Cviceni 10 - Matematicka morfologie

Mnozinové operace

mnoziny A a B (1 pfedstavuje fakt, Ze prvek (pixel na soufadnici) lezi v mnozing, 0, ze nelezi)

cely obrazek je univerzum

A
B

zeros(500);
zeros(500);

A(100:200, 100:400) 1.3

B(15:250, 15:250) = 1;
figure

subplot(1,3,1)
imshow(A)

title('A")
subplot(1,3,2)
imshow(B)

title('B")
subplot(1,3,3)
imshowpair(A, B, 'blend');




Mnozinové operace
- komplement

- sjednoceni
- prunik
- rozdil

komplement_ A = 1 - A;
komplement B = 1 - B;
sjednoceni = max(A,B);
prunik = min(A,B);

rozdil A B = max(A - B,zeros(size(A)));
rozdil B A = max(B - A,zeros(size(A)));
figure

subplot(4,2,1)

imshow(A)

title('A")

subplot(4,2,2)

imshow(B)

title('B")

subplot(4,2,3)

imshow(komplement_A)
title('komplement A')
subplot(4,2,4)
imshow(komplement_B)
title('komplement B')
subplot(4,2,5)
imshow(sjednoceni)
title('sjednoceni')
subplot(4,2,6)
imshow(prunik)
title('prunik")
subplot(4,2,7)
imshow(rozdil A B)
title('rozdil A a B')
subplot(4,2,8)
imshow(rozdil B_A)
title('rozdil B a A'")



komplement A komplement B

sjednoceni

rozdilAaB rozdilBa A
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V praxi se pro modelovani mnozinovych operaci pouZzivaji logické operatory. PopiSte (naprogramujte) operace
komplement, sjednoceni, pranik a rozdil pomoci logickych operatord.

and(), or(), not(), xor()

DalSi operace

Posunuti - translace
Mnoziny o bod z = (z1,z2)

A;={clc=a+z,YaeE A}

z = [50,150];

Az = imtranslate(A,z);
figure

subplot(1,2,1)
imshow(A)

title('A")
subplot(1,2,2)
imshow(Az)

title('Az")



Reflexe

A= {wlw = —a,Va € A}

Morfologické operatory

Dilatace
RozSituje objekty v obrazku na zakladé strukturalniho elementu.

A®B=Lub

beB

Strukturalni element vytvofime pomoci fce strel()

SE = strel([©@ © 1; 61 0; 10 0]);
obr = zeros(5);
obr(3,3) = 1;

obr

obr =
0 (7] 0 0 0
0 7] 0 0 0
0 (7] 1 0 0
0 7] 0 0 0
0 7] 0 0 0



U strukturalniho elementu se pfedpoklada, Ze stfed je na soufadnicich floor((size,B+1)/2).

dilatace - imdilate()

obr_dilate = imdilate(obr,SE)

obr_dilate =
0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 1 0 0 0
0 0 0 0 0

strel() implementuje vytvoreni strukturalniho elementu nejen ze zadané matice, ale i specialnich tvara.

help strel

strel Create morphological structuring element.
SE = strel('arbitrary',NHOOD) creates a flat structuring element with
the specified neighborhood. NHOOD is a matrix containing 1's and 0's;
the location of the 1's defines the neighborhood for the morphological
operation. The center (or origin) of NHOOD is its center element,
given by FLOOR((SIZE(NHOOD) + 1)/2). You can also omit the 'arbitrary'’
string and just use strel(NHOOD).

SE = strel('diamond',R) creates a flat diamond-shaped structuring
element with the specified size, R. R is the distance from the
structuring element origin to the points of the diamond. R must be a
nonnegative integer scalar.

