31

b Dr. Yoram Td
Morphology

Gray scde

161
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Grayscale Morphology

g2 = ordfilt2 (glnse) ;

Order filter: replacethe central pixel by the n-th element
of the sorted image neighborhood pixel list.

M =sum(se(:) > 0); % number of positive dements

n=21 minimum (erosion)

00 11 00
n=M: maximum (dilation 01111 O
( ) se 111D11
n =M/2: median 111111
01111 O
00 11 00
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Grayscale Morphology

main functions

imbothat Perform bottom-hat filtering

imclose Close image

imdilate Dilate image

imerode Erode image

imfill Fill im age regions

imopen Open image

imremnstruct Perform morphological reconstruction
imtophat Perform tophat filtering

watershed Find image watershed regions

strel sructuring element

163
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Strel: structure element

Creaion and Manipulation

getheight Get the height of a structuring element

(coardinateli )
getnhood Get structuring element neighborhood (matrix)
getsequence  Extract sequence of decomposed structuring elements

isflat Return true for flat structuring element
reflect Refled structuring e ement
strel Create morphological structuring element

Trandate Trandate structuring el ement

getneighbors  Get structuring d ement neighbor locations and heights

164
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Strel shapes
se =strel(shape,parameters);
Flat Structuring Elements Nonflat Structuring Elements
‘arbitrary’ ‘arbitrary’
Ipajrl Ibajll
‘diamond'
‘periodicline'
'disk’
‘redangle
'line'
Imlﬂel
‘octagon’
165
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Strel shapes
SE= Origin SE = Diamond Drigin
g 1 g [ o [ 0 0
s 1 pea Lo > @
, Lo 0T
Line
SE Origin - Octagon g
SE= Origin
|1 1 1 1 @ - 1 1 T ] ] 7 T o
LEN=2 DEG=0 1 1 R=31 1 / 1
Driginé) 1 i ] Q 1 1 1
i nﬂ/ﬁ' ] [i] 1 1 1 ] [i]
e ‘1 DEG = 45 166
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Grayscale Morphology - 1D example

Origipal signal

Linear filtering (gaussian)

167
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Grayscale Morphology - 1D example (2)

—

Qriginal signal
) 1 )
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Grayscale Morphology - 1D example (3)

Original signal

‘ Closing = dilation + erosion }

n

Black 255
White O

170
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Grayscde Opening

171

© Grayscde Opening

172
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© Grayscde Opening

Structuring
Element
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Grayscale example (1)

Step 1: background reconstruction via closing operation

x = ordfit2  (Letter,49,0nes(7) , symm); %dilation
y = ordfilt2  (x,1,0nes(7),'symm’); % er osi on

Letter




w Dr.Yoram Td
¢ ¢

Z =Letter vy;

s /47.?1{/?-:/ Ll F A <2

T R
7.;;:?; = Z P P b /_”:7;, _;ng/,/
P = e

ety gty LA E 2 gL

R 2 A

Top hat (bottom hat) operation:

Grayscale example (2)

Step 2: background subtraction

Step 3: Thresholding

Z > Threshold

s — T

PHs. /494/«.’-5/ el i 2

B s sty ort £ oy Brid gy B
[ZJJ’Z‘A///

= - .
Do ;,,} ,&fxz*,,ﬁ_;n,-(
PR N e e
E:ﬂn.fur_ & LA B2 GIL
S rmads] e R
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Grayscale example (3)

Example taken from the demo files of the
SDC Morphology toodlbox v0.13

176




© Defect Detection

The input image is a gray-scale image of a microeledronic circuit.
Therelevant objeds in thisimage ae verticd metal stripes. These
stripes have some irregularities that should be deteaed.

gradien

= =

Closing

Closing of the image by a vertical line of length 25 pixels.

Close surf

F_.._
]
——— e
3 B
T ———Y
— ———
—
e i
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Closing Top-Hat

Subtraction of the closing from the original is called closing top-

hat. It shows the discrepancies of the image where the
structuring element cannot fit the surface In this case, it

highlights vertical depression with length longer than 25 pixels.

Close surf

179
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Thresholding & Cleaning
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Segmentation

The idea of segmentation hasits roots in work by Gestalt
psychdogist (e.g. Kohler) who studied the preferences exhibited
by human keingsin grouping or organzing sets of shapes
arranged in the visual field. (Ballard & Brown)

Segmentation isthe first esential andimportant step of low-
levd vison (Marr, Rosenfeld, Hall, Gonzalez, in Pal & Pal).
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