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Abstract. This paper presents an architecture for compound geocoding Web
services built on diverse Web services of geographic information, especially the
gazetteer and geocoding services. The proposed architecture uses ontologies as
a key element to source selection and data integration. This approach intends to
satisfy the user needs for an adaptive geocoding service of general purpose,
which might be a core component of geolocating service architecture.
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1 Introduction

Public authorities charged with the responsibility of dealing with the maintenance of
public infrastructure require urban management systems able to manage large amount
of resources. Especially in case of emergency situations (e.g. floods, fires), an
effective management of resources included in the emergency plan involves a
centralized and coordinated management system. These systems often require support
from Geographic Information Systems for geocoding street addresses. Thus, there is a
need for up-to-date data of high quality (e.g. coverage at the national level, high
precision, reliability). However, assurance of data quality is a hard task. The
decentralized public administration is responsible for data maintenance, and the
spatial information changes continuously, especially in the urban area (e.g. cadastral
data).
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AP2007-03275). The work of Rodolfo Rioja has been partially supported by the Spanish
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In this paper, geocoding means the act of turning descriptive locational data such
as a postal address or a named place into an absolute geographic reference [1]. This
includes relative description of location as input data [2], and any geographic
description as the output, i.e. a point, a polygon or three-dimensional geospatial entity
[3].

The most prevalent way of providing geocoding functionality is a geocoding
service. Nowadays there are lots of geocoding services with diverse characteristics
determined by the quality of geo-service, the provided data and the terms of service
(ToS). Today there is no problem in using online geocoding providers but to find and
to choose a proper provider.

The main differences among geocoding Web services are caused by the provided
data, i.e. the type of content (e.g. point of interest, address). The quality of geo-
service is influenced by factors that depend on the typical QoS requirements (e.g.
response time, reliability) and the quality of the spatial data.

The geocoding services also differ in their ToS. In general, regardless of service
origin, which might be private sector (e.g. Google, ViaMichelin or Yahoo), public
sector or volunteer communities (e.g. GeoNames'3, Megalithic Portal'*, Geograph
British Isles'>, OpenStreetMap'¢), the services may be divided into three groups due to
their ToS: paid access services, free of charge services with restricted use, and
services of free use.

The private sector offers the ad-hoc designed paid services, which guarantee the
quality of data and service. Free services offered by the public sector or open
communities provide less quality than the dedicated ones. Usually, the largest
providers offer free access to their address geocoding services with lower quality and
some use restrictions. Their ToS restrict the presentation (e.g. the license requires use
of the supplier's visualization APIs), prohibit the reuse of data, and have influence on
the quality of applications based on that service, i.e. establishing limits, such as rate
limit or the maximum number of requests per day.

Finally, we should also consider that new types of geocoding service applications
such as support of mobile application, demand supplementary characteristics.
Location-based services require the support of geocoding services for tracking of user
location and the reverse geocoding at the operation system level (e.g. the Android!” or
GeoClue'® projects). The availability and capabilities of these services have to be
adjusted to the requirements of mobile devices (battery life, cellular network, access
to the Web, or GPS availability).

The choice of service is determined by the use case. Free geocoding Web services
are appropriate for "geotagging" (i.e. the process of adding the geocoded information
to any kind of media) the local news or incidents (e.g. water supply shortage, planned
roadwork) because such information does not require high quality geocoding services
or spatial data. On the other hand, the systems on which depend public health [4],

13 http://www.geonames.org/

14 http://www.megalithic.co.uk/

15 http://www.geograph.org.uk/

16 http://www.openstreetmap.org/

" http://code.google.com/android/

* http://www freedesktop.org/wiki/Software/GeoClue
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public security [5] or environmental services [6] require high quality of service and
data. For example, quickness and efficacy of fire-fighters depend on the information
they possess such as the characteristics of the building in fire (e.g. number of floors,
shape, location of entrances and the accessibility, nearby buildings) or the localization
of fire hydrants.

