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Abstract: In this paper, linking with the basic principle of FCM (Fuzzy c-means clustering) algorithm, on the
basis of theory research, a method of the cluster analysis of FCM is proposed. Firstly, the approximate opti-
mal solution obtained by the improved FCM algorithm is taken as the original value of the FCM algorithm,
then carrying on the local search to obtain the global optimal solution. The final segmentation result is
achieved at last. The experiment results prove that in the view of the flame image segmentation, this method
shows the good clustering performance and fast convergence rate, and has the widespread serviceability, so it

is the practical method in image segmentation.
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1 Introduction

In the image research and the application, people are
often interested in the certain parts of the image, which
are called the target or the foreground (the other parts
are called background) and generally, they are corre-
sponded with the specific region that have the unique
nature in the image. In order to recognize and analyze
the target, the relevant region are needed to be separated,
and only based on this step, the target may be used fur-
ther ,such as carrying on the feature extraction and the
measurement. Image segmentation is the technology and
the process that dividing image into region that each one
has the characteristics and extracting the interesting tar-
get .Image segmentation is one method of the image
information pre-processing, whose basic principle is
extracting the meaningful characteristic or the features
that needs to be applied from the image. These features
can be the primitive features in image field, such as the
pixel grey values of the object occupying area, the object
profile curve or the texture feature and so on, and may
also be the spatial spectrum or the histogram character-
istic, the target may be the single region and also be
many regions.

At present, there have many kinds of classic seg-
mentation algorithm in the image segmentation tech-
nology area, and the following are several kinds: (1) the
segmentation methods based on pixels classifi cation ,

including the threshold segmentation, the feature space
clustering, the fuzzy clustering and so on;(2) the seg-
mentation methods based on edge detection, including
Sobel operator, Marr operator, Robert operator, Prewitt
operator, Canny edge detector and so on;(3) the seg-
mentation methods based on regions, including the re-
gion-growing method, the splitting and merging method,
the watershed algorithm, and the method based on
graphic theory;(4) the segmentation methods based on
multi-scale. In spite that many kinds of image segmenta-
tion methods are quite mature in theoretical, but in ap-
plication, the characteristics of the image, the processing
speed and hardware realizing must be considered. The
practical application often takes the effect as the basis.
Several methods are used simultaneously or the slight
improvements are made to the method before it is used.
In our design, adopting an image segmentation method
based on the fuzzy clustering reduces the information
content sharply and makes full preparation for system
automatic recognition.

2 Algorithm Analysis
2.1 Fuzzy C-Means Clustering Algorithm

In 1969, Ruspini applied the fuzzy set theory in the
cluster analysis for the first time, and the fuzzy c-means
clustering algorithm was proposed (FCM), which is still
used commonly in image segmentation. Standard FCM
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is the non-surveillance clustering algorithm, and its suc-
cess is mainly due to that in order to solve the member-
ship of each image pixel, the fuzzinessis introduced.
Compared with the crisp or the hard segmentation
method, FCM can retain more information of the primi-
tive image! .The steps of FCM:
@ Input training samples prior known, n is the
number of the samples. x; = (X, Xy, X))
i=12,..,n.

@ Using the immune network algorithm to obtain the
clustering centerpy , j=12,..,c, and the corre-
sponding  cluster are supposed as fol-
lows: A A, ,..., A,.

i =1,calculate the membership degree that x, to
the ¢ classifications prior known:

1,08) =@l =M [ E

M k||2/(b—l)
Where bis the measurement constant of clustering

fuzzy degree.

@ GetC membership degree valuesﬂj(xi), the maxi-

mum is 4 ., try to find the classes which make
1 (%) = Moo established ,and the classes are
supposed as: a | A, ...
If ¢, =1, is converged to ACD,eIse if ¢,>1,01t0
next step.
According to the fuzzy regulation, A, is chosen
from A A, ..., A, making X; and A, _are most
close to fuzzy condition, then x; is converged
to Ay -

FCM has been applied widespread because of its
unique advantages in the image segmentation. But when
clustering the big data set, FCM algorithm is extremely
time-consuming, moreover, regarding to the image of
low signal-to-noise ratio and the segmentation result is
not very ideal. Seeing this, an improved FCM algorithm
is put forward (M-FCM).

