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Preface

CONGEO 2006 was the Second International Conference on Geoinformatics
Applications. It was held in Mexico City, November 21-24, 2006.

This series of biannual conferences (even years), which are satellite events of the
biannual (odd years) International Conferences on Geospatial Semantics (GeoS).
While GeoS aim at providing a timely forum for the exchange of state-of-the art
research results in the areas of modeling and processing of geospatial semantics,
CONGEO focuses on the applications of geospatial semantics to next-generation
spatial databases and geographic information systems (GIS) as well as personalized
geospatial web services. This conference brought together specialists, researchers,
engineers, and practitioners throughout the world whose expertise addressed such
issues as: GIS applications development; Conceptual, extensional, ontological, and
intentional models of geospatial domains; Intelligent tools for the management,
analysis, and synthesis of geospatial information; Development of ontology-driven
spatial and spatio-temporal databases; Intelligent systems for geospatial data
conversion; Semantic processing of geospatial visual information; Urban planning
and modeling; Ontology-driven geographic information systems; Interoperability
among different geospatial databases; Personalized geospatial web services; Web-
mapping applications; Geospatial data mining; Geospatial knowledge representation
and processing over different cultures and languages.

This volume contains 9 carefully selected, peer-reviewed, and revised original
papers on Geoinformatics applications. The papers are organized in the following
sections:

- Geospatial Services and Information Retrieval,
- Geospatial Data Processing,
- Geospatial Analysis and Its Applications.

We hope that the volume will be useful for researches and students working in
the corresponding areas of Geoinformatics as well as for all readers interested in
Geographic Information Science.

We are gratefully acknowledge the support provided by the sponsors of
CONGEO 2006: IPN (Instituto Politécnico Nacional, Mexico), CIC (Centro de
Investigacién en Computacién, Mexico), CONACYT (Consejo Nacional de Ciencia y
Tecnologia, Mexico). Our special thanks to Ignacio Garcia Araoz, and the members
of Geoprocessing Laboratory of CIC for their noble support.

We hope you will enjoy the works reported in this issue and we are looking
forward to see you in the next editions of CONGEO in CIC-IPN, Mexico City.

November, 2006
Marco Moreno-Ibarra
Serguei Levachkine
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Tightly Coupled Geospatial Interfaces for
Collaborative Systems and Just-in-Time Information
Retrieval Agents

Amo Scharl

Know-Center and Graz University of Technology
Knowledge Management Institute; Inffeldgasse 21a, 8010 Graz, Austria
scharl@tugraz.at

Abstract. Recent advances in collaborative Web technology are governed by
strong network effects and the harnessing of collective intelligence through cus-
tomer-self service and algorithmic data management. As a result, information
spreads rapidly across Web sites, blogs, Wiki applications, and direct commu-
nication channels between members of online communities who utilize these
services. These various media can be integrated by means of ontology-based
tools for building and maintaining contextualized information spaces. The com-
plexity of these spaces calls for new interface technologics that enable users to
switch between semantic and geospatial topologies with ease. This paper re-
views the literature and outlines the application of geospatial technology for
building collaborative systems, and for presenting the results of just-in-time in-
formation retrieval agents in an intuitive manner. It introduces Knowledge
Planets as a new interface metaphor that leverages the new generation of geo-
browsing platforms such as NASA World Wind and Google Earth as a front-
end for semantic services (see http://www.idiom.at/).

Keywords: Tightly Coupled Interface, Geospatial Projection, Collaborative
System, Knowledge Planet, Information Retrieval, Annotation Service

1 Introduction

Integrating cartographic data with geo-tagged knowledge repositories, the emerging
Geospatial Web “may ultimately be the big disruptive innovation of the coming dec-
ade” [1, xxv]. As such, it will catalyze change and enable a broad range of as yet
unforeseen applications. The following hypothetical scenario outlines how the envi-
sioned integration of contextualized information spaces and geospatial technology
could radically change individual working environments in the not too distant future,
impact the workflow within and across organizations, and enrich the interaction be-
tween content providers and their target audience:

Kathryn O'Reilly is a knowledge worker who sells her ability to gather, filter and
prioritize electronic content. In a virtual world built on contextualized information
spaces, Kathryn seamlessly switches between geographic and semantic topologies.
She begins her typical working day floating in the virtual space above earth, ready to

© M. Moreno-Ibarra, S. Levachkine (Eds.)
Semantics in Geoinformatics Applications
Research in Computing Science 25, 2006, pp. 3-18



4 Arno Sharl

navigate the globe and semantic structures via subtle movements of her eyes, and to
access an extensive portfolio of add-on functionality through haptic devices. From
her elevated position, Kathryn not only observes the rise and decay of topics, but also
the unfolding of social structures based on the unique social networks of her friends
and business contacts. Across these networks she builds and shares her knowledge
repository, and composes media products that are continuously being validated and
enriched by the latest news feeds and third-party multimodal sources.

The underlying content management system automatically tailors the format of her
articles to the preferences of her regular readers. Kathryn adds, selects, categorizes,
aggregates, filters and extrapolates information along multiple dimensions, with
minimal cognitive requirements. She can structure her daily workflows, access ar-
chives of historic textual and multimedia data, and customize her virtual environment
with various communication services to interact with pre-defined or dynamically
assembled groups of like-minded individuals. At any point in time, Kathryn may use
portions of the information space to initialize what-if scenarios and advanced eco-
nomic or scientific simulations, investigating the complex interplay between com-
puter-generated and real-world participants.

2 Annotation Services

The unprecedented success of the Web 2.0 and geo-browsing platforms has popular-
ized the process of “annotating the Planet” [2]. Both semantic and collaborative tech-
nologies unfold their full potential through network effects and benefit from a critical
mass of annotations [3]. At present, however, many metadata initiatives still suffer
from the chicken and egg problem of wishing that existing content was retrofitted
with metadata [4]. This “capture bottleneck” results from the beneficiaries’ lack of
motivation to devote the necessary resources for reaching a critical mass of metadata
[5]. Manual annotation remains difficult, time consuming and expensive [6]. Auto-
mated document enrichment [3, 7] addresses this shortcoming by parsing existing
Web resources and annotating content fragments along multiple dimensions.

2.1 Geospatial Annotation

Once geospatial context information becomes widely available, any point in space
will be linked to a universe of commentary on its environmental, historical and cul-
tural context, to related community events and activities, and to personal stories and
preferences. There are several sources of geospatial context information for annotat-
ing knowledge repositories:

e Annotation by the authors, manually [8] or through location-aware devices such
as GPS navigation systems, RFID-tagged products, and cellular handsets. These
devices geo-tag information automatically when it is being created.
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e  Determining the location of the server — e.g. by querying the Whois! database for
domain registrations, monitoring how Internet traffic is routed, or by analyzing
the URL for additional cues [4].

e Automated annotation of existing documents. The processes of recognizing geo-
graphic context and assigning spatial coordinates are commonly referred to as
geo-parsing and geo-coding, respectively [4].

2.1 Extraction and Disambiguation of Geospatial Context

Electronic resources contain metadata as explicit or implicit geographic references.
This includes references to physical features of the Earth's surface such as forests,
lakes, rivers and mountains, and references to objects of the human-made environ-
ment such as cities, countries, roads and buildings [9]. Addresses, postal codes, tele-
phone numbers, and descriptions of landmarks also allow to pinpoint exact locations
[4, 10].

At least 20 percent of Web documents contain easily recognizable and unambigu-
ous geographic identifiers [11]. News articles are particularly rich in such identifiers,
since they generally report on the location where an event took place, or where it was
reported from [12]. The BBC article “Vienna Marking Mozart Milestone” [13], for
example, has a target geography of EUROPE/AUSTRIA/VIENNA, and a source geogra-
phy of EUROPE/UNITED KINGDOM/LONDON. In addition to target and source geogra-
phy [14], natural language processing can also be used to extract the geographic scope
(= intended reach) of Web resources [15].

Named entity recognition locates and interprets phrasal units such as the names of
people, organizations, and places [16, 17]. As with most named entity recognition
tasks, ambiguity, synonymy and changes in terminology over time complicate the
geo-parsing of Web documents [14, 18, 19]. The heterogeneity of spatial references
remains a challenge for even the most sophisticated algorithms. Identical lexical
forms may refer to distinct places with the same name (VIENNA referring to the capi-
tal of Austria as well as a town in Northem Virginia, US), or can have both geo-
graphic and non-geographic meanings. TURKEY denotes both a large gallinaceous bird
and a bi-continental country between Asia and Europe. Geo-parsing services need to
correctly process references to identical or similar places that may be known under
different names, may belong to different levels of the administrative or topographical
hierarchy, or may be nearby by some measure of proximity [9].

2.1 Assigning Geospatial Coordinates

Once a location has been identified, the documents can be assigned precise spatial
coordinates — latitude, longitude, and altitude — by querying structured geographic
indices (gazetteers) for matching entries [20, 21]. This process of associating docu-
ments with a formal model is also referred to as “document enrichment” [5, 7]. Ex-
amples of formal models in the geographic domain are the Geographic Names Infor-

! http://www.whois.net/
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mation System,? the World Gazetteer,? the classifications of the United Nations Group
of Experts on Geographical Names,* the Getty Thesaurus of Geographic Names,* and
the ISO 3166-1 Country Codes.®

While simple gazetteer lookup has the advantage of being language-independent,
more advanced algorithms consider lexical and structural linguistic clues, as well as
contextual knowledge contained in the documents; e.g. dealing with ambiguity by
removing stop-words, identifying references to people and organizations [22], and
applying contextual rules like “single sense per document” and “co-occurring place
names indicate nearby locations”. For each identified reference, this process assigns a
probability P(name, place) that a given name refers to a particular place [14]. The
location that receives the highest probability is then assigned a canonical taxonomy
node such as EUROPE/AUSTRIA/VIENNA; 48°14’ N, 16°20’ E.

2.1 Managing Geospatial Context

Ontologies play a key role in managing geospatial context. While conflicting defini-
tions of “ontology” abound [23], most researchers agree that the term refers to a de-
signed artifact formally representing shared conceptualizations within a specific do-
main [24, 25). Deriving ontologies from unstructured textual resources [26] helps
validate and extend domain-specific ontologies. Special emphasis should be placed
upon integrating unstructured and structured information sources, and developing
generic services encompassing both types of information. Ontologies support query
term expansion and disambiguation, relevance ranking, and Web resource annotation.
Visualizations of ontological structures can also serve as a navigational aid for the
more experienced users.

Geo-ontologies encode geographical terms and their semantic relationships — e.g.
containment, overlap, and adjacency [20]. In the case of spatially aware search en-
gines, ontological knowledge supports query term expansion and disambiguation,
relevance ranking, and Web resource annotation [27]. Geo-ontologies can either be
expressed with the same markup language (e.g., OWL DL) as the domain ontology, or
use the more specific Geographic Markup Language (GML) of the Open Geospatial
Consortium [28].

2 Emerging Interface Technologies

Academia and industry alike call for advanced navigation and interaction facilities to
access complex knowledge repositories, following the information seeking mantra of
Shneiderman [29] and applying techniques from the emerging field of visual analytics
[30]. A new generation of geospatial interface technologies addresses this call, facili-

2 http://geonames.usgs.gov/

3 http://www.world-gazetteer.com/

# http://unstats.un.org/unsd/geoinfo

5 http://www.getty.edu/research/conducting_research/vocabularies/tgn/
¢ http://www.iso.org/iso/en/prods-services/iso3 166ma/index.html
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tating the access and manipulation of geospatial data. Online services such as Google
Maps, Yahoo! Local Maps, and MSN Virtual Earth (Windows Live Local) are evolv-
ing quickly, adding new functionality, data sources and interface options in rapid
succession. In the category of truly three-dimensional representations, dubbed the
“holy grail of mapping” [31], the scale-independent spherical globes of Google Earth?
and NASA World Wind [32]* dominate the market. These geo-browsers aggregate
and project layers of metadata onto cartographic displays.

Effectively navigating complex information spaces requires new interface meta-
phors. In conjunction with geospatially referenced information spaces, geo-browsers
can be used to map annotated content units, track the virtual movements of individual
users, and visualize the structure and dynamics of virtual communities. Diverting
them from their traditional purpose and coupling them with semantically referenced
information spaces, they can also be used to visualize and navigate “Knowledge Plan-
ets” based on layered thematic maps. Two distinct interface metaphors, the Earth and
knowledge planets, allow users to rapidly switch between geospatial and semantic
topologies, providing an unprecedented level of transparency and control over com-
plex and heterogeneous datasets. The ease of switching between interface metaphors
and the underlying context acknowledges the increasing importance of finding asso-
ciations between information entities.

One-dimensional interfaces of text-based search engines and simple navigational
systems are insufficient to visualize contextualized information spaces, as they would
overwhelm users with an abundance of linear data. Besides, a reduction in dimension-
ality always goes hand in hand with a loss of information (e.g. projecting a 100-
dimensional term space onto a two-dimensional visualization space) — the number of
target dimensions positively correlates with the precision of the visualization.

Visualizing social interactions and the rapid diffusion of information increases the
challenge of finding a suitable interface metaphor. As the concepts of “desktop”,
“village” and “landscape” have shown, well-known interface metaphors are powerful
instruments to gain market acceptance [33]. Interface metaphors exploit the implicit
processing capacity of the human’s visual sense. They take advantage of the user’s
experience from previous perceptions [34], and her ability to navigate in two or three
dimensions, recognize patterns, track movements, and compare objects of different
size and color [35].

2.1 Geospatial Projections

NASA World Wind and Google Earth promote the “planet” metaphor by providing
users with an accurate visual representation and allowing them to browse geospatial
data from a satellite perspective. Most geo-browsers offer Application Programming
Interfaces (APIs) or XML scripting to encourage developers of third-party online
services [36]. Multiple layers of icons, paths and images can be projected via these
services. Various visual elements are scaled, positioned on the globe, and linked to
the resources of the contextualized information spaces such as Web documents, photo

7 http://earth.google.com/
8 http://worldwind.arc.nasa.gov/
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collections, and personal contacts. A good example of using NASA World Wind to
display additional layers of information is the Moderate Resolution Imaging Spectro-
radiometer (MODIS) service, providing daily updated planetary imagery at resolu-
tions up to 250-meters-per-pixel, and documenting natural events such as fires,
floods, storms, and volcanic activity.® The left screenshot of Figure 2 shows a MODIS
overlay of Hurricane “Katrina” as of 29 August 2005.

The availability of APIs is largely responsible for the growing popularity of loca-
tion-based services, often implemented as a mash-up that combines publicly available
data and interface services from more than one provider into an integrated user ex-
perience [37]. The map in the center of Figure 2 displays the original Sigalert.com
service that aggregates real-time traffic data from the San Francisco Bay Area. The
screenshot on the right uses Sigalert.com data to visualize accidents and current traffic
speeds onto the Google Earth representation of Southern Los Angeles.'®

2.2 Geo-temporal News Browsers

Hybrid models of individual and collaborative content production are particularly
suited for geo-browsers, which can integrate and map individual sources (mono-
graphs, commentaries, blogs), edited sources (encyclopedias, conference proceedings,
traditional newsrooms), evolutionary sources (Wiki applications, open-source project
documentations), and automated sources (document summarizers, news aggregators).
Geo-browsing technology not only impacts the production of content, but also its
distribution, packaging, and consumption. When specifying preferences for personal-
ized news services, for example, geo-browsers are effective tools to pinpoint locations
and specify geographic areas to be covered.

? http//modis.gsfc.nasa.gov/
19 http://bbs.keyhole.com/ubb/download.php?Number=75329
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Personalized news services rely on content fragments annotated along semantic,
spatial and temporal dimensions. The geographical scope of an article allows filtering
and prioritizing electronic content in line with the user’s current task, which can differ
from her actual location. Topical similarity is another common dimension to tag and
filter news content, often matched against user-specific degree of interest functions.
Finally, by adding a temporal dimension (e.g. through time distribution graphs or
visual animation), change over time along any other dimension can be captured: the
unfolding of events, news distribution patterns, or the inter-individual propagation of
messages. Dynamic queries, interactive time displays and playback controls will en-
able users to identify the rise and decay of topics - e.g. the diffusion of news coverage
on natural disasters, or the popularity of specific tourism destinations.

The news summary on the left side of Figure 2 gathers the News Feeds of Associ-
ated Press,'" processes them with the Yahoo! Geocoding AP, and displays the re-
sults via the Google Maps interface.* The second screenshot of Figure 2 shows a geo-
temporal news browser that allows users to search a news database via query terms
and time-interval sliders, and presents matching articles mapped onto a region of
interest [38]. It follows Shneiderman’s [29] information seeking mantra: provide an
overview, allow zoom and filter, and present details on demand. These guidelines
avoid clutter in the display, which results from projecting too many content items
from a large knowledge repository simultaneously [19]. Instead of showing the com-
plete set of available news items, for example, a user may wish to restrict the display
to articles on climate change that were published in the online editions of Italian
newspapers within the last 48 hours.

e

Search

SearchTem__

etany
! | matching events 414
| (inthsregon 4309

inths dmstrama 13022
| TotdEverts 56851

Oventew

=)
T

Fig. 2. Interfaces for Accessing Geo-Referenced News Archives

! http://hosted.ap.org/dynamic/fronts/RSS
12 http://developer.yahoo.com/maps/rest/V 1/geocode.html
13 http://8 I nassau.com/apnews/
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2.3 Knowledge Planets

Geo-browsers not only allow visualizing geographic data, but can also serve as a
generic image rendering engine to project other types of imagery. Generally, two sets
of information need to be integrated and mapped to latitude and longitude: image tiles
and terrain information. Using information landscapes instead of cartographic data as
the data source for the mapping process represents a radically new way of using geo-
browsing technology. Implementations of thematic maps, i.e. visual representations of
semantic information spaces based on a landscape metaphor [39], are visually com-
pelling but often did not succeed beyond proof-of-concepts or early prototypes. ’I:he
restriction to two dimensions and the significant overheads involved in developing
and testing truly interactive client applications often kept researchers from dissemi-
nating their ideas to a wider audience. i

Knowledge planets address both limitations. They can be generated by tiling the-
matic maps and orthographically projecting them onto the spherical glqbes qf geo-
browsers. When defining graphical excellence, Tufte recommends graphical displays
that reveal the data at several levels of detail. He identifies layering and separa_tlon as
the most powerful devices for reducing noise and enriching the content of displays
[40]. The layered structure of knowledge planets, analogous to Lands?t-7 data'of
different resolutions, follows this recommendation and allows visualizing massive
amounts of textual data. The peaks of the virtual landscape represent focused media
coverage on a particular topic, whereas valleys represent sparsely populated garts of
the information space. Zooming provides an interactive, intuitive way of selecting the
level of aggregation. Unique resource identifiers link concepts embedc'led in the the-
matic maps to external sources such as news articles, encyclopedia entries, and papers
in scientific journals. 3

At the time of map generation, the knowledge planet’s topology is determined by
the structure and content of the knowledge base. Applying the planet metaphor,
search results can be visualized as cities, landmarks, or other static otejects of the
man-made environment. With such a query interface, accessing and filtering complex
data along multiple dimensions is as intuitive for users as using a geo-browser to geta
glimpse of their next holiday destination. Knowledge planets hide the underlying
complexity of the contextualized information space. )

Previous research at Graz University of Technology has resulted in szIslan.ds
[41], an algorithm for thematic mapping similar to SPIRE’s Themescape [42] and its
commercial successor Cartia/Aureka.'* The algorithm, which supports dynamic tpe-
matic clustering of documents, can be adapted to serving image tiles for geo-browsing
platforms. The knowledge repository is first pre-clustered using hierarchical ag_glom-
erative clustering [43]. The cluster centroids are then distributed randomly in the
viewing rectangle. The documents belonging to each cluster, as determined by the
initial pre-clustering, are then placed in a circle around each centroid. This arrange-
ment is fine-tuned using a linear iteration force-directed placement algorithm adaptf:d
from Chalmers [44]. Shown in Figure 3, the result resembles a contour map of is-
lands. Fortunately, algorithms based on force models easily generalize to knowledge
planets’ spherical geometries.

 http://www.cartia.com/static/aureka.htm
p
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Thematic mapping algorithms can be used to dynamically cluster and visualize
search results while users navigate the contextualized information spaces, with new
results being incorporated into the thematic landscape as they arrive. For very large
document collections, the topology can be pre-computed and updated on a regular
basis, for example overnight [45]. Based on query terms, search results are gathered
from the knowledge repository, processed for keywords, clustered, and visualized.
When users interactively explore the knowledge planet, they can display and compare
additional properties of the search results (document source, date of publication, etc.).
To refine their query, they simply have to choose the appropriately labeled clusters in
the visualization, providing a quick and convenient way of specifying additional
search requests.

The transition from two-dimensional thematic maps to knowledge planets poses a
number of conceptual and technical challenges. The spherical globes of knowledge
planets complicate the definition of the semantic topology — e.g. the initial arrange-
ment of the major concepts (which will be guided by the domain ontology). Users will
expect a consistent experience when rotating the planet. This requires a seamless flow
of concepts when crossing the planet’s 0° meridian line. The same principle applies to
zooming operations. Multiple layers of thematic maps in different resolutions have to
be synchronized with each other, and with the adaptive relevance ranking algorithms
that avoid clutter by determining which and how many icons are incorporated into the
display (clutter usually results from attempts to project too many content items simul-
taneously). Previous research has developed methods to automatically summarize,
split or merging labels and other visual elements that tend to produce clutter [45].

On the server side, the number of layers as well as the possible resolution of the
most detailed layer will largely be determined by the availability of computational
resources. On the client side, geo-browsers gain from the wide-spread availability of
high-end graphics cards for spherically projecting textures and vertices.
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2 Tightly Coupled Interfaces

For online marketers, failing to respond to user queries with the most relevant results
is a missed marketing opportunity. Traditionally, attempts to tackle this problem have
focused on enhancing document classification and ranking algorithms. More recently,
the field has started to look at methods to help users improve their queries through
disambiguation and query refinement. Domain-specific search engines [46] are there-
fore becoming increasingly popular because they enable to interpret and refine queries

with increased accuracy.
Figure 4 shows the sketch of a browser extension, which aims to reduce the cogni-

tive overhead caused by a lack of semantic, spatial and social context [47]. The de-
tailed view on the left side displays the currently active document — either in reading
mode (e.g. accessing a Web page), or in writing mode (e.g. collaboratively authoring
a document). Context-providing overviews in the upper right side visualize the posi-
tion of this document within the knowledge planet’s semantic space, and its geo-
graphic positioning.

Below the overviews, just-in-time information retrieval agents generate a summary
of related documents, as well as a list of other users associated with the document’s
content. Users of just-in-time information retrieval agents have been found to be more
efficient at retrieving information, and to incorporate more information into their
daily workflows that they would with traditional search engines [48]. To aid users in
remembering their location, a “you are here” indicator is embedded in the overviews
in the upper right corner, as well as an ontology-based navigational aid (the small
hierarchical diagram on the right side of the screen).

