CHAPTER IV
ANALYSIS

4.1. Integrating Data and Data Management

The role of integrated strategy in'project task, involving remote sensing
such as landsat TM, ASTER, geology, and topographical data are being increasingly
appreciated. Broadly, the data includes storage, retrieval of all types of data at a particular
geographic location. The mainly segments are input, management, processing and output.

4.1.1. Topographic data
Topographical data (1:

,0! p) constitutes the primary information.
Usually, topographical map form which other types of geodata are
registered to develop a GI ite aspect ( ie. Slope direction), DEM

(3 D modeling) also fors da e%eal data for GIS interpretation.

Other data are map servg &5 2 ature (eg , maps, articles, books etc) read
references page. AN

4.1.2. Remote sensing g
Landsat TM a T
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,‘ . "'41 C N

this paper. The variou
been used. Multi spectral dat: : |

rock units. The ASTER Digigal Elev N lodel 15 a product that is generated from a pair
of ASTER Level 1A imageg! This iﬁ?l A inptit i Iy les bands 3N ( nadir) and 3B (aft-

are -\ St important input data sources in
data acquisition (VNIR, SWIR, TIR) have
al signature pattern of minerals,

] ()
viewing) from the Visible'Near Infid-Red telé ope's along-track stereo data. All of these
data are stored together with fhe adaid in o ile.

4.1.3. Geological data . {r =
Geologicalamap of Burma

Mineral Resources) are 5

structure description (bedding,

map. of Thailand ( Department of
1y be in the form of lithology or
c u point or in the form of map

4.1.4. Metadata

gl I TNUNTNEIN T

Short Name : A
Granule ID : AST3A1 0302100407386305100997 &= ./

R AU UNTINYIA

Processing'Date Time : "2003-05-10T18:04:16.000Z"

Source Data Product : ASTL1A 0302100407380303070454
Observation Mode : VNIR1-ON, VNIR2-ON, SWIR-ON, TIR-ON
Scene ID : [131, 134, 1]

Scene Center : 18.331977, 97.488710

Scene Upper Left : 18.651178, 97.122344
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Scene Upper Right : 18.657009, 97.844797

Scene Lower Right : 18.012155, 97.849071

Scene Lower Left : 18.006540, 97.129290

Orbit No. : 16744

Flying Direction : "DE"

Solar Direction : 142.606585, 49.303226

Pointing Angle : VNIR=-8.580000, SWIR=-8.553000, TIR=-8.557000
Path, Row, Swath : 131, 134, 1

Cloud Coverage : 0

MapProjectionName : "Universal Transverse Mercator"

Spatial Resolution : (15, 30, 90)

EllipsoidandDatum1 : ("WGS84", " ¥

DatumParal : (6378137.000000, 298.2 ? 00000, 0.000000, 0.000000)
MPMethodl : "UTM" é

UTMZoneCodel : 47

SpacingSizel : 15
PixelSpacingl : (15.00
SWIR
SpacingSize4 : 30
PixelSpacing4 : (30.00
Incl : 0.217400
>>>>>>TIR
TIR10
SpacingSizel0 : 90
Unit10 : "M"
PixelSpacing10 : (90.00
>>>>>>DEMZ

ImageDatalnformations : 72319, 2) 49
ImageDatalnformationil': ( 2) s
EllipsoidandDatum V. *{*WGS84", "WGS8¢
DatumParaV : (6378 137#00C 00:-9.000000, 0.000000)
SpacingSizeV : 15 L‘

SpacingSizeS : 30

SpacingSizeT ﬁu H ’J qn E] wﬁ w Elq ﬂ ‘j
"Ry, ..

the dataset. This information allows users to establish the existence of a dataset and
facilitate data access. There are metadata such as file name, file creation date, file creator,
origin of the data, project name, description, method of conversion, software information,
data type (coverage, image, grid), projection information ( Universal Transverse
Mercator, WGS 84, Zone number), associated files and data status were specified in each
geographic layer.
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DATA_SET TYPE=EDC_TM;
PRODUCT NUMBER=01400083100100018:;
PIXEL_FORMAT=BYTE;
BITS_PER_PIXEL=S;