SE = strel('disk',R,N) creates a flat disk-shaped structuring element
with the specified radius, R. R must be a nonnegative integer. N must
be 0, 4, 6, or 8. When N is greater than @, the disk-shaped structuring
element is approximated by a sequence of N (or sometimes N+2)
periodic-line structuring elements. When N is ©, no approximation is
used, and the structuring element members comprise all pixels whose
centers are no greater than R away from the origin. N can be omitted,
in which case its default value is 4. Note: Morphological operations
using disk approximations (N>@) run much faster than when N=0. Also,
the structuring elements resulting from choosing N>@ are suitable for
computing granulometries, which is not the case for N=0. Sometimes it
is necessary for strel to use two extra line structuring elements in the
approximation, in which case the number of decomposed structuring
elements used is N+2.

SE = strel('line',LEN,DEG) creates a flat linear structuring element
that is symmetric with respect to the neighborhood center. DEG
specifies the angle (in degrees) of the line as measured in a
counterclockwise direction from the horizontal axis. LEN is
approximately the distance between the centers of the structuring
element members at opposite ends of the line.

SE = strel('octagon',R) creates a flat octagonal structuring element
with the specified size, R. R is the distance from the structuring
element origin to the sides of the octagon, as measured along the
horizontal and vertical axes. R must be a nonnegative multiple of 3.

SE = strel('rectangle’',MN) creates a flat rectangle-shaped structuring
element with the specified size. MN must be a two-element vector of
nonnegative integers. The first element of MN is the number rows in the



structuring element neighborhood; the second element is the number of
columns.

SE = strel('square',W) creates a square structuring element whose
width is W pixels. W must be a nonnegative integer scalar.

SE = strel('sphere',R) creates a sphere-shaped structuring element
whose radius is R pixels. R must be a nonnegative integer scalar.

SE = strel('cube',W) creates a cube structuring element whose
width is W pixels. W must be a nonnegative integer scalar.

SE = strel('cuboid', XYZ) creates a cuboidal structuring element of
size XYZ. XYZ must be a three-element vector of nonnegative integers
specifying the number of rows, number of columns, and the number of
planes in the third dimension.

For all shapes except 'arbitrary', structuring elements are constructed
using a family of techniques known collectively as "structuring element
decomposition.” The principle is that dilation by some large
structuring elements can be computed faster by dilation with a sequence
of smaller structuring elements. For example, dilation by an 11-by-11
square structuring element can be accomplished by dilating first with a
1-by-11 structuring element and then with an 11-by-1 structuring
element. This results in a theoretical performance improvement of a
factor of 5.5, although in practice the actual performance improvement
is somewhat less. Structuring element decompositions used for the
'disk' and 'ball' shapes are approximations; all other decompositions
are exact.

The following syntaxes will still work, but are not recommended for
use. The non-flat structuring element shapes listed below can be
created using OFFSETSTREL.

SE = strel('pair',OFFSET) creates a flat structuring element containing
two members. One member is located at the origin; the second member's
location is specified by the vector OFFSET. OFFSET must be a
two-element vector of integers.

SE = strel('periodicline’',P,V) creates a flat structuring element
containing 2*P+1 members. V is a two-element vector containing
integer-valued row and column offsets. One structuring element member
is located at the origin. The other members are located at 1*v, -1*V,
2%V, 2%V, ..., P*V, -P*V,

SE = strel('arbitrary',NHOOD,HEIGHT) creates a nonflat structuring
element with the specified neighborhood. HEIGHT is a matrix the same
size as NHOOD containing the height values associated with each nonzero
element of NHOOD. HEIGHT must be real and finite-valued. You can also
omit the 'arbitrary' string and just use strel(NHOOD,HEIGHT).

SE = strel('ball',R,H,N) creates a nonflat "ball-shaped" (actually an
ellipsoid) structuring element whose radius in the X-Y plane is R and
whose height is H. R must be a nonnegative integer, and H must be a
real scalar. N must be an even nonnegative integer. When N is greater
than 0, the ball-shaped structuring element is approximated by a
sequence of N nonflat line-shaped structuring elements. When N is @, no
approximation is used, and the structuring element members comprise all
pixels whose centers are no greater than R away from the origin, and the
corresponding height values are determined from the formula of the
ellipsoid specified by R and H. If N is not specified, the default
value is 8. Note: Morphological operations using ball approximations



(N>@) run much faster than when N=0.

