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ABSTRACT

Computer;imblemented pétﬁerﬁ feéoénitidn Eééhhiqueé
were used to analyze Landsat-1 multispectral scanner data
and produce a land use map éf 3,900 km? in the Bangkok, .
Thailand area. Using reformatted digital data obtained by
satellite scanner on 6 January 1973, the analyst first-
selected five training sites covering 17% of the study
area and classified each site into 14 spectrally separablg
cluster classes. Spectral statistics of the 70 cluster
classes were examined by the analyst and used as a basis
for combining clusters with'similar spectral characteris-
tics and reducing the number of spectral classes to 37.
The analyst combined her general knowledge of the area and
the limited ground obéervation data available to her and
related general land use classes with clusters having dif-
ferent spectral characteristics. A merging of spectral
statistics of the 37 classes provided the basis for the
final classification of 14 land use classes, consisting

of four classes of water, four of vegetation, two urban,




two denuded, and two soil/vegetation complex classes. An
examination of the spectral statistics of each of the land
use classes in the final classification suggests that a
high level of accuracy was obtained in the recognition of
the vegetation and water classes. A greater amount of
spectral variance was exhibited by the denuded, complex,
and urban classeé. A more satisfactory set of training
and testing samples could have been selected had more com-
plete ground observation data been available. From the
results of this study it may be concluded that digital
analysis of Landsat multispectral scanner daté may be used
successfully to produce general land use maps in Thailand

at scales up to 1:25,000.




CHAPTER I - INTRODUCTION

Statement of the Problem

Thailand is a tropical, primarily agricultural countiy
with a population of approximately 43 million. More than
four million Thais live in the rapidly expanding capital
city of Bangkok. Four-fifths of the population inhabit the
rural areas. An estimated twenty-five percent of the total
land area of 514,000 sqg km is suitable for cultivation..
Another 30% is covered by forests. The predominantly agri-
cultural economy is based on rice, the staple food of the
pebple. Several serious problems related to the develop-
ment and management of agricultural resources face the coun-
try: escalating production costs, insufficient yields of
rice and other crops, limited irrigation capabilities, in-
adequate credit facilities, and limited development of do-
mestic and international markets. |

The Thai Government, aware of these difficulties, is
defining and implementing policies to improve the situation.
Action programs include land development, economic moves to
improve domestic prices, expanded agricultural research,
credit, foreign exchange and public investment (Mosher,

1965). Recent years have brought major emphasis to land




use planning as an important step in effective agricultural
development. The responsibility for land use classifica-
tion and planning in Thailand was assigned to a newly cre-
ated Department of Land Development in the Ministry of
Agriculture and Cooperatives.

During recent years the Department of Land Development
developed a land use classification for_Thailand (Omakupt,
1973). The major land use categories for Thailand include
urban and built-up, agricultural land, forests, grassland,
marshland, and water (Table 1). Recently, the Thai land
use classification has been revised and published for use
by those governmental agencies concerned with land use plan-.
ning, land tenure, and land consolidation.

Asince 1971 remote sensing techniques have been con-
siaered in Thailand to be a useful tool for the identifica-
tion, mapping and managemeht of natural resources. Soon
after the launch of Landsat-l1 in July 1972 Thai officials
recognized that Landsat imagery would be advantageous for
collecting large quantities of data over extensive geograph-
ic areas in a very short time. To cover by aerial photog-
raphy the 34,000 square kilometers of a single Landsat frame
would require literally hundreds of éonventional aerial
photographs. Whereas éonventional photogréphy records re-
flectance in the 0.4 £o O.7ﬁm and infrared photography in
the 0.4 to O.Sﬁm portion of the electromagnetic spectrum,

the Landsat scanner records reflectance measurements in the



Table 1. Land use classification system for Thailand
(Omakupt, 1973).

I. Urban Area (U)
1. Residential and commercial
. Home garden
Institutional
Transportation
Industrial
5.1 Mine 5.2 Factories

II. Agricultural Land (A)

1. Horticultural crop
1.1 Intensive cultivation, truck cropping
1.2 Vineyard

2. Perennial
2.1 Orchard 2.5 Kapok
2.2 Rubber 2.6 Sugar palm
2.3 Coconut 2.7 0il palm
2.4 Banana

3. Field crop

U W N
L[] L] L ]

3.1 Corn 3.7 Bean, peanut
3.2 Sugar cane 3.8 Fiber crop
3.3 Manioc 3.9 Caster bean
3.4 Cotton 3.10 Sorghum
3.5 Tobacco 3.11 Sesame
3.6 Pineapple 3.12 Chili

4. Paddy field
4.1 Broadcast 4.2 Transplanted

III. Grassland (G)
1. Improved grassland
2. Unimproved grassland
3. Idle land

IV. Forest (F)
1. Lowland and piedmont forest

1.1 Dense forest 1.2 Cut forest
2. Hill and mountain forest

2.1 Dense forest 2.2 Cut forest
3. Mangrove

3.1 Dense forest 3.2 Cut forest

V. Marsh and Swamp (M)

VI. Water (W)
1. salt pan
2. Shrimp pond
3. Fish pond
4. Water body



0.5 to 1.1lum range. The synoptic view and other advantages
provided by Landsat images were recognized by Thai scien-
tists. Although the spatial resolution of the scanners of
Landsat-1 and -2 is only 0.45 ha, the relatively low cost.
of data, the spectral resolution, the repetitive coverage,
relatively low distortion, and reliability of Landsat data
offer great advantages over alternativé systems of data
acquisition.

