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Abstract 
Computer technology has evolved to a position of being able to handlc large three-dimensional (3D) data sets. The third dimension 
is already taken for granted for visualisation on desktop machines. Nasa b'orld Wind and Google Earth de~nonstrate the possibili- 
tics of 3D to all users of the Web. The same way, mobile computing is experiencing a similar evolution. Despite the fact that 3D 
mobile hardware and software technologies are currently still behind desktop 3D in ternls of capabilities, the expectations are for 
2-3 times faster maturing. Are the geo-specials ready to step into the third dimension'? 
Location-based services (LBS) are among the first applications that naturally should eonsider the third dimension. In this paper we 
analyze the readiness for 3D LBS. The paper concludes on the role of the geo-specialist in this process. 

1 Introduction 
Localion Based Services (LBS) are often referred to as 'location-dependent' CIS. Starting form this point, the analogy betxveen 3D 
GlS and 3D LBS is quite straightforward. LBS have two more components coinpared to CIS: position determination and wireless 
communication. The simplest; trivial way of position deternlination is using global navigation satellite system. The accuracy and 
reliability of 3D satellite positioiling has improved drastically in the last several years and the GPS receivers have become cheaper 
and affordable for everyday use. The bandwidth of the communications also increases. In many countries UMTS is already opera- 
tional, which promises sufficient speed for transmissions of  3D data (often resulting in large amounts). What are then the bottle- 
necks for 3D LBS? 
Open Geospatial Consortium (OGC) has prepared Location Senices  (OpenLS) Iinplementation Specifications for core services. 
In these specifications, the role of 'GeoMobility Selves' is providing requested infornlation considering the location of the user. 
The minimum number of services is also defined as iiirecto?, nuvigc~iion (route), iocuiion titilih,, gufewtry and prese~~ta t ior~  (see 
Figure 1). The five core services are considered sufficient for a variety of use cases such as proximity (find something in a given 
area), fencing (alert users in a given area). navigation (compute route) and tracking ('record' the n a y  a user) as specified in Torg 
et al 2005. 
3D LBS have to be able to ensure the same set of services, i.e. proximity, fencing, routing and trackins but in 3D. Example of 3D 
requests would be 'show to me all the electrical switches in a building' (proximity) (see Figure 2), 'tell me when 1 am outside a 
d a n g e ~ ~ ~ l s  section of a building '(fencing), 'compute a route to a safe exit' (routing), 'track this \,isitor all the way in the shopping 
centre' (tracking). 
In terns  of core services as specified in OpenLS, 3D LBS have to provide: 

- 3D location utility, i.e. 3D positioning and geo-coding 
- 3D navigation, i.e. route in multilevel constn~ctions (buildings, viaducts, bridges, etc.) 
- 3D directory, i.e. access to 3D data for example for tracking and fencing 
- 3D presentation, i.e. 3D visualisation on mobile, hand-held devices and the appropriate interface for this. 

Fig. I :  Reqzlesr/re.~p(~nse o/Geohfohilrg; Sgrver us rheposition isprovidt-d IJJ* tile cort7n7u~zicnliott nt-hvrok 
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The following sections address these challenging aspects in detail. 

2 3D positioning and geo-coding e 

It is also in the name: a location-bascd scrvice necds to bc aware of the location of the uscr. Position determination can bc done 
is scvcral ways: by coordinatcs, address, ZIP code, etc. In fact, coordinates are hardly uscd. Dcscriptibc postcodcs and addrcsscs, 
and linear refercnce systems like tnilcagcs marks along roads, are far more common to cxprcss a location than Cartesian reference 
systcms. Howevcr, none of the cxciting LBS or GIs-packages offer a kind of a Z-coding, thus a translation of c.g. 'at thc base of 
this dyke' to '4.73 mctcr above NAP'. And no LBS can tcll you what floor you are when you specify your location by only a GPS- 
coordinate. 

