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Agreeing on high level concepts of spatial datatheddevelopment of systems handling these is the
first step towards the Spatial Information Infrastures (Sll). OGC and ISO/TC211 have developed
a rich set of standards in this area (independespecific themes or domains). Parallel to this
development has been the growth of the Internetadints protocols that have created the foundation
of the SlI. This does not mean we do understand edeer’s information as for this we also have to
agree on the domain (or thematic) models. In tmeca of these models the data get more meaning,
and it is fair to state that data become inforrmatitoday these models are often expressed as UML
class diagrams, often limited to just the data.slde next step is applying knowledge and inference
engineering technology. This chapter gives an ogerof the different aspects of the Sll. Next
attention is paid the question what is intendedh wie spatial semantic web. Finally an overview of
the spatial semantics evolution is described. Tdinout this introduction chapter references are

made to the other chapters in this book, whiclgareg into further detail.

0.1 Aspectsof the Sl

Besides agreeing on the information content thexeaaaumber of other aspects, which are needed to



realize the Sll. These could be subdivided intbimézal and non-technical aspects. Among the
technical aspects the Sll needs metadata, descnlwadalogues and made available via registry
services. The web-based services (including ddizeds services) form another technical aspect of
the SII. Among the non-technical aspects of thetB# legal and organizational issues are impartant
copyright, pricing policy, access rights, etc. Bt 2007 research seminar focused on the technical
aspects, and specifically those of the core elewietie Sll: the spatial information itself. Figudel
gives an impression of how the information withie t$S1l can be combined and used in various

application contexts.
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Figure 0.1 Using the Spatial Information Infrasture

Standardization of themes, a number of examples

After the theme independent aspects of standagigpatial information, there is now a wave of
attempts to agree on complete themes, coveringthetbpatial and non-spatial aspects. A number of

examples of standardizing themes/domains are n@ffybpresented. Within the (road) navigation



sector the Geographic Data Files (GDF, ISO/TR 148B2%5) has been developed by ISO/TC204
Intelligent Transportation Systems (ITS). More rgte ‘Recording and exchange of soil-related
data’ was submitted to ISO/TC190 Soil Quality. Ardrexample is the submission by the FIG of the
Core Cadastral Domain Model (CCDM) to ISO/TC211r{ileen and van Oosterom 2006). Note that
the CCDM has recently been renamed to the Land Adination Domain Model (LADM), see
Chapter 9. Also within the private sector, there mumerous development efforts for ‘domain’
models; though the acceptance or integration cetlato the de jure standards may be problematic.
Two important advantages of agreeing on domain isade: 1. it becomes easier to understand the
information of others within the domain, 2. systdevelopments may be shared as many partners
base their system on the same model. The benefirofin models (and ontologies) for facilitating
information discovery and building knowledge-basgstems is clear. The drawback of different
ISO/TCs (or other organized sectors) for differged-information themes, is that there is no/ditticu
harmonization between themes (perhaps confusindapvand also double work). Anyhow, it will

not stimulate interoperability between these theaseseeded for a wide spatial semantic web. The
development of thematic (semantic meaningful) medethe future of geo-information

standardization.

Unpreceeded programs. INSPIRE and US DHS Geospatial Data M odel

However, recently there are a number of largeatives started to develop harmonized
(interoperable) model specifications covering mtmemes. For example, within INSPIRE, 34
different themes are to be covered; see Chapted htip://inspire.jrc.it/. It will be an incredible
challenge for the 27 countries of the European bltiorealize this: first agree on the harmonized
models and next deliver information according sthmodels. But the situation is not unique for

Europe; see the US Department of Homeland Seqiy5) Geospatial Data Model, which also



covers quite a broad number of themes; see Chéajpted http://www.fgdc.gov/fgdc-news/geo-data-
model/. Parts of DHS are based upon the FGDC Framkeldata Content Standard, which depends
upon the ISO TC211 feature model upper level ogigldescribed in more detail in Chapter 4.
INSPIRE will also adopt various ISO TC211 standafdeese large programs will create the
infrastructure of which many applications and usatisbenefit, both within government, private

sector and individuals.