2.2 Improved FCM Algorithm (M-FCM)

To further enhance the operating performance of the
FCM clustering algorithm, and reduce the time com-
plexity, an improved FCM image segmentation algo-
rithm is introduced (M-FCM).

The region from which the flame image signal is
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gained®:

Yo = X6 Vke{l2,..,N} €))
where X, v, and G, respectively are the real intensity,
the observational intensity ,the region gained from kth
pixels, N is the total number of pixels.

The permitting bias during the process of the image
transforming:
Y =X + 5 vk e{l,2,...,N} (2)
where X, + Y, andf, respectively are the real value ,
the value represented inkth pixels after in logarithmic
transformation, the bias in kth pixels. If the region has
been known, adopting the common segmentation meth-
ods based on the intensity can evaluate the flame region
easily, thus the correct data is gained.
The following are the improvement for the algorithm.
The influence of the flame edge and the determine fac-
tors of the flame intensity are also discussed™.

L uply, - B v+

Mo

J = -

™ ise N p
T U

i=1k=1

y ZNK W(yk’ yr)”yr - ﬂr -V "2

®3)
where WO:Yr) s the weight function, satisfying the
condition below:

S Wy, y)=a » 0sas<l, Vke{l2..N}

YreNg
when the equality holds:w(y,,y,)=a/N,,J,is the op-
timum the of BCFCM
(Bias-corrected fuzzy c-means) , the following several
factors can effect obtaining the optimum parameters:

solution to problem

min J,, (4)
“‘That is Uy ~ V; and g, ,according to the BCFCM
algorithm, correlation parameters are calculated out,
then the optimum solution are obtained.

A. Membership Evaluation

. 1
u., =
" w5, ( Di + 7 )
D; +7;

(®)
where Dy = HYk =B _ViH2 v Vi = Tyeen (Y, yr)Hyr =B *V|H2
B. Cluster Prototype Updating

*_ zk‘:lukpi ((yk _ﬁk) + Ty eNy W(yk’ yr)(yr _ﬂr)) (6)
l UG L+ zyeen WY, Y))

C. Bias-Field Estimation
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b=y, - I Vi (L:].E + 2y, eny WY, yr)l:)i?) )
20 (U + 2y eNe WY, YU

D. Discussion of the cluster
If w(y,,y,)>0 and S Wy, y,)=a 1 0sast
vk e{1,2,..,N} N, is4ors8,
Using the equation above to calculate Uy ,V;and g, ,the
optimum solution J  can be obtained.

E. M-FCM Algorithm

The image is divided into many different clusters, us-
ing the M-FCM algorithm to revise the bias, the step as
follows®®!:
@ choose the weight function

Wiy, -y,)=ce © ,0<0< 1,6>1 (8)
We set the initial class model as{V; }:_, ,for exam-
ple: {v, = log(255* (2i —1)/2¢c)}",
@ Suppose {3, is a very small value that is close
to zero(such as 0.01)

(® Using equation(5) to update dividing matrix
@ Using equation(6) to calculate the clustering model
®

under the condition of mean-weighted pattern
Using equation(7) to calculate the bias field
Repeat steps®-®),until equation (9)is satisfied.

"Vnew _Vold " <& (9)

where Vis the clustering centre vector, & is a very
small value that is close to zero (such as 0.01).

This improved FCM algorithm increases the effect of
image segmentation, but regarding to the big data sets,
the algorithm is still time-consuming and the image
segmentation effect needs to be improved.

3 Experiment result and analysis

The experiment is carried out to confirm the different of
the two algorithms of traditional FCM algorithm and the
M-FCM algorithm. Table 1 and Figures 1,2 shows the
result:

4 Conclusions

The image segmentation is the important content of the
mode recognition, image understanding, and the com-
puter vision. FCM and its improved methods havethe
characteristics of describing simply, realizing eas ily, the
good segmentation effect and so on, but the
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Tablel. Experiment result

Reduction number  The Surpassing

Algorithm of the wrong proportion to
classification FCM
FCM 15
M-FCM 5 20%

e i

Figure 1. The original flame images in different condition

(a) (k)

il (d)

Figure 2. The image segmentation result of the M-FCM

segmentation time are often excessively long. On the
premise of guarantee segmentation quality, the approach
of the M-FCM algorithm which is introduced in this pa-
per raises the FCM image segmentation speed greatly,
and it has certain application value.
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