2.1 3D positioning with GNSS 
Theoretically, obtaining 3D coordinates at global scale is available. GPS-deiices, and other receivers to Global Navigation Satellite 
Systems (GNSS) like Galileo can compute either Cartesian (X,Y,Z) or ellipsoidal (latitude, longitude, height) WGS84 coordinates. 
In multi-level 3D structures, the problem may come from two sides: geo-coding of the height and availability of satellites. The alti- 
tude is given as the distance to the WGS84 rotational ellipsoid and it is difficult to be linked to expressions used in daily (3D) life by 
references like 'odunder the bridge', 'floor', 'base', 'ceiling', 'top', etc. It is well-know that a GNSS-receiver cannot work inside 
or at other places with a poor satellite coverage. Many systems exists that claim to solve that problem by applying another type of 
measurement technique, although all these systems are bases at either a kind of distance measure, a kind of angle measuren~ent, or 
a coinbination of both. If it is not possible to detect enough GPS satellites in line-of-sight, some close-range pseudolites transmit- 
ters could be also used. For example, the company Novariant offers the so-called Teralite XPS systems, a single frequency ground- 
based signal generator broadcasting XPS signals to mobile GPS+XPS receivers, (www.novariant.comlmininglindex.cfm). For 
indoor use a more dedicated pseudolite-only setup could be used, like the system shown in Figure 3, (Kee, 2001). However, if the 
user is free to move in height, the transmitters should be arranged in a more enclosed setting to obtain a reliable 3D-position fix. 
It seams improbable, but television synchronization signals may be used to position a range of wireless devices that require location 
information. The system developed by Rosum provides according to their website: 'accurate, reliable location indoors, outdoors 
and in dense urban location' (ww.rosum.com). The Rosum TV Measurement Module (RTMM) receives local TV and GPS sig- 
nals, measures their timing, computes the pseudoranges and sends that information to the Location Server (LS). The LS computes 
the position of the RTMM and sends that location back to the RTMM or to the tracking application scrver (see Figure 4). In addi- 
tion to the wide-area positioning system, Rosum also develops a limited-area, 3D positioning system. This system is used by first 
responders in emergency situations. Rescue personnel can be tracked from a field command center, reducing precious time spent 
giving location updates and eliminating blind searches in man-down situations, (see Figure 5) .  
Assisted GPS (AGPS) combines the better of two worlds: GPS and Mobile Networks. Simple stated (www.snaptrack.com/pdU 
How-aGPS\~orks.pdQ: When a caller makes a location request, the wireless network sends the approximate location of the 
handset (generally the location of the closest cell site) to the location sener. The location server then tells the handset which GPS 
satellites should be relevant for calculating its position. The handset then takes a reading of the proper GPS signals, calculates its 
distance from all satellites in view and sends this information back to the location server. But still, in hard conditions like inside 
locations, it is still dificult to impossible to 'see' enough satellites and thus to obtain a position fix. Moreover, inside conditions and 
urban canyons are knoan to have multi-path problems, causing unreliable pseudo-ranges and thus fault detennined positions. 

2.2 Sound based position 
Bats are known to use ultra sound for tracking themselves. This property is also used by the Nonvegian Soilitor Indoor Positiqning 
System (IPS) to track and position tagged equipment and people indoors (w~vw.sonitor.com). The tazs transmit ultrasound and ones 
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received by a set of rnicropl~oncs inside a room or corridor thc positions and movcrnent is calculatcd in )real time, sce. This kind of 
systems works only rn special cquipped cnvironnicnts, c.g. buildings. 

2.3 Positioning using telecom networks 
Mobile communication networks, like GSM, are used for comn~ercial LBS applications as i t  is quite easy to reach a group of cel- 
lular phone users within the area of a certain base station (Cell of Origin) and send them for example an advertisement SMS. It 
is howevcr also possible to position the users within a certain sector and range of the base station by Uplink Time Difference of 
A ~ ~ i v a l .  If that information is monitored over timc and combined with a road network, the position of the celll~lar phone user can 
be detected in a more precise nlaiiner. The company LogicaCMG has developed the so-called Mobile Traffic Service where these 
locations are aggregated to real-time traffic infom~ation for the Dutch province of Brabant (www.mts-live.com), (actueleverkeers- 
infonnatie.brabant.nl). 
Precise Mobile Network positioning requires considerable adjustments to the current GSM network setup, or the use of next gen- 
eration networks like UblTS. But due to the mol-e or less planner configuration of  the GSMl'UMTS beacons, accurate and reliable 
3D-positioning by mobile networks is not possible. 

2.4 WLAN positioning 
Each WLAN (Wi-Fi) network can be location enabled by signal strength calibration and fingelprinting. Within a neighborhood, 
i.e. an office, a inap is made by a site survey of the reception of the WLAN access points. That is a challenging task, as the WLAN 
signals appear in an irregular pattern, since the propagation of signals is heavily affected by multipath effects, dead spots, noise, and 
interference in an indoor environment, see Figure 6 (Xiang, 2004) (Kaemarungsi, 2005). Once known, this map is 'turn around', to 
pin-point the location by a certain signal reception. One of the premier systems using this kind of  'fingerprinting' is the Ekahau's 
patented positioning technology (www.ekahau.com). One limitation is the calibration of the system; first of all known positions 
shoGid be linked to the signal strength of the WLAN access points. This process should be repeated when a major change in the 
configuration of the WLAN access points is made. 

