Learning and Visualizing Cultural Heritage
Connections between Places on the Semantic Web

Tomi Kauppinen, Kimmo Puputtt, Panu Paakkarinén
Heini Kuittinent, Jari Vaatainefy and Eero Hyvonen

L Semantic Computing Research Group (SeCo)
Helsinki University of Technology
and University of Helsinki, Finland
http://ww. seco. tkk.fi/
firstnanme. | ast nane@ kk. fi
2 Geological Survey of Finland
http://ww. gtk. fi
firstnane. | astname@tk. fi

Abstract. Semantic web techniques can be used to relate two thinggherge
However, usually this relation is not accompanied with a snea that would

tell how interesting the relation is. Data mining traditiprovides interesting-
ness measures; it is natural to try and fit semantic web ardndiaing traditions

together. In this paper we use support and confidence vatgeglpd by asso-

ciation rule mining as interest measures for relations. ftesented method is
tailored to location ontologies in order to find out what netting mutual rela-

tions two places have based on annotations in the culturddbe domain. The
method also uses ontology-based reasoning to group plegether. We present
tests of running the method against a set of over 60,000 afiow$ in order to

find out cultural heritage connections between places.

1 Introduction

Cultural heritage collections contain rich semantic mata@bout cultural objects such
as museum objects, photographs, maps, paintings, poeoks,liolk songs, and videos.
This metadata contains explicit descriptions of objeats$ jtaddition there is implicit
hidden knowledge that has a potential to be discovered yrdating techniques. For
example, in cultural heritage annotations of museum ojeletces co-occur in differ-
ent roles such aplace of manufacturer place of usageThis means that an item in
museum might have originally been manufactured in Asia hith the help of Silk
Road it has been used in Europe.

In essence, the research problems in here are:

— How to find out these implicit relations between places?
— How to visualize relations for a user?

In this paper we will present a method to create these semanltiural heritage
relations between locations to be used in e.g. visualimafibe method examines first
in which different roles places are in annotations of olgettie examined roles are



place of manufacturandplace of usageMethod then uses association rule mining [1]
to relate locations together. The result can then be usddthét help of visualization
mechanisms to examine how different locations (or culjurase exchanged e.g. goods
and art over time.

However, one of the identified problems is that annotationsultural heritage
data make references to locations from different levelsrahglarity (e.g. countries
vs. cities). For this reason we also present a revised vediour method that uses
ontology-based inference to group locations by using togiohl relations [5] §verlaps
andtouche$ and partonomy hierarchies. The method is then able to pedultural
relations also between grouped locations, for exampleydmt “Sweden in different
times” and “Finland in different times”.

The paper is organized as follows. Section 2 describes atioo$ of the semantic
cultural heritage portal GLTURESAMPO used in the experiments. Section 3 describes a
method that uses co-occurence techniques to create nsdt@ween locations taking
into account their roles in the annotations and presentstsesf testing the method.
Section 4 identifies problems of the first version of the mdttioe to cultural heritage
data, presents a revised method and shows the results @isead method. Section 5
discusses the results and the related work in the field anttb8écconcludes the paper.

2 Materials

2.1 Cultural Objects of CULTURE SAMPO

The material used in this research are annotations of alltbjects in the portal
CULTURESAMPO Finnish Culture on the Semantic Web 2.0 [7]. The materiakzia
of heterogeneous cultural content which comes from cadlestof 12 Finnish muse-
ums, libraries, archives, and other memory organizativasnotated using various on-
tologies. All of these annotations are made using the Resddescription Framework
(RDF)? and a set of ontologies.

The dataset is metadata about over 60,000 objects, e.gumudgects, photographs,
maps, paintings, poems, books, folk songs, videos, etacetaming from almost 100
different collections and over 1,5M other reference resesi(concepts, places, times,
etc.). There are many kinds of works of art, such as museunsjtiterary work, docu-
ments, illustrated works (paintings), etc. In our resednelmost important object type
appears to be artifact, because artifacts commonly haferelift location roles such as
place of manufacture, place of usage and place of colledtiags notable that around
9000 of 60,000 objects are museum items.

CULTURESAMPO annotations include the following location roles:

— place of discovery: a place from where an object was found

— place of manufacture: a place where an object was manuéattur
— place of acquirement: a place from where an object was asdjuir
— place of creation: a place where an object was created

— place of photographing: a place where a photograph was &tken

% http://lwww.w3.0rg/RDF/



— place of subject: a place depicted in an object such as ampgint
— place of usage: a place where an object was/is used
— place of context: a place relevant to an object in an unspelifay

See table 2.1 for overall statistics of different roles @ftion used in different types
of objects.

CW|Ml | LW |IW |MP|D| N |WA
total number of items|502999005 7418|19655861333911161116
place relations 433697656 6428|14927821§ 7 | 6021|114
place properties:
place of manufacture| 5449|4150 1299
place of photographind3001 1300
place of acquirement| 2427|2427

place of usage 3203|3096 107
place of discovery 4040|4040

place of context 768 | 661 7 | 100
place of subject 2038 1924 114

Table 1. Number of different works of art related to different plagegerties. List of acronyms
in the table: CW = cultural work , Ml = museum item, LW = liteyawork, IW = illustrated work,
MP = musical piece, D = document, N = narrative, WA = work of art

CULTURESAMPO (CS) makes use of a Place OntologyIGURESAMPO Place
Ontology provides e.g. partonomy hierarchy of locationd anordinates of center
points of locations. It is derived from the annotations andahed and validated later
on with coordinate and partonomy information from Place MaRegistry (PNR)
gazetteer. PNR contains around 800000 place names and tamtzaéns many times
more Finnish place names compared to e.g. TGN (Getty Thasafr Geographic
Names), Geonet Names Server (GNSypr Geonames-datadetowever, descriptions
of international places in CS Place Ontology have been leadigvith coordinates from
GNS.

3 Method

3.1 Relating Locations with Association Rules

As we saw in the previous section in many annotations meltgatations are mentioned
in different roles, for example an artifact may have a placemanufacture and also a
place of usage. This implies that two locations are relatzhbse of cultural activity

4 PNR is provided by the National Land Survey of Finland (tgyw.mml.fi)
5 http:www.getty.eduresearchconducting_researchvdagbstgn

8 http://earