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Development of A Three-Dimensional
Geographic Informantion System for Management

of Yangmingshan National Park
Mu-Lin Wu

Abstract:

Geographic information system (GIS) is very useful for
the management of national parks, to achieve conservation,
recreation, research, and education-simultaneously. A three-
dimensional GIS providing spatial ‘modeling capabilities can
make a decision-making supporf. process efficiently. The
objective of this paper was to develop a 3-D GIS for
management of Yangmingshan National Park. This system
consists of software, thardware, and a data base. The
software involves commercial computer aided design and data
base management packages, a solid modeling package, and a
set of self-developed programs. Personal computers and its
peripherals were integrated in order to meet different
demands within the organization. A 3-D relational data base
was created for 3-D graphic display and solid modeling.
Existing 2-D data bases can be automatically converted into
3-D data bases. This system is user friendly, low cost and
can be used as a companying system with other commercial GIS
packages. Future development should address problems
encountered in technology transfer and a wider range of
application at Yangmingshan National Park.
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ABSTRACT

Implementations of GIS for management of national parks
in Taiwan are almost essential in order to achieve
conservation, recreation, research, and education
simultaneously. A three-dimensional GIS is highly
desirable due to its rough and steep terrain in Taiwan.
The objective of this paper is to develop a 3-D GIS

for Yangmingshan National Park to solve problems
encountered in decision making support and daily
operations. The system consists of commercial computer
aided design and data base management packages, and

a self-developed graphic and image data base management
program. A three-dimensional data base was also created
and its attributes can be extracted for 3-D graphic
displays. This system has been used in computerized
trail design and planning, landslide monitoring,

and change detections. Future developments

involve integration of a commercial GIS package and
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a wider range of applications.
INTRODUCTION

There are four national parks in Taiwan. Conservation,
recreation, research, and education are their management
goals. Yangmingshan National Park is situated at the eastern
edge of the Taipei Valley in northern Taiwan and provides
volcanic and sulphur crater landscapes and spectacular
scenes. Although it only covers about 10,000 hectares, it
attracts many tourists during the blossoming season.

The objective of this paper was to develop a three-
dimensional geographic information system for Yangmlngshan
National Park to solve problems encountered in decision
making support and daily operations.

METHODOLOGY

Cowen stated that a successful GIS should be a management
tool and a decision support system (Cowen, 1988). A GIS can
be defined as a computer-assisted system for the capture,
storage, retrieval, analysis, and display of spatial data.
Three-dimensional GIS capabilities for use in a rough and
steep terrain is-highly desirable. Batten developed a 3-D
GIS model by integration of 3-D computer aided design (CAD)
and 2-D GIS software (Batten, 1989). A different approach
was implemented to develop a 3-D GIS without any commercial
GIS software. Two commercial CAD packages and one data base
management package were used. A self-developed graphic and
image data base management program was used to perform
system integration. This 3-D GIS has all the abilities
evolving capture, storage, retrieval, analysis, and display
of spatial data.

Data Base Development

A relational data base was decided. A set of orthophoto maps
was determined as the base map for the 3-D GIS, which
consist of 27 sheets of 1:5000 scale. Scan digitizing was
used to enter data from orthophoto maps. The Universal
Transverse Mercator System (UTM) was used to register all x,
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y coordinates.

Every contcur line was stored segment by segment depicting
its x, y, 2z coordinates. Elevation of existing roads and
rivers were calculated by means of overlaying these contour
lines on them. Thus, a 3-D data base was created and ready
for perspective plots. The data base consists of data
layers, such as 5-meter contour, road, river, water body,
trail, recreation facility, parking log ﬂ
™)
A 40-meter digital elevation model was prov1ded by Taiwan
Agriculture and Forestry Aerial Suny Institute. Slope and
contour maps were then calculated to compare with the
scanned digital maps. A set of/ images was purchased.
These images can be overla;Qh ;Eaﬁﬁlgltal representations of
the relevant maps. ’ j

Ry

Hardware required fonf?;ls 3-D GIS consists of personal
computers and pe eral devices. Personal computers using
Intel 80386 chi r%ﬁere used. A math co-processor is
required. Two types of color monitors have been used. A
multisync monitor can be used instead. 330 megabytes hard
disks and 800 egabytes optical hard disks were also
utilized. A 9-track tape drive was used to input and output
data. Both a color ink-jet printer and a thermal color
printer were used to provide color hard copies. A laser
printer provides black and white graphics, maps, and was

used to generate final reports. A TARGA-16 display board was
used to display images, both color and black and white.

Hardware

Software

Two computer aided design (CAD) packages, AUTOCAD and
CADKEY, were used to display various perspective plots.
DBASE was utilized to perform spatial search functions.
Overlay functions were perform by CAD packages. A micro-
computer graphic and image data base management

system provides seven data base management functions, such
as display, input, modify, delete, query, and also trans-
forms files from CAD format into DBASE format and vice
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versa (Wu and Chu, 1989). Image manipulations were pérformed
by the Truevision Image Processing System (TIPS).