2.5 RFID-UWB positioning and Sensor Networks 
Radio frequency identification (RFID) is a Fig. 6: Layout testarea ((1) and Contours (LJ) i~zdicatiilg the signal stlength of.-iec,ess Poirlts 

. . 

gencric tcrm that is used to dcscribc a systcm 
that transmits thc identity (in the form of a 
uniquc scrial number) of an object or person 
wirelessly, using radio waves. Thcre arc dif- 
ferent systems. Ultra Wide Band radio sys- 
tems can bc accuratc to about 6 inch (15cm) 
indoors because they are much Icss affected 
by rnultipath distortion than conventional RF 
systems. Ubiscnse uses both Time Differ- 
ence Of Arrival (TDOA) and Angle of Ar- 
rival (AOA) which greatly rcduces the dcn- 
sity of sensors requircd to cover an arca over 
systcrns that usc just TDOA (www.ubisense. 
net). 
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3 3D data management 
Once the 3D position is detennined. 3D data have to be available and accessible. Currently, most of the 3D data are available as 
2.5 surface data, 3D city inodels and 3D CAD models. Furthermore the 3D information exists but is 'split ' between different orga- 
nizations. For example, u.ithin the Netherlands the planirnetry and height are maintained by two governmental organizations. The 
'Kadaster' is responsible for the 'horizontal component' and 'Rijkscvaterstaat' manage the 'vertical component' through the NAP 
benchmarks. One consequence of that organization is the mapping of the topography, as in the Dutch 1 : 10.000 scale TOP10V7ector, 
which does not take the height value into account. At the inoinent the relative vertical situation is only expressed zit certain 'lev- 
els'. 
Depending on the position and the requested service different types of models and spatial operations could be needed. If the user is 
on the street, perhaps a 3D city model will suffice. If the user is inside a building, a tunnel or a bridge, a detailed 3D interior model 
might be required. Furthermore, 3D outputs for LBS can be irl two forms: only retrieval of data for 3D visualisation and performing 
spatial operations (which are needed for example for 3D route calculations, 3D proximity, etc). Cui~ently, retrieval of 3D data can 
be relatively easily organized (via Ope11 Web services) from any system. Spatial analysis (3D routing, proximity) would require 
spatial operations. The common problem here is a lack of 3D operations and functions. Mathematical background for such opega- 
tions exists but i t  still needs to be implemented in the sy: \tenis. 
In this respect, last developments in Gco-DBMS are quite promising. C u ~ ~ e n t l y  geo-DBMS can maintain different models geo~ne- 
tty: topolop,  andg1.0~11. While the geometric structure provides direct access to the coordinates of individual objects, the topologi- 
cal structure encapsulates information about thcir spatial relationships. A geometry model has been implemented in all mainstream 
DBMS (e.g. Oracle Spatial, Informix, Ingress, PostGlS, MySQL). .4lthough the ilnplcmented spatial data types are ZD, 3Q objects 
still can be stored. Topological implementation specifications are still under development, but cornmercial topological structures 
arc already available (Laser-Scan Radius and Oracle Spatial log). A graph model is currently offered only by Oracle Spatial log. 
The conlbination of geometry model and graph model, i.e. the Network Data Model, can become 3 quite appropriate structure for 
3D route calculations. While route calculations can be performed on the graph, 3D geometry can be applied for 3D navigation 
along the route. 