Examples
sel = strel('square', 11) % 11-by-11 square
se2 = strel('line', 10, 45) % length 10, angle: 45 degrees

% Create and display a 2-D disk-shaped structuring element.
se3 = strel('disk', 15)
figure, imshow(se3.Neighborhood)

% Create and display a 3-D sphere-shaped structuring element.
se4 = strel('sphere', 15)
figure, isosurface(se4.Neighborhood)

See also imdilate, imerode, offsetstrel.

Documentation for strel
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VyzkouS$ejte rlizné SE a podivejte se na vysledky.

SE = strel('disk',4,0);
I = imread("text.png");
I_dilate = imdilate(I,SE);

figure

subplot(1,3,1)

imshow(I)

title('I")

subplot(1,3,2)

imshow(I_dilate)

title('dilate I')

subplot(1,3,3)

imshow(imfuse(I, I_dilate, 'falsecolor'));



[ dilate |

Eroze
Ztencuje objekty v zavislosti na zvoleném SE.

ASB= ﬂA_b
beB
imerode()

SE = strel([0 9 9; 0 10; 10 0]);
obr = zeros(5);

obr(2:4,2:4) = 1;

obr

obr =

OO0 ®
OR R RO
OrRrRPRRO®
ORrRRRO
OO0 ®

obr_erode = imerode(obr,SE)

obr_erode =
0 0 0 0 0
0 0 1 1 0
0 0 1 1 0



SE = strel('disk',4,0);
I = imread("text.png");
I_erode = imerode(I,SE);

figure

subplot(1,3,1)

imshow(I)

title('I")

subplot(1,3,2)

imshow(I_erode)

title('erode I'")

subplot(1,3,3)

imshow(imfuse(I, I_erode, 'falsecolor'));
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Vytvotte strukturalni element tak, aby z nasledujiciho obrazku odstranil pouze svislé ¢ary (pokud to jde).
I = imread("lines.png");

figure
imshow(I)



ANMAAANY

’,\\\\\\\\f

Otevreni
AsB=(ASB®B

Z obrazku odstranuje objekty, do kterych se nevejde cely strukturalni element.

imopen()

SE = strel('disk',4,0);
I = imread("text.png");
I open = imopen(I,SE);

figure

subplot(1,3,1)

imshow(I)

title('I")

subplot(1,3,2)

imshow(I_open)

title('open I')

subplot(1,3,3)

imshow(imfuse(I, I open, 'falsecolor'));



Uzavieni
AeB=(A®B OB

Vyhlazuje kontury (stejné jako otevieni), zaceluje malé diry

SE = strel('disk',4,0);
I = imread("text.png");
I close = imclose(I,SE);

figure
subplot(1,3,1)
imshow(1I)
title('I")
subplot(1,3,2)
imshow(I close)
title('close I")
subplot(1,3,3)

imshow(imfuse(I, I _close, 'falsecolor'));
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close |
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Co s obrazkem udéla otevieni a nasledné uzavieni? Co naopak (nejprve uzavieni a pak otevieni)? Budou
vysledky stejné?