The active document needs to be tagged automatically and in real time. If a user
edits the active document, for example, the position of the “you are here” indicators in
the overviews should reflect these changes immediately. Geo-tagging allows the
browser extension to project the document onto the correct physical location. Seman-
tic tagging allows the browser extension to (i) rotate the knowledge planet accord-
ingly and mark the document’s position on its surface; (ii) update the ontology-based
navigational aid. Browsing the Web (i.e. changing the detailed view) thus updates the
position of the indicator in the overview. Hence, the various views are said to be
tightly coupled [49, 50].

Such tightly coupled views are straightforward to implement and understand. User
actions in either part of the window cause modifications in all the other related dis-
play. The continuous and synchronized display of several views on the contextualized
information space will allow rapid and reversible interaction. The advantages and
positive effects of tightly coupled interface components on user performance have
been documented in several studies [S1-53]. Tightly coupled interfaces reduce search
time, allow the detection of patterns, and aid users in choosing the next node to visit

[54, 3, 55].
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[

Fig. 4. Sketch of a tightly coupled view showing a rendered document, two distinct overviews
(knowledge p!anct_ and geospatial projection), a small ontology-based navigational aid, and two
views for the just-in-time retrieval of related Web resources and user profiles

The screenshot of Figure 4 is just one possibility of composing various interface
services into an integrated user experience on a single 16:9 screen. Modular service
architectures allow adapting the layout depending on the requirements of a specific
application, or individual preferences. Users not interested in the geospatial context of
their activities, for example, can choose to replace the geographic overview with a
more detailed rendering of the ontology. For the most demanding users, a multiple
screen setup should be most appropriate: the usual desktop environment on the center
screen (e.g. document, ontology-based navigational aid, and just-in-time information
retrieval agents for related documents, RSS feeds and blogs), and two separate
screens for depicting Earth and the knowledge planet, respectively.

3 Visualizing User Activity

Observing, aggregating and visualizing human behavior is a common activity [50], in
the past often restricted by the availability of technology. The left diagram of Figure 5
exemplifies the labor-intensive customer tracking typical for traditional retailing out-
lets in the 1970s (Becker, 1973). Electronic collaborative environments do not need to
track the movements of users in a separate process, since their movements and inter-
actions are an integral part of the contextualized information space. These interactions
can be regarded an implicit source of user feedback. Explicit feedback is gathered
during the interaction in the form of user reviews or recommendations (content, loca-
tions, expertise of other users, etc.), and during the formal user interface evaluation,
which is independent from the system's actual operation.

As outlined in the preceding section, the knowledge planet’s topology is deter-
mined at the time of map generation. Similar to Certau’s Wandersmdnner [56], users
represent a collective and virtual presence hovering above this topology. Their
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movements can be traced on the knowledge planet’s surface in terms of their paths
(here well-trodden, there very faint) and trajectories (going this way and not that).
Knowledge planets are excellent platforms for visualizing and analyzing individual
and aggregated user interactions. Not only can they show where users are located at
the moment, but also where they have already been during the current or previous
visits (their “footprints” or “trails”). Extensions like the specific form and direction of
footsteps, or dust clouds raised by recent steps should be explored (inspiration can be
taken from the study of animal behavior, ants for example, and from various enter-
tainment industry products). Comparing the user’s own path with the paths taken by
others represents a special type of collaborative filtering and provides reassurance
when 1mplemenled as a supplemental navigational system.

Analytic services should consider such social information, complementmg cur-
rently used ranking algorithms that focus on content production, either via document
similarity metrics or the number of incoming links. Content consumption can be in-
corporated as an important indicator of perceived importance, similar to Amazon’s
collaborative filtering functionality to identify related books, but applied to generic
content items. The incorporation of social behavior also resonates well with the Web
2.0 philosophy, and the idea of harnessing collective intelligence.

The same principle not only applies to the individual users of the system, but also
to the analysts interested in macro-level effects like the overall patterns in search
behavior, or the most popular concepts in a given timeframe. Aggregated representa-
tions such as Telegeography s Global Internet Map'$ shown in the middle of Figure 5,
however, are often static in nature. User behavior tends to fluctuate heavily, and thus
requires more dynamic visual metaphors. Weather maps seem an ideal candidate, as
they are a proven method to condense highly complex and dynamic datasets into a
visual representation that is useful for experts and understandable for general public at
the same time. Techniques developed for weather maps could be used for both local
and global trends in the users' interactions. Clouds might represent their aggregated
search behavior, for example, while isobars highlight areas of similar interest. Ani-
mated isobars would be ideal to visualize trends in content consumption. Those “iso-
interest contours” would connect resources sharing the same level of user interest.
Clear and sunny high pressure areas would contain topics of limited interest to the
average user, while turbulent low pressure systems would indicate heightened levels
of activity. Thunderstorms would symbolize the current hotspots of user activity.
Many of these hotspots would be triggered by intensive media coverage on exogenous
events, and subsequent discussions; e.g. natural disasters such as last year’s hurricane
“Katrina”, and the recent earthquake which struck central Java. Other hotspots might
emerge through a process of resonance, when insignificant events or social interac-
tions trigger massive reactions within the contextualized information space.

This opens up interesting analytical opportunities, when potential causes of ob-
served user behavior are mapped against that behavior over time. Isobars could repre-
sent real-world data, and color-coding the users’ behavior. Then the isobars most
closely resembling the color-coding would be most likely to be responsible for the
trend in question.

'3 http://www.telegeography.com/
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Fig. 5. Traditional customer tracking in a retailing outlet (left); Telegeography'®
Global Internet Map (middle); MeteoXpress!? weather map as of 22 May 2006 (right)

S Summary and Outlook

The geo-tagging of existing resources is rapidly gaining the attention of researchers
and practitioners alike, because geography emerges as a fundamental principle for
structuring complex knowledge repositories, yielding the world's knowledge through
the lens of location [31, 58]. Adding location metadata to existing resources and using
geo-browsers to access these resources weds physical and virtual spaces. This integra-
tion deepens our experiences of information spaces and incorporates them into our
every-day lives [36].

This paper presented a conceptualization of advanced collaborative technology
based on content, annotation and ontology services to build contextualized informa-
tion spaces, interface technologies that let users choose between semantic and geospa-
tial topologies for intuitively navigating these spaces, and a framework for analyzing
content diffusion and interaction patterns within interactive environments.
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Abstract. Nowadays one of the research directions in Geographical
Information Retrieval (GIR) is focused on finding information related to
particular geographical locations. Some approaches have treated this problem
using geo-referenced information available from several sources, e.g. digital
maps and spatial databases. However, reported in literature results are not very
relevant to the user’s expectations, because the free-text queries have computed
without considering properties and relations between geographic objects, e.g.
topology of spatial data. If users express queries by names of places,
prepositions, e.g. “near”, “along”, etc., then we will require additional
mechanisms, e.g. spatial semantics treatment, to catch the nature of geographic
objects appeared in these queries. In this work, we propose a method to match
concepts using ontologies. In other words, our approach to the information
retrieval is based on the spatial semantic propertics and relations between
objects and not only on text analysis. This approach improves the relevance of
results for free-text queries, which contain geographic or spatial objects. We
describe a method to retrieve spatial information based on the semantics of
geographic components presented in a free-text query. Our approach represents
an alternative to the keyword-matching. The idea consists of extracting the
concepts presented in queries, and then matching them to the corresponding
contexts. These contexts are embedded in ontologies. The best matching
concept is obtained when the related to it contexts converge within an ontology.
We semiautomatically built ontology from a universe of documents and
propose a method to scan the ontology until finding the suitable concept-
matching in accordance to the context of free-text query on a specific domain.
In particular, we use queries of location and position. We present some results
and show that the relevance of these results is closer to the user’s expectations.
Finally, we compare our approach to the approaches that are not considered the
semantics of spatial data.

1 Introduction

Presently, the retrieval of geographic information related to particular geographical
locations is based on geo-referenced information sources (i.e., linked information to
geographic coordinates) available on several sources (maps, geographically indexed
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books, etc.) But, people do not make queries using geographic coordinates, very often
a search starts submitting free-text queries to database systems, search engines or
Web information systems. A free-text query contains several terms related to
geographical or spatial objects, but not in the way that a GIS defines operations with
spatial data, for example: within or inside can be interpreted as synonyms, but these
can represent a buffer operation or other topological operation, the decision of which
chosen can be solved by semantics on the query. With this sample we can see the
importance of considering the semantics in free-text queries that involve geographic
objects.

The goal of a search is to find information about any subject or activity related
with our daily life, although commonly the results obtained do not satisfy the
expectations of users. This problem occurs mainly because the techniques to solve
queries are based on exact-match or keyword-match, these techniques are used in
database systems and search engines respectively. So, these approaches present some
problems such as the ambiguity of words.

Here is where others research lines have built techniques to avoid or solve these
problems, one of them is the information retrieval (IR) where the answer to queries
are based on the approximations to expected results. These expected results are
denominated as relevant, additionally; the results are not ordered but ranked, by
means of several methods (most of them using syntax techniques).

The main goal of IR consists of retrieving text documents that are relevant to a
given query, where a document is considered relevant when it contains one or several
words that also appear in queries. Nevertheless, that approach does not ensure finding
the suitable answer, because the lack of search terms in some documents does not
necessarily mean that the documents are not relevant. Besides, another disadvantage
of current IR systems is that they are based on exploiting the nature of text, therefore
the semantics of a query cannot be considered. Therefore alternative methods to
improve that retrieval process are required, for example considering context,
semantics, etc. The case of spatial data is not the exception to the problem described
below, besides the methods used in traditional information retrieval systems (IRS) are
not appropriate 1o geographic information, because if we consider that the classical
information retrieval models (e.g., Vector Space, Probabilistic, Boolean) [14] are
based on lexicographic term matching, then there is no way to consider relationships
or properties of geographic objects (required to extract the semantic of geographic
query).

Although, there are approaches in which the searches are performed with the aid of
ontologies [1], the used approach cannot be applied in Geographical information
systems, because the nature of spatial data requires a special treatment [2]. For
example, two terms can be semantically different although they are lexicographically
similar (near is semantically different when the topography is considered and when it
is not considered). Then, retrieving documents by classical retrieval methods will fail,
if the semantics of terms is not considered. Besides, in GIS the semantic processing
approach has been widely used and proves significant results [18, 19] in that way
semantic processing promises to be an interesting alternative to Retrieval information
focused in geographical aspects, this field of research is known as Geographic

Information Retrieval.
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Therefore, at this point our work is addressing: to retrieve information by
extracting the semantics implicit on free-text queries, and matching concepts on

ontology, where we test our approach using location queries (e.g “the bank near the
conference”, “hotel 1km of walking distance)

1.1 BACKGROUND AND RELATED WORK

Nowadays, the search process is a fundamental component of retrieval information
systems, the case of geographic information retrieval (GIR) is not the exception where
several works have been oriented to searches, in this direction one of the main trends
consists of improving the techniques and algorithms to extract relevant information
(best answers to certain queries) where we find enough efforts to achieve that goal,
for example in [3] the GIR is performed by means of spatial Bayesian algorithms,
focused on workspaces of a commercial GIS, where a workspace is integrated by
several layers of spatial data, the idea is to extract the relations present between these
layers , in order to be exploited by the retrieval process .

Others’ works are addressed to the web, for example in [4] a geographic search
was proposed using query-expansion by means of an API provided by a keyword-web
search engine, one of the disadvantages of this approach is that expansion of queries
(number of terms) is constrained by a search engine, then the retrieval process is
affected in a negative way when many terms are required. The expansion approach
has offered good results only in particular sceneries, where the number of terms was
small, but when the number of terms is bigger, additional inconvenient and problems
are presented, then the solution become another problem.

Other proposals are focused on solving the problem of ambiguity of words; the
proposed solutions are based on a knowledge representation, such as: hierarchies of
terms, taxonomies, and ontologies, but most of them are solutions based on text or
syntax properties, while others describe treatment semantics without considering
spatial relations, as in [5].

Into of this group several semantic approaches have been proposed, where one of
the main contributions consists of including ontologies and semantic annotation, an
example is described in [6].

The ontologies [7, 14] have been widely used in several semantic approaches; they
are applied in, practically, any domain and of course in GIS field [8, 15].
Nevertheless, these approaches not consider processes and algorithms to explore
ontologies, because an ontology describes domain theories for the explicit
representation of the semantics of data [9], then we can use the ontology to know the
semantics of query. Then, we need algorithms to explore these ontologies and getting
the semantics required. In [10] the authors propose a way to match a location

expression with certain places. It process is done using a database of places, the
database is divided in two groups, the first one is formed by terms driven popularly
and the second one is formed by terms very specialized. They show how geocoding
can be implemented over incomplete and possibility inaccurate addressing data.
Additionally, the paper shows a way to treat qualitative and quantitative data, but as a
disadvantage a geocoding process is required previously. Other approaches are
focused in ranking algorithms where very often the parameters considered are:
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number of visits to sites and pages, or links and references, etc. An example is [11]
where geo-data are used. Then, it is the point where our approach is addressed, no use
geocoding, because not all users can express in explicitly way the geographical
coordinates for a site or place (location queries). Moreover, a significant growth of
geographically oriented search, local search, is undeniable as is described in [17], and
then we need to develop better mechanisms to solve the location queries without
expressing the places’ coordinates. Furthermore, Many works have dealt on
unstructured information where data contains some geographic reference for example
in [23, 24].

Additionally, although the GIS research community have suggested and made
emphasis on the use and treatment of spatial relations, few studies have been
addressed in that direction, some examples are published on [12,13] while that recent
work has focused on qualitative spatial reasoning, a sample can be found in the often-
cited model of topological relations among point sets [18].

In the field of retrieval information many models have been used, where the term-
based Vector Space Model (VSM) is the state-of-the-art document retrieval method
[16] and it is based on lexicographic term matching. While that in our approach the
matching is performance by concept. In particular Information Extraction (IE) and
Information Retrieval (IR) are used in conjunction to built new tools that offer better
results in the search process [13]. The first one has the task of organize indexes to be
exploited by IR. And the second one, IE can be described as the process of populate a
structured information repository (index) from an un-structured information source
[21]. That task is performance in automatic way in two modalities: the first one
extracting either whole information of a document, where every term of a document is
treated and a weight is associated to each term [7]. While that in second one some
fragments of document are extracted using predefined rules to find out specific
information [21]. IR works with models, techniques, mechanisms to extract
information that has already been processed, stored and (e.g. plain text files, databases,
XML files). In IR the fast processing of queries is possible because the index structure
was previously built [22].

Our work is addressed in geographic queries in particular those that include terms
of proximity, i.e. near, distance, behind, at the side of , in, where these terms can be
interpreted based on their meaning and in that form to offer a relevant answer.
Moreover, we consider frame reference (those that helps to denote a location or
position), i.e. “within easy walking distance to Azteca Stadium”, “five minutes from
Art museum”.

The remainder of this paper is structured as follows: Section 2 describes the
process to extract the semantics of queries. Section 3 shows the semi-automatic
process to built ontology. In section 4 an overview of retrieval and search strategy
(matching concepts) is described, where some examples are presented. In Section 5
preliminary results are presented. Finally, some conclusions are drawn and we discuss

possibilities for future work.
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2 SEMANTICS EXTRACTION OF QUERIES

Very often people talk and write about places using references or approximations
to describe locations, ways, routes, etc. But, these descriptions lacks of precision, the
following expression is a clear example of that: “The restaurant is in front of Mayan
Hotel”’in that case, if the direction is not expressed, the meaning of in front of can be
different depending on the user’s position. Other sample occurs when place-
approximations are used such as: “The school is near main Avenue” the meaning of
near can change if the topography is considered or if is not considered. In these
expressions a common characteristic is the use of a spatial relation (e.g in front of)
and reference frames, or places widely known.

They are used for offering a major detail or precision about the location. These
places widely known and spatial relations are rich on semantics, they can be extracted
to help in the retrieval process, but a previous knowledge is required.

This previous knowledge is about the spatial relations and the places widely known
(that knowledge can be got from ontology, dictionaries and gazetteers)

We explain that with the following scenario: suppose that a speaker wants to know
if there are hotels near the conference venue, if he use a traditional system (e.g.
Google) the results will be only documents that contain one or more words of the
location query, but if we consider the possible relations associated to “near”, we will
have, additionally, the relations and properties needed to contextualize the search.

These relations and properties are extracted from dictionaries, gazetteers and
ontology. In the case of ontology, they were extracted by exploration of it, while that
in the case of dictionaries and gazetteers, will be extracted by sentence analysis of
definitions by each term.

The ontology exploration consists of finding (matching) the query’s terms in the
ontology nodes. If the terms are found in the ontology, the relations and properties
from them are extracted.

In the table 1 we can find the properties and relations extracted, for each term,
from dictionaries and gazetteers to the location query: “hotels near conference
venue”. In section 3.1 the extraction process is described. While that in section 2 the
ontology construction process is explained.

Table 1. Relations and properties extracted to query : “hotels near conference venue”.

QUERY: “HOTELS NEAR CONFERENCE VENUE".
CONCEPT PROPERTIES AND RELATIONS
NEAR Within reach

Related to center

Related to periphery

Related to time
Related to place

Relies in some sort of distance

Synonyms: close, approximately, vicinity

HOTEL Related to Tourism
Related to services
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Is a Placc

Relatcd to lodging

Has rooms

Is a Resort

Synonyms: gucsthousc, boarding housc

CONFERENCE Rclatcd to meeting
VENUE Reclated to Topic

Rclated to Event

Has schedule
Has location

Is a Place

Synonyms: placc of trial, sctting of cvent

The relations and properties shown in the table 1 were used to construct the
ontology, the bold font indicates that they are concepts (have relations and
properties). Previously ,the concepts were manually processed, therefore, the ontology
contains them (by definition ontologies are built based on concepts and relations)
where that ontology will be enriched with additional relations (obtained from
documents) during the rest of process. Moreover, the ontology will be used in
conjunction with traditional retrieval approach to offer better results compared with

those obtained by traditional systems.

3 THE ONTOLOGY CONSTRUCTION

In this section, we will explain the process to build the ontology. Basically, it is an
approach based on two methods to achieve the goal. The first one is addressed to
document collection and the second one is addressed to location query.

We processed the query and the documents employing these methods. In the case
of documents we use an extraction method based on surrounding terms (EMST) and
to the case of the query we apply an extraction method based on concept (EMC). The
process was performance in semi-automatic way, using a program to extract the terms
based on the two methods, afterward manually (according to the experience of
specialist GIS) some terms are selected to be included in the ontology. The methods

CEM and EMST are described in sections 3.1 and 3.2 respectively.

3.1 CONCEPTS EXTRACTION METHOD (CEM)

The method consists of two steps: the first one, where the terms are extracted from
query (verbs and nouns) and stored in a table. The second one: dictionaries and
gazetteers are used to find-extract the relations and properties of each concept. For
example, for the earlier query we have the term hotel where the associated definition
(from dictionary) is: “is a place which provides overnight lodging and offers other
services”. In that case, the verbs are identified as relations, while that the nouns allow
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identifying properties related to the concept. Then, a preliminary output for that
process is:

Relations = {provide, is a, offer} Properties related= {place, services, overnight, lodging}

Here, the sentence analysis is based on mechanisms used in traditional IR, where the
stopwords are not considered, but additionally rules are added to identify relations
suchas:”isa” ” hasa” ” part of” etc.

3.2 EXTRACTION METHOD BY SURROUNDED TERMS (EMST)

This method is based on the hypothesis of that the surrounded terms to location
query’s terms are useful to find other relations. For example: a surrounded term to
near could be subway station, street, or suburb, in each case we have a different
representation (Point, Line, or Polygon respectively) therefore the relations will be
different for each representation.

Another example is when a user submits the query: “rivers in Mexico”, then
suppose that we have a document that contains the following fragment of text:
“Colorado River is a river in the south western United States and north western
Mexico”.

The surrounded terms (ST) to the “River” term are: ST= {in, is a, Colorado}

These ST will be added to the table that contains the results obtained using the CEM
method. We explain now the overall process of EMST: First, based on document
collection from previous experiment where the documents contain at least one
proximity term or names of places widely known in Mexico City.

We computed the higher term frequency (HTF) and inverted document frequency
(IDF) for each concept contained in each docut. The HTF and IDF is computed only
to spatial relations (related with proximity) and the surrounded words to them (verbs
and nouns) for each document. The stopwords were not considered. The Table 2
shows the properties and relations extracted to concept “near” using EMST and
EMC.

Table 2. Semantics extracted to “near*

CONCEPT | SET OF SURROUNDED WORDS (SSW) | PROPERTIES AND
AND HTF RELATIONS
NEAR Along a route, Located, located inside, | Within reach

nearest, quite close to, conveniently located, | Related to center
located right, relatively close, Surrounded, 6
miles from, ~15 minutes from, is less than
10 minutes from, is situated, Only 1 km, less | Relies in some sort of
10 minutes away from,... distance

Synonyms

Related to periphery

Then, using these results the ontology is enriched by adding these relations and
properties. The figure 1 shows a fragment of the ontology.
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Fig. 1. Snippet of Ontology

As the Fig. 1 shows, there are properties and relations that can aid in the process
of retrieval to location queries related to concept near, and not only by syntax
properties. For example, in the table 2 the term distance appears in bold because
distance is a concept in our ontology, therefore the documents that contain the
concept distance will be processed, and also the near concept ( because they have a
relationship in the ontology). :

Then, in this form, the relevant documents extraction for concept near will be
performance by means of distance concept (without ontology, it would not be
possible). In the following section we show an overview of the retrieval process, and
a brief description of the strategy of search.

4 RETRIEVAL PROCESS (SEARCH STRATEGY)

Our mechanism of search is based on matching concepts for geographic queries. The
strategy is divided into four tasks:

1.- Indexing phase.

2.- Construction of Inverted List of files.
3.- Ontology exploration.

4.- Correlation.

The first one is referred to the indexing phase, according to the context, in that case
the context is: location. Then the sentence analysis recognizes spatial relations and
location expressions by means of a simple heuristic, for example: near is marked as
an spatial relation and “walking distance” as a location expression related to concept
near. Additionally, the surrounded terms to the spatial relations, also, are extractfad.
The result of this step is a table of terms with three attributes: the term, spatial relation
and location expression, where the possible values; for the first attribute is: the word,
and for the second and third one are: a true or false value according to the word.
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The second step is process the table (shown in table 1) to construct an inverted list
of files accord to the concepts. The result is an inverted index file shown in table 3.

The third task is exploring the ontology to find the main terms (of the extracted
terms in step 1) by means of top-down exploration of ontology. The exploration starts
in the root node and the node’s relations represent the way to go to other concepts
(related), when the term is found, the exploration finish, and then context is extracted
(context = the relations and properties around the concept).

Therefore, in this step the main terms are extracted (e.g. near is the main term to
“five minutes from”) a term is considered as “main” when it is represented as a spatial
relation in the ontology (also is a node) and has another nodes related to it. These
relations and properties are searched in the table of Inverted Index files, and the
documents associated to these, are returned as candidate results to the initial query.