Landsat data are available from the EROS Data Center,
Sioux Falls, South Dakota in a variety of formats, inclu-
ding computer compatible tapes (CCT's), black and white
negatives and prints at various scales, and color composite
prints at various scales. Images are routinely available
in the following scales: 1:250,000; 1:500,000; 1:1,000,000;
and 1:3,369,000; Since Landsat data are available on mag-
netic tapes and as images, both visual interpretation meth-
ods and computer-implemented pattern recognition techniques
may be used in analyzing and interpreting the data.

Since the early 1970's many colleges and universities
have offered new courses in the theory and applications of
remote sensing technology. Applications areas commonly
include agriculture, forestry, soils, geology, hydrology,
urban development, land use, and civil engineering. With
a thorough understanding of geomorphology, an appreciation

of the variations in the landscape, or a knowledge of the .

natural forces of erosion and weathering, a scientist can




use remote sensing technology effectively to identify and
map vegetative cover, soil characteristics and variations
in water quality and quantity. Advances in the digital
analysis of Landsat scanner data have brought inte:esting
new possibilities for mapping soils. Several investigators
have used Landsat data as a tool for surveying soils (Wes-
tin and Frazee, 1976; Kirschner et al., 1977; and Kristof
et al., 1977).

Rapid growth in population and industrialization
during recent decades has resulted in new emphasis on urban
planning. Changes ih urban development can be recorded on
aerial photography or imagery, demonstrated or monitored by
machine processing of Landsat data, and finally classified
as.land use patterns. |

Competition for land is.seriously depleting forest re-
sources in many areas of the world. Destruction of forests
in Thailand is occurring at an alarming rate. Urban devel-
opment and highway construction remove large areas from
wood production each yéar. Shifting cultivation is also a
serious threat to forest resources in many areas of the
world. New remote sensing techniques offer an opportunity
to map and monitor such areas and to define quantitatively
for the first time ever the kind and rate of change which
is occurring.

Of perennial concern to all urban centers such as Bang-

kok, undergoing rapid expansion, is water supply. It is of




great importance to have an adequate supply of quality

water. As the competition for available water becomes more

critical, the need for inventorying and monitoring water

resources becomes more important. Remote sensing technol-

ogy provides a new approach to the study of water quality

and gquantity.

Objectives

The objectives of this investigation were as follows:
To identify and map Bangkok and the surrounding area
into broad land use categories by digital analysis of
Landsat multispectral scanner data;

To examine the spectral characteristics of the land-
scape features of the Bangkok'area and to determine.
the spectral separability of forests, horticultural
crops, agricultural crops, soils, urban features,
water classes, and other surface features of interest;
To evaluate the land use classificétion and spectral
characteristics produced from digital analysis of

Landsat data obtained over the Bangkok area.



CHAPTER II - REVIEW OF LITERATURE

Remote Sensing

There are several definitions of remote éensing which
provide a general understanding of the nature and origin of
data. One of the most generalized concepts states that re-
mote sensing is the science of acquiring information about
distant objects from measurements made without coming into
contact with them.

Hoffer (1971) defined remote sensing as the discipline
involved with the gathering of data about the earth's sur-
face or near surface environment through the use of a vari-
ety of sensor systems that are usually borne by aircraft or
spacecrafﬁ, and the processing of thesé data into informa-
tion useful for the understanding and managing of man's
environment. Another description defines remote sensing as
the acquiring of information about a portion of the earth's
surface, utilizing iﬁstruments operated from a distant io-
cation. |

Generally, remote sensing offers opportunities to
detect, count or measure soﬁething that could not other-
wisé be detected, counted or measured. In most defini-

tions remote sensing involves the instrument systems,



sensors at a distant location, processing of data to infor-
mation, a man-machine interaction, and application-manage-
ment. The development of remote sensing technology includes
three basic ingredients: |

- data collection

- data storage, processing, analysis, and dissemination

- information utilization.

Utilization of Landsat Data

Since the launch of Landsat-1l in July 1972 dramatic
advanceé have been made in remote sensing technology. Sci-
entists of many disciplines and nations have participated
in developing the capabilities to analyze and interpref
multispectral data acquired by satellite scanner systems
(Hoffer, 1975). As in other areas of scientific inquiry,
the capability to collect or acquire data by remote sensofs
far exceeded the capability to analyze and interpret data.
This being the case, great emphasis haé been directed_during
the past several years toward fhe development of computer-
implemented pattern recognition techniques for the analysis
of large quantities of multispectral data. Many recent ad-
vances have also been made in visual interpretation methods,
especially with many image enhancement techniques.

These new analysis and interpretation techniques have
been used in many applications in agriculture and natural

resources. Pownall (1950) was an early user of aerial



photography to classify and map the Madison, Wisconsin

area into different land use categories on the basis of
tone, texture, pattern, distribution, and associative char-
acteristics. |

Vegas (1972) used small-scale photography to classify
land use patterns in rural areas and Alexander (1973) clas-
sified land use change in urban areas. Allan and Alemayehu
(1975)‘used rural land usé paramefers as interpreted from'
1:20,000 scale aerial photography to estimate the populatim
of a 200 sq km area in Wolamo, Ethiopia. Use of machine-
processing techniques for analysis and interpretétion of
rural areas was attempted by Wilson and Peterson (1973) and
Joyce (1974). The same techniques were used by Ellefsen,
Swain, and Wray (1973) to classify urban areas.