Hit-or-Miss transformace

Obcas je potieba detekovat urcita uskupeni pixelt v obraze. K tomu mizeme pouzit transformaci hit-or-miss
AQ®B
B je strukturalni element skladajici se z dvojice elementl Bi, B2

A®B=(ASB)N(A"©B)

B1=[010;111;0180]

B.1=
0 1 0
1 1 1
0 1 0

B2=[101;000; 10 1]

12
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identifikuje mista, kde shluky pixel( odpovidaj

M2 = imerode(M,B_1)

M2

A€

MC = imcomplement (M)

MC =

(A“© B)

Vs

identifikuje, pixely, u kterych pixely dané druhym SE tvofi pozadi

M3 = imerode(MC,B_2)
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M3

ARB=(ABB)N(A G B)

= min(M2,M3)

M_hitmis

M _hitmis =

V matlabu je tato transformace implementovana funkci bwhitmiss ()

= bwhitmiss(M,B_1,B_2)

M_hitmis2

M hitmis2 =

”
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V néasledujicim obrazku najdéte v8echny levé horni rohy ¢tvercu.

I = imread("hitmiss.png");

figure

imshow(I)

14



Ztenceni
V matlabu jsou ve funkci bwmorph () implementovani dal$i transformace zalozené na dilataci a erozi. Napfiklad
ztencCeni.

Vysledkem této operace je obrazek, ktery ma o Sifku zmensenou o 1 pixel. Pro vétsi ztenceni se aplikuje
vickrat.

I = imread("ztenceni.png");
figure,
for i =1:6

subplot(2,3,i), bwmorph(I, 'thin', i);
end

15



Od urcitého opakovani se obrazek neméni. Neni nutné znat, kdy pfestane. PoCet opakovani se nastavi na Inf.
Jakmile se obrazek prestané ménit, operace skonci.

Morfologicka rekonstrukce

2 vstupni obrazky a jeden SE. Jeden z obrazk( predstavuje znacky, kde transformace zacina, 2. kde konci
(maska). SE definuje sousednost (4 nebo 8)

F ... znaCky
G ... maska

Rekonstrukce RG(F):

1. hy inicializujeme F

2. Vytvofime SE (pro 8 sousednost 3x3 jednotkova matice)
3. Opakujeme hi+1 = (e ® B) N G dokud hx+1 = hi

4. RG(F) = hi

Priklad
Vezmeme obrazky z Ukolu 5. F jsou nalezené levé rohy v obrazku G.

V matlabu imreconstruct()

G = imread("hitmiss.png");

16



-
1l

imread("hitmiss2.png");
imreconstruct(F, G);

)
1l

figure
subplot(1,3,1)
imshow(F)
title('F")
subplot(1,3,2)
imshow(G)
title('G")
subplot(1,3,3)
imshow(R);
title('R")

Vysledkem jsou v obrazku pouze &tvercové objekty.

Otevreni rekonstrukci

P¥i klasickém otevfeni jsou erozi odstranény malé objekty v obraze a naslednou dilataci se snazime vratit do
puvodniho stavu. Vysledek ale zavisi na tvaru SE a plvodniho tvaru. V této transformaci objekt vratime do
puvodniho stavu za pomoci rekonstrukce.

Re(G© B)

SE = strel('disk',4,0);
I = imread("text.png");
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I open = imopen(I,SE);

figure

subplot(2,3,1)

imshow(I)

title('I")

subplot(2,3,2)

imshow(I_open)

title('open I")

subplot(2,3,3)

imshow(imfuse(I, I_open, 'falsecolor'));

Ierode = imerode(I,SE);
Ir = imreconstruct(Ierode,I);

subplot(2,3,4)

imshow(I)

title('I")

subplot(2,3,5)

imshow(Ir)

title('reconstruct')

subplot(2,3,6)

imshow(imfuse(I, Ir, 'falsecolor'));

| reconstruct
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DalsSi operace zalozené na iteraénim procesu rekonstrukce

Vzdy je potfeba vymyslet, jak vypada obrazek znacek.

VyplInéni dér
F je definovan tak, Ze na okraji obrazku jsou pixely rovny 1-G, jinak jsou rovny O.

G je nastaven na negativ obrazku.
Vysledkem je negativ obrazku s vyplnénymi dirami.

