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Bonpocobi (Bpemsa Ha otBetbl 15 muHyT)

1. K ncxopgHoMy M306paskeH o NPUMEHSETCS YCPeRHStoLWas MOCKA Ans NOJaBIEHMs
LUYMQ, O 30TeéM MACKA NANAACUAHA Ong YNy4llueHus Menkmx getanei. Mamenurcs num
PE3YNbTAT, eC/IM NOMEHSTb OYEPERHOCTb STMX ONepaLmi?

2. C nomoLwbto KaKOM onepaLmm MOXHO NOMHOCTLIO YAANMTL M3 M30OPaXKEHMS
M30NMUPOBAHHbIE TEMHbIE MMM CBeTNbie Heborbwmne obnacm? Kakum gomkeH Gbitb
PA3MEP MACKM, €CNU M3BECTHO, YTO Pa3MEp TAKMX OBnacTei He NPEeBOCXOAMT N
nmMkcenem?

3. [lokaxute, 4to BTOPOI NPOXOF ONEPALMM SKBANM3ALMM TMCTOrPAMMBI [ACT TOYHO
TOT XK€ PE3ynbTaT, YTO U NOCse NepPBOro NPOXOAd.

4. CoBMeCTHOE MCMOoMnb30BaHME Npoueayp GUNbTPALMM C YCUNEHUEM BLICOKMX YACTOT U
3KBAMNM3ALMMU TMCTOrPAMMbI SBNSETCS PPEKTUBHBIM METOLOM MOBbILLEHMS PE3KOCTMU M
yrny4llueHus KOHTpacTa. Brvser nv nopsagok Ha okoHYaTtenbHbii pesynstar? [louemy?
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Martemaruueckas mopdonorus

Ob6paboTka M30B6paXKEHMIt HA F3bIKE TEOPUM MHOXKECTB

Teopus 1 TEXHUMKA AHANKU3A FrEOMETPUYECKMX CTPYKTYP

[Nepesie paborsl: Jean Serra, Georges Matheron (1964)

bunapHas mopdonorus = Z2

* DrIeMEHT MHOXECTBA — TOUYKA C KOOPAMHATAMM (X,Y), NpMHaANEeXAaLas 06beKTy HO U30OPaXKEHNM

*TpexmepHas mopdonorus (grayscale morphology) = 73

* DNEeUMEHT MHOXECTBA — TOUKA (X, Y, Z), (X, Y) — KOOpAMHATbI TOYKM HO M3OBPAXKEHUM, Z - SPKOCTb TOUKM
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basosble onepauum Teopumn MHOXKECTB

AlLUB AMB

(A)
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FIGURE 9.1

(a) Two sets A
and B. (b) The
union of A and B.
(c) The
imntersection of A
and B. {d) The
complement of A.
(e) The difference
between A and B.



Ortpa>keHue u nepeHoc

LleHTpanbHoe otpaxkeHue:
B={-b|beB}

[NapanneneHbiit nepexoc:

A ={a+z| ac A}

(A);

&
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a b

FIGURE 9.2

(a) Translation of
A by z.

(b} Reflection of
B.The sets A and
B are from

Fig. Y.1.
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CTpyKTypHbIiA SnemeHT

CTpyKTYypPHbI 3NEMEHT — HEKOTOPOE [BOMYHOE M306PAdKEHNE MPOM3BONLHOMN GOPMBI C
BbIOENEHHbIM HAYAIbHBIM 3MIEMEHTOM (Origin)

I

[pu mopdonormueckoi obpaboTke nporcxopmt 3oHauposaHue (probing) ucxogHoro
M306PAXKEHMS CTPYKTYPHBIM 3MIEMEHTOM
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OcHoBHble onepauumM maremaTmyeckom mopgonorum

bazosble:

Dilation — pacwupenue, Hapawmearme
Erosion — apo3us, cyxxeHune

[1ponzsogHbie:

Opening — pasmbikaHue, OTKPbITUE (CINAXXMBAHKME NO OTHOLIEHMIO K OOBbEKTY)

Closing — 3ambikaHWe, 3aKpbITHE (CIMAXMBAHKME MO OTHOLLEHUIO K GOHY)
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Dilation
Pacwmpenmne, HapawmeaHue, punatayms

Pacwmpenne mHoxectsa A no mHoxecTsy B:

A@ B={z(B).NA#0}

AD B = UAb
beB

p 4

B — cTpyKTypHbIM NPpUMMTHB (3n1EMEHT), CTPYKTYpooBpasytoLee MHOXECTBO
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Dilation: npumepb

abc
d s

FIGURE 9.4

(a) Set A.