With the development of computer-implemented pattern-:
recognition techniques, the applicability of remote sensing
to land use inventory was significantly increased. Todd
and Baumgardner (1973) analyzed multispectral scanner data
obtained over Marion Cduntyj Indiana at an altitude of 915
kilometers to evaluate the utility of satellite data for
urban land use classification. Odenyo and Pettry (1977)
used Landsat-1 data for mapping of land use patterns in
Virginia. Baumgardner, Todd, and Mausel (1976) used digi-
tal analysis of aircraft scanner data obtained at an alti-
tude of 600 m to identify and map different urban land use.

categories in Marion County, Indiana.
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Many soil scientists have used multispectral data to
delineate soils by the differences in surface spectral
characteristics. Organic matter is one of the important
soil variables which affect reflectance. Numerous research
results have been reported on the relationships beéween
various ;oil properties and the reflectance properties of
different soils and geologic materials. Baumgardner et al.
(1970) studied the correlation between multispectral reflec-
tance énd organic matter content of surface soils. Kristbf,
Baumgardner, and Johannsen (1973) found digital analysis of
multispectral data may be effectively used to delineate and
map surface soils areas containing differeﬁt levels of soil
organic matter. Anuta et al. (1971) reported the identifi-
cation and separation of two soils, loamy soil and clayey
soil, in the area of El Centro in the Imperial Valley, Cali-
fornia. For their analysis they used digitized multispec-
tral photography obtained on one of the Apollo satellite
passes over southern California; Kristof and Baumgardner
(1975) found that with increasing crop canopy the soil mul-
tispectral reflectance changed and spectral separability éf
soils became increasingly difficult.

Much attention has been given to the identification
and mapping of cultivaﬁed crops by digital analysis of mul-
tispectral data (Bauer, 1975; Bauer et al;, 1977; Stockton
et al., 1975; and MacDbonald et al., 1975); Successful iden-

tification of crop species by spectral measurements is
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greatly dependent upon stage of growth, condition of the
crop, amount of vegetative cover, and spectral contrast
between cropped and surrounding fields or features.

The 1971 Corn Blight Watch Experimeﬁt (MacDonald et
al., 1972) used three independent methods to assesé the
spread and severity of the Southern Corn Leaf Blight (Hel-
menthosporium maydis) over the U.S. Corn Belt. These meth-
ods included (1) detailed field observations of selected
sample.sites periodically throughout the corn growing sea;
son, (2) photointerpretation of color infrared photography
obtained every two weeks at an altitude of 18,000 meters
along each of thirty ﬁorth—south flightlines 160 km long,
and (3) digital analysis of multispectral scanner (13 bands)
data obtained at an altitude of 1000 m over thirty test
areas in western Indiana. |

‘Perhaps the most ambitious experiment yet undertaken
with Landsat MSS data is the Large Area Crbp Inventory Ex-
periment (LACIE). The U. S. Department of Agriculture,
National Aeronautics and Space Administration and National
Oceanic and Atmosphefic Administration have cooperated in
evaluating the use of Landsat data, meteorological observa-
tions, and field measurements to identify and measure areas
of wheat in the Great Plains states and to predict yield
(MacDonald et al., 1975).

In their use of Landsat data Siegal et al. (1977)

found that MSS band ratios 4/5 and 6/7 remained constant
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with increasing amounts of vegetation. Edwards et al.
(1973) found that a separation of diseased from non-diseased
trees could be done with a high degree of accuracy by digi-
tal analysis of multispectral data. |

Digital analysis of multispectral data has been used
to investigate other fields of natural resources, such as
basic forest cover mapping (Coggeshall and Hoffer, 1973).
Spectral differences between cleaf and turbid water have
been examined. Turbid river water gave a higher reflec-
tance than clear water in the red (0.6-0.7 um) and near
infrared (0.7-0.9 ﬁm) portions of the spectrum (Bartolucci
et al., 1977). Similar investigations have indicated that
the spectral response in Landsat MSS band 5 was linearly
related to levels of thrbidity caused by suspended solids
(Weisblatt et al., 1973). |

Huson (1970), with the use of medium scale photography,
delineated twelve major land use categories in the Crati
Valley, Italy. Morley (1974) reported the use of remote
sensing techniques in Canada to measure river velocity,
water level, precipifation, ice thickness, ice movement,
water quality, air and water temperature, and to map forest
fire burns, large reservoirs, and land use patterns. Simi-
lar investigations have been conducted by governmental
officials in Thailand in an attempt to ﬁap land use pat-
terns, vegetative covers, and forest (Angsuwataﬁa et al.,

1974).
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An important contribution has been made by Anderson et
al. (1976) in their examination and documentation of land
use and land cover categories which may be identified and

mapped by remote sensing techniques.

Multispectral Scanner System

Landsat-1 was launched by the National Aeronautics and
Space Administration (NASA) of the United States on 23 July
1972. At an altitude of 920 km the sateilite is in sun-~ -
synchronous polar orbit and encircles the earth every 103
minutes. The orbital and instrumental design is such that
the Landsat-1 multispectral scanner (MSS) obtains data over
land areas at mid-morning local time. It has the capability
of scanning the entire surface of the earth every 18 days.
That is, there is repeat scanner coverage of the same scene
every 18 days (NASA, 1972)..