The last task consist of correlate the set of surrounded words (SSW) with others
SSW'’s (shown in table 2) for example near has a relationship with the concept
distance, then the SSW of near and SSW of distance can have hidden relations,
therefore the extraction of these is carried out. That is the point where we say that we
match by concept. The representation about this process appears in Fig. 2.
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Fig. 2. Matching the Concepts NEAR and DISTANCE on ontology

The correlation process is performed using a simple relation rules, we describe two
cases: the first one when documents do not contain the terms that appear in query.
The firs case is described in the present section and the second case is described in
Section 4.1

The first case is described considering the next situation: suppose the reference
frame: “Azteca stadium™ in a query, now in the document collection there is a
document Y contains the reference frame: Azteca Stadium and we find in the ontology
exploration that “Azteca stadium” also appears in the SSW of distance concept.
Nevertheless, other document X is related to the near concept, because document X
contains in the SSW the name of a street (a street near of Azteca Stadium but the word
near does not appear, nor Azteca Stadium ).

Then, the traditional retrieval will not consider the document X because there is no
matching. Although in document X is relevant. Then, to accord to document analysis
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document X and document Y are not related. But, both of documents are considered as
candidatee to be related because in the ontology near and distance are related, and

they should be appear in the final result.
The list inverted index is resumed in table 3 where the IDF (inverse document

frequency), TF (term frequency) and radius search are considered to the queries
related to location. After to this process will be determinate if they are correlated or
not accord to the document weight. The calculation of document weight is explained

in the following paragraph.

Table 3. List Inverted file used to correlate documents

Final
Frequency Reference Estimated
Docume proximity Frame l'!:' Z:;:::::‘ Radius ;Vcight
Query nt ID Word Frequency (RF) y Search o:::me
RP.
(FPW) (RPF) (ERS) o)
1.-Near
metro station 001 12 2 6 1 km 60
Sevilla
2.-Close to
Paseo de la 002 3 3 & . -
Reforma
Avenue
3.- Located
inside forest 003 7 10 6 17 hectare 70
Chapultepec

In table 3 we resume the process of correlation by using traditional inverted files
but we added attributes to aid in the retrieval process, in particular in the processing
queries. We can see in the first column three queries about places well known in
Mexico City and very close in distance, but the queries using synonyms or other
proximity expressions that requires a semantic processing to obtain relevant results,
then in the table appears the main criteria to decide which documents are related, and
which are not, the decision is taken by computing the values in each column to obtain
a final weight for each document, this weight allows to decide if the correlation
between document’s terms is convenient to perform or not.

The headers of each column in table 3 are eloquent, as in traditional IR approaches
the weight of document is computed based on the word occurrence number for each
document. In our case we made some modifications to this process, for example the
column RF is computed by considering the TF, IDF as in traditional IR theory, but
adding the average between frequency proximity words (FPW) and reference frame
frequency (RFF). The FPW is the number of occurrences in the document to words
such as: “near” “away” “5 minutes”, etc. RFF is the number of occurrences to places
widely known such as: “Central Bank”, “Modern Art Museum”, etc. While that
estimated radius search (ERS) column is computed based on the extension or length
of the reference point, i.e. a station metro in Mexico City has an extension average of
| km; in similar way to the other queries the value is assigned.

The final weight document column (FWD) is computed considering the ERS but
restricted to the distance average to the main term, for example “located inside”, has a
related concept “near”, then although the value RES for “located inside” is 17
hectare, the final average distance considered is 4 km because this is the average
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value for “near” concept. A detail to realize is that FPW to query I is higher to query
2 and query 3, in the traditional approach the document 001 will be the more relevant,
with our approach the document 003 is the most relevant.

That process is the last step in our strategy of search, although an additional case is
included using logical inference (the user decides if the inference will be activated)
that procedure is yet in test phase, but the preliminary results about initial tests are
satisfactory, we describe the process in section 4.1

4.1 INFERENCE ON QUERIES

In this section, we show some queries where the relation’s properties are processed to
extract the semantics of a spatial relation (i.e. “in”). That semantics will be used to
enhancement the retrieval process. Here we apply axiomatic properties such as:
symmetric, transitive, reflexive, inverse to spatial relations.

The goal is performing inferences by applying first logical order, which approach is
well-known but the application is oriented to geographic information retrieval. The
inference process allows obtaining additional and relevant results compared with
traditional approach on IR.

An example is represented in the following scenario: Suppose a user who asks for
“Rivers north of Mexico”, the semantics of north can be extracted with the process
described below, but probably will there be concepts that do not have a direct relation
with any concept.

In that case, the process can be enriched if the power of inference is used. To achieve
that, we require using the results obtained from the previous queries related to the
reference frames (Mexico data in that case).

These results will be stored in plain files for each query. For example, if we have
the previous results for queries about Mexico and Rivers, where the documents
contains expressions such as: “USA north of Mexico” and “Wisconsin in USA” then,
the transitivity of “in” and the “north of” allow to infer that “Wisconsin North of
Mexico”, in that way we can consider candidate results that match not only by the
concepts “in” or “north of’, but also those whose semantics was obtained by
inference. Nevertheless, additional mechanisms are required to refine and robust that
phase. The table 4 shows some of the possible inferences about this particular query,
according to the spatial reasoning.

Table 4. Inferences using axiomatic properties of relations

From previous results - Wisconsin North of Mcxico - USA North of Mexico
Current query - is Fox River in Wisconsin? - is Wisconsin in USA ?
(Additional answers) By | - Fox River North of Mexico - Wisconsin North of Mexico
scmantics of in and North of, we

can infer that:

The examples shown in Table 4 describing the possible inferences to combining
relations between two concepts, in particular the relations focused in direction or
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location (e.g. Northern, southern, in ) Therefore, using the transitivity property, from
the previous example, is feasible infer that “Fox River North of Mexico”, although
these concepts are not directly associated in the ontology. With this approach we
can retrieve documents using basic logical inference.

5 PRELIMINARY RESULTS

With this approach we present the following results, the document collection, at this
moment, is approximately of 100 documents where the documents are web pages and
pdf files, they are from several sites of internet, the criteria to search in these sites was
only that documents should contain a location term.

At this moment, the relevance of results is considered as good compared with the
Its obtained from web search engines, the criteria of assessing is based on test
ased on keywords versus our approach. Nevertheless, others
luate and show the statistic table from overall approach.

resu
using search engines b
tests are required to eva

In the Figure 3 we summarize the overall process, with an example using a query
and show the steps described earlier.

Consider the following query submitted by tourist:

g= Downtown in Mexico City is near of Benito Juarez International Airport?

Some snippets from retrieved documents are shown in Fig. 3.

q= Downtown in Mexico City is ncar of Benito Juarcz Intcrnational Airport?

v

1.- The metro has a station at Mexico City Intcrnational Airport within easy walking distance

of the baggage claim...
2.- it is a feasible route to downtown only if you arc traveling lightly...
3.- Bus companics. ... offcr direct routes from the airport to scveral nearby towns. ..

!

l DISTANCE |&—,

LIST OF SWS
*1 within easy walking
*2 traveling lightly
NEAR "'3
< [}
<y /
LIST OF SWS
*1
«2 feasible royfe
*3 nearby

Fig. 3. Matching Concepts
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In bold appears the location expression detected during the retrieval process. The
first document is retrieved (using keyword match, it would not appear) in the
ontology exploration phase, because the concept near has a relation with concept
distance. Later, the concept distance has in their SSW list the expression: “within easy
walking”, therefore, the correlation phase return the corresponding document as a
candidate result, the process continues and document appears in the final results. The
case is analogous to other documents. Nevertheless additional tests are required to
formalize the process.

6 CONCLUSIONS AND FUTURE WORK

This work describes an approach to performance geographic information retrieval
based on location queries, the main idea is extract and process the properties and
relations from geographic objects that appear in a query and documents related to
them. Our approach is based on exploring ontology, it is the method used to match the
concepts by relations and properties and not only by syntactical methods.

The main goal of this work is to offer more relevant results to locations query,
considering spatial relations and properties from terms such as: near, in, “to five
minutes from”, etc. the justification is based on the fact that the actual retrieval
process is performance without considering the nature of geographic object. For
example: a query that contains the near term can be interpreted in different way if the
topography is considered. Moreover, the primitives of representation for the
surrounded terms (e.g. hotels, streets, counties) are rich in semantics, they can be the
relations and properties involved in the meaning of a query.

It is not the same a query hotels near airport that hotels near main street (we require
different spatial operations to obtain the results, although the spatial relation is the
same in both queries).

The retrieval process is performance by means of exploring ontology and using
mechanisms based on first order logic to make inferences. Moreover, using traditional
retrieval information with support of ontologies can improve relevance of the results
returned by traditional IR approaches and search engines.

The paper shows some examples about certain location and proximity queries.
Nevertheless, it is necessary to perform additional testing to check the performance of
our approach, in specific with a bigger document collection.

Our work is opposite to other techniques (e.g. query expansion) because the
retrieval is performance by matching concept based on ontology exploration. Not by
adding other extra keywords, based on the keyword-match. Moreover, we use the
surrounding terms to query’s terms as a mechanism to make a better information
retrieval, because they have a lot of semantics that can be used in the retrieval process.
Additionally, we use the traditional inference mechanism used in spatial reasoning. It
is with the purpose of solving some location queries; without using geographic
coordinates in explicit way. We define a search strategy to exploit the semantic of
spatial relation, in particular those that contains a location term.

The strategy and the rules used will be formalized as part of future work. This work
extends the retrieval capabilities of existing methods and proposes a method to
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explore ontology as a support to GIR in conjunction with techniques used iy
traditional IR.
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Abstract. An approach focused on incorporating semantic content into Spatial
Databases is proposed. Our methodology is based on a conceptualization of a
geospatial domain restricted to recover the meaning of topological relations
between geographic objects by means of concepts. Indeed, in spatial databases
only a small set of topological relations is explicitly represented. While, a
semantically enriched set of such relations may be required, but this sometimes
can only be identified at the time when the geospatial data are displayed or
analyzed by the user. Thus, we define six relations, which are obtained
considering the behavior of diverse themes such as Hydrology, Land Use,
Transportation Networks, and Settlements. Geospatial objects are analyzed to
identify the topological relationships. We consider two analysis levels: intrinsic
and extrinsic. Then, the descriptions are automatically generated in form of
tuples {Oi, R, Oj}, where Oi and Oj represent a pair of geospatial objects, and
R represents the concept (relation). Each tuple represents the meaning of a
topological relation. For example, a highway (O1) crosses (R) a roadway (02).
The conceptual representation has some advantages with respect to the
traditional approaches: the conceptualization does not depend on the data scale,
geo-reference system, dimension, etc.

1 Introduction

Nowadays, the spatial databases commercially used have a little or null semantic
content, great part of this content is represented implicitly in the data and requires
being extracted analyzing geographic data. In general, the geospatial data have
different properties that cover diverse aspect of geographical data; within these are the
topological, geometrical, thematic and logic properties.

Additionally, the topological relationships between geographical objects are not
explicitly represented in the spatial databases. Frequently these relationships are
identified when the data are displayed or analyzed [12].

Therefore, actually it is necessary that the GIS lead the efforts on investigation to
describe the spatial relationships explicitly, by means of objects conceptualization and
the relationships that maintain whit other entities in some area of interest. In addition
to make use of the semantic to solve problems that traditionally are dealt with
numerical or classic processing, for example the interoperability into heterogenic
database.

© M. Moreno-Ibarra, S. Levachkine (Eds.)
Semantics in Geoinformatics Applications
Research in Computing Science 25, 2006, pp. 35-46
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When realize a topological description of spatial database in explicit way, based in
concepts that represent the topological relationships, these can be stored explicitly in a
spatial database. It’s possible to automatically identify topological relationships
analyzing different themes hat compose to a database.

With respect to analysis of relations, exits tow ways to analyzed spatial relations
[15]:

e Intersection models, developed by [4] [5] [6].
e Schemas based in RCC (Region Connection Calculus), developed by [13],
[14], [3], [1] and [2].

Considering these models to analyzed spatial relations, it was chosen the
intersection model. Because we considerate that this model is the most adapted. This
define the topological component for geographic objects, based on set point theory,
which can be used to analyzed and formalized the topological relations between
spatial objects. Additionally the necessaries topological components are considerate
to analyzed the relations between objects that are represented with different
geometrical primitives of representation, same that the RCC model does not consider.

Semantic content can be appended to a spatial database by means of tuples. These
tuples can be compound by a concept that represents the topological relationships. Of
this way, each tuple represent the mean of a topological database.

The context of this work, we will focus to the topology and in specific on
topological database among geographic database. In order to represent semantic
content in spatial databases, we use a conceptual representation of the topological
relationships. Fig. 1 show the methodology that we propose to integrate semantic
content to databases. And Fig. 2 show the representation conceptual of a topological

description.
objects

gbjects
-,

= < Topological
Conceptualization Analysis

Spatial data of Topological o e and
Relationships Extrinsic

it topological Conceptual
E""'d,sdl;’gf,? representation

Relationships
between

Spatial
Database

N

Fig. 1. Methodology proposed to integrate semantic content to spatial databases.



Semantic Description of Topological Relations in Spatial Databases 37

Spatial
Database

Object1 R Object2 C———— >
!

River connect Lake
Fig. 2. Representation conceptual of a topological description.

This paper is organized as follows: Section 2 describes the schema of topological
descriptor, that it is the computational system used to describe a spatial database.
Section 3 describes the conceptualization of topological relationships used to describe
the relations between to objects. Section 4 describes the levels of topological analysis:
intrinsic and extrinsic. Sections 5 show the experimental results, and Section 6
sketches out our conclusion and future work.

2 Schema of Topological Descriptor

The design of topological descriptor consists of five principal parts. Data source.
The system is design to allow tow source of data. These spatial data are that compose
the spatial database. These data can be “shapefile” or “geofile” (property format).
Converting to geofile format. If the source of data is “shapefile”, the system should
make a transformation processes y “geofile” format. Relations analysis. In this stage,
the system makes an analysis en two levels: intrinsic relationships analysis and
extrinsic relationships analysis, which are made in independent way. Topological
descriptions. These are the result of analysis of relationships among geo-spatial
objects that compose the spatial database. The descriptions are stored in dBASE files
(.dbf), with this, the topologic descriptions are represented in explicit way. Spatial
database, this component store the topological descriptions, making one table for
each topologic descriptions that is obtained with that intrinsic and extrinsic analysis.
These tables contain the topological descriptions and the spatial objects are stores in
“geofile” format. Additionally, is possible to export the topologic descriptions for to
use these in other systems. Fig. 3 shows the topological descriptor model.
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+

Topological

Descriptions

Topological i

Descriptions

Fig. 3. Schema of Topological Descriptor.

3 Conceptualization of topological relationships

The conceptualization is performed by means of the relationships defined in 9-
intersection model [6] and INEGI' specification [7][8][9]. We defined a set of 6
relations to describe topological descriptions between two spatial objects. These
relations are based on the properties described in the topographic data dictionaries.

The description of six relations is showed in Table 1, as well as the symbol with
which each relation is briefed.

! National Institute of Geography, Statistics and Informatics, National Mapping Agency
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Table 1. Set of relations

Relations Symbol Description

Connect Valid to relate lincar object to another object. The initial or final node of
the lincar object is connected to a limit [6] of another object. For
instance: A river connect to a prey; ; A road connect to another road; A
highway connect to a population.

Share S Valid to relate area objects to area or linear objects. Pairs of this objects
have common clements, except the boundary. For instance, a river that
is part of the boundary of a country.

Share limit SI Valid to relate area objects to another area objects. The only common
1 is the boundary. For i the boundary between two states.

Cross X Valid to relate linear objects to areal or linear objects. (7) part of linear
object is inside of a area object; (5) two linear objects are intersected,
but the flow is not shared. For instance, a highway cross a railroad.

Intersect Y Valid to relate pairs of linear object. This relations describe an
intersection and their flow is shared. For instance, an street intersect
with her street.

Inside 1 Valid to relate any kind of objects, if they are inside of an area object.
For i a town inside an state.

Connect relations is described to detail as example of as the other relations are
described in [10]. This relation represents the connection between two objects. There
are three variants of this relation: relations between Line/Are, Line/Line and
Line/Point object. These possibilities depend on the spatial objects that are related.
That is:

e When the relation is between one line object O, and one area object O,, we
say that O;, connect with Oy; i.e. if some node of O, connect with the limit of
some O,. Using the topological components [11] to define this relation, we
have the following:

BOL N 60,4 +D and°0; N °0,4= %) andHOL () "OA F (%]
For example, “The river X Connect with the lake Y” (see Fig. 4).

Connect

River X

Fig. 4. The river X Connect with the lake Y.

o Ifthe relation is between two line objects Oy, and Oy, that is when a node of
Oy, exist inside or in the limit of Oy,, we say that Oy; Connect with Opa.
Using the topological components to define this relation, we have the
following:

( 80“ (@) 60L2 # O or 60“ N °0L2 F ] ) and -‘0[_1 N _‘OLz +0
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For instance, “The river X Connect with the river Y” (see Fig. 5a) and “The
street X Connect with the street Y” (see Fig. 5b).

Street X

Connect

. -
River X Connect

River ¥ StreetY

a) b)

Fig. 5. a)The river X Connect with the river Y. b) The street X Connect with the street Y.
When the relation is between some line object O, and some point objects Op,
we say that O Connect with Op, if Op is in the limit of Op. According with
the Egenhofer’s definition, the limit of the point object is itself. Using the
topological components to define this relation, we have the following:

00, N 00p# D and qOL N qu
For example, “The highway X Connect with the population Y (see Fig. 6).

Connect

Population Y

Highway X
Fig. 6. The highway X Connect with the population Y.

The objects that they were used to compose the spatial database are classified in _four
thematics. The objects that were used to compose the spatial database are classified
into four themes:

e Hydrology

e Land use

o  Communication network

e Settlements

4 Topological analysis: intrinsic and extrinsic relationships

4.1 Intrinsic relationships

The intrinsic relationships are those that exist between objects that compose a same
theme; for example, relations that exits inside Communications Networks theme. To
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identify these relations, we use a diagram form each theme, like the shown in Fig. 7 to
identify intrinsic relationships in Communication Networks.

Intersect

Connect

Connect Intersect
Connect

Connect, Intersect
Fig. 7. Relations in Communication Networks.

4.2 Extrinsic relationships

The extrinsic relationships are those that exist between different thematics, for
example, the relations between objects that belong to Hydrology and Settlement
thematics. For example, in Fig. 8 is showed the relations among Hydrology and
Settlement thematics.
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Share limit
Cross
Inside

Body of water
Inside

Share limit

Inside

Share limit
Cross
Inside

Inside

Share limit State

Population

Fig. 8. Relations between Hydrology and Settlements

5 Experimental results

The results that were obtained from the topological descriptor are data stored in a
table, when each table represents the descriptions of the topological relationships.

These descriptions are stored in dBASE format (.dbf). Table 2 shows the attributes
that compose the descriptions table.
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Table 2. Attributes of descriptions table.

Attribute Description

ID#R Identifier existent relation between tow objects.

ID_OBJ_1 Index of first object. This Index corresponds to index of
attribute table.

LAYER_BELONG_1 Data layer name of first object.

ID_OBJ_2 Index of second object. This Index corresponds to index of
attribute table.

LAYER_BELONG_2 Data layer name of second object.

RELATION Contain the symbol that identifies the relation that exists
between tow objects.

To make the topological analysis was developed a library of classes that store and
manage the spatial object in a proprietary format. These classes are implemented in
Borland C++ Builder. The implementation of the classes is focused on working on
vector data.

The functions in C++ to identify the Inside relation between polygons are:

bool Relations::Inside(Poly *_pl,Poly *_p2){
bool flag=false;
if (_p2->polyInPoly(_pl))
flag=true;
return flag;
}

bool Poly::polyInPoly(Poly *_poly){
bool flag=true;
for (int i=0;i<_poly->narcs;i++)
for (int j=0;j<_poly->arcs([i].npoints;j++)
{
if (pointOutPoly (& (_poly->arcs[i].point([j])))
{
flag=false;
break;
}
}
return flag;

}

The classes implement methods to obtain the basic topology (connectivity and
adjacency), the topological relationships between pairs of spatial objects provide
methods for computing geometrical measures, For instance, sinuosity measure of an
arc.

The topological relationships are obtained using the methods Connect(), Share(),
ShareLimit(), Inside(), Cross(), and Intersect().

Fig. 9 depicts an example in which we show Inside relationships between two
spatial objects; “Green urban area” and “Urban area” (explicitly represented in the
database).
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]

(g p22_uv_shp_au_shp_INT_R-I (3 ]
ID#R lib_oB) 1 [LAYER BELID_0BJ 2 [LAYER BELQRELATION |
0 0 juv shE 3 au shE {[13— '
2 13  lwshw 8 Jushe [0 |
3 4 {uv_shp i9 {au_shp D |

ng; 9. Green urban area Inside of Urban area.

6 Conclusions and Future Work

With this classification in thematics the analysis of relations in tow levgls was
carried out; reason why they were analyzed the existent relations between objects qf
each theme, to which it was denominated analysis of intrinsic relations. Afterwards -1t
was analyzed the existent relations between thematics, to which it was called analysis
of extrinsic relations.

The content semantic of relations between data is expressed by concepts. The
conceptualization of topological relationships and concepts allow integrate a llt?le of
semantic to the GIS applications. The semantic content is obtained relating pairs of
objects with one topological relationship. Reason why this work is one on the first
attempts in this direction.

The concepts are generated using sets of geographic data. The concepts represent
the interpretation of spatial data and the meaning of the relations between geo-spatlfll
objects. With this work, we try to capture or determinate the proportions the semantic
content that implicitly the spatial data contain and they do not depend on other
factors, like scale or projection.

As a future work, the conceptualizations of these relations can be enhanced
incrementing the number of thematics and topological relations, with which can be
added new relations between objects. One interesting aspect that can be included is an
analysis that depends of the context. In future will be very interest to analyze the
changes in the relations that depends of context.
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Is important to project that a domain conceptualization is useful to build
ontologies, which represent (globally) the context of that domain, while the
vocabulary of concepts and its relations describe the semantics (locally).

This descriptor can be applied to improve the results and possibly improve the
performance in automatic generalization process.
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Abstract. In this work a semiautomatic image segmentation method is
presented. It uses the color information for each pixel as a whole avoiding
information scattering. At present hundreds of segmentation techniques are
available for color images, but most of them are monochromatic methods
applied on the color components of different color spaces and then combined
the results in different ways. The problem is, when the color components of a
pixel are processed separately, the color information is so scattered in its
components that the results are often useless for the subsequent (higher level)
image processing. Our method aims at solving this problem. The improvement
in quality of our segmentation technique is notorious.