APPLICATIONS

Applications of this 3-D GIS for management of Yangmingshan
National Park involve a variety of spatial modelling
activities. These activities can be summarized in three
categories,  say, computerized trail design and planning,
landslide monitoring, and change detections.

Computerized Trail Design And Planning

A well-designed trail system is very useful in national park
management. Traditionally, trail design and system planning
are time consuming and labor intensive. This 3-D GIS
provides digital-terrain-model capabilities which were
implemented to demonstrate a new horizon in solving the old
problem.

Three trails have been simulated using 40-meter digital
elevation for trail planning, and a digital map at 1:1000
scale for trail design. Their lengths consist of 3451.6,
1240.8, and 1644.4 meters respectively. Slopes were analyzed
in three categories, such as 1:4, 1:6, and 1:8. For the 1:4
slope ratio, these trails are consisting of 83%, 67%, and
88% separately. Time-of-travel information for each trail
was also calculated. All drafts including profiles, cross
sections, designed profiles and cross sections were drawn by
a personal computer. All cutting and banking calculations
were automatically calculated.

Two-dimensional visual analyses were performed for each
trail at 20-meter intervals on a CAD monitor. Three-
dimensional perspective analyses were performed at one site
in a variety of aspects and view-point angles. Thus, a
scenic site can be analyzed in three dimensions using a per- -
sonal computer rather than by glimpses. The whole process
was shown in the research report of a pilot study (Wu,
1989).



Landslide Monitoring

The geological landscape in this park is formed from
volcanic and alluvial rocks. Cliffs and sulphur craters are
quite common. Usually, the river bed along the cliff
provides nice picnic sites, and these craters are good for
sightseeing. Landslides, no matter what their causes are,
need to be monitored. A sulphur crater should be monitored
closely because of its high possibility of making a
landslide and its beautiful scene. N

Figure 1 indicates that a sulphur-crat ;iéé which was
delineated from an overlay of a digital map and its scanned
orthophoto. Boundary coordinates were automatically
extracted by this 3-D GIS and stored as a DBASE file. Two-
dimensional and three-dimensional phics can be displayed
either from a CAD-format data or a DBASE-format data.
Figures 2 and 3 show differeﬂfﬂﬁerapective plots of the same
sulphur crater. Area of the sulphur crater is 10328.18
square meters which was tained by issuing a CAD command.
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Figure 1. A sulphur crater at Yangmingshan National
. Park.
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Figure 2. One perspec¢tive polt of the sulphur crater

shown_in figure 1.
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Figure 3. One perspective plot of the sulphur crater
shown in figure 1.
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A road-system layer can be overlaid to the sulphur-crater
site to provide information for decision making support
before or after a landslide actually happens. A query, such
as where are areas with slopes greater than 30 degrees can
be answered automatically and their perspective graphics can
be shown on a monitor right away. Thus, areas with high
possibilities of making a landslide can be drawn into 3-D
graphics once data layers were created, such as geology,
soil, vegetation, and so forth. All landsl%des can be
monitored by the same approach. i TP

\ "J:IT':.-'
Change Detections

Change detections of the whole n qio‘t!uldpark are among the
top priorities should be discuss by the 3-D GIS. Remote
sensing techniques are quite uqkf in these regards. Two
different date images should. obtained, then a change
detection can be performed. y one single date SPOT
imagery has been purchasedﬁa d built into the data base.
Change detections by meams of different date imageries can
not be addressed righ ow. However, seasonal changes of
numbers of touris every recreation site are very
important in manikq ent of the whole national park.

Figure 4 indiﬁ tes numbers of visiting tourist at every
recreation site in spring using a set of simulated data. The
number of tourist at a specific site for a given season can
be extracted from a DBASE file and its perspective plot can
be displayed on a monitor for an efficient review process. A
map consisting of recreation sites shows on a color monitor
can be qurried what are their associated non-graphic
attributes, and answers are shown on the other monitor right
away .




Figure 4. Numbers of visiting tourist at recreation sites
in spring at Yangmingshan National Park.

CONCLUSIONS

A three-dimensional geographic information system has been
developed for management of Yangmingshan National Park. The
system consists of commercial computer aided'design and data
base management packages, and a self-developed graphic and
image data base management program. Only personal computers
have been used. A three-dimensional data base was also
created for a portion of the whole national park. However,
this 3-D GIS shows its abilities in providing perspective
plots from different view positions quite efficiently. A
decision making can be supported by various perspective
analyses. Potentials of the system are not confined to the
three types of applications demonstrated in this paper. A
wider range of applications have been pursuing right now.
Future developments involve integration ‘of a commercial GIS
with this 3-D GIS, and more vivid, true three-dimensional
graphic displays.
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