The Landsat multispectral scanner (MSS) measures re-
flected eﬁergy from the earth's surfacé in four discrete

wavelength bands as follows:

Band- ‘WaVelength
4 0.5-0.6 um
5 0.6-0.7 um
6 0.7-0.8 um
7 0.8-1.1 um

An examination of the electromagnetic spectrum shows bands
4 and 5 to be in the visible and bands 6 and 7 in the near

infrared portions of the spectrum (Figure 1). MSS data are
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Figure 1. The electromagnetic spectrum.
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telemetered to receiving stations where the data are re-
corded on magnetic tape in digital form.

In each orbit data are scanned along a north-south
continuous swath 185 kilometers wide. Iﬁages and computer
compatible tape products are made available to Landsat data
users.

The computer compatible tapes containing Landsat MSS
data may be reformatted for analyéis on a particular hard-
ware system. Each data point is given a specific address
in a coordinate system of lines and coiumns. This makes it
possible to give an accurate location of any data point or
gfoup of data points (Hoffer, 1972). After appropriate
reformatting, the data may be geometrically corrected and
precision registered so that the four bands of data may be
combined or overlaid and produce images or maps of carto-.

graphic quality.

Pattern Recognition Analysis

Pattern recognition techniques as applied at the
Laboratory for Applications of Remote Sensing (LARS) is
basically the examination of spectral statistics by the
computer and the classification or clustering of areas into
separate categories having similar spectral éharacteristics.
Remote sensing data may originate in image or numerical
format. The analyst can usé images, numerical data'or both
in the analysis. The software for the actual analysis

sequence may be divided into four sections: (1) statistical
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analysis, (2) feature selection, (3) classification, and
(4) results display. 1In the past the main approaches for
classification were based on various supervised techniques
which require reference spectral reflecténce of known fea-
tures from training areas on the ground (Fu et al., 1969).
Supervised classification requires that a set of training
samples of known features or classes be selected in the
multispectral data and that the addresses and identification
of these training samples be input into the computer. 1In
other words, the computer has been givén a spectral defini-
tion of each of the features or classes to be identified
(Su, 1972). Variations in field measurements and diffi-
culty in exéct locations of training samples in the multi-
spectral data may require new ground observations and re-
training of the computer (Henderson et al., 1975).

In a second approach>to spectral classification no
training samplés are selected. Instead, spectral data
representiﬁg the scene under study are classified on.the
basis of spectral separability only. This method, also
called “clustering,".uses an algorithm which examines the
spectral statistics of the data points in the scene and
classifies the scene into subsets or clusters which are
spéctrally similar (Pafridkand Hancock, 1966). Basically,
this method makes use of statistics (the overall mean,
covariance, and correlation) when the distribution is non-

Gaussian. The number of clusters requested is arbitrary
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and depends largely on the knowledge of the spectral char-
acteristics of the data set. Usually, a rule-of-thumb is
to request twice the number of expected information classes,
except in an area of rugged terrain (Lindenlaub, 1973).
After cluster classes are requested, the computer then
assigns the individual data points to various spectral
classes and prints out a cluster map. Each spectrallclass
is identified using map and aerial photography as reference
data. |

The next approach, a hybrid of thé supervised and non-
supervised or cluster method, is called "modified cluster-
ing.” 1In this‘method small training areas containing sev-
eral cover types are designated. Each area is clustered
separately and then all spectral cluster classes are com-
bined by means of natural grouping. Then the Spectral
classes are correlated with the desired informational
classes. -After the statistical parameters have been deter-
mined, the maximum likelihood algorithm is utilized to clas-
sify the entire data set (Fleming et al., 1975).

In this study, é modified clustering approach was fol-

lowed in the analysis of Landsat-l data (Figure 2).

Statistical Analysis

The first step in the analysis is to select training
areas for which the computer derives data samples and neces-
sary statistical parameters for the classification algorithm.

The data were displayed on the digital image display to
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locate the coordinates for geometric correction. Once the
coordinates were known, a request was made for a gray scale
printout to use for selection of training areas. In the
gray scale printout an alphanumeric char&cter is assigned.
to represent each gray level so that the relative density
of the character corresponds to the relative density of
gray level. fhese characters are printed out producing a
gray scale image of data with numerical line and column
designations. The analyst then can simply specify line and
column coordinates for each training sémple chosen. Before
proceeding further, the analyst examines the data, the over-
all scene as well as the ground observations in order to
determine which ground cover features will be designated
information classes. The objective in selecting training
samples is to obtain statistically valid samples which will
be representative of eachAof the desired information classes.
Training samples are selected so that each information class
is contained in at least one of the areas of training sample
selection or, if possible, in more than one of the training
areas. The area of'training sample selection should be
appropriately distributed over the scene being classified.
Usually, representative training data for all information‘
classes are selected from four to-eiéht training areas
(Cary and Lindenlaub, 1975).