1 Introduction

Image segmentation consists of partition or separation of the image in different
regions, which are homogenous in some characteristic. It is an important feature of
human visual perception, which appears spontaneously and naturally. It is also the
first and most important task in image analysis and processing [1][3][4][8][9]; all
subsequent steps like features extraction and recognition greatly depend on
segmentation quality. Without a good algorithm, objects of interest cannot be
recognized in slightly complex images and the whole image processing system will
fail [1][2][5][9](10]. Therefore considerable effort is taken in the design of
algorithms that increment the probability of a successful segmentation. At present
hundreds of segmentation techniques are available for color images, but most of them
are just monochromatic methods applied on the components of different color spaces
and then combining the results in different ways. The problem is, when the color
components of a pixel are processed separately, the color information is so scattered
in its components that the results are often useless for the subsequent (higher level)
image processing [4][5][6][71[9][10].

In this work a semiautomatic image segmentation method is presented, which as
opposed to the previous work, uses the color information for each pixel as a whole
avoiding the mentioned information scattering. In this method the three color
components are combined in two parts: in the definitions of colors distances [An, A,,
A;] and in the definition of the “Color Probability Images”.

The method is primarily based on the concept of the “Color Probability”, i.e. the
probability that a pixel has the same color, which a user has previously selected. This
color probability is calculated for every pixel with a formula developed for this

© M. Moreno-Ibarra, S. Levachkine (Eds.)
Semantics in Geoinformatics Applications
Research in Computing Science 25, 2006, pp. 49-61
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purpose to build Color Probability Images (CPI’s), which can, if needed or desired,
be processed with any tool of mathematical morphology for gray images combining
color and geometrical information in a simple way.

The improvement of the segmentation quality is quite notorious and can be
appreciated on results shown in section 3 where this method is compared with one,
state-of-the art commercial software, using scattering type segmentation algorithms
(the only available today in literature).

2 Description of the method

Our technique can be conceptually divided in two steps:

1. The generation of color probability images (CPI’s) by solving equation (1) for
each pixel in the input color image. Only color information is used in this step
resulting in a pixel-oriented technique.

2. The application (if necessary) of any desired morphology technique for gray
images on the previously generated CPI's. In this way geometric discriminant
characteristics are introduced in the segmentation process.

By the use of the concept of color probability, the color information of every pixel
is processed as a whole without separating the color components. To generate a CPI
is needed:

1. A color image in RGB format.
2. A set of pixels forming a sample of the color desired

From the sample we calculate statistical values according to a HSI modified model
(section 2.6). To obtain a CPI we calculate for every pixel in the color image the
color probability CP(i,j):

A cbsy el
20,2 202 2
Ehiln = @ Tring T g 0

e=2.7182...

An=Hue_distance_A;, (hue(i,j), average_hue)

A, = saturation_distance_A, (saturation(i,j), average_saturation)
A; = intensity_distance_A; (intensity (i,j),average_intensity

o, = Hue standard deviation

o, = Saturation standard deviation

o; = Intensity standard deviation

[a; a, a3] = Mask of refinement, a;can be 0 or 1

Some modifications on standard HSI color space were necessary in order to create a
consistent model to represent color and color centroids:
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Representation of hue. Instead of standard representation of hue as an
angle between [0 360], hue is represented as a normalized vector in
R? (with magnitude 1 or 0). This representation has at least 3
advantages compared to an angle [0 360]: a) The existing
discontinuity in 360 and 0 degrees is eliminated. b) Hue average of a
group of pixels can be understood as the resulting angle of the vector
addition of the pixels in the chromatic region of the sample, giving a
simple manner to calculate the average. c) Setting magnitude to 0 or 1

works as a flag intended for distinction between chromatic or
achromatic regions.

Separation of chromatic and achromatic regions of the HSI space.
We use a separation of the region (according to [1]) with possibility
of refining with the [a; a; a;] mask (in equation (1)) in order to
calculate the hue average and An. Once calculated Ay, A, and A, this
distinction is not longer necessary because in the formulation of CP

(equation (1)) all the cases of color comparison between zones are
accounted and maintain consistency.

2.1 Hue average calculation

In order to obtain a value of hue, which represents the average of several pixels of a
sample, we take advantage of the vector representation in R?; the vectors that
represent the hue values of individual pixels are combined using vector addition.
From the resulting vector we obtain two significant values used in the algorithm:

average hue and relative saturation.

1. For every pixel in the sample the

VR (P)=
{[1 -cos(1T/3) -cos(1T/3) ]
[0 sin(TT/3) -sin(1T /3)]
[0]

[0]

Thus Hm is calculated in this manner:

following R to R? transformation is applied:

[R] [x]

3 [G] = Iyl IfP ¢G
[B]

IfP G }

G represents the achromatic zone in the HSI space. [RGB] are the color components

of the pixel in the RGB color space

2. Equivalent to the following pseudocode is executed

Vector.x = 0;
Vector.y = 0;

For (i = 1; i < = n;
the sample do

{

Vector.x = Vector.x +

i++)

// initialize vector

// for every pixel

VR (1) .x;

in
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Vector.y = Vector.y + VR(i).y;}

In this code we have a vector, which accumulates the vector additions as index i
increments. Each of the vectors being added corresponds to the previous R? to R?
transformation for every pixel in the sample made in step 1.

3. The angle respect to the X-axis that is obtained corresponds to average: Hm =
angle (Vector,0).

4. Relative saturation Sr is calculated: Sr = Magnitude(Vs) / Magnitude(V1) +
Magnitude(V2)

2.2 Achromatic region G

The achromatic zone G is the region in the HSI color space where no hue is
perceived. That means color is perceived as gray levels because color saturation is
very low or intensity is either too low or too high.

Given the three-dimensional HSI color space, we define the achromatic region G
as the union of the points inside the cylinder defined by Saturation < threshold_1 and
the two cones Intensity < threshold_2 and Intensity > threshold_3. Pixels inside this

region are perceived as gray levels (Fig. 1).

Fig. 1. Achromatic region G

2.3 Hue distance Ay,

Using the vector representation of Hue, we define hue distance Ay, for two pixels P,
and P, as follows:
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An (P,P2) =| K*abs(arcos[dot_product(V},V2)/mag(V,)*mag(V,)]) If P, and P, ¢ G
IO IfP]Ol'Pz e G.

abs () = absolute value

arcos () = arc-cosine

mag () = magnitude of vectors
dot_product () = vector dot product

K is a normalizing real factor to force A, € [0,1].
G is the achromatic region
Vi y V. are the vectors in R? calculated with the transformation on P, and P,:

Vm (P)=
{[1 -cos(T/3) -cos(T1/3) ] [R] [x]
[0 sin(T1/3) - sin(T1/3)] % EG] = Iyl IfP eG
B]
[0]
[0} IfP e G}

2.4 Saturation distance A, and intensity distance A;
Saturation distance and intensity distance between two pixels is defined as:
A, = abs [saturation(P,)-saturation(P,)] and A; = abs [intensity(P,)-intensity(P,)]

2.6 Statistical values for groups of pixels

The statistical values needed in equation (1) are calculated as follows:

Zsaturation(i)
Saturation average= 40 m
n
D intensity(i)
Intensity average = =0 )
n

Hue standard deviation on =

(©)

Saturation standard deviation o = 4)




Intensity standard deviation o; = ©)

n is the number of pixels of the sample.

A = hue distance_Ap (hue(i,j), hue_average)

A, = saturation_distance_A, (saturation(i,j), saturation_average)
A, = intensity_distance_A,; (intensity(i,j), intensity_average)

2.7 Use of mathematical morphology on CPI images

The CPI image represents the image pixels that has the ma?(imal probability of
belong to the previously selected color. As this image is a gray image, can be treated
with any tool of mathematic morphology for gray images. Filters, operators,
thresholds, etc can be applied directly to the CPI strengthening th‘e segmentation as
geometrical characteristics are introduced. The common intensity image can be
processed too as a complementary information source.

3 Experimental results

Our segmentation method was applied to a section of a topographic map (See Fig.
2)

Fig. 2. Section of a topographic map

The thematic layers contained in the image are:

1. River layer (blue lines)
2. Gross brown isolines

3. Thin light brown isolines
4. Green area
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1. River layer (blue lines)
2. Gross brown isolines
3. Thin light brown isolines
4. Green area
5. Green spots
To segment the river layer we took a pixel sample, which looks representative at a

simple view (See Fig. 3)

Fig. 3. Sample of blue pixels of the river layer
2. Using this sample we calculated the color centroid and deviation:

Color centroid {Hc € [0,2 xt], Sc € [0,1], Ic € [0,255]} =(3.56, 0.4126, 102)
oy = 0.0392; 0,=0.0884; o;=0.0382
3. We generated the corresponding CPI (Fig. 4)

Fig. 4. CPI of blue pixels

4. We applied a simple threshold to this image (Fig 5) to segment the layer. The
range for values of thresholds is very wide (similar results were obtained for range
[10 150]) we choose value equal to 30:



Fig. 5. Result for threshold of 30 on CPI

We observed that even with a coarse selection of the pixel sample, we obtain a good
separation of this layer. Several different pixel samples were taken variating the
number of pixels from 3 to 10; all of them gave very good results.

Looking at Fig. 2 we can observe that color is a discriminant characteristic of t.he
river layer. That means no other layer has a color, which a human can confuse thh
this river layer. That is why we can segment it so easily only with the threshold (with
a wide range) of corresponding CPI. This doesn’t happen with the other layers; so
additional morphological processing is needed. In some cases already extracted
layers are necessary to extract some others (case of Fig. 12).

Fig 6 can be considered very acceptable as input for recognition, but we can refine

it in this way: Apply dilatation followed by elimination of small disconnected areas.
The result in shown in Fig 7.




Fig. 8. CPI image of thin light brown isolines

To improve the quality of Fig. 9 we subtract the dilatation of Fig 7 to eliminate
any confusion with that layer. The result is shown in Fig 10. For the green area and
the green spots we present the final results (Fig. 11 and Fig.12).

Fig. 9. Result for threshold of 150



Fig. 12. Segmentation of green spots

Now we process the same map using the software R2V from Able Corp. This
software additionally to segmentation performs line recognition, so not all the points
shown are obtained from the segmentation step (See Fig 13, 14, 15, 16, 17).
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Fig. 13. Segmentation of river layer

Fig. 14. Segmentation of gross brown isolines

Fig. 15. Segmentation o thin light brown isolines



Fi. 17. cgmentaton of green area

After comparing the results of our system with those from R2V, we can obse{ve
that in R2V there are a large number of pixels that should appear in the segmentation
of the layer but they do not. The worst case is in Fig. 13 that is practically empty. We
can also observe in R2V that there is a big amount of confusion of pixels from other
layers for example in Fig. 14 segmentation of gross brown isolines, there appears
many pixels from the green area that should not, and in Fig. 15 appears pixels from
all layers.

4 Conclusions

From an analysis of the results we can state that the method exposed in this paper
offers a useful and efficient alternative for the segmentation of color images. We
cannot say the same about R2V because none of the results is even close in quality to
the thresholded CPI's. This gives us a clue that in R2V the color information is not
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well used as in a CPl. From experiments in many different maps we can mention
some advantages of our technique:

1. Simplicity. Required steps to obtain a good segmentation of the layer of interest
are usually simple and repetitive. If color is a discriminative characteristic of the
layer of interest, only threshold of the CPI is needed to obtain a good segmentation.

2. Very low computational complexity. The generation of a CPI only requires
solving equation (1) for every pixel. Thus the complexity is linear with respect to the
number of pixels of the source image.

3. Layer separation by color. Generally other methods extract punctual and linear
objects together, making necessary much additional work to separate those layers

4. Good segmentation of layers using color only. From many experiments we
observed that a good percentage of layers were obtained from threshold of CPI only.
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Abstract. In this work, we present a method for the conceptual representation
of digital elevation models. This method has four stages, the first stage is fo-
cused on the conceptualization of objects and its intrinsic characteristics, the re-
sult of this stage is an ontology. The second stage is the mapping from concep-
tual characteristics to numeric values, for this purpose we will use fuzzy sets.
The result of this stage is a set of bands that represent the behavior of the
model. The third stage is based on carrying out the classification of the digital
elevation model considering the bands obtained in previous stage; we use a se-
mantic classification algorithm, which has been developed for this task. The
last stage compiles the results of the classification and puts them in a data rep-
resentation according to the ontology obtained in the first stage.

1 Introduction

Digital Elevation Models (DEMs) are performing an important role in several fields
of Geographic Information Systems (GIS), including the environmental science, risk
prevention, engineering and so on. The geometric characteristics of DEMs (resolu-
tion, coordinates, rows and columns numbers, etc.) describe the thematic aspects of
the terrain, which are represented by qualities. Also, the use of the geometric shape
terrain to analyze its distribution and the concentration of certain geospatial objects
has been incorporated to DEMs. These representations have been traditionally applied
to distinguish the dividing lines of water, drainage and other groups of the terrain
objects.

The use of elevation models allow us to review six basic foundations: the relation
between the terrain characteristics and the geomorphologic process, analysis of
scales, analysis of changes in the surface, analysis of flow or surface movement,
visualization approaches and topographic models [3].

DEM processing has been treated by using a numeric approaches [4][13]. In the
present work we attempt to make a processing from the semantic point of view. We
propose a procedure to represent DEMs in a semantic way. This process is depicted in
Fig. 1.

© M. Moreno-Ibarra, S. Levachkine (Eds.)
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Fig. 1. Procedure proposed for conceptual representation

The spatial semantics is based on the description of the intrinsic properties of geo-
spatial objects. These properties depend on the organization or the status of the ob-
ject. For instance, the width and area of a polygon can provide a description. With
this description, it is possible to generate specific standards based on the characteris-
tics of the geospatial representation primitives (lines, points and areas), which define
the behavior and relations between geographic objects.

Up-to-date, many analysis involved quantitative characteristics, therefore we pro-
pose to make a conceptualization focused on the qualitative properties of the geospa-
tial objects and their relations in a general analysis. The characteristics that we con-
sider to generate the conceptualization of the model are the follows: slope, surface,
extension ruggedness and altitude.

The rest of the paper is organized as follows. Section 2 describes the conceptuali-
zation process. The measurement of geographic characteristics is presented in Section
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3. In Section 4, we point out the semantic classification algorithm and the conceptual
representation. Finally, Section 5 sketches out the conclusions of the research.

2 Conceptualization of spatial data in elevation models

The conceptualization of the characteristics on digital elevation models (elevations,
depressions, plains, etc.) is the first stage of the method. It is done by taking the defi-
nitions, given in the Royal Spanish Academy [9], about the characteristics mentioned
in section 1. Also, we use definitions given by National Institute of Statistics, Geog-
raphy and Informatics of Mexico (INEGI) [S] related to the same characteristics. The
analysis of those definitions provides as result ontology. This ontology represents the
concepts that define the elevation model’s characteristics, as well as the relations
between those concepts. So, in order to represent the conceptualization of geographic
characteristics', we will use ontology in the way described in [1 1]. In this work, we
proposed to describe the ontology using two types of concepts (terminal and non-
terminal ones) and only two types of relations (“is-a” for specialize concepts and
“has” for aggregate concepts).

As it has been said, we define two types of concepts (C) in the ontology: terminal
(Cr) and non-terminal (Cy) concepts. The first ones are concepts that do not use other
concepts for defining their meaning (they are defined by “simple values”). The mean-
ing of non-terminal concepts is defined by other concepts (terminal or non-terminal)
(Eqn. 2).

eyl e 2)

Each concept has a set of aspects. They are properties and relations between geo-
graphic entities?. In the following, we shall use the term “relation” to denote unary
relations/properties as [2]. From this point of view, all aspects of a terminal concept

are simple, e.g. the type of all aspects that belongs to the set of primitive types (Tp),
as shown in Eqn. 3.

T, = {number, character, string,enumeration, struct}, 3)
A= {al |type(a,)e Ty }’

where Tp is the set of primitive types; 4 is the set of aspects.
Then, the set of terminal concepts is defined by Eqn. 4.

Cr= {c(al,az,...,a,,)a a, €4, i=1.,n} 4

In the same way, the non-terminal concepts have at least one aspect that does not
belong to Tp. It is denoted by Eqn. 5.

Cy= {c(a,,az,...,a")a Ja; ¢ A} 5)

! Geographic objects.
2 Attributive data
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where c¢ is a concept.
Finally, the set of relations R is defined by the pairs that are associated to I"and @,
where I" and @ are non-reflexive, non-symmetric, and transitive relations (Eqn. 6).

R=R.UR, ={(a,b)|al'b, aeCy, be C}U{(a,b)|adb, acCy, be C} 6)

Fig. 2 shows a fragment of the ontology used for the elevation model’s conceptu-
alization. In the figure, the concepts denoted by “...” (Three points) represents
‘other’ concepts that are presented in the same category of their “brothers” in the
ontology. For instance, look at the concept “depresién” and its children concepts
(“cuenca”, “valle” and “collado”), it is denoted by “...” that other “depresion”
children can exist (“cafiada”, “cafion”, “barranca”, etc.). In the ontology we must
define all required concepts for describing geospatial data in elevation models, ac-

cording to INEGI [5].
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Fig. 2. Fragment of the ontology used for the conceptualization of geospatial data in elevation
models. The ontology consists of a set of concepts and a set of relations. There are two types of
concepts (terminal and non-terminal) as well as two types of relations (has and is-a).

3 Measurement of geographic characteristics

Once we have made the conceptualization, the second stage consists of assigning
metrics to the concepts in the ontology. These metrics are ranges or procedures to
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obtain numeric values from the elevation data. For instance, the concept ‘“cima”
(highest point of mountains, mount and hills) can be found numerically from the
elevation model. Other type of values determine the difference between concepts, as
in the case of the concepts “colina” (natural land elevation, lower than a mountain)
and “monte” (natural land elevation, higher than a hill), In this example, the bound-
ary between the concepts is not clear; we only know that a mount is ‘higher’ than a
hill. In cases like the last one, we will use the INEGI definitions in order to have a
hint about the boundary. Anyway, we will consider that this boundary is always dif-
fuse.

On the other hand, an elevation model is fundamentally a discrete function Z of
world coordinates, represented by means a matrix containing the elevation data (Eqn.
7).

Z(m) @

Also, some other metrics can be determined using the Z function as a base, for in-
stance, the slope (Eqn. 8), curvature (Eqn. 9), the variance of altitude (Eqn. 10),
among others.

Z‘_ AZ 2 AZ 2
=) ) ®
G 0Z 8

Zx _—F,ZX _y’ (9)

1 &Uf& A 2
Zyan =HN—§[§(Z(',J)—Z ) ] (10)

With these metrics we obtain ‘pages’ or ‘data bands’ that will be used in the classi-
fication process.

By using the characteristics modeled in the conceptualization stage, we can obtain
the classification of vectors @, that will be used later in the process. It is necessary to
recall that the conceptualization stage provides a set of concepts (within ontology)
with diffuse properties. For example, as we previously mentioned, in the case of the
concepts “colina” and “monte”, the boundary between the concepts is not clear; we
only know that a mount is ‘higher’ than a hill. In this case, we can distinguish with
the statements ‘A “colina” (hill) has low altitude and small area’ and ‘A “monte”
(mount) has medium altitude and large area’. This carries us to define some fuzzy sets
in order to map numeric values to conceptual ones (see Fig. 3).
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Fig. 3. Fuzzy sets obtained from the conceptualization of altitude and area of a geographic
object.

4 Classification and representation of geometric characteristics

The third stage is the classification of the digital elevation model, according to the
metrics that have been obtained of the conceptualization process’. The metrics that
can be made on the pixels are the follows: altitude, slope, planar curvature and rug-
gedness [3]. Although in [7] is presented other measurements that can be used to this
purpose. With these measurements to each pixel is obtained a set of “pages”, which
describes the behavior of the DEM according to each metric. For the classification, it
is not necessary to have training stages nor computing the characteristic vectors, since
the conceptualization provides the classes for the classification and the characteristic
vectors. With this information, it is possible to apply some classification algorithm
[1](6][8]. In [10] is sketched out an algorithm for semantic supervised segmentation
to classify multispectral geo-images.

3 It is important to mention, there are not so much metrics that can be made on DEMs. It can be
a constraint for this procedure. However, future works are oriented to incorporate information
of different sources associated to DEMs such as satellite images.
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The result of the conceptualization stage is the set of semantic characteristic vec-
tors £2 of the classification. From the (2 set, it is necessary to compute the mean and
covariance matrix for each @; € {2 By attempting to determine the class or category

for each pixel at a location x, it is necessary that each pixel contains a conditional
probability, denoted by Eqn. 11:

plo,|1x)i=1,..M (11)

In [12], we describe the supervised clustering method for more details. Therefore,
Bayes theorem provides potential means of converting knowledge of predictive corre-
lations. The constraint (Eqn. 12) is used in the classification algorithm, since the p(x)
are known by training data, we assume that it is conceivable that the p(w) is the same
for each w;, due to this, the comparison is p(x | ;) > p(x | w).

xew,if p(x|@)p(@,)> plx| o,)p(w,)forall j = i (12)

In this analysis, we assume that the classes have multidimensional normal distribu-
tions and each pixel can assign a probability of being a member of each class. After
computing the probabilities of a pixel being in each of the available classes, we assign
the class with the highest probability. The algorithm consists of the following steps:

[Step 1]. Given the number of classes @ by means of the conceptualization proc-
ess, compute the maximum likelihood distribution and the covariance
matrix for each class ;.

[Step 2]. For each image pixel, determine its semantic vector.

[Step 3]. Compute the probability of vector s to know if it belongs to each class ;.

[Step 4]. Obtain the coordinates (x, y) of the pixel, if the constraint (see Eqn. 13) is
accomplished, then the pixel belongs to the class w;.

plxlo,)p(@,)> plx| @, Jplo, )forall j =i 13)

[Step 5]. Repeat from the step 2 until all pixels in the elevation model can be clas-
sified.

Generally, the classification result emits noise, since this process is made at pixel
level. As an additional step for the classification stage, it is necessary to determine
“consolidated regions”. This can be performed in several ways, the best option but
more complex is the “semantic consolidation”. However, it is necessary to conceptu-
alize the problem to define rules by means of case study for its consolidation. For
instance, the rule: “if a decline is surrounded by a mountain, then the decline must be
absorbed by the mountain”. In this rule there are features already conceptualized,
such as the decline and the mountain, but there are not yet other features conceptual-
ized, i.e., surrounded and absorbed. An alternative, it is to use algorithms oriented to
growth of regions, in which small regions are merged by big regions, until a boundary
is defined among these regions.
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The last stage consists of compiling the results about the classification to put in a
conceptual way into a description®. Future works are focused on linking a toponym
database to label regions according to their names. At this moment, the description is
restricted to specify the existence of geographic characteristics and some important
attributes such as surface, altitude mean, borders, etc.

In this research, we have not considered the conceptualization of topological rela-
tions that are presented in the geographic characteristics. However, we have envis-
aged incorporating these relations in a short time, because the topological relations
are indispensable for consolidating semantics of regions, as well as for making a
more descriptive representation. )

By using this method, we attempt to approximate the semantics that contain
DEMS, which will be useful to evaluate the semantic similitude between different
models. According to this point, the evaluation uses concepts that are organized in a
hierarchy®. With this focus, we attempt to use the qualitative measurements instead of
quantitative measurements in order to evaluate the similitude and measure the dis-
tance between concepts stored in the conceptual representation.

