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This  study  proposes  a  novel  seeded  region  growing  based  image  segmentation  method  for  complicated
background  in  both  color  and  gray  level  images.  The  proposed  fuzzy  edge  detection  method,  that  only
detects  the  connected  edge,  is used  with  fuzzy  image  pixel  similarity  to automatically  select the  initial
seeds not  in  the detail  and  complicated  background.  The  fuzzy  distance  is used  to  determine  the  difference
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between  the pixel and region  in the  consequent  region  growing  and  the  difference  between  two  regions
in the  region  merging.  The  conventional  region  growing  is  modified  in  this  study  to  ensure  that  the  pixel
on  the  edge  is  processed  later  than  other  pixels.  Finally,  the  simulations  in  study  prove  that  the  proposed
method  is better  than  other  existing  segmentation  methods.

© 2012 Elsevier GmbH. All rights reserved.
. Introduction

Image segmentation is an important technique in the image
re-processing for extracting the interesting object from the
ackground. The existing image segmentation techniques can be
lassified into the following approaches, thresholding techniques,
oundary-based techniques, region-based techniques, clustering-
ased techniques and hybrid techniques [1–4]. Seeded region
rowing (SRG) is one of the hybrid methods [1],  which starts with
ssigned seeds and grows regions by merging a pixel into the most
imilar neighboring seeded region. SRG is robust to the large vari-
ty of images because the characteristics of rapid and free to tune
he parameters, and the considering of local information including
egions similarity, boundaries and smoothness. However, the
election of the initial seeds influences the segmentation results
ery much. How to assign the initial seeds is a major topic in SRG.
he authors in [2,3] assign the pixels between the edge regions to
e the initial seeds. The similarity in the local region was also used
o select the initial seeds automatically [4]. To avoid the initial seeds
ppearing in the detail and complicated background, the authors
n [5] applied color quantization to the image in advance and then

sed a smoothness measurement, J value, to determine the initial
eeds. Nevertheless, the unfavorable quantization leads to the
oor segmentation results since the color quantization is a random

∗ Corresponding author. Tel.: +886 3 4227151x34582; fax: +886 3 4255830.
E-mail address: kjj@ee.ncu.edu.tw (C.-C. Kang).

434-8411/$ – see front matter ©  2012 Elsevier GmbH. All rights reserved.
oi:10.1016/j.aeue.2012.01.011
process. This study proposes a fuzzy theory [6] based method, that
is modified from the fuzzy edge detection method proposed in our
previous research [7],  to detect the connected edge, fuzzy similar-
ity and fuzzy distance in SRG. In the proposed method, the initial
seeds are selected and not in the detail and complicated back-
ground. This study furthermore modifies the conventional region
growing to ensure that the pixel in the detail is processed later than
other pixels. Hence this study based on segmentation methods
can obtain better image segmentation ability than the existing
SRG.

This study is organized as follows: Section 2 introduces the color
space used in this study. Section 3 modifies the edge detection
method from our previous research [7] to detect the connected
edge. Section 4 introduces the proposed SRG based image segmen-
tation method. The simulations results are presented in Section 5.
Finally, a brief conclusion is given in Section 6.

2. YCbCr color space

In this study, YCbCr color space is used since the color differ-
ence of human perception can be directly expressed by Euclidean
distance in YCbCr color space [4]. Therefore, the color image needs
to be transformed from RGB color space to YCbCr space and each
component of any pixel is normalized into [0, 1]. Significantly, the

pixel located at position (i, j) in the image is denoted as a vector
xi,j = [Ri,j, Gi,j, Bi,j]T for a color image or as a scale xi,j = Yi,j for a gray
level image. Where Ri,j, Gi,j and Bi,j are three components in RGB
color space of the pixel located at position (i, j). The transformation

dx.doi.org/10.1016/j.aeue.2012.01.011
http://www.sciencedirect.com/science/journal/14348411
http://www.elsevier.de/aeue
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Fig. 1. The 3 × 3 sliding window with the center xj,i and its neighboring pixels.

rom RGB to YCbCr is shown as (1),

Yi,j

Cbi,j

Cri,j

]
=
[

65.481 128.553 24.966
−39.797 −74.203 112

112 −93.786 −18.214

]
×
[

Ri,j

Gi,j

Bi,j

]
+
[

16
128
128

]
.