The vast heterogeneity of geocoding services and the specific features of
geographic data set up the open problem of provider selection. There are many works
in the context of the service discovery and selection. Some of proposals need prior
service evaluation (e.g. rating agency [7] or user [8] pre-evaluation), but most of the
works in this area use typical QoS features [9 — 11] (e.g. end-to-end delay, overall
cost, service reliability, availability). Recently, researchers show interest in services
of geographic information [12, 13] but they include only basic concepts (e.g.
coverage) and do not exploit specific characteristics of geographic data in discovery
and selection processes (e.g. reasoning based on coverage, quality of geographic
objects).

Our proposal for compound geocoding architecture attempts to be a first step in the
research on the problem of the geocoding service selection via geo-ontologies. This
approach uses a framework that allows building hybrid solutions composed of
different services which provide geographic information (e.g. geocoding, gazetteer or
cadastral service). Each solution applies administrative unit ontology for (i) provider
selection and (ii) data integration. This approach may increase the flexibility and
adaptability of applications. In case of the public services, it provides access to
different services, national and local, in a transparent manner and ensures the use of
updated data.

Additionally, integration of multiple geocoding sources and/or services is one of
the open issues of research in field of geolocating, which will be presented in the
section 2. Our approach aims to develop the fundaments for designing core
components of geolocating services.

The paper is organized as follows. Section 2 presents issues that appear in the
context of geolocating. The next section reviews the characteristics of geocoding
services. Section 4 presents the architecture of the compound geocoder. The following
section shows the state in geocoding of urban management applications in Spain, and
presents the implementation of the application. Finally, there are presented
conclusions and the description of the future work.

2 Geolocating within Urban Systems

Existing geocoding services are generally limited to assign a geographic coordinate to
an absolute location such as a street address. However, urban management systems
need to geocode location description in a more flexible way. For example, it is
common that a citizen who calls an emergency centre does not know the address
where he/she is and the descriptive information that provides is ambiguous or even
confusing (e.g. “100 meters of a memorial statue in the park, which is situated by
Colon street”). In such a situation the user needs to be “geolocated”.
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Hutchinson and Veenendaal [2] define “geolocating” as the evolution of the
geocoding process that permits to assign valid geographic codes to freeform textual
descriptions of locations. Conventional geocoding services that work with absolute
locations will not be able to determine the coordinates of the place of incident. The
best solution is a geolocating service, which might interpret correctly the relative
location (e.g. distance, direction), with landmarks (e.g. park, railway station) and
features (e.g. coffee shop). Hutchinson and Veenendaal [2] enumerate the following
elements that contribute to the concept of geolocating: query syntax flexibility, user
interaction, user context consciousness and complex site representation. It is
important to stress that the authors argue for a new methodology, however, they do
not include details of how one would implement it.

The principal design goals of the architecture proposed in this paper are flexibility
and extension facility. Due to the fact that the geolocating process demands spatial
information of wide range of types, the compound approach seems to be suitable for
the architecture model of a geolocating system.

3 Characteristics of Geocoding Service

The proposed architecture allows the service selection according to the use case
requirements. Therefore, the proper description of each source is vital for the
behaviour of the whole system. Fig.1 presents the properties that are used in the
strategy for provider evaluation, which is essential for the service selection and the
decision making process.

| Coverage

l IType of Spatial Object I

Result Accuracy

Reliability Geocoding Service

Type of Content

Fig. 6. Characteristics of geocoding service.

Precision

The main features of each geocoding service are the spatial coverage, the type of
content and the type of spatial object. The first two of them are always given by the
provider or are indicated by the name of the service. The first one defines the area in
which offered data are situated and, usually, this area corresponds with the
jurisdictional geographic object, the concept defined in administrative unit ontology.
The second feature, the type of content, strictly depends on the georeferenced types of
features. The last one indicates the list of provided types of spatial object, such as
point, polygon or 3D entity. For example, the cadastral service of Spain (Servicio de
Catastro de Espana), as the name of the service indicates, has the coverage of Spain
and offers coordinates of parcels. Google Maps has world coverage and its type of
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content is street address geocoded via point, which is provided by the service
description.

Another feature is the result accuracy and should not be misinterpreted as “data
accuracy”’, the term commonly used in literature to describe spatial data accuracy.
Result accuracy is defined for each source and is derived from the analysis of the
source data model and the search data model. It indicates the level of overlapping of
the search and data models. Let us define the search data model for the address search
in Spain. According to the general approach [14], it will contain at least province,
municipality, zip code, street name and number. The data model of the cadastral
service of Spain maintains this minimum (the accuracy is 'number' or simply
'address'), but the data model of the geographic information service does not have
streets and the search accuracy will be 'municipality’'.

