CHAPTER III

MATERTALS AND METHODS

Based on the theory of remote sension that can be used for the
study on coral reef component ibution, this session explains

are found around the
er than the area close
to the mainland. ay be continuous but
narrow, often no mo dth (Sudara et al.,
1989). The initialfstage \-s d some islands in the
inner gulf. In the ght large islands may have
500 meters or grea samui Island, Mak Island
(Sudara et al., 1990

The reefs in T&
offshore islands

samui Islands, Compozec more than 70 islands, the name
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in Thailand (Paw-gt al., 5 1is p comprises many islands
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100°10’East (Figuse 7). This g BEd e seasment factors
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high percentage of living coral coverage in the eastern part of
Samui, the southern and eastern part of Pha-ngan and the northern
part of Rapp island, one of the islands in Tan group (Sudara et al.,
1989). Those reefs are very big, approximately 300-500 meters in
width and can be claimed as one of the biggest reefs in The Gulf of
Thailand. The seagrass communities are also found in the reef flats
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especially Mat Lang, Samui, and Nai Wog Bay, Pha-ngan island.

The tourist industry, one of major activities in this area, is
rapidly developed because of many beautiful beaches, natural
attractions and coral reefs. Tourism wvolume in Samui has
experienced a radical surge. In 1980, there were only about 14,870
visitors, this increased to 33,155 in 1981 and in 1984, there were
142,320 visitors (Paw et al., 1988). For the wvisitors who have
activities in reef area, it was predicted that in 1988 more than
30,000 tourists spent their time in the reef. The reef tourism
revenue in 1988 was estimated to be 50 million baht (Sudara,
Thamrongnavasawat and Patimanukaseam, 1989).

Many reefs in thi rea we royed by anchoring, coral
blasting and construct Pl ! Car ome reefs have the human
impact from other sousees-such ad the-sediment problem. Few effects
are clearly p:nnsn-h{ re | EE which are the disregard
effects change the £ d they will cause the irregularity
case in the reef and 3 ;

ographic map have
different names ames are spelled in
different ways. 1 Lo e names of locations
which are presented he (topoag > \map (Royal Thai Survey
Department, 1973) : ) map is a base map
rectifying the image. he names of locations in
Samui Islands.

Topographic

Bamuis 1. HNang Yuan Island
2. Sail Lee Beach
3. Tao Island
i 4. Luk Bay
Jang Angthong Wao Islands
30. ‘In L‘ Tal Plua Islands
Hin Dup Island
Sam Sua Island
Hae Ko Island
0. Wua Ta Lapp Island
:]5. sur Cape 11 Wua Te Island
:-IE. Sat Cape ual Island
7. tian I:lu.n:l Thaphao Island
QW'IM?;%Q%‘LJ N H}MEJ’]@ i
Hat Beach
41. Chaweng Beach 16. Hat Lat Beach
42. Mat Lang Island 17. Hat Yau Beach
43. Samui Island 18. Wog Tom Bay
19. Hai Bay
Tan Island: 44. Mat Sum Island 20. Tae Island
45. Tan Island 21l. Tae Mok Island
46, Tok Bay 22. Ta Pan Noi
47. Hin Mat Khong 23. Pha-ngan Island

48. Wang Mok Island 24. Talat Mai Beach
49. Wang Nai Island

50. Rapp Island
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Figure 8. The Study Site Names.
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According to many operations in this project, each study does
not covers all the study site because it will take a lot of time.
In each study the study site is selected suitable for developing a
technique and reef study. The selected study sites are described as
Table 2.

| All Samui Islands mage Landsat TM
| - 28/10/88 .
=y 17/1/89 |
Nai Wog Bay ' Landsat TM |
28/10/88
Samui and Tan Islapfls Landsat TM
28/10/88
|
| Tac Islands, Pha SPOT Xs
| Islands 26/8/89
Pha-ngan Islands and Landsat TH
Angthong Island 17/1/89
|
! b |
All Samui Islaf@e Landsat TM !
Ban Don Bay 3 17/1/89
|
Eastern Part of Sdmei | Multi-Résblution Map Landsat TM ;
RUBMBMING T |sem”
SPOT PAN |
os | 14/1/89 |
| ‘ r——— - - e -f = - , g |
Tan 2 !H at | Sum 3 b ,hq '*‘ Reef a ' E—-J: b p JI.a.ndﬂnt ™ !
Islands Composite Image 28/10/88
! Tan Island Perspective Three Landsat TM |
‘ Dimensions Image 28/10/88 '

Table 2. The Study Sites and The Operations in This Project.
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3.2 Remote Sensing Studies on Reef

Using the remote sensing technique to study the reef in
different areas must be carefully researched and customized for the
general technique which can give the real data suitable the need of
users in that reef. This idea is the main objective of this
project, to develop the remotely sensed techniques and using the
result for reef geomorphological, zonation and classification in
Samui Islands.

