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Abstract: The Fuzzy c-Means (FCM) is often used for image segmentation. However, it does not take into
account the influence of spatial intensity variations caused by uneven illumination, the precision of image
segmentation based on FCM was degraded badly. So, propose a novel robust FCM method free from uneven
llumination in this correspondence, which models the uneven illummation influence as a linear combmation
of a set of basis function and introduce the model into objective function in FCM. So the image segmentation
and the uneven illumination estimation are simultaneous achieved. The experiments show that the method
proposed 1s efficient for influence of uneven illumination and can estimate the uneven illumination fields.
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INTRODUCTION

Image segmentation 1s the process of sub-dividing an
image into its constituent regions or objects based on
attributes such as intensity or continuity is one of the
most difficult and challenging problems in the image
processing which i1s widely used m a varety of
applications such as robot vision, object recognition,
geographical imaging and medical imaging (Chaira and
Ray, 2003; Wei-Y1 et al., 2010). In the last decades, fuzzy
segmentation methods, especially the fuzzy c-means
algorithm (FCM), have been widely used in the image
segmentation (Hoppner and Klawonr, 2003; Liew et al.,
2005). It can retain more information from the original
immage. However, one disadvantage of FCM 1is 1its
sensitivity to noise and other imaging artifacts. One of the
most commonly used methods is to modify the objective
functions (Liew et al., 2003). Mohamed et al. (1999) used
a modified fuzzy FCM algorithm for image segmentation.
They considered the dissimilarity measure as the
resistance of pixel to the cluster center and modified the
dissimilarity measure such that the pixel can be dragged
closer to the cluster center if it is in homogeneous
regions. Pham (2001 ) proposed a robust fuzzy clustering
based image segmentation method for noisy image
(RFCM) which 1s presented to achieve the wmimoedal
property of its membership functions.

However, besides the influence of noises, the spatial
intensity variations caused by uneven illumination are

another obstacle in image segmentation based on FCM.
To compensate for this drawback of FCM, the obvious
way 18 to smooth the image before segmentation such as
homomeorphic (Brinkmann et al., 1998). But it is only on
images with relatively low-contrast. Some researchers
reported undesirable  artifacts  with  approach
(Dawant et al, 1993). A different approach used to
segment images with intensity inhomogeneity is to
simultaneously compensate for the uneven illumination
effect while segmenting the image (Pham and Prince,
1999). In their proposed energy function, a term was
introduced to ensure the smoothness of the computed
uneven Ulumination. Xu et @l. (1997) proposed a new
adaptive FCM technique to produce fuzzy segmentation
while compensation for uneven illumination. But it 1s also
computationally intensive due to the introduction of the
uneven illumination field smooth term. Mohamed
proposed a medified FCM algorithm for bias field
estimation and segmentation (Ahmed et al, 2002),
however, it did not took into the characteristics of uneven
illumination account. In general, the uneven illumination
15 commonly assumed to be slowly varying (Li et al.,
2009), theoretically, any function can be approximated by
a linear combination of a set of functions up to arbitrary
accwracy, therefore, we propose a novel FCM image
segmentation with smmultaneous wmeven illumination
estimation. The uneven illumination 1s modeled as a linear
combination of smooth basis functions; furthermore,
introduce it into the objective function in FCM algorithm.
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Uneven illumination field and image segmentation ares
simultaneously achieved by Lagrange multiplier method.
A salient advantage of our methed 1s that the novel FCM
clustering 1s robust for uneven illumination and
simultaneously estimate the field effect.

BACKGROUND

The observed image signal T (x) is model as a product
of the true signal S (x) and uneven illumination field effect
B (x):

(h

Ix)=BX)Sx)+nx)

The application of a logarithmic transformation to the

intensities allows the artifact to be modeled as additive
uneven illumination field effect (Wells et al., 1996).

i) =b(x)+s(x) (2)

where, s (x) and 1 (x) are the true and observed log-
transformed mtensities at pixel x and the b (x) 1s the
uneven illumination field effect.