5 Conclusions

In this work, we have presented a method to make a semantic representation of eleva-
tion models. The method has four stages: conceptualization, measurement, classifica-
tion and representation. In the first stage, we propose the conceptualization of the
objects that can be found within an elevation model, as well as the characteristics that
define these objects. The result of this stage is the ontology that conceptualizes the
domain. The second stage consists of mapping the conceptual characteristics to nu-
meric values. We propose the use of fuzzy sets in order to make this mapping. The
result of this stage is a set of data bands that represents the behavior of elevation
model according to a specific characteristic. In the third stage, it is carried out the
classification of the elevation model. In the classification process, the data bands
obtained in the second stage are used as input for the semantic classification algo-
rithm. The last stage takes the classification results, and puts them into a semantic
representation according to the ontology obtained in first stage.

This work is in progress, so we have a lot of tasks to do. In a general way, it is nec-
essary to grow the ontology with the conceptualization of topologic relations between
geographic objects, as well as the metrics conceptualization. Also, we must set up the
real values of fuzzy sets, introduced in Section 3, in order to make the values avail-
able to the classification process. Finally, we must implement the method®, as well as
the necessary tests.

4 List of objects (and its attributes) found in model

5 The term of hierarchy is defined as a data structure that stores concepts that are related by one
relationship, in which the partitions are completed to represent the knowledge about a certain
context.

6 We have already implemented the semantic classification algorithm.
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Abstract. Up-to-date, some related algorithms to compress digital elevation
models (DEM) or high-resolution DEMs use wavelet and JPEG-LS encoding
approaches to generate compressed DEM files with good compression factor.
However, to access the original data (elevations), it is necessary to apply a
decompression approach to retrieve the contour lines. In this paper, we propose
an algorithm oriented to compress a digital elevation model, which is based on
a sequence of binary images to encode them using RLE compression technique,
according to a specific height (contour lines). The sequence is compressed by
applying a binary compressor. The main goal of our algorithm is that the
specific parameters of the DEM (altitudes and contours lines) can be obtained
without using a decompression stage, because the information is directly read
from the compressed DEM. Our method reduces the amount of needed space to
store DEM geo-images.

1 Introduction

The term digital elevation model or DEM is frequently used to refer to any digital
representation of a topographic surface, however, most often it is used to refer
specifically to a raster or regular grid of spot heights. Digital terrain model or DTM
may actually be a more generic term for any digital representation of a topographic
surface, but it is not so widely used [1]. DEM has gained popularity in applications to
determine terrain’s attributes, such as elevation at any point, slope and aspect, finding
features on the terrain. The most important features are: drainage basins and
watersheds, drainage networks and channels, peaks and pits and other landforms and,
for modeling hydrologic functions, energy flux and forest fire [2].

On the other hand, the main purpose of a compression algorithm is to reduce the
amount of information needed to describe the original data. To retrieve the original
data we apply a process commonly named decompression. If the original information
is fully-retrieved without any modification or alteration, then we can talk about a loss-
less compression algorithm. Also, it is possible to have compression algorithms with
loss of information [9]. Many compression approaches first proceed to inspect the
input image and try to detect different types of redundancy: statistical, psycho-visual
or by correlation.

© M. Moreno-Ibarra, S. Levachkine (Eds.)
Semantics in Geoinformatics Applications
Research in Computing Science 25, 2006, pp. 73-84
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A digital elevation model requires a huge amount of data, up to 100 or more
megabytes of storage. Up-to-date, compression techniques are used to compress
Digital Elevations Models with a high compression coefficient, in [4], [5] and [6] the
authors propose to use wavelets and JPEG-LS encoding approaches. However, if_tlge
user requires to access to the file or to obtain certain information about the image, it is
necessary to decompress all DEM information. )

In this paper, we propose an algorithm oriented to compress a digital geo-image of
a digital elevation model, which is based on a sequence of images with a speclﬁc
height. The sequence is compressed by applying a binary compressor. The main goal
of our algorithm is that the specific parameters of the DEM (altitudes and contqurs
lines) can be obtained without using a decompression stage, because the information
is directly read from the compressed DEM.

The rest of this paper is organized as follows: section 2 describes the proposed
compression algorithm. Section 3 describes the manipulation of compressed DEM fllc
to obtain both elevations and contours lines, without applying a decompression
process. Section 4 presents the results obtained by applying our approach, and section
5 outlines the conclusions and future works.

2 Description of the compression algorithm

Nowadays, there are some types of DEMs such as: 7.5-minute, 15-minute, 2-arc-
second, and 1-degree units (7). For implementation purposes, we have proposed to
choose the 1-degree DEM variant.

An important characteristic is that the frequency of the DEM is not high, becau§e
the pixels do not present changes in their structure; the value of each pixel is
correlated with their neighbor values. Due to this, it is possible to apply this kind of
compression. Moreover, this approach is not useful for common images.

Basically, a DEM file is integrated by three types of records, usually called A, B
and C. The structure of these records is as follows [1]:

® Record A contains information, which defines the general characteristics of

DEM, it includes descriptive header information related to the DEM’s name,
boundaries, units of measurement, minimum and maximum data values,
number of type B records and projection parameters. There is only one type A
record for each DEM file, and it appears as the first record in the data file.

® Record B contains elevation data and associated header information. All type

B records of the DEM files are made up data from one-dimensional bands,
called points. Therefore, the number of complete points covering the DEM
area is the same as the number of type B records in the DEM.

®  Record C contains statistics on the accuracy of the data in the file.

In a Digital Elevation Model, the altitude describes elevations greater or equal to 0
in a specific area. In consequence, the minimum altitude is 0 meters (sea level) and
the maximum is 8,850 meters (Everest mount). In most of the cases, the D{EM is
displayed by using a 3-D render approach or applying a transformation function to
obtain a gray level image. In Fig. 1 we depict an example of DEM file.
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To detail the proposed algorithm, it is necessary to give some definitions that are
important to describe our method.

The altitude! or height associated to one element that belongs to Record B in the
DEM, is defined by Eqn. 1.

h(x,y)=«a, )
To associate all points with same height ¢, , we obtain the set defined by Eqn. 2.

8o, ={(xy)=h(x») =k}, @

Fig. 1. Example of a DEM image

The number of elements in each S, will be denoted by card(Sa. ) Considering
these definitions, the DEM altitudes are described by using Eqn. 3.
S={s, Us,U..Us,_}, 3)
where:
a,,,y denotes the maximum height in the original DEM.
Additionally, it is possible to define the join operation, according to Eqn. 4.

USa={Sa‘USaMU...USa/_IUSa/;iSmSj}, @)

To obtain the difference between two sets, we can use the minus operation defined
in Eqn. 5.

S, — S, = {(x,y)ﬁ(x,y) €S, and (x,y)eS,}, (©)

With these definitions, we can formally state our proposed algorithm.
2.1 Compression approach
In this section, we provide a detailed explanation of the required steps to compress a

1-degree DEM with altitudes expressed as integer values.
Step 1. Records A and C are stored without modification in the output.

! We have adopted the convention that elevations in the DEM file are integer values.
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Step 2. Find minimum and maximum altitudes (amin,amu)presented in the

DEM and generate the header described in Table 1 in the output.

Table 1. Header description of the compressed DEM

Header of Compressed DEM | Type of variable to store information

Image width (columns) integer (2 bytes)
Image height (rows) integer (2 bytes)
Olmin integer (2 bytes)

Olmax integer (2 bytes)
The process starts with k = &, ‘mins) iDstead of @, due to all heights in the image

are greater or equal to ;. , it is necessary to apply an iterative process from Steps 3
to 5. P

Step 3. Determine the digital image associated to join operation, it is necessary to
use the following two operations:

1. Compute the join operation composed of all altitudes lower thana; , that is,
inside the range[0,k—1] —»i=0, j=k—1.

2. Generate a binary image applying the transformation function indicated by
Eqn. 6.

k-1
Lif (xy)e US, ©

0 otherwise

In Fig. 2 we depict the result of digital images applying a threshold algorithm in
Fig. 1, by means of the function described in Eqn. 6. The threshold applied values
were g, =450 anda,r =575.

gak(x’)")=

(b)
Fig. 2. Results of the threshold algorithm

3. If the new binary image is equal to previous altitude, it is necessary to skip the
Step 4, and use the value -1 in the encoded DEM file and continue with Step 5.

Step 4. According to the binary image obtained in Step 3, we proceed to use the
run length encoding (RLE) method [8] [10]. Basically, RLE is a straightforward way
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of encoding data so that it takes less space. It relies on the string being encoded
containing runs of the same character. In the RLE approach, it is important to indicate
both, the frequency and the intensity encoded, but considering that the resulting image
contains only two values (0 or 1), the value or intensity is not required in the final
sequence. To determine the encoded image the following steps are applied.
1. By convention, the first frequency denotes the number of continuous zeros in
the image.
2. By applying a top-down inspection?, it is indispensable to count the number of
pixels with same intensity and send this value to the encoded array, according
to Eqn. 7.

value = {

byte(value) |80, if value < 128} @

integer(value) if value >128
where:

byte (value) returns the byte representation of value, additionally we establish the
most significative byte (MSB) to 1 using the Boolean OR operation.

integer (value) computes the integer representation of value?,

By using this adjustment?, it is possible to increase the compression factor because
in some cases the total number of continuous pixels with same intensity should not be
more than 128. To indicate this condition, the MSB of value is established to one;
otherwise, an integer representation of value is stored in the new array.

3. Repeat the previous step until the end of the image is reached.

4. At the beginning of encoded array, we append the total number of encoded

characters, which is the number of transitions between 0 and 1 in gx y).

Step 5. Make a unitary increment to  variable, and repeat it from Step 1. The stop

condition is used when k > X -

In Figs. 3 and 4, we show the result of the compression approach applied to a small

set of DEM elevations. Moreover, the original elevation data are presented in Fig. 3,
and Fig. 4 depicts the final result.

10 10 11 11 11 12 12 13 14 13
10 10 11 11 11 12 13 14 14 14
10 10 10 11 11 12 13 14 14 14
10 11 11 11 11 12 13 14 14 14
10 11 12 12 12 12 13 14 14 13
10 11 12 12 13 13 13 13 13 12
10 11 11 12 13 12 12 12 12 12
10 11 11 12 12 12 11 12 11 11
10 11 11 12 12 11 11 11 11 10
10 11 11 12 12 11 10 10 10 10

Fig. 3. Original elevations samples

2 The inspection can be made in other directions, i.e. bottom-up (right-left and down-up).

3 In this case, we consider that an integer requires 16 bits (2 bytes) of memory.

4 For integers altitudes, the MSB always must be zero. Otherwise, it will not distinguish
between bytes and integer elevations.
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Image width & i

and height Number of
ng am,T tmnsiTons
10" J10' 10 14" 21 130 136 130 136 131
135 129 137 129 137 129 137 129 137 129
137 129 136 130 133 132 23 133 133 133

133 133 133 133 133 130 136 130 136 131
135 131 131 129 129 133 130 136 130 133

15 135 131 134 132 134 132 134 132 134
132 132 133 133 129 163 11 136 129 136
131 135 131 135 131 135 130 179

Fig. 4. Compressed elevations

To represent information of the elevations, we require in the first case, 200 bytes of
memory, and in the encoded version we only require 86 bytes.

2.2 Decompression method

The DEM compressed files contain three headers: Records A and C, DEM header,
and the total of Gma— Otmin — 1 RLE arrays. Retrieving original binary values from any
RLE array do not provide the specific altitude at some point. If a point p(x, y) of
source DEM has an altitude equals to , this point has an intensity of 1 in total of

(k- @piy ) g(x,y) images.
When we perform the join operation in the range [cmin+1, Omax] @ Pixel p(, ) has a
0 intensity if Eqn. 6 is not accomplished([k +la ]) , then the gray-level in g(x, y)

will be 1 ([a,,,.,,k])- In conclusion the elevation of one point p(, y) is determined

by using Eqn. 8.

amn
h(x’ y) = amin + Z ga, (x’y) ’ (8)
1=Qmin 4l
In addition, the required steps of decompression stage are the following:

Step 1. Both Records A and C are retrieved directly from compressed file.

Step 2. Process the DEM compressed header, which contains the width and height
of DEM image, as well as the minimum and maximum elevations. Generate an
integer width x height matrix (referred as DEM image) and establish all the matrix
values to minimum elevation.

Apply an iterative process from Steps 3 to 5 for each RLE encoded array.

Step. 3. Obtain the number of transitions in current encoded array (n), and
remember that the value of n has been written before each RLE encoded array. If the
value of # is equal to -1, then we apply the next steps with the first preceded valid
RLE array.

Step 4. Both the absolute pixel position (position variable) and the current intensity
encoded (intensity) are initialized to zero.
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Step 5. Read the next byte (b;) from DEM compressed file. If the most
significative byte of this data is -1, then read next byte (b,) and apply Eqn. 9 to obtain
the value (115) of continuous encoded® intensities. In the compression algorithm, the
first n, refers to zero intensity. Additionally,

b, +(b,x(278)) if MSB(b)=1
N : > 9
: b, & TF,;, otherwise ©)
If the current intensity is equal to 0, we only increment with the value of n,, the
absolute position (position=position + ng). In other case, we need to make an ng-

unitary increment both the value of the DEM image at the position p(x, ), and to the
absolute position, as described in Eqn. 10.

x =( position — widthx | position/ width |)
y =| position! width
p(xy)=p(xy)+n

position = position +n

Change the value of intensity if the current value is 0, set it to 1, and to 1 else,
repeat Step 5 until process all RLE values.

(10

3 Compressed DEM management

In section 1, we cited the most important characteristics of this compression
algorithm. We assume that it is not indispensable to apply a decompression method to
obtain information about the elevation from the DEM (read data). Additionally, we
can generate the contour layer, which has several map applications related to
Geoprocessing area. These two operations are described in the next section.

3.1 Accessing data elevations

In some cases a DEM file requires up to 100 MB storage space. Moreover, some
person can require an application that works with 10, 20, or more DEMs. It is possible
that any user does not have storage limitations, but in conditions that the use of the
lower memory, or the use of the hard disk space is crucial, the DEM compressed file
could be useful. To retrieve the elevation at some point p(x, y) we cited Eqn. 8,
however it requires to process all RLE encoded array. To reduce processing time, we
can apply the Eqn. 11.

pOsy) =g, (%.7)#0(g,,, () =0va,=a,,), (1)

5 We suppose that high-part of the integer is stored first.
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This equation basically consists of a lineal-search in all RLE encoded arrays, in the
cases when the desired elevation is near Qi+, the elevation is rapidly obtained,
otherwise all arrays (closer to oma) Will be processed. In consequence, we have
®(n/2) algorithm, where 1 denotes the total number of bytes to process. To improve

this process the bin-search can be used. When bin-search starts, the total RLE arrays
will be equal to 7 (see Eqn. 12).

A=dasa...a.t: (12)

Formally, the binary-search function (BS) is described in Eqn. 13.
(@, +k +1,

if g, (%¥)=0.g, (x,y)=Lk =m+1

Aoy g, (%) =1k, =n

BS(4 .k kyym g, (%,7))=4BS({a, ...a,}.k.m=Lm'g, (%)), ¢ (13)
ifg, (xy)=0

BS({a,,,.+I A },m'+ Lk,,m'. g, . (x,y)),
ifg, (xy)=1

where:
A denotes the RLE arrays to search.
k; and k; are the number of RLE array k), k, €{0, 1, ..., n}.
m is the middle value of previous binary-search.
2. (x,) is the altitude at middle position in previous search.
m’ is the new middle value, computed as m'= I_(k2 -k)/ 2_| +k .
In the first execution of the search function
k =0k, =n,m=0, 8., (x, y) =0. A special condition is reached when the &-

RLE array is empty because -8 (x, y) e (x, y), to solve this ambiguity the

method searches for the first previous RLE array, which is not empty.

3.2 Generating contours without compression

Contours are lines drawn on a map, which connect points of equal elevation. Contour
lines are useful because they allow us to show the shape of the land surface
(topography) on a map [3]. The maps depicted in Fig. 5 illustrate an example of



Compressing Digital Elevation Models based on Run Length Encoding Approach 81

contours. Fig. 5 (a) shows the contour lines for some region and in Fig. 5 (b), a 3-D
perspective of same area overlapped with contours is depicted.

Fig. 5. Contour lines example: (a) Only contours data (b) Contour lines overlapped with 3-D
model

The methodology to obtain contour lines form in a Digital Elevation Model is not
complicated; some commercial tools to handle cartographic data make this task.
However, when we work with DEMs, these systems require all elevation date, but our
proposed algorithm generates the contour lines directly form compressed DEM file.
In this section we point out this process.

The single required parameter is the altitude interval to sample DEM (A), all
additional information is available form compressed data.

Step 1. Generate an N x M matrix and establish all values to 0, this matrix will

represent the contour lines image f{x, ). The size of the matrix is obtained from DEM
compressed header.

Step 2. Take the first RLE encoded array (i.e. encoded data of S l). Obtain

original binary image by using Eqn. 8. If the array is empty, then apply the same
criteria as we defined it in previous sections. With original binary image, it is
necessary to obtain its negated version.

Step 3. Compute the 8-connected contour of binary image. Strictly, an object pixel
p(x, y) is part of contour, if the number of 8-neighbors with intensity equal to zero
(background pixels) is at least equal to 1.

Step 4. Remove redundant contour pixels. All pixels that accomplish one of the
masks defined in Fig. 6 are removed.

el X XElR1RIEX 0 3EXEEX XCiEXe 0
1 G [ B . Xo| el e Xl 15 el X
X | Xalu0 0L X0EX Xald JleX K]l X

Fig. 6. Set of redundant pixels in detection masks
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Step 5. Establish value of one at coordinates (¥, y) in contour lines image, if the
pixel p(x, y) is a member of non-redundant contour set obtained in the Step 4.
Step 6. Process each remained encoded array by applying from the Step 4.

4 Tests and Results

In this section, we show in a detailed way, the obtained results with our proposed
approach, and compare it with commercial WinZip program (it uses LZW coding
method); in this case the standard-compression option has been applied. The DEMs
used for the tests are displayed in Fig. 7, and all DEM sources have the same spatial
resolution (1,200 x 1,200 pixels) and their sizes are I0MB approximately. In Table 2
the numerical information about the obtained results appears.

(a) Eagle

(c) Pratt (d) Cincinatti

Fig. 7. DEMs samples used in compression tests
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Table 2. DEM compression results®

83

Name WinZip Compression Our Technique | Compression
Eagle 917,504 90.67% 1,645,939 83.27%
Jacksonville | 262,144 97.33% 236,126 90.07 %
Pratt 868,352 91.17% 1,306,272 86.73 %
Cincinatti 819,200 91.67% 1,642,829 83.31%

Regarding the contour line computation, in Fig. 8 (b) we show the obtained result
with the DEM source that appears in Fig. 8 (a). The altitude interval is 25 meters.

(b)

Fig. 8. Contour lines result: (a) DEM original geo-image (b) Contour lines obtained from DEM
compressed file

5 Conclusions

In the present work, we develop a loss-less compression algorithm using RLE
encoding approach. Although the compression factor is not the same, we can obtain
this factor applying other techniques, it is important to mention that encoded
elevations can be directly read from DEM compressed file, and the computation of
contours lines is easy and fast. The most important part of the test is the compression
factor, which has been 80% high. To make some enhancements, this algorithm should
be adapted as new format to store and describe digital elevations models. Future
works are oriented to study others, encoding formulations that allow us to increase the
compression coefficient and attempt to implement developed compression algorithms
to compare them with our method.
An important characteristic is that the frequency of the DEM is not high, because
the pixels do not present changes in their structure; the value of each pixel is

6 All data are expressed in bytes.
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correlated with their neighbor values. Due to this, it is possible to apply this kind of
compression. Moreover, this approach is not useful for common images.

On the other hand, we have considered the most important characteristics of digital
elevation models in our method, because it is important to point out that DEMs are
complex geo-images, which involve several properties of a certain environment. In
addition these properties reflect the semantics of the digital elevation models.
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Abstract. In this work we are interested in identifying aspects of the relief that
can be associated to tectonic or climatic factors. Applying Data Mining
techniques on a group of attributes generated from the transformation of
longitudinal profiles of a topography using Wavelet Transform and Matching
Pursuit and the historical data of the average precipitations of the last 30 years.
The study considers the region among the latitudes 18°S and 27°S in the coastal
zone of northern Chile. The objective this study is to find any interesting
relationship among latitudinal variations of the characteristics of the relief of
the Mountain range of the Coast and the latitudinal climatic variations in
northern Chile. The results obtained and an analysis of them indicates no
evidence of lineal correlation among relief and climatic variations on this zone,
although association rules show certain relationship between relief and
precipitations, but with low confidence.

1 Introduction

The role of climate a tectonic on the landscape evolution is widely documented in
geomorphology. Tectonic together with climate are the most important factors
determining the rate at which a landscape is eroded. In this context, several
investigations analyze the landscape topography in order to determinate the relative
impacts of these factors in the landscape configuration (e.g. [20], [6], [17]).

Nowadays, availability of Digital Elevation Model (DEM) allows us to explore and
to extract some quantitative characteristics of the topography, which can be
interpreted in terms of tectonic and climatic factors operating on the landscape [3].
However, the establishment of the impact of climate (or/and tectonic) on the
landscape frequently remain uncertain because no formal rules relating landscape
characteristics and climate (or tectonic) are used.

In this paper we propose and apply an objective and effective methodology
concerning to the discrimination of the relative impact of the climate and tectonic on
the landscape configuration. We choice the Coastal Cordillera of the Atacama Desert



(northern Chile), a mountain range extending more than 1000 km between the
latitudes 18°S and 28°S, in the hyper-arid northemn Chile. Three factors makes of the
Costal Cordillera an excellent place to carry-out our objectives: (1) its topography
exposes accurate NS oriented segment which can be, a priori, correlated to the
segment of the Atacama Fault System (AFS), a discontinuous set of faults striking
parallel to the Coastal Cordillera [22). (2) It is effected by overall uplift tectonic
conditions during the Quaternary. (3) Hyper-arid conditions prevail at least from late
Pliocene [13] and, a perceptible NS mean annual rainfall gradient define the present-
day climatic conditions of Coastal Cordillera [8].

We address to individualize which of the landscape characteristics of the Coastal
Cordillera are related to tectonics factors and which of them can be associated to
climatic conditions. To analyze the Coastal Cordillera landscape we consider NS
oriented topographic profiles defining mathematical signals, where amplitude
corresponds to topographic altitude varying again latitude (from north to south). In
this signal, low frequency variations represents variations in large-scale landscape
characteristics (e.g. segments of the landscape with different mean altitude). Whereas,
high frequency variations represent latitudinal variation of incision, i.e. north-south
successions of valleys and interfluves. We suspects that low frequency variations can
be related to differential latitudinal landscape tectonic control associated to the
different segment of the AFS. Whereas, high frequency variations evidence a greater
capacity to incise the landscape that responds to the NS mean annual rainfall gradient
or latitudinal variations of the uplift rates: a latitudinal increase of mean annual
rainfall or uplift rate inducing an increase of amplitude and frequency of incision. )

In order to test our hypotheses, we analyze the topographic signals by considering
data transformations performed over a derived group of attributes. These
transformations are carried out using the Wavelet Transform (WT) and Matching
Pursuit (MP) techniques.

