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ABSTRACT

Queries for place names represent a hefty chunWelf image
searches. Generic image retrieval solutions do use any
geographic information to improve the results faredes with

place names, while systems likéickr Places[3] or Panoramio

[11] exploit raw georeferencing information to illusegtlaces. In
this paper, we present a method for generatingnmdtve and

diversified visual summaries (photographic represons) of

places by using a geographical gazetteer. The tgazes built

from user-contributed data and its content reflectcommunity-

based perception of places. We evaluate our imageeval

method againstFlickr and Flickr Places and show that the
obtained results are significantly improved comparethese two
baseline applications.

Categories and Subject Descriptors
H.3.3Information Search and Retrieval

General Terms
Algorithms, Experimentation, Human Factors.

Keywords
Place names, image retrievaddlickr, Flickr Places gazetteer,
georeferenced images.

1. INTRODUCTION

Uploading photos of places is a popular activity smaring
platforms, such aBlickr or Panoramio[11]. As shown in [15],
[7] or [12], these images and their associated dagta(tags, geo-
tags, temporal information) can constitute the ©&si extracting
a shared view of place semantics. The authors3ifdiscuss the
utility of Web content in general for the acqumiti of a
vernacular gazetteer. However, user-contributech dae often
noisy and efficient filtering methods are requirfed extracting
knowledge. We review some information filtering astducturing
methods that lead to the automatic mining of a dacple
geographical gazetteer [13] from user-contributearees Flickr,
Panoramiq Wikipedia). We also present a reliable way to add
spatial inclusion relation to the gazetteer elemenising
information downloaded via tHelickr API.

Geographic image search is an application that ivede
considerable attention both from commercial seaettyines
(Google Maps, Flickr Places) and from the reseamammunity
([1], [13], [8])- Existing dedicated applicationslickr Places[3],

Panoramiq exploit raw georeferencing metadata associated to
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photos in order to propose visual summaries of gdacAn
interesting multimodal image clustering techniquienea at
obtaining a diversified representation of landmaskgresented in
[8]. While effective for landmarks, a visual clustey is unlikely
to work equally well if applied to larger geographiegions
(cities, countries) which have very complex andedsified visual
representations. We argue that the use of semaelaions
encoded in a geographical gazetteer improves thktyjof visual
summaries for complex geographic objects becauseaibles the
automatic selection of a diversified range of reprgative
encompassed place names. For instance, a visuahaynof
Paris will be composed of images of landmarks situatedhis
city (Eiffel Tower, Notre Dame de Paris, Louvre, Arc de
Triompheetc.). Our approach is applicable both to textuedries
with place names and to geographic queries exptessenap
based interfaces like Google Maps (which consishénselection
of a bounding box representing a region of the ajorl

The remainder of this paper is structured as fato®ection 2
reviews related work; Section 3 presents a mettoggofor an
automatic construction of a geographical gazett&action 4
describes the role of a geographical gazetteereorederenced
image retrieval; before concluding, Section 5 pmesean user-
centered evaluation of our approach.

2. RELATED WORK

The constitution of large-scale geographical daebareceived
sustained attention but remains a hot researck.tbptial efforts

[5] addressed the proposition of domain models deography
and the transformation of preexisting gazetteer® idigital

libraries. These long and tedious efforts led te tneation of
gazetteers like Alexandria [5] or Geonames [4], alshtontain
several millions of place names and their char@ties. The
minimal description of a location in a geographicgzetteer
includes: its nameLbuvre, its spatial position48°51'39.79N,
2°20'08.99”F) and its parent categoryn(iseur [5]. All these

dimensions and other information are describedaitalntbses like
Geonames. Despite the fact that spatial inclusanfundamental
relation in the geographical domain [9], it is &tipoorly defined
in existing gazetteers making it impossible, fastémce, to infer
that theLouvre is a museum irParis. Another problem with
manually constituted geographical databases builbmf
preexisting sources is the variability in coveragfe different

regions of the world [4]. Finally, the lack of anking score
associated to place names constitutes an impattantback from
an information retrieval perspective. For instarités impossible



to answer a question like “Which are the most

representative/salient geographical objectSrance?”

