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Abstract

Three Dimensional (3D) and Virtual Reality (VR) GikSone of the interested research fields for
environment related applications. As the fact thaje data and information should be processed
in order to establish a 3D and VR oriented GIS, rélated applications did not get too much

progress.

Kuwait has much geospatial related data resourdeshwvere collected by different ministries
and agencies. Those databases include remotagemsiges, aerial photos, and GIS datasets.
Due to the limitation of geospatial hardware, saftey technology, manpower, and system
implementation methods in processing of those messy much of the data are still stored as raw
information or simple GIS datasets. Clearly, thengful data resources might be used for 3D
and VR GIS modeling which may serve almost everyegament department and private
company.

In this paper the authors presented a Comprehelkiitéevel Modeling (CMM) method for the
establishment of 3D and VR GIS system based oretiv@onment of Kuwait Administrative
distribution. The Multilevel 3D and VR GIS methasidivided into 5 levels which are national,
regional, local, objective, and internal level. cAading to the CMM method, a 3D and virtual
GIS system can be implemented by different grouifis very fast speed.

In the research, the authors selected Kuwait @sydential area and the south of Kuwait which
cover more than 1,000 square kilometers as an iexgraial place for the test. Different GIS
datasets, remote sensing images, and stereo pbotds were collected as the original data
resources. By the analysis of the data quality @oskible application trend, a 3D and VR GIS
which includes the detail features of Kuwait Ingt for Scientific Research (KISR) main campus
and one of a public interested place of Shark Mal established. The system has the functions
for displacing and analyzing 3D and VR geospatiédrmation from CMM national level to
internal level.

Clearly, CMM is an efficient method for the estabinent of 3D and VR GIS system. The
method is being used by the authors to establesimational 3D and VR GIS system.
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1. Introduction

Three dimensional (3D) and virtual reality (VR) geaphic information system (GIS) has

demonstrated strong application requirements fty planning, transportation management,
emergency response, and environment related decisaking (Kwan and Lee, 2005). The 3D
geometry features which were included by GIS caulgply geospatial dimensional information
for decision makers. The VR objects in GIS coulelphpeople to get comprehensive
understanding of environment issues. The intedraz and VR system could also supply spatial
based analysis functions by combining plentiful @jects’ attribute information. Apparently, the

advantages of 3D visualization information are isglole to be rivaled by traditional 2D GIS

model.

Actually, 3D and VR GIS model is very expensivebim established by traditional technologies
(Yongping Zhao, et al, 2000). It is constrainedsbyies procedures such as high resolution aerial
photos (remote sensing images) acquirement, gra@omirol points collection, 3D modeling,
geometry features extraction, and the 3D and V&iin&tion representation. Each procedure that
needs digital photogrammetry, remote sensing, $inyeGIS, and 3D visualization technologies
should be performed by professional people. Tbeegfhigh resolution 3D GIS modeling is
recognized as a luxury geospatial product whicstilspending for efficient scientific solutions.
This situation is the same even for small countighsas Kuwait where only the small scale 2D
GIS is prevailed in using (Dirk Hermsmeyer, et2805.).

Several methods have been used to establish 3DaMBKS produced impressive results. For
example, Kolbe and Groger (2003) have defined reiffelevels of detail (Lod) which were used
to construct a 3D city model; Altmaier and Kolbed@3) tried to construct an interoperable
architecture for 3D geo-visualization based onrtB& project; and OGC developed Geography
Market Language (GML) to define 3D GIS modeling figo(OGC 2003). Anyway, the
researches were either focused on 3D objects tlheraser only considered how to design
methods to satisfy projects’ requirements. It isdh&o use the similar methods for fast
implementation of large scale 3D and VR GIS modelin

Some popular GIS related software such as ArcGRRAS, and AutoCAD has supplied special
functions to process 3D and VR information. Foaraple, ArcGlobe can be used to display 3D
and VR GIS information in a global dimension; Ace8e can be used to edit and analyze 3D GIS
features with integration of other GIS layers; ImagVirtualGIS includes plentiful VR GIS
analysis functions; AutoCAD can be used to pro&3sand texture information. However, all of
these packages are based on some assumptionsmdgstiof 3D and VR information should be
created by professional data products providers.pittkages themselves are only used to display
and analyze 3D and VR GIS information. Evidenthgyt are unrealistic assumptions where high
resolution 3D datasets are insufficient in reality.