4 Protocols/standards for data exchange 
Prescnt specifications allow even at this moment 3D outputs. The work of the Open Geospatial Consortium (OGC) and the World 
Wide Web Consortiurn (W3C) is the most relevant to the geo-information specialists with thcir specification for Web services and 
cXtensiblc 3D language (X3D). The Wcb services dcfinc request/respond interfaces bctwecn an application (e.g. running on a hand- 
held) and GeoServer and X3D is the XML-based standard for 3D visilalisation. 
The Web scrvices are currcntly four (WMS, WFS, WTS and WCS). The Web service for 3D is the Wcb Terrain Scrvice (WTS). 
WTS specification defines a standard intcrfaee tor requesting 3D terrain scenes from a servcr capablc of their generation. .4 WTS 
scrvice supports two operations: GetCapabilitics and GetVicw. The view is defined as a perspcctivc image. To be able to create this 
vicw, a nu~nbcr of paranictcrs havc to be provided to the scrver: Point-of-Interest (POI), i.e. x,y,z of user focus; distance betwcen 
thc user and the POI; the vertical angle behvccn the user and the POI; the horizontal angle between the north dircction and the hori- 
zontal projectioil of the 'user-POI' line; and thc Angle of View. The servcr returns a rastcr image of the 3D data. To be able to use 
this selvice for 3D navigation for cxaniplc, a series of images havc to be generated (at the scrvcr) by continuous round-trips to thc 
scrvcr. The images can bc further orsanized in a movie and send to the uscr. The disadvantagc is that an illtcraction with/navigation 
trough data would not be possible. 
The Weh Feature Sentice (WFS) is much more promising. The GctFeature rcquest is an XML stream of vector data, i.e. Geogra- 
phy Markup Language (GML). GML gcometry types allow for x, y and z-coordinates. Moreover GMI. vcrsion 3.0 introduces tbe 
'Solid' geometry type, which can be uscd for 'full' 3D objects. GML 3.0 also offers thc possibility to usc a topological data struc- 
hlre (a 3D objcct as a TopoSolid with references to Faccs, Edges and Nodes). This is to say thcol-ctically GML does not havc any 
limitations in maintaining 3D objects (gcomet~y andlor topology). 
However, the GML output of a WFS scrvice is not a 3D scene yet. It has to be transformed into a graphic fonnat for which visu- 
alization software is available. In this respect the best candidate is X3D. X3D is the XML version of the Virtual Reality Modeling 
Language (VRML). VKML was launchcd in the nineties and beca~nc an I S 0  standard in 1997, but ncvcr was widely uscd for geo- 
applications. The size of the VRML filc could become very big (due to lack of appropriatc str-earning and con~prcssing techniques), 
which could rcsult easily in bad pcrformancc. X3D has irnproved stnlcture (LC. Core profile, Interactive profile, Interchange profile, 
and MPEG-4 interactive profile) and niuch inure possibilities to control the size of the file and render efficiently. It is actually de- 
signed for inlplementation using a 'low-footprint engine' as on mobile devices. X3D was approved by IS0  as Interilational Stan- 
dard ISO/IEC 19775 in early 2005. 
To be able to visualize the 3D data, a X3D viewer has to mn at the client (c.5 Cortona). De Vrics and Zlatanova 2004 discuss an 
architecturc that allows an application to rcqucst a 3D vector data. This approach can be applicd for LBS as well, once accepted 
that the result of thc rcquest can be riot only image but also othcr formats from the Standards Framework. The GeoMobility scnrcr 
then will act as a client to any GcoScrver that contains 3D data. 
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5 3D presentation 
Presentation of 3D data is still tricky. 3D visualisation (rendering) of thc 3D outputs can be done in different ways: as a static 31) 
iinage, a video and as a vector model (allowing interaction). Furthermore, the parameters of thc mobile devices can \:ary signifi- 
cantly: spccial devices (e.g. see-through glasses), portable PC to mobile cells. The type of device has huge influence on the pos- 
sibilities for 3D visualization. In contrast to portable PC and tables, hand-held devices have many limitations: available memoly, 
screen resolution and CPU. The type of operation system (WindoLvs Mobile, SyrnbinnOS. Smartpl~one. PalmOS, JL1-Lite2, Linux, 
etc.) also varies. With these limitations even low-quality streaming video can be problematic. 
Currently most of tile 3D visualization on mobile is provided as a streamed video (Zlatanova et al 7004). VRML browsers for 3D 
interaction are offered only for PocketPC by ParallelGraphics (i.e. Pocket Cortona http:llwww.parallelgrapl~ics.com'products/), 
As discussed in the previous scctiori interfaces between GeoMobility server and mobilc devices are based on Web technologies. In 
this respect, several technologies might be important for 3D rendering on mobilc: X3D: MPEG-4 and PDF. X3D is quite prornis- 
ing technology not only because of the feah~res offered but also because of the attempts of the W3C to come to an agreement with 
other groups developing standards. Moving Picture Experts Group (MPEG) has accepted X3D for the 3D capabilities of h1PEG-4. 
Furthermore special mobile 3D technologies to extend X3D are also being defined for hIPEG-4. Adobe Acrobat also has step into 
third dimension and provided interactive 3D browser inside the PDF file (http:l/www.adobe.com/products/acrobat!aec.ltml). Since 
PDF reader is already offered for hand-held under Windows Mobile, it could be expected that the next step will be a 3D PDF file 
for hand-held. The size of the PDF file (rounding to MB) and the lack of PDF streaming technology are currently the main draw- 
backs 
In general, the use of thesc standards in 3D application development for low-end consumer and embedded devices is still problem- 
atic, mostly because of the large footprint imposed by underlying implementations and heavy utilization of hardware acceleration. 
The two Java technology specifications the hiobile 3D Graphics API for J2ME (JSR 184) and the Java Bindings for OpenGL ES 
specification (JSR 239) were expected to help significantly in accelerating this process. Nokia working in collaboration with Mo- 
torola; Intel, Sony Ericsson, Symbian, Cingular Wireless and France Telecom led the Mobile 3D Graphics API. The Java Bindings 
was led by Sun Microsystems. While successful for game industry, they did not have a lot of influence on geo-applications. As it 
is well-known a large amourit of geo-applications are running nowadays under Windows. But, Microsoft also increases its invest- 
ments in mobile developments. For example MioA701, the first GPS-enabled smart phone with Windows Mobile 5, is already on 
the market. The Microsoft interest in mobile computing can be a stimulator for many GIS vendors to provide browsers and appli- 
cations for mobile. 
Other non-standard solutions are also showing up. The typical polygon (triangle) rendering has a volume-based graphics, which 
might bring advantages also for mobile computing ( h t t p : l ! w w w . n g r a i n . c o n l i a l l i a ~ ~ c e s / f i l e s ~ .  A very elegant way of 
3D LRS might be the usage of see-through glasses based on augmented reality approaches. Augmented reality offers a lot of ad- 
vantages compared to traditional desktop and especially telephone cells due to: better understanding (the background view is real 
world) and faster retrieval and rendering (e.g. only the computed 3D route is visualised). However these systems are still unreliable 
and quite expensive for a daily use. 