As described, the 8 the effects from surface

roughness, surface orientation /:tering of atmosphere and
water column. The £ D calibrate by the special

v NN oming through the reef is
made to demonstrate ol fhgot o ’ hexe ‘@are three major factors
which need to considg gspherd, sea and interface and water

When light em 8hines through atmosphere
which has the dust - nfensity is disturbed by
scattering process. pfeht L% e3 water surface, some are
reflect and the others'aré refracted . In water column the sediment,
phytoplankton and depth is i gradients that disturb the

light. intensity,, thed Ii sef substrate. The
dissimilar substrate sferent fregquencies.
The reflected light hern with the same
incidents before &ch

Althou tha 1‘. ans hds’ bance, there are
several tec ﬁﬂﬁiurﬂq that Samui
Reefs are t nging ree B wh.i.r: have most psrtn as the plane
substrate except the reef nl will reflect

ef
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Samui Islands is narrow with 30-100 meters in width (Sudara et al.
1990) so this narrow zone has low effects.

3.3 microBRIAN System

From all reviewed information it recommends that the remote



Figure 9. The Light Model in Remote Sensing Studies The Reef.



sensing studies on reefs at Samui Islands are possible to process.
The digital image processing system which is used in this thesis is
called as microBRIAN (Barrier Reef Image ANalysis) developed by
CSIRO Division of water and land resource and MPA International Pty
Ltd since 1979 (Harrison and Jupp, 1989). The system is implemented
on microcomputer hardware and offers an extensive range of
processing algorithms with special application to remotely sensed
data. Appropriate verification stages are included in each
processing sequence to ensure that derived results are valid within
an acceptable range of accurs
processing functions, specif

thesis has the joined

equipments which are
Hard Disk and the

Printer and GCR - wrhe |

illustrated as Figur Y
computer system

6 AT with 320 Megabyte
tor, Ink-jet plotter,
of this operation is
BRIAN methodology and
and Jupp, 1989,1990).
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Figure 10. Hardwares Component of The microBRIAN System (Harrison

and Jupp, 1989).
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3.4 Digital Image Processing

The digital image processing is varied with many new methods
developed in last few years, so they are the new theory to solve
special research opinion. The example is Kauth-Thomas Greenness
Transformation (Harrison and Jupp, 1990), it was produced to study
the vegetation indices. microBRIAN has a special program to support
the user in each study. However, the main function, such as
classification, is still based on a standard theory which needs the
user definition.

In this research; h run through both methods.
A few special oduce the image results,
and they were the suitable programs

to be used in reef 8 " nese  simp methods were also reviewed
for analyzing thes#pegdtlf fECh) The“methods which will be
explained are the ¢ figthods which havejalready been selected
from many methods of “FOBRIA if_.:' ‘:i hnds include the image

2 ' hniques.
\ \

This session cogs ot imag a@nhancement and operation.

Image enhancement is a px :_- proving the display for visual
identification and pre-pradi T L other processes. This is a
part of image .re ser Lon’ b sgparated into linear

stretching and noa emént. The operation is
concerned with - J-T K‘ one or more image
channels to prndua result (Harrison and
Jupp, 1990).

lﬂ%’}%&ﬂ‘ﬁwmﬂ‘i

numaric value records in an .Lﬁ_[e hich aﬂi’callad raster

RNl IR HR R R

1990). While the image displayed with the cmputnr manipulation of
data wvalues, a fundamental part of the image needs the wvisible
interpretation to classify its.

The word "contrast” is related to the ability to differentiate
a feature from its background which is important for the wvisual
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identification of the image. In an image processing, contrast
enhancement can be conducted in many ways depending on the type of
features being identified in an image. Based on the microBRIAN
system (Harrison and Jupp, 1990) the contrast can be separated into
two types, the overall image contrast or linear stretching and the
selected feature image contrast or non linear stretching. The
theory of this stretching simply explains that the linear stretching
uses the histogram enhancement to highlight overall image. While
the non linear stretching uses the interactive scene enhancement
(mPIC) for contrasting some t3 of the image.

The contrast in Eug &hﬂ linear stretching to
improve the reef imag J : : inear stretching is more
complex for use in the sme %mmm is the result
from this process is uged” s€r the basic y classification for a
latter process, & ' ' . complexes stretching. The
overall image enhs that remote sensors
are designed to de the wide range (O0-
255), so the data \ To produce the best
contrast of image iger must find out the

suitable range fou' tt na Wl ge has its own range.
This problem can be & dby histogram enhancement (Figure 11).

microBRIAN has tv;é-; L of i histogram enhancement, the
automatic or 98% enhancemed ser defined enhancement. The
98% histogram HME% he@ process which needs to be
quick and has theé-nei ate features in the image. The
program selects ‘the d: ~overag ) 89%, so the data at O-
1% and 99-100% aﬂla T : (1990) suggested that
the method can ove the p.i.l::tm:ial image representation because
the data ran are tl‘y lunt data is nnly two percent
However, thﬁ l’ﬁ ﬁﬂ & Bﬂfs, because the
fringing reef)is ocated ween land sea maa. The data are

separated into two loops dnd 98% histogram enhdnfement cannot

e R AT AN AV o

The technique for generating one image intc two images is
called as theme digitise imagery (mSPDIG). Based on the remotely
sensed theory the reflectance values from infrared band is high on
the land and low in the sea. So the land and sea themes are put in
the program, and the program will separate this image into two
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images. Based on this theory, the reflectance values in the reef
area are dissimilar from the land and sea areas. So in some images
the process can separate the reef from other features. However,
during high tide the reef is covered by water and it will disturb
the reflectance values, so some images cannot be separated reef from
water mass especially in the turbid area. In this case, the reef
image can be isolated from the water image by the scene digitise
image using cursor (mDIGIT).