(b) Square
structuring
element (dot 1s
the center).

{c) Dilation of A
by B.shown
shaded.

(d) Elongated
structuring
element.

(e) Dilation of A
using this
element.

il I."I;]'
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if-lf I."IS
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Dilation: npumepbi

111 -
111 -
111 -
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[pumenenue paclumperms

Historicaliy, certain computer
programs were written using
only twon digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "00"
as 1900 rather than the yEal

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicabte
year. Accordingly, the
company's software may
recognize a date using "00"
as 1900 rather than the yE
2000. ?

—E
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dpo3ud
Erosion

Dpo3us MHOxecTBa A no mHoxecTsy B:

. N
. O

B — ctpyktypoobpasyeliee MHOXECTBO (MPUMMTMB)
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Jdpo3us: NpUMepbl
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FIGURE 9.6 (a) Set A. (b) Square structuring element. (¢) Erosion of A by B, shown
shaded. (d) Elongated structuring element. (e) Erosion of A using this element.
/
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Jpo3us: Nnpumepbl

111
110
100

101
010
101
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[pumeHeHue pacwumpenus u sposum

Paclwmperune — 3anonHenue «apipok» onpeaeneHHoN GopMbl M pasmepa,
301GBAEMbIMU CTPYKTYPHbBIM SMTEMEHTOM

Dpo3us — yoaneHe oObekToB ONpPeaenieHHoN GopMbl U pasmepa,
30[40BAEMbIMM CTPYKTYPHbBIM SIEMEHTOM

Llens: 3anonHeHme «ablpok», yaaneHme obbekTos 6e3 «NoBOUHbIX» 3PdeKTOB
HQ OCTANbHBIX OOBEKTAX U30OPAXKEHMS

PelueHne: KOMOMHMPOBAHWME PACLUMPEHMS M SPO3NM C OFHMUM M TEM XKE
CTPYKTYPHbIM SNIEMEHTOM
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abc

FIGURE 9.7 (a) Image of squares of size 1.3, 5, 7.9, and 15 pixels on the side. (b) Erosion of (a) with a square
structuring element of 17s. 13 pixels on the side. (¢) Dilation of (b) with the same structuring element.
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Opening

PasmbikaHue, otkpbiTHe

PasmbikaHne mHOXecTBa A no mMHOXecTsy B:

A-B=(Ac B)®B

* CrMAXKMBAET KOHTYPbI 06bEKTA
* 06pbIBAET Y3KME NepeLleku

1 * NUKBMOMPYET Y3KME BbICTYMbI

y
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Opening

A*B—\

A

abec

FIGURE 9.9 (a) Structuring element B “rolling™ on the outer boundary of set A. (b) Heavy
line is the outer boundary of the closing. {¢) Complete closing (shaded).

AeB=(A®B)oB
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e L

Closing

3AMbIKAHME, 3ATKPbITUE

3ambikaHne MHoXecTBa A no MHoxecTsy B:

AeB=(A®B)OB.

* CrMAXKMBAET KOHTYPbI 06bEKTA
* «3QNMBAET» Y3KME PA3PbIBbI M
y3Kkue yrnybneHus

* nuKBMgMpyet Hebonblume
OTBEPCTUS

* 3QMOMHIET NPOMEXYTKM KOHTYPO
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Closing

A+B—\\

A

abc

FIGURE 9.9 (a) Structuring element B “rolling™ on the outer boundary of set A. (b) Heavy
line is the outer boundary of the closing. (¢) Complete closing (shaded).

AeB=(A®B)oB
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CeoucrBa

Opening

(i) AcBc A

(i) CcD=CoBcDo-B
(iii) (A°B)°B = A°B

Closing

() Ac AeB

(i) CcD=CeBcDeB
(iii) (AeB)eB = AeB
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FIGURE 9.10

Morphological
opening and
closing. The
structuring
element is the
small circle shown
in various
positions in (b).
The dark dot is
the center of the
structuring
element.
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A*B=(A©®B)2 B



Hit-or-Miss Transform
[Mpeobpazosanune «ycnex,/Heygaua»

308040 — HOMTU HO M30OPAXKEHUM MECTOMNONIOXEHUE OOBEKTOB 308AHHOMN GOPMBI

cnonb3ayetca cOCTaBHOM CTPYKTYpPHbIM anemenT: B1 — gns sbigenenms obvekta, B2 -

ans sblgeneHms poHa

B1 fits the object while B2 misses the object (fits the background)
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o ) A=XUYUZ W (W - X
3apaya — HaMTH a l‘i I
C C . .

