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2 dAFe  ERE9A3A(Unsupervised Classification)oll Al FAE ¥4 ¥ (Principal
Component Analysis)?] $-8§4& AFs7] 95+, 48 E4HE K-means, ISODATA F7HA 57
ERFHA et JENAANGL AFzolth B AFdA FAE 24 S uATE F4
BAw (Unstandardized PCA)Y BAHE FAE B4 H(Standardized PCA) F7HA A2 4
oA Ztz} A7t ol 98 AFEY Landsat TMEAH FEATYANAN ZAE AFE AL
ZARES dF2A A5 a3 1/25000 FAAZE ol &3t agln #4E A58 FEEE
Brrslz] Yt A3 E (Error Matrix)2 =93t Al ¢4 vATE FAHE E4Hes F
P FAAE 94 Landsat TM 9 948 23432 ol &3ld AFEY 24 E7 27 A&t
t}, 2 A3} K-means FHEEFHAME Landsat TM AEE A FH o] &3 ASole nithe} &4b9
B/ & g ggon, £ AwrAEQ JGAEFAFAI BEFX 9 B XolE BT a3y, FAEE
Baniog Aid FAR G442 K-meansWHPoz2Z 27/ & ZAxyes #ZX94 & AXE It
ISODATAY 79, Landsat TM 9z 342 AAsH, K-meanse. & EHF3 Axnds FL2 s
gRloy, FAE -E*ﬁ%‘.‘li T3 Ao AdAe vuEH, FHAE JFeR T EFEHY FF

ATE FAHAE BAYY Z9$E 129 K-means9AE Landsat TM
4 st —?—*’FTE} A3E BAFJoY, AT FARE B4y Aate Adrdes AHE}
oA gojxlE ddo] Uz, ISODATAS 2 %% Landsat TMEZ AzRT F 7%ATY 2 A
TE _133_9\101,]. H A7 ARTOE 983%ALE B AT E WP},

B dFAM FARE EAHeR Add BAFdM FEHE AL, FHAE 2
B gae BFu¥(K-means, ISODATA, artificial neural networks)el we} £F &
Ll = By mE ZARgke) B XolE Ho
AE B4 9y 'cr°ﬂ/‘1E HAT7E FAE EA49(Unstandardized PCA)o] A F
(Standardized PCA)R T FZEMM ¥ FL& AFHE BAFE L2 YERH

:1n1 Hm
—r

v o

r

H‘.

o

H
_}L
..LQ.
G
X
o
l’ﬂ
L
EE..
¥¥-
.ﬁ
r oﬁ

X My oz 3 FA4
Zgko] vlzstAl
e

. aga F

=
L= )=)
FAE BE4Y

<
o
1
¢

fﬂ.
v
o
o]
o
ag
—
Z
%
>
tﬂl

|

=

T
&

FRo: YL, ATFY FHYLRH, ¥l

o

*38 FAEEA, K-menas, ISODATA

1. Introduction

Principal component analysis (PCA) was used to improve image classification by three
unsupervised classification techniques, the K-means, and the ISODATA. To do this, I selected a
Landsat TM scene of Jeju Island, Korea and proposed two methods for PCA: unstandardized
PCA(UPCA) and standardized PCA(SPCA). The estimated the accuracy of the image classification of
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Jeju area was computed by Error matrix. The error matrix was derived from three unsupervised
classification methods. Error matrices indicated that classifications done on the first three principal
components for UPCA and SPCA of the scene were more accurate than those done on the seven
bands of TM data and that also the results of UPCA and SPCA were better than those of the raw
Landsat TM data. The classification of TM data by the K-means algorithm was particularly poor at
distinguishing different land covers on the island. For the ISODATA algorithm, the discrimination
accuracy of the error matrix for the principal components of UPCA was approximately 15% and for
the ones of SPCA was approximately 6% better than for the TM data. From the classification
results, I also found that the principal component based classifications had characteristics independent
of the unsupervised techniques (numerical algorithms) while the TM data based classifications were
very dependent upon the techniques. This means that PCA data has uniform characteristics for
image classification that are less affected by choice of classification scheme. And the PCA data were
estimated statistically to find out relationship between PCA and raw Landsat TM data. In the
results, we also found that UPCA results are better than SPCA since UPCA has wider range of
digital number of an image. It means that the increased range of PCA image histogram values was
an important role of image classification of Jeju Island. Finally, from the relationship of the
probability density function, I derived a transformation function between PCA and Landsat TM data.

In this paper, the effects of using the unstandardized and the standardized Principal Component
Analysis (PCA) with unsupervised classification results were considered. To do this, unsupervised
classification results of raw Landsat TM data are compared with those of the unstandardized and the
standardized principal components data, respectively. Three unsupervised techniques, K-means and
ISODATA were used. The study area is Jeju Island, located off South Coast of Korea peninsula. The
accuracy estimation of the PCA were performed by Error matrices(Confusion matrices) based on the
three techniques. Finally, I conclude with a summary and a discussion of the limitations and the
applicability of PCA as applied to unsupervised classification in Jeju Island.