Model Driven Approach

Creating the harmonized models and specifying tastdML class diagrams (and documenting
them further with the help of feature and attribcagalogues) is in essence capturing (and agreeing
on) human knowledge within a certain domain (osetbworld). Note that UML is less suitable as
basis for creating bridges between domains (semardpping, translation and transformations);
other tools are needed for this; e.g. OWL and neaxso These UML class diagrams can be used for
the implementation of information systems accordmthe model driven architecture approach. The
same model can be the basis of a database sch@hd&a Definition Language), an exchange
format (XML schema), or most of the user interface associated behaviour in an edit environment
(e.g. automatically generating specific types oifrfe to enter valid attribute values of a specific

feature). Within Bentley, the XFM technology isiarportant indication of this development.

The scope of Sl

Note that the Sll does not only cover traditionadgnformation, but also (geo-referenced)
designs/models, subsurface information (geo-teahrgeological, etc.). Clearly, we have the issue
of the 3D aspect in many of the relevant themeghEu as things do change over time, the temporal

element is also very important. How does thisialhto a usable interoperable infrastructure? The



semantic aspect of information (what does it méanpt only important for human beings to
understand each other, but semantics is also edsénte do want that machines do useful things
with that information. Therefore, the semanticd Wéve to be formalized beyond what is currently
expressed in UML, especially when trying to harreeracross domains. This is the essence of the

semantic web: ontologies, perhaps expressed in OWL.

0.2 The Spatial Semantic Web

So what exactly is the ‘Spatial Semantic Web'’ aad Is this different from the proposed Semantic
Web and even the current World Wide Web (WWW)?tFitss important to understand the

limitations of the WWW.

The World Wide Web

Try to Google the first author’'s name, Scarponémprder to see all of the papers he has

written. You will get close to 100,000 hits. Todsagearch engines merely look for keywords in
documents, and, if found, return the entire docunieturns out that ‘Scarponcini’ is Italian for

small (low cut) boot. So most of the documentsrretd are in Italian and are about small boots.
Searching instead for Paul Scarponcini will retarmore manageable set of just under 1,000
documents, one of which is a story abBatl McCartney buying a pair afmall bootsn Italy. Yes,

you could eliminate this one by putting quotes arbthe entire name. But what if a document
contains only P. Scarponcini instead of Paul, @r@ancini, Paul? The computer, search engine that
is, has no idea that a successful find is a doctumkith is a paper written by Paul Scarponcini. It
also finds documents which are papers, but whietaathored by someone else; Paul Scarponcini

appears in the bibliography. Some documents aréimgeminutes where Paul Scarponcini is in



attendance. The other limitation of the current W\M¢ that it can only return (whole) documents. It
is up to the user to read and interpret the régudee if there is anything of value in the docuimen
The only information contained in the document €otthan the document content itself) is the
information the computer needs to be able to plpgeesent the document on the screen. In its
tremendous success in being able to make informatiadily available, the WWW may now be

suffering because it returns just too much inforarafor humans to consume.

The Semantic Web

The next logical step then is to augment the infdrom contained in documents with additional
information which would allow the computer to unstand the document content. This can include
information about the document (metadata) as veelbatological) information about the

information contained in the document. A searchrengould then make better decisions about what
documents to return. Metadata and ontologies audsed in greater detail in subsequent chapters,
particularly metadata in Chapter 10 and ontologieShapter 3. The web should also be able to
provide more than just information in a documesetviges will also be provided which can access,
manipulate, integrate, and present informatiorhasiser wants to see it, instead of just how it
appears in a single document. Searching for th sgrvice poses an even greater challenge than
searching for information, especially if multiplergices need to be chained together to achieve the
desired result (Chapter 7). Additional informatieravailable about the Semantic Web from various
sources, so it does not have to be repeated ifl deta. However, to summarize where we have
been and where we may be headed, Chapter 3 pradassessment of significant achievements on
semantics technologies to date as well as impoctaltenges that remain to be solved. What is

germane to this book are the spatial aspects dd¢neantic Web.