From the analysis of spatial data, it is possible to obtain two additional indicators
(of range O - 1): reliability and precision. The reliability indicates the capacity of
representation of elements of physical world in the content. The service that offers all
elements of real world has a reliability value equal to 'l'. The indicator of precision
informs about the average positional error [15] of the whole dataset. It is important to
note that this indicator may be influenced by difference between the provided spatial
object and the search one. For example, using cadastral data for the address
geocoding, there will be a decrease in spatial data precision.

Usually, the reliability of a street address service varies in function of the area
relevance, for example a new suburb might be even omitted. Such a feature might be
indicated by an additional indicator, called granularity, which respects the level of
detail.

4 Architecture Overview

The compound geocoding architecture uses different geographic information services
such as gazetteer services, geocoding services and cadastral services. Each source has
to be properly described as the descriptors values are the clues for source selection,
which determines the adequate functionality of the system. The result accuracy is
estimated via comparison of the search model and the data model of each source. This
requires a well defined model of searched information, possibly with an
administrative unit ontology [16]. Also, the data model of each provider has to be
described with the help of the administrative unit ontology that permits the mapping
of data models.

The main elements of the compound geocoding architecture (see Fig. 2) are an
input data processor component, a core component and a mediator component. The
input data processor performs the pre-processing of input data. The steps in this phase
of geocoding are common techniques among geocoders [2]: cleaning, parsing and
standardizing.

The core element is responsible for the whole process of source selection and data
evaluation. The rules used by the source selector component and the data evaluator
component are implemented in the decision maker component. The rules apply the
search criteria that are defined in the same terms as the source characteristics. The
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search criteria are provided by the application context and/or the user requirements.
The first evaluation of the results is done in the mediator and then the data evaluator
performs posterior evaluation according to the predefined criteria of search and the
characteristics of the content (e.g. data precision, content type).
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Fig. 7. The main components of the compound geocoding architecture.
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The mediator component consists of pluggable service connectors and a data
integration component. The main advantage of the connectors is the abstraction from
communication protocol, invocation styles or interfaces used. The data integration
component is responsible for data harmonisation which consists of data mapping and
coordinate transformation if necessary.

This architecture allows geocoding different types of named places and due to
complementing data from one source with data from the others; it improves the
reliability and the data precision. It also gives the user more freedom in deciding the
search strategy. Due to the access to several services, the search strategy may select
the best response of the entire system, the best answer for each source or the best
answers from a chosen source. In addition, as the details of implementation are hidden
in the mediator, this allows incorporating any type of georeferenced data.

5 Address Geocoding in Urban Management of Spain

In Spain, in public sector, there are several alternative services in the field of
geocoding of street addresses, such as cadastral services, CartoCiudad'®, Geopista®,

19 http://www.cartociudad.es/ignnomenclator/
20 http://www.geopista.com/
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or services provided by local authorities (e.g. IDEZar Street Gazetteer Service?' of the
Zaragoza municipality, IDEZarSG).

The national cadastral service is offered by the Direccion General del Catastro®,
DGC (an administrative registry which belongs to the Ministry of the Treasury). The
service provides updated data and spatial representation of parcels of high quality.
However, the spatial data precision is lower for address search (i.e. parcel centroid),
and the data access is uncomfortable and might result confusing (definition of the
province and then the municipality).

The alternative providers are Geopista or CartoCiudad. The first one uses data that
comes from the DGC. Although the second one offers services with data coming from
the harmonisation and integration of digital data produced by several official
suppliers, the main source of CartoCiudad is again DGC. As both of them use stand-
alone data bases, in a short time there will be problems of data reliability. Moreover,
they do not provide any update procedures.

The other alternative might be the services of street data provided by local
administration, such as the IDEZarSG. These services are characterized mainly by
high precision. However, the level of granularity differs depending on the area (e.g.
urban centre, town) and there are areas without coverage, such as new highways or
suburban areas.