With the topography one can obtain information on the position of an element with
regard to the longitude, latitude, and its elevations, among others. The way in that the
precipitation erosions a landscape responds to a mathematical model [17]. Based on
the mentioned above, we can think that observing the relief, we may determine the
magnitude of mean annual rainfall that affected it. .

From the Data Mining perspective, one of opposing problems when working with
satellite images, is to find some transformation for these images. This transformation
should be the more appropriate to extract the information associated to the problem.

For this problem, mainly two sources of information are available: satellite images
and data of average coastal precipitations of the last 30 years in northern Chile. With
this information, we want to explore the existence of significant relationships between
the relief and the precipitations in the region limited between the latitudes 18,5°S
(Arica) — 27°S (Caldera), and between the Coast Mountain and the beginning of the
Intermediate Depression.

In addition to the main goal of identifying interesting relationships among relief
and climate or tectonic factors, we consider the following specific goals:

— To confirm or to discard the hypothesis that the distribution of those systems
of drainage of the Coast Mountain are related with the variations of
latitudinal precipitations.



— To find any interesting correlations between topography and precipitations in
the zone limited from Arica to Caldera and from Coast Mountain to
Intermediate Depression of northern Chile.

— To carry out an spectral analysis of the topography, in order to verify
whether the topography determines information on precipitations.

2 Methodology

In order to replicate this study to other zones, we formulate a guide (sequence of
phases and tasks), based on the methodology propose to carry out a Data Mining
project [10]. Our guide (see Fig. 1) is composed of the following phases:

— Data Preparation: In this phase, we carry out all necessary data preparation
tasks over the two sources of data: satellite topography data and
precipitations records corresponding to the target zone. In this phase, the
followings tasks should be performed:

e  Obtaining Longitudinal Profiles: From the topography data,
longitudinal profiles are traced along the Coast Mountain. These
profiles must have a constant distance among them, and also the first
profile must have a constant distance to the coastal border. This
operation is performed by using a GIS tool, storing the results in a data
file.

e Error Correction: After the profiles are traced, they may pass on
topography defects. Therefore, a process of exploration and correction
of these defects should be performed if any defect is detected.

e Identification of Structural and Lithological Elements: It consists of the
identification of structural and lithological elements of diverse sizes,
belonging to the region under study, with the purpose of establishing
their relationships with the results to be obtained.

e Interpolation of Precipitations: Starting with the data points for which
precipitations are already known, we should interpolate any required
intermediate point between two known points, along the zone under
study. This with the purpose of having continuous climatic data that can
be subsequently correlated with topography data. Any suitable
interpolation method should be considered (e.g., lineal interpolation,
Lagrange interpolation).
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Fig. 1. A schematic overview of the methodology

Data Transformation: Once the profiles are generated, functional

transformations are applied in order to decompose them. These
transformations map profile data into signal data. In our case, we use the

following two transformations:

° Wavelet Transform: The purpose is to obtain a visual decomposition of

the profiles.

*  Matching Pursuit Decomposition: The purpose is to obtain numeric

values of the frequency
profiles.

components represented by the longitudinal

Data Selection: Once the data have been transformed, it is necessary to

identify which one will be finally used in the following phases of the
process. Activities that are carried out in this phase are: :
®  Recollection: The data generated in the transformation and interpolation

tasks must be integrated,

attributes and records.

with the purpose of having a set of possible

°  Auribute Characterization: All attributes should be characterized in
terms of basic properties such as distribution of values, data quality,
statistical information, etc.

e Selection: Once the data are characterized, the relevancy of each
attribute should be estimated, using either expert assessment or

algorithmic approaches

(e.g., filter and wrapper attribute selection

methods), or both. In any case, attribute relevancy may depend on the
region under study, given that some attributes may be more o less

important.

Data Mining: Based on the prepared, transformed, and selected data, data

mining techniques are applied in order to generate several candidate models.



In our case, we applied two suitable techniques for the problem of finding

relationships in the data:

° Generation of Correlation Tests: Statistical tools are applied in order to
quantify possible correlations between precipitation data and profile
decomposition data, this with the purpose of identifying any
dependency between latitudinal variation of the precipitations and the
relief of the zone under study.

° Generation of Association Rules: Data mining tools are applied in order
to generate rules that show significant associations among attribute
values. This algorithmic approach may discover no lineal dependency
between latitudinal variation of the precipitations and the relief.

— Evaluation and Interpretation of Results: The final phase is to evaluate
the results (e.g., lineal correlation models, association rules, Wavelet
Transform profiles) both individually and crossing the information among
them. In addition, it is very important that the results be interpreted by the
domain expert and the user in order to have a qualitative estimation whether
the results are or not interesting from the expert point of view.

3 An Overview of Applied Techniques

In this section, we overview the main techniques used during the development of the
case of study, with the purpose to make the paper as self-content as possible. We
describe Matching Pursuit and Wavelet Transform techniques used to decorppgse
profiles (signals), as well as lineal interpolation, lineal correlation, and association
rules.

3.1 Matching Pursuit

Matching Pursuit process consists in finding a function f as the pondered sum of
elements obtained from a Gabor dictionary [18]. In others words, f is represented as:

f=2azg, M
yel

This process is used to carry out a decomposition of one signal in diffe.rent
components of frequency that added recompose the original signal. The comparison
of the components of frequencies in the Matching Pursuit process is carried out using
the Short Time Fourier Transform (STFT) [12], also known as Gabor Transform
(GT). STFT cuts the signal in small pieces, which are known as windows. The form
of the resulting components of decomposition is strongly bound to the selected
window type, which is associated to the fact that the reconstructed signal can have

bigger or smaller error. o
To decompose this signal, we used the Guimauve software tool [2], which in turn
uses the technique of Matching Pursuit to generate the decomposition of the signal



into a group of signals located in different time-frequency ranges. Guimauve is based
on a group of software libraries, whose name is LastWave [1].

The Guimauve software tool allows to decompose the signal in the following
elements:

Atoms, which indicate in how many signals the decomposition of the
original signal was carried out. For example, if the quantity of atoms is 200,
this indicates that the signal was decomposed in 200 signals.

Coefficient, which shows the coefficient of decomposition of the signal
using STFT.

Octave, which is an interval of frequencies in a power of two.

Time, which indicates in that time a certain frequency is found.

Frequency, which indicates the frequency of the decomposed signal.

3.2 Wavelet Transform

The Wavelet Transform [16] carries out a filtrate of the original signal, using filters
that allow us to pass a certain range of frequencies either below a threshold (low
filters) or above that threshold (high filters) [2], and that eliminate certain components
of frequency of the signal. This procedure is repeated with the signals generated from
the previous filtrate. The process is carried out mainly with two approaches: The
Continuous Wavelet Transform (CWT) and the Discrete Wavelet Transform (DWT).

CWT: It uses a window that frames the signal inside an interval, concentring
the analysis only in a segment of the signal. It tries to express a continuous
signal X(t) in the time, by means of an expansion of proportional coefficients
to the internal product between the signal and different scaled and transferred
versions of a prototype function ¥(t) (mother wavelet) [9]. The CWT is
defined as:

R (o By IX(t)‘P( b)dt ©)

where: a controls the width of the function (scale variable) ®(t) and b gives
us the location in the domain of the time (translation variable). The scale
variable allows us to dilate or to compress the mother function to control the
resolution that is wanted to obtain in the transformation. The translation
variable controls the location of the function W(t) in the time space. This
allows us to displace the mother function of scale a through the signal. With
this one can say that to smaller size of a (small scale), a bigger quantity of
translations must be performed, in order to cover the complete signal.

DWT: This transformed part of the base that the scale parameters and
translation are discrete, this with the purpose of simplifying the quantity of
calculations to carry out. Under this assumption, the following thing is
generated:

sl i b)) 3
lI’a',,(l)—‘/zz_‘l’ % to,beR,a=0 (€))



with a=27and b=k27, it becomes the group of functions:
J
Y, (0)=22¥Y2" -k)j,keZ “)

This decomposition generates a set of elements, d12 to d1, from small to big

frequencies, and al2 corresponds to the first decomposition (also called base
decomposition).

Once we know the definitions of both ways of transforms, it is necessary to
define the mother function more appropriate for the problem.

The advantage of Wavelet over STFT for this study is that STFT lacks of
properties (orthogonality, conservation of the energy, entropy) necessary to be able to
make a correct interpretation of the decomposition. To decompose the signal by
means of Wavelets, we used Wavelet Toolbox of Matlab 7.0. On the other hand,
Wavelet and Matching Pursuit are complementary techniques for this study. The first
one allows us to visualize constituent frequencies of the train of signals that can be

quantified through the second one. The visual results obtained with Wavelets are
corroborated by the quantitative results obtained with Matching Pursuit.

3.3 Correlations

Correlations are used to examine the degree of similarity of the values of two numeric
variables. A standard formula to measure lineal correlation is the correlation
coefficient r, which is a numeric real value between -1.0 and 1.0. If r is positive then
the variables are correlated positively, i.e., the variables have a similar behavior (both
growing or falling at the same time); if r is negative then the variables are correlated
negatively, i.e., when a variable grows the other one falls [14]. On the other hand,
when r is 0, there is not correlation.

3.4 Association Rules

They express behavior patterns among the data in function of the combined
appearance of values of two or more attributes. The main characteristic of these rules
is that they try with nominal attributes, to difference the correlations that make it with
the numeric ones. In short, these rules express combinations of values of the attributes
that happen more frequently. They can be expressed in many ways, although the most
common form is of the style: “if the attribute X takes the value d then the attribute Y
takes the value b”, which usually is written as: X=d — Y=d. An association rule is
usually worked with two measures to know the quality of the rule [14]:
— Support: It is defined as the number of instances that the rule predicts
correctly.
— Confidence: Also denominated precision, it measures the percentage of
times that the rule is met when it can be applied.



3.5 Interpolation

Lagrange Interpolation: Its is defined of the following form:

P(X) = Yoo (x) + () + o+ y, 0, (1) = 3 il (%) )
where lO’ ll’ 5 ln are polynomials that depenti:oonly on the sampled
values X X 15 we0s X, but they do not depend on the values Yor 1> - Yo The
general formula for the polynomial li is:

L= J] =X ©

j=0,j=i X; — xj

Using these polynomials in the equation (5) we obtain the exact form of the
Lagrange interpolation polynomial [4].

Lineal Interpolation: It is the adjustment of one straight line between two
known points, to determine the value of an unknown point that is among
both previous ones. Be F(x) a function for we know their values f(X,) and
f(X,) in the points X, and X;. The more simple approach to approximate the
f(x) values for any x belonging to the interval [Xo, Xi], is to consider the
polynomial of first degree [4]:
F(x)=f(x)+

X — X

(x=x,) ™

X =X

4 Sources of Information

4.1 DEM

A DEM [19] is a representation of the landscape of the form (x, y, z), which
correspond to the latitude, longitude, and elevation, respectively. The precisiqn of
these data depends on two factors: the horizontal precision and the vertical precision.

Horizontal Precision. It corresponds to the resolution of the satellite image
from which the topography was obtained. In the case of the DEM used for
this study, it has a resolution of 90 meters. That means that each pixel of the
image represents a square of 90 squared meters.

Vertical Precision. It corresponds to the precision calculated from data
obtained in landscape of elevations, which are compared with the data of the
elevations obtained from the DEM. This operation is carried out using the
Medium Squared Error (MSE), with at least 30 points, 20 of which
correspond at the interior of the DEM, and 10 to those correspond to the
border of the same one.
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From the DEM data, we carry out longitudinal profiles in four places, in order to
appreciate the variation of the relief when we advance from the coast toward the
intermediate depression. These cuts are shown in Fig. 2A, where the first, second
third and quarter profile are shown from left to right. With the information obtaineci
from the profile, we can build scatterplot graphics among the latitude in a point (axis
X) and the elevation of the same one (axis Y), resulting in the dispersion graphics
shown in Fig. 2B.

These graphics show the form of the relief through the cuts, and where
depressions, plains and elevations are appreciated. These profiles can be considered as
signals. This since the elements that compose it can be transformed to homologous
elements, but in the domain of the signals, and where the elevation represents the
width, the latitude can be homologated with the time, and the variations in the
elevations of the relief indicate different frequencies in this signal, to which we will

call topography.
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Fig. 2: A) Longitudinal profiles used in the study, B) Scatterplots of the longitudinal profiles.

4.2 Precipitations

The data associated to precipitation correspond to coastal cities located among
latitudes 18,5°S and 27°S (see Table 1). These data of precipitations are an average of
the last thirty years [8]. Given that the necessary data should be from the latitude
18,5°S until the latitude 27°S, we carry out an operation of interpolation of
precipitations in all range of latitudes, with the purpose of being able to use these data
to establish correlations and associations.

Over this dataset of precipitations, a lineal interpolation (7) is performed among
the diferent data points. In this case, the Lagrange interpolation generates points with
smaller values than those in the Table 1. As shown in Fig. 3 (a), the curve generated
by the Lagrange interpolation gives negative values between 20°S and 22°S, and
some points (e.g., Tocopilla and Chaifiaral) are quite different from the true ones. On
the other hand, as shown in Fig. 3 (b), lineal interpolation does not generate negative



values, and it fits the initial values. For this reason, the interpolation of precipitation
values is performed by using the lineal method.

Table 1. Precipitations in different cities of the coast of northern Chile.

City Latitud(°S) Precipitation (mm)

Arica 18,5 0,5

Iquique 20,8 0,6
Tocopilla 22 2
Antofagasta 23,5 1,7
Taltal 244 8
Chaiiaral 26,2 12
Caldera 27 27

Mean: 4,13
Standard Deviation: 4,75

5 Data Preparation

Data preparation consists basically in taking topographic and precipitation data with
the purpose of generating a consistent table of data and in this way to avoid the
inclusion of data that can influence negatively the results obtained.

— Lithography. Since this element determines the behavior of the landscape
with regard to the precipitations and it influences the form that is modeled.

— Structural elements. Since the Atacama Fault crosses the profiles and it
affects the formation of the relief in direct form.

Next, we describe the sources of data and the form that these are preparated:

1. Preparation of Precipitation Data. We applied lineal interpolation to the
precipitation data to approximate unknown values. As we can observe, the

lineal interpolation is well adjusted to the group of precipitation data (see Fig.
3 and Table 1).
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Fig. 3: (A) Scatterplot of the lagrange interpolation of the precipitation data.
(B) Scatterplot of the lineal interpolation of the precipitation data.



2. Determination of lithological elements. As previously mentioned, the signal
“Topography” is made up of different elements that can be reflected in
different components of frequencies. Among these elements are rocks of
diverse sizes. Also, maps were generated to identify bodies by using
convolution filters. Specifically, we used the filter of Means to highlight the
bodies of a certain size. The filter carries out a substitution of the value of a
pixel for the mean of their k-nearest neighbors, and where the size of the
bodies that we want to identify determines the value that k should take. After
obtaining the result of the filter application, a subtraction is made among the
resultant map and the original one. This operation generates a map that
highlights the bodies of certain size. These outstanding bodies are associated
to certain type of rocks in the lithography of northern of Chile.

3. Determination of structural elements. In the same form as some bodies of
different sizes was identified, it is necessary to isolate the components of
frequency of the associated signal “Topography” to elements of structural
control, specifically the faults, which are discontinuities formed in the rocks
for fractures when concentrations of tectonic forces exceed the resistance of
the rocks, that generates a relative displacement of the separate parts ({11},
[26]).

4. Determination of the vertical error. The vertical error consists on the error
introduced when calculating the elevations in the generation of a DEM from a
satellite sampling. This error depends specifically of the satellite that carries
out the mensurations, in our case the GTOPO90. This error takes place when
for atmospheric, climatic factors, floor types and other reasons, radio’s waves
sent toward the earth are deviated of the course that should have under good
conditions, this variation generates the differences of elevations. These
vertical errors are estimated ([25], [7], [15], [5]) of the order of 25 meters.

5. Correction of longitudinal profiles. In the generation of the profiles, we
detected the presence of sectors in which the elevations were zero, this
corresponds to errors in the generation of the base satellite image. This was
detected in the exploration of the data of each profile. To overcome this
problem, we calculated the mean value between the borders of the hole, and
we put this value in the corresponding position of the missing values.
Afterwards, the same operation is carried out between the border and the
inserted value. In this way, we fill in missing values of the generation of the
profile.

6 Data Transformation

The decomposition of the signal “Topography” seeks to identify which of the
obtained components of frequency is related with the latitudinal precipitations in the
region mentioned before. The signal decomposition process was carried out by means
of the use of Matching Pursuit and Wavelets methods, with the purpose of comparing
the results of both methods. We used Matching Pursuit for the evaluation of the
association rules and correlations, by means of the Guimauve tool. When STFT is



used it should be indicated which is the type of sampling window necessary to
generate the dictionaries of signals.

We carried out a group of decompositions of the signal corresponding to profiles 1,
3 and 4, in way of seeing which are the errors generated to the moment of
reconstructing this signal. In Fig. 4 we can see the reconstruction error for the first
profile. The objective of this test is to determine which is the more appropiate window
for the decomposition of the signals

The behavior of the error shown in Fig. 4 is similar in all the analyzed profiles.
Also, we can observe that the Blackman window type is the one with worse results,
and that the Hanning and Spline 1 window types show the best results when trying to
reconstruct the original signal.

Finally we use the Spline0 type, that corresponds to the family of the B-Spline and
is known as rectangular ([24], [23]). The rectangular form of this window allows us to
appreciate clearly signal components along the time, without deformations, which
facilitates the task of interpretation of each component.

We used Haar Wavelets to identify in to graphic way the “blocks” of frequencies.
This Wavelet mother facilitates the visual comparison of the decomposition with
those “blocks” of frequencies of the topography and it also allows to compare it with
the decomposition accomplished by means of rectangular Spline in Matching Pursuit.
The tool used to generate this decomposition was Wavelet Toolbox of Matlab 7.0.

The types of windows are: o
1: Gaussian window. » = - A\T
2: Hamming window. E 32 e oA
3: Hanning window. 1 > — o140 a10ms
4: Blackman window. -5 — —e—200 Atoms
6: Spline0 window. N ca
6: Spline1 window. %
7: Spline2 window. s i 7 ) 4 3 s 71 o
8: Spline3 window. Window Type

Fig. 4: Error for the different windows.

7 Data Selection

7.1 Compilation of Attributes

As aresult of all the mentioned above, we obtain the following attributes:
- Longitude (L). It corresponds to the longitudinal location of an area, inside
the study area.
— Initial Latitude (LI). It corresponds to the initial latitudinal location of a
component of frequency.



— Final Latitude (LF). It corresponds to the final latitudinal location of a
component of frequency.

— Latitudinal Distance (LD). It corresponds to the difference between Initial
and Final Latitude, and it is measured in degrees.

— Frequency (F). It corresponds to the value of a component of the signal.

— Precipitation (P). It corresponds to the quantity of precipitations in an area
of the study region. They are measured in millimeters of water fall.

— Elevation (E). It corresponds to the values of the elevations in the study
region, measured in meters.

7.2 Characterization of Attributes

The candidate attributes are characterized of the following form (see Fig.
5):

Name Type | Units [Possible Values |A [Attribute Mean [Standard

Longitude Numeric| Degrees |Min.: 69,7767 Deviation
Max.: 70,8482 Latitude 23,1889508 (2,714656427

Initial Latitude [Numeric| Degrees |Min.: 18,3351 |Precipitation(8,402134897]10,74030827
Max.: 27,5221 Frequency [0,011599665(0,011238048

Final Latitude [Numeric| Degrees |Min.: 18,4227 Elevation }%9.33215711482,5221739
Max.: 27,527

Latitudinal Dis-|Numeric[ Degrees |Min.: 0,0024

tance Max.: 5,8619

Frequency Numeric| No unit [Min.: 0
Max.: 0,25

Precipitation  |Numeric|Millimeters|Min.: 0,503868
Max.: 36,23628
Elevation Numeric| Meters |[Min.: 40

Max.: 2650

Fig. 5: (A) Maximum and Minimum values of Attributes, (B) Descriptive Values of Attributes.

In the exploration of the data of the profile corresponding to the coast (first
profile), it is possible to determine the distribution of the values for the following
attributes: latitude, precipitation, frequency, elevation (see Fig. 5 (B)). Standing out
the fact that the elevation has a near behavior to a normal distribution in the complete
range of the latitudes. On the other hand, the precipitation and the frequency have a
exponentially falling distribution. The maximum and minimum values of these
attributes can be seen in Fig. 5 (A).

7.3 Selection of Attributes

The criterion used to select attributes was to discard attributes with direct relationship
to the geographic position. This pursues to avoid to introduce bias in the generation of
models.

Given this, four attributes were selected: Frequency (F), Precipitation (P),
Elevation (E), and Latitudinal Distance (LD).



8 Data Mining

8.1 Association Rules

For all the models, we considered 600 instances corresponding to the union of the
decomposition of the three nearest to the coast profiles. Each profile was decomposed
in 200 atoms. Table 2) summarizes association rules generated by using the WEKA
[27] software tool. This rule indicates the presence of some associations among the
attributes that could show some relationship between relief and climate. In this model
interesting rules are generated that associate the Latitudinal Distance, the Frequencies
and the Elevations in the first rules (we show only some rules that indicate the
presence of relationships that we are looking for).

Table 2: Association rules found to relate attribute values.

Rule number Antecedent IConsequent Confidence;

17. F=middle-high P=middle 15 acc:(0.84262
LD=low E=high 17

18. F=middle E=middle- [LD=low 20 acc:(0.83892
under 23

19. F=middle-high E=high [P=middle 20 acc:(0.83892
23

0. IE=middle-under 123 [LD=low 101 acc:(0.80862

D 1. [F=middle 120 LD=low 96 acc:(0.78732

2. E=middle-high F=low [P=low 18 acc:(0.78646
22

D3. E=middle-high P=low 13 acc:(0.7717
LD=middle 16

D4, F=middle-under E=low|LD=low P=high 13 acc:(0.7717
16

D5. E=middle-high 120  [LD=low 92 acc:(0.75974

D6. F=low E=high 23 P=middle 18 acc:(0.75466

7. P=middle 203 LD=low 151 acc:(0.74333

8.2 Correlations among Profiles

To quantify possible lineal relationships among the attributes mentioned above, we
computed the Pearson correlation coefficient for each one of the three first profiles
separately, obtaining the following results:

— In Tables 3A, 3B, and 3C, we can observe that the lineal correlation between
frequency and precipitation is growing among the profiles, i.e., the first
profile has smaller correlation than the second and the third ones, in the same
way that the second profile has smaller correlation than the third profile. It
was expected that the results were inverse, i.e., that the correlation among
precipitations and frequency were bigger in the first profile than the others,
and it was falling as the profiles go into the mountain range, from the coast



to the intermediate depression. This because the available precipitation data
are only associated to the coast (first profile).