PIXELS PER_LINE=6895;
LINES_PER_DATA_FILE=5984;
DATA_ORIENTATION=UPPER LEFT/RIGHT:
NUMBER_OF DATA_FILES=7;
DATA_FILE_INTERLEAVING=BSQ;
START LINE NUMBER=1;
RECORD_SIZE=6895;
UPPER_LEFT_CORNER=0961540,779
UPPER_RIGHT CORNER=0980642. ‘
LOWER_RIGHT_CORNER—
9; : e
LOWER_LEFT CORNER=0960#30.6385E 01809209787
REFERENCE_POINT=S@EN
REFERENCE_POSITION=0970%57,6643E,0184709:4346N,18023002.228 282593 975,
3448.00,2992.50; '

REFERENCE_OFFSER#69.4
ORIENTATION=-86.214
MAP_PROJECTION AN
USGS_PROJECTION N\ ,
HORIZONTAL DATUM=WGE84;
EARTH_ELLIPSOID_SEMI-MAJOR. AXIS-
EARTH_ELLIPSOID SE! OR AXIS
EARTH_ELLIPSOID_ORIGIN/@FESET=0

EARTH_ELLIPSOID ROTATI SE 00,0.000000,0.000000;
PIXEL _SPACING=28.5000,28:5000:

PIXEL_SPACING UNITS=ME
RESAMPLING=CC} 7=
PROCESSING_DATEAIM
NUMBER_OF _BANDS! IN_VOLUM :
WRS=132/047;

ACQUISITIO =1989- :
SATELLITE, NS thupEa e 113 e 19
SUN_ELEVATIQN=43.05;

SUN_AZIMUTH=133.01;

ARk 11001200

BAND2_WAVELENGTHS=0.52,0.60;
BAND2_RADIOMETRIC_GAINS/BIAS=1.1750981,-2.8399999;
BAND3_WAVELENGTHS=0.63,0.69;
BAND3_RADIOMETRIC_GAINS/BIAS=0.8057647,-1.1700000;
BAND4_WAVELENGTHS=0.76,0.90;
BAND4_RADIOMETRIC_GAINS/BIAS=0.8145490,-1.5100000;

4E,0194046.4483N,17931444.284,190197.943;
2437.0565N,17944416.738,386248.223;
19.9034N,18114560.172,374989.99

6N,18101587.718,178939.719;

.
2



BANDS5_WAVELENGTHS=1.55,1.75;
BANDS5_RADIOMETRIC_GAINS/BIAS=0.1080784,-0.3700000;

BAND6_WAVELENGTHS=10.40,12.50;

BAND6_RADIOMETRIC_GAINS/BIAS=0.0551584,1.2377996;
BAND7_WAVELENGTHS=2.08,2.35;
BAND7_RADIOMETRIC_GAINS/BIAS=0.0569804,-0.1500000;

END_OF_HDR;
Layer Source data Scale Data type
Landsat TM Landsat TM 30 Image
ASTER ASTER 15, 30,90 Image
Contour line Topographic m : 50,000 coverage
Topographi .000 coverage
Stream/River
Road Topo BN coverage
DEM Tope ap, ¥ 1: Grid,
A multispectral
Slope DE ‘ Grid
Aspect D 1% Grid
Lithology - F ,000 | coverage
Fault /lineament Geol@Bi ; 20000,000 | coverage
Tabl B _ study area.
Al
A
Thematic data Data layers:=<- - - al elements | Non-spatial
P aTen elements
Geology ck =T formation ID
—— formation name
group ID / name
o lithology ,age
stedcture line/point Structure ID
‘a 'Y, Structure group
= = | ) £ =] Structure type
Geography ﬂj tine/poind 11 1 @[ contour ID
U ¢ a tour type
~ jon value
e ld gﬁ /river ID
(stream, river) Stream/river name
Stream/river name

Table -4.2. Spatial and non-spatial elements of GIS data layers in the study area
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Field name width Field type
code 6 string
Rock formation 100 string
Description 100 string
Age 33 string