In later of 2004, the GIS team in KISR began tastigate a method for establishing 3D and VR
GIS model with digital aerial photogrammetry andSGéchnologies. The first experimental 3D
and VR GIS model was established in March of 2005s a KISR main campus based 3D GIS
model (Figure 1). The included 3D features suchudldings, roads, grasslands, parking lots, and
boundary were extracted from stereo model which established by the support of high



resolution aerial photos and accuracy ground coptrmts (GCPs). It was an initial success in
the exploring of Kuwait 3D GIS modeling method (\gping Zhao, et al, 2006). Later, the team
extended the experiment to Kuwait city resideratiala and the south desert area of Kuwait which
cover about 1100 kinterrestrial land. By series experiments, a Comgmsive Multilevel
Modeling (CMM) method was developed by the authoféis method can be used to establish
3D and VR GIS model efficiently in small countriasch as Kuwait.
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Figure 1. KISR 3D and VR GIS Model

2. Requirement of High Resolution GIS Datasetsin K uwait

Recently, Kuwait has had tremendous changes whiete weaded by city planning and road
reconstructing. Many new buildings have been dishaal and the highways reconstruction has
also got much progress. At the same time, Kuw&iogernment strategy has demonstrated fast



development by the support of government and IThrielbgies. This supplies an active
development stage for GIS, photogrammetry, and rersensing related geomatics technologies
in supporting government decision making.

Compartson of KEIS, Soil Survey, and KGIS Data Accuracy
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Figure 2. Comparing the boundary accuracy of KBI&@| Survey, KGIS, and the Orthoimage databas&simait
Shark Mall and Green Island areas.

However, Kuwait current scientific based GIS dam$mve drawbacks in supporting the related
high resolution geospatial applications. The aur@®IS databases were established with lower



scales base maps and were digitized by differesh@gs. The nonstandard designing procedures
might result in confusion when using the systerfégure 2 is the comparison of Kuwait Soil
Survey GIS datasets (Grealish, etc. 2005), KuwaiirBnmental Information System (KEIS
phase | and KEIS Phase Il) (Abdul Nabi Al-GhadbE997), and Kuwait Basic GIS Datasets or
Kuwait GIS database (KGIS) which are being use&I8R. In order to compare the errors
which are existed in the systems, a high accuraegé database was established by the authors.
By the comparison of the boundary information igufe 2, we could find even for KGIS which
has the advantage on accuracy in comparison withSsovey and KEIS databases, the non
systematic errors are still existed in the boundager. If the data scale was enlarged to
1:10,000, the errors in the zoomed in places dii Ightark Mall and Green Island can reach to 50
meters if they are compared with the image database

According to the results of the conflict betweer thcreasing application requirements and the
weak of current GIS databases, a high resolutid database should be designed to support the
increased market requirement. In the late of 28@3 high resolution aerial stereo photos which
cover Kuwait terrestrial environment were takenthwy cooperation of Kuwait Municipality and
SwedeSurvey. The photogrammetry scale was 25,0@hwine pixel resolution could reach to
38 centimeter. It is a plentiful geospatial infotia resource that may be used for extracting
unlimited geometry related information. At themeatime, different agencies such as Kuwait
Institute for Scientific Research (KISR) have ldued several new projects which are using high
resolution remote sensing images such as QuickBitl IKONOS information for environment
related research. All the high resolution imagafgrmation provided us a possible opportunity
to develop a new 3D and VR GIS system for geodpapiplications. The CMM method was
developed under this circumstance to leverage thekeh requirements and the increased
geospatial technologies.

3.CMM Architecture
Comprehensive Multilevel Modeling (CMM) method f8D and VR GIS was defined by the

support of Kuwait 3D GIS Modeling pilot project. it a systematic method which was designed
for fast establishment of 3D GIS model with lespense in small countries such as Kuwait.
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Figure 3. CMM 3D and VR GIS modeling structure.
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The CMM method was divided into national, regiorlatal, objective, and internal levels to
construct a national 3D and VR GIS model (Figure 3Yhe national level is focused on the
process of lower resolution datasets in geodatadnasdehe internal level is to process the highest
accuracy geometry information in 3D GIS modelinthe 3D and VR GIS modeling procedures
may follow the hierarchy structure from nationalinternal level or use the overlap method to
jump down from any higher hierarchy to the thirdfaurth level.

The CMM method can also be concluded as externdliaternal structure. The external
structure includes the national, regional, locad abjective levels and the internal structure
includes only internal level. This classificatisapplies a clear clue for users to define their 3D
GIS modeling requirements and aims before starpaoigcts.

