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ABSTRACT

Middle spatial resolution multi-spectral remote sensing image is a kind of color image with low contrast, fuzzy
boundaries and informative features. In view of these features, the fuzzy C-means clustering algorithm is an ideal
choice for image segmentation. However, fuzzy C-means clustering algorithm requires a pre-specified number of
clusters and costs large computation time, which is easy to fall into local optimal solution. In order to overcome
these shortcomings, ant colony algorithm is employed to optimize fuzzy C-means algorithm in remote sensing image
segmentation. First, the centers and number of clustersis determined by ant colony optimization algorithm. Then the
initialization fuzzy C-means algorithm is used for remote sensing image classification. Experimental results show
that the ant colony optimization is an effective method to solve the problem of fuzzy C-means algorithm in remote
sensing image segmentation and the visual interpretation of segmentation is much improved by proposed ant colony
optimized C-means clustering.
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INTRODUCTION

With the development of remote sensing technologyote sensing images plays a significant roleeimggaphical
conditions monitoring, i.e. flooding, forest firesfop healthy, etc. Remote sensing image segmentasi a
prerequisite for remote sensing image processiaguaderstanding. Thus improving segmentation acguisaan
important issue to ensure effective follow-up workemote sensing image processing.

Image segmentation is a technique to divide thegémiato non-overlapping regions and extract tagjdahterest.
Middle spatial resolution multi-spectral remote siag image is a kind of color image with low costrafuzzy
boundaries and informative features. The literatendews that fuzzy C-means algorithm is an ideaiazh for
remote sensing image segmentation [1-3]. Howewmzyf C-means clustering algorithm requires a pesifipd
number of clusters and costs large computation, timéch is easy to fall into local optimal solutip4d]. Thus, many
researchers proposed improved fuzzy C-means segtimntalgorithms. Ant colony optimization algorithis
originally developed by Dorigo (1991), which is esBally a sophisticated intelligence system withorsg
robustness, excellent distributed computation sasly ¢o be combined with other methods [5-6]. Irergcyears,
with the rapid development of ant colony algoritimimage processing, ant colony algorithm is usedrprove
image segmentation results [7-9]. In order to overe these shortcomings, ant colony algorithm isleyeal to
optimize fuzzy C-means algorithm in remote sensingge segmentation. First, the centers and nunfbausters
is determined by ant colony optimization algorithithen the initialization fuzzy C-means algorithmused for
remote sensing image classification.

The remainder of this paper is arranged as foll&extion 2 and section 3 describe the principlinfy C-means
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algorithm and ant colony optimization, respectivedgction 4 gives the proposed method. Experimestallt is
shown in section 5. Conclusions are made in seétion

2 Basic fuzzy C-meansalgorithm
Fuzzy c-means (FCM) clustering is a method whitbmed one piece of data to belong to two or moretels. The

basic idea of fuzzy C-means clustering algorithmsigollows.

Let X ={X1,X2, ...... ,Xn} indicates the number of n pixels in the image. sThthe image segmentation is

transformed to the clustering of n samples. L¥& ={i=12, ...... ,C} is the center of clusters.

U, ={i =12,...... Cck=12,...... ,n} is the membership of the kth sample to the itsglavhereO<U, <1

n
and 0< ZUik < N. Thus the object function of FCM is as follows:
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where U ={Uik}, V= (Vl,vz, ...... ,VC) ,mM>1 the constrain condition isZ:Uik =1 Ok=12,.....,n
i=1
The optimal solution of object function in FCM cae obtained by updating membership matrix U andtefu
center V iteratively.
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Updating membership matrix U and cluster centectbading to equation (2) and (3) until the changaldie of V,

is less thala‘(é‘ > O) .

