexpression.

The procedure recursively traverses the operator
graph,and at eachinternal nodeappliesthe Booleande-
compositionexpressionto theimagesreturnedfrom itschil-
drennodes.Theleavesaredefinedto returntheempty(all
pixels off) andfull (all pixels on) images. The decompo-
sition expressionis calculatedby theusualcalls to theun-
derlyingconventionalMMach (byte-architecture).Thead-
vantageof this methodis its simplicity, sinceit demands
nopixel-level routinedevelopment.Thedecompositionex-
pressioncanalsobe suppliedasa routinethatextendsthe
functionalityof theMMach,allowingdirectspecificationof
ROBDDsby theoperatordesigner. Themaindrawbackof
this approachis thatoneentireimageis allocatedfor each
instanceof therecursion,but this is easilyovercomeaswill
beseenin thesequel.
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Figure3: Graphof the vertical borderdetector� andthe
intermediateimagesusedto compute�/�
2P
 .

Figure3 illustratesthegraphof theanti-extensivever-
tical borderdetector. Besideseachnode, it is shown the



processedimagereturnedby it, given the input image 2 .
Theroot nodereturnstheimage���
23
 , asshown.

A first optimizationof that procedureis possible,in
which all neededtranslationsof theimageis precomputed,
aswell astheircomplements,andthentherecursiveproce-
dureis built by makinguseof a fastimplementationof the
bitwiseselectionoperation.A furtheroptimizationwith re-
spectto memoryspacecanbeachievedby doingthewhole
processin imagechuncks,for examplein onerow atatime.

This new approachto morphologicalimageprocess-
ing, dependingontheviewpoint,is regardedasanextended
conventionalMMach, or a parallel graph-basedMMach.
We call this approachhybridarchitecture.

6 Expected Performance

This section shows the applicability of the architecture
basedon theBooleandecompositionstructure.We present
threeclassesof operatorsthatrun fasterwhendecomposed
in this way, whencomparedwith theclassicaldecomposi-
tion.

We assumethat in any machineimplementationthe
neededimage translations( u � � »6�
23
 ) and their comple-
ments( TZu � � »L��23
 ) arepreviously calculated,or arecalcu-
latedonlyonce,whenthey appear. Hence,for a � -operator
thereare ¸ �c¸ input image translationsand ¸ �c¸ comple-
mentedones,independentlyof thedecompositionused.So,
for thesakeof architecturecomparisons,thenumberof op-
erations� plusthenumberof � ’s will beconsideredasthe
algorithmcost.Thus,thecostsof _ � or \ � are ¸ ��¸ � § . The
costof any operatordescribedby theBooleandecomposi-
tion is thenumberof internalnodes� timesthecostof the
Booleandecompositionexpression,thatis, Ü­Ý{� .

Preliminarily, we analysethe cost of the hit-or-miss
operator, which is extensively usedin morphologicalimage
processing.It is definedas Þxßà ° á AV_ à h�_ á T . Its costis,
therefore,̧ âã¸flV¸ äc¸ � § .

The first operatoris the parity operator, namedåv� .
This operatorexaminesthe input imageunderits window� and turns on the output pixel at the appropriateposi-
tion if the observed imageconfigurationthroughthe win-
dow hasan odd numberof points. Its descriptionby the
classicalmorphologicaldecompositionis a supremumofæ © � © �W' termsof the form ÞÃß×W» ° ×W» , wherethe � < ’s are the

subsetsof � with odd sizeand � < Aç�è�3� �< . Thus,its
cost is exponentialin the sizeof � . Exceptfor the case
of a very small window ( ¸ �c¸ . Ü ), it hasworseperfor-
mancethanthe implementationby the Booleandecompo-
sition,sincethegraphof this operatorhasonly

æ �F¸ �c¸ � §
nodes.Figure4 illustratesthe setof the � < ’s for åv� and
theoperatorgraph.

