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Abstract

W e prop ose a highly accurate segmen tation algorithm for ob jects in an

image that has simple bac kground colors or simple ob ject colors. Tw o

main concepts, \geometric attraction-driv en 
o w" and \edge-regions", are

com bined to giv e exact b oundaries of ob jects. Geometric attraction-driv en


o w giv es information of exact lo cations for segmen tation and edge-regions

help to mak e initial curv es v ery close to ob jects. The metho d can b e suc-

cessfully done b y a geometric analysis of the eigenspace in a tensor �eld

on a color image as a t w o-dimensional manifold and a statistical analysis

of �nding edge-regions. The segmen tation algorithm do es not ha v e an y

in teraction with end users and no parameter manipulations in the middle

of pro cess.

Pro cedures

� Step 1 : Deriv ation of Geometric A ttraction-Driv en Flo w

� Step 2 : Detection of Edge-Regions

� Step 3 : Connection of Edge-Regions

� Step 4 : Segmen tation

� Step 5 : P ost Pro cessing

P art of an image Step 1 Step 2 Step 3

Initial curv e Step 4 Step 5 Segmen tation

I. Deriving GADF

Main F eature of GADF

The v ector 
o w runs against eac h other near b oundaries of ob jects.

De�nition of GADF
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where P is a set of corner p oin ts in 
.

Numerical examples of GADF

I I. Detecting Edge-Regions

Prop erties of Edge-Regions

1. Regions that include most of edges and corners

2. Regardless of w eak and strong edges

3. No scaling parameters

Find edge-regions follo w ed b y t w o di�eren t steps

P art of an image After selection After deletion

Select candidates of edge-regions

W e de�ne an edge indicator function:
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Note that constan ts � and C are indep enden t of images and obtained b y

statistical analysis and n umerical analysis.

Delete bad candidates

Let [ 
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I I I. Connecting Edge-Regions

By means of a curv e ev olution

Solv e a PDE with initial curv es from the previous step.
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Before connection Statistical force Lo cal force After connection

IV. Segmen tation

Solv e a PDE with initial curv es from the previous step.
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Main Prop erties

1. GADF

~

F forces curv es to sta y where the v ector 
o w runs against eac h

other near b oundaries of ob jects.

2. Curv es around simply connected edge-regions collapse b y themselv es.

After connection Initial curv es Segmen tation &
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V. P ost Pro cess

Construction of new initial curv es

Find in termediate curv es b et w een curv es in segmen ting step and curv es in

connecting step b y solving a PDE.
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Mo di�cation of \Narro wband Region Comp etition"

Solv e a PDE with a sp ecial force that mak es curv es to b e inside or outside

of an ob ject based on probabilit y .
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Applications

� 3D Virtual Realit y : Co-op eration with INTVIM (www.in tvim.com)

Real photographs Segmen tation

� Segmen tation of Aphids : IMA Challenge Problem

(from Agriculture Departmen t in Univ ersit y of Minnesota)

Real photograph Segmen tation

Results

Conclusions

� PDE based metho d + Statistical analysis

� GADF giv es lo cations for segmen tation and edge-regions giv e initial

curv es close to an ob ject

� Automatic pro cess without manipulating an y parameters

� Captures all edges regardless of strength and highly noncon v ex b ound-

aries of ob jects
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