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Who am 1?

e MSc Molecular Biotechnology Eng.
2000

e PhD Image Analysis, CBA, 2005

¢ Image Analyst, CSIRO, Australia,
2005-2007

¢ Head of Image Analysis/IT, Vironova
AB since 2007

e Researcher/Assistant Professor at
CBA since 2008

e Research interests: segmentation,
shape description, texture analysis
in 2D and 3D microscopic data.

Today’s lecture

« SE, morphological
transformations

e Binary MM
* Gray-level MM

* Granulometry

applications

® Geodesic transformations

¢(Adaptive SEs)

Morphology-form and structure

mathematical framework used for:

® pre-processing
- noise filtering, shape simplification, ...

¢ enhancing object structure, describing shape
- skeletonization, convex hull...

* segmentation

structuring element (SE)

e small set, B, to probe the image under
study

¢ for each SE, define origo & pixels in SE

¢ shape and size must be suited for the
geometric properties for the objects

S oL

s 2 e EXE

Morphological Transformation

e wis given by the relation of the image (point set X) and the SE
(point set B).

e in parallel for each pixel (pixel under SE origo) in binary image:
— check if SE is "satisfied”
— output pixel is set to 0 or 1 depending on used operation

pixels in output

[} image if check is:

SE fits
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L : © Erosion (shrinking)
Five binary morphological transforms

For which points does the structuring element fit the set?

erosion of a set X by structuring element B, g5(X):

© e Erosion, shrinking l str m

all x in X such that B is in X when origin of B=x
P 6 dilation, growing m XOB - gB(X)Z{x|Bx QX}
O Yy opening, erosion + dilation — m
. @ closing, dilation + erosion — m

® Hit-or-Miss transform

TTTT IT

T

¢ Dilation (growing) duality
The points the SE hits when its origo is in the set?
erosion and dilation are dual with respect to
dilation of a set X by structuring element B, 54(X): complementation and reflection
all x such that the reflection of B hits X when origin of B=x (AG)B)C —AC@®R

X®B=5,(x)={x|(B), n X #0

A
117 TT H k-
A AOB (AGB)¢
B=58 H E.

IENENENNEEN]

combining erosion and dilation O opening %
) WANTED: . - erosion followed by dilation SE-B
remove structures / fill holes without affecting remaining parts eliminates protrusions, breaks necks, smoothes contours
SOLUTION: AoB= (A@B)(-D B
combine erosion and dilation (using same SE) } I[ 11T
O Opening = 1 5
® Closing n n
A AOB Ao B
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@ closing

dilation followed by erosion, denoted o
Smoothes contours, fuses breaks, eliminates holes and gaps

AeB=(A® B)OB

SE=B

ENEEEEEEEE

opening: roll ball(=SE) inside object

see B as a "rolling ball”

boundary of AeB = points in B that reaches closest
to A boundary when B is rolled inside A

closing: roll ball(=SE) outside object

boundary of AeB = points in B that reaches closest
to A boundary when B is rolled outside A

dilation

Save for break exercise

e Sketch the result of A first eroded by B1
and then dilated by B2

]L o IL tL3

Bl B2

&) hit-or-miss transformation (@
find location of one shape among a set of shapes
"template matching”

A® B=(40B,)~(4°0B,)

composite SE: object part (B,) and background part (B,)

does B, fit the object while, simultaneously,
B, misses the object, i.e., fits the background?

hit-or-miss transformation g

find location of one shape among a set of shapes
SE=object part B,, and background part B,

A®B=(40B,)(4°0B,)

A®B=(40B)-(103,)

i Ai
0
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hit-or-miss transformation (g

find location of one shape among a set of shapes
SE=object part B,, and background part B,

A®B=(40B,)(4°0B,)

A® B =(408,)-(4®5,)

