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sperations and structuring clements shown in
Gperations an Operation Equation ¥ig.9.26)
their properties.

Teanskition (A): = {wlwe = a ¢« 2o forac A} Translates the origin

af A Lo point 2.
Retlection B = {wlw = -b forb._B} Reflects all clements

ol B about the origin
althisset.

Complement A= {wfws A} Sctof points nolin A.
Difference A B wlwes Aow s BY Sctof points that helong
ANB Lo A but not to B,

Dilution AGB - {sI(B). A - @) “Expands” the houndary
al Ay

Lrosion Al A{(B). A} “Contraets” the houndary
ulA(ly

Opening AsB - (ALB)YDB Smoothes contours.

Breaks narrow isthmuses,
and climinates small
istands and sharp
peaks. (h

Closing AB - (AFB)OB Smoothes contours, fuses
narrow breaks and long
thin pulls.and climinates
sl hotes. (1

© 2002 R. C. Gonzalez & R. E. Woods
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Region filling

Connected
camponents

Convex hull

N (X D B) AT, = pand
kLA

X o (N B B) D ALN, = pand
k=123

XL Anand

X

o’

(Vi OB )U AL = 1234
123

boundary of
A
Fills aregion in AL given a
paint pin the region. (1)
Finds a connected
component Yin A, given
apuintpin Y.(h
Finds the convex hull €(A)

of set A where “conv”

indicates vonvergence
in the sense that
X~ Xiodlh

© 2002 R. C. Gonzalez & R. E. Woods

gep col
Hit-or-miss A®B (AGB)(AB) The set of points TABLE 9.2
transform ) (coordinatesy at which, Summary of
(AoB)  (Acn) simultancously, 8y found morphological
saomateh (CThit"yin A and resulls and their
B, found s match in A*. propertios.
Boundury  B(A) A - (A B) Setul points on the (contisied)
extraction
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Operation Lqguation

Comments
(Mhe Roman numerals refer t the
structuring elements shown in
Fig. 9.26).

Thinning AR A - (AOB)
AN (AG BY
A B)
(. ((AxB)eBY). e n)
VIR N N

Thickening A B AJ(AOB)

A (BY
((..(AcBY):B.)- B

© 2002 R. C. Gonzalez & R. E. Woods

Thins set A The first twa
cquations give the basic
definition of thinning.
The Fast two equations
denote thinning by
sequence of structuring
clements. This method
N normally used in
practice. (1V)y

ckens sel AL (See
preceding comments on
sequences of structuring
clements) Uses IV with

s and s reversed.

TABLE 9.2
Summary of
morphological
results and their
properties,
(continued)
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Skeletons S(A) = USe(A) Finds the skeloton $(a)y of | TABLE9.2
h

sel AL Phe fust equation Summary of

X o i
. . indicates that A can be marphological
Si(A) LJ“”"‘ kB) reconstructed fronn its resultsand their
[(A72kBy - B]} skeleton subsets $,(A). properties

(continued)

[nall three equations, K is
x the value of the iterative
A U(Si(A)5kB) step afler which the set A
£ crodes to the empty sel,
The notation (A kB)
denotes the Kt iterativn
of successive erasion of

AbyB.ah

Reconstruction of A:

Pruning Xy ASBY) X, is the result of pruning
L] . set A The number of
X H('\' @ 1) times that the tirst

cyuation is applicd o

. wbtain 'y must be

N Xie Xy speciticd. Structuring
elements Voare used tor
the first twa equations,
In the third equation 11
denotes structuring
clement |

Xoo (Xaddt)inA

© 2002 R. C. Gonzalez & R. E. Woods
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v

Qommonlg' USGCQ @ , @ \ waed 1o €xp IO'l‘- QOVWlEChUl‘-‘:‘J

for e.Y‘OS\Oh/ \lm‘\"\o*\ i m F\\\\nj

mao N ‘ -
convex huil iz @";Ljulguﬁ“ 'Hnrmmﬁ

@,V\CD. m\-s Bli=1.2.34 Bli=S618 X
‘\'hmn')):ooj @ ‘"""“;,“") @ (rotate 90 ) Thunn \ﬂj

FIGURE 9.26 Five banic 1ypes of structuring clements used tor binary morphology. The
origin ol cach element is at its center snd the X' indicate “don’t care” vadues,

© 2002 R. C. Gonzalez & R. E. Woods

AA R evosion
A®B dr\atiomn

hoB Open"nj ,G\l\;n\v'rla“‘es smal| \slamnds omd Sl’\w\P p&\:s
Ae 3 closing, e\lminate s holes

AR Vb or miss” Trong form
B(A)= A-(ROB) bound ey dutechiom
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K

/D <hould be, Flaf amd wwdth %b

Max{f(x) = hlay = a)}

) —}(
y ; maN{f(x) = bl = )}
L -"’;/ é max{fix) = b)) AN da“'()v'\—lo'\ ma)aLS o ds
cA o = laggerond bnyg iec

FIGURE 9.27 (:) A simple function. (b) Structuring clement of height A (¢} Result of dila-
tion for various positions of stiding b past £2(d) Complete result of dilation (shown solid).

