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K. Y. Park* and L. D. Miller+
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Colorado State University

Fort Collins, Colorado 80523

Abstract

Computer analysis was applied to single date LANDSAT MSS
imagery of a sample coastal area near Seoul, Korea equivalent
to a 1:50,000 topographic map. Supervised image processing
yielded a test classification map from this sample image con-
taining 12 classes: 5 water depth/sediment classes, 2 shore-

line/tidal classes, and 5 coastal land cover classes at a
scale of 1:25,000 and with a training set accuracy of 76%.
Unsupervised image classification was applied to a subportion
of the site analyzed and produced classification maps compar-
able in results in a spatial sense. The results of this test
indicated that it is feasible to produce such quantitative
maps for detailed study of dynamic coastal processes given a
LANDSAT image data base at sufficiently frequent time inter-
vals.

Introduction

Extensive earlier LANDSAT coverage exists in the "public
domain" for large areas of the world. At present new image
acquisitions of geographic areas are impeded by the lack of
tracking stations, on-board tape capacity, and current recog-
nition of nationalist sentiments. Computer classification of
this earlier public imagery must, of necessity, be completed
with a minimum or abs:-nce of ground control data. It is also
the nature of large scale processes, such as desertification,
coastal dynamics, tropical forest exploitation, etc., that
they do not lend themselves to characterization or represen-
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tation by ground control even when attempted simultaneously
with image acquisition.

The western coast of Korea consists of an extensive net-
work of bays, estuaries, offshore islands, extensive tidal
flats, and other complex features. Very large dynamic sedi-
ment transport processes are clearly evident in the LANDSAT
mosaic of this area but are very difficult to characterize by
if 	 control". Detailed study of the dynamics of this
coastal area will require computer classification of time
sequences of LANDSAT images. Efforts to develop the initial
procedures required for such a program were undertaken to
determine what classification patterns of the coastal areas
could be extracted in the absence of ground control. The
results of these initial efforts should enable those respon-
sible for the analysis of coastal dynamics to determine whe-
ther they wish to promote the needed LANDSAT coverage of the
area and implement the image analysis techniques in Korea.

This demonstration proceeded in several steps. Super-
vised image classification (maximum likelihood ratoing) was
employed with training sets selected by direct examination of
the digitally displayed imagery by one familiar with the
selected study site. Stepwise discriminant analysis was em-
ployed as a mechanism to refine these training sets and de-
termine those image variables making the most significant
contributions to classification accur:,cy. A complete classi-
fication and display was next prepared at a scale of 1:25,000
for an area equivalent to a 1:50,000 topographic map. Final-
ly, an unsupervised (ISOCLAS) clustering analysis was com-
pleted for a portion of the same area to assess the relative
value of this approach to the image classification in areas
of sparse or absent ground control.

Test Site

Korea consists of generally mountainous lands with small
valleys and narrow coastal plains. Mast of its agricultural
activity occurs on tiny plots which are either irrigated rice
paddies or nonirrigated, dry, upland fields. Due to the high
population density, rural settlements are found in almost
every portion of arable lands, while numerous small clustered

f fishing villages occur along the coastline. Recent popula-
r	 tion increases have also caused rapid expansion of major urban

areas and attendant changes in urban and suburban landscapes.

The site selected for initial LANDSAT analysis is 20
kilometers from the margin of Seoul (population of seven mil- `Y^ ^f
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lion) and contains a combination of suburban and rural fea-
tures distributed along a 30 kilometer coastline (Fig. 1).
The area of the site represents one quadrangle of the 1:50,000

Korean topographic map series and is approximately equally
divided between the shallow water area of Inchun Bay and the
coastal land area. Approximately a dozen usable LANDSAT
images of this site were available for the intervening years
since the initial 1972 launch. All illustrate the complex,
dynamic offshore sediment patterns and processes which occur
along the western coast of Korea and, more particularly, in
the Inchun Bay. One LANDSAT frame of 31 October 1972 was
selected for this preliminary test application of computer
image classification techniques tc extract information of use
for the study of coastal sediment processes and land use (Fig.
2).