Recent works on geographical databases try to aiorthe
extraction of spatial semantics from user-contedutdata.
Rattenbury et al. [15] made one of the first attesmp extract
place names from large scale unstructured multimmddia. They
implemented a multiscale burst analysis to sepayatgraphical
locations from others tags found in georefererfelitkr photos’
descriptions. Their analysis is fully automatic,rgly statistical
and the authors reported an extraction precisio®586 (with
50% recall). The obtained database contains namaging
scores and coordinates for the discovered enttigsit includes
neither categorization nor spatial inclusion infatimn. In [12],
we proposed a method for exploiting heterogeneatta sources
(Wikipedia Panoramioand a Web search engine) in order to
automatically constitute a geographical gazett&azgtik). We
used a domain vocabulary and linguistic rules twaex, catego-
rize and rank geographical names and we averagedo ph
coordinates in order to situate discovered entifibg evaluation,
performed on areas around 15 cities showed thanhevease both
the precision of the extraction (by 5%) and theecage (3 times)
of the results compared to [15]. The structur&atetikiis richer
compared to the geographical database in [15]tkaiillidoes not
contain any spatial inclusion information.

Spatial inclusion relations can be derived fromtigpdootprints
of place names. Although broadly studied (see f{&i7h review),
the automatic extraction of spatial footprints fdaces remains a
difficult research topic. Schockaert and De CocK] [discuss the
vagueness of boundaries, concluding that fuzzyesgmtations of
spatial footprints seem more adapted than geomsh@pes in
most cases. The authors address the descripticheokpatial
extent of city neighborhoods and build their modelying on
Yahoo! Local API (a service that provides listshafsinesses for
given areas), and on NLP techniques applied toetktedescribing
a business. This method exploits spatial incluseations served
by the Yahoo! Local API. Following a similar appoba we mine
spatial inclusion relations from metadata assodidte Flickr
georeferenced images. Given the geodesic coordinagazetteer
elements, we look at nearby photos and extracetitempassing
entities from Flickr metadata.

Recent works exploit geographical information irage retrieval.
Flickr Places[3] is described as a “page 6tickr for every place
in the world”. The application takes advantage edrgferencing
information associated tBlickr photos to propose representative
images. The images are selected on the basig-liokr's
“interestingness” metric of a photo, which includies number of
tags, of comments, of views and the number of tithesmage is
marked as a favorite. Except for spatial proxiniigtween the
place name coordinates and the photo coordinatespther
geographical information seems to be exploiteBlickr Places

Ahern et al. [1] implementedNorld Explorer a map-based
visualization tool for georeferencddickr images. They exploit
the results in [15] and associate a relevance vatueeach
discovered entity. Tags are overlayed on a scalatdp using
their coordinates and the relevance ranking. Byectiely a
displayed tag, we get associated georeferencedesrfag a visual
exploration. With the introduction of clickable t&gWorld
Explorer exploits both geographical coordinates aesgtual
descriptions of images to propose results whereBidkr Places
only coordinates were used. Nevertheless, WorlddEgpignores

the type of place name a tag represents and thergscthat
represent tags are simply selected fromRhekr georeferenced
corpus.

The tag displaying system is also open to linkagth wther
external geographical databases. We combined tipeimerface
and a content based image retrieval (CBIR) software
ThemExplorer [13], a georeferenced image searchineng
exploiting Gazetiki[12]. ThemExplorer is more interactive than
World Explorer because it allows the user to exp@®ferences
with the selection of interesting geographical @&pts; it also
offers the possibility to explore visually similamages of an
object. However, in ThemExplorer we focused ongfesentation
of precise geographical concepts (iotre Dame de Parjs
Tower Bridge¢ and thus it was not possible to query for more
general concepts likeity or country names. Log file studies
showed that these generic entities are queried mofiem than
specific objects in textual search [16] or in imageieval [14].

Kennedy and Naaman [8] discuss the generation \adrsified
results for landmarks using image clustering teghes. While
their approach is highly effective for differentreg
representations of precise objects like @@den Gate Bridger
the Eiffel Tower it is doubtful whether it can scale to more
general place namesitfes, regionsor countrie3. These place
names types are probably too complex from a vigaaidt of view

to discriminate their sub-concepts using only vigwacessing.