After training areés have been selected, they are sub-

mitted to a cluster function. This program automatically
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clusters the similarly spectral data points to a number of
cluster classes requested by the analyst. Consequently, a
statistics processor provides a set of statistical parame-
ters for each cluster class. These paraﬁeters are_primarily
based on an assumed Gaussian distribution including the
mean, standard deviation, covariance, divergence (a statis-
tical measure of separability of classes), histograms, cor-
relation matrix, and coincident spectral plots. Histograms
of individual fields or classes contribute an idea of the
distribution of the data points in various MSS bands to fhe
analyst (Hoffer, 1972). Coincident spectral plots give the
amplitude of the spectral responses of those various classes
in each individual wavelength. The mean spectral response
with plus or minus standard deviations is an indication of
statistical quality of data and of the spectrai separability
of the ground cover classes in the various wavelength bands.
To assure obtaining correct classification, the ratio
function may also be requested. The computer calculates -
the ratio of spectral mean response between the sum of re-
flectance values of.two bands in the visible wavelength
range (0.5-0.6 ﬁm and 0.6-0.7 ﬁm) and of two bands in the
near infrared wavelength range (0.7-0.8 uym and 0.8-1.1 um)
for each ciass. Then‘the ratio, magnitude (total relative
reflectance), and spectral mean response of each class are
tabulated in order by ranking from the highest fesponse to

the lowest one. Classification by using spectral mean
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values and ratio is based on the typical reflectance proper-
ties of three basic cover types: bare soil, green vegeta-
tion, and water (Figure 3). The analyst can request a punch
deck, the other form of statistical outpnt containing a sta-
tistical definition of the ground cover classes in the
training deck. This statistics deck will be used for fur-

ther analysis.

" Feature Selection

The feature selection may require a considerable
effort when a large number of wavelength bands are availa-
ble. In research with aircraft scanners having 12 to 24
bands, it has been found that the best combination of four
or five MSS bands will give classification accuracies only
slightly less than the use of all bands. For Landsat MSS
imagery which contains only four bands, the analyst gen- |
erally uses all four bands. The feature selection program
calculates the separability between all possible pairwise
combinations of all classés contained in the punch deck for
all four bands. The whole idea of feature selection is to
assist the analyst to select the best combination of spec-

tral bands.

Classification

This phase of the analysis sequence involves the clas-
sification of unknown data points. A "perpoint"” classifier

is most commonly used. This classifies data points
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individually and requires the statistics deck, the selected
combination of bands, and the coordinates of the areas
which the analyst wishes to classify. Based on the maximum
likelihood algorithm, the unknown data points are assigned
to one of the statistically defined classes after desired
feature selection. The results are then recorded on mag-
netic tape or disk for later display (Hoffer, 1972).
Another classification algorithm is called "per field'
or "per sample" classifier; which, instead of classifying
data points individually, classifies eﬁtire fields of data
peints as individualrdecisions (Anuta et al.,71971). Field
coordinates designating samples of known cover type to be
elassified are required to be input into the computer in
addition to the statistics deck and selected channel com-
bination. Each field will be classified into one of the
cover type classes which have been designated to the compu-
ter. The product is a table which presents quantitative
results of the classification. Unlike the perpoint classi-
fier, the classification results may not be displayed in

a maplike image.

Results Display

The elassification which is stored on megnetic tape or
disk is now ready to be displayed qualitatively as a map-
like image. Qualitative or maplike displays of_claesifi—
cation results may be obtained in one or more forms. First,

it may be obtained from an alphanumeric line printer which



24

provides a product similar to that described earlier. For
this maplike display the analyst can assign various symbols
or characters to represent various classes. A second form
of the classification is a color-coded ciassification which
may be obtained by several methods one of which may be from
the digital image display. By this method the analyst spe-
cifies colors to represent the various classes and the
machine determines the gray levels for each of the three
images which are displayed one at a time (Coggeshall and
Hoffer, 1973). The photographic acceséofy.unit on the dis-
play allows the analyst to obtain a color imaée by using
multiple exposures of the three gray scales, each through
different filters (blue, green, and red).1 The result is a
color composite of the classification results.

If the analyst considers the first classification re-
sults to be incorrectly classified, he may go through a
process of refinement of training fields or classes by
examining the statistics. The sequence is repeated in order

to produce a better classification.
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CHAPTER III - MATERIALS AND PROCEDURE

Introduction

The procedure described in this chapter is the modi-
fied clustering approach following the analysis sequence
described in the Review of Literature. The study area coc-
sists of about 3,900 square kilometers'located on the vast
central plain of Thailand. This includes six important
provinces (Changwats), Nontha Buri, Prathum Thani, Samut
Song Khram, Samut Sakon, Samut Prakarn, and Bangkok, the
capital city. The Chao Phraya River flows through six
changwats from the northern part of the country to the Gulf
of Siam, south of Changwat Samut Prakarn. Soils found in
this area are alluvial with characteristic black or deep
gray surface color and brown mottling in the subsurface.
The splotches of mottles are an indication of a high
water table and very poor drainage. These soils are high
in organic matter content and low in pH. Rice is the major

crop. Other vegetation includes perennial and truck crops.

Multispectral Scanner Data

Digital data for Landsat-l scene number 116703070,
obtained on 6 January 1973, were reformatted in preparation

for analysis. The scene was examined on a digital image
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display, and coordinates designated for the specific sub-
scene area to be analyzed and classified. The display re-
ceived the digital image directly from the IBM 360/67 com-
puter, stored the data in the video buffer and displayed
the image in a raster scanning mode on the high reéolution
television screen. The analyst, using a light pen and the
appropriate program functions at the-display key board, can
edit and modify the image. The coordinates, lines 1 through
650 and columns 1 through 1118, were selected and this sub-

unit of the Landsat scene was geometrically corrected.

