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ABSTRACT

In typical concept@location-queries, the location is some-
times given by terms that cannot be found in gazetteers or
geographic databases. Such terms usually describe vague
geographical regions, but might also include more general
terms like mining or theme parks, in which case the corre-
sponding geographic footprint is less obvious. In the present
paper we describe our approach to deal with such vague loca-
tion specifications in geographic queries. Roughly, we deter-
mine a geographic representation for these location specifi-
cations from toponyms found in the top documents resulting
from a query using the terms describing the location.

In this paper we describe an efficient process to derive
the geographic representation for such situations at query
time. Furthermore, we present experiments depicting the
performance of our approach as well as the result quality.

Our approach allows for an efficient execution of queries
such as camping ground near theme park. It can also be used
as a standalone-application giving a visual impression of the
geographic footprint of arbitrary terms.

Categories and Subject Descriptors

H.3.1 [Content Analysis and Indexing)]
H.3.3 [Information Search and Retrieval]: Query for-
mulation, Search process

General Terms

Algorithms, Design, Experimentation, Performance

Keywords

Vague geographic regions, Geographic search engines

1. INTRODUCTION

In Geographic Information Retrieval, textual user queries
in the format concept@location are quite common. While
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the concept-part usually refers to any real-world object, the
location-part mostly consists of a certain place or a region,
which defines a geographic constraint of the query. Exam-
ples are hotels in Bamberg or jobs in southern Germany. A
geographic search engine processing such a query therefore
has to be able to know the position or the boundary of the
given location, which is usually done by looking it up in a
gazetteer-like database [12]. Places not contained in there
thus cannot be found that way.

Gagzetteers usually contain information about cities, loca-
tions or regions with distinct boundaries, like administrative
regions. In everyday language you can find many more re-
gion names, many of which are only vaguely or ambiguously
defined and do not have strict borders.

In this paper we outline an approach that uses knowledge
from the world wide web to automatically determine any
location that is not yet in the database of a search engine
at query time, so that any user query in the above format
could be answered. While the location-part of a query is
so far considered to be geographic in nature, it does not
necessarily have to be, which is the second proposition we
make in this paper: a geographic reference in a query must
not be restricted to a place or a (vernacular) region, but
may be any concept, for which the search engine then has to
find out an appropriate corresponding geographic extension.
Examples of such queries are camping ground mear theme
park or maybe cycle path near brewery.

The paper is structured as follows: Section 2 covers re-
lated work. Our approach is explained in section 3, while
the usage of arbitrary terms as location-identifier is covered
separately in section 4. In section 5 we give a short evalua-
tion of the quality and performance of the system. Finally,
section 6 concludes the paper and discusses future work.

2. RELATED WORK

Gazetteers or geo-ontologies form the geographical data
base of most geographic search engines [15]. They usually
contain a place-name, the type of place, and a geographic
footprint representing its location or its geographical ex-
tent [12]. This data is used for query disambiguation, query
term expansion, relevance ranking or simply toponym detec-
tion in text [14]. A review of these functions can be found
in [13].

Unfortunately, not all geographic references used in que-
ries can be found in those gazetteers, so that terms used for a
geographic constraint cannot be matched to a certain region.



The boundaries of these regions are also often only vaguely
defined [4, 9]. Apparently, there is a need for identifying the
boundaries of vague regions.

Several different formalisms have been proposed as an ap-
propriate representation for vague regions, including super-
valuation semantics [4, 16, 3], pairs of non-fuzzy sets [5, 6]
and fuzzy footprints [10, 23, 20].

In [1] regions are approximated based on Voronoi dia-
grams which are constructed by a set of points known to
be inside the target region and another one with points out-
side the region, but [1] does not deal with the source of
the information about the sets. A similar approach can be
found in [25], where regions are represented by indetermi-
nate boundaries with an upper and a lower approximation,
which is also based on given sets with points and regions
inside/outside the target region.

Methods for (semi-)automatically creating representations
for vague regions usually mine the knowledge contained in
the world wide web. The following approaches use docu-
ments retrieved from the www with certain queries or phrases
containing the targeted region. Toponyms contained in these
documents are extracted and disambiguated [18, 17] and
provide the data for the algorithms.

The authors of [20] use kernel density surfaces for the
representation of the imprecise regions. [21] present two ap-
proaches to compute representations of regions, based on
evidence of points that are likely to lie inside or outside this
region. [2] modifies the algorithm from [1]. They present
methods to obtain locations inside the target region and
locations outside and use trigger phrases and patterns for
the document retrieval to improve precision. [23] also make
use of regular expressions to acquire place names by a web
search. They present a method for automatically determin-
ing vague footprints, represented as fuzzy sets.