Gray-level images and SEs

Same SE (flat), gray level description

£(0,0)=0

£(-1,0)=0

£(1,0)=0

(0,-1)=0

(0,1)=0 Domain(f)={(0,0),(-1,0),(1,0),(0,-1),(0,1)}

Think topographically

Top surface & umbra
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8 8
7 [ 7 [ |
6 H (H |m 6 H EER
5 5 H EHEE
Gray-level SE (not flat!) 4 u | 4 EEEEEE
£(0,0)=1 3 3 HEEEEENE
f(-1,0)=0 2l 2/ HEEE N NN
010 1 NOOO0O00n
fﬁoﬁi));o 012345678 012345678
Domain(f)={(0,0),(-1,0),(1,0),(0,-1),(0,1)} 1D function f (top surface, T) Its umbra U[f]
Umbra homeomorphism a Gray-scale umbra erosio o
theorem 0]
U[B]
Umbra operation is a bras
homeomorphism from ]
grayscale morphology to §
binary morphology :
f® b=T{U[f]®U[b]} :
B
012345678 SU(B) (U(f)) SB(J(')

Original f and U(f)
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. Gray-scale umbra erosion
Gray-scale umbra erosior_]m| y 0
00 (1]
U[B] U[B]
[ [
H EHENR H EHENR
H HENR H HENR
EEEE NN EEEE NN
EEEENEN HEEE NN
HEEEENENR HNEEEN
EEEEEN HEEEENEN
Gray-scale umbra erosio o Gray-scale umbra erosio o
(0] (][]
U[B] U[B]
[ | |
H EENE H NN
H EENR H |HENE
AN EE NN NN EN
AN EENEN EEEENEN
EEEEENEN BN NENENEN
HEEENENEN EEEENEEN
Gray-scale Mgrphologlcal Gray scale erosion
erosion 8 domain(B)={(0,1,2)}
B [ep(f)] () = min {f(x +b) - B(b)} 7 | B(0)=0
* beDp 6 | ] | ] | ] B(1)=1
5 B(2)=0
domain(B)={(0,1,2)} 4 ml m
B(0)=0 3
B(1)=1
B(2)=0 2/n
1

012345678

[e5(/)] (+) = min {f(z +b) — B(b)}
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Gray scale erosion

domain(B)={(0,1,2)}
| B(0)=0
H (H |H B(1)=1
B(2)=0

PFNWRUON®
||
|

012345678
lep(f)] (x) = min {f(x+0b) - Bb)}

[B(f)] ©)=min(2-0,4-1,6-0)=2

Gray scale erosion

domain(B)={(0,1,2)}
| B(0)=0
H (H |H B(1)=1
B(2)=0

PFNWARU O N ®
||
|

012345678
lep(f)] (x) = min {f(x+0b) - Bb)}

[B(f)] (1) =min(4-0,6-1,4-0)=4

Gray scale erosion

domain(B)={(0,1,2)}
u B(0)=0
H |H [N B(1)=1
B(2)=0

FNWRUON®
||
|

012345678
lep(f)] (x) = Jin {f(@+b) - B}

[eB(f)] @) =min(6-0,4-1,6-0)=3

Gray scale erosion

domain(B)={(0,1,2)}
u B(0)=0
H |H |H B(1)=1
B(2)=0

FNWRUON®
||
||

012345678
lea(f)] (x) = i {f(@+b) - B(b)}

Example, gray-scale erosion
flat SE, square 3x3

« b with positive elements = darker output
® bright details are reduced
o If flat SE, erosion is min of f-b

Gray scale dilation o

U[B]
Gray scale dilation of two functions as (binary) dilation of umbras

00000

2 o

Original f and U(f)
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Gray scale dilation

Gray scale dilation

[m] [m]
(1] (1]
U[B] U[B]
[ | [ |
H EHENR H EENE
H EHEN H EENE
EEEE NN ENENENN
EEEENEN HEEE RN
HEEEENENR HEEE NN
EEEEEN HEEEENEN
Gray scale dilation o Gray scale dilation o
] 1]
U[B] [ U[B]
[ | H EEE
H EHENE BN ENENN
H EHEN EEEEEEN
ENEN NN EENNE NN~
EEEEEN BN NN NN~
HEEEENEN AN EEEEENEN
HEEEENENR EEEEEEEN-
Gray scale. mgrphologlcal Gray scale dilation
dilation . o 1012
s DU @) = max {7 =)+ BO)) 7 = R
6 H (B |m B(1)=1
‘ 5 B(2)=0
domain(B)={(0.1,2)} 4, (W =
B(0)=0 3
B(1)=1 2/m
B(2)=0 1