Research in environmental psychology is relevantte creation
of visual summaries of places. Milgram [10] conduacta study
with Parisians in order to study the mental repregteon of their
city. One of the findings he reports is that landiaare key
components of the representation inhabitants haletheir

environment. Tversky [18] analyzes spatial knowkdgnd
observes that “the information about the spatiatidvdhat we
encode and remember should be general and varieggknto

serve purposes, both known and not yet known”. Aosé

interesting result of the same study concerns tkeednto
summarize information about spatial entities arel ¢antral role
of landmarks in these summaries. These observadiengertinent
for geographical image retrieval systems and shbaltbken into
account in order to build applications that mirtbe way users
imagine places. Hierarchical and spatial relationgjazetteers,
combined with efficient landmarks ranking, can didnte the
basis for creating such applications.

3. GAZETTEER CONSTRUCTION

We dealt with the automatic construction of a gepbical
gazetteer using heterogeneous data sources in [Eadth
discovered entity was characterized by: a name,e@a of
geographical coordinates, a parent category arapalarity rank.
No spatial inclusions were extracted in this wovke briefly
describe how place names are extracted from ungtact or
semi-structured documents, how these names argocaied,
spatially situated and ranked. We then explain la@enrich our
gazetteer with spatial inclusion information exteatfromFlickr.

3.1 Initial Version of Gazetiki

In [12], we built a vocabulary of geographical cepts (nuseum
church bridge tower etc.) and used it to extract geographical
names fromPanoramio photo descriptions anWikipedia We
briefly review the methods we developed in the ctipaper in
order to familiarize the reader with our approaéh.detailed



description of the gazetteer construction procesd af the
implementation choices is provided in [12].

We first filter a list of all georeferenced artislé&rom Wikipedia
and consider their titles to be geographic naméscePnames
often contain explicit geographic concepts andetam this fact,
we minedPanoramiofor such multiword place names. Instance
names are usually written in capital letters anduaated to retain
only capitalized multiwords that contain geograpbimcepts. In
order to obtain complete place names, low-case wtogs were
not taken into account when appearing between twhero
capitalized terms. We extract place names sucMaseum of
Modern Art Saint-Eustache Churobr Union Square

To associate coordinates to geographic names tedrafcom

Panoramiq we search for the first photo described by a chaid

name and then average the latitudes and longitatial photos
described by the same name which are found withpredefined
radius. In order to deal with place names polysewlyenever
photos tagged with the same place name are foutsideuthe
radius, we include a new element in the gazetiges.coordinates
of Wikipedia articles are extracted using the dtree of the

article and patterns that introduce coordinates.

The first sentences of georeferenced Wikipedialagtiare often
definitions and we use them to extract a geograpleategory for
the entity described in the article. We categoreandidate
geographic names extracted frddanoramioby employing the
text of the snippets obtained from a search enginptocedure
similar to approaches used in question answerihg§2 launch a
query with the candidate name, extract 50 snipaets compare
the geographical vocabulary to the snippets in rotdeextract
elements that are most often associated with thelidate. We
then launch definitional queriescgéndidatelS A concept) and

retain as final category of the candidate the cphappearing the
most often in definitional queries.

Gazetteer elements are ranked using a popularigsune which
is computed over the Panoramio corpus. We firsit lihe search
space to a radius around the element's coordiretesthen
combine the total number of images (a classicah tequency
measure) with the number of different users (a canity-based
relevance assessment) having uploaded those imafgeassume
that, if a geographical object was photographeddweral users, it
is more representative than an object photograjyednly one
person; it should thus be ranked higher.

3.2 Mining Inclusion Relations from Flickr

of the world. For the 56 cities in the evaluatiah theFlickr API
spatial inclusion information is correct in all eas

After this step, the elements Gfazetikiare characterized by the
vector (name; geodesic coordinates; parent concept;
encompassing entities); this information can belatqul for
image retrieval. For instance, the entry for Louwdl be
(Louvre; @8°51'39.79N, 2°20'08.99”E museum (Paris ler
arrondissement, Paris, lle de France, Frajjce

4. PLACE NAMES IMAGE RETRIEVAL

Gazetiki can be used to propose a structured insagech for
queries with place names. Here we focus on plasesdaving a
significant surface, such aseighborhoods, cities, regionsr

countrieswhich are often queried in Web image search [li6}e

however that the method is equally applicable top rbased
interfaces, where the query is a bounding box sspréng a
region of the world. The only difference is thatstead of being
expressed using place names, the spatial inclusi@xpressed
using geodesic coordinates. Given a query withaagphame, we
select relevant entities in the gazetteer usindahewing rules:

¢ Specific entities must be included in the spatatprint of the
place name. This spatial inclusion relation in gazetteer is used
in order to select entities lying inside a placenpa

¢ Specific entities must belong to punctual clasg8esrhuseums,
churches, palaces, monumengtc. We exclude non-punctual
entities such aparksor rivers because they are hard to represent
using a single image. This step of the algorithnpl@iss the
hierarchical organization of the gazetteer to sebedy specific
entities that belong to punctual classes.

« Specific entities must be among the most populso@ated to
the queried place name. The popularity ranking @izediki
elements is used to return a ranked list of elesnent

« Specific entities must range in different categarid page of
results includes a limited number of pictures ane am at
proposing a conceptually diversified representatimh place
names. We limited the number of elements belontpriye same
category at 3.

The above conditions ensure that a place nameisgsented by a
series of specific entities that are spatially agged to the entity,
belong to different geographical categories andpaular. We
illustrate the results of our approach with thestfiimages
representingParis (figure 1a) and compare the gazetteer based
technique to the set of images obtained vitickr (figure 1b).
The gazetteer based description of a place nane knd of
community leveraged view of the respective placé iarensures

In Flickr, each georeferenced image has associated spatiatheir diversified visual representation.

inclusion relations which enable an automatic dmment of
metadata with localization information. For instanca
georeferenced image taken at ttwivrewill be taggedParis ler
arrondissement Paris, lle de France, Francgencompassing
entities of thelLouvre. The spatial inclusion data are also
available via theFlickr APl and we associate them @azetiki
element in the following way: given the geodesiorcinates of
an place name, we launch a query for neighborinagea and
infer that the encompassing entities of the cloggsito are
equally those of the analyzed place name if thetli closer
than a threshold. We set the threshold at one konder to avoid
inclusion errors. Given the high volume of georefeed images
in Flickr (over 100 million items as of March 2009), it issgible
to mine spatial inclusion information for a largangl of regions

The content of the gazetteer can also be used tichethe
interactivity of the application. In [14], we shodvethat a
categorical restriction over the content of theeg@er is generally
well perceived by the users. By default, an imaggaval system
is unaware of user preferences and cannot adaptsdts; after
seeing the first results, the user can select ocaggof interest
(for instancemuseums, bridgeand archeg. Another interesting
option concerns the capacity to focus the resuttinteresting
specific elements. Once a user selects a speficent, like the
Eiffel Tower the system can present only images of this elemen
Another option for rapidly browsing interesting iges is to
introduce a CBIR among the photos of the same fpeatject
similarly to [13].



(b)

Figure 1. Visual summaries of Paris using Gazetikja) and
Flickr (b).

The use of the gazetteer also solves ambiguouseguédn Flickr
Places when querying forParis the system asks the user to
choose between the different localities having thégne in the
database. InGazetikj the elements are ranked; the system
proposes the most popular denotation of an ambiyname first,
indicating that there are other places with a ig@hthame.

5. EVALUATION

We evaluate our visual summaries generation teclenapainst
two existing applications that support geographigakries (a
generic search engine and a dedicated applicatidickr is an
image search engine that answers a query by lengragxtual
image descriptions whild-lickr Places uses geo-tagging and
implicit user feedback (via the “interestingnestrit introduced
in section 2). The images presented using our tgaknare also
downloaded fronflickr, ensuring thus that global quality of the
images is similar for the three methods. Placesamngplex visual
objects and we considered that an evaluation of geimages is
more appropriate than an evaluation of individuzges.

5.1 Experimental setting

We designed a user satisfaction téstwhich participants were
asked to compare the three approaches driven srobeictures

representing 56 well known cities around the wqeeamples

include Athens New York Paris, Sydneyor Tokyq. For each city

and each method we only considered the first 1@é@saeturned

on the same day; we assumed that these answeespond to a

visual representation of the cities. Each pagenefvars contained
three columns of image results corresponding tdhtee assessed
methods. Since a priori knowledge is needed toueaval the

quality of the results, we asked the participamtsselect only

those cities they knew well enough. We also insedic
participants to skip selected cities if they thoutjiey were unable
to assess them.