{a) Unstretched data.

Harrison

immmmmw b

part.s of the image. The problem comes from a variation of reef
substrate which reflect the high range of spectral bands, so the
reef has the high and low contrasting areas. Based on the theory of
reflectance in the reef area, most reflectance values come from the
bright substrate, for example sand (Thamrongnavasawat, 1990). If
the 98% image enhancement is used, the major data are present as the

il 115..&%?%%%%%?? (Modifies from
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sandy values, and the 2% of living coral or other important
component values are lost. The image ﬂnhlucmni_; by user define can
solve this problem.

Although the image enhancement is a useful tool for the study,
colour is an important aspect of image presentation and
interpretation. Discussion so far has referred to representing
image data as shades of gray between black and white. Since the
human eye is not particularly good at detecting gray shades, image
data can be interpreted more @asily if displayed as a range of
different colours. The type and of colours used to represent
data values in a colodr image’ Wil tly affect power visual

interpretation of th -
;i ﬁ contrast enhancement
e attempt L6 improve this displayed
o ».‘\'.\ 7\‘\7‘

of its patterns

Base on t o B \COL composite imagery is
formed by associ . ee_dififerent ‘image channels with these
three colour guns (Blgure ,_ Gné channel is displayed as a blue-
scale, another as roén-soalele ‘'Bhird as a red-scale. The
display device then 7y sgiste l hese three colour scales

transformations d.

colour range.

as though they were thre AT S DATEE 3 being viewed in front of a
uniform light source “ .___ 14Jupp, 1990). The resulting
composite colours of a pixal on its shades of red, green and
blue in the ind ?iduﬂ‘m ally each channel of a colour
composite image” - contrast Jgnhanced to improve
contrast in the.displaye = {i

If the c:your image has been fnﬂaﬂ by simultaneously
displaying a_blue data channel (thadt is, recorded reflectance were
in the wa rEJ ’gcﬁ ﬂ‘ﬂiwﬁ ’}:&}nle (with shades
of blue, in ay, values), a green

data channel as a green-scale and a red, channel asg@’ red-scale, it

R PR S TR R

of the scanned object. With remotely sensed data, the colours of a
"true"” colour composite image would be gimilar to those of the
Earth’s surfaces viewed from a high altitude aircraft. Any other
2mapping of the channels to be blue, green and red is called a
"false"” colour composite since features in the resultant colour
image do not have their true colour.
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Channel | —*

8 bit data
on disk

Figure 12.
Colour Mixing (Medi

Gray-scalé: y Mode and The Additive

) Ha imm, 1990).
' \\"

The way o e z : zolour composite and

f | \th\ ‘\\\
reflectance data d Ao £ he channel and band.
Channel refers to threg ‘- s, -~ we use the position to
present the channe JOrf exanplesfirst sition presents blue gun.

ely sensed data, for
‘1 to 3. The technical
same as used in the
‘ problem in representing
e the 1,4,3 colour composite
e, band 1 as blue gun, band 4

term used in this
microBRIAN program,
the colour composite
image is the image di.np
as green gun and band

The image safihanc ‘J gue to classify and
interpreting the ﬂ play technique to get the
a

nice result is b d on thu axp&rianca .md t information from the

quﬁmmmwmm

study area.

3.4.1

ﬂﬂwﬂ% aﬁﬁ jmwuim hich

i Linear Operation: This operation relies on matrix
algebra and can implement simple rescaling for one or more channels
(Harrison and Jupp, 1990). This operation comsists of many
processes which microBRIAN has the special program to support them.
However, in this project only principle component analysis (PCR) is



used. The description will explain only PCA operation.

PCA involves a rotation of the original data to give new axis
that minimizes the variance. Because TM data contain 6 bands (band
6 which is the thermal infrared is not used for this reef study), so
the operation is very complex. The explanation of PCA starts from
two channels. Figure 13 is a graph between channel 1 and 2 as X and
¥ axis. If the line of best fit is put through this data set, a
variance is just the distance from each point to the line of best
fit. If the line of best fi through all the data points then
the wvariance will be tures from this increase the
variance.

Where channels i-, varies with the
other. Hence if the a can now be reduced to
cone axis, a requ ' located on the new axis
which is called A : ig X18 c & one hundred percent of

the information and

254
Chan 2 §
|
i
E Before
[}
P W
254! <-—- New X Axls, called X
B, 2 ﬂUU?ﬂEﬁﬂﬁWﬁ P
ter

qmmn‘mummmaa

e -

Figure 13. Graph Present The Data Before and After Operates with
PCA.
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So the PCA looks through the data which may be 4 or &
dimensions (channels) and finds a line that produces the minimum
variance or best fit. This line becomes the first PCA vector or
simply PCA-1. The second axis is put at right angle to the first,
again, in a plane that minimizes the variance. The third goes at
right angle to this one and so on. The use of PCA‘s id twofold,
that of data reduction and of feature isoclation.

