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VISUALIZATION SYSTEM FOR DIGITAL ELEVATION MODEL IN
GEOGRAPHICAL INFORMATION SYSTEM) THESIS ADVISOR: ASST. PROF.
WIWAT VATANAWOOD, PH.D, 97 pp.

This research develops a 3-Dimensional visualization for Digital Elevation Model
(DEM) in Geographical Information System (GIS) by using algorithm of Continuous
Level of Detail (CLOD) to achieve realistic geographical 3-D output with necessary
land based information. The system ean fairly well display global surface conditions
and altitudes as well as visualize other three dimensional land-based data. An
application of the Distributed Transmission Line at 115 kV is used as the case study.
The Distributed Transmission Line is demonstrated in 3D graphic by replacing 3D
symbols of electricity poles: The system can also display the attribute data, particularly
the titles of location, by using Data Layers Management and display on web browser
by VRML file.

This research was applied to the planning, analyzing for Distributed
Transmission Line at 115 kV at the area of mount-and plane. The system could
illustrate the 3D scene and alse-provide many functions such as Zoom In, Zoom Out,
Rotation, Searching and Measuring distance. As a result, an efficient visualization in
real world data of 3D terrains and objects can-be achieved to-support electricity

planning and maintenance.
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- Cortona Waunlng Parallel Graphics tulilsunssigsud lasuniswmunasing
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Group
{ Transform {
children [
Inline {
url " Elevation/Nakornthai_area2.wrl
} #Inline
1 #Children
translation 0.0 0.0 0.0
} #Transform
1 #Children
} #Group
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2.1.5.2 N15IATIEUTEULFAR
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3 1
®  NUNNANAAUNTABALIIUIA 22 1A Ta1NNTDIuged 118 i 1

TNy

A dldld ! ' 1 ' v A 1 1
®  WUNNNMINTLULUNNTITUINLAIVNAULNU 80 LNAT L1 n19tntadna

| 15 A =
N’]‘LALLN%WM?@U\WJ%’]@W@

NANPBUNTABAWINIUIA 22 3. U LA IATIIAAN ALANALLL H-Frame

3117 2.5 1iinaaeLan [11]
2.1.6 Continuous Level of Detail (CLOD)

\udunauids (Algorithm) 284n19LumasTayar1AN4e TnearlinnNazIBsATes
ATUNTNNNTUAASE AT UANFIIUATNIZE ZUNNTBINNNOINITUAAINAAINTZALNTNOIADE

dj a Yo 12 dl 1 2 o 4 s = '
anapavesuielad deyaneglndsaunaiensatagrnaasildianuazi@saninnagn

o X dd dy :

Uannunauniszazvinseeniy

CLOD wmdnnsvasikigiaaslasaaiaduld 4 s (Quad Tree) T4a1u1301N0
wansliag lugilaagimyandnFandn Quadtree Matrix [13] NHaWIA W x H tag W Aapad

% ¥ A ! % L% v 3| 1 U
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!
=

wilalusndidunoaiu Tnaenaazimualidniuualu (Leaf Node) Henfiunusaeeuel

wazdoulnupusl (Parent Node) azunusiaaAniuinnaneu Asgii 2.6
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71l 2.6 ULAAN Quadtree Matrix [13 ]

wWaldseAunananan (Level of Detail: LOD) n9ausiall nnsuanssulsd 4 Tnuaaag

¥ a - 1% v %, ' Y XA 1 | Vo [%
dayanilsvine (Terrain) azpedgnaiiannafaluuaaziien vieilineasliudladiiiandes
v v

praulldvanniu deyagflszimatiuazgnaineiuli 4 Twuasdelliieuansdeyaly

o—

Aawnitdei nisAusAalumvEngazineaiuiun1sdunanteslassairesiuldsely uay
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azaiauluusiazivun daluuned luseituansninignseszan inumiuiulauagn
Tnanszuqunsresdung Ui an1asandn (Recursive Algorithm)
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N2AYN IHTUARWIEENIEUUNT19 2 atglulsazined Nudarivunaedniszandidn
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317 2.7 masuee fEuld 4 Tnualaanismnaaiuinass
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298290118 TUAHLANFANIBITLAUBAAIAINTAY 2 TMUANRAR W IUIZALILAASAINALYINAY
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(Neighboring Node) azgnasiaaausauazazmgani f1luuamanies lussAuuansnind
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aziiuliddunands CLOD A miunisuansnadeyauiy 3 86 4 miudays DEM 1
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o o =