(1)

fter transforming the color space, the pixel located at position (i, j)
n the color image is denoted as a vector xi,j = [Yi,j, Cbi,j, Cri,j]T. To
implify the representation of this study, only the equations with
ector forms are listed.

. Connected edge detection

Consider a 3 × 3 sliding window whose center is the current
ixel xi,j, the pixels in the sliding window are represented as xn,

 = 1, 2, . . .,  9 and shown in Fig. 1. An edge usually occurs in one
f four possible patterns shown in Fig. 2. In the edge pattern of
irection-1, nine pixels can be divided into two sets, S0 and S1
s S0 = {x1, x2, x4, x5, x7, x8} and S1 = {x3, x6, x9}.  Similarly, S0 =
x1, x2, x3, x4, x5, x6} and S1 = {x7, x8, x9} for the edge of direction-

, S0 = {x1, x2, x3, x5, x6, x9} and S1 = {x4, x7, x8} for the edge of
irection-3, and S0 = {x1, x2, x3, x4, x5, x7} and S1 = {x6, x8, x9} for

Fig. 2. Four possible edge patterns of different edge directions.
un. (AEÜ) 66 (2012) 767– 771

the edge of direction-4. Then, the fuzzy distance d(k)
s between S0 and

S1 for direction-k  are respectively defined as (2),

d(k)
s = min

( ‖m0 − m1‖
wd

, 1
)

, k = 1, 2, 3, 4 (2)

where m0 and m1 are the vector means of the pixels in S0 and
S1, respectively. wd is a pre-defined parameter of the fuzzy dis-
tance which affects the slop of the fuzzy membership function. The
smaller wd that user selected, the more numbers of edge with small
variation of color value will be detected. In this study, wd can be set
to 0.4. For the current pixel, (3) and (4) are used to record the max-
imal edge intensity Ei,j, which is the fuzzy membership degree of
“the current pixel is an edge” and the corresponding edge direction
Di,j.

Ei,j = max
k ∈{1,2,3,4}

(d(k)
s ), (3)

Di,j = Arg

(
max

k ∈{1,2,3,4}
(d(k)

s )

)
. (4)

After all pixels in the image are processed by the above procedures,
the edge map  E and direction map  D of the entire image are gener-
ated. Since the edge intensity and the edge direction of the pixel are
obtained, the following criteria can be used to determine the fuzzy
membership degree CEi,j, that is “the current pixel is a connected
edge” of each pixel.

If Di,j = 1, then CEi,j = 1
3

(Ei−1,j + Ei,j + Ei+1,j). (5a)

If Di,j = 2, then CEi,j = 1
3

(Ei,j−1 + Ei,j + Ei,j+1). (5b)

If Di,j = 3, then CEi,j = 1
3

(Ei−1,j−1 + Ei,j + Ei+1,j+1). (5c)

If Di,j = 4, then CEi,j = 1
3

(Ei+1,j−1 + Ei,j + Ei−1,j+1). (5d)

In the end of edge detection, define a fuzzy membership degree
of “the current pixel is not a connected edge” NCEi,j,

NCEi,j = 1 − CEi,j. (6)

Both fuzzy membership degrees CEi,j and NCEi,j of each pixel must
be recorded since they will be used in the following SRG.

4. SRG based image segmentation

The conventional SRG is composed of three major steps, i.e.
seeds selection, region growing and region merging. To select the
initial seeds appropriately, the proposed method has one more step
of pre-processing than the conventional SRG. The entire proposed
segmentation method is now introduced in detail below.

4.1. The pre-processing of SRG

First, we use the edge detection method proposed in Section 2
to determine CEi,j and NCEi,j of each pixel. Then, use (7) to detect
the fuzzy similarity Si,j between each current pixel xi,j and the cor-
responding neighbors.

Si,j = 1 − 1
9

9∑
n=1

min
( ‖xn − xmean‖

ws
, 1
)

, (7)

where xn, n = 1, 2, . . .,  9, and xmean are nine pixels in the sliding
window whose center is xi,j and the mean of their vector, respec-
tively. ws is also a pre-defined parameter which affects the slop of
the fuzzy membership function. If a small ws is selected, the current

pixel will be treated as the same similarity (i.e. Si,j = 1) regardless
‖xn − xmean‖ is small or big. ws is also set to 0.4 in the common case.



