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Connected Component Analysis

e Once region boundaries have been detected, it is often
useful to extract regions which are not separated by a bounc
ary.

e Any set of pixels which is not separated by a boundary is
call connected.

e Each maximal region of connected pixels is called a con-
nected component.

e The set of connected components partition an image into
segments.

e Image segmentation is an useful operation in many image
processing applications.
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Connected Neighbors

e Let Os be a neighborhood system.

— 4-point neighborhood system
— 8-point neighborhood system

e Let ¢(s) be the set of neighbors that are connected to the
points.

For all s andr, the set(s) must have the properties that

—c(s) C Os
—r €c(s) & s € c(r)
e Example:
c(s)={reds: X, = X}
e Example:

c(s) ={r € 0s: |X, — X,| < Threshold}

e In general, computation @f s) might be very difficult, but
we won’t worry about that now.
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Connected Sets

e Definition: A regionRk C S is said to be connected under
c(s)ifforall s, € R there exists a sequencelof pixels,
s1,- -+, Sy such that

s1 € c(8),s0 €c(s1),-,Sm € c(Sy-1),7 € c(sn)

l.e. there is a connected path frono r.
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Example of Connect Sets

e Consider the following image&,
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o Definec(s) = {r € 0s: X, = X}

e Result

— 4-point neighborhooa=- S, and.S; are not connected

sets

— 8-point neighborhooes- S5, and.S; are connected sets!
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Region Growing

e Idea - Find a connected set by growing a region from a
seed poing

e Assume that(s) is given

ClassLabel = 1
Initialize Y, =0forallr € S
ConnectedSet(, Y, ClassLabel) {
B «— {s¢}
While B is not empty{
s «+ any element o3
B «+— B —{s}
Y, « ClassLabel
B «— BuW{r :rec(s)andy, =0}
h

return(Y)

}
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Region Growing Example (1)

The list of The imageX
(i,j) € B '

(0,0) 2

~rWwWNEFEO

O O0OOFr PkPOoO—
R FRPFEPEFEPOPR
Ormr oo
OO OO0 W
R OO OO M

The segmentatiolr

~rWNEFEO
OO0 OO PRrOoO—
oNeolNelololl
OO OOoOoOnMN
O O OO0 W
O OO Oo0oOo A~
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Region Growing Example (2)

The list of The imageX
(i,j) € B '

(1,0) 2

~rWwWNEFEO

O O0OOFr PkPOoO—
R FRPFEPEFEPOPR
Ormr oo
OO OO0 W
R OO OO M

The segmentatiolr

~rWNEFEO

O O0OOFr PkPrOo—
oNeolNelololl
OO OOoOoOnMN
O O OO0 W
O OO Oo0oOo A~




C. A. Bouman: Digital Image Processing - January 11, 2010

Region Growing Example (3)

The list of The imageX
(i,j) € B '

(1,1) 2

~rWwWNEFEO

O O0OOFr PkPOoO—
R FRPFEPEFEPOPR
Ormr oo
OO OO0 W
R OO OO M

The segmentatiolr

~rWNEFEO

O O0OOFr PkPrOo—
O OO rOoOr
OO OOoOoOnMN
O O OO0 W
O OO Oo0oOo A~
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Region Growing Example (4)

The list of The imageX
(4,j) € B |

(2,1) 2

~rWwWNEFEO

O O0OOFr PkPOoO—
R FRPFEPEFEPOPR
Ormr oo
OO OO0 W
R OO OO M

The segmentatiolr

NwNRERO
oNolNoll i JieRl
OORrRRFROr
OO OO ON
OO OO0 W
cNoNoNeNallNN
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Region Growing Example (5)

The list of The imageX
(i,j) € B '
(3,1)
(2,2) |

2

O O0OOFr PkPOoO—
R FRPFEPEFEPOPR
Ormr oo
OO OO0 W
R OO OO M

0]
1
2
3
4

The segmentatiolr

~rWNEFEO

O O0OOFr PkPrOo—
OFrRRFrRrPEFOLPR
O OPFrOODMN
O O OO0 W
OO OO0 Oo A+
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Region Growing Example (6)

