SUPERMAP GIS6R: A REAL SPACE GIS

F. X. Luo®®" G. F. Sond"® E. Q. Wang, L. Q. M&

& Beijing SuperMap Software Co., Ltd, Beijing, Chinmofx@supermap.com
® Institute of Geographic Sciences and Natural RessuResearch, CAS, Beijing, China

Commission VI, WG VI1/4
KEY WORDS: Real Space GIS, 3D GIS, 2D GIS, SuperMap GIS 6R, UGC

ABSTRACT:

We present a novel GIS, Real Space GIS, which B & 3D integration GIS. Real Space GIS is based ol Bpace which is 3D
geographical space and 2D map space which is lmasggographical sphere or ellipsoid comparing tpeP&pace GIS which is
based on traditional Paper Space based on papecanaginates. Real Space GIS mainly integratesstatature, data model, data
storage, data visualization, data analysis of 2B &id 3D GIS. Real Space GIS provides users withdkantages of 3D GIS while
remaining the features of 2D GIS. Real Space Gl&ialsompatible with Paper Space GIS. SuperMap8R®ased on SuperMap
Universal GIS Core (UGC) is a Real Space GIS. Supei®I&6R is a technology system not a single prodndthas been applied

to some applications and greatly reduces the ddmtitning a 3D GIS system based on an existing2Db system.

1. INTRODUCTION

Studies have shown that 2D views are often usedetoup
precise relationships, while 3D views help in asgign of

qualitative understanding [1]. 2D GIS has provebeahe most
sophisticated system that operates with the largespe of
objects (spatial and semantic), relationships aogiges means
to analyze them [2], however, 2D GIS analysis haentered
some limitations in some situations, e.g. noisedigt®n

models (noise spreads out in three dimensions)réz], estate
market [4], water flood models, air pollution mosiejeological
models [5]. Other disciplines which have met thechér 3D

geo-information are: 3D urban planning,
monitoring, public rescue operations, telecommuioos,
landscape planning. The developments in the are2DoGIS
are pushed by a growing need for 3D information [6]

The study in 3D GIS is intensive and contains apexts of
acquisition, storage and analysis of real world nomeena.
Among all, 3D analysis and other related issuepoftugical
models, frameworks for representing spatial retesiops, 3D
visualization) are mainly in the focus of investigas. 3D GIS
has been investigated for over one decade, while
breakthrough of 3D GIS seems to be go slow. Upadw the
research in 3D GIS still has many difficulties aBB GIS
cannot provide the same functions of 2D GIS: (tadapture,
(2) data structuring, (3) data manipulation, (4jadanalysis,
and (5) data presentation [7]. Therefore now 3D G&&not
adequately replace 2D GIS while 3D GIS has somarstdges
over 2D GIS.

We present a novel GIS, Real Space GIS, which iategr2D
GIS and 3D GIS and provides users with the advastaga 3D
GIS while still owning features of a 2D GIS.

2. BACKGROUND
21 2D GIS

Until recently most geographical information syssetGIS)
only visualize information in two dimensions (2DS3I 2D GIS
is still widely used by geographic information ms$ionals and
most of the current research and developmentliilin this
traditional map-based approach. Although 2D GISileas
perform numerous spatial analyses and
visualization is generally limited to view eitherdividual GIS
layers or the results of GIS analyses [8]. Sineavibrld we live

environraent in is three or more dimensions, focus has shiftedatds the

development of GIS in three dimensions.

22 3DGIS

3D GIS which attributes to pipelined 3D graphicsl &fficient
terrain visualization algorithms and related teghes becomes
a reality and many GIS have become available onvdte Such
on-line GIS systems include Terrafly [9], GeoVR [1&hd
Terra Visionll a flyby global GIS [11]. Two speciapplications

thare GeoZui3D [12] and VGIS [13]. The first, GeoZi& a 3D

marine GIS which supports real-time input and textmapped
imagery with a simple viewport control method whithks
multiple views. Moreover, VGIS is an integrated b GIS
and visual simulation system which supports mgedution
terrain elevation and dynamic 3D objects. Thereraamy 3D
GIS systems like VGIS. In public domain Google lkedit4]
becomes more and more popular and has been applied
environmental monitoring, public rescue operatiang so on.
NASA WorldwWind [15] is a known open source 3D GiStem
which helps users to quickly build a 3D GIS systétowever,
Google earth and NASA WorldWind focus on the vigalon
of massive global imagery and terrain and relatstd dnd refer
to little functions of GIS. SkylineGlobe [16] is atmer well-
known 3D GIS system which provides useful functiafis3D
GIS. Nevertheless SkylineGlobe is just a 3D GlSesysand
integrating SkylineGlobe and 2D GIS systems providsy
other vendors is still a problem.

applications,



2.3 2D/3D GIS

In the literature, a unique Geographical InformatiBystem
(GIS) that seamlessly integrates 2D and 3D viewthefsame
spatial and aspatial data is presented [17]. Th&eBy consists
of two main visual data elements. The first is 8i® base-
terrain which comprised of the topographic data thanitially

read into the GIS. The second is the vertical iagesystem.
The system is developed using OpenGL. However, system
only integrates 2D and 3D views of the spatial asplatial data

but not consider integrating 2D and 3D data modedl a

structure as well as geo-DBMS and so on. SuperM&6HR is

a novel GIS which closely integrates 2D and 3D GIS

considering these factors.

