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ABSTRACT

Principal component analysis (PCA) has been applied to the multi-spectral imageries.
The first component of PCA contains the largest possible amount of the total variance of original
data. Therefore, it can be achieved to distinguish the variety presented objects. To classify the
different objects, the image segmentation is used for assigning the object boundaries. Here, the
graph theory has been introduced for segmenting the PCA image, since it gives high accurate

boundaries of objects.
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HOUAINUINAUNAZ LY TM (Thematic mapper) IHIAUN WS MY 7 uaUANUIINAY AT
3 : ,
51002000 30 WAT UBNIINTLGEITZUTOA1IWAY TDRS (Tracking and data relay satellite)

nawrihudoyannariiengTan lunanfuiinam1dsiud dwaeelugdii 2.1

UM 2.11 uaasgilirednyaizvesnrufion LANDSAT 7
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2.4.2 A1NeH SPOT
fidnuazms Tnesduiusiuaeiind Myudsaruunszuy 38.7 sam luszdy
anugaszins 830 Alawas Tnsnduununaudunn 26 Tu Taviignsallumatiuiinam
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$LU 3 UeUANNENIAAY ATl WazBUAYEININ 20 AT HAZTZULFNAAUYI-A PLA

(Panchromatic linear array) 1151021000 10 1UA3
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A
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2.4.3.1 3211 MESSR (Multispectral-electronic self scanning radiometer) Lﬂﬂﬂﬁﬁﬂﬁﬂ
A ' & A 4 yyy ' 4
Foyanmlu 4 vouanuenaau Wisnatuiveuiulddennla 2 touanuenaduuaz
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ar e 4 o
LANDSAT 521117U#inn e MESSR 1lsznoudiondes 2 ga Taondesdmile vwiims
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Yszainw 100 Alawnsuaziiswazidvadoya 50 was
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2.4.3.2 3311 VTIR (Visible and thermal infrared radiometer) ﬁuﬁﬂ%’agamw 4 UDU
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SEGMENTATION OF PCA IMAGE VIA GRAPH THEORY *

S. Chitwong?, F. Cheevasuvit’, K. Dejhan', S. Mitatha', and W. Kongnon®
'Faculty of Engineering and Research Center for Communication and Information Technology
?Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand

ABSTRACT

Principal component analysis (PCA) has been applied to the multi-spectral imageries. The
first component of PCA contains the largest possible amount of the total variance of original data.
Therefore, it can be achieved to distinguish the variety presented objects. To classify the different
objects, the image segmentation is used for assigning the object boundaries. Here, the graph
theory has been introduced for segmenting the PCA image, since it gives high accurate
boundaries of objects.

1.0 INTRODUCTION

Multispectral images of a satellite are very useful for classification and interpretation. Since the reflectance
of each ground cover type can be detected with different values in each wavelength of multispectral image. So
the simultaneously use of all multispectral images are quite difficult and less efficiency especially for visual
interpretation and classification. Even the multispectral colour image is produced from only three different image
bands which are not all acquisition image bands of the satellite. Therefore, all essential information of ground
cover types from all spectral bands cannot pack into a colour image. This will cause the decreasing of image
classification efficiency. To defeat this problem, the PCA has been used. The PCA can be transformed almost all
of the variance in the original images into the first least components (S.K. Jenson, 1979). Particularly, the first
component is contained the largest amount of the total variance. This component will be represented the
multispectral images and will be employed for the land cover classification, The image classification can be
accomplished by the segmentation method. Here, the graph theory has been applied to the PCA image for
segmenting it for the purpose of obtaining high accuracy of distinguish region boundaries (D. Cheriton, 1976 and
0.J. Morris, 1986).

2.0 PRINCIPAL COMPONENT ANALYSIS

PCA is a powerful method for analyzing the correlated data such as the multispectral data from a satellite
(G.F. Byane,1980). It can be assisted in dimensionality reduction of data which is very helpful for multispectral
images compression. PCA is a linear transformation which can be transformed all variability of the original
image into the new principal component images, where the number of the principal component images is equal
or less than the original image.

PCA is formed by the linear equation of (S.K. Jenson, 1979)

Y=CX+B (1)

-

where X is original variables with p dimentions and Y is transformed variables with g dimensions where
qsp

* Presented at the Fourteenth International Conference on Applied Geologic Remote Sensing, Las Vegas,
Nevada, 6-8 November 2000.
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The expectation of Y is
E[Y] = E(CX + B)
H, =CE(X)+B (2)

M, =Cu, +B
where 1z refers to the mean values for p variables of X. By assigning H,= 0, then

B =-Cu, 3)
Therefore, the equation can be rewritten as

Y=CX-u,) (4)

In order to find C by using the condition that CC” =1 , the covariance matrix of ¥ can be obtained by

E(YY")y=E{lCX - g )CX- g )"}
A= CE[(X-1)(X~p,) 1€
A G0

Figure 1 Original TM Image.
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where ¥ is pXx p covariance matrix of X variables and A is the ¢ X ¢ covariance matrix of Y variables.

A is a diagonal matrix composed of A,,4,,-- -,R,q which refer to the eigenvalues of each component.

The PCA process is applied to the TM images of figure 1, the obtaining of the first principal component
images is shown in figure 2. This component with the largest amount of the total variance will be selected in
order to segment it by using graph theory approach.

L

Figure 2 Principal Component Images.