0123456178
b (/)] (@) = max {7z =)+ B(b)}
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Gray scale dilation Gray scale dilation
8 domain(B)={(0,1,2)} 8 domain(B)={(0,1,2)}
7 | o B(0)=0 7 u o B(0)=0
6 H |H [N B(1)=1 6 H H [N B(1)=1
5 B(2)=0 5 B(2)=0
4| W |m 4| W) |m
3 3
2|m 2|
1 1
0123456738 0123456178
PB(f)] () = Jnax {f(xz=0)+B(b)} Pe(f)] (@) = Jnax {f(xz=0)+B(b)}
[6R(f)] (0) = max(2+0,0+1,040)=2 [65(f)] (1) = max(4+0,2+1,0+0)=4

HEFNWRARUOO N

Gray scale dilation

domain(B)={(0,1,2)}

| B(0)=0

H |H |m B(1)=1

B(2)=0

012345678
(bu (/)] () = max {7 =)+ B()}

[6B(f)] 2) = max(6+0,4+1,2+0)=6

Gray scale dilation

8 [ | | domain(B)={(0,1,2
7 B (m [m oo
6 H B H = B(1)=1

5 B(2)=0
4| (W] (W

3

2(m

1

0123456178
b (/)] (@) = max {7z =)+ B(b)}

Example, gray-scale dilation
flat SE, square 3x3

« SE with positive elements = brighter output
o dark details are reduced or eliminated
o|f flat SE, dilation is max of f+b

Morphological opening

1 vB(f) =dglen(f)]

ve(®
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Example, gray-scale opening, flat Morphological closing
SE, square 3x3

— remove small bright details B

— leave overall gray-levels * OB (f) =E&p [OB(f)]

— leave larger bright features

H I eometrical 1D
Example, gray-scale closing, flat M teraretation

SE, square 3x3 Gray-level
opening and
closing

— remove dark details (from GW)

— Leave overall gray-levels

— leave bright features W/\/—\N .
opening

|

l W\_’\J\ closing

Morphological gradient

(X® B\XOB)
dilated image —eroded image
I dilation opening Other ways?

erosion closing

Which operation
(erosion, dilation,
opening, closing)
is applied to the
image above? SE
circle, radius=4
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) . Top hat transformation
Morphological smoothing ‘O xom,

. - ) . iginal i - i
removal or attenuation of bright & dark artifacts/noise original image —opened image

Highlight/segment features of certain size & shape, correct for uneven background
Use SE slightly larger than objects you want to highlight

(XoB)eB
Opening followed by closing

Electron microscdpy image of bacterium With gold markers
attached to fimbrjae

Top hat for background correction
Fluorescence microscopy image with stained cell nuclei G ray Scale h it_o r-m iss

. .

erosion ) _
> [UHMTg(f)] (x) = { [eBra (] (%) = BBaa(f)] (%), if[0Bae(f)](X) < [FBralf)] (x)

0 otherwise

Circular
filter with
r=20

where By, is the SE for the object (foreground) and
By is the SE for the background.
Basically an erosion minus a dilation.

b
Subtract
from
original

, _ Gray scale hit-or-miss
Gray scale hit-or-miss Result with

2D example SE1 SE2 SE3 SE4

Problem:
Find vessels in the 2D
mip image.
(The 3D image is acquired by MR.)