The secondoperatoris the symmetrydetector. This
operatorexaminestheinput imageunderits window � and

c
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Figure4: Structuringelementsandgraphfor theparity op-
erator( ¸ �c¸�ARé ).
turnson the outputpixel at the appropriateposition,if the
observed window configurationis symmetricwith respect
to thecenter. It is definedby theformula:ê ��AVi~� =*ë Þ ß� ° � )
whereì is thesetof the

æ ² ³À²Å
possiblesymmetricstructur-

ing elementscontainedin � .
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Figure5: Structuringelementsandgraphfor thesymmetry
detector( ¸ �c¸?Awí ).

Figure5 showstheset ì aswell astheoperatorgraph,
for awindow with eightelements.Arcsto thesink“0” were
omittedin thedrawing.

Thecostof Þ � ° � is ¸ �c¸ � § . Hence,thecostof ê �
is �U¸ �c¸ � §f
~�Z¸ ì�¸flw�K¸ ì-¸ � §f
 , thatis, ¸ �c¸g� æ ² ³$²Å � § . The

correspondinggraph-basedoperatorhasÜ4� æ ² ³$²Å � Ü nodes,

thencosting î���� æ ² ³/²Å � §f
 . For windowswith tenor more
elements,theperformanceof thegraph-basedimplementa-
tion of ê � getsbetterthanthe implementationby the flat
decompositionabove.

Thethird operatoris themedianfilter. It is definedas:

ï ���
2P
~A ð r , ����¸ 2 � ºÀ����¸!ñ ¸ ��¸flR§æ ò )�7�2��5�
Thekernelof ï � consistsof all subsetsof B thathave© � © ó '� elementsor more,supposinģ ��¸ odd. Its basiscon-

sistsof the ô © � ©² õ�² ö ÄÅø÷ intervals � ��)K��  suchthat ¸ �¡¸!A © � © ó '� .



The morphologicalexpressionderived from the basisof
the medianfilter is: ï �¹A¢i � _*×¹�n�ù�ú�q)´¸ �¡¸nA© � © ó '� � . The implementationof this expressionwill cost

ô © � ©² õ�² ö ÄÅø÷ � © � © ó '�
� § . Wenotethatthis implementationis too

costly. For example,if ¸ �{¸?Awî thereare126erosionterms,
and ï � costs629operations.
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Figure6: ROBDD for a Ü­ÝØÜ medianfilter.

The ROBDD for the medianfilter hasa very simple
structure,andtheexamplefor ¸ �{¸?Awî is shown in Figure6.
The costof ï � in the proposedMMach is Ü­�Ã� «�© � © ó ' ¬� 
 � ,
whichis obviouslymuchmoreefficientthantheimplemen-
tationbasedon thebasisdecomposition.Thus,for ¸ ��¸�Awîï � costs75 operations.In a graph-baseMMach it would
cost î . In a 32-bit machine,the expectedspeed-upof the
new approachis ��î��@Ü æ 
Uû?ü?ý�AVÜ!9 í*é .
7 Conclusion

Usingthelatticeisomorphismthatexistsbetweenthespace
of � -operatorsand the spaceof the binary functionsof¸ �c¸ variables,adecompositionstructurein & � equivalent
to the Booleanexpansionwas derived. This was named
theoperator“Booleandecompositionat thepoint � ”, with� , � .

Thecomponentsof the decompositionexpressionare
theoperatorsusp and TZusp , whicharetrivially calculated,and
therestrictions�-¸ � » and ��¸ � » , which aredirectly available
in a certainrecursiveprocedure.Thecombiningoperations
arealsosimpleto calculate(infimum andsupremum).All
of theseoperationscan exploit the naturalparallelismof
themicroprocessorlogical instructionsand,thus,calculate
severalpixelsata time.

The mentionedrecursionis guidedaccordingto the
graphof theoperator, thatis, its ROBDD, whoseconstruc-
tion alsocomesfrom theBooleanexpansion.Dependingon
the width of the microprocessorword andon the number
of nodesof the graph,the operatorimplementationusing
this decompositioncanhavesuperiorperformancethanthe
usual,andthanits implementationin graph-basedarchitec-
tures,aswell.
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