A side aspect of [24] deals with visualizations of geotagged
Wikipedia articles.

Some approaches focus on small regions or domain specific
regions. [22] presents a technique to construct representa-
tions of the spatial extent of neighbourhoods. [19] deals with
the usefulness of different information resources depending
on the size of the region.

While the basic principles of our approach are quite simi-
lar to some of the approaches above, we focus on integrating
these mechanisms into the query process. Performance is a
big issue therefore. While using phrases aiming at finding
geographic terms seems to lead to promising results, we try
to evaluate the application of these methods to any given
term. Thus, we want to be able to provide a representa-
tion or a map for arbitrary terms, which might be a geo-
graphic region or something completely different, like mining
or walking, in which case the result should be a geographic
representation of locations associated with that particular
term.

3. OUR APPROACH

In this section we outline a system architecture and its
components for a search engine that is able to automatically
compute geographic representations for arbitrary terms at
query time. Since we want to focus on delimiting geographic
regions while processing a geographic query and not on stan-
dard text search engines, we assume the following whenever
we refer to a geographic search engine:

e This search engine has indexed a good-sized part of
the world wide web, as every major search engine has,
since we need the www-knowledge for determining geo-
graphic regions.

e This search engine is able to handle standard textual
queries and to provide relevance rankings.

e Users can enter textual queries in the format con-
cept@location. Whether this is done by two separate
textfields or by a more sophisticated analysis of the
queries does not matter for our purposes.

We will provide the necessary details on how we actually
handle this for our experiments at the corresponding pas-
sages.

3.1 Aims

Since we want to delimit the query-region Rguery at query
time, the system must be able to do that very fast. So we
aimed at a response time of less than one second (using a
standard desktop PC). Secondly, we want to provide a ge-
ographic representation for any set of terms entered by the
user and not just for terms describing a geographic region.
Finally, the whole process must work completely automati-
cally without user interaction.

Our prototype system is restricted to text in German lan-
guage and to locations in Germany. While there are certain
differences concerning phrases and patterns for example, the
methods are applicable to any language and location data.

3.2 System Architecture

Figure 1 shows the relevant system components of our
proposed geographic search engine and how they are related
to each other.

Gazetteer A gazetteer provides the location data of known
places (and regions) to the search engine.

Region-Engine The Region-Engine comprises all specific
methods for delimiting vague or unknown regions. If
a location from a concept@location-query is not con-
tained in the gazetteer, the Region-Engine uses loca-
tion information from the gazetteer for determining
the boundaries of the unknown location. We will cover
it later in this section in detail.

Ranking The ranking process of the geographic search
engine has to use distances of geographic coordinates
and regions rather than ontological connections be-
tween places for the ranking process. The geographical
similarity is thus computed by degree of overlap or a
distance measure between the query region and the
geographic footprint of the document.

Region-Cache Caching will improve the performance of
the system, but has no other specific function.

Region-Log It certainly makes sense to log the location
terms entered by users of a live system. Frequently
used regions should probably be manually revised and
added to the database / gazetteer of the system.

User-Interface In addition to any existing user interface,
we recommend giving the user feedback as to what
was actually considered his query-location. Ways of
providing some kind of relevance feedback are not dis-
cussed in this paper, though, but this is future work.
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Figure 1: Proposed system architecture

3.3 Region-Engine

The Region-Engine is the main focus of our work. It will
take one or more terms and try to determine a corresponding
geographic region, whenever that region is used in a query
and cannot be found in the gazetteer used by the system or
in the cache of previously delimited regions.

The first step is to retrieve documents Dietrieved relevant
to the query-region Rguery. Since our prototype system
does not have indexed enough web documents yet, we used
the Google-API to get the first 500 results (html-pages only)
to each query-region and archived them locally. We used
the first k of these documents as Dietrieved, While k is a
design parameter. That way we can better evaluate the total
performance of our approach, since a working geographic
search engine could simply use its own (local) data.

3.3.1 Toponyms

A time consuming process step is to detect and disam-
biguate toponyms in text.

We used the GeoNames gazetteer as well as the Open-
GeoDB, but found the former to lead to slightly better re-
sults, since it is more comprehensive. We then parsed a
German dictionary to remove all location names that were
also common German words, but if a location had a popu-
lation of more than 30.000 people, we did not remove that
location name. These decisions are the result of manual ex-
periments and may not be optimal for all kinds of queries
or documents. That way we had a list of about 70.000 to-
ponyms in Germany.