SE 1 SE 2 SE3 SE4  Light gray:
. By
= =
Dark gray:
E‘:h - - I:FFl Bgg Sum of results:
B ° i

10
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Granulometry

“Measurement of grain sizes of sedimentary rock”

Gray scale hit-or-miss
3D example

Problem:
Find vessels in the 3D ¢ Measuring particle size distribution indirectly
MR image. . . .
fmage « Shape information without

— segmentation

Result — separated particles

¢ Apply morphological openings of increasing
SEs: Rotations size

f this SE. . .
ot e Compute the sum of all pixel values in the

opening of the image

Example, coin image Original image, openings of discs
sumpixels=zeros(1,maxsize+1); Pie & with radii 19,22,25,29

for k=0:maxsize The peaks correspond to
se=strel('disk’,k); i |
P the size of the elements!
sumpixels(k+1)=sum(fo(:));

end ¢

Sum of pixelvalues

Difference in surface area

o & w0 %

SE,

]

= COE ]
radius SE, radius

Geodesic transformations Geodesic transformations
Geodesic dilation Geodesic dilation
Input: marker image f and mask image g. example

®Dilate the marker image f with the unit ball.
®Output the minimum value of the dilation of f and the mask

image g - .
SV(f)=68(f)ng T | "

Marker mask marker dilated dilated and mask resu

11
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Geodesic transformations

Geodesic erosion
Input: marker image f and mask image g.
®Erode the marker image f with the unit ball.
®Output the maximum value of the erosion of f and the mask
image g

() =eHHivy

Morpological reconstruction

¢ Xis set of connected components X,,...,X,.. Y is
markers in X.

Z) T

¢ Reconstruction by dilation: Geodesic dilations
until stability.

e Reconstruction by erosion: Geodesic erosions
until stability.

Morpological reconstruction

e Reconstruction by dilation: Geodesic dilations
until stability.

3" (f) = 8P G (- a7 ()

v

n times

e Reconstruction by erosion: Geodesic erosions
until stability.
_ -1 1 1
e (f) =) (€0 (...e 0 (1))

/

“~”

n times

Morphological reconstruction by dilation

- teomimaed
Iwoge

Reconstruction by erosion:
Minima imposition

e -

Minima imposition:
Reconstruction by erosion.

Reconstruction by erosion:
Minima imposition

First iteration: Erode marker image with elementary SE.

Pointwise
max of and

2/3/2015
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Reconstruction by erosion:
Minima imposition

Second iteration: Erode result from first iteration with elementary SE.

-_. a‘”“ﬂ

Pointwise
max of

Reconstruction by erosion:
Minima imposition

When stability is reached:

All local minima except for the marked minimum are removed!

This can be used for seeded watershed!

Application - Seeded watershed by
Minima imposition

Input image Edge image by

morphological gradient
Watershed on 3 e

edge image. (S(J( ) i (f)
Oversegmentation!

Seeded watershed by
Minima imposition

Seeds

Minima imposition|
using the seeds as

Watershed on markers

the minima
imposition

Application - Image compositing
Two images should be merged.
Decide where the “seam” should be.

Image compositing
Compute gradient.

Do seeded watershed with minima imposition.
(Seeds on the border of the image.)

2/3/2015
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Image compositing

Result

Adaptive SE

The appropriate shape and
size of a structuring
element strongly

depends on the image data
and objects of interest

= Let the SE adapt to the
local surroundings

Research from CBA:
Vladimir Curic, Cris Luengo

Adaptive SE

G(eneral)A(daptive)N(eighbourhood): based only
on intensity range = connected component
Amoebas: Pathbased - combines distance and
intensity (grow until or on the edge)
S(alience)A(daptive)SE: Pathbased - uses an
attribute (e.g., grad mag.) -weigthed distance
transform from segmented objects (e.g., edges).
No spatial weight. Only intensity sum

Ellipse: based on structure tensor (local intensity
direction)

N
-

a0 citius i 1o citius A o citius A

us. Quidn us. Quidv us. Quidn
cidy @ pidye @ iy a"

AL IA A aaca NS SR SO0 e

original GAN amoeba
w0 citius A o citius A
us. Quidv us. Quidn

tay a " cay a

SASE ellipse
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