2. Data and Method

In this study, I used the observation and the satellite data to estimate the calculated results of
image classification. In remote sensing, the results of the classification of the satellite date usually have
been compared to the observation data such as aerial photography and field observation using GPS or
other survey instrument. For Jeju Island, the Korea Research Institute for Human Settlements
(KRIHS) already classified the Island based on aerial photography, Landsat data, and field observation.
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Figure 1. The reference classification based on Korea Research Institute for Human
Settlements(KRIHS) in 1997.
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To perform PCA, 1 need to diagonalize the covariance matrix of the remote sensing data.
The covariance function Var between band i and j can be calculated as(Carr & Matanawi, 1999).

Vark, D=3l 2 2 (P~ Pud(PAiA—=Po) W

in which N is the total number of pixels, k and / are band numbers. Px(i,j) and Pyij) are the pixel
values (digital number) column j of row [ in bands k and [ Pu» and Pin are mean of band k and
{, respectively. In Landsat TM data, the covariance matrix will be 7 X 7 matrix since it has seven
bands. The matrix is symmetric and a positive definite matrix if we use Landsat TM data. Using
the matrix, the principal component can be calculated.

Diagonalizing the covariance matrix from Eq. (1) is the equivalent to solving standard eigenvalue
problem as following:

AX=Ax ——m——m e (2)

In Eq. (2), A is the covariance matrix, A is the scalar of characteristic values, x is the
matrix of eigenvectors.
From Eq.(2), the principal component image can be calculated as follows(Jensen, 1996)

OBi,j.tz= glakaBi.j,k ______________________________________ (3)

in which k is band, i and j are pixel of row and column. k¥ is band number, p is the principal
component, and n is number of bands. OB is the new brightness value (digital number) at position
(i,j) in principal component p, IB is the old brightness value and ax, is the eigenvector in Eq.(3).

In previous section, the principal components calculated using the covariance matrix are referred
to as unstandardized PCA and those calculated using the correlation matrix are referred to as
standardized PCA. To calculate the rotation, we can start with either a variance-covariance matrix or a
correlation matrix.

If one standardizes the data and calculates a variance-covariance matrix, then the result will be
the same as a correlation matrix. Those that wish to practice their algebra can prove this by deriving
the formula for the variance-covariance matrix and the correlation matrix calculated on raw data and
then the variance-covariance matrix calculated on standardized data.

The standardized PCA is also an alternative method of computing a PC rotation is to derive
the transformation matrix on the eigenvectors of the correlation matrix instead of the covariance matrix.
The correlation matrix is equivalent to a covariance matrix for an image where each band has been
standardized to zero mean and unit variance.

While it is less common to use this approach for normal remote sensing data sets, there are
special situations when this method is preferable.

The correlation matrix can be calculated as

Cor(k 1) = Yarkl) n
NN

7 n

where  op= 3 (IByu—m)?  oy= 3 (IBy— py)-m-mmmmmmmmmmm o 5)

i=1 i=1
in which n is the total number of pixels, ¥ and / are band numbers. IBix and IB; are the pixel
values of images in bands k and I Mgand [; are means of band kth and /th images. 9% and 9
are variance of band kth and /th images, respectively.
With standardized PCA, the eigenvectors are computed from the correlation matrix. The

characteristic of standardized PCA is to force each band to have equal weight in the derivation of the
new component images(Eastman & Fulk, 1993).
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3. Results and Discussion

In this study, I used the observation and the satellite data to estimate the calculated results of
image classification. In remote sensing, the results of the classification of the satellite date usually have
been compared to the observation data such as aerial photography and field observation using GPS or
other survey instrument. For Jeju Island, the Korea Research Institute for Human Settlements
(KRIHS) already classified the Island based on aerial photography, Landsat data, and field observation.

Unsatnadardized PCA(UPCA) and Standardized PCA(PCA) were applied to produce inputs to
K-means and ISODATA unsupervised classifications for Jeju Island, respectively. The two
PCAs(UPCA and SPCA) data would appear to be an excellent tool for the analysis of unsupervised
classification of Landsat TM data. This research results are firstly implemented in the field of
unsupervised classification based on remote sensing field.

The following summarize the conclusions achieved from this study:

First, the results in the error matrices of UPCA showed that the PCA data produced
classification characterized by approximately 75 9% correspondence built the KRIHS reference data.
Using raw TM data produced less than 61%. The K-mean algorithm applied to the TM data
produced confusion among the land cover classifications, while the PCA data clearly classified the
Island as three parts. The classified image made by using ISODATA on the principal components
was similar to the reference data and consistently a little better than that of the K-means
algorithm. The results of using the K-means and the ISODATA algorithm on the PC data were
almost same, while the results of applying the two algorithms to the raw TM data were much
different.

Second, SPCA also produced the same results of those of UPCA although the accuracy of
SPCA is less than that of UPCA. It is also found that the PCA data had independent characteristics
not affected by an classification algorithm technique, whereas the classifications of the raw data
were greatly affected by the algorithm employed. Another advantage of the PC data for
classification was that fewer bands(the three PC images) were used for classifying than were used
to classify the original TM image(seven TM bands). The results can be judged as PC transformed
data is strongly affected by image enhancement effect. The reason of good results based on PCA
data is strongly related with image enhancement effects.
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