Most remotely sensed images contain some unnecessary
information. For example, dak MSS 6 and MSS 7 contain similar
data values since most grcund € 28 give similar responses in
these two channels (Hacrdi 980). When redundancies do
occur in an image, ™ +€ o "remove" the duplicate

information and rear %chmln. This data
operatio 1la ;;; relevant to geological

This is usef genfug ng- Tl dats which has six channels. As
the classification ingfm i < ndle four channels, PCA

allows for the six A > four with little or no
data loss.

reduction
applications whe
2interpretation of g

relies on wvisual

Feature isolatiofl caf 1t that when the axis is
rotated, it is isolated to- & ain features. For example
PCA-1 is often ca le t tends to contain the

very bright and\de = G, — ECN-2 is often called

"greenness” becaus ‘” on their greenness
(Bainbridge, 1991} L F en contain the noise (an

error in a data) s& it can ba a wnr of 1naln g the noise.

n mﬂ% e wﬂ P o T sonamy ot

of options for
juﬂti.ng channel variance. ¢ mGNPCA allows a pr.i.ncﬂalu component

WA RROAR AN

may process from two input images but this opportunity is not used
in this study.

i Non Linear Operation: Different from linear
operation, the non linear operation is applied to pairs of channels
in an image. This operation is a simple but effective



transformation which commonly involves computing the ratio values
between image channels. The implementation of this transformation
involves dividing the value of a pixel in one channel by its value
in a second channel and rescaling the result to the available image
data range for all pixels in the image.

In microBRIAN, ratios may be computed in a wvariety of ways.

The simple program is mRATIO which computes a simple ratio between
pairs of channel {Harrison and Jupp, 1990; Figure 14). While the
ration of image channels is v simple computational operation,
it is a very effective wa of ighl il hting the differences between
' he it vegetation (in the reef is

in near infrared and low

two channels. For exam
seagrass) typically

reflectance in red wave J T Qﬂ features may have
either high near infra d’ low xed o it becomes difficult
to identify wvege opgft ing onl: of these channels.

sel alue by the red channel
atio result which is

However, dividing tk
value for each pixel
high for the vegetafi

Using mRATIC atio in this project
(Figure 14), the val ide for the vegetation in
the reef area especial : ¢ grass and macroalgae.
The band ratio may bé ué@d  for theé Adentification of other reef
features. This process ni nation from mTRAN to produce
the productive regult """ : degcribe in the special
technique sessianij. ceratufes can give ideas to

process this operatiorn son and Jupp (1990}
suggested that tg ratie AT 15 could be used to
highlight differe en in pm:ti.cula.r fantm:an f the Earth’s surface.

@fmqmmwm‘iw
AR SaH Nt I

g| h|] ¥ s |1 |u gs | M| i

Figure 14. Operation of Simple Band Ratioc (Mcdified from Harrison
and Jupp, 1990).
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The commonly used band ratios are:

- green/red: soil colour or water colour

- green/blue: water colour

- near infrared/red: vegetation with green foliage

- shortwave infrared: geological features.
The descriptions are wvery useful for the process. However, the
ratios which are described use MSS data. Using TM data it needs a
modification for the project objective. i

An image analysis is the|mat which may be useful for many
remotely sensed studies. K javens, [ process is not widely used,

because the process is g needs the reef knowledge
].4’ ‘unclassified process is

to identify the resull
fliedwbut the projects still try to

starting to be increasing
solve problems in the ation detail (Gillespie et al.,
c k, 1988). So this

1986; Rothery, 1987; n and Tu
project emphasizes g ' *‘}\; methods to find out
the valuable result \ N

3:4-2 I:I'I

The image clag8i cﬁ'éﬁ:g# mmonly used for feature or
pattern recognition a i1y An converting a continuous
tone image to a themati t'to other image processes, the
image classification £ interpretation task will
depend on the nature the resolution of
remotely sensed \feata features radiate
electromagnetic thus recorded as

different spectral fvalues , 3. The natural zonation in
the reef makes the image data display the wvalues in patches larger
than indiwvid i — e u ¥ in remote sensing
analysis. Bﬁ ] ' t t 1 reef component

distribution {an use this technique for analyzing the reef features
distribution. ¢

QL ARRTPTE aiek 1 I

of the reef features (Kuchler, 1985; Jubb et al., 1985) the remotely
sensed data using in those projects is Landsat MSS which is
different data characteristic from this project. The low resolution
of MSS data may suit the Great Barrier Reef which has a wide reef
area but it can not be used in the small reef at Samui Islands.
However, the high resolution TM and SPOT data will give a lot of

1118400 3%0%



different reflectance value pixels which are hardly separated by the
classification.