The Spatial Part



Almost every piece of information has a locatiosasated with it. This might be the home address
of a person, the business address of a restatitardyurrent position of my car as | am driving down
the road, or where the speed limit changes. Ondditharefore expect location information to play
an important role in the Semantic Web. In fact, ynaave proposed using location as a means of
integrating other information — see Chapter 6. Aagtimg the information that a restaurant only
accepts cash with the locations of the restaunashttze nearest ATM might be helpful. But it is not
quite that simple. There are numerous ways of esgong locations, from simple street addresses to
more precise latitude and longitude coordinatesyTdan be absolute or relative, as two blocks down
on the right (from your current location). So haythe street address of the restaurant and the
latitude/longitude of the ATM will not help unlegsu also have a way of correlating these two
locations. What is special about spatial informatihat warrants its recognition in the Semantic
Web? First, there are spatial types (point, Ipaygon, polyhedron) but these can be described
similar to non-spatial data using ontologies. Ttiere are fundamental spatial (intersects, within,
touches) and topological (connected, adjacent)adpes which require agreement on their precise
meaning. These can then be augmented by more rotrgtinations using inferencing rules. For
example, near might be defined using both distamckeconnectivity, such as determining if the
ATM is near (within driving distance of) the restant. Spatial information is tied to a spatial
referencing system which, in the case of geo-in&diom, deals with the fact that distances between
locations on the earth’s curved surface may ndhbesame as their distance apart on a flat map.
Many indexing techniques have been developed forspatial or one-dimensional information but
when two- and three-dimensional spatial representsneed to be indexed, special methods are
required. Additionally, much of the nonspatial diastéhe Semantic Web relates to discreet objects,
which are easier to classify in an ontology. Mapgtg&l objects, such as areal coverages and linear
events require special treatment both at the (ooatis) object level as well as the location

dependent property value level (e.g. elevation meagiding to the ontological complexity. And for



spatial data sets, relationships are more frequenthputed rather than stored. This presents

problems for reasoners, which assume that allioelstiips are explicit.

0.3 Spatial Semantics Evolution

Associating semantics with spatial is not a newceph As early as the 1970’s, ontologies were part
of CAD, though not recognized as such. The Builddagign System, BDS, software from Applied
Research of Cambridge, as well as the follow upe&drDrafting System, GDS, required the user to
identify an object before drawing any linework (Mmihell Douglas 1988). The object name was
comprised of up to six facets, effectively creatintype hierarchy. When purchasing such a system,
the user was faced with the daunting task of angairelevant taxonomy of objects, such as
BUILT:TRANS:ROAD:HIGHWAY:RT66:EAST for the eastbodrcarriageway of the Route 66
highway in the transportation domain of the bwf.(natural) environment. The benefit was the
ability to then obtain a drawing of just those abjelasses desired, instead of the more rigorous
layered approach common at that time. So you cgetichll the TRANS objects, no BLDGs, and
highways could be rendered green whereas locasroauald be brown and dashed. Properties could
be attached to objects at either the object oantst level. Eventually, this nonspatial data cdgd
stored in a Relational Database using SQL*CAD (foacini 1989). This was taken to an extreme
when GDS/SQL*CAD/Oracle were customized for theiglesf the $6Billion Wastewater

Treatment Plant in Boston (Scarponcini 1990). Qlfets were used to identify both the facility
being constructed as well as the system to be miagd and operated. All menus were data driven
by queries to the database so that only the apptembjects could be used for a particular facilit
The resultant ontology for wastewater facilitiessvistended as a transition from design/construction
into maintenance/operation. And this was in 19B&N data structures (for polygons, chains, and

nodes) were added to GDS and with the SQL*CAD cotioe to Oracle, GDS was a predecessor to



feature-based GIS.

| ntegrated data management

Related to the data and operation model drivencempr indicated above is the fact that the
integrated management of data, both spatial anespatial, is the preferred approach. The GEO++
system (Vijlbrief and van Oosterom 1992) basedhenRostgres DBMS (Stonebraker et al 1990, de
Hoop and van Oosterom 1992) is an early examplei®fipproach. The spatial functionality within
the DBMS is provided by Abstract Data Types (AD@)) point, line and area geometry. Note that
the spatial functionality was before standardizétivv SQL (ISO/IEC 1999, ISO 2002a). The
interface of GEO++ is completely model driven basedhe DBMS catalogues describing the
defined tables and the available operators for datdtype. This is true for both the 2D and the 3
version of GEO++; see Figure 0.2. The Cadastratyqua®l is an example of a system based on the
GEO++ model driven approach, though the researdM®PBostgres has been replaced by the

production DBMS Openingres (van Oosterom et al 2002
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Figure 0.2 Impression of the 3D version of GEO+#adel driven GIS (van Oosterom et al.,
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Automated Spatial Reasoning