All potential toponyms were extracted from the retrieved
documents D, etrieved- If a toponym had more than one cor-
responding location, we used a simple disambiguation mech-
anism that chose those toponyms that resulted in the small-

Figure 2: Visualization of the concept Weisswurstae-
quator, a common word for the Main River (high-
lighted for comparison)

est bounding region over all toponyms in the document.

For a better performance at query time, we built a to-
ponym index that contains a list of toponyms with their
document-weights for each document. Since the toponym
extraction should be made at index time and is usually done
anyway while determining the geographic footprint of the
document, the time spent on retrieving the toponyms of a
document at query time is reduced to a minimum. Ob-
viously, this is not possible if D,ctrievea is derived via the
GoogleAPI at query time, but it is possible and straight-
forward if Dietrieved is taken from the geographic search
engine.

3.3.2  Density Surfaces

We used density surfaces for the representation of the re-
gions, as did [20], using a kernel density estimation with a
standard Gaussian function as kernel. That way, the whole
target area (which is Germany in our case) is divided into
tiles. We chose a tile size of about one square kilometer per
tile. The ideal tile size depends on the intended application.
For a Germany-wide search engine, a maximum resolution
of one km seems about right.

The density surface may be used in two different ways for
a relevance ranking by location or distance respectively.

First, all tiles with a value greater than a threshold value
Tmin may be considered to be part of the region, while all
others are not. The resulting 2D-area may then be stored in
a quadtree or any other representation the search engine uses
for storing geographic footprints of documents or query foot-
prints. The geographic similarity between the query foot-
print and each document footprint can then be computed
by region overlap or any other distance measure, which is
not the focus of this paper.

Secondly, depending on the similarity measure used, the
density surface representation provides additional informa-
tion about the area. The higher the values of some tiles,
the more likely it is that these tiles lie near the core of the



query-region Rqguery: although in the first instance these
high values result from a number of locations that are often
mentioned in documents relevant to the query-region and
have no immediate causal connection to the core region, ex-
periments show that more often than not the core of the
target region indeed lies near the maximum of the density
function.

While the kernel density estimation is usually computed
on a cell-by-cell basis, this is very time consuming, since
there are usually a lot of tiles with values only slightly above
zero. We therefore took a different approach and iterated
over all location names found in the documents. For each
location we computed the corresponding fraction of the to-
tal density function for only a number of tiles, as long as the
contributing value was above a (low) threshold and added it
to the result matrix. If, for example, Berlin was the only to-
ponym found in all Dyetrieved, the resulting density surface
would have a single peak value in the tile where Berlin is lo-
cated, falling off to all sides. We would compute the value of
this peak as well as the values of a number of neighbouring
tiles, leaving out the rest of Germany. When multiple to-
ponyms are found, we compute a fraction for each of them
and the resulting sum over all tiles is the result. This is
more than 100 times faster than a computation cell-by-cell,
as you will see in the evaluation section.

In order to get a satisfying result area Aesuit, it is nec-
essary to determine a threshold value T.,;, for the density
surface, with all tiles with a smaller value not being part of
Aresuit- Experiments showed that the best threshold-value
heavily depends on the query-region Rgyery. In the following
we describe a way how to determine a good threshold-value
automatically.

3.3.3 Training data

For evaluating the quality of an automatically computed
region representation (Aresu“) we need a correct represen-
tation for comparison. For that reason, two persons dili-
gently researched various sources of information to find out
the commonly accepted borders of about 120 regions Ryser
of various sizes in Germany. When both agreed to a cer-
tain border of a region, a polygon shape was drawn in
GoogleMaps and later imported by GoogleEarth to get the
coordinates of the polygon. Since the borders of most of
the regions are vague, the resulting polygons must be seen
as an approximation, but are well suited for our purposes,
because all regions were created by using the same crite-
ria and judgements. An exemplary region can be seen in
figure 3, showing the Havelland in its geographic represen-
tation, while Havelland is also an administrative unit, which
has a slightly different border.