990139 wifddedaninluisesaesauinvesdayan llmunzaniudeys DEM nRawalunlu
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v
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A3TN1E59NINNTIAN 3 WA ee U Ldune1ds ROAM (ROAM Algorithms) @autli

a

TuF0UAS lWNN9a5 9N NN 3 HRduFuNIsuaninadeys DEM Nalasaai1eaun g

WATLABUAE ROAM Ansrunun1niauing luann1sua9n14519m191e (Mesh) T9lAny

o

usﬁ@uLL@qumnﬂdﬁum'wﬁdﬁ CLOD [14]
2.2  UARENLNEITRY

2.2.1 An Algorithms for the Visualization of a Terrain with Object (1997)Tmel Flavio

Szenberg, Marcelo Gattass was Paulo Cezar Carvalho [15]
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v
28IN1TNBININAINA18A ILE Rz A LUeEdar N asuaes lU uda A untatiug uas
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2.2.2 3D Visualization and Query tool for-3D City Model (2004) Ing R. Dogan, S. Dogan
Lae M.O. Altan [16]
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aei1aliLsrAnsnn Inenisldlassa¥regudeyautuainduiug (Relational Database)
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v
o Y

(Attribute  Table) 1asdudayatiu iWunaliannsnGanfulazuaninadayasdayanin

u

nanuazdayanmudansnirauld

2.2.3 3D Geographic Reconstruction and Visualization Techniques Applied to Land

Resource Management (2003) a8l S. Grunwald Kae P. Barak [17]
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2.2.4 Virtual GIS: A Real-Time 3D Geographic Information System (1995) a8 D. Koller,
P.Lindstrom, W. Ribarsky, L.F. Hodges, N. Faust L8z G. Turner. [18]
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2.2.5 Using VRML as an Interface to the 3D Data Warehouse (1998) a8 V. Coors Whae
V. Jung. [19]

%
Ao Ao v

NURAEININTaF s UUNEENg1 GOOVI-3D Asuans gyl 2.10 iainnsisaxse
sendne g udeyassuvansaumaniagisnans 3 Fagaiugiudeyasuinaudig
ey ezFessaneteyaanuuacsine e liainisouansdeyaldatnasudou tne

1 A 1 a T & 26 ¥R a o o o o ¥ 14 1 =
Hounaazednedunesidn §ldaeauisadjaniusivinguazgiudeys lietned
UsgAnEnIn Teszuuiigninuiniaanni#ia1ntaald CORBA  wazniunlsunsua¥ng
nwaiauasa(VRML) unalisvasaiignialdlddaniuntsaiallsunsutlszanslusnu
o o A v o ¥ o % o dl a 1 dl o
nsdnnisdailes wazfiaelddmiuduuuulunaimun luisesaesnisfnsie @an oty

a

Fudeya uaznisuanradeyareeing 8 4R Naun aduLImes

2.2.6 Real-Time Generation of Continuous Levels of Detail for Height Fields (1998) Thel
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M3 N.4 1A9aF19day a8l L LA ABNTEALIAINAAUTILAY

Byte Offset Length Contents Description
A marker which indicates that this is a BT
0 10 "binterr1.3"
1.3 file
Width (east-west) dimension of the height

10 4 (int) Columns
grid.

Height (north-south) dimension of the

14 4 (int) Rows
height grid.

18 2 (short) Data size Bytes per elevation grid point, either 2 or 4.

20 2 (short) Floating- If 1, the data consists of floating point

point flag values (float), otherwise they are integers.

22 2 (short) Horizontal 0: Degrees

units 1: Meters
2: Feet (international foot = .3048 meters)
3: Feet (U.S. survey foot = 1200/3937
meters)

24 2 (short) UTM zone Indicates the UTM zone (1-60) if the file is
in UTM. Negative zone numbers are used
for the southern hemisphere.

Indicates the Datum, see Datum Values

26 2 (short) Datum
below.

28 8 (double) | Left extent The extents are specified in the coordinate
space‘(projection) of thefile. For example,
if the fileis using UTM, then the extents are
in UTM coordinates.

36 8 (double) | Right extent

Bottom
44 8 (double)
extent
52 8 (double) | Top extent
60 2 (short) External 0: Projection is fully described by this
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projection header
1: Projection is specified in a external .prj
file
62 4 (float) Scale Vertical units in meters, usually 1.0. The
(vertical value 0.0 should be interpreted as 1.0 to
units) allow for backward compatibility.
Bytes of value 0 are used to pad the rest of
66-255 190 unused

the header.