. Comm

4

b
c

I

w
i

4

S
m
n
p
t
r
t
t
t
t
f

R

R

R

R

w
S

S

m
N
p
g
i
d

T

w
f
t
o
[
i

4

H
s
r
M
n
p
a
f

d

C.-C. Kang et al. / Int. J. Electron

.2. Seeds selection

The initial seed pixel should have high similarity to its neigh-
ors [4] and not on the edge or detailed region [2,3]. Therefore, the
riterion of the initial seeds selection in this study is that

f min(NCEi,j, Si,j) ≥ Ti,j, then xi,j is a seed, (8)

here Ti,j is a threshold determined by a fuzzy rule base introduced
n Section 4.2.1.

.2.1. Determining the threshold
The fuzzy rule base to determine the threshold Ti,j has two input,

¯
i,j and NCEi,j . S̄i,j and NCEi,j are the mean fuzzy similarity and the
ean fuzzy membership degree of “the current pixel is not a con-

ected edge” in a 5 × 5 sliding window whose center is located at
osition (i, j), respectively. The big values of S̄i,j and NCEi,j mean that
he current pixel and the current sliding window are on the smooth
egion. Otherwise the values of S̄i,j and NCEi,j are small mean that
hey are in the detail or edge region. In the smooth region, the
hreshold is set to small such that the seeds can appear in groups. In
he detail or edge region, the threshold must be set as big to ensure
he number of seeds in the detail is few. Therefore, the following
uzzy rule base is generated.

ule − 1 : If S̄i,j is BIG and NCEi,j is BIG, then Ti,j is SMALL. (9a)

ule − 2 : If S̄i,j is BIG and NCEi,j is SMALL, then Ti,j is BIG. (9b)

ule − 3 : If S̄i,j is SMALL and NCEi,j is BIG, then Ti,j is BIG. (9c)

ule − 4 : If S̄i,j is SMALL and NCEi,j is SMALL, then Ti,j is BIG. (9d)

here BIG and SMALL are linguistic variables. Since the inputs
¯
i,j and NCEi,j are both fuzzy membership degrees already, i.e.

¯
i,j, NCEi,j ∈ [0, 1], the weights of each rules are directly deter-
ined as w1 = S̄i,j · NCEi,j , w2 = S̄i,j · (1 − NCEi,j), w3 = (1 − S̄i,j) ·
CEi,j and w4 = (1 − S̄i,j) · (1 − NCEi,j), respectively, by using the
roduct inference engine [6].  The fuzzy sets of the output are sin-
letons in which SMALL means Ti,j is set to Tsmall and BIG means Ti,j
s set to Tbig. In order to determine the output Ti,j, the center average
efuzzification [6] is used as (10),

i,j =
∑4

r=1wr · tr∑4
1wr

, (10)

here tr, r = 1, 2, 3, 4, are [Tsmall, Tbig, Tbig, Tbig], respectively, derived
rom the rules (9a)–(9d). In our series of experiments, in which
he identical threshold is used in the entire image, the fine results
f seeds selection are obtained when the threshold are set in
0.75, 0.95]. Therefore, Tsmall is set to 0.75 and Tbig is set to 0.95
n this study.

.2.2. The post-processing of seeds selection
Each connected component of seed pixel is taken as one seed.

ence, the generated seeds can be one pixel or one region with
everal connected seeds. We  assign a label number to each seeded
egion and record each regions’ mean pixel value Rm, m = 1, 2, . . .,
,  where M is the number of seeded regions. Then, we record the

eighbors of all regions in a sorted list H, which denotes the set of
ixels that are unlabeled and are neighbors of at least one region, in

n increasing order of dH. dH is a measurement, which is different
rom the conventional SRG, composed of d and CEi,j shown in (11)

H = d · CEi,j, (11)
un. (AEÜ) 66 (2012) 767– 771 769

where d is the fuzzy distance between the pixel in H, which is
denoted as xH

i,j
, and its neighboring seeded region m,

d = min
m=1,2,...,M

⎛
⎝
∥∥∥xH

i,j
− Rm

∥∥∥
wd

, 1

⎞
⎠ . (12)

Significantly, the pixel in H with minimal d will be firstly
assigned to one of neighboring regions in the conventional growing
step. In the proposed method, if the pixel in H is on the edge, the
corresponding dH is generally larger than the pixels which are not
on the edge because of the term CEi,j in (11). Therefore, it ensures
that the pixel on the edge is processed later than other pixels in H
in the region growing step. Noted that if xH

i,j
is a neighbor of not

only one regions, only the minimal dH, which is the fuzzy distance
between xH

i,j
and the most similar neighboring region, is recorded.