The classification in the reef is different from other
classifications because this ecosystem is submerged and very
complex. BAny classification can get the result but the reasonable
and valuable result for reef study need the carefully process to
present the result as the cbjective planning. The remotely sensed
theory and the reef knowledge nuggent that the reef classification
may concern the following;

- As coral reefs ugies overed by water (even in the
low tide the coral tissue & L : E/ ter), different depths with
: G 3 iwwe reflectance wvalues. The
i of coral reef data must

1 L mcture but are three
dimensional surfacsg whot 1 Om L& can be considered to be
two dimensions. Tf Yopé "! \ living coral area has a
three dimensional Lon process in this area

: | ost diverse areas. The
satellite sensor efffc@ively ate 1l the diverse components
n of the reef may separate
the reef in many zones h\l:t'é ment distribution knowledge
must cluster these class ation of the reef.

-  The coral mf"j ' bugdon in each reef is
different becau§e the i ssimilar, especially
the reefs in Thad d whicl : 1 islands so the
island location morpholor 1 the different environments.

- The cumpﬁnﬂntﬂ in one reef still va different relation
levels in le B8 ich has the high
reflactanr: ?ﬂ %ﬁnﬁ] er, so the basic
elaanifieatiqn may ident hin component area in many groups.
However, in the reef com mant distfibution san the minor

e AR TR A BT S e

the reflectance values from these features are very similar. So the
classification may group them as one or two big groups which are not
the direct objective.

The classification process can generate into two main
operations, supervised and unsupervised classification. Harrison



and Jupp (1989) explained a supervised classification as a procedure
for classifying an image by a basis of representative training
samples of known identity. They also suggested that the unsupervised
classification was a classifying without the pre-define classes.
However, there are two main problems that prohibit the using of
supervised or unsupervised classification. These cobstacles are:

= The reefs have the mixing components and they are always
submerged so the ground data can not be surveyed covering all the
reaef area. The ground data for reef component distribution in
Thailand is very Lnaignific o the well defined area for
classification can not ba The image enhancement cannot

clearly identify the ures, so the supervised
process which needs ﬂh

impossible to opary

- The reef is compbs
which have the
process is purely

ent area in the reef is

and dead coral groups
ues The unsupervised
on, so the result will be

rarely succeed.

The mixing Jflafsification process combining both
classifications togethe a&uﬁé “with supervised process the reef
components are careful ] he training area. After
selecting the main ree , are 2 unsupervised process is
operated to generate other ¥&ef aré@&which are left from the first

process. This c lems and give more

reasonable data

There are are used in this

study, Chi-square and parcnnt of dissimilar. Chi-sgquare is used in
selecting tha train one hadlé hi h Chi-square suggests that
training n qu % r]ﬂ%l data. However,

the low ch.i.-q».mr oes n mean that training set is good, because
ow Chi-square demonstrafes that thts, training sét/ has the same

“““’“‘%ﬂ'@&ﬁ U TRIAR . e

important are reef features. For example, in the coral area Chi-
square can be about 3 while the sandy area Chi-square may rise up to
L Chi-sgquare is used in other processes, for example the data
analysis and inspection, similar to the classification. In each
process Chi-square depends on how important are the features.



The percent of dissimilar is a technical word used in this
project, this word comes from the dendrogram which is used for
clustering the feature classes. The percent starts from 0-100%
(Figure 15) demonstrating the similarity of those classes. The
percent of dissimilar means in the opposite way, for example a
percent in dendrogram is 10%, the percent of dissimilar is 90%.
Using this method it is easier to understand the differences between
feature classes. For example sand and coral has 80 percent of
dissimilar while coral and dead coral has 60 percent of dissimilar,
go dead coral and coral haw loser correlation than coral and
sand. The percent of di )
feature classes. '

microBRIAN has 1Y rams »&a,_support the classification,

mTRAIN and mOVRLY training set while
mCLASS is used fone 3 : R and mPAINT are used
for clustering the alires las nd mSMOOO and mFILLA are used

and find out the ra@

3.4.3 2
Thi BEed .

s session is BW ‘ e r digital image processing
technigques because thi i : ~: m the idea used in
other processes \cHowever, e _processes are 11 the digital image
processing. TheSpaci  project are mTRAN and

sediment density &

M1 12N ) e R

The a.imaf f rst s
for using with groundgtruthing result.

= R IR

the technigue for this program is expanded to use as a tool in many
image processes.

mTRAN program is not the program in microBRIAN, but it is
developed by Bainbridge in 1990 for using with microBRIAN system.
In microBRIAN version 2.31 there is mLOCAT program for calculating
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the result to employ with a ground truthing data. However, this
program calculates the remotely sensed data only in one pixel so it
difficult to examine with a transect ground truthing result. 1In
1990 Bainbridge developed mTRAN program to solve the problem and it
is tested in this study (This program is not published yet).

mTRAN is a program which can calculate the remotely sensed
data along the test line. The test line lays on the image using
curser or keyboard, and a program will create histogram for remotely
sensed data in each band along @ pixels in transect line. The
program is very useful for obsen 3 jhe variation of reflectance
values along the test e LE AS A lays overlap to the ground
truthing line, the = W = rpactical for analyzing and

According 0, r there is no
information about t : ..":&“ st be tested before
being used in a projes “d :7 ating a few varied component
reefs, the result dam Afes.that mTRAN can be used in three study

- mTRAN ope L
and the result is

a8 a lot of information
substrate reflectance
ie unknown reef the first
ered unknown reef. This
enhancement , visual

values. When this
result can help to iden
operation is very
identification amn

- mTRAN e study. In few
projects the refisc : the variation of
the spectral rnflﬁ re . wﬁnr this equipment is
very expensive. there .Ls a f.'umd point the reef and image,

and there is t %drea which is big enough for
s BIBEE "”E}mwmm e tom on
component , su ive a idea for identifying
different uubﬂtrata reflectance. Thigsmethod is késted in Tao

i AL 00 B TP . ..

and a grnrund data. The tested result demonstrates that mTRAN fits
with the new ground transect technique and the data can be easier to
examine than using mLOCAT.