3.0 EDGE PRESERVING SMOOTHING METHOD

Before segmenting an image, the isolated noise pixels must be cleaned up by using the edge preserving
smoothing method of (F. Tomitan, 1977 and M. Nagao, 1979) and cooperative with some suggested templates as
shown in the figure 3. These suggested templates can preserve the thin regions with the width of region being
less than three pixels which cannot perform by (F. Tomitan, 1977) and (M. Nagao, 1979).

x,y) I iy i I Gx,y) (x,y)

/||

5 [ ] & S 2 a
[— ----------- —l (x,y)l i IM‘)

5 3 'jLLII - B =

Figure 3 Suggested Templates for Preserving Thin Regions.
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The pixel with coordinate (x,y) will be smoothed by replacing its gray value with the mean of selected
template. The selected template must have the minimum variance value. The smoothing process will apply to all
pixel of the image and also can be done iteratively until the gray level of each pixel in the image is unchanged.

After applying the edge preserving smoothing onto the first principal component image, the result of
smoothed image is presented in figure 4. The image is then employed for image segmentation.

Figure 4 Edge Preserving Smoothing Image.

4.0 IMAGE SEGMENTATION VIA GRAPH THEORY

The main objective of image segmentation is to partition the image into meaningful regions (R.C.
Gonzalez) or to isolate the individual objects within the image (G.A. Baxes, 1994). Each partitioned region must
be respected to the criterion of pixel similarity in the region. Hence the segmentation process will be applied as
the preprocessing of image classification. Many algorithms of image segmentation have be researched for the
purpose of obtaining the high accuracy of region boundaries such as (0.J. Morris, 1986, S.L. Horowitz, 1974 and
F. Cheevasuvit, 1986). The graph theory will give a robust regions, since their shapes are not depend on the
scanning direction. Therefore, we proposed the use of graph theory for segmenting the image. The procedure of
image segmentation via graph theory can be described as the following steps.

1. The gray level of pixel is mapped onto the corresponding vertex in the graph as shown in figure 5.
Each vertex will be connected to the four vertices in perpendicular directions by the links.

2. Each link weight of the graph is obtained by the absolute different between two adjacent vertices in
perpendicular direction. These link weights will be used to measure the similarity of two adjacent
vertices in order to form the homogeneous region.

3. The link will be removed consecutively from the least link weight to the maximum link weight.
When each link weight is removed, the two vertices connected by this link will be merged together
and the weight of the merged vertices will be substituted by their mean value. The link weights
around these vertices will then be updated.

4. For obtaining the homogeneous region, a threshold value will be assigned to the graph. The link
weight will then be cut if the original link weights are greater than the threshold value. For cutting a
link, two separated regions will be obtained where each region will give the absolute of maximum
different of gray value less than the threshold value.
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Figure 5 Mapping an Image onto a Graph.

5.0 EXPERIMENTAL RESULT
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The graph theory is applied to the smoothed image of figure 4 with the threshold value equal to 30, all of
the resulting region contours of segmented image is presented in figure 6.

6.0 CONCLUSION
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PCA is applied to the multispectral images of a satellite in order to collect all essential information into a
few images, especially the first principal component image. For removing the isolated noise pixels in the first
principal component image, the edge preserving smoothing process is applied. The graph theory is then
employed to the smoothed image in order to obtain the high accuracy of region boundaries. The resulting
segmented image is shown that the thin regions such as some bridges and roads are still detectable.



it

7.0 REFERENCES

D. Cheriton and R.E. Terjan, "Finding minimum spanning tree”, SIAM J. Comput., pp. 724-742, 1976.

F. Cheevasuvit, H. Maitre and D. Vidal-Madjar, “A robust method for picture segmentation based on a split-and-
merge procedure”, Computer Vision, Graphics and Image Processing, Vol.34, pp. 268-281, 1936.

F. Tomitan and S. Tsuji, “Extraction of multiple regionsing smoothing in selected nighbourhood”, IEEE Trans.
System, Man and Cybernetics SMC-7, pp. 107-109, 1977

G.A. Baxes, “Digital Image Processing : Principles and Applications”, Jonh Wiley and Sons,Inc.,New York,
1994.

G.F. Byane, P.F. Crapper and K.K. Mayo, “Monitoring Land-Cover Change by Principal Component Analysis
of Multitemporal Landsat Data”, Remote Sensing of Environmemt, Vol.10, No. 3, pp. 175-184, 1980.

M. Nagao and T. Matruyama, “Edge preserving smoothing”, Computer graphics and Image processing, Vol.9,
pp. 374-407, 1979.

O.J. Morris, M.de J. Lee and A.G. Constantinides, “Graph theory for image analysis: an approch based on the
shortest spanning tree, “Proc. IEE, Vol.133, pt. F, No. 2, pp. 146-152, 1986.

R.C. Gonzalez and P. Wintz, “Digital Image Processing”, Mass.,Addison-Wesley, 1977.

S.K. Jenson and Frederick A Waltz, “Principal component analysis a canonical analysis in remote sensing”,
Proc. Am. Soc. of Photogrammetry, Fall Church, pp. 337-348, 1979.

S.L. Horowitz and T. Pavlidis, “Picture segmentation by a directed split-and-merge procedure”, Proc., 2™ Int.
Jonit Conf. On Pattern Recognition, pp. 424-433. 13-15 August 1974.



78
ey 3 o
Uz iadive

wwdszna anju Aadeuil 25 funay 2519 lamdngasang duSemsdnm
nangasimnssumanstudia mvi3vunaluladmsiagumegammnssy Ymsdnm
2542 vinaoumaTuladwszveunduiqummsmansala Ussmnilodasinindugs
mvunioailotagaamnssy Ynsdnun 2539 vInInndumaiinmnalsFuud Inseyasel

wazalszmaiiodasindn mudntiihids Tnsfn 2537 vindnndumaiingasand