Training Site Selection

The corrected data were then used to produce an alpha-
numeric image of the study area. In this process the pic-
tureprint function of the LARSYS software designates a set
of alphanumeric symbols to represent different levels of
speétral reflectance of each of the data points in the
scene. Ah alphanumeric gray scale image was produced for
each of the four bands of MSS data. These gray scale
images were used in the selection of five training sites -
within the study area. Care was exercised to assﬁre that
training sites provided adequate representation of urban
features, dominant vegetation types, soils, and differences
in surface water. Previous studies have indicated that MSS
bands 4 and 5 (visible)_pro&ide.good contrast fqr some
soils and urban features and bands 6 and 7 may be particu-

larly useful in identifying certain differences in vegetation
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and water. Gray scale images, displayed in alphanumeric
format at a scale of 1:25,000, served as the first basic
consideration for selecting areas of known cover types for
training.

Each site was comprised of several cover types some
of which were known to the analyst. The first training
site included the central city of Bangkok‘and the residen-
tial area through which the Chao Phraya River passes. This
site was considered desirable for studying metropolitan
features. The second training site was selected to the
northwest of Bangkok in a horticultural area thch includes
a portion of an old channel (oxbow).' This area was char-
acteriéed by avrather uniform spectral response and an ex-
tensive, uniform £one and pattern of green vegetation.
Paddy fields almost cover the entire area of the third
training site. The patterns of the irrigation systems, the
irrigated fields and non-irrigated fields provide the major
characteristics of the scene in the central plain of Thai-
land. The good quality of soils, available water, and good
management account for this dominant land use in the cen-
tral plain. In Samut Songkhram Province, southwest of
Bangkok, some woodland and marshland along with irrigated
rice fields make up the landscape. The unusually high re-
flectance in MSS band 6 prompted‘the selection of this re-
markably dense woodland pattern as a training site. Wood-

land and marshland were scarcely observable in the Landsat
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image in the area around Bangkok except in the extension
to the south near the Gulf of Siam. For the study of the
spectral characteristics and separability of shrimp ponds,
salt pans, and water bodies, an area along the Chao Phraya
River and a portion of the delta were chosen. Along the
coast there are many salt pans and bodies of surface water
with different spectral properties. A tofal of five train-
ing sites consisting of 121,000 data points (pixels} were
designated as a basis for identifying seven known major
land use classes. Analysis results of these five training
sites; consisting oflless than 17% of the total study area,

were used to classify the entire study area.

- Statistical Analysis

The basic analysis procedure has been described in the
Review of Literature. 1In this study all data points for
each of five training sites were clustered into fourteen
distinct cluster classes by the clustef processing function
using all four bands of MSS data. Punch statistics were
required in accordance with the parameters, means, standard
deviation, covariance‘and correlation matrix. In fhe next
step each cluster class of each training site was inten-
sively considered and associated with information classes,
or areas known to the analyst. To carry out this step of
analysis, all avaiiable reference data were used so that
the cluster classes could be reliably identified. The

reference data available for Bangkok included two base maps
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(scale 1:250,000) or ND 47-11 and ND 47-12 sheets, four
land use maps (scale 1:250,000), the report of land capa-
bility for upland crops and soil suitability for paddy
(wetland rice), and the report on the anélysis of the water
quality of the Chao Phraya River. 1In addition to some of
the reference maps, the ratios of the spectral reflectance
between two visible wavelength bands and two near infrared
wavelength bands were tabulated in order by cluster class,
magnitude (mean total relative reflectance), and ratio.
Combining knowledge of this area and the spectral charac-
teristics of the spectrally separable classes, the analyst
related general cluster classes to informational classes
(Table 2).

At this.point in the analysis sequence, training sites
had been clustered énd the cluster classes had.been asso--
ciated with information classes. 1In order to lead to a
better representation of the cover types the spectrally
similar clusters were combined. This reduced the number
of cluster classes. The separability function was used at
the threshold of 1000 and 1200 (Phillips, 1973) to deter-
mine whiéh clusters could be combined. Cluster classes
were then reduced to 9, 7, 8, 6, and 7 classes for training
Sites 1, 2, 3, 4, and 5, respectively (Table 3). For fur-
ther refinement all classes of the five training sites
which had similar spectral characteristics were‘merged. By

this step the analyst was able to identify cover types in
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Table 2. An example of association of cluster classes

and information classes.

Cluster classes Information classes
(Spectral analysis) (Knowledge of area)

Paddy fields

1. Vegetation Horticultural land

Woodland and wetland

Bare soil

2. Bare land ~ Rice stubble

Flat shore

Central city

Residential
3. Urban and built up ,
Industrial
Highways
Swamp
4. Water » Rivers

Canals




Table 3. Summary of spectral statistics for original cluster classes (14 classes
for each of 5 training sites) and combined cluster classes.

Cluster Classes (70)

Combined Cluster Classes (37)

Sym Mag.* Ratio** Desc*** Sym Mag.* Ratio** Desc***
Site 1 . 121.0 0.73 Veg?2 Cc 121.0 0.73 Veg?2
B 90.1 0.80 Veg 3a
J 111.5 0.90 Veg 3b — 1T 97.9 0.84 veg3
S 104.3 1.05 Veg4 $ 104.3 1.05 Veg4
R 83.8 1.22 Cmplxla
/ 124.9 1.16 Cmplxlb * 98.3 1.17 Cmplxl
G 95.3 - 1.16 Cmplxlc .
3 107.9 1.32 Cmplx2a
8 94.1 145 Cmplx2b::::> f 100.4 1.38 Cmplx2
151.1 1.53 Denudl 151.1 1.53 Denudl
Y 100.6 1.70 Urbanla
0 86.7 1.79 Urbanlb —> / 4.5 1.74 Urbanl
L 118.4 1.61 Urban2 = 118.4 1.61 Urban2
M 72.3 3.24 Water 0 72.3 3.24 Water?2

* Sum of relative reflectance for all four MSS bands.