3.4.3.2 Digital Image Processing Step
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From the unclassified and image classifications as described
above, the digital image processing is run as follows:

1. Testing the technique and studying in detail for reflectance
values in the known reef. mTRAN can be utilized as a tool to get
more information.

2. Preparing the imaga by image analysiss, image enhancement, band
ratio and principle component analysis can produce the result for
visual identification. Fu:r.'t:hﬂ_ p the products may be used as the

on ly sensed data, TM and
: ilur SPOT data is tested
1u step are thematic
g training area and

3.

reef image and deve
cluster feature clasg

3y ground truthing and
be high in living coral

5. After correcting =4 Sta,” e thama ic reef images are used
for studying the ree : ‘ nd cla
measures the living coral 2 ' eaef areas as products.

the groud truthing,
3 new survey technique,
the result will congist e aaf thematic map can
not be focused on any reef because the .i.nt ive ground truthing
needs the h:ﬁ term peration, and @€ is not useful for the project

o coman e A 19 WENT) 9

3.4.3. 2 Sediment Densitty Slicinge,

PRI 004, ...

of consecutive wvalues in a single image channel to represent
different categories. In microBRIAN, mPAINT are flexible painting
of gray channel imagery. This program contains a specialized
display module different from mJLAT and it requires that images to
be painted and displayed using this module.

The differgl
if the ground t
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After a. grey scale image has been displayed, ranges of .i.nngrnh
values can be associated with a displayed colour. Painted values
may be listed by class or colour, in microBRIAN version 2.31 the
display colours are defined by number in the range 0-511 colour.
The values in a single data channel are separated in many ranges,
for example 0-10 is a lowest sediment theme, then 11-15 may be the
medium sediment theme, etc
(Figure 16). In this study band 3 in TM data is used because the
previous project (Tongsima, 1989 cited by Thamrongnavasawat, 1991)
suggests that this channel suitab nr water mass classification in
this area.

(a)

Image  Display _ Displayed
valugs colours Alues Sﬂﬂll colours
254 —
max: 205 ——
red
145 —— B %4 :
blue N i B
123 S — £ o v t - B ettt TRTTrrrTT
yellow w X |
8 1 arey
brown
min: 50 ——
u p—

Figure 16. Sediment D

The ranges dnfi.gnd, Fiag pa ng o be _recorded as a theme
file, the latter, s 3 ory on th :,, of colour, so
all values paintet - d to have the same
output value. The eﬂn the disk image and
recorded as an outp image. The pninted cololire can be considered
as image categories érsclasses and @ummarized in a single channel.
In this stu %uﬂ.’a ﬂm‘i:mqm classification
channel in w is given a class
number associated with its painted colour and unpaipted pixel are

X ”’ﬂ“‘ﬁ"’rﬁ’\ﬂﬂ‘im TRNEREE

sediment density slicing is used for labelling and
aggragatj_ng classes in the mosaic model classification approach.
The ocutcome may be used for wvisual identification of the sediment
and water pattern or it can combine with other digital results such
as thematic reef image to explain the effect of sediment
corresponded with the reef component distribution.
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3.5 Ground Truthing

This project emphasizes on developing the ground truthing
because the zonation and size of reefs in Samui Islands are
different from Great Barrier Reef which is a source for producing
microBRIAN. This session separates into three parts, overall reef
survey, ground positioning technique and ground truth transect
method.

3.5.1 Overall Reef Survey

The overall ree tudy can generate in two
parts, presurvey and ta Tow method (Dartnall

and Jones, 1986) nn? Phot ¥, which is developed from
the land ground the gener al reef component

distribution is : » sing in unclassified
and image classifi ; / - w is observed in a few
reefs at differen ‘ ~and: tha da used for study in the
others. Other so ad from the projects
that were surv ; ¢ 1989, 1990).

The techniques @¥eT5564 4 suit the general reef data for
remotely sensed studyi . = the,previous methods emphasize only
on some parts of the Fedf. nta Tow survey which highlights on

reef slope is developed t 1a 'I:.h-n reef flat area, so this
method must be done - tide One Manta Tow is done
along the reef t neig-the outer reef flat.
It must separate; @ Lt Joan not run zig-zag

f reef components do

across the reef ﬁa. L , ngﬂ:
not estimate only = 1iving coral but also dead coral and sand.

" wmﬂ VAN INIANT e e i

identification and image clagsification-peed hard copies. There are

A s N AR e

phutﬂgra.ph must be taken overlaping each other so it can be attached
more easily when the negatives are produced. One overall reef
photograph must be taken to recognize the area.