3. REAL SPACEGIS
3.1 Definition

Before GIS exists, map is represented on paper.eldrer map
has to be projected from spherical space or elliiadspace to
planar space. Moreover, the early geographical rimftion
comes from the digitization of map. Thus 2D GlSésed on
Paper Space. Paper Space is the space after jmojedtich

based on paper coordinates. However,
disadvantages of 2D GIS based on Paper Spacely Rinap

after projection is deformed and has an influencehe results
of kinds of measure. In order to meet differentdseenany map
projections were created. For example, distancesanean the
map based on equal distance projection is preaisk aea
measure on the map based on equal area projestieciurate.
Not one of them can meet all needs of differentliapfions.

Such many map projections greatly increase thecdiff of

integrating different geographical data and the mlexity of

GIS. What's more, map projections are very difficid non-
professionals and have a negative impact on apiolitaof GIS
inIT.

With the development of Computer Graphics (CG) anduél

Reality (VR) technology and the falling cost of cotieg 3D

information, 3D GIS has been developed rapidly. G5 is

based on 3D geographical space and the data ofI30sGot

directly applied in 3D GIS. The incompatibility dfata of 2D
GIS and 3D GIS results in much redundant data.odigih 2D

GIS has a nature defect, 2D GIS is very sophigtit@nd has
some advantages over 3D GIS. 2D GIS owns much osmtil

data than 3D GIS. The cost of collecting data of G5 is

lower than 3D GIS. 2D GIS represents spatial retesthips
more clear than 3D. The functions of data modeia daalysis
of 2D GIS are more mature than 3D GIS. Moreover,&@B is

broadly applied in different domains and many aggtions. So
2D GIS is still necessary now.

In order to meet need for 2D and 3D informatiorithez a pure
3D GIS system nor a 2D GIS system with a 3D GlSesysare
not enough. Because the data of 2D GIS and 3D GIS
incompatible, there is much redundant data in &8 system
with a 3D GIS system. In addition the integratibe functions
of a 2D GIS system and a 3D GIS system is also karg and
this solution is just a transition.

Real Space GIS which is a 2D & 3D GIS and not ju3DaGIS
efficiently solves such problems. Real Space GlSsetjo
integrates 2D GIS and 3D GIS and is based on RealeS|Real

Space corresponding to Paper Space is based on 3D
geographical space and 2D map space which is based
geographical sphere or ellipsoid. Once there ipajger output,

map projection is not necessary. The process of the
development of Real Space GIS is shown in Fig. 1.
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Fig.1 The process of the development of Real Sp&Se G

3.2 2D & 3D integration

Data model and structure integration is a part bf & 3D
integration of Real Space GIS. The data of 2D G48 be
directly shown in the scene of 3D GIS without casien and

there are sontee data of 3D GIS can be directly shown in thenscef 2D

GIS without conversion. Especially for massive 2Btadthe
fundament data structure must be altered to adapt t
visualization in the scene of 3D GIS.

Data storage and management integration is a p&D & 3D
integration of Real Space. Real Space GIS can suppmihg

2D and 3D data in the same geo-DBMS. The geo-DBMS
provides same functions to get access to 2D anspailal data.

Visualization integration is a part of 2D & 3D igtation of
Real Space GIS. The visualization integration cassi$ two
important elements. The first is theme integratithre data of
2D GIS can be used to create a 3D theme and tleecod&8D
GIS also can be used to create a 2D theme. Thdaoges of 2D
theme and 3D theme keep consistent. The secongribos
integration, 2D symbol can be applied in the sceh8D GIS
and 3D symbol can be also applied in the scen®dBES. The
unified management of 2D and 3D symbol facilitate
maintaining the symbol library.

Spatial analysis and query integration is a parbf & 3D
integration of Real Space GIS. The spatial anabistsquery of
2D GIS can be directly applied and showed in treneof 3D
GIS. For 3D spatial analysis, Real Space GIS shpudide
advanced 3D analysis including Boolean operations3Df
objects, 3D topological operations, 3D spatial gu8D buffer
analysis, 3D network analysis. The result of 3Dtighbanalysis
and query can be shown in the scene of 2D GIS.

Besides 2D & 3D integration of Real Space GIS, Reac8p
GIS should integrate the surface, the above, ttdemunof the
igarth. For example, Real Space Real should provilatiiity
to manage the real 3D geological data in the unéiéine earth
and the atmosphere in the above of the earth antkethain on
the surface of the earth. In addition Real SpacedBtiild take
a unified workspace, layer, legend for 2D and 3Ead#H GIS.
Finally Real Space GIS should adequately compatilitle the
data in Paper Space.