V matlabu je naprogramovana funkce imfill()

I = imread("text.png");
I fill = imfill(I, 'holes');

figure
subplot(1,2,1)
imshow(I)
title('I")
subplot(1,2,2)
imshow(I_fill)
title('fill")

fill

UKOL 6
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Naprogramujte itera¢ni proces rekonstrukce a vyzkous$ejte napfiklad na vyplfiovani dér. (Je mozné v jiném
jazyce, nebo jen popsat postup)

Vyéisténi okrajt
Odstanéni objekt(, které lezi na okraji obrazku.

Znackovaci obrazek je definovany tak, Ze hodnoty pixeld na okraji obrazku jsou rovny hodnotam obrazku G.
Ostatni jsou nastaveny na 0.

V matlabu imclearborder(obrazek, sousednost) (sousednost =4 nebo 8)

I = imread("text.png");
I =1I(:, 1:600);
I fill = imclearborder(I,8);

figure
subplot(1,2,1)
imshow(1I)
title('I")
subplot(1,2,2)
imshow(I_fill)
title('fill")
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Morfologie Sedoténovych obrazku
VSechny dfive zminéné operace (kromé hit-or-miss) maji pfimé rozsifeni na Sedotbnové obrazky. Dilatace a
eroze jsou definovany minimem a maximem okolnich pixell (to kterych je dano strukturalnim elementem).

SE se sklada ze dvou slozek, jednak definujici okoli pixelu (doména) a pak vySku. Pokud je vySka rovna O pro
vSechny prvky definujici okoli, pak mluvime o flat operatoru a definujeme ho stejné, jako v pfipadé ¢ernobilych
obrazkd.

Dilatace
A®b(x,y) =max {I(x—x,y—y)+bx,y)|(x,y) € Dp}

Dy oznacuje doménu strukturalniho elementu (sloZzka definujici okoli)

Je vidét, Ze operace pracuje obdobné, jako konvoluce.

V pripadé flat operatoru se operace zjednodusSuje a pfedstavuje maximalni hodnotu z okoli pixelu, které je dané
SE.

Vytvoreni SE pomoci strel(). V pfipadé operatoru, ktery neni flat se pfedavaji dvé matice.

Pro dilataci opét pouzijeme imdilate()

SE = strel('disk',4,0);
I = imread("gray.png");
I_dilate = imdilate(I,SE);

figure

subplot(1,3,1)

imshow(I)

title('I")

subplot(1,3,2)

imshow(I_dilate)

title('dilate I')

subplot(1,3,3)

imshow(imfuse(I, I_dilate, 'falsecolor'));
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dilate |
~

Vysledkem je rozmazany obrazek.

Eroze
A b, y) =min{I(x—x,y—y)+bx,y)|(x,y) € Dp}

Dy oznacuje doménu strukturalniho elementu (slozka definujici okoli)

local minimum operator

Pro dilataci opét pouzijeme imerode()

SE = strel('disk',4,0);
I = imread("gray.png");
I erode = imerode(I,SE);

figure

subplot(1,3,1)

imshow(I)

title('I")

subplot(1,3,2)

imshow(I_erode)

title('erode I'")

subplot(1,3,3)

imshow(imfuse(I, I_erode, 'falsecolor'));
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Kombinace dilatace a eroze

kombinaci vysledk( eroze a dilatace mizeme dosahnout zajimavych vysledku.

Morfologicky gradient

odedéteni erodovaného obrazku od dilatovaného.
I morf = I_dilate - I_erode;

figure

subplot(1,3,1)
imshow(I_dilate)

title('dilate I'")
subplot(1,3,2)

imshow(I_erode)

title('erode I'")
subplot(1,3,3)

imshow(I_morf);

title( 'morfologicky gradient')
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N, 7

Otevieni

Potlacuje svétlé ¢asti mensi nez strukturalni element.