**Ratio between visible (Bands 4 and 5) and infrared (Bands 6 and 7) reflectance.

***Description

183



Table 3.

(Continued)

Cluster Classes (70)

Combined Cluster Classes (37)

- Sym Mag.* Ratio*¥ Desc Sym Mag.* Ratio** Desc
Site 2 y 93.6 0.63 Vegla .
. 8 89.8 0.67 Veglb T J 91.4 0.65 Vegl
G 88.3 0.74 Veg2a
3 99.4 0.75 Veg2b EE;;> c 91.8 0.75 Veg2
S 93.6 0.77 Veg2c
B 88.4 0.88 Veg3a
J 104.2 0.93 Veg3b EE§>> I 95.6 0.91 Veg3
L 95.6 0.92 Veg3c
/ 97.6 1.09 Vegda
R 86.8 1.11 Vegdp — ¥ 93.6 1.10 veg4
115.6 1,13 Cmplxla
. 105.0 1.19 Cmplxlb—" 109.2 1.17 Cmplxl
M 74.1 3.38 Water2 0 74.1 3,38 Water2
0 86.2 1.53 Waterd X 86.2 1.53 Waterd
Site 3 . 120.1 0.67 Vegl J 120.1 0.67 Vegl
8 99.0 0.77 Veg2a .
o loa's 017 e = ¢ 103.9 0.73 Veg?2
L 116.1 ~0.83 Veg3a
3 105.3 0.85 Veg3b I 106.4 0.87 Veg3
B 91.8 0.89 Veg3c
/ 125.1 0.97 Veg3d
Y 109.5 1.03 Vegd $ 109.5 1.03 Veg4
R 73.7 1.13 Cmplxla *
G 88.3 1.17 Crmplxlb — 81.4 1.15 Cmplxl
J 130.3 1.25 Cmplx2a
Q 109.4 1.39 Cmplx2b — 118.7 1.32 Cmplx2

(4%



Table 3. (Continued)

Cluster Classes (70) Combined Cluster Classes (37)
Sym Mag.* Ratio** = Desc Sym Mag.* Ratio** Desc
Site 3
(Cont.) 157.3 1.34 . Denud?2 157.3 1.34 Denud2
M 75.7 2.05 Water3 M 75.7 2.05 Water3
Site 4 S 105.3 0.58 Vegla
| 3 98.6 0.63 Veglb E;;> J 98.8 0.63 Vegl
Y 92.8 0.68 . Veglc
L 98.1 0.82 Veg3a
G 87.0 0.83 Veg3b — 1 91.4 0.83 Veg3
J 110.5 '1.03 Vegda
8 90.4 1.04 Vegéb $ 92.9 1.05 Vegd
Q 80.8 1.06 Vegidc :
/ 98.9 1.08 Veg4d
119.6 1.22 Cmplxl * 119.6 1.22 Cmplxl
. 106.7 1.30 Cmplx2a _ ‘
B 94.9 1.33 Cmplx2b + 96.7 1.32 ‘Cmplx2
R 84.7 . 1.37 Cmplx2c
M.

68.0 1.53 Water4 X  68.0 1.53 Waterd

2%



Table 3. (Continued)

Cluster Classes (70) Combined Cluster Classes (37)
Sym Mag.¥* Ratio** = Desc .. Sym. . Mag.* Ratio*¥* Desc
Site 5 115.9 0.61 '~ Vegla '
- / 93.0 0.64 Veglh —> J 100.7 0.64 Vegl
. 103.6 0.66 Veglc
L 88.0 0.78 Veg2a
J 96.8 0.78 veg2b — © 92.4 0.78 Veg2
3 90.5 1.01 Veg3a :
s 106.9 0.95 Vegib — 1 5.1 0.99 Veg3
8 . 83.3 1.26 CmplxZ2a
Y 134.0 1.34 Cmplx2b + . 92,2 1.30 Cmplx2
G 103.9 . 1.38 Cmplx2c _
M 57.9 4,43 Waterla :
0 66.0 4.32 Waterlb — W 62.2 4.37 Waterl
R 78.7 2.37 Water3 M 78.7 2.37 Water3
B 80.5 1.72 Water4 X

- 80.5 1.72 wWater4

ve
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order to get the training classes. Making use of the sepa-
rability function again, the analyst grouped together the
cluster classes from the same cover type whose inter-class
statistical distances were less than the.chosen th;eshold
(1600). A group of cluster classes of the same cover type
would have a smaller variance than would a group of the
other cluster classes. When cluster classés from the same
cover type had a pairwise statistical distance greater than
the chosen threshold, the conclusion would be that the
cluster classes were spectrally distinét subclasses of

that cover type (Phillips, 1973).

After the procedure was repeated for further refine-
ment, the last step in the process was the classification
of the multispectral data for the entire study area. The
classifypoints processing function classified multispectral
data one point at a time into classes defined by the train-
ing statistics. The decision rule implemented in LARSYS
was based on a maximum likelihood classification rule.

