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Image Feature Formulation
Laplacian Zero-Crossing Iz
Gradient Magnitude Ia
Gradient Direction In

The local costs are computed as a weighted sum of these component
functionals. Letting /(p.q) represents the local cost on the directed
link from pixel p to a neighboring pixel g. the local cost function is

!(F! '?,ll = mz ?‘z(‘?} +m” '_fn [Psff} + m{} --?-G ('?j {I-}

where each  is the weight of the corresponding feature function.
(Empirically, weights of ;= 0.43, 0y =043, and ;= 0.14 seem
to work well in a wide range of images.)
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Input:
s [ Start (or seed) pixel.)
lig. r} {Local cost function for link between pixels q and 1.}

Data Structures:
L [List of active pixels sorted by total cost (initially empty). }
Nig) {Neighborhood set of q (contains 8 neighbors of pixel).
e(q) {Boolean function indicating if q has been expanded/processed.
glq] [Total cost function from seed point o q. ]

Cutput:
9] [Pointers from each pixel indicating the minimum cost path. }

Algorithm:
gle)e0; Léesg; {Initialize active list with zero cost seed pixel.}
while L#Z do begin { While still points to expand: }
géemini(L) ; {Remove minimum cost pixel q from active list.}
e (g« TRUE; {Mark q as expanded (i.e., processed).}
for each rcll|qg) such that not e(r) do begin
Temp o (Q) +lilg.r); {Compute total cost to neighbor. }
if rel and gy,<g(r] then {Remove higher cost neighbor’s |
re1.; { from list.}
if re¢l. then begin { If neighbor not on list, |
gl —Gemp: { assign neighbor’s total cost, }
plr)«gq; { set (or reset) back pointer, |
Lé—r; { and place on (or return 1o} }
end { active list.}
end
end
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Berechung der optimalen Pfade mit vereinfachten, pixelbasierten Kosten, z.B. aus Gradientenbetrag.
Bei diagonalen Verbindungen wird wegen langerem Weg mit 1,4 multipliziert (aus [Mortensen95]).
In Wirklichkeit werden fur jede Verbindung zw. zwei benachbarten Pixeln unterschiedliche Kosten berechnet.




Intelligent Scissors

Intelligent Scissors

EBERHARD KARLS

UNIVERSITAT
TUBINGEN

NN PP
Y “ir'_x” L
i 184 1g=—3]1 =3 17

“u ¥
18 13 2 18
"1 i & .s"

14 17 13 17=324

N W N

| i' oo NTTRY
= fe—-1d 15=—l L] el Qi
x"‘ '1' LN A

Ji
b




Intelligent Scissors

EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Zusatzliche Techniken:
e Cursor snap
« Path Cooling
* Dynamic cost map
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Path Cooling

Agto r||:|i|_ i
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(b)
Figure 3: Comparison of live-wire without (a) and with (b) cooling.
Without cooling (a), all seed points must be placed manually on the
object edge. With cooling (b), seed points are generated automatically
as the live-wire segment freezes.
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Static Cost Map Dynamic Cost Map

Gradient Magnitude ne 0 Gradient Magnitude neg
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Demo von Ronen Shor (zum Download):
http://www.cs.technion.ac.il/~cs234326/projects/scissors/Scissors.html
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Morphologische Operatoren
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Grundlagen:

Binares Pixelbild AcZ’

Strukturelement B B 72

Translation: (A), ={a |a,=a+x,acA}
Komplement: A={alagA

Differenz: A-B=ANB={x|xeAxgB)

Reflektion: A={a|d=-a,ac Al
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Dilatation (Dilation) der Mengen X und B:

X ={(0,1),(1,1), (2.1),(2.2). (3,0), (4,0)}
B ={(0,0,{0,1)}
X @B ={(0,1),(1,1),(2,1),(2,2), (3,0), (4,0, (0,2),(1,2), (2,2), (2,3), (3, 1), (4, 1)}
®
[
v [Jelel | = [ae
®
~
X@B:{Xl(B) ﬁXi@} ®
X
o0
o0
X@&B ® 00
® o
® o

>< Nullpunkt (0, 0)
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Dilatation (Dilation) Anwendung:
 Fulllen von Lochern, Schliel3en von Rissen
* Vereinigung von getrennten Strukturen
« Kantendetektion:

(X ®B)-X




EBERHARD KARLS

: : UNIVERSITAT
Morphologische Operationen TUBINGEN

Erosion der Mengen X und B:

X ={(0,1),(0,2),(0,3),(0,4), (1,1),(1,3),(1,4), (1,5),(2,0),(2,1),
(2,2),(2,3),(2,4). (3,1),(3,4),(4,1),(4,2), (4,3),(4,4), (5,4)}
B ={(-1,-1),(-1,0),(-1,1), (0, -1)(1,-1),(1,0),(1,1)}
XeB={(12),(32)}

°
ololefe
, ° ° elele
Y eeelele] | = [e
o |ole]e olele
X oB={x|(B), < Al oejo]e
X&B: e
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Erosion Anwendung:
« Entfernen von kleinen Elementen
« Kantendetektion:
X-(X©B)
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Opening (Offnung):
X ={(0,0),...,(0,3),(1,0),...,(1,3),(1,5),(2,0),...,(2,3),(3,0),...,(3,5),(5,1), (5,2)}

B={(-1-1),....(L1)}

X oB :(X S B) o B . XeB={(11),(12),(21),(22)}

XoB={(00),...,00,3),(1,0),...,(1,3),(20),...,(2,3),(3,0),...,(3,3)}

oo

. [e[ele[ele]® olee

Esgilt: XoBcX ce sl o [elee
oele

olelefe

YR Te e lele|e

ole olelee

OO0
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Closing (Abschliel3ung):

X = {(1.1),(1,2),(1,3),(1,4),(2,3),(3,1),(3,2), (3,3), (3,4). (4. 1), (4,3),(4,4)}

_ B={(-1,-1),...,(1,1)}
( =
X B (X @ B) @ B X &B={(00),...,(55)}
XeB={(1,1),...,(1,4),(2,1),...,(2,4),(3,1),...,(3,4),(4,1),..., (4,4}

Esgilt: XcXeB o |ofe
‘. 0|00 AL AL
@ B: | @ @
0 00 L AL B

bt
L ]
t
o OO O
o000
o000
o0 O
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Anwendungen:
Alles-oder-nichts-Transformation

X ®B=(X©B)n(XeB,)

STals f w0 ERS Y
Rl | LAR J ‘4‘(‘.‘L ’ i
DOOEEDE = .
o
_- | Erosion mit I.E.l o I. -
o olefefe | |e|e|e| |
<1 . d b L
.I
.

‘ M Schnittmenge

e[+ [u[a]u]n]

an »

L1k =l
LI ARAE ] ‘u|u|nn|n [ B L1 e Bor Kdiss :
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LI } 1
2l S uinlnnln
goooooe o
DO | .
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Da die Zeichen in der Vorlesung gefehlt haben, hier nochmal eine
Ubersicht:

Dilatation: | X @B={x|(|§)x ~ X ¢@}
Erosion: X OB :{x|(B)X - A}
Opening: XoB=(X©B)®B
Closing: XeB=(X®B)eB