MEeCTONOJ1O>KEHHE ¢ ?

: z Origin
L

X Y -
purype FIGURE 9.12 X

(a) Set A.(b) A
window, W, and . .\

__________

background of X | !
with respect to W, \;
(¢) Complement

of A.(d) Erosion
of A by X. A6 (W ~ X)
(e) Erosion of A"
by (W — X). oo .
(f) Intersection of |

(d) and (e), {:l
showing the | —

location of the
origin of X, as
desired.

A® B=(40 X)n| AW\ X) |
A® B=(AS B)N(A‘S B,) womnirety-x)-
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Boigpenexune rpaHuy
Kak MOXHO BbiienuTh rpaHmnLy o6bEKTA C MOMOLLBIO MOPPONOrMUYECKMX

onepauuin?

p(A)=A\(4© B)

a b —Origin
ER

FIGURE 9.13 (a) Set

A. (b) Structuring y B

element B.(c) A
eroded by B.

(d) Boundary. given
by the set
difference between
A and 1ts erosion.

AES B B(A)
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3anonHeHue obnacrteu

X, =(X,,®B)"A° k=123,..

abc
de f

g hi

FIGURE 9.15
Region filling.
(a) Set A.

(b) Complement
of A.

{(¢) Structuring
element B.

(d) Initial point
inside the
boundary.
(e)—(h) Various
steps of

Eq. (9.5-2).

(1) Final result
[union of (a) and
(h)].

— Origin
A A" B
X,:] X| Xz
X A5 X,UA



BblneﬂeHVIe CBA3HbIX KOMMOHEHT

e - A .
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P — NPOU3BOSIbHAS
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FIGURE 9.17 (a) Set A showing initial point p (all shaded points are valued 1. but are
shown different from p to indicate that they have not vet been found by the algorithm). f
(b) Structuring element. (¢) Result of first iterative step. (d) Result of second step.

(e) Final result.



[MoctpoeHue BbiNyKnou 060nouKu
X, =(X;_,®BYUA i=1,234 n k=123,...

a
bcd
g g

h
FIGURE 9.19
{a) Structuring
elements. (b) Set
A. (c)—(f) Results
of convergence
with the
structuring
elements shown
in (a).(g) Convex
hull. (h) Convex
hull showing the
contribution of
each structuring
element.
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YTOHYeHue

AXB

]

= (O
=l =

—. o O
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A—-(A®B)
AN (A®B)° -

.I_()ngm
1 * = X x _)-c =
- " 4 x x
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\l_()rigin
T
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A® B-I-.F.{n,'."_h'. 123

FIGURE 9.21 (a) Sequence of rotated structuring elements used for thinning. (b) Set A.
{c) Result of thinning with the first element. (d)—(1) Results of thinning with the next
seven elements (there was no change between the seventh and eighth elements). (j) Re-
sult of using the first element again (there were no changes for the next two elements).
{k) Result after convergence. (1) Conversion to m-connectivity.



YTonuieHue

AG B=AU(A® B)

e
c d
=

FIGURE 9.22 (a) Set A. (b) Complement of A. (c) Result of thinning the complement of
A. (d) Thickened set obtained by complementing (c¢). (e) Final result, with no discon-
nected points,



[NocTtpoeHue ocroBa

ab

cEd

FIGURE 9.23

(a) Set A.

(b) Various
pasitions of
maximum disks
with centers on
the skeleton of A.
(¢) Another
maximum disk on
a different
segment of the
skeleton of A.

(d) Complete
skeleton.

S(A) =US, (A)

k=0
(A)=(A—KB)—(A—kB)oB
K = max{k | (A—kB) = ®}

;

[

A= (S, (A) @ k)
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YceuyeHue

ab

d
c
FIGURE 9.25

(a) Original
image. (b) and

{c) Structuring
elements used for
deleting end
points. (d) Result
of three cycles of
thinning. (¢) End
points of (d).

() Dilation of end
points
conditioned on
(a).(g) Pruned

image.

e o o

B'. B>, B®, B* (rotated 907)

B, B, B, B® (rotated 90°)
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X, =A®{B}
X, = kC;l(xlea B“)
X;=(X,®H)NA

X, =X,UX,
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3aKnro4yeHume

* bazosble Mopdonornyeckme onepaumu
» Paclwmpenue, sposus
* [pomnssopHbie MopdonorMyeckme onepaumm
 PasmbikaHme
* 3aMbIKQHWE
e «Ycnex/Heygaua»
* [loctpoenue Bbinyknoi 06onouku
* [loctpoeHune ocrosa
* YceueHue
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