ROBUST FCM BASED IMAGE
SEGMENTATION WITH SIMULTANEOUS UNEVEN
TILLUMINATION ESTIMATION

Image segmentation based on FCM clustering: The
standard FCM objective function for partitioning

160t
mto ¢ cluster is given by Pham (2001 ):

1= [u,60m i) - v [ dx 3)

where fyare the prototypes of the clusters and
1)i=1

array [0;(x)]=U represents a partition matrix, subject to

iui(x):l (4)

)

u,(x)=0

The parameter m is a weighing exponent on each
fuzzy membership and determines the amount of fuzziness
of the result classification. |1 (x)-(v),| 1s the distance of

I (x) and the center of class 1. the objective function 1s
sensitivity for noise because it omits the structure
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information. In order to remedy this deficiency, it is a
better way that the assignment of a pixel is influenced by
its neighboring pixels. This method 1s known as BCFCM
and the modified objective function 1s:

J= i‘[uj(x)“‘ 16 - | Y (6)

2, NLR 21 [ (u](x)“‘xr;k J1x,) -v,

where, N, stands for the set of neighbors that exist in a
window around x, and N is the cardinality of N,
The effect of the neighbors term 1s controlled by the
parameter .

Although, the improved FCM clustering method is
more robust for noises than FCM because the structure
information was taken into account, it still sensitivity for
the spatial intensity wariations caused by uneven
illumination field effect.

Robust FCM based image segmentation with
simultaneous uneven illumination estimation: In general,
the intensity inhomogeneity caused by uneven
illumination is assumed to be slowly varying. Moreover,
any function can be approximated by a linear combmation
of a set of basis functions up to arbitrary accuracy
theoretically. Letg,, ..., gy be a set of basis functions, we
estimate the uneven field effect by a linear combination of
the basis functions

b(x) = 3 withg, (%) (7

In our cuwrent implementation, we use orthogonal
polynomials as the basis functions. So the true image data
is denoted as:

s(x) =i(x)—§w(t)gt(x) (8)

Let W= (w, ..., wy), G (x)= (g, (x) ..., gu x))" and
substitute [ (x) i Eq. 6 with &, then the inproved objective
function which taken into the uneven illumination account
1s defined as:

")
)]

I - [u,007 |60 - WG - v

X,- Vi

2 o -~
+— (™
We can achieve the U, V and W by Lagrange
multiplier. Let

E, = gju,(x)m Jit0) - WGy, + Nik éj{j(um’“ z ey v+ A~ :E;lux(X))
(10)
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Let
i =0, = = (,wecanobtain :
au, (x) f
i) — WT v [Py
u 7 =V~ W'G00- v / an
S itn - WG - vy
=1
3 u, (X)" X,
v, = ; (12)
ZU,(X)m
As for W, fix the uand v, solve @ and let it is 0, we
oW
can obtain
W=A"Z (13)
where
A= iju,(x)mG(x)G(x)de
i=1
A= fu,(0 GG dx (14)
i=1
and
z :ijui(x)m (itx) — v,)Gix)dx (15)

The improved image segmentation algorithm with
simultaneous uneven illumination estimation:

Step 1:
Step 2:
Step 3:
Step 4:

Transform image data to logarithmic field
Initialization of u, m and g

Update u, v and w by Eq. 9-13

Check convergence criterion. if convergence has
been reached, stop the iteration. otherwise, go to
step 3

RESULTS

We nvestigate the very applicability of the above-
modified FCM in image segmentation. Present
experimental results here demonstrate that when the
segmentation for intensity inhomogeneity and noisy
umages 18 required, the above-modified FCM has obvious
advantage over FCM.

Figure la shows an original rat’s bladder tissue
image. The image is corrupted as its artificial noisy image
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(b) BCFCM

(c) The proposed algorithn (d) Uueven illumination

Fig. 1: (a-d) segmentation results for rat’s bladder tissue
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Fig. 2: (a-d) segmentation results for mankind
chromosome image
and intensity inhomogeneity caused by uneven

llumination. Figure 2a shows a mankind chromosome
image acquired under the circumstance of uneven
llumination. Both in Fig. 1 and 2b and ¢ demonstrate the
segmentation results using BCFCM and the proposed
modified FCM, Obviously, the proposed modified FCM
outperforms BCFCM for this test image and get uneven
illumination field effect estimation as Fig. 1d.

CONCLUSION

In this correspondence, we propose a robust fuzzy
clustering based segmentation method for noisy and
intensity inhomogeneity caused by wmeven illumination.
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This method is rooted at the proposed modified FCM
which originates from a novel objective function and
uneven illumination presentation. It 1s robust for noises
and intensity inhomogeneity, meanwhile, it can estimate
the uneven illumination simultanecusly.

Future research may be
mathematical analysis about the fitting of wneven
llumination field effect and the time efficiency.

focused on more
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