The overall reef survey may be observed before the data
processing or it may be overlocked after the data process is
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finished. However, it recommends that few reefs should be examined
before the process and those sample sites should have enough
background information.

3.5.2 Ground Positioning Technigque

This technique was developed to solve the problems with reef
size and equipment. The projects using microBRIAN were presented
from other studies (Kuchler, 1985, Bainbridge and Reichelt, 1988)
usually studying large siza 2 However, the reefs at Samui
‘ not matched with the study.

ipment for checking the
ipment is called Global

Recently there is the
ground position with

Positioning System w
The r.‘lmral ern two items, the
reasonable data whigh ¢ I £

eefs and the cheap and

easy method whic i pef procebded in the field work. The new
technigque result muSt ‘ ed with the high resolution map, this
project uses the res fgoit multy e olution map scale 1:25,000 to

conform this methg
integration).

The technique et made in L shape for 5
plus 5 meters and laid af area in the same time as

satellite passed, : lastic sheet, the researcher

will use the gras : o obserye/the reef area. The
reflectance value/c e plas io \‘\- e higher than other
closed pixels. i:ﬁl dis Ssatellite data the bright pixel
of the plastic s t can be clearly cbse in the image, and the
field data vﬁt h weéreéarecorded willd be checked with the satellite
RYINTVINGINT

3.5.3 Ground Transect Metho#l

AN ALOANTI NS L o

ground truthing method for remote sensing studies on the reef is
very insignificant. The technique was developed for survey in the
reef, usually using the earlier coral reef survey technique which
may not be suitable for remote sensing study. The new technique
(Bainbridge and Reichelt, 1988) which was modified from Lifeform
Benthic Line (Dartnall and Jones, 1986), is suitable for the wide
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reef which has a large component area. This method was tested in
Samui Reefs and the result suggests that though it has a low error,
the method cannot be processed in the small reef especially in the
narrow living coral band. A new method must be developed for this
project following three aims:

- The new method may modify from the previous reef survey
methed because it can be easier to process by the coral scientist.

-~ This method should report the component distribution in the
overall reef area and sensitive enough to describe the component in
each area with the resolution of \TM data (900 square meters). The
method should record ] I gdata along each area. The
intersection reef compornent zone w ba, clearly presented.
e program in microBRIAN

for the easy chackinw' : @aﬁa the points in both
image and field HJ/ . e

The method £ d ged
1986) and Shore T : l
with the remotely =1 el -/ T=F
"Ground Truthing Transs l
small group of res chie

ipe **\_ je (Dartnall and Jones,
.‘\‘4"\ 1988) was developed

~ 'he, new method which is called
\. those aims with a
: \ a short time (half or one
day depending on ths jear, the problem in this
method is that the resglrcher ¢ ¢ derstand the reef zonation,
remotely sensed theody AAd  the ¥eef, surveying technique. This
method should operate in e.period so the time may be one
factor affecting this et

L

¥

1. The study site should has a starting pnlﬂ which is the reef or
shore location that?ignexactly lodafed in the image. In the mixed

e AR AR o
e R ASRAMI AR

transect lines are laid in four directions and these lines may cover
all reef components.

3. The researcher records the substrate component along the line
with the depth every 30 meters. The area should cover approximately
30 meters in each site.



4. 1In the intersection zone the paralleled lines are laid 50 meters
in each sites then the lifeform technigque is used to report the
percent coverage of reef component. The result is utilized for the
linear regression for the graph so it can present the tended of the
major component in the intersection area.

5. The area graph is made as the final product for this survey,
then the result compares with mTRAN data and digital image
processing results, they can present the checking and percent of
conference interval in that

3.6 Data Integration

The data integra
this study because
integration can
the data from many
integration is ext
System (GIS).

the other processes in
: sensing. Data
ining and presenting
ently a part of data
Geographic Information
uded that GIS was a
data-handling and on sets of spatial
attributes. The 1 : d, when they comprise
qualitative attributgs © "’* 2q’ recc dad as lines, points and

referring to cells in ‘G
o _,,r.":‘u

microBRIAN alpn T
However, the proad
1990). This pre
integration for uBElg in

data integration.
e land area (Jupp,
in microBRIAN data
otype GIS starts with

two data sources, rnmntely nanﬂad data and gr:arund data. The data

integration to three items, the multi-
resolution gﬂ r Ew image and the

perspective tiiree dimension

This worthwhile method is commonly used in many urban projects
which emphasize on the wvisual classification. However, in the
reviewed reef projects this method was not already operated. The
problem may come from the puzzle to combine different remotely
sensed data (the problem will describe in a discussion session).
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The multi-resoclution is a map, it is not an image. The
difference between map and image is that maps can locate the point
with grid number and has a plane section. So this session will
firstly demonstrate how to transform images to maps. Then the
multi-resolution technigque will be introduced.

3.6.1.1 Image Rectification

This session has introduced the concepts of geometric
manipulation of imagery and deg¢nibes a set of operations which is
required to modify the secale o @cientation of imagery before
processing. Remotely s& 4 i ' ins a variety of geometric
distortions which need@vta j " before registering with
different image source Gr-mep C (Harricon and Jupp, 1990).