To extend the semantics of GDS, ibafneprototype was developed in 1991 (Scarponcini, 1995)
captured spatial objects from GDS and their assatiproperties from Oracle, via SQL*CAD, and
instantiated objects in Neuron Object, an Al sofevaackage. Inferencing rules were added for
reasoning about the spatial data. Sample CAD dgsnamd GIS maps were created in GDS and
Dafnewas able to infer information from the data thaswarsisted. The near predicate mentioned

earlier was implemented as a rule based on geormetryopology of the roads on the GIS map or
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rooms on the CAD architectural plan. What mBadénea challenge was that it pre-dated any
standards, like OGC and ISO TC211. There werdardard spatial data types, no fundamental
spatial operators, and as yet no consensus oratioity of a feature-based approach. These were all

proposed as part of ti@afneprototype, perhaps a bit ahead of its time.

Spatial Standardization Begins

This all changed in the mid 1990’s with the adaptidd OGC Simple Features (OGC 1998),
ISO/IEC SQL/MM Part 3:Spatial (ISO/IEC 1999), ai80 TC211 (ISO 2002a). The ‘simple’
describes the geometries, not the features theessddeing limited to points, linestrings and
polygons with linear interpolation only and colliecis of these. Perhaps their greatest initial
contribution was a (simple) geometry type hierar@mtology), complete with properties and
fundamental spatial operators. Perhaps most unkmdwhe time, the feature model that was
specified in TC211 (ISO 2003) and supported by GB& SQL/MM, changed the fundamental basis
of GIS. This is explained in Chapter 4. A featua@ bave properties, including attributes, operation
constraints, and roles, as well as associationtheer features. Of significance is the fact thaitisp
representation is considered to be an attribugefe&ture, rather than being the central organizing
type typical in early GIS — see Chapter 2. Theueamodel allows for multiple geometric
representations for the same abstracted real watlty but offers no solution on how to *harmonize

them’. Chapter 8 elaborates on the need of semstaticlardisation.

Geometry versus Object (Feature) first modelling approaches

When we look at spatial modelling in the past, fimgple we can distinguish between three different
approaches: 1) geometry- (topology) first, 2) objéeature) first, and 3) hybrid approach. Because

the related models have quite a different stagioigt, there is sometimes confusion between
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modellers.

In the geometry-first approach, the models starhfthe geometry (topology). Attributes are added
to these geometries in order to classify the objéidte result is typically a set of tables in the
database such as point/symbol table, text/labdgd tibe table and area table. Within a table all
objects (records) have the same set of attrib&tasexample in the area table there may be houses
and roads, all having the same attributes. Ingphmoach, it is also possible to explicitly modwed t
topological structure (e.g. linear network, or pen of space) with well-known advantages
(explicitly connectively, avoiding redundancy, leettjuarantees for quality under updates). The
Dutch cadastral map in LKl is a typical exampldto$ geometry (topology) first approach (Lemmen
et al., 1998). In this solution objects may shai@ topology, their geometry with other objects. It
could be argued that map representations (on maysereen) themselves, i.e. the visualization ef th
spatial data, is also a geometry-first type of nh@deall objects are considered together in a
geometry model.

The second approach, the object-first approachgefadte object classes first with added geometry.
Every object class can have its own set of thenadtidhutes, which may vary for the different olijec
classes. Also every object has its own geometscrigion independent of any other object. The
TOP10NL model is an example of this approach. Talpicdhe result is a set of tables (or relational
objects) in the database such as houses, roadswags, which have among others their own simple
object geometry type attribute. Sometimes additiauas (constraints) are added in order to avoid
un-wanted situations (often topology based); elgpwse polygon should not overlap with a road
polygon at same level/layer. The drawback is tHahase constraints have to be explicitly stated
(and checked when updates are performed) and ammimedded in the main structure of the object-
first type of model. Also the model does not exgiiiaccontain the topological relationships, which
may support various types of analysis (e.g. quatlitytrol of updates). It must be noted that

topological relationships are very important formmgeneralisation; e.g. what are the neighbours of
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this object (candidates for aggregation), is thevaek connectivity damaged when this road segment
is removed, etc. The ISO 19109 standard makes grepéncluding geometries and topologies)
composites of features, thereby precluding thearahility.