1319 .5 Tassairedayaudnmnlva (Main File Header)

87

Position Field Value Type Byte Order
Byte O File Code 9994 Integer Big
Byte 4 Unused 0 Integer Big
Byte 8 Unused 0 Integer Big
Byte 12 Unused 0 Integer Big
Byte 16 Unused 0 Integer Big
Byte 20 Unused 0 Integer Big
Byte 24 File length File length Integer Big
Byte 28 Version 1000 Integer Litter
Byte 32 Shape Type Shape Type Integer Litter
Byte 36 Bounding Box Xmin Double Litter
Byte 44 Bounding Box Ymin Double Litter
Byte 52 Bounding Box Xmax Double Litter
Byte 60 Bounding Box Ymax Double Litter

Byte 68* Bounding Box Zmin Double Litter

Byte 76* Bounding Box Zmax Double Litter

Byte 84* Bounding Box Mmin Double Litter

Byte 92* Bounding Box Mmax Double Litter

Value Shape Type
0 Null Shape
1 Point
3 PolyLine
5 Polygon
8 MultiPoint
11 PointZ
13 PolyLineZ




15
18
21
23
25
28
31

PolygonZ
MultiPointZ
PointM
PolyLineM
PolygonM
MultiPointM

tiPatch

SONUUINYUINNS )
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1319 1.6 Tassaisdayawlngiuuqn (Point)
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Position Field Value Type Number | Byte Order
Byte O Shape Type 1 Integer Litter
Byte 4 X X Double Litter
Byte 8 Y Y Double Litter

;1319 1.7 tgeainsdanamninaudu (Line)

Position Field Value Type Number Byte Order
Byte O Shape Type £ Integer 1 Litter
Byte 4 BOX BOX Double 4 Litter
Byte 36 NumParts NumParts Integer 1 Litter
Byte 40 NumPoints NumPoints Integer 1 Litter

Byte 44 Parts Parts Integer NumParts Litter
Byte X Points Points Point NumPoints Litter

51374 1.8 laseafsdiagamninduiugiitle (Polygon)

Position Field Value Type Number Byte Order
Byte O Shape Type 5 Integer 1 Litter
Byte 4 BOX BOX Double 4 Litter

Byte 36 NumParts NumParts Integer 1 Litter

Byte 40 NumPoints NumPoints Integer 1 Litter

Byte 44 Parts Parts Integer NumParts Litter
Byte X Points Points Point NumPoints Litter
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Development of a Three Dimensional
Geographic Information System for Visualizing
Distributed Transmission Lines at 115 kV

Weerapat Tanya and Wiwat Vatanawood

Abstract-- This paper proposes a Three Dimensional
Geographic Information System (3D GIS) for visualizing
distributed transmission lines at 115 kV on the Digital
Elevation Model (DEM) which is rendered in three
dimensions. The 3D GIS can fairly well display global
surface conditions and altitudes as well as visualize other
three dimensional land-based data by using the
Continuous Level of Detail (CLOD). The Real world data
of 3D terrains and objects is efficiently visualized. The
proposed method supports electricity planning and to
analyze the constructions or maintenance by Provincial
Electricity Authority (PEA) of Thailand. Moreover, this
work is able to efficiently save a great deal of time and cost.

Index Terms--3D GIS, Digital Elevation Model,
Continuous Level of Detail

I. INTRODUCTION

Typically, the Geographic Information System (GIS) has
been widely used in many organizations because this
technology can be used in management and analysis of spatial
database to facilitate planning and decision-making processes.
Hence, the existing system demands further development in
order to increase its efficiency and potential in-terms of
management, analysis, and decision-making. Moreover, the
system should also be enhanced to display three dimensions
(3D) virtual reality graphics on common- personal computers,
which will surely enhance the ease of use.

An example of the applications that can take advantage. of
such technology is the database system' of ‘distributed
transmission lines at 115 kV from the Provincial -Electric
Authority (PEA) of Thailand. The data obtained from the
database should be used.. in construction _planning,
development, and improvement of " the transmission line
systems as to deliver highly'reliable and efficient servicesto the
population [1]. Yet, details of the data to be taken into
consideration are for instance the actual wiring of the

W. Tanya is with the Department of Computer Engineering, Faculty of
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Electricity Authority, Bangkok, Thailand
(e-mail:Weerapat.t@student.chula.ac.th).