I
I^

The four band, digital multispectral scanner (MSS) data
available for the selected LANDSAT frame was preprocessed
using portions of the LVNDSAT Mapping Svstem (LMS) package
developed at Colorado State University. l A pictare element
recorded on the LANDSAT computer compatible tape (CCT) re-
presents a ground area as a 57 meter (E-W) by 79 meter (N-S)
parallelogram inclined about 12 degrees east of north. The
LMS geometric rectification module was applied to the digital
imagery to remove systematic distortions and resample the in-
clined picture elements based on the nearest neighbor ap-
proach. The data element resulting from this process now
represents a ground area of 63.5 meters (E-W) and 79.1 meters
(N-S) (approximately 0.5 hectare) and of known geographic
position. The resulting reformatted data was displayed on an

eight line per inch computer printer as a map overlay at a
scale of 1:25,000 (Fig. 3). Photo-like displays of the se-
lected LANDSAT MSS coverage of the test site were prepared
from this resampled data using a microfilm graymap routine
(Figs. 4 and 5).

Additional preprocessing with the LMS system consisted
of farming the six interband ratios between the four original
MSS spectral bands (the six inverse ratios wee omitted).
The resulting composite of ten bands (four original and six
derived) were tested to determine their relative contribution
to the image analysis procedures.

Selection of Training Sets

The map classification algorithm in the I.MS package is
based upon the Gaussian likelihood method. It is a super-
vised classificatio. algorithm which requires ground control
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Figure 1. Geographic location of the study site. Smaller
rectangle represents approximate location of site consisting
of the area of one of the 1:50,000 Korean topographic maps.
Larger parallelogram represents approximate area of the series

of LANDSAT images available for this site.
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information for the development of training classes to repre-
sent each land cover or water depth/sediment type. This
training procedure is used to provide estimates for statisti-
cal parameterization of each map class sought. These para-
meters, the mean vector and covariance matrix, are normally
computed from the imaged values of the training set areas
?deatified by ground control data. No meaningful ground con-
trol data was available for this study. Hence, unidentified
training sets were obtained by selecting several rectangular
groups of cells exhibiting similar graytones or radiance
levels in both LANDSAT N,SS bands 5 and ^. These groups of
cells in aggregate constituted the training set selected to
represent each class to be identified subseuently on the
ground using the initial classification map. This training
set selection procedure may be interpreted as a simple spatial
clustering and is essentially equivalent to photo interpreta-
tion without field checking. The photo interpreter often
recognizes specific objects in an airphoto by earlier exper-
ience with the area and uses the synoptic coverage of the
photo to expand or extrapola`e this knowledge of the area.
Similarly, the image analyst in this case was generally famil-
iar with the land uses in the area of the site and selected
representative, but not positively identified, groups of
training sets. Supervised image classification was then used
to objectively extend their location to other portions of the
site. Vine land cover classes and five water depth/sediment
classes were initially specified in this fas^lion. Three of
the initial land cover classes were shoreline beaches and/or
tidal areas of exposed mud. The five water classes repre-
sented varying gradations of water depth and sediment. All
eight of these classes are of particular interest when exam-
ining dynamic coastal erosion/deposition processes.

Refinement of Training Sets

Initial classification performance for these 14 pseudo-
supervised classes using the 10 bands or variables available

r	 ^	 was examined by a stepwise linear discriminant analysis.
Best performance of this classifier is expected when each

i °,	 class has the distinctive unimodal normal distribution in the
available multidimensional feature space. Tabulations of
training set classification accuracy were obtained by the

	

`	 steps-rise discriminant analysis module in L.^tS. Refinement of

	

^ ^	 training sets was carried cut by examining the distribution

	

^7	
characteristics of the ^fSS data selected as a training set
for each class and the classification accuracy tableaus dis-
played as each new variable is added in the stepwise fashion

I	 (Tiule 1). Earlier attempts at further refinement of such

;4

I

^:.
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Table 1. Classification matrix for the 14 initial training
sets using stepwise linear discriminant analysis on the four
MSS bands of the 31 October 1972 image. Values in percent.

CLASS l'REUI C'1' IUN
--	 _ __.__— lndlvldual

ayrnbollu land C..vrr	 Shorcllue	 Water Claae
rty't'rnr • n Ltfion _	 ___	 ____	 _ Accuracy

H 6060\31	 2	 _	 2	 2

I 5	 2 6723	 0>\	1	 2

+ 1	 Q 7B
lend Cuver

)	 14	 7g\	 4

1 74I	 Q	 74\ 4	 20

I 1:	 ]	 I I	 7	 3 25Ill	 1	 1	 B	 2519

- Ib	 52 31 52

1 86	 1 86\11

Shurellne ^	 2 2	 32 .^	 1 32\45

I	 32	 bb

HS	 5

66

y5

/ \77\l5B 77

Water 0 767	 76\ H

S 601	 2 l	 60\1 Y

!0 1	 13	 29	 S1 57

Cuoun lsalun^
Ac.:UCacY	 ^

S4	 6l	 9Y	 Y2	 SI	 15 Hb	 31	 ^'+ 71	 Nb	 53	 r,ir	 I i ]3

Represents percentages less than 1.