SE = strel('disk',4,0);
I = imread("gray.png");
I open = imopen(I,SE);

figure

subplot(1,3,1)

imshow(I)

title('I")

subplot(1,3,2)

imshow(I_open)

title('open I')

subplot(1,3,3)

imshow(imfuse(I, I_open, 'falsecolor'));
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Uzavieni

Potlauje tmavé ¢asti mensi nez strukturalni element.

SE = strel('disk',4,0);
I = imread("gray.png");
I close = imclose(I,SE);

figure
subplot(1,3,1)
imshow(1I)
title('I")
subplot(1,3,2)
imshow(I close)
title('close I'")
subplot(1,3,3)

imshow(imfuse(I, I_close, 'falsecolor'));
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Kombinace otevreni a uzavreni

open-close operace

uzavieni obrazku ziskaného otevienim.

Vyhlazuje svétlé ¢asti, tmavé Casti jsou témér nedotéené.

SE = strel('disk',4,0);

I = imread("gray.png");

I open = imopen(I,SE);

I openclose = imclose(I_open,SE);

figure

subplot(1,3,1)

imshow(I)

title('I")

subplot(1,3,2)

imshow(I openclose)

title('open-close 1')

subplot(1,3,3)

imshow(imfuse(I, I_openclose, 'falsecolor'));
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close-open operace

uzavfeni obrazku ziskaného otevienim.

Ponechany pouze svétlé detaily.

SE = strel('disk',4,0);
I = imread("gray.png");
I close = imclose(I,SE);
I closeopen = imopen(I_close,SE);

figure

subplot(1,3,1)
imshow(I)

title('I")
subplot(1,3,2)
imshow(I_closeopen)
title('close-open I')
subplot(1,3,3)

imshow(imfuse(I, I_closeopen, 'falsecolor'));
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Alternujici sekvenéni filtrovani

Postupné aplikovani open-close operace s postupné se zvétsujicim SE.

I = imread("gray.png");
I_alter = I;

for k =2 : 5

SE = strel('disk',k);

I alter = imclose(imopen(I_alter,SE), SE);
end

figure

subplot(1,3,1)

imshow(1I)

title('I")

subplot(1,3,2)

imshow(I_alter)

title('alter I")

subplot(1,3,3)

imshow(imfuse(I, I_alter, 'falsecolor'));
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Vysledkem je vice vyhlazeny obrazek.

Uprava pozadi - Tophat transformace

odecteni otevieného obrazku od ptvodniho

SE = strel('disk',10,0);
I = imread("rice.png");
I open = imopen(I,SE);

I tophat = I - I open;

figure

subplot(2,2,1)

imshow(I)

title('I")

subplot(2,2,2)
imshow(I_tophat)
title('tophat I")
subplot(2,2,3)
imshow(imbinarize(I));
title('prahovane 1')
subplot(2,2,4)
imshow(imbinarize(I_tophat));
title('prahovane tophat I')
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V matlabu imtophat()

Bottomhat transformace

odecteni uzavieného obrazku od pavodniho

V matlabu imbothat ()

SE = strel('disk',10,0);

I = imread("lokalni.jpg");
I bothat = imbothat(I,SE);

figure
subplot(2,2,1)
imshow(1I)

title('I")
subplot(2,2,2)
imshow(I_bothat)
title('bothat I')
subplot(2,2,3)
imshow(imbinarize(I));
title('prahovane I1')
subplot(2,2,4)

imshow(imbinarize(I_bothat));
title('prahovane bothat I')

prahovane tophat |
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bothat |

prahovane bothat |

Zvétseni kontrastu

obrazek + tophat - bothat

SE = strel('disk',10,0);
I = imread("rice.png");
I kontrast = I + imtophat(I,SE) - imbothat(I,SE);

figure
subplot(1,2,1)
imshow(I)
title('I")
subplot(1,2,2)
imshow(I_kontrast)
title('upravene 1')
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Rekonstrukce pomoci morfologie
definovana stejné jako pro binarni obrazky.

32