W. Vatanawood is with the Department of Computer Engineering, Faculty of
Engineering, Chulalongkorn University, Bangkok 10330, Thailand (e-mail:
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transmission lines, geographical information, and the usage of
the areas under projects, all of which demand careful and
accurate analyses. Nonetheless, in the present, the GIS
currently used by the PEA can only displays data in two
dimensions [2], but cannot render virtually real graphical data,
causing the executives or other staff members not to be able to
effectively exploit the available data in decision-making
processes. Also, those who are responsible for planning of
wiring the transmission lines lack prerequisite information for
surveying and studying the actual areas for the desired projects.
This in turn results in more time and budget consumptions.

Those problems have become great concerns and motivated
further research in 3D graphics. For example, one research
proposed [3] proposes a method to adjust the data display of 3D
terrains by layering raster images of aerial photographs and
road data on the 3D terrains. However, this method still has not
yielded good details and graphics which are realistic enough.
Another work by F. Szenberg [4] developed a method to
display 3D objects inserted in the 3D terrains in order to add
details, yet those details of the area usage and attributes are still
incomplete. Hence, the later work [5] developed tools that can
efficiently display and search 3D data by using the relational
database structure and arranging data into layers. Each
respective data layer had its own attribute table which avails
both the search and display both graphical and attributive data.
However, the process tended to be quite slow. Therefore, S.
R"ottger [6] developed an algorithm called the continuous level
of detail (CLOD), which efficiently and rapidly enhances
graphical ‘rendering. The main concept behind this is 3D
representation of the surfaces which is closer to the eyes should
have more details than the surfaces in other areas. So, it is
possible to take the benefits of the algorithm to produce 3D
graphics-of a-desirable-level-of.detail, to obtain virtual reality
graphics, and to appropriately apply this work to the system of
distributed transmission lines at 115 kV.

This research proposes a three dimensional geographic
information system (GIS) used to display the data of the system
of distributed transmission lines at 115 kV of the Provincial
Electricity Authority (PEA). The data display will also be
incorporated with the Digital Elevation Model (DEM) and with
the land-base data adopting the CLOD algorithm to render and
adjust 2D graphical data to 3D. The system is also capable of
presenting attributive data accurately.
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Fig.1.The proposed architecture of 3D GIS System

II. THE 3D GIS

This research focuses on designing and developing the
geographic information system in 3-dimensional graphics by
migrating data in 2D to 3D and linking to attributive data in
order to add more details of the graphical displays as shown in
Figure 1.

A. Data preparation

Original data obtained from many organizations that use
geographical information systems depending on the collection
and the usage of the owners. Therefore, in this work, it is
essential that the available data is must be processed and
adjusted in order to achieve the optimal performance for 3D
rendering.

Fig.2. The digital elevation model whose shading and
coloring vary with respect to altitudes.
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- The Digital Elevation Model

The DEM is raster data which contains coordinates and
altitudes on the map. This type of data can be used in 3D
modeling and analysis by rendering the map in different colors
on the specified ranges of areas, so the elevations of the areas
can be easily visualized. In this research, the DEM data from
NASA were used. NASA collected the elevation characteristics
all around the world with different standards [7]. The DEM
data in Thailand, as shown in Figure 2, contained in the HGT
file format.
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Fig.3.The data of the system of Distributed Transmission
Lines at 115 kV

- The Data of the System of Distributed Transmission Lines
at 115 kv

The PEA has surveyed and collected data of the system of
distributed transmission lines at 115 kV by using GIS in both
data management and data administration. The Distributed
Transmission Line are stored in in “shape file” [8] format
which contains details such as the types of transmission lines or
the types of electric poles and towers. The data of the system of
Distributed transmission lines at 115 kV was displayed by
Arcview 3.3 [8], as shown in Figure 3
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Fig.4. Displaying the data of Surface.



- Land-based Data

This type of data is obtained from the resource
administration and management agencies that are responsible
in the areas. The data in shape file format contains
construction information and surface characteristics such as
forest areas or communities [9]. The data can be stored in
terms of points which specify locations of places or polygons
for larger areas shown in Figure 4 by Arcview 3.3 [8].

Fig.5. Selection of the specified areas in the DEM.

B. The rendering

- Selections of the areas to be represented and changes of file
structures

The originally available data files containing information on
the altitudes of the areas in Thailand tended to be too large to
render. In order to increase the efficiency in 3D rendering, only
the desired areas were cut and chosen by DEMEdit [10], as
shown in Figure 5.