Table -4.3.Additionnal field propéﬁies in the lithologic unit

4.2. Digital Elevation Modelling ,Data Sources and Structures

There are two main class
map Ay size (1:50,000 scale, Editié ‘
band 3Nand 3B.They consists of cor
consist of a sampled array.g
spaced intervals. These 2
the conversion of contoumsmar i 2
can also be generated a Atiedlly Aron ."}‘}“:v,::‘"’-

f source topographic data such as topographic
D series L7017) , and ASTER image VNIR
igital Elevation Modeling (DEM)
er of ground positions at regularly
Ain data source for larger areas and
or activity of mapping. Contours
zic stereo models, although these

methods may be subject tef€ridr surface cover and the paucity of
) \\

One of
Elevation Model (DE

od in this work is the Digital
«x o h test area was created using

appropriate vector data (€ A o1 -1 S iver channels) and specialized
procedures in the framewq the: Gl - \ tively the DEM can be created by
proper satellite data. A plimbe ary g ographical variables, which are very
significant in morphometric @naly vere: rom the DEM. These variables are

. [
related to elevation measurements. sk ric computatlons, and curvature.

':J

2
ﬂﬂﬂ’&ﬂﬂﬂﬁwmﬂ‘i
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B River iv.shp
Stream v.shp

./ Road iv.shp
River iii.shp

/\/ Stream iil.shp

/\/Road shp

Crtind
Elevation Range
1000 - 1100
900 - 1000

B2 300 - %00
700 -800
500 -T00
[ 500 - 600
400 -500
B 300 - 400
200 -309

Figure-4.1. Showmg WEV gsoares data from the tepographic map.
o) =L a1 ""i :'.‘

River morphometsy is#€stingat ecial cemputational procedures using
mainly the DEM of the delfaigips tmsﬁ)_n dithe delta geometry. The DEM which is the
main digital model used” fof tie confpu ions | is\created by using the internal GIS
functionality of the prototype. S E

IJ.IF

Topographic map of the.a.l;ea' Was bmmd retification points were changed so
that points coincided With'the 100m conz)ur lines on o__ﬂ?ﬁ (see Figure-4.1 ). Errors in
the stereo matchmg ‘---—---'---—--—--—-———; --------- l§. In this sense the DEM
distinguishes principaily, from the contour in A contour line gives only a
height information of th line element". The'image of tg.jontour lines should allow to
get an 1mpre5510n of the morphology of the terram Smooth terrain will show smooth

g}e ditionally the contour lines

4.2.1.Topographic DEM

lines, rough t
should represe % heirftypigal forms and the family
effect. This requires ocCasionally an exaggeratlon of certain terrain forms. Consequently

contour lines are meant especially for'the visualisation of the terraifi/whereas the data for
a DEM ﬁ?{? in in a computer
readablamﬂiﬁ%ﬁm gﬂ)ms f aﬁ Eﬁ{] ﬂ%

The contour lines are preferably digitized by scanning. The pixel maps are
converted in vector format by automatic or manual line are stored in attribute table and
shape file. Additionally the height of the contours is introduced. The digitizing process
should be controlled be plotting the digitized contours and by comparing with the original
contours.
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4.2.2. Processing of ASTER DEM

We need the band 3N and 3B of VNIR for a pure DEM . Band 3n can be created a
colour image , DEM and orthoimage generation. Band 3b can be created by ENVI.4
DEM generation. During the DEM generation process an option is available to get a
score value for each pixel and this is the degree of correlation between the 3N and 3B
images in a range of 0 to 255. ASTER DEM offers a very respectable 30m resolution.
The image is approximately covering an area of about 60 square kilometers (see figure —
4.2). The elevation accuracy of ASTER DEM is about 15m (3N and 3B) that is
consistent with the instrument system parameters.