3.1 National

The National level of CMM method is located at thighest hierarchy in a national 3D GIS
modeling structure. The geometry information instkevel includes lower resolution remote
sensing imagery such as Landsat and Spot imag& o@line layers such as boundary, main
roads, and administrative regions, digital elevatmodel (DEM), and the related attributes
information. The map scale included in this lesddelow 1:100,000.

National level 3D GIS information mainly supplieket bird viewing of the national wide
geographic information. It shows the general oetlihat helps decision makers to have a
comprehensive understanding of the national regsurd his relative lower accuracy information
may be used for environmental analysis and plannimgtional level.

a. 2D image and road information b. 3D image and road display

Figure 4. Information representation at Nationetle



Figure 4 is Kuwait 3D GIS model represented at tiaional level. Figure 4a is a 2D
representation and Figure 4b is a 3D representatiche same environment. The integrated
boundary, road, and remote sensing imagery infeomabuld show the national general resource
and environment information. Attributed to the admition of remote sensing images, the
neighbor countries' environmental information néawait could also be represented easily by the
system. This is helpful in processing boundargtesl information.

The image dimensional information included in 3DSGhodel should be little bigger than the
investigating or modeling area. This is owing to @Bplay where more wide space is needed to
acquire a fully showing of the environmental relaship.

3.2 Regional

Regional level is defined based on administrate&tisns. The information included in this level

is interested by managers who want to know theuregs related to their administrative regions,
such as a region of a county or the combinatiooowninties — for example a province or a state.
The imagery information in this level should hake ticcuracy for region related decision making
such as residential planning, population migratamalysis, transportation management, and
emergency response etc. As low resolution resemsing imagery is not enough for the related
analysis, high resolution remote sensing imagesh(sis IKONOS and QuickBird images) and

aerial photos may be used to help the decisionngaki
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Figure 5. Information representation at Regioewakl

8



GIS features such as roads, administrative bousglaaind typical landmarks are helpful at this
level. The regional database related to populationses, schools, banks, and hospitals are also
needed for further analysis. By the combination GIfS features, images, and database
information, the 3D GIS model could help decisioakers to acquire more detail resource
information by quantitative analysis in a 3D enwingent.

The geometry information in this level is basednational or regional basic maps. The original
mapping scale which doesn't exceed 1:25,000 is gendugh for the related application
requirements. GIS database at this scale maydgli@apartly be created by national georelated
agencies. The role of 3D GIS model at this leseloi give a more detail bird viewing of the
environmental relationship and the terrestrial gesranalysis of the regional land.

Figure 5 is the illustration of Kuwait 3D GIS datsle where remote sensing images and aerial
photos were used together in 3D GIS modeling. fEmote sensing images are the heritages
which came from the national level in CMM structuréfter the visualizing scale of 3D data
reaches to 1:100,000 or higher, aerial photos #@ytdresolution remote sensing imagery will be
used to display more detail information. If thei@ephotos in some regions are still missed, the
lower remote sensing images are the alternativieropt

3.3 Local

Local level is defined to bear the creation of magality 3D and VR GIS system. 3D buildings
and DEM information at this level will be used fpuantitative analysis and decision making. The
geometry information of 3D objects should be exeddy special survey method such as digital
photogrammetry.  Public interested buildings andeab may be texturized with the
corresponding facets photos.

a. 3D GIS represented in local level with detajects. b. 3D GIS represented in local level with selecibjcts.

Figure 6. Information representation at Local leve



The mapping scale of 3D and VR GIS system at Ims@ll should be from 1:2,000 to 1:25,000.

According to mapping accuracy requirement, 3D dbjeextracted by photogrammetry

technology could match the precision. This medwgggrammetry technology will play the key

role in extracting 3D objects for 3D GIS modelitgjigh resolution remote sensing images and
aerial photos will be used as geometry informat&sources.

Figure 6a and 6b are 3D objects represented inllead. Figure 6a includes all 3D buildings in

KISR main campus. The 3D objects can be usedrfeige spatial analysis and application. The
information may also be used for KISR environmelainping and engineering application. For
example, it has been used for KISR network manholgsping and distribution analysis. Figure
6b includes a part of 3D buildings of Kuwait cityhis situation will happen in any Local based
3D GIS constructing project where only part of 3Beats may be modeled. Owed to the lack
of manpower and financial support, 3D GIS modelingy cover a part of 3D objects of the

researched local area.