The participants assessed the global quality ofahewers, for
each city and for each method, using a four-leweles (0 bad
representativeness and 3 for very good represeen@ss). In
order to ensure unbiased comparisons, the userg wet

informed about the tested retrieval techniquesoAls avoid the
formation of preference patterns, the columns vpgesented in
different orders on the results pages and the users warned
about this random presentation. The participante veentacted
via e-mail and the participation was voluntary. ¢mder to

preserve the participants' interest during the, test informed

them that they can quit at any time. We receiveds8® of

answers, totalizing 218 votes. 28 sessions out3otdtain at
least 3 assessed items and this distribution tefléwe users'
knowledge of the cities in the proposed panel, ali as their

interest during the test. There are 3 sessionsidim) over 15
votes which reflect both extensive knowledge ofdbenain and a
high interest in our test. The participants fouhd test engaging
and interesting as proven by the fact that sonmberh voluntarily

contacted us to discuss results and methods aedpi@ss their
willingness to participate in future evaluations.

5.2Results — users view

We compared the gazetteer based image retrievabahédFlickr
and Flickr Places We report the results in figure 2. For
readability reasons, we plotted only sessions dinly at least 5
votes (20 sessions out of 33) as well as the agesegres for the
three methods over the entire panel of users. aVkeaged results
in figure 2 indicate that our method outperfortiekr andFlickr
Places(2.16 vs. 1.79 vs. 1.36). The differences betwtberthree
methods are significant (0.37 between our methatlRéickr and
0.8 between our method arfelickr Places respectively). On
average, the results obtained with our technique stuated
between a good and a very good representationasiephame.
Flickr Places and Flickr are situated between a poor
representation and a good representation (closea tpoor
representation for Flickr Places and closer to a good
representation fafFlickr).

At an individual level, the gazetteer based metisogidged best
by 21 participants out of 3Flickr is considered as the best
system by 5 participants ardickr Placesby only 1 participant.
For the entire panel of users the gazetteer basage retrieval is
considered at least as good as the two baselinensysby 26
participants out of 33. When analyzing only sessittvat include

! Online athttp://comupedia.org/city_explorgfih French)




at least 5 votes, our method outperforms the dtherin 13 cases
out of 20 and ties witklickr as the best system in two cases.
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Figure 2. Comparison results between the 3 imagetreeval
techniques for place names — User-based view. Theximum
score (3) corresponds to high quality visual summaégs of
cities.

The results in figure 2 show that there are impurtiifferences
between the average scores attributed by diffepamticipants,
accounting for the inherent subjectivity of thektaBhe most strict
and demanding participant, U12, ranks the threénigoes
between 0.22Hlickr Placeg and 0.78 (gazetteer) while the less
exigent, U8, ranks between 2.5 (gazetteer) andli8k(). The
current panel of participants is not large enoughestablish
statistically significant correlations between pmapants’
characteristics (gender, age, occupation) and rafglfe image
retrieval method. It would be certainly interestioganalyze such
correlations in larger scale studies.

Our first conclusion is that, even if our techniqie not
unanimously considered better thifickr and Flickr Places a
large majority of the participants prefer it to shebaseline
systems.

5.3 Results — cities view

It is also interesting to analyze results for indial cities. 46 of
the 56 proposed cities received at least one Votégure 3, we
present only the 20 cities that were voted at |datimes; this
limitation seems necessary because a small nunfhertes does
not ensure a good separation of the three testdmhitpies. The
gazetteer based image retrieval method outperfdthickr and
Flick Placesfor 14 cities out of 20Flickr is best in 5 cases and
Flickr Placesin 1 (figure 3). Major differences in favor of our
method are obtained for cities likearis, Brussels, New York,
Milan or Strasbourg They indicate that these cities are well
represented using salient artifacts likbhurches, towersor
museums Amsterdam is the only city for which Flickr
significantly outperforms the gazetteer based nwkthdhis
situation is explained by the fact thfansterdantanals are highly
representative of the city and they do not appe@mg the types
of landmarks we considered in our selection albarit The
results for individual cities reflect well thosetalmed for each
user. They furthermore confirm that our method etftgms the
two baseline systems.
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Figure 3. Comparison results between the 3 imagetreeval
techniques for place names — City-based view. Theaximum
score (3) corresponds to high quality visual summaes of
cities.

