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A binary image � is the setof foreground (FG) pixels in a two-dimensionalarrayof pixels.

Pixelsnot in theFGarein thebackground (BG). Thepixelsin � aredefinedin ����� with respectto

anorigin, conventionallytakento bein theupper-left cornerof theimage.

A structuring element (SE)is aset � , alsoin ����� . In imageprocessing,it is typically of smaller

extentthantheimage� , andthelocationof its elementsaredefinedwith respectto anorigin that

is not necessarilycontainedwithin theelementsof � .

Thebasicmorphologicaloperationsareerosion anddilation. Theerosionof abinaryimage�
by aSE � is thesetoperationdefinedby

�	�
� � ����� ���  � ��������� ��� ����� �"! (1)

where ���  is the translation of the image � by #�$ . The seconddefinition statesthat erosion

generatesa set with a non-emptyresult at every location wherethe translateof � fits entirely

within � . Thedilationof animage� is definedby

�	% � � &���� �  � &� �(' ��� � ���*)+$,�-����� � �.�.��/0$��-�1! (2)

Thefirst andseconddefinitionsstatethatdilationgeneratesasetcomposedof theunionof transla-

tionsof � by elementsin � , andv.v.. Fromthesymmetryof theserelations,it is clearthatX and

B commuteunderdilation

�2% � �3�4%+� (3)

but they donotdosoundererosion,asonemightexpectbecauseadditionis commutativebut sub-

tractionis not. (Historicalnote: � and % arenot theoriginaldefinitionsof Minkowski subtraction

andaddition,respectively, which requireaninversionof theSEaboutits origin.)

Erosionanddilationaredual operations:

5 �6% �*798.�4�-8:� ;� (4)
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where � 8 , thecomplement of � , is thesetof BG pixelsof � , and ;�<�=$ � #>$?�-� is thespatial

inversion of � throughtheorigin.

Theopening of animage� by aSE � is acompositeoperationof erosionfollowedby dilation:

�	@A� � 5 �	�
�B7C%
� (5)

Openingis idempotent andindependentof theorigin of theSE.It is alsoanti-extensive, because

theresultis guaranteedto beasubsetof � . Openingcanbevisualizedastheunionof all translated

SEswheretheSEfits entirelywithin � .

Theclosing of animage� by aSE � is acompositeoperationof dilationfollowedby erosion:

�	DA� � 5 �	%
�B7C�
� (6)

Closing,like opening,is idempotentandindependentof theorigin of theSE. It is extensive, be-

cause� is guaranteedto beasubsetof theresult.

Closingandopeningarealsodualoperations:
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Using thedual relation,closingcanbe visualizedasthe complementof an openingof the back-

ground,i.e.,asthecomplementof theunionof all translationsof theSE,suchthattheinvertedSE

fits entirelywithin � 8 .
Thehit-miss transform (HMT) is a morphologicaltemplatematcherwhosedefinitionis based

on theerosionoperator. TheHMT of abinaryimage� by a disjoint pair
5GF(H / F  7 of SEsis defined

asthesettransformation

�	I 5GF(H / F  7 � 5 �	� F(H 7�J 5 � 8 � F  7 (8)

The HMT generatesa setwith non-emptyresultat every locationwhereboth the FG SE
F(H

fits

entirelywithin � andtheBG SE
F  fits entirelywithin � 8 . It is commonto speakof theelements

in
F�H

ashits, of elementsin
F  asmisses, andelementsnot in their unionasdon’t-cares.
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