Figure-4.2. Image showing thg;W(a)_%EM and (b) Grid DEM source from
3\ ASTER 3B and N band. {
>

g 4

423, Creating Hill Shadkng 4

¢ o Q/
Creating {ﬂ: 1 1 ﬁ %1&1@]%%5 data fusion by adding
topographic in i m . The wa d isiréplaced with a shaded relief
J P

image that was dalculated from the DEM using the input sun angles, sun azimuth angle
I

Y. BRI EL e 17O

Hillshading is variation in tone from light to dark to delineate the form of the land.
The shading should be used to suggest the surface material, such as topography or
geomorphology. Map can be automated through the use of grey scales and continuous
tone.

Contour lines and hillshading are often used together because they complement
eachother. Hillshading gives an overall impression of the terrain but without
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mathematical accuracy. While contours give heights mathematically, but have
information gaps. There demonstrate the skill of visualizing terrain from contours by
1mag1n1ng statues (See Figure-4.3 ) . The level of detail used to produce a hillshaded
image should be more detailed than the level of detail needed to produce contour lines
because shading should reveal the terrain between contour lines.

of study area

To produce a shaded eli@ﬁn&p we neediestimates of the orientation of a given
surface element (i.e. the compone"nEof ] d a model of how the surface element
will reflect light when 1llumma’fed'5bya lig ce plced 5 degrees high to the north-

west. The apparent bggltness of a surface ele on its orientation with respect
and"z 1 the mate: ance values are obtained from a

e ‘%’ WENT

b. Scannifig of contour lines agd raster or Stereogrammetry from ASTER DEM.

buﬂt o ﬂr@ WW@ f}@% lon and error

ight Source is fiXed so that features parallel to the lig t rays may disappear.
Relief features throw unwanted shadows and reflected light upon eachother.

4.2.4. Analytical approach to hill shading
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The thickness of and distance between lines are varied so that variations in light
and dark so as express variations in the slope of the terrain. The light intensity at every
point that uses the cosine of the angle between the light incidence and a normal to the
surface. This method wasn't feasible until computers could handle the bulky calculations.

There introduced the algorithmic means of hill shading (analytical hill shading):
- The dot size is proportional to elevation.
- The reflectance is proportional to the cosine of the angle of incidence with line normal
to surface. - llumination is
adjusted to local relief.

Computer graphics produce analytically-based shading, the application of
uniform rules to depict light and shadeg aphics shading is more concerned with the
overall effect the shading prod: ces anc / ates the result by how well it simulates

reality. Hillshading always --\::; attached to each elevation , surface

analysis such as slope and aspeet;-and is mostesfices ed with revealing the most possible
information about the temraim=Adgorithinic -coneerns" that computer graphics have in
common are: creating a.diffiSEdirght source to softe adows, atmospheric perspective,
shading of convex and conedVe / £5) 2 vealing a surface shadowing by

local light adjustments. A
shadows, transparenc
smoothing.

-3‘\?\ mputer graphics are depicting
ight source b ace textures, and surface

4.2.5. Slope

éce as modelled by the DEM at

Slope is definedfby @ plane- at gent to the s
W 0 -\ ts, gradient, the maximum rate of

any given point and is cOmj
change of altitude.

cucines n B D BN NEIAN T

Slope (degrees) #angle opposite rise/run

varies be ¢ 0 (flat) and vertical Y] 0 '%ggrees
s AT ST

42.6. Aspect
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Aspect is the compass direction of this maximum rate of change. Gradient
(in %) and aspect (in degrees) are the derivative of the altitude surface. Calculated in
degrees of azimuth from north in a clockwise direction, hence north is both 0 and 360.
Cardinal directions are 90 degree (E), 180 degree (S), 270 degree (W), 0 and 360 degree
(N). Steps are necessary in numerical analysis to deal with North having both extreme
values (1,2, 359,360, etc) (see figure-4.4).