3.3 Limitation

There are some limitations for Real Space GIS. IFiRReal
Space GIS is not a product but a technologicalegystThis
system is incorporated in kinds of product sucbasktop GIS,
Objects GIS, and Service GIS and so on. Real Sp#gdike
geo-DBMS is not appropriate to be designed as aspieident
product. Secondly the Space which Real Space Gb&sied on
is not an absolute space but a relative space.Rda& Space
based on Sphere or ellipsoid is a model for abedpace and
is more realistic than Paper Space. Thirdly Realc&alS is
not a key to all problems when it begins to app&arill take
several years to develop and perfect itself. AldffoReal Space
GIS can solve some problems which cannot be solwed
previous GIS, it isn’'t reasonable to pay too mutierdion to
Real Space GIS. Maybe the early Real Space GlSasrgbod
as Virtual Reality Systems or 3D Systems on vistfalceand
3D analysis of Real Space GIS is premature, but Bpate
GIS will be more and more perfect and useful.

4. SUPERMAP GIS6R
4.1 Implementation of SuperMap GIS 6R

SuperMap UGC 6R which is based on SuperMap Univ&kal
Core (UGC) and is independent on platforms is dewslop
independently by SuperMap company and its propegtyt is

completely owned by SuperMap company. Two kinds o
SuperMap Objects GIS, SuperMap Objects Java 6R an

SuperMap Objects .NET 6R, are based on SuperMap 6/&C
Three kinds of SuperMap Desktop GIS, SuperMap Viegw,
SuperMap Express 6R and SuperMap Deskpro 6R, aeel loas
SuperMap Objects GIS. In addition Service GIS, SMp@
iServer 6R, are also based on SuperMap Objects GIS.
SuperMap GIS products including Service GIS, OlsjeBtS
and Desktop GIS are 2D & 3D integration productd provide
the functions of 2D and 3D GIS. The architectur&SaperMap
GIS 6R is shown in Fig.2. SuperMap Corporation wélease
the new generation GIS products Based on SuperM&p6&I
including Objects GIS, Desktop GIS, and Service {&I& short
time. The products based on SuperMap GIS 6R is shown
Fig.3.

SuperMap Deskpro .NET 6R
(2D & 3D integration
enterprise Desktop GIS)

SuperMap Express NET 6R
(2D & 3D integration
standard Desktop GIS)

SuperMapiServer .NET 6R SuperMap Viewer .NET 6R
(2D & 3D integration (2D & 3D integration (2D & 3D integration

Service GIS) free Desktop GIS) Service GIS)

? r T

SuperMapiServer Java 6R

SuperMap Objects NET 6R
(2D & 3D integration Objects GIS)

| f

SuperMap UGC 6R
(Based on standard C++ and
2D & 3D integration

SuperMap Object Java 6R
(2D & 3D integration Objects GIS)

Universal GIS Core)

Fig. 2 Architecture of SuperMap GIS 6R
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Fig. 3 SuperMap products based on SuperMap GIS 6R

4.2 Applications of SuperMap GIS6R

SuperMap GIS 6R has been applied to several applicatFor
example, in national “A Map” project based on Siap GIS
and large relational database which is organizethbysecond
time the national land investigate the Leading @rQiffice and
implemented by Beijing Zenith Land company, therd3sTB
spatial data in all. The 2D GIS system of thisjgrb was
checked and accepted by professionals January, 2060.
fLater the 45 TB spatial data without extra data ession was
directly used in a 3D GIS system using SuperMap &@®Swith
uperMap SDX+. Two snapshots of the 3D GIS systezn a
shown in Fig.4 and Fig.5. SuperMap GIS 6R is alsedu®
emergency command systems. The 2D symbol
emergency command 2D GIS system being applied én3th
GIS system is shown in Fig. 6.

445343502

Fig. 4 Chi mage about 40TB is shown in the 3D SiS8em

.

for the



Fig.5 High resolution China image

Fig.6 The 2D symbl for the emergency command 2B Gl
system is applied in the 3D GIS system

5. CONCLUSION
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We present a novel GIS, Real Space GIS, comparing tf15] NASA WorldWind, http://worldwind.arc.nasa.gov/

traditional Paper Space GIS. Real Space GIS is a&&28D
integration GIS. Real Space GIS doesn't loosely doef2D
GIS and 3D GIS but closely integrates 2D GIS and GIS.
Real Space GIS combines the advantages of 2D an&ISD
and avoids data redundancy. SuperMap GIS 6R is aSpeale
GIS developed by SuperMap corporation and SuperMEp
6R has been successfully applied in several apitat There
are many avenues for further research. AlthougreBdap GIS
6R is a Real Space GIS, it is not a mature GIS. Waldviike
to refine the functions of Real Space GIS. We wdikiel to do
research on advanced 3D spatial analysis. We whkedto
strength the effect of visualization of 3D GIS anglto apply
SuperMap GIS 6R to more and more applications.
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