— In Tables 3A, 3B, and 3C, we can also observe the existence of a medium
negative correlation among elevation and precipitation. This correlation
increases as the profiles go into the mountain range of the coast.

Table 3. Correlations of Profiles

First Profile (A) Second Profile (B) Third Profile (C)
LD 1 LD 1 LD 1
F |-0,197 1 F | -0,203 1 F -0,2 1
P |-0,191 | 0,039 1 P |-0,197 | 0,07 1 P |-0,275 | 0,337 1
E | 0,208 | -0,07 | -0,396 | 1 E | 0,12 |0,063]-0,386] 1 E | 023 |-0,281-0487] 1
LD F P E LD F P E LD F P

8.3 Maps to confirm the presence of tectonic and lithologic elements in low and
medium range frequencies

It had been determined previously that the components of low frequency were
associated to structural factors (basic tectonic configuration), as illustrated with an
example in Fig. 6A and Fig. 6B. Then it was necessary to corroborate that the
medium range frequencies are associated to types of rocks and geologic bodies. As
shown in Fig. 6C, medium range frequencies can associate to bodies and types of
rocks according to their size. To obtain these results we applied the technique of
subtraction of maps of convolution of medium range elevations.

Fig. 6: A) General scheme [a) Relief, b) decomposition al (it bases) three blocks are
appreciated along the whole region, c¢) decomposition d12 shows sections of the Fault of
Atacama, the decompositions d10 (c) and d9 (d) you show elements lithologic of different
magnitudes], B) Convolution Map, matching frequencies with faults, C)Convolution Map,
matching frequencies with lithologic elements.



9 Interpretation and Evaluation

Based on the results obtained, we can make the following observations:

1. The existence of a relationship between relief and climate of latitudinal form in
northern of Chile can not be determined in a precise way. (R.1). This because
the proposed models have results that conduct to contradictory conclusions.

(a) On one hand, a contradiction takes place among the correlations of the profiles
considering frequencies and precipitations (see Tables 3A, 3B, and 3C). It is
obtained that the third profile (the farest one from the coast) has a correlation
coefficient of 0,337, which is bigger than the correlation obtained for the first
profile (0,039) (the nearest one to the coast). Considering that the precipitation
available data correspond only to the coast of northern of Chile, i.e., to the
first profile, the corresponding correlation coefficient does not allow us to find
evidence of the existence of lineal correlation among frequency and
precipitation.

(b) The association rules obtained indicate the existence of a relationship among a
range of frequencies corresponding to the topography and the precipitations,
but these rules have low support and confidence values (See Table 4).

Table 4. Association rules that relate Frequency and Precipitation values.

Antecedent Consequent Confidence
F=high 40 IP=medium 26 acc:(0,635)
F=medium-high 44  [P=medium 20 acc:(0,445)
F=medium 40 P=medium 17 acc:(0,416)
F=low 36 IP=low 15 acc:(0,406

(c) Given the results R.2 and R.3 that are detailed to continuation, we eliminated
of the space of search components of frequency associated to structural or
lithological factors. The component range of frequency (high frequencies)
remaining could contain information associated to the latitudinal variation of
the precipitation. But the amplitude of these components of frequency are in
the margin of the vertical error associated to the source of the topography. For
this reason, we cannot discriminate which values can correspond to errors or
to effect of the precipitations. This because doesn’t exist yet a theoretical form
to discriminate with confidence elevations in the error range.

2. We determine a relationship among components of frequency of the
topography signal and elements of the basic tectonic configuration. (R.2)

Three components of the topography signal are determined (low frequencies)
associated to elements of the basic tectonic configuration. This through the
decomposition via Wavelet and later on corroborated by STFT. An example of
this can be appreciate in Fig.s 6B and 6C. We determined that the Wavelets
decompositions corresponding to the blocks al2, d12 and d11 are related to
structural factors. We associated those blocks with the latitudes corresponding to



each section, which correspondence of these elements was corroborated by
geology experts by means of visual inspection. The verified structural elements
correspond to the Atacama Fault in their three main segments: Salar del Carmen,
Paposo, and Vicufia (21]. Also, we detected the presence of a block
corresponding to inverse faults in the sector of the first region of Chile
(Tarapaca).

3. We determine a relationship among components of frequency of the
topography signal and lithology, together with geologic bodies in the study
area. (R.3)

A group of components of the topography signal is determined (medium range
frequencies) that are associated to lithographs and geologic bodies at different
scales. These bodies ranges from the 40 kms. to the 3.3 kms. of longitude
approximately. They were detected using the Wavelet decompositions, which
corresponds to the d10, d9, d8, d7, and d6 components. This was corroborated
by using convolution maps and visual inspection of the correspondence of the
components of frequency and the maps (see Fig. 6B and 6C).

4. We determined a medium-low negative correlation among the latitudinal
variation of precipitations and the elevation of the relief. (R.4)

When carrying out the correlation among the variation of the precipitation and
the variations of the latitudinal form of the elevations, we obtain a correlation
coefficient of -0,396 (see Tables 3A, 3B, and 3C). In spite of being a small
value, it indicates a tendency that the geology expert considers interesting and
that can be explored in later studies.

10 Discussion

10.1 Revision of the process
The process carried out in this study consisted mainly of two stages:

1. Generation of the data, which in turn is decomposed in the following steps:

(a) First, we used GIS tools was used in order to generate from a DEM a
longitudinal profile that corresponds to the topography signal in the study.

(b) Later on, this signal is subjected to decomposition using Matching Pursuit
(MP) with the Guimauve tool and decomposition via Wavelets with Matlab
7.0 tool.

(c) With the data generated by the decomposition, we built a data table, in which
were determined attributes that characterize the signal, and other additional
attributes that characterize the relief and the precipitations.

2. Application of Data Mining techniques:



(a) With data table generated, it was carried out diverse discretizations on the
attributes to be able to determine which one distributes the data to be studied
in a better form.

(b) We carried out correlation tests among the different attributes to determine if
they have some relationship type among them.

(c) We generated association rules using the algorithm PredictiveApriori
algorithm implemented in the WEKA software tool, and whose results were
analyzed and commented together with the results of the correlations.

This process and work can be improved in several forms. For example, we can
improve the quantity and quality of the obtained data, as well as the use of other tools.
In order to be able to discriminate the range of frequencies that currently are not
totally analyze yet, we identify some changes or improvements that can be
implemented in a following phase of this study:

1. The Guimauve tool carries out the decomposition of the signal through MP using
a dictionary of STFT. However, this transformation may not be the most
appropriate tool to carry out this work, given the asymmetric and acyclic
characteristics of the signal. On the other hand, the Matlab software carries out
the decomposition of the signal by using Wavelet, but their results are images,
and it is not possible to determine quantitatively the frequency of the signal,
which is very important for this study. Afterwards, the results obtained with
Guimauve were graphically compared to the results obtained with Matlab. In the
future, signal decomposition can be made by using software libraries, as
alternative to the use of the software tools mentioned above.

2. For the data of the precipitations the available information corresponds to the
average of the last 30 years of 8 coastal cities to carry out the interpolation. This
restriction may introduce noise in the derived precipitation data, which in tun
may affect the precision of the results. Therefore, it is necessary, in order to
establish clearly the effects of precipitation over relief and vice versa, to have a
bigger quantity of precipitation data, in particular coastal precipitation data and
precipitation data associated to the coastal mountain range. This will allow us to
carry out comparative studies between coastal mountain range and internal
mountain range.

3. It is necessary to have a more precise map of rock types, since we used a
simplified map that classifies the rocks for geologic time and not for geologic
type. This will become necessary to be able to determine weather or not exist
components of frequency associated to the rock type.

4. A parameter that may be tuned corresponds to the quantity of atoms in the
decomposition of the signal using Guimauve. This because it may be feasible that
a bigger quantity of atoms improve the results. Together with this, data
discretization may affect the quality of the results obtained, and therefore it is an
issue to be evaluated.



5. The lithological and structural components of the relief should be addressed in a
future study, this with the purpose of minimizing the quantity of variables that
may influence in the problem.

10.2 Expert Evaluation

The results obtained were presented to the expert, who made the following

conclusions:

1. Apparently, the precipitations don’t have relationship with the relief in the region
under study (northern of Chile).

2. Given this, we can affirm that the climate has not varied significantly in the last
20 million of years. This conclusion is reinforced with studies of superficial
datation in the area of the study. These studies date surfaces in northern Chile to
that antiquity. This is related because if exists a bigger quantity of precipitations
in the past these surfaces could not have been conserved. The sentence mentioned
above is explained since if has existed in some moment inside the 20 million
years a bigger quantity of precipitation, the landscape should not have been
conserved. This is based on that to bigger quantity of precipitations, a bigger
evolution of the landscape takes place.

3. This implies that the variations of the relief in the north area of Chile, you it is
dominated by the basic tectonic configurations of the place and I didn’t seize for
the precipitations.

4. Is considered successful the carried out work for that although, it was not gotten
to demonstrate the relationship between the precipitations and the relief, Data
were gotten excellent about the factors that determine the relief, As well as it was
proven that one can to work with ghastly analysis for analysis of topographies.

In summary, this work presents an application of the data mining process to the
geologic domain, where data require transformation before applying them to the
appropiate techniques. In this case, techniques require to transform the data to the
frequency domain, where decomposition can be applied in order to identify
components of the original signal. As shown, traditional statistical techniques (e.g.,
lineal correlation) and machine learning approaches (e.g., association rules) can be
used to correlate and associate attributes values. In the case of association rules,
attribute discretization must be applied before running the algorithm.

The user evaluation and interpretation of the results indicate that the relief in the
zone under study (northern of Chile) is dominated mainly by tectonic variations and
not for climatic variations.



11 Conclusions

The quantitative results obtained of the application of Matching Pursuit are not
correlated for any constituent frequency with the latitudinal variations of the
precipitations. However, other methods of establishing dependencies among data,
specifically associations rules, show correlations among precipitation data and
topographic latitudinal profiles. This is also corroborated with the visual results
obtained of the application of the Wavelet Transform. Indeed, the decomposition with
WT indicates us that the lithologic and tectonic factors are of first order in the control
of the topography of the Coast Mountain in northern Chile. Thus, the constituent
lower frequencies are controlled by the main segments of the AFS (Fig. 6 .A.a and 6
.A.b), while, those higher constituent frequencies are related with lithologic elements
of diverse sizes (Fig. 6 .A.c and 6 .A.d). The highest frequencies can be associated to
lithologic bodies until their amplitude (local relief) arrives to the margin of the
vertical error. Therefore, the hypothetical existence of climatic control in the
configuration of the relief of the Coast Mountain range, should be verified for
morphologic features smaller than those that are possible to observe with GTOPO 90.

The application of this methodology allows us the study of factors involved in the
evolution of the relief in a more analytic way together with outlining an approach
based on the treatment of signals in the analysis of a relief. The combined application
of the techniques of Transformed Wavelet and Matching Pursuit for the analysis of
the relief allows us the identification of tectonic and lithologic features of the Coast
Mountain of the northern Chile. Based on our results, we propose that the coastal
relief between Arica and Caldera is fundamentally controlled by structural and
lithologic features. Starting from the data of available precipitations, and the
latitudinal gradients derived from those, it has not been possible to establish a
latitudinal climatic control of the relief.

12 Limitations and Future Work

In terms of the methodology, a general revision of the should be carried out, with the
purpose of determining whether the proposed steps are adequate, enough, or new
tasks should be added.

In terms of the data, more precipitation data is required, in order to improve the
interpolation task and the confidence of the correlation and association models.

In terms of the region under study, we wish to extend the study to other regions.
For example, southern Chile where the quantity of precipitations (and the relief) are
significantly different than the existent one in the northern Chile. This would allow us
to validate and refine the proposed guide, and to contrast the results obtained and
described in this paper.

In terms of the evaluation process, we want to incorporate a more formal method
of evaluation of results, that complementing the expert domain evaluation, in way of
making a more objective interpretation of the results.

In terms of the profiles generated and used in this study, we want to extend the
study in order to determine the relevance of the existent relationship among the



lithography of an area and the formation of the relief in this area, by considering the
latitudinal variations of the precipitations.
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Abstract. Information integration and semantic heterogeneity are not trivial
tasks. An integrated view must be able to describe various heterogeneous data
sources and their interrelation to obtain shared conceptualizations. In this paper,
we propose an approach to make a conceptualization of the real world based on
conceptual schemas, which are used to generate a semantic description of the
geospatial domain. This description attempts to provide the guidelines to for-
malize the geographic domain in form of geospatial ontologies according to
specific contexts. In this case, we propose that conceptual schemas are built in
order to abstract specific and essential parts of the geospatial domain and to
represent schematically what geospatial entities should be collected and how
they must be organized. We perceive that geographic data modeling requires
models that are more specific and capable of capturing the semantics of geospa-
tial data, offering higher abstraction mechanisms and implementation inde-
pendence. Therefore, we approach conceptual schemas to describe the contents
of the real world abstraction to specify the behavior of the geospatial entities, in
which the context plays an important role to guarantee shared and explicit con-
ceptualizations. Our research is mainly oriented to propose an approach related
to conceptual issues concerning what would be required to establish ontologies
of the geospatial domain. In addition, the work is led to formalize appropriate
methods to represent ontologies of the geospatial domain.

1 Introduction

Ontology has gained increased attention among researchers in geographic information
science in recent years. Up-to-date, the ontology notion plays an important role in
establishing robust theoretical foundations for geographic information science [1].
Under this umbrella, it is possible to unify several interrelated research subfields,
each of which deals with different perspectives on geospatial ontologies and their
roles in geographic information science. Three broad sets of foundational issues need
to be resolved: (1) conceptual issues concerning what would be required to establish
an exhaustive ontology of the geospatial domain, (2) representational and logical
issues relating to the choice of appropriate methods for formalizing ontologies, and
(3) issues of implementation regarding the ways in which ontology ought to influence
the design of information systems.

Nowadays, there are diverse institutions that use geospatial data to make a decision
in different environments. The use of geographic databases through geographic in-
formation systems (GIS) provides tools for managing, analyzing and processing geo-
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spatial data. However, information can not sometimes be represented in “adequate”
way, since it presents ambiguities that do not allow the appropriate use and analysis.
These ambiguities are originated by imprecision of information, heterogeneity and
isolation sources. Whereby, it is difficult to develop interoperable applications that
allow us to share, integrate and represent geospatial information.

These facts bear with searching solutions oriented to geospatial data representation
and integration, semantic heterogeneity and imprecise geographic objects issues.
Consequently, commercial GISs do not have tools to extensible explore the essential
properties and relations of geographic objects. Therefore, by means of these applica-
tions, it is difficult to explore the semantics of a set of geographic objects.

According to [2] and [3], the ontologies and the knowledge representation are es-
sential for the creation and use of standards to exchange data, as well as for the de-
sign of human computer interaction, whereby an ontology allows us to solve prob-
lems associated to heterogeneity, interoperability, representation, integration and
exchange of geospatial data. These problems imply incompatibility between diverse
geographic objects, as well as a different spatial conceptualization according to a
specific context. For example, we engage with the world day by day in a variety of
different ways: we use maps, specialized languages, and scientific instruments; we
also engage in rituals and tell stories; we use information systems, databases different
machines and other software-driven devices of various types. Each of these ways of
engaging with the world, we shall now say, involves a certain conceptualization.
What this means is that it involves a system of concepts and categories, which divide
up the corresponding universe of discourse into objects, processes and relations in
different sorts of ways. Thus, in a religious ritual setting, we might use concepts such
as God, salvation and sin; in a scientific setting, we might use concepts such as mi-
cron, force and nitrous oxide; in a story-telling we might use concepts such as magic
spell, dungeon and witch. These conceptualizations are often tacit, that is, they are
often invisible components of our cognitive apparatus, which are not specified or
thematized in any systematic way [4].

On the other hand, the conceptualization of geospatial domain is diverse, because
the geospatial data used are often imprecise or many subjects have different point of
view. Thereby it is important to consider alternative object representations, which are
independent of the imprecise nature of the geospatial data [5].

Our research is mainly oriented to propose an approach related to conceptual is-
sues concerning what would be required to establish ontologies of the geospatial

domain.

In this paper, we propose an approach to make a conceptualization of the real
world based on conceptual schemas, which are used to generate a semantic descrip-
tion of the geospatial domain. This description can provide the guidelines to formal-
ize this domain in form of geospatial ontologies according to specific contexts.

The rest of the paper is organized as follows. Section 2 describes some related
works. In Section 3, we describe the proposed approach to conceptualize the geospa-
tial domain. Section 4 shows a case study to build a semantic description based on
conceptual schemas. Our conclusions and future works are outlined in Section 5.
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2 Related works

Some works related to ontologies and semantics in geospatial information science to
be mentioned are as follows. Guarino [6] coined the term “ontology-driven informa-
tion systems” and provided a broad discussion on their place in the computer and
information science. Gruber, one of the pioneers of the use of ontological methods in
information science, defines an ontology as “a specification of a conceptualization” in
[71.

Smith et al. [4] reported the results of a series of experiments designed to establish
how non-expert subjects conceptualize geospatial phenomena. Subjects were asked to
give examples of geographical categories in response to a series of differently
phrased elicitations. The results yield an ontology of geographical categories — a
catalogue of the prime geospatial concepts and categories shared in common by hu-
man subjects independently of their exposure to scientific geography.

Bishr et al. [8] argued that information modeling requires to be controlled to allow
successful sharing of information. Also, they suggest that any coherent information
mod{el need to be based on accepted ontological foundation to guarantee unambigu-
ous interpretation. In addition, their work attempts to show that ontology based in-
formation modeling provides more cognitive foundation for information systems
models and therefore minimizes the problem of semantic heterogeneity.

Smith et al. [2] designed an ontology of geographic kinds to yield a better under-
standing of the structure of the geographic world, and to support the development of
GIS that are conceptually sound. This work first demonstrated that geographical ob-
jects and kinds are not just larger versions of the everyday objects and kinds previ-
ously studied in cognitive science.

Fonseca et al. [9] proposed a framework to link the formal representation of se-
mantics (i.e., ontologies) to conceptual schemas describing information stored in
databases. The main result is a formal framework that explains the mapping between
a spatial ontology and a geographic conceptual schema. The mapping of ontologies to
con_ceptual schemas is made using three different levels of abstraction: formal, do-
main and application levels. At the formal level, highly abstract concepts are used to
express the schema and the ontologies. At the domain level, the schema is regarded as
an instance of a generic data model. At the application level, authors focus on the
particular case of geographic applications. Additionally, they discuss the influence of
ontologies in both the traditional and the geographic systems development method-
ologies, with an emphasis on the conceptual design phase.

According to this works and in particular with [9], it is important to distinguish
that our research is concentrated to use conceptual schemas to describe the semantic
contents of the real world abstraction to specify the behavior of geospatial entities, in
which the context plays an important role to guarantee shared and explicit conceptu-
alizations. We will aim to propose issues and methods concerning what would be
required to establish and to represent ontologies of the geospatial domain.
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3 Geospatial domain conceptualization

This section gives the guidelines to build conceptual schemas to conceptualize the
geospatial domain. Thus conceptual schemas are used to generate a semantic descrip-
tion, which can provide the framework to formalize the geospatial domain, according
to specific contexts. In this section, we point out the most important components
involved in our approach such as conceptual schema and context.

3.1 How to design conceptual schemas for geospatial domain

In the traditional systems modeling approach, the modeler is required to capture a
user’s view of the real world in a formal conceptual model. Such an approach forces
the modeler to mentally map concepts acquired from the real world to instances of
abstractions available in his paradigm choice. On the other hand, the consolidation of
concepts and knowledge represented by a conceptual schema can be useful in the
initial steps of ontology construction. To adequately represent the geographic world,
we must have computer representations capable not only of capturing descriptive
attributes about its concepts, but also of describing the relations and properties of
these concepts.

We propose conceptual schemas to describe the contents of the real world abstrac-
tion in order to specify the behavior of the geospatial entities. In this case, conceptual
schemas certainly correspond to a level of knowledge formalization. In this case,
conceptual schemas are built to abstract specific parts of the geospatial domain and to
represent schematically what geographic entities should be collected and how it must
be organized. We perceive that geographic data modeling requires models that are
more specific and capable of capturing the semantics of geospatial data offering
higher abstraction mechanisms and implementation independence.

The proposed conceptual schemas are composed of two types of concepts (C): fer-
minal (Cr) and non-terminal (Cy). The first ones are concepts that do not use other
concepts to define their meaning (they are defined by “simple values™). The meaning
of non-terminal concepts is conceived by other concepts, which can be terminal or
non-terminal concepts (see Eqn. 1).

c=c,Jcr @

Each concept has a set of aspects. Aspects are characteristics that describe the
properties, relations and instances that involve the geospatial objects. From-now-on,
we shall use the term “relation” to denote unary relations/properties as Berendt ef al.
[10]. From this point of view, all aspects of a terminal concept are simple, e.g. the
type of all aspects that belongs to the set of primitive types (punctual, linear and areal
objects) is denoted by (T5), as shown in Eqn. 2.

Ti= {number, character, string, enumeration, struct }, )
A={a|ypela;)eT,},

where T is the set of primitive types; 4 is the set of aspects.
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Then, the set of terminal concepts is defined by Eqn. 3.
Cr=lelasas ssa )3 aed i=]1, ..n) 3)

In the same way, the non-terminal concepts have at least one aspect that does not
belong to 7p. It is denoted by Eqn. 4.

Cy ={cla,,a,,....,a,)> Ja, ¢ A}, where c is a concept. “

Finally, the set of relations R is defined by the pairs that are associated to I"and D,
in which I"and @ are non-reflexive, non-symmetric, and transitive relations (Eqn. 5).

R=R.UR, ={(a,b)|alb, aecCy, be C}U{(a,b)|adb, ac Cy, beC} 5)

According to definitions presented above, it is necessary to express the semantics
that can provide a conceptual schema by means of a description D. Therefore, we
consider the concepts C embedded into the conceptual schemas through geospatial
objects, which are represented by primitive types as well as the set of relations R
involved among geospatial objects (see Eqn. 6)

D =(C,R) 6

Fig. 1 depicts a conceptual schema, which has been designed for the geospatial
domain. Also, this schema is adaptive for any context. In other words, it attempts to
reflect the main features involved in this domain. For instance, if we have topog-
raphic, tourism, or geologic contexts, it is possible to describe the entities, character-
istics and relations embedded between geographic objects. The main features in-
volved into geospatial domain have been abstracted of the real world in order to ob-
tain a conceptualization. This conceptualization provides us an explicit vocabulary

that represents the ontological commitment of the cognitive and intuitive perception
of the subjects.
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Fig. 1. Conceptual schema proposed to conceptualize the geospatial domain
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The conceptual schema shown in Fig. 1 conceptualizes the geospatial domain. This
schema represents a raw conceptualization, which contains an optimal number of
relations. We are looking for a compact conceptual schema-based abstraction that
drives the cognitive process of phenomenon semantic description under specific con-
text. We consider that conceptual schema depicted in Fig. 1, could have more con-
cepts involved in geospatial domain, thereby it can be a certain approximation about
the main entities that compose this domain. This domain could be considered as a
first step to collect and organize the concepts contained into the geographic context.