O r'^^mmlsalun Accuracy ^ number of correctly assigned Bells ett pr rvsrd

.ui a pucruo[age of total number aaslgned to a class.

training sets by the deletion of individual cells of that set

which were found to be most dissimilar were not repeated here.
Removal of such individual outlying cells from the population
of cells initially selected to represent a given class puri-
fies the training set and increases training set accuracy but
has been shown to have no impact on the accuracy of the final
map product.2

Overall training set accuracy is used as a measure of
success for each new variable added. It is computed as a

percent representing the total number of training set cells
correctly assigned by the classifier back into their initial
classes. The 14 training sets selected yielded an overall
training set classification accuracy of 72.7% using the four
original MSS bands (Fig. 6 and Table 2). Examination of the
classification matrix and histograms of the data values for
each training set clearly indicated confusion between two of
the 14 training sets. Elimination of the confusing classes by
regrouping the 14 classes into 12 by combining two land cover

r•r.,,...,^..^.^..	 - - ---^ ,..	 -	 -
,^	 __
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Figure 6. Overall training set classification accuracy
achieved by stepwise linear discriminant analysis.

and two shoreline classes, respectively, yielded an apparent
increase in training set accuracy from 72.7°o to 76.6%. Re-
siting some of the original rectangular training set selec-
tions yielded an additional increase in accuracy for the four
MSS bands from 76.6% to 78.9%. Much of the apparent increase
between 72.7% and 76.6% may well be due to the associated re-
duction of the number of choices for classes from 14 to 12.
The change between 76.6% and 78.9% represents a small, but
real, refinement in training set characteristics. When the
six MSS band ratios were added to the original four MSS bands
a further increase of 6.4% in overall training set accuracy
was achieved with the refined training sets and yielded an
acceptable training set classification matrix (Table 3). The
classes of water depth/sediment content have good separability
with confusion rates of less than 27%. Land cover classes
have higher confusion rates ranging from 17% to 35%. almost
no confusion occurs between the desired shoreline and land
cover or water classes. tt should also be clearly noted that
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Table 3. Classification matrix for the 12 final training
sets using stepwise linear discriminant analysis on the foul
^fSS bands and six ratios of the 31 October 1972 image. Values
in pErcent.

CLASS P R F.D I CT ll 1N
lndlvfdual

Land Cover

^-
Short•llne

--
Wa[erAym6oltC Class

rt'1^r4^sentaticn Accuracy^-
t 8	 T	 ^	 1	 = - ^	 /	 0	 S	 AI

® fi5
-. -

65\1J

2 20	 74 4 14

land Cover ! \83\3	 131 ^ A3

1 ^ 1R5	 ©	 78\16

7	 J	 10	 RO 80

96
Shoreline

96\ 4

99 99

^ 100 100

/ 954	 95\ 1

Water 1	 98	 1 9fl

E 794	 79\ l 7

!n 27	 73 73

CommtAalon O
z 40	 68	 99	 98	 4B 95	 96 AA	 99	 94	 1fi	 79 85

Accuracy	 ^^

Nepresen[s percentages less than 1.

Commission Accuracy ^ number of correctly asstRned cells as

a percentage of total numher asstRned ro a class.

the training set classification accuracy examined here is
always less than final map or verification accuracy.

Stepwise discriminant analysis also provides insight in-
to the relative significance of each variable employed in the
classification. The first step or variable selected was
chosen to yield the best overall separability of each class
from all others in the multimodal space specified. A large
additional improvement in training set accuracy is achieved
when a second step is taken with the addition of a second
variable. The total amount of improvement was generally re-
duced as additional variables are added although the rate of
change in accuracy may increase or decrease (Fig. 5). Step-
wise discriminant analysis is also a linear process which most
certainly does not provide the absolute optimal combination of
variables less than the total number available. It is useful,
however, as one method for quickly determining the relative
contribution ^,f a collection of available variables.
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^^	 Map Classification

The LMS map classification module employs the Gaussian
likelihood ratio (maximum likelihood) classifier, in which
mean vector and covariance matrix of each class have to be
provided for the classification. When the ratios of the MSS
bands were used unusually high correlations occurred between
selected ratio bands and their original bands for some classes
like water. The Gaussian likelihood algorithm fails to per-
form adequately in these conditions. Any high dependency be-
tween variables or bands has to be reduced under such circum-

stances so that the covariance matrices of the classes can be
inverted. This was not an impediment in the stepwise discrim-
inant analysis since it uses a single common covariance matrix
for all the classes. The five water level classes are ve ry
important to the mapping and study of coastal zone processes
and could not be deleted. Hence, only the original four MSS
bands were utilized in the final mapping of the entire area.
Restricting the classification to these four variables negated
the small possible increase in accuracy detected when using
band ratios in training set development. This accuracy loss
was compensated for by the significantly reduced cost of
classifying with four variables in lieu of ten.