3 Ant colony optimization algorithm
Ant colony optimization (ACO) algorithm is a nov&mulated evolutionary algorithm [10-11]. Image semtation

based on ant colony algorithms can be taken aprifeess of clustering pixels of different charastars, which is
similar to the process of ants in finding food smurAs we know, ants can always find the optimah pa a source
of food in nature environments. Thus, the procdasnage segmentation based on ant colony is asvsll each
pixel of the image is taken as an ant and the elusinter is taken as food source. As the visugjeaf ant is small,
so in the beginning, the search is blind. Howetee, ants will leave pheromone on the path. The ro#ms
determine the direction of search according tcatmeunt of pheromone and leave their own pheromarte@path.
After many cycles, the ants will leave more pheramon the optimal path, which leads more ants pass The
searching process é&positive feedback mechanism and the ants will agg own way to find the optimal path.

An ant is a simple computational agent in the ahdrty optimization algorithm. In general, thiéh ant moves from
statex to statey with probability:

k (75)(75)
S e (2 7E) “

T, . . . .
where ~¥is the amount of pheromone deposited for transitiom state x to y,& 20js 4 parameter to control

. T . N . >1 .
the influence of . Ty is the desirability of state transition xy arﬁ—l is a parameter to control the

My

influence of
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When all the ants have computed a solution, this thee updated by
Iy < (1_10) Txy+zAT>|:y ()
k

where O is the pheromone evaporation coefficient? It is@®.1 in our experiment.

4 Proposed ACO-FCM algorithm

In this paper, according to the advantages of fuzayeans clustering and ant colony optimizationA&O-FCM
algorithm is proposed to improve the segmentat@uegacy of remote sensing image. The flow chaAGO-FCM
is shown in figure 1.

Landsat 7 TM image

A
Principal component

analysis of original image

A
The edge is determined by
Canny edge detection operator

A
Cluster number and center is
determined by ACO

A
FCM is performed on the
processed data

A

Results of segmentation

Figure 1 theflow chart of ACO-FCM

Landsat 7 TM image includes 7 bands, i.e. blueemreed, near-infrared, mid-infrared, thermal indch and
mid-infrared band. The spatial resolution of LartdsaM image is 30 meter except the thermal infilaveand. Thus
only the bands with 30 meter are considered fomsgtation. The principal component analysis isqrened on the
multi-spectral image to reduce the band dimensidhs. first principal component which contains mtiran 80%
information of the original image is used for tlwdldwing process. The canny edge detection is pewrd on the
first principal component. The edge informatioroigained as the input of ant colony optimizatiogogithm. The
number and center of clusters determined by AC@kien as the input of fuzzy C-means clustering. fitked result
of segmentation is obtained by our proposed ACO-FCM

RESULTS

The experiment is performed by MATLAB R2011b in \&ws 7 operation system. The original Landsat 7 TM
image is shown in figure 2, which is shown in Bandand 4 and Band 3 in Red, Green and Blue chaihelsize

of test image is 400*400. In figure 2, the red mfiation represents vegetation. The cyan-blue reptssmpervious
area, including roads and buildings. The blackrimfation represents ponds. From figure 2, it casd®n that the
information amount is large and the edge of larefagsrers is blur. It is hard to tell the boundang aletail of the
land use/covers.
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(a) Theresult of ACO algorithm (b) theresult of ACO-FCM
Figure 3 Theresults of proposed ACO-FCM

The experimental results are shown in figure 3.nFdigure 3(a), it can be seen that though the enndd be
detected easily from the initial results of ACO,mya@bvious black points exist in the result imalgefact, the black
points are the unclassified pixels in ACO. The F@&@\erformed on the result of ACO, which is showrfigure

3(b). From figure 3(b), it can be seen that tharsaged result is obvious. The impervious area cbeldletected

well. The experimental results show that our preposCO-FCM performs well for the mid-spatial resain
remote sensing images.

CONCLUSION

According to the characteristic of mid-spatial detion remote sensing image, an ant colony optichibgzzy
C-means clustering algorithm is proposed to obtdwvious edge and segmentation result. The expetahersults
show that the ACO-FCM performs better than ACO athm. The result of ACO-FCM is good for land colese
detection, i.e. impervious area, water, etc. Howetlee quality of cluster centers determined by A@@ the

computation time of FCM is very important issueghia image segmentation. We will conduct these isgaes in
out following work.
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