- Graphics rendering

The algorithm proposed by S. R"ottger [11] was adopted for
rendering the 3D graphical data by a technique so-called
“continuous level of detail”. This.algorithm is formulated as a
quad tree structure which is represented as a quad tree matrix
with the size of W x H where W is the width of the data size and
H is the height. In Figure 6, each node of the tree may. take on
any value within the same matrix. For.example, the leaf node
may have the value of zero, and other values should represent
its four children nodes.

In render to each frame, the algorithm performs two types of
computation simultaneously. First, it traverses along the tree
structure, where each node is found and considered whether it
is a leaf node or a parent node. At the same time, if a particular
leaf node is found, the program will draw a triangle. However,
there must be a difference in terms of detail between any two
adjacent nodes. The program will inspect the neighboring node,
while drawing a triangle. If the node nearby corresponds to a
lower detail, the program will terminate.
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Fig.6. Levels of detail of graphical display where the darker areas
have more detail. [12]

After that, texture will be added in order to obtain different
colors with respect to different altitudes. OpenGL [13] will be
applied to creating 3D graphics, as shown in Figure 7.

Fig.7. 3D graphical data obtained by rendering.

- Displaying 3D objects

The 3D objects symbolize various types of data such as the
system of distributed transmission lines at 115 KV and other
data designed by 3D programs, for instance, Wevefront and
AutoCAD [14]. Those 3D object symbols are to replace the 2D
point data, as shown in Figure 8

- Displaying attributive data

This type, of data gives textual details such as titles,
coordinates, ‘or locations to supplement the 3D graphical data.
This was accomplished by linking to the spatial database [15].

A

Fig.8. 3D object representation.
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I1l. TESTING

The 3D GIS in this research is applied to many case studies,
such as the analysis and planning of the construction and
improvement of the system of distributed transmission lines at
115 kV which belongs to the Provincial Electricity Authority
(PEA). Besides its ability to display 3D graphics and attributive
data, the program is able to perform several graphical
manipulations, for example, panning, zooming in, zooming out,
rotating, and navigating, as shown in Figure 9..Moreover,.it.is
also able to give the altitude of any point as desired. In the
actual application, the physical data of Phitsanulok Province
are considered because those locations are already within the
coordinate at North 17 East 100 (UTM Zone 47 WGS84). Their
geography is high mountains alternating with plains and-also
had high voltage transmission lines passing-through; which-are
under the supervision of the planning and design group, PEA.
[16]

IV. 'RESULTS

At the results of our implementation, it ‘was discovered
that the operator was able to analyze and consider the data
based on the key aspects of analyses, the distances between any
two points, and the elevations of the terrains, efficiently and
accurately. In Table I, the results are virtual 3D graphics which
greatly reduced time and budget in performing the actually
on-site surveys. Nonetheless, the efficiency and the necessity of
the data usage may appear to be different across various types
of the geography. The operators may observe that the system is
more suitable for the areas of high mountains than the areas of
plains, because the analysis on plains is relatively simple.

-

}Ifaﬁie I. Comparison between the 3D GIS and the original 2D
GIS on planning and analysis to improve the system of
distributed transmission lines at 115 KV.

g

 Applications 2D GIS 3D GIS

- Determining Being able to Being able to
t[:u_%D‘lfstributed Display the Line | Display in 3D
T]qﬂé‘mi§sion data by Arcview | graphics.

Line and ArcGis.

Analysis of Being unable to Displaying the
the elevation display the value | value of the altitude
data of the altitudes at | at a desired point as

a desired point. well as the 3D
graphic
representation.

Inspection of Measuring Measuring
the connecting | distances in distances between

locations of the. | Arcview, which connecting points

neighboring results is errors. and yielding values
transmission close to real values.
line systems
Inspection of Displaying the Displaying the
the Surface data | geographical data | surface data as 3D
as polygons. objects.




V.DISCUSSION

This research has offered only the data of system of
distributed transmission lines at 115 kV on different elevations
from the digital elevation model data by using the 3D graphical
representation, yet has not provided an updating system to be
used to adjust for up-to-date data. Also, in order to apply this
work to a more complex analysis, it is essential to acquire more
complex data and procedures than those found in this work.

VI. FUTURE WORK

This work has only presented 3D graphics. For further
developments, the system should allow users to be able to
change, adjust, improve, and update both the 3D graphical and
the attributive data in order to support more complex analyses.
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