Local level 3D GIS modeling projects may be reqeediy local governments or agencies where
3D GIS will be used for their engineering plannargd environment management, such as KISR
3D GIS model. Especially with the development aflely usage of internet and intranet
technology, more and more agencies will focus anpees based 3D and VR GIS modeling. The
development trend will encourage investigatorsreate more useful 3D GIS models.

3.4 Objective
Objective level contains the highest accuracy temal 3D GIS modeling. It is a key procedure

where high accuracy and reality 3D objects willdesigned. The visualization effect of 3D GIS
will be directly decided by the designs during tbigel.

a. Complicated 3D and VR GIS objects with texture b. The complicated huge 3D objects
information.

Figure 7. Information representation at Objeckbxe|
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3D objects in Objective level will be created by ttombination of photogrammetry and survey
technologies. Some complicated objects such asdhe structure in Figure 7a (the upper left)
and the multilevel structure in Figure 7a (the lovedt) are difficult to be extracted from stereo

images. Those 3D objects should be created witltiaal edit work after the sketch structures
were extracted. By further design and attachménéxiures information, the more reality 3D

objects will be created and integrated to the GtEeh

Some existed 3D objects or buildings' designingsmapy be used for the implementation of 3D
GIS modeling at Objective level. If the relatedigaing or engineering maps could be acquired,
the georeference information should be allocatedheo corresponding points.  After the 3D

model is constructed, the accuracy of the objdubsild be verified by field surveying. 3D maps

may also be combined with photogrammetry technokeggreate more useful 3D GIS model.

Although the objects accuracy may be lower than Céé€3igning or large scale surveying

technology acquired ones, it is good enough foiG3B modeling.

The mapping scale for 3D objects at Objective lsbeluld be large than 1:2,000 and may reach
to 1:500 or higher. Figure 7b is an example ofd@ipect at Objective level. The building is one
of the popular shopping centers named Shark Maluwait city. It is a huge 3D object in
comparing with Figure 7a where several small objeatre displayed. Apparently, the extracting
and editing task for 3D objects may be various freize to shape. It needs an efficient
cooperation among different groups to perform tloel@ting work.

3.5 Internal

Internal level is a procedure to create the inmrctures of objects in 3D GIS modeling. The
similar technologies were previously owned by CAinpanies such as AutoCAD. However, the
internal structure is important for 3D GIS appliocas such as in disaster response (put out fire
inside buildings) and resources management (gas lifstribution inside buildings). By the
integration of GIS and CAD technologies, the ingrstructure may be represented by 3D GIS
model.

The inner structure of 3D object is very diffictdt be acquired. The information must be created
by surveying technology or extracted from origieabineering drafts. This is an expensive but
very interested GIS application field. By the gnation of internal 3D object's structure, GIS
models may be used from general environment bggglitations to office routine management.
The telephone lines, office positions, utility kpeand most locations based information can be
managed by 3D GIS.

Figure 8b is the internal structure of the middéetpof the building showed in Figure 8a. The

offices, doors, and stairs are clearly represebyetthe 3D GIS model. The inner structure of the
building demonstrated more information if the Gl8dal were employed for disaster response or
other applications such as house management.
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a. 3D object. b. Internal structure of the 3D object.
Figure 8. Information representation at Intereskl.

4. Example of CMM Implementation

According to the CMM method, 3D GIS modeling shoblel planned systematically from top
level to low level. Most of the datasets’ creatamgl editing work in lower level can be shared by
different groups after the quality control is usebh order to ensure the implementation of 3D
GIS model, some basic hardware and software arereelif the modeling work is finished by a
specific agency or unit.

Digital photogrammetry workstation is the requiteddware in order to extract 3D features. All
the following datasets quality will be directly liiknced by the accuracy of stereo models
constructed at this step. Digital photogrammetagkage and remote sensing software are
needed in order to process huge imagery informatimhto create mosaicked imagery database.

Global Positioning System (GPS) receivers and TStations are necessary to get ground control
points (GCPs). Although digital photogrammetryhi@alogy may help to decrease huge field
survey work, some basic GCPs are required in daegstore the precisely stereo model for 3D
features extracting. They are also important fog model accuracy test after adjustment
technology is employed. In addition, more precisely features are needed to be acquired
through the surveying equipment.

GIS package is the basic platform to manage 3D f8éfures and attributes information. It
should include 3D scenes and virtual reality repméstion and analysis functions. After the 3D
features are obtained, the related information bal integrated to GIS platform for further
process. Geodatabase technology will be used te atal handle the massive datasets.
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Graphics design and edit software is one of theptsementary components for detailed 3D
objects design. This function will be used at ©tie and Internal levels where more reality 3D
objects designs are needed. It is a crucial packagcreating specific 3D objects with multilevel
features. It can also be described as a decorstige for the visualization effect of 3D and VR
GIS model.