43. Geospﬁlﬂﬁgj VRN ‘%Jw 1N

The GIS dataset gelnerated keeping thg-exploration model in view atg as follows:

+ Ciholoky bl fohhae aferded b kstnblotapied eological

maps in different scales and attribute value updated.
 Lineament, fault, fold and thrust zone: generated from existing compiled maps.
 Hostrock ,rock formation unit layer: generated from reports and maps.
» Common drainage patterns and their geological significance.
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4.3.1. Structure lineaments

Lineaments are line features or patterns on earth’s surface which reflect
geological structure. Detection and mapping of lineaments is distinct physical feature, in
the investigation of active fault patterns. On landsat TM images, lineaments usually
appear as lines or linear formations whose pixels are either lighter or darker than the
background pixels. The automatic lineament detection method has been applied with
success using bands 7, 4 and 2 of a multispectral LandSat TM satellite i image of study
area of Thailand and Myanmar. A visual lineament identification was carried out by
Thailand geological map 1:500,000 (1983 edition) and Geology of Burma 1:2000,000
(1981)map and the output was superimposed and digitized as shown in Figure-2.5.

We have also discussed how cational information of each point features of
event can be extracted from ArcV ’ ), ¢ and utilized to describe their spatial
characteristics. In a vector GIS«d: f res are best described as line objects.
A line can be used to repre -m,._& ; geo 2pniC Icatures of various types. Some linear
features do not have to onnectedto fo A ork, such as fault lines of a
geologically active areaware _ﬂ" 0 w- CC ir- 1ous: These spatially noncontiguous
linear features can be ana . without any topological relationships.
Some fault lines are joined / /{ or &\x s. But topologically, there is no

reason for these fault ling8' \ i \\\

/\/ Fault.shp

k) ﬂmwmn"ﬂw

-

Fig-4.5. Structure lineaments of study area.
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4.3.2. Stream network

Drainage pattern is the spatial arrangement of stream and is in general very
characteristic of the terrain. The drainage networks possess a geometric regularity of
different types, which reveal the character of the geological terrain, and geological
feature.

Type Description

M - Geological significance
Dendritic Irregular  branching ’ }::-;f Homogenous materials and
haphazardly, resembling a {rée ) crystalline rocks horizontal beds

__gentle regional slope

Rectangular | Streams having sight-2 ol ﬂ?“- oined/faulted rocks

Parallel Channels runui teep slops: also in areas of parallel
each ot ///}lii\ '\ r gate landforms

Trellis Main stre j - @ l pping or folded sedimentary or

streams

minor {i g fh \ grade meta-sedimentary rocks:
ﬁ ’,\_\b\'\ of parallel fractures
[

Table -4.4. Common drai logical significance.

4.3.3. Drainage density
Drainage densify is a measure agitig. Drainage density reflects
basin’s geology and ‘clinate-Basins-underia ' 5 dermeable materials have low

drainage density; baSifis 1 ob!' “aterials have high drainage
density. I

ﬂumwﬂmwmm
QW’W&Nﬂ‘iﬂJ 1IN Y
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Figure-4.6. Mae Tae Luang .

ARl

Area (A) _‘; _;,'ﬁ i,
Relief (R) a"l_'&-l»""
Relief Ratio (RR) i

Drainage Density (DD)_=

Ruggedness Number (

AUHINYNTNYING

4.3.4. Fractals mQﬂehng and Spatial analy51s

Scalln through a fractal dimension fo ating the spatial
measur m‘i ﬁSlS S g of a geographic

bound
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g ™

Y
Figure-4.7. (b). Map showing ASTER DEM andethe fractal analysis of Nam Mae Tae

ARIANN I e TNEE ¢
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In fig-4.7.aand b, If N;=(N;;+Njo+ N3+ Ny4) =first order
No=( N+ Nas+ Ny4)  =second rder

N3=( N33+ N34) =third order
Ns=Ny4 =fourth order
Ni=(N11+Nj2+ N3+ Nig) N3=( N33+ N34) =4+4
= 60+48+27+16= 151
Nu=( N+ Naz+ Nag) N4=Nuy4
=20+7+8 =
=35
Ry =Ni/ (Ni+1) D=InRy/InR,
- -
Rr=(ri+1) /1
=2
60 48 27
20 7

The representing géologic fez aces, faults, and geological contacts
into line segments whose jOri narized by vector mean calculations
and represented as distrib : lue.  This information can be used to
determine the angular relationskips VES ferent types of geological data and to test

rock distribution arrangement a on (see figure-4.5).

|
AULINENINYINS
ARIANTAUNNIING 1A Y
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