The third approach is the hybrid approach, whiehts the geometry and object class equally. It
combines the strengths of both approaches: thenéte) attributes are specifically designed for
every object class, but the model also enablegdiggometry and use of embedded structure. The
spatial domain is partitioned and the result ixdbed using tables for nodes, edges, and faceks (an
solids in 3D). The objects are modelled in the samag as in the object-first approach with the
exception that the objects do not have their owde@ndent geometry-attributes, but refer to
primitives in the geometry/topology part of the reb(hode, edge, face,...). This is the approach as
described in the ‘formal data structure’ (FDS) tlyeaf Molenaar (1989) and quite recently
implemented in products such as 1Spatial (Lase)SRadius Topology and Oracle spatial topology
(first introduced in version 10g). It is also sopged by the new topology part of the SQL/MM
standard and implemented in the ISO TC204 GDF stahdUnfortunately the security system
enforced by the SQL language (i.e., GRANTS) didailmw the topological primitives to be
implemented as relational objects like the geomrgs, so tables were used instead in order to
enable sharability of topology. The OGC Simpletkeastandard only supports geometry, and
sharing it between features is not precluded, #isase with SQL/MM geometry.

De Hoop et al (1993) discuss the different modglapproaches and the consequences for realization
and use. It cannot be claimed that one model iseBbe¢han another model. This depends on the
application context and use. If one specifies alemof important characteristic of the application
domain and typical use, then it is possible toestdtich approach is preferred. Considerations could
be:

1. allow exceptional overlapping of objects in a@rtcases (e.g. bridge over water in 2D),
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2. allow modelling of systematically overlappindssef object classes (e.g. topographic objects
at one hand and administrative units at the othed}

3. enable multiple geometry representations ofisinfjects (e.g. road area polygon and road
centre line, or building footprint polygon, buildjmooftop polygon, and building centroid),

4. support consistent updating/maintenance,

5. support efficient querying, analysis and viewniglata,

6. avoid storage space consuming representatiaght(also be expensive for data transfer),

7. support easy delivery for customers (simple @bjenight be easier to receive in another

system than topology structure), etc.

Standards Progress

After Simple Features, OGC was successful in lammgcthe WMS, Web Map Service (OGC 2004).
Chapter 11 presents the comprehensive DanishgiriieSIl based upon WMS and augmented by
various registries. WMS, though service based weblked, suffers from the same limitations
mentioned earlier for the WWW — the map, like awdoent, is retrieved in its entirety, with no
knowledge of its content. So now the standards gedra in a bit of free fall. OGC has proposed
WFS, Web Feature Service (OGC 2005), a more seoadigtoriented version of WMS, and a WCS,
Web Coverage Service (OGC 2006), and resultanusgoti over whether a coverage is a map or a
feature. This has led to the creation of an Asegtiire Board to help sort out a conceptual model fo
a family of Web Service specifications but even enlmndamentally a strategy for writing
specifications and even more fundamentally, idgimtif the mission of OGC. TC211 appears to be
equally astray. The initial 20 domain-neutral stdd in the ISO 191nn family presented a concise,

consistent abstract model of all aspects of gedgrapformation. The value of their contributioh o
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the feature model as an upper level ontology skt the spatial semantic web cannot be
underestimated. But the subsequent 30 standarésafpbe all over the place, including domain
specific topics such as transportation tracking rendgation. Perhaps it is appropriate that stathdar
number 19150 is focused on semantics (ISO 200@meSof the challenges beyond simple features
and the feature model are now being wrestled witkh in OGC and in TC211. This includes
observations and measurement, temporal, and servickapter 5 focuses on earth sciences. Here, it
is often inadequate to model the data resultingnfam observation without details of the instrument
or process used to generate the data. OGC is vgpdkimeconciling an abstract model of observation
and measurements with their current GML impleméortat TC211 has managed a temporal schema,
ISO 19108 (1SO 2002b), defining fundamental tempiy@es and operators. Moving features, ISO
19141 (ISO 2005), considers changes in locatiom tiwee. The more difficult problem of features
morphing over time has yet to be standardized.p&h& transitions us into the world of services,
identified by the operations they support. Eacérapion can be defined by its input an output
parameters which are conveniently based upon tireraéntioned feature model. The whole
semantics of individual services and service chgimng certainly in the research phase, though

solutions to non-spatial service semantics mayigeokints to solve spatially enhanced services.
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