The image = e ‘ , microERIAN (mBARRY)
implements a rangg podyles! to Ak, for known geometric
distortions in sateljd gery # map projection models
which compensate : consis ‘_\, es between different
map co-ordinate sys dele can be used in conjunction
with control pois: de -Qv- to achieve accurate
registration between el

opographic maps from the
Royal Thai Survey De ch are the highest resolution
(1:50,000) map in, this are The map s age 4927 I,IV and 4928
II,III. The regEification e sessed by éelecting the ground
control points (GEP) which are ! basd display clearly in
the image and can calculat 3 umber gt.tha map. The points
in map are put in the program. Thnn the points in the imagery are
processed t ﬂth ma am will correct the
dintart.i.un ghﬁi%QWHB ﬁﬁ? the new imagery

ccrraspondﬂdqytth t a P

s mw R L A o o

new scale has a higher resoclution, the result will still be the data
in the earlier resclution so the new imagery just enlarge the pixel
area to the new scale. For example, while the rectified Landsat TM
imagery may be scaled to 10 meters pixel size, the data will still
be recorded from the 30 meters pixel size. On the other hand, the
effective rescaled product is used for the merged process which can

The maps used
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produce the high resolution result.
3.6.1.2 Merged Process

After being rectified and rescaled the TM map to 10 meters
pixel size, the result will have the pixel size matched with the
SPOT Panchromatic data, so the merged process is an operation for
making a mapped image result that has a resolution as SPOT imagery
and the colour as TM imagery.

com se two image data is the lack
of reviewed literature \ £t- which have been done
emphasize on the land-azed, & ; ‘he combined SPOT Mss data
with SPOT Pmchram? ; n@ problem the technigue
was reviewed and t eg tha SPOT data, then the processed TM

1 efghttern, part of S i Island because the
SPOT result suggest complex and needs a
long term cperation. #O 4F§ _ o develop the technique,
so it does not regui e e or bverall study sites. The

eastern part of Samui ITgl3 e iﬁ_’ e'k: 2a which has varied reef
types so it is a sditab o - ik 1

data was done on

3.6.2 Combined Rees

In the latter session remiotely sensed data are combined
with itself but O . remotely. sensed data will be
combined with th&s: and ¢ eforse solvilg/ the technique there
I e \‘ derstanding, raster
and wvector data ﬁrm o (1989) suggested that
"raster" display vice stored and r.lispluynd ata as horizontal rows
of uniform rid "vector” is the

representat F &}‘Aﬂ n%au} on a map, or
other apntiw iagrama, igi is.’mg t ir position co-ordinates,
and racord.i.ng associated vﬁluaa. Data in thisgformat may be

mBHIHT ula. : 8 £ ground data

which can fix the location and the vector data is a remoctely sensed
format.

are two words wir

To combine the raster data with vector data the first step is
te select the raster data which is important to the reef
environment. This data should reference the grid number and they



may have a high contrast or be located in the diverted area so the
result will be easily identified. For example, if the tidal data is
selected, the tidal range in Samui Islands is very seimilar to the
others so the result has only a few zones which is very difficult to

explain.

In this study the depth data is a raster data that combined
with vector data. The study site is Tan Islands because this area
has a different depth zones and it is a diverse area with the reef
pattern and oceanographic proge

The first step is'h w t C U/ the raster data to vector
data. This study wiliguse SURFE 7 ause it is a simple and

reasonable program r]rid]r ate it in a short time.
However, in the t |ig:] hich will be explained
in the result sessid

The ASCII Cans 19 toymic: ‘ or file by mTRADE,
data is stored ig s ingle_channe; \\ an be displayed and
painted to present the /apih zone din i ge. When displaying it

with the remotely ' \ =f map the result is a
d that this process

is a first real proftc e GLE using, reef study in Thailand.
3.6.3

The perspg +is a useful product
which can presen

solves the problem
for the reef sci

ﬁlg = t ﬂ }uicnl processes that
affect the reef. is recommended that thi ule, different form

other artifi moflue, can preseht the real reef morphology in an
image and ﬁﬁa@;ﬁﬂﬂﬁﬂiﬁ}ﬂ at area so other
studies can . However, Samui
Reefs are the small fringing reef so the process isyyery difficult

a1 R G s #ANENA 8

Thia study selects the study site emphasizing on sea floor
topography because it is big enough to explain the physical process
in that area. Around Samui Islands, Tan Island is suitable for a
study site because it is an isolated island with varied sea floor
topography (reference from topographic and hydrographic maps).
There are many reefs around this island and the reef patterns are
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different so they may be caused by the sea floor topography which
controls the physical processes.

The programs in microBRIAN which be used in this operation are
mMULTI to combined the height data which have already been
tranasformed as described in a latter process and m3D to produce the
perspective three dimensional images. Figure 17 displays the flow
chart for this operation.

) - ]
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Figure 17. The Flowchart for Using Height Data and Topographic
Themes to Produce a Three Dimensions Perspective Image (Modifies

from Jupp, 1990}
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