The list of The imageX
(i,7) € B |
(4,1)
(3,2) |
(2,2)

2

O O0OOFr PkPOoO—
R FRPFEPEFEPOPR
Ormr oo
OO OO0 W
R OO OO M

0]
1
2
3
4

The segmentatiolr

~rWNEFEO

O O0OOFr PkPrOo—
R FRPEFEPPEPOPRF
OPFrRPFRPROONDN
O O OO0 W
OO OO0 Oo A+
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Region Growing Example (7)

The list of The imageX
(i,j) € B '
(3,2)
(2,2) |

2

O O0OOFr PkPOoO—
R FRPFEPEFEPOPR
Ormr oo
OO OO0 W
R OO OO M

0]
1
2
3
4

The segmentatiolr

~rWNEFEO

O O0OOFr PkPrOo—
R FRPEFEPPEPOPRF
OPFrRPFRPROONDN
O O OO0 W
OO OO0 Oo A+
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Region Growing Example (8)

The list of The imageX
(i,j) € B '

(2,2) 2

~rWwWNEFEO

O O0OOFr PkPOoO—
R FRPFEPEFEPOPR
Ormr oo
OO OO0 W
R OO OO M

The segmentatiolr

~rWNEFEO

O O0OOFr PkPrOo—
R FRPEFEPPEPOPRF
OPFrRPFRPROONDN
O O OO0 W
OO OO0 Oo A+
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Region Growing Example (9)

The list of The imageX
(i,j) € B '

empty 2

~rWwWNEFEO

O O0OOFr PkPOoO—
R FRPFEPEFEPOPR
Ormr oo
OO OO0 W
R OO OO M

The segmentatiolr

~rWNEFEO

O O0OOFr PkPrOo—
R FRPEFEPPEPOPRF
OPFrRPFRPROONDN
O O OO0 W
OO OO0 Oo A+
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Connected Components Extraction

e Iterate through each pixel in the image.

e Extract connected set for each unlabeled pixel.

ClassLabel =1
Initialize Y, =0forr € S
For eachs € S {
(v, = 0) {
ConnectedSet(Y, ClassLabel)
ClassLabel <— ClassLabel 4+ 1

}
}
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Connected Components Extraction Example

(1)

s=(i,7); The imageX
ClassLabel |
(0,0); 1

C OO PFr FrOoO—
R FRPPFPPEPOPRF
OFrRPrPFRPLPOODN
OO OO0 W

~rWNEFEO
O OOO A~

The segmentatiolr

O O0OOFr PFPrOo—
R RPEFRPPEOPR
OFRPPEFRLOONDN
O O OO0 W

~ArWNEFEO
OO OO0 Oo A+
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Connected Components Extraction Example

(2)

s=(i,7); The imageX
ClassLabel |
(0,1); 2

O O0OORFr P OoO—
R FRPPFPPEPOPRF
OPFRPFRPLOODN
OO OO0 W
O OOO A~

~rWNEFEO

The segmentatiolr

O OOk FrPOoO—
R PPFPEFEPDNPE
NEFEPEFPDNDNDN
NN DNDNDNW
O DNDNDNDN D

~ArWNEFEO
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Connected Components Extraction Example

(3)
s=(i,7); The imageX
C'lassLabel J
(2,0); 3 012314
10/]10000
1111000
201100
301100
401 001
The segmentatiolr
J
01234
1 0|1 2222
1111222
231122
331122
431220
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Connected Components Extraction Example

(4)
s=(i,7); The imageX
C'lassLabel J
(4,4); 4 01234
10/]10000
1111000
201100
301100
401 001
The segmentatiolr
J
01234
1 0|1 2222
1111222
231122
331122
4131224