In Spain, the geocoding services in the public sector are not adequate for urban
management systems, for there is lack of update procedures, reliability, and precision
or even simplicity of use (step strategy). One of the solutions to this problem might be
the data integration from different sources via compound service architecture.

Table 1. Characteristics of the selected services in the context of address search in
municipality of Zaragoza. The values are obtained via series of provider tests according to the
description presented in section 3.

Coverage Content Result Reliability Precision
Type Accuracy

IDEZarSG Service =~ Municipality ~ Street Data Number 0.98 1

of Zaragoza
GoogleMaps Service World Address Number 0.96 0.99
Cadastral Service of  Spain Parcel Number 1 0.95
Spain
IGN Concise Spain Geographic  Locality 1 not applied
Gazetteer Service Features

The implementation of a compound service for address street geocoding uses the
following geocoding services: the IDEZarSG Service, the GoogleMaps Service, the
Cadastral Service of Spain, and the Concise Gazetteer Service of the National
Geographic Institute (Instituto Geogrdfico Nacional, IGN). The characteristics of
each one are described in the table 1.

2! http://idezar.unizar.es/SRW/client.html
22 http://www.catastro.meh.es/
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The first step is definition of a search model. The street address model is described
by the administrative unit ontology that permits assignation of specific legal roles to
administrative unit entities, in this case, the address role. In Spain, the address is
defined via province, municipality, zip code and address line, i.e. the compound of
street name, street type, number with additional information if necessary, e.g. floor
and door. As the zip code is not supported by any of the plug-in sources, the data
disambiguation requires extending the official address model with locality and suburb
fields.

The domain data model and the source data models are defined to satisfy the
address search model. The administrative unit ontology is used to define each model
that helps in the mapping between them as Fig.3 and Fig.4 show.

ComunidadAutonoma

Provincia

Comarca

Municipio

[ CountryNameCode

Idezar:junta-vecinal

[ AdministrativeAreaName

Idezar:junta-municipal

[ SubAdministrativeAreaName

[ LocalityName Poblacion

[ DependentLocalityName }/JI Distrito

[ ThoroughfareName k\\—
\

CalleNombre

} gazterms:sortname |

Idezar:tipo-via |

Idezar:numeroPolicia

N

\

\
\

IDEZarSG data mode

Google data model Internal data model (address part)

Fig. 8. Data model mapping between the domain model, the Google data model and the
IDEZarSRW

The proposed architecture uses several geographic information suppliers to obtain
the highest service quality. The features of the compound service allow eliminating
the problems indicated in the previous section, such as the need for data update,
manual step strategy of search, or omissions in coverage or granularity.

Currently, an instance of this service is used as the geocoding service of the official
web of the Zaragoza municipality council?. The main data source is the IDEZarSG
service but the result data is complemented with the data from other sources, which
improves the reliability of the service.

23 http://idezar.zaragoza.es/callejero/index2.jsp
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Fig. 9. Data model mapping between the domain model, the address part of the MNE data
model and the cadastral service data model

6 Conclusions and Future Work

The compound geocoding architecture ensures the improvement of geocoding results
(e.g. reliability, spatial data quality) thanks to the use of different geographic
information suppliers. The use of multiple sources involves the development of
ontology for describing the geocoding sources. Moreover, the use of ontologies yields
an advanced architecture in terms of extensibility, flexibility and adaptability.

The framework for geocoding service selection permits to develop a methodology
to geocode diverse categories of data types (e.g. spatial features, points of interest),
which is an essential functionality of a geolocating service. In this context, there is a
strong demand for a generic search model that involves the formalization of search
model. Additionally, knowledge integration system adds new issues to the gazetteer
concept. Usually, the spatial data of gazetteers is obtained from geocoding processes
and comes from diverse data sources. Nevertheless, data models of gazetteers do not
offer information about spatial data accuracy and its origins.

The principal disadvantage of this approach is the need of implementation of a
pluggable connector for each source. Although the implementation permits adapting
to changes, the effort of connector creation is significant.

As a future work, we will study the current techniques in Web service
interoperability that permits automatic discovery and use of the geographic data
providers. An effort will be made to create the formal definition of the ontology for
geo-service description that includes the features enumerated in this paper. As the
next step, we will apply the ontology reasoning for improvement of the service
selection.
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