Mandatory software tools for developing compulspackages are also vital to implement 3D
GIS model. Owing to the fully usage of GIS, phatogmetry, remote sensing, GPS/TPS, and
CAD technologies, it is hard to share dataset fesn@nong them. Therefore, some packages
should be designed to convert and integrate dat&seh one platform to another. Other second
development tools are also needed to constructefachish 3D GIS model. They will be based
on commercial packages which have been used faifisg&ojects.

Figure 1 and the other several figures which wesedun this paper have shown some products
created from the 3D Modeling Pilot project whichsafmished in Kuwait city. By the fully using
CMM method, a 3D GIS system has been constructad frational level to internal level. The
test places included more than 1000 square kilaométeKuwait city and the south of Kuwait.
Different GIS datasets, remote sensing images,séaco aerial photos were collected as the
original data resources. The hardware and softwér&rcGIS, Leica Photogrammetry Suite
(LPS), ERDAS Imagine, and Leica GPS/TPS were alldutor the data creating and 3D
modeling. Several data converting and 3D GIS nighing tools have been designed to enforce
the system functions. As the result, a useful 89 ¥R GIS experimental model was established
in Kuwait.

Clearly, CMM method has the advantage for fastbfistament of 3D GIS models to match
different requirements. It was created by the énmmntation of Kuwait 3D GIS Modeling pilot
project and is being used for Kuwait 3D GIS Modglproject which extends the research area to
the national wide. By defining the data resouraes the functions which should be finished in
each CMM level, the national 3D GIS model could ilmplemented by efficient cooperation
among different groups.

Acknowledgements

Dr. Abdulhadi S. Al-Otaibi, the DG of KISR, Ms. karS. Al-Fareh, the DDG/I of KISR, and
Mr. Nader Marafie, the division manager of NSTICHR have been giving strong support for the
implementation of the experiment project. The oadjiaerial photos were provided by Kuwait
Municipality and picked up by Mr. Mohammad Mullanda from KISR. We also express our
sincere thanks to the colleagues in SDD and KGIG wedoperated with us for the data collection
and management.

References

Abdul Nabi Al-Ghadban (1997). Towards a GIS-Basegironmental information system for
Kuwait. GIS Conference'97, Qatduttp://mwww.gisgatar .org.qa/conf97/links/c4.html

13



Altmaier A., Kolbe T. H. (2003). Applications andol8tions for Interoperable 3D Geo-
Visualization". Presented at the PhotogrammetriekV&ep.1.-5 in Stuttgart, Germany.

Dirk Hermsmeyer, Markus H. Guretzki, Hesham N. &ldihi, Fuad S. Al-Ageel, Waleed K. Al-
Jassim, Gottfried Konecny (2005). A 3D city modé¢lKuwait: data processing and
possible applications. Map Middle East 2005.
http://mmw.gisdevel opment.net/technology/gis/me05_137.htm

Gerard Grealish, Peter King, Samira Omar, Waleed R605). Geographic information system

and database for the soil survey for the Statewfadt — design and output&uwait J. Sci.
Eng., 31 (1):135-148.

Kolbe, T. H. and Groger, G. (2003). Towards unif&dd city models. In: Proceedings of the
ISPRS Comm. IV Joint Workshop on Challenges in @abal Analysis, Integration and
Visualization Il in Stuttgart.

Kwan M-P, Lee J. (2005). Emergency response 8ftet: the potential of real-time 3D GIS for
guick emergency response in micro-spatial environimeComputer, Environment, and
Urban Systems, 29:93-113.

OGC (2003). Geographic Markup Language (GML(Bdp://mww.opengis.org/docs/02-023r 4.pdf).

Zhao Yongping, AlOthman Amani, Alhashash Hanan, Eadiani Mostafa 2006. An integrated
3D GIS data extraction and applications based gh hesolution imagery technology.
America Society for Photogrammetry and Remote &grannual conference, May 1-5,
Reno, Nevada, USA.

Zhao Yongping, Liu Zhao, Guo Jingjun (2000). Gedigppdnformation System establishment
based on digital photogrammetry and high resolut@mote sensing image. IEEE 2000
Geoscience and Remote Sensing Symposium, July Rdy-28, Hawaii, USA. vol.1,

pp.201-203.

14