5.4 Discussion

The use of a geographical gazetteer in geographioabe
retrieval improves the perceived quality of reswitsen compared
to existing retrieval techniques. When comparedh bota generic
retrieval framework FKlickr) and to one that exploits
georeferencing informationF({ickr Place3, a large majority of
participants preferred our method. The presentgueraxental
results confirm that landmarks constitute an imgairipart of the
visual representation of place names. They cordiumhypothesis
concerning the utility of a conceptually structuregresentation
of place names. The participants were asked touatelonly
results for city names but the landmark selectieohhique
presented in this paper is generic and appliestalswore generic
place namescpuntries, regionsetc.) or to more specific ones
(neighborhoods parks,, museymBurther tests are necessary in
order to assess its applicability at different ssaWe centered the
discussion on administrative divisions because rtfggority of
geographical queries correspond to such namese gjazetteers
also contain information concerning other geogregihéntities
(islands, natural parketc.), it is easy to adapt the method to one
offering a structured representation of theseiestit

When comparing onl¥lickr andFlickr Places the preference of
the participants for the first system is somewhatpssing
because Flickr Places exploits georeferencing information,
ensuring that the presented photos were taken eatdésired
location. The poor perception &fickr Placesmay be explained
by the fact that this system uses only raw geoeafing
information (geodesic coordinates), neglectinguakannotations
of the images. The annotations are only indirectigsidered via
the interestingness measure usedrligkr Placeswhile they play
a central role irFlickr. It seems that, combining georeferencing
and textual annotations associated to images isesedhe
perceived quality of results.

Ensuring results diversity in order to respond tfiecent user
needs is a crucial topic in image retrieval evatua{6]. Image
clustering [8] is one way to obtain diversity bas we already
observed, it only applies to visually coherent apis, like



landmarks. Obtaining diversified results is implicivhen
hierarchical and spatial relations between geogdcapltoncepts
are exploited.Flickr and Flickr Places results often contain
several images depicting a single aspect of a plame;
consequently, these applications do not ensureiuff diversity.
Our experiment supports the hypothesis that pregena
diversified view of a concept has a positive infloe on the
results assessment in image search.

The participants liked the experimental settinghéligh we did
not solicit free text feedback, some of them sest their

impressions concerning the test protocol. Theirctiea is

important for two reasons. First, the experimesttting where
people are asked to perform a global evaluatiomethods (on
sets of answers) is more engaging for participeatspared to the
assessment of individual photos. Second, somecosements are
helpful for improving the proposed image retrietehnique. Our
method gives preferential treatment to the presiemtaof

landmark images and neglects “atmosphere” pict(ireages of
streets or panoramic views). Several users indicéitat they
consider “atmosphere” images to be highly repredimet and
they sometimes preferred results containing suctumgs. In
order not to overload the answers pages, we lintiiechumber of
presented images to 10 per method but, in reatvetrsituations,
we can easily present up to 20 images on an angagg. To
ensure an even higher diversity of results, we c@amplement
the use of the gazetteer and add some “atmospherajes
among the retrieved images.

6. CONCLUSION AND FUTURE WORK

We discussed a way of improving the generation sual
summaries for geographic region by exploiting tlomtent of a
geographical gazetteer. The results reported ia faper are
promising and stimulating since they improve thaliy of visual
summaries compared to a generic image retrievaésyg-lickr)
and to a dedicated applicatidrlickr Places.

We currently assess the introduction of image [@sicg
techniques in the retrieval framework. Following],[8ve can
perform an image clustering for each specific el@me
representing a place name in order to present trdy most
relevant images to the user. We will also exploeysvto select
“atmosphere” images in order to further diverstfie image sets
representing place names. A third line of work rdgathe
extension of our model to non-punctual entitiesolthas we have

seen forcanalsin Amsterdamcan be sometimes highly relevant.

Finally, we will test the applicability of the apmch to more
specific entities feighborhoodsmuseums, churchesind more

generic entities régions, countrigs In the first case, image
clustering can be a suitable solution to proposedgquality

visual summaries. In the last case, it is probaidgessary to
complement the conceptual diversity with a spatiatrsity of the

landmarks.
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