Even with a given ’correct’ region, it is not easy to define
the best threshold-value Ti,in, as there is a trade-off bet-
ween coverage of the targeted region and a too large, faulty
shape. Therefore, we implemented two simple measures to
automatically find the best threshold-values for 39 regions.
One measure takes the absolute values of the density func-
tion / the tiles into account, while the other simply counts
the number of tiles. Which measure makes more sense thus
depends on whether or not the actual values are used in
the later ranking process or not. Let sim be the similarity
between a given user-created region Ryser and the density
surface with a given threshold value T', n the number of tiles
being part of the region, m the number of tiles outside the
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Indicator Correlation to Tin
(1) Toponyms per doc 0.604
(2) Area size -0.369
(3) Maximum Value 0.923
(4) Sum above threshold -0.177
(5) Total sum -0.312

Table 1: Pairwise Correlation to 1),

region and Val, the value of tile  (n and m depend on the
threshold-value, of course.) The measures are:

STMpin = 2%M — M

ey

n m
SiMyal = 2 * Z Val; — Z Valj (2)
i=1 j=1

For determining the optimal threshold-value T5,,;, for each
region, we simply maximized sim by iterating over all (sen-
sible) threshold-values. More sophisticated measures taking
distance into account are possible, of course, but probably
would not result in very different values. Further experi-
ments in this paper refer to the usage of simya.

To derive a function to predict the optimal threshold-value
Tmin for a query-region Rgyery, we computed the correlation
between several indicators and the threshold-value on basis
of learning data. Indicators we used were: (1) the number of
toponyms per document from Dy etricved, (2) the size of the
area, represented by the number of tiles with a value greater
than the threshold-value Tinin, (3) the maximum value Viaa
of any tile in the density surface, (4) the total sum of all tile
values with a value greater than the threshold-value Thin,
and (5) the total sum of values of all tiles.

Table 1 shows the resulting pairwise correlation values.
Obviously, the threshold-value T, correlates quite strongly
with the maximum value V4, of the density function, which
is often greater than one, because we did not normalize the
function to the number of toponyms to get a better distinc-
tion. Figure 4 shows the individual optimal threshold-values
Tomin in dependency on the maximum values for each train-
ing region Ryser. A simple linear regression lead to the



following function for the threshold value:
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Tpredicteda = max(0.2,0.91 % Viqr — 0.79) 3)

The number of documents Diyetrieved used for delimiting
a geographic region influences the performance, of course.
We found that the shape of a region did not change much
between 20, 100 and 500 documents. Figure 5 shows these
effects by the example of the region Harz. The main differ-
ence between the resulting density surfaces is that the peaks
get softer. For arbitrary concepts, such as mining, instead
of real geographic regions, the number of documents seemed
a lot more important, since they are not well defined and as
such, a more comprehensive coverage of documents makes
more sense. An argument against using too many docu-
ments is that the search results are ranked according to the
relevance of the documents to the query term. The more
documents we take into consideration, the less relevant the
documents become to the query term. We will run experi-
ments in the future whether the rank of a document can be
used as a weight and improve the quality of the resulting
region.

4. ARBITRARY TERMS AS REGIONS

There are certainly geographic information needs which
result in queries that do not use toponyms as location ref-
erence. For example, a user might want to find a camping
ground near a theme park or a cycle path near some brew-
eries. In these cases, theme park and brewery would be used
in much the same way as any toponym as location reference.

If a search engine was able to deal with arbitrary terms
as regions using the same automated mechanism to delimit
these region-like references, it could answer a lot more in-
formation needs. The prerequisite for that is that this ap-
proach is indeed applicable to any non-toponym terms and
that the quality of the results is sufficiently high. With that,
where-is-like queries can also be answered.

Another application of this approach is to find out whether
certain terms have a significant geographic correlation. That
may be region specific expressions for things (e.g. bread rolls
have completely different names in several parts of Ger-
many) or other things that are typical only for a certain
region.

We applied all the mechanisms described in the preceding
section to arbitrary terms.
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5. EVALUATION

In this section we want to evaluate four aspects of our ap-
proach: (1) Performance and applicability of our system for
delimiting regions at query time, (2) Quality of representa-
tions for geographic regions and (3) Use of ’geographizing’
arbitrary terms.

5.1 Performance

As we already mentioned, the performance of the system
is very important and mainly depends on the number of
documents used for delimiting each region as well as the
resolution of the density surface (the number of tiles used).
The costs of looking up a region in a gazetteer or in the
region cache thereafter are negligible, as is the cost of looking
the toponyms up in the toponym index.
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Figure 6: Performance of standard kernel density
estimation (top) vs. tuned kernel density estima-
tion (bottom) with varying resolution and number
of documents D, ctricved

For performance evaluation, we computed 20 region rep-
resentations and measured the time effort for each region. In
figure 6 you can see the performance of building the density
surface incrementally in comparison to computing it on a
cell-by-cell basis, each once for 20 and once for 100 web doc-
uments Dietricved PEr query-region Rgyery. We used a tile
resolution of about one square kilometer and a resolution of
about four square kilometers per tile, both of which should
be sufficient for the context of (not too small) regions within
a Germany-wide search engine. It is clearly visible that the
modification of computing the density surface improves the
performance by a factor of more than 100.