© 2002 R. C. Gonzalez & R. E. Woods

N (F@ b) () = max JF Gx oy rotag) |
(50t ey 6, 4eD, §

Theo adwa,\(é defines sl\dm3 + b% b, buf; n ?rac:f\u.)
we. usum\\ta. shwde b btd £
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Evosion 1sdefined the Some Wl

Qrgs‘q.on makes brlaw

ob*d! dimmer om&
smaller.

Ge b)(s,£)= mmn {@ (S+>§{’+3)'b(x. 4) KS‘\-X),Q"'E}) éﬂ\c.}@ }! \ébbi

© 2002 R. C. Gonzalez & R. E. Woods
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»'l.{js' o . ,11

K 4
v

—

© 2002 R. C. Gonzalez & R. E. Woods /

R dilatiom
| 4end st brqhten images
2. darrdetonls (:;ma.\\er Fham b)

Ly

are redued ar elimmated

erns\on /

[, fev]d‘s to donken Pos.&Ne I’maaes

2. brignt detouls (smailer tham b) are reduced, sr-elminated
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openn 3
reduced

d shaaprass

Q,\OS\n3

vp per P(‘o

@J@J@\&

FIGURE 9.

() A gray-scake
S

It «
apening,
) Resultof

file of all

balls

e Yalls
gt alone. | X /NS T\ Jower profle ofal
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a b

FIGURE 9.31 (i) Opening and (h) closing of Fig. 9.29¢a0. (Courtesy of Meo AL Maorris,

Leica Cambridge. LW

—~ Y
openm g c,\osmj
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FIGURE 9.32 Morpholog

4 vothing of the image in Fig, 9.29¢0). (Courtesy of Mr. A,
Morris Leica Cambridge. Ltd.y

© 2002 R. C. Gonzalez & R. E. Woods

smoo.‘.\\;,ng - 0W3 ‘?OHO\NQA b\a_ o CA-\OS\Yh\ﬁ '
removes bright omd daak, detanls
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FIGURE 9.33 Morphological gradivnt o

i
Morris Leica Cambridge. Lid.)

© 2002 R. C. Gonzalez & R. E. Woods

mOrP\’)O\O%;Cﬂ-Q %rac\\éh\“. Cé_—"-f@@b) —-(1’-9 L)

QL\‘\OJ\"‘Un — Qros\on
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note
enh wn&-tﬁ

AN TR\ ‘
- . o -
()\&'\’0\\\ FIGURE 9.34 Result of per p-hat tri tion o

(Courtesy of Mreo A Morris, eica Cambridge.

© 2002 R. C. Gonzalez & R. E. Woods

e
Flot-top
—\v? hat W=+ — (‘FOL) waza b= I___I
dexoil n the presence OE S\mxdm'j

enhomcoe-
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Leica Cambridge,

Lid.)

© 2002 R. C. Gonzalez & R. E. Woods

A\goﬁm ! |
. re.pea:\-ed\cj c\ose. Tha \%pw\" \maga T remove
Aol obygcts - Thio Will eyeruedly remove ol The
emaller obgecks (b b smaller tham the crrdes )
2. Now doa 5);\3& OPQWV"3 wrth b |Q/\80\,‘|'kam The
3ePaAo.‘n:rm betwar Mght hoamd blobs .

2. Now doa "(‘hms\uo(dmj.
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a b
FIGURE 9.36

() Original image

distribu
(Courte:

AL
Cut
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Gramlometey - how fodetermne  size diste buhon s
tedln dpen wWith sﬂudw\‘m elcmep{s wh\d\
epeetd P nowase wihthYeada terotion

Cremoves shaap Qlc*m{\sl) _‘ e
QOMPW’(Q du%ercnus béweuuom%ma} G\mc) OPema obaic

Normol!éc.cl differences %.oe, h‘é’mfgﬁwm/,
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