Each data point to be classified was compared to all of the
training classes, and was assigned to the most likely class.
The classification results which were produced was stored
on a results tape. In order to assess and evaluate clas-
sification results, another LARSYS processing function was
employed. The printresults processing function provided an
alphanume;ic printout of all classes with each class repre-

sented by a different symbol. The analyst arbitrarily
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assigned those symbols to the classes. Another black and
white classification product was‘produced on an electronic
printer/plotter where each class was represented not by
letters or numbers but by a textural symﬁol. For example,
woodlands may be represented by a symbol in the form of a
tree; rice may be represented by a "grass-like" symbol.

The digital image display was also uéed to present the
classification results for evaluation. Claséified areas
were displayed; a color was assigned to each class; and a
color coded classification was produced by multiple expo-
sures of the imagé through a set of filters onto color
film. The color coded classification was obtained in the
form of 35 mm transparencies. Another color coded classi-
fication (scale 1:50,000) of the study area was produced

electronically by Mead Technology, Dayton, Ohib.
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CHAPTER IV - RESULTS AND DISCUSSION

A false color image of the study area was produced on
the digital image display by sequential projection of the
image in MSS bands 4, 5 and 7 and multiple exposure of
color film to these images through a series of color fil-
ters (Figure 4). This color compositevprovides the analyst
with an excellent'synoptic view of the entire study area
and the range of spectrally separable features or variables
in the scene.

After the coordinates for the five training sites were
located (Figure 5) and the desired number of ciusters deter-
mined, the analysis sequence outlined in the preceding chap-
ter was followed (Figure 6). The LARSYS processor imple-
mented an iterative, Euclidean distance clustering algo-
rithm. A punch statistics deck was refined to the point
that it produced cluster classification results which were
judged by the analyst to be acceptable.

Approximately 17 percent of the study area was inclu-
ded in the five training sites, consistihg of a total of
121,000 data points. This is a iarger proportion than is
normally used for training the classifier algorithm. A

more common training fraction ranges from 1 to 10 percent.



Figure 4.

-3

False color image of Bangkok, Thailand study area,
produced from Landsat MSS bands 4, 5 and 7.

8¢
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Site 2

Site 3

Bangkok

Site 4

Site 5

Figure 5. Outline of study area and location of five
training sites.
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Figure 6.

CLASSIFICATION, RESULTS DISPLAY, AND

EVALUATION

classification of the Bangkok, Thailand area.

Digital analysis and interpretation sequence used in a land use
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The study area included 726,700 data points, approximately

one-tenth of a Landsat frame of 34,000 km?.

Interpretation of Cluster Results

Data from each of the five training sites were classi-
fied into 14 cluster classes, twice the number of expected
functional or informational classes (Figures 7, 8, 9,10,
11). Although the spectral patterns for each of the traih-
ing sites are complex, each cluster map is distinctive.

The cluster map for the Bangkok reveals an intricate net-
work of urban features having spectrally separable charac-
teristics (Figure 7). It is interesting to note in this
figure that the horticultural area to the northwest of
Bangkok shows up in this cluster map as a homogeneous, uni-
form cluster, represented by the symbol "B." Incidentally,
this cluster map was inadvertently printed with only every
second line, giving it a 1:25,006 horizontal scale and
1:50,000 vertical scale.

A representative spectral pattern of training site 2,
the horticultural area, is also complex (Figure 8). This
is an excellent exampie of the spectral separability into
many different clusters of an afea which at first glance
might appear to be quite homogeneous and uniform. Before
the finallland use classification is produced, many of
these spectrally separable clusters will be combined into
fewer classes. It should also be noted that the'greater

the number of spectrally separable classes the more precise
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Figure 8. Fourteen cluster classes of a portion of training

site 2, area of horticultural crops northwest of
Bangkok (scale 1:25,000).
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and complete the ground observation data must be in order
to relate spectral class to informational class.

Training site 3 was located in the important rice
production area of the Central Plain. From the comélex
patterns of the 14 class cluster map (Figure 9), it is
difficult to discern the dominant features of irrigated
rice, canals, harvested rice, and non-irrigated fields. It
will require a combining of spectrally similar classes be-
fore the pattern of the dominant features will begin to
appear.

The area along the coéét to the southwest of Bangkok,
test site 4, contains a complex pattern of rather large
homogeneous features and many small, irregularly shaped
features--mangrove swamps, marshland, salt pans, shrimpl
ponds, paddy fields, and canals (Figure 10). Tﬁe same dif-
ficulty with the interpretation of fourteen cluster‘classes
exists in this training site as in the others. The spec-
tral separability has been extended beyond the limits of
the analyst to explain the differences between»classes on
the basis of ground observation data. A combining of clus-
ters with similar spectral characteristics will improve the
probability of relating the spectral claéses to informa-
tional classes. |

The final example of the initial cluster results is
for test site 5 along the'Chao Phraya River nearAthe Gulf

of Siam (Figure 1l). The water in the river appears as two
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Fourteen cluster classes of a portion of training
site 3, paddy area to the southeast of Bangkok

Figure 9.
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(scale 1
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Figure 10. Fourteen cluster classes of a portion of train-

ing site 4, complex area of marshes, shrimp
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ponds, salt pans, canals, lakes along the coast

southwest of Bangkok (scale 1:25,000).
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Figure 11. Fourteen cluster classes of a portion of train-
ing site 5, along the Chao Phraya River so