Overall, the performance of our system seems to make it
possible to use our approach at query time, since it usually



Figure 5: Region Harz with 20, 100

needs considerably less than one second per query represen-
tation (standard desktop PC).

5.2 Quality of region representations

There are two aspects to consider for evaluating the qual-
ity of the region representations: First, the computation of
the predicted optimal threshold value Tpredictea for the den-
sity surface in comparison to the optimal threshold value for
each region Th,in, which leads to a relative evaluation. Sec-
ond, an absolute evaluation of the region representation by
comparing it to the target region. The latter is more difficult
to compute automatically, though, and depends heavily on
the general methods used. The focus of this paper clearly is
the relative performance, evaluating the ability to process a
query automatically and fast.
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Figure 7: Predicted threshold value in comparison
to optimal threshold value T),i,

We tested formula 3 by comparing the predicted threshold
values for another 39 regions Ryser to their corresponding
computed Tin, so we could see how good the regression
function works for further regions. Figure 7 shows the results
of this comparison. Obviously, the predicted values come
close the the optimum.

Figure 8 shows an example of the absolute quality of the
region representations. While the coverage of the Havelland
is quite good here, not all representations fit that good. Es-

22

Figure 8: Comparison of R,s.r and computed region
representation for region Havelland

pecially the representation for small or longish regions are
typically too large and mis-shaped. We will optimize our
methods in the future, hoping to improve the overall quality
of the representations.

5.3 Geographizing arbitrary concepts

Evaluating the geographic representations for arbitrary
terms is much more difficult, since there is usually no correct
result to compare it to. We will discuss the applicability of
our approach on the basis of some examples.

Weisswurst (Bavarian veal sausage) is especially popular
in the south of Germany. It is often said that the border
for this is the Main River, which is therefore often called
the Weisswurstaequator, the equator of veal sausage. Geo-
graphic references like south of the Weisswurstaequator are
commonly used in German language. Figure 2 shows the
result of representing it by means of our approach. It is a
bit wide, but otherwise represents the term quite correctly.
Since this is more or less a geographic region, it is one of the
easier examples.



Figure 9: Cultivation of sugar beets in Germany,
source: i.m.a — information.medien.agrar e.V.

We found a map on the cultivation of sugar beets in Ger-
many (see figure 9)'. We used the heading of that map as
query-region. The resulting area of that query can be seen
in figure 10, which is by no means exact, but the general

idea is correct, anyway.

We discovered a project run by linguists, who manually
created maps about the region-specific use of language [8].Fig-
ure 12 shows the regional distribution of various terms used
for bumper cars. The circle highlights the region where the
very uncommon word Knuppautos is used for that. Our au-
tomatically created representation for Knuppautos can be

seen in figure 11.

While there were a lot of interesting and promising re-
sults, there were of course also many terms, for which we
could not find a suitable geographic representation, while
suitable refers to what we exrpected, since there does not
seem to be a correct result to compare against, so we do not
provide a numerical evaluation of the overall quality of this
kind of representation. Nevertheless, we think that applying
this approach to arbitrary concepts will be of some use for
geographic search engines as well as standalone applications.

6. CONCLUSION AND FUTURE WORK

In this paper we described an approach how to integrate a
mechanism for delimiting geographic regions efficiently into
a geographic search engine and showed that the performance
of our system is good enough to provide such a feature at
query time and that the quality of the representations were

also appropriate for that application.

In addition to that we applied this approach to arbitrary
terms instead of geographic regions only and showed that it
produced reasonable results, leading to interesting further

applications.

http://www.ima-agrar.de/_redesign/Dateien /Zuckerrueben

anbau_.pdf, 01.02.2008
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result area A, ..t

Future work will certainly be to further optimize the re-
sults for geographic regions as well as for arbitrary concepts.
An interesting piece of work is how to best mine the informa-
tion provided by the density surface for the ranking process.
We also are curious to see whether the retrieval of documents
for a given query-region can be improved, for example by se-
lecting only local pages, i.e. pages with locality [11, 7].
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