6 Conclusions 
This paper has discussed four critical components of LBS in the light of the third dimension: positioning, interfaces, data managc- 
ment and visualization. The general conclusion is that sufficient technology possibilities for 3D exist (also Zlatanova and Verbrec, 
2003) but they have to be appropriately combined and conncctcd. The role of geo-spccialist in 3D LBS is to provide the 3D position 
and find (and deliver) the requested 3D data. 
Regarding 3D positioning we can conclude: 

- As all systems are based on thc sanlc set of observable quantities (distance and angle) many correspondences exists 
in techniques and mcthodologics. To choose with system performs best in certain conditions dcpcnd 011 these circum- 
stances. Important factors arc: insidc conditions, user controlled setup and maintenance of the reference beacons, active 
or passivc targets, and the rolc of a GeoMobility Servcr. 

- The integrity of the 'spacc scg~nent' (the beacons) of all presentcd systems, cscept GNSS like GPS, is not controlled 
and maintained. This will lead to unreliable positioning of the targets. 

- Most systeins are prcscnted as 'stand alonc' solutions, due to comnlercial interests. As no systcm operates best undcr all 
circumstances, the reliability will be improved and ensured whcn the systems arc morc integrated. 

- The OpenLS specification has to bc further extended to work with Z-coordinates and pro\,ide 3D geo-coding. 

Regarding thc interface. we finnly believc that the communication betwcen GcoMobility Server and thc rnobilc client will be bascd 
on Open Wcb Services, which still require appropriate 3D adaptations, e.g. for cxchange of paramcters needed to complctc. WTS 
and WFS. 
Apparently. it will not be possible to organize all the 3D data nceded for 3D routing and othcr analysis on the same scnlcr where 
the Geoblobilty scrver will operate. 3D LBS will be bascd on a distributed system combining GIS. CAD and geo-DBMS. This 
poscs great challenges to geo-specialist toilrards improving the perfomlance by developing bettcr 3D data organization; indexing, 
generalizatio~~ and compression. All issucs are already addressed in literature on 3D GIS. 
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!D visualization o n  mobile is not a problem anymore, but the geo-data have to be adapted for the debice and the user. 3D genzr- 
alization, usage of textures (or not), 3D symbolization, visualization clues fo r  attention attr-action, etc. a rz  a l l  tasks o f  geo-special- 
ists. 
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