4.3. Region growing

In this step, the seeded regions grow pixel by pixel. Let us check
the first one pixel in H, i.e. the pixel in H with the minimal dH, the
neighbors of this pixel have three cases: First, if only one neighbor
is labeled, the pixel is labeled as the same region. Second, if more
than one neighbor are labeled and the labels are the same, the pixel
is labeled as the same region. Third, if more than one neighbor are
labeled and the labels are different, the pixel is labeled to the region
that has the minimal d to the pixel. After the pixel is labeled to one
region, we remove it from H and add its unlabeled neighbors into
H. Thus update the regions’ mean Rm, m = 1, 2, . . .,  M.  The region
growing step works iteratively until H is empty, i.e. all pixels in the
image are labeled.

4.4. Region merging

Finally, merging the similar image regions via checking the fuzzy
distance between each region and the size of each region is neces-
sary in order to avoid the over-segmentation. The fuzzy distance
between the pair of regions p and q, p, q ∈

{
1, 2, . . . , M

}
, p > q, is

shown in (13).

dp,q = min

(∥∥Rp − Rq

∥∥
w

, 1

)
. (13)

The pair of regions with the minimal fuzzy distance dp,q are
merged together. Furthermore, the region with the size smaller
than 1/100 of the pixels number in the entire image is merged
into its most similar neighboring region. The region merging also
works iteratively until the minimal dp,q is larger than 0.1 and
the size of the smallest region is larger than 1/100 of the entire
image.

5. Simulations

The illustration of the proposed image segmentation is shown
in Fig. 3. Fig. 3(a) is the color image “boat”. The connected edge map
CE and the fuzzy similarity S of “boat” are shown in Fig. 3(b) and
(c), respectively. The fuzzy membership degrees are normalized
into [0,255] in order to represent CE and S as images. Which the
large fuzzy membership degree leads to the bright image intensity.
Fig. 3(d) shows the initial seeds which are denoted as red points.
Fig. 3(e) is the region growing result which is not processed yet

with region merging. Finally, the image segmentation result with
region merging is shown in Fig. 3(f).

In order to test the image segmentation capability of the pro-
posed method, the simulation results were compared with the
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Fig. 3. The processes of the entire proposed image segmentation method: (a) the original image, (b) the connected edge CE,  (c) the fuzzy similarity S, (d) the result of initial
seeds  selection, (e) the result of regions growing and (f) the result of regions merging.

Fig. 4. The simulations of the image segmentation on the color image “tennis”: (a) the original “tennis” image, (b) using the method in [4],  (c) using the method in [5] and
(d)  using the proposed method.

Fig. 5. The simulations of the image segmentation on the color image “lizard”: (a) the original “lizard” image, (b) using the method in [4], (c) using the method in [5] and (d)
using  the proposed method.

Fig. 6. The simulations of the image segmentation on the gray level image “beans”: (a) the original “beans” image, (b) using the method in [4],  (c) using the method in [5]
and  (d) using the proposed method.
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esults by the methods in [4] and [5].  Figs. 4–6 show the sim-
lations of “tennis”, “lizard” and “beans” images, respectively.
oth “tennis” and “lizard” images are color images, while “beans”

mage is the gray level image. Figs. 4–6(a) are the original images.
igs. 4–6(b)–(d) are the segmentation results of using the methods
n [4],  [5] and the proposed method, respectively. All parameters

ere the best values recommended in the corresponding papers.
ince the method in [5] has the random process in color quantiza-
ion, the results were different in each time of simulations. From
he simulation results, we can see that the proposed method out-
erforms other seeded region growing based image segmentation
ethods.

. Conclusions

This study proposes a novel SRG to realize the color and gray
evel images segmentation in complicated background. The fuzzy
dge detection in our previous research is modified to detect the
onnected edge in this study. The initial seeds without the detail
nd complicated background are selected automatically by com-
ining the fuzzy similarity. Each initial seed corresponds to an

mage region and the regions grow gradually by checking the fuzzy

istance between the pixel and its neighboring seeded regions until
he entire image is segmented. The conventional region growing
s also modified to ensure that the pixel on the edge is processed
ater than other pixels. Finally, the region merging is applied to the

[

[

un. (AEÜ) 66 (2012) 767– 771 771

similar or the extremely small image regions for avoiding the over-
segmentation. The simulations show that the proposed method
is better than other existing seeded region growing based image
segmentation methods.
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