After classification the resulting 1:25,000 scale map of
the site was displayed as a symbol map on the lineprinter
(Fig. 7). This symbol map portrayed approximately 170,000
cells of 0.5 hectare whose water type and land cover have been
identified with an accuracy yet to be determined. Reasonably
clear land use patterns become even more apparent when the
classification results are displayed as graytone theme maps on
the microfilm plotter (Figs. 8 and 9).

Test of an U^isupervised Classification

f'^	 The initial map classifications were prepared by a super-
f °	 wised approach employed without known ground data. A compari-

son was made of this crude approach to that which might be
achieved with an unsupervised or clustering algorithm. ISO-
CLAS was employed for this comparison and consists of a modi-

	

;_	 fled version of the clustering algorithm ISODATA developed at
the Stanford Research Institute. 3 Preparation of input data

	

'^	 for ISOCLAS from the LMS data format was carried out with the
assistance of personnel of the U. S. Forest Service. 4 Thus
the same data input to the earlier supervised classification

	

^'	 was input to this unsupervised classification. The images had
been subjected to the same geometric rectification and resam-
pling noted earlier. The original data of MSS bands 4, 5, and

^.
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6 were doubled from the original data magnitude and HSS band
7 was quadrupled. This differential range adjustment did not
affect the earlier classification results but doubled the
relative weight of the band 7 data when computing the similar-
ity measures of Euclidean distance with the ISOCLAS algorithm.
As a result, similar magnitudes of standard deviations were
obtained for all clusters.

Classification maps were prepared for a portion of the
study site using this unsupervised approach and were displayed
for visual comparison with those produced earlier (Fig. 10).
Gross spatial patterns shown in the supervised and unsuper-
vised approach were generally comparable at the 12 class
levels. However, scattered small spatial features tend to
form different distribution configurations. These inconsis-
tent patterns were most prevalent in the land cover classes.
This scattered dissimilarity of clusters reflects the variety
of small scale agricultural activities currently practiced in
Korea. The unsupervised clustering algorithm provided greater
flexibility in adjusting to the variations of typical clusters.
,he classes having inter-class distances in the spectral space
which were closer than specified were able to be chained and
displayed as spectrally similar on the classification map
(Fig. 10b). A similar supervised (Fig. 10a) and unsuper-
vised pattern (Fig. 10c) was observed when classes closer
than 4.5 units in distance were chained. Only two distinct
classes were left when the threshold distance of chaining was

5.0 (Fig. 10d).

Conclusions

This effort was carried out to provide a first quick,
crude attempt to apply computer analysis of digital LA:VDSAT
imagery to Korea. It was performed without access to the
ground area being surveyed but does provide a clear indica-
tion that large scale, timely maps could be prepared for the
study of coastal zone features, especially for the erosion
and deposition processes along the western coastline. Al-
thou^;h the procedure for the use of the supervised approach
(LMS) has not been described in detail the possibility of its
employment in the total absence of ground control has been
illustrated. Clearly, adequate known ground control would
increase the applicability and meaningfulness of the results.
However, future large scale studies of coastal dynamics_ where
very large and dynamic processes are at work may never be
supported with extensive ground control procedures. It has
been shown that shoreline and water depth/sediment classes
could be classified in a supervised procedure for later easy J;
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( c )	 (a)

Figure 10. Comparison of supervised and unst•pervised clas-
sification maps of the 12 water level/sediment and land cover
types. Image taken 31 October 1972. One cell represents ap-
proximately 0.5 hectare. (a) Supervised using Gaussian like-
lihood ratioing. (b) Unsupervised using ISOCLAS and 90 iter-

ations without chaining for 12 classes. (c) ISOCLAS with
chaining and d < 4.5, where d = interclass distance. (d)
ISOCLAS with chaining and d < 5.0.
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necessary. Comparison of the results of the
supervised method without ground control and the unsupervised
or cluster algorithm indica':ed a clearer need for ground con-
tzol data when dealing with the more spatially heterogeneous
land cover features.
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