3.2 Context-driven approach to restrict the domain into conceptual schemas

The context term is defined as “that which surrounds, and gives meaning to some-
thing else'” or it is the “discourse that surrounds a language unit and helps to deter-
mine its interpretation®”. However, to obtain shared conceptualizations and to ac-
complish with ontological commitments, it is necessary to take into account the con-
text term. Also, this term can be used to consistently map different conceptualizations.
Due to this, the meaning of a spatial concept may be dependent on a large number of
contexts within which the concept is used.

Contexts about a particular use of a spatial concept refer to the knowledge that
human uses to constrain the meaning of communication. To reach a common under-
standing of a vague concept, e.g. near, the system and the user require to share
knowledge about the relevant contexts that affect the understanding of the vague
concept. Among many potential contexts that may affect how people understand
spatial concepts. We focus on three of them: task, spatial contexts, and background of
the user. We perceive that context is a key issue in interaction between human and
computer, describing the surrounding facts that add meaning.

Context is very useful in geographic information science. For instance, when a
user requests geographic information (map) to be displayed by a GIS, it is often be-
cause the user is trying to perform a domain task that has some information needs.
The task becomes an important part of the use context for spatial concepts. Supp0§e
the same request “show me a map near Cancun” may be made by a subject-A, who is
in a task situation of selecting a clothes shop, and by a subject-B who is planning
vacation. However, subject-B is likely to expect a map showing a larger geographic
area comparing with subject-A. There are evidences that the meaning of spatial con-
cepts, such as "near”, is also dependent on the spatial context. Therefore, the relevant
spatial context of an object depends on the purpose of the considered geospatial data.

We consider that the context term can be used as a mean to express exceptions® or
constraints®. This use of context is particularly adapted to a rule-based representation
of geospatial knowledge, in which exceptions to the rules contain context-related
terms. Thus, we present a set of intuitive ideas and preliminary definitions that aim

! According to the Free On-line Dictionary of Computing.
2 Definition provided by WordNet.

3 Example: “remove all buildings except the isolated onc”.
4 Example: “the river must be into a valley”.
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better understanding the roles that play the context into the conceptualization based
on conceptual schema.

e Context. Let a set (of terminal and non-terminal concepts) X, which contains a
set of subcontexts Y and XcY. Then, the set of subcontexts composes the uni-
verse of the context denoted by YcC, in which Cg is called geographic context.
X should be a large set (“large” with respect to cardinality | C; | ). Thus,

= A concept C, which can be terminal (C;) or non-terminal (C,) concept, belong-
ing to subcontext Y should mentally suggest or bring into our attention Y.

= CeY implies that the name (mention, evocation®) of C makes us to think of Y.
In the real world, Y{occurs, appears, is produced, is
achieved, happens, is used} whenever C {occurs, appears,
is produced, is achieved, happens, is used}. For example,
concept river € context HYDROLOGY.HYDROLOGY is a set, but we
wrote here just its name, since it is a named set.

=  Context should be obvious, not hidden. It should be evoked by every C be-
longing to it.

=  Context is the extension of concept to sets (to named sets).

= A concept may belong to several contexts. For example, river €
HYDROLOGY, river € WATER FLOW. A concept (belonging to a context)
could be a context, too. For example, MEXICAN HYDROLOGY €
HYDROLOGY.

=  Contexts can overlap.

In conclusion, we propose additional intuitive definitions, which give us ideas to

describe the context.
e Problem or Objective (P). It contains initial state and ending state, in other

words, the study object (0;), a result object (0;) and a set of constraints () that
involve the problem or objective (see Eqn. 7).

P,={0,0,.k,} K-k, )

Therefore, we should take into account the context of the problem to obtain a
shared conceptualization about the phenomenon of the real world. Then, the context
(%) can be denoted by the problems that are defined by itself (see Eqn. 8).

v=J~, @®

In conclusion, the semantics is always defined by a specific context and it is given
by a collection of geospatial entities, thus an entity inside the semantic space is de-
fined by the context (¥).

5 Thinking, depicting, imagining.
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4 Case study

In this section, we describe two scenarios, which are focused on showing how to
conceptualize the geospatial domain, by means of conceptual schemas in order to
obtain a semantic description regarding specific context. The goal is to depict how
these scenarios converge in the same semantic description (see Fig. 4). Although their
representations are different, they belong to the same context; thereby their semantic
description is the same as well as their conceptualization.

e  Scenario 1: Imagining the real world. Suppose that we are seeing a landscape,
which depicts several entities such as a forest that has a lake and a river. More-
over, the freeway F25 crosses the highway 137, F25 is used to arrive to Santa
Cruz that is the main town of the surroundings (see® Fig. 2). So, it is important to
make a conceptualization about our observations. In other words, we are making
and abstraction process that is used to conceptualize the landscape, and then this
kind of conceptualization can be represented in a conceptual schema and re-
stricted by a context. We use the conceptual schema described in Fig. 1 to gener-
ate the semantic description.

Fig. 2. Scenario 1: Imagining and representing the real world

e Scenario 2: Vector map. Suppose that we are seeing a map (Fig. 3), it depicts
different thematics that consist of different layers, in which each layer contains
geographic objects represented by geospatial primitives. The map has Popula-
tions (POP), Hydrologic Features (HYF), Roads (ROD) and Soils (SOL). Addi-
tionally, each thematic and its layers are denoted by a legend. The map is com-
posed of 2 areal objects, 3 linear objects and 1 punctual object.

Populations(POP) Hydrological Festures (HYF)
Syrbol  Deserption  Layer  Symbol Type Layer

@ Tewn Tw i River L]
BN Bodesclwter Bw
Roeds(ROD) Soll (SOL)

Symbel Tipe Lyer  Symbal Type
of w— Freeway Fw NN Forest Vo
Hl= Hghay W«

Fig. 3. Thematic map used to illustrate the second scenario

Thereinafier, we use the conceptual schema shown in Fig. 1 to describe both sce-
narios. According to Fig. 1, in order to obtain a semantic description from conceptual
schema, it is necessary to map the geospatial entities into the conceptual schema.
Once concepts have been defined into the conceptual schema, we choose the non-

6 Fig. 3 is only an approximation or an idca of a general landscape described above, we only sclect some
objects to show an illustrative example.
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terminal concept to be described (this means to select the aspect to be pointed out).
The process continues until we find a terminal concept. When the terminal concept is
found, it is necessary to select a pair of geospatial objects, verifying whether a rela-
tionship between them exists, otherwise a part of description needs to be generated.
Terminal concepts are defined by the kind of relation between two objects. In other
words, the description starts at the non-terminal concept called “Geospatial Do-
main”. Also, the non-terminal concepts are denoted by means of rectangles and the
values of the terminal concepts are represented by ellipses.

According to the aspect of each non-terminal node, we establish a relation that de-
fines another non-terminal or terminal concept (depending on the objective). This
leads to complete the description of geographic objects that compose both scenarios.

They converge in the same description according to the context; even though these
are represented in different ways (see Fig. 4).

Geographic
Context

2 oferonce

{Type
Patm le—rmr— 5
fe—omr—
|-
s |

Fig. 4. Semantic description of the scenarios 1 and 2

The method is focused on describing the semantic content based on conceptual
schemas in a geographic context. However, the description depends on a number of
relations, properties and measurements’ that are considered, whereby it is possible to
increase the semantic resolution in the description. The description is made using
tuples of non-terminal and terminal concepts related among themselves (they are
denoted by Concept relation Concept). For instance, Fig. 2 and 3 are composed of

7 A measurcment is a procedure for computing values, which are the basis to evaluate characteristics of
geospatial phenomena.
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several spatial objects. The objects in the layer reflect the relation “is-a” (i.e., HW is-
a Linear Object). Moreover, the topological relation “Intersect” is related to Hwl
and Fwl, which both are linear objects. Thus, in description the “Infersect” relation
is generalized as a spatial relation too.

5 Conclusion and future works

We propose an approach to make a conceptualization of the real world based on con-
ceptual schemas, which are used to generate a semantic description of the geospatial
domain. This description attempts to provide the guidelines to formalize the geo-
graphic domain in form of geospatial ontologies according to specific contexts.

On the other hand, we perceive that geographic data modeling requires models that
are more specific and capable of capturing the semantics of geospatial data, offering
higher abstraction mechanisms and implementation independence.

This approach allows us to process imprecise data and aid to information integra-
tion and semantic heterogeneity tasks. Thus, the method is focused on describing the
semantic content based on conceptual schemas embedded into geographic context.
We have introduced two types of concepts: “terminal” and “non-terminal” as well as
two kinds of relations: “has” and “is-a” to build the conceptual schema. Addition-
ally, we have described a set of intuitive definitions oriented to conceptualize the
geospatial domain, referring to conceptual schemas and context.

Therefore, we approach conceptual schemas to describe the contents of the real
world abstraction to specify the behavior of the geospatial entities, in which context
plays an important role to guarantee shared and explicit conceptualizations.

Future works are mainly oriented to propose conceptual issues related to translate
semantic description into geospatial ontologies, as well as what would be required to
establish these kinds of ontologies. In addition, our work is led to formalize appropri-
ate methods to represent ontologies of the geospatial domain and to measure semantic
contents between geospatial ontologies.
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Abstract. We propose an approach oriented to generate an explicit representa-
tion of the geometric characteristics of geospatial data. Our methodology is
based on a conceptualization of a geospatial domain. The concepts are ex-
tracted automatically by analyzing the properties of geospatial objects Also the
concepts are stored in the spatial database to support subsequent processing.
The conceptualization of geometric properties is based on measurements of
geospatial objects. The results of this measurement are classified to obtain rep-
resentative clusters of values in order to describe these properties. The values
are used to define which concept better represents the properties of each object.
We consider different geometric characteristics in a particular case study, such
as rivers. Then, the characteristics that we have considered are the following:
sinuosity, length, slope, and course. By using this method, we attempt to catch
the semantics that contains geospatial data in the geometric context.

1 Introduction

This research has as main purpose to design a Geographic Information System (GIS)
oriented to explicitly represent the geometry of geospatial data. The explicit represen-
tation is based on the conceptualization of the geometric properties. This is repre-
sented by means of concepts that describe different geometry. To quantify the charac-
teristics, different measurements are computed to make a conceptualization.

In this paper, we present a conceptualization oriented to generate ontological in-
formation and thus structure or homogenize the databases. We are looking for a for-
mat of data representation, which does not depend on scale, format, references, etc.
According to [2] a body of formally represented knowledge is based on a concepru-
alization: the objects, concepts, and other entities that exist in some area of interest
and the relationships that hold among them. A conceptualization is an abstract, sim-
plified view of the world that we wish to represent for some purpose [3].

Ontologies encode semantic relations between concepts and hence facilitate the de-
tection of associations between related terms. In modem information systems based
on ontologies, one seeks canonical descriptions of knowledge domains and associated
classificatory theories.

Traditionally, geographic data models usually explicitly represent a set of basic ob-
jects, their geometry and their properties. But much of the geographic world’s seman-
tics appears in the relations linking objects [12] [8]. Nevertheless, most of these rels-
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tions are not explicitly represented in data models describing geographic databases.
Usually, these relations only implicitly appear when one is looking at a display of a
geographic database [7]. Geographic Information Systems (GIS) handle geo-spatial
data at different levels of details. Due to page limit our literature overviews stopped at
this point.

In this work, we generate a conceptualization of geometrical properties of geospa-
tial objects and explicitly represent them into spatial databases. The paper is organ-
ized as follows: Section 2 describes the measurements to quantify the geometric char-
acteristics. Additionally, Section 3 points out the conceptualization method. Some
preliminary results are shown in Section 4, and Section 5 sketches out our conclusion

and future work.

2 Conceptualization of geometrical characteristics

This research has as main purpose to design a Geographic Information System (GIS)
oriented to explicitly represent the geometry the geospatial data. The explicit repre-
sentation is based on the conceptualization of the geometrical properties (See Fig.1).
The conceptualization of geometrical properties is based on measurements of geospa-
tial objects. The values obtained by the measurements are classified to obtain repre-
sentative clusters of values in order to describe these properties. The values are used
to define which concept better represents the properties of each object.

y *  Length
m\’ 3 'A\ sinuosity
PR j Slope

Course

S

Il

g
I ;.’s‘
?
Measures
Spatial Data Conceptualization (“ngf.:&t:,m

In spatial database)

Fig. 1. Process to generate concepts explicitly represented

2.1 Measures

The necessity to measure is evident in most of the technical or scientific activities.
Nevertheless, it does not only interest to count on measurements, but also to know if
these measurements are valid. The validity of the measurement in any technical or
scientific discipline is based on the respect to the principles of the general theory of
the measurement (in particular, we will lean in the call representational theory of the
measurement). The foundation of the representational theory consists of which all
measurement must assure a suitable representation of the real attribute measured by
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means of the symbols or assigned numbers. Additionally, the relationships should be
preserved among this entity.

In order to establish measurements, we must divide our observation of the real
world or dominion. We must identify which are the organizations that we want to
measure (e.g., river) and to define what attribute we wished to characterize (e.g., the
sinuosity). The measurement assigns a value to each organization to characterize its
attribute (e.g., the river S3 has a sinuosity of 2.75). The most important is that the
measurement that we establish is not inconsistent with the relations observed in the
real world.

It is important to consider that not always the ideas on the attributes are so clear.
We can begin by simple subjective valuations (e.g., to use questionnaires where they
are classified or orders the opinions of the experts on an attribute), that do not consti-
tute measurements from the point of view of the theory of the representation, but that
they can be analyzed to improve the understanding on the real world. It is possible
that after accumulating data of this type, it is necessary to be obtained to define a
formal measurement. An allocation that settles down between real world and values
of measurement usually is denominated measurement scale.

To study with detail the geometry of the spatial objects different simple algorithms
should be developed, in order to reflect in some aspects the basic characteristics of
the geometry. For example, in the generalization of a hydrological network some such
geometric problems exist as lines that you angular and they lose detail, as well as
nodes that are displaced as is shown in Fig. 2. In the generalization of a map, it takes
to those contradictions exist between the demands of geometric accuracy and the
geometric coincidence. The ge(?metric exactitude of a map presupposes that each
object of the terrestrial surface is exactly represented in the map in the same place
with its true plane contours and dimensions, conserving the positions of all the ob-

jects and the distances that overcome them, correctly of agreement with the scale of

the map.

Scale 1:2,000,000 Scale 1:25,000,000

Fig. 2. Generalization of hydrological network

This reason is important to analyze, the change that occurs in the geometric form
in to the objects. A form to make this process is by means of the measurement. In
other works, this is the base of value the geometric characteristics in the generaliza-
tion. In the Technical Annex of the project AGENT a classification of geometric
measurements is shown and it is focused on the generalization. With this classifica-
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tion will be carried out measurements of the geographical objects with the purpose of
obtaining a conceptualization, guided to evaluate the result of the generalization.

In conclusion the measurements are numeric values assigned to an observation that
reflects a magnitude, quantity or a characteristic. For this reason, we can make meas-

urements according to their geometric form.

3 Methodology

The explicit representation is based on the conceptualization of the geometrical prop-
erties. This method does not depend on the scale as the traditional GIS approaches. In
the following subsections, we outline our methodology.

3.1 Methodology of geometrical conceptualization

In our model, the geometry of geospatial objects will be described by means of con-
cepts that represent geometrical properties, such as size, sinuosity / complexity, elon-
gation / eccentricity, compactness, as well as other important aspects. We consider
three types of geospatial data; point-like objects (i.e. well or tree), linear objects (i.e. a
road or river) and the area objects (i.e. state boundary or lake).

The conceptualization process consists of four steps: (1) to obtain the measure-
ments, we use algorithms that evaluate geometric characteristics. Fig. 3 shows a clas-
sification of measurements. Shape describes the geometric representation of spatial

objects according to [11].

( Length
Size Area
Perimeter
Measures on Angularity
Sinuosity/ Max Bend height
Complexity Sinuosity
Number of Bends
Shape Elongation/ Brown-Eccentricity
Geometry Pocanticity Elongation
& Spreadness
Convex Deficiencies
Compactness Compactness-Measures
Squareness
Bend Shape
Important Bend Dcscﬁpti‘on
\ Aspects Number of P?mts : .
Characterization using a Distance

Fig. 3. Classification of Measures
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(2) The obtained values by the measurements are classified to generate representa-
tive clusters of values in order to describe the geometric characteristics in a qualita-
tive way (3) each cluster will be used to assign a concept according to the classifica-
tion of intervals of the measurements (see Table 1). Fig. 4 depicts a workflow dia-
gram of the conceptualization process.

Table 1. Mapping between the obtained values of a measurement and the concept

Spatial representation Range Concept
(measure)
1-14 | Straight
|
/'\/ ! 1.5-20 Little sinuous
1}
| e s o L
| : (55
N\,/ ‘ 2.1-24 Half sinuous

Very sinuous

N
n
|
b
(%

E:> Classffication Assignment
in intervals of cancepts

Fig. 4. Workflow diagram to obtain the conceptualization

Geo-spatial data

3.2 Methodology of geometrical conceptualization of rivers

In this investigation was carried out the conceptualization of rivers by means of meas-
urements (e.g. length, sinuosity, heights, trajectory and address of rivers). the values
obtained by the measurements are classified in intervals, assignmen: of concepts
according to the classification of intervals of the measurements.
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3.2.1 Compute of length measurements

The length measurement (L), it is obtained by the equation 1, which is computed by
the shortest distance between a point and a straight line is perpendicular one to this
straight line that goes to that point. In other words, if we think of vectors instead of
lines, it would be the vector that goes to the point of measurement of the distance that
maintains a product to climb = 0.

«—curve length

_(Yo-y) x + (x;-%0) ¥ + (XoVi - X1.¥0)
N den= = v
\/(x,-xo) + (-0

do

Fig. 5. Compute of length measure

3.2.2 Compute of sinuosity measurement

In the case of sinuosity measurement (S), it is obtained by the equation 2, which is
computed by dividing curve length with Euclidean distance from the initial node dj to
the terminal node N (P(d,N)) (See Fig. 6a).

For example, S for different lines (Lo, L;) is S(Lo) = 1.0034 and S(L,) = 3.3905. It
means that this property will be represented by the concepts straight and very sinuos-
ity respectively (See Fig. 6b).

«—curve length

D 3 Curve length
Sinuosity = 7&,7?4
_AN
Jo//// t Euclidean distance
a)
Classification of S Concept
1.0-14 Straight
1.5-2.0 little sinuous
2.1-24 half sinuous
2.5-3.5 very sinuous
b)

Fig. 6. Compute of sinuosity measurement
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3.2.3 Compute of heights, trajectory and address of rivers Measure

The slope of the land is computed by starting from the gradient of heights among
neighboring cells (Fig 7a). The line of flows describes the address of the glides of
water in the surface (Fig 7b), following the trajectory of more slope. To code the
address of the glide, a code is assigned to each cell, among a total of 8 different val-
ues; each value represents the orientation of the cell, following the sketch: E=1
SE=2, S=4, SW=8, W=16, NW=32, N=64, NE=128 (Fig. 7c).
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c) Direction of flood
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[ 1 1] I:'i.lll I

"
N4 | ] L

b) Compute of trajectory
Fig. 7. Compute of heights, trajectory and address of rivers
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3.2.4 Classification in subsystems

To carry out a classification in everything the one laughed it is necessary to make a
grouping for subsystems, a subsystem is the group of rivers defined by a watershead,
each one of these areas will be denominated by an unique badge, for what we will
have several subsystems in a group of rivers.

Horton in [4] and [5] introduced a concept of classification of streams that allows
assigning whole values to streams in hydrological networks that determine their rela-
tive importance in a hierarchy of tributary bigger and smaller. An improved version
of this concept was introduced later in [10]. The network is integrated by a main
channel and a series of tributary whose ramifications extend from the highest parts
toward the lowest parts where the glides converge [1] [9]. Fig. 8 shown a group the
rivers in subsystems, with a classification of streams applying the hierarchical scheme

of Horton and Strahler (HS).

— Orden 1
== Orden 2
=== Otden 3

Fig.8. Classification of streams with the outline of Horton and Strahler

Once the rivers are classified in subsystems, the measurements are computed, corre-
sponding with their sinuosity, length, order of the flowing (hierarchical class), and the

range of heigths.

4 Experimental results

To obtain the measurements, we have been developed in language AML (Arc Macro
Language), a set of programs to obtain the geometric characteristics. In Fig. 9, a
fragment of drainage network is depicted. It is composed of lineal elements, these
lineal elements possess the characteristics of any other drainage network.
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Fig. 9. Proposed drainage network

Fig. 10 (a) depicts the computation of sinuosity measurement for the Rivers I
addition, Fig. 10 (b) shows the compute of length measurement for the rivers, 5
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Fig. 10. (a) Sinuosity measurement, (b) Length measurement

The process of altitudes assignment, involves the use of the layer that contains the
altitudes of that area, which is required to assign the heights to the nodes and later on.
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This layer is used to extract the information on the altitudes. Fig. 11 depicts the com-
putation of heights for the rivers.

«f c3

I [w] B3

T

Fig. 11. Compute of heights of rivers

Fig. 12 depicts the classification of subsystems for the Rivers. This classification
provides the measurements for subsystems and to make comparison of results later

on.
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Fig. 12. Classification in subsystems

The following step is the conceptualization. The conceptualization process will be
performed by a mapping between the range of values and the concept. In this case,
the range of values represents a concept. The representative intervals are defined in
the classification (for example, in the case of sinuosity a line can be Jittle, half, very
sinuous). The values and concepts are different according to the case study. In other
words, each thematic should be represented by different intervals or concepts. Fig. 13
shows the mapping between the value of a measurement and the concept. This is
defined by means of intervals (ranges).
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Fig. 13. Mapping between the obtained values of a measurement and the concept

It is important to mention that the generated concepts are not ambiguous, because
they only can be applied in a specific context (geometric shape), i.e. itis different the
sinuosity of highways that the sinuosity of rivers or elevation contour lines.

5 Conclusions and Future Work

In this work an approach to incorporate semantic content into Geographic Informa-
tion Systems has been presented. The semantic data content is expressed by concepts.
These concepts are generated analyzing the datasets in a specific geographic domain,
and represented by concepts. The concepts represent the interpretation, and the mean-
ing of geospatial objects. Our method is based on explicit representation of geometri-
cal properties of geographic data by means of concepts. By using this approach, we
attempt to catch or dimension semantic contents, which implicitly contain the spatial
data and do not depend on the scale. In addition, it is possible to hierarchize the ob-
jects according to geometric characteristics.

In the future work we will measure the semantic similarity among different geo-
spatial datasets. In our opinion, a domain conceptualization is useful to build ontolo-
gies, which represent (globally) the context of that domain, while the vocabulary of
concepts and its relations describe the semantics (locally). Ontologies are very useful
since they add a semantic component (the relations between different concepts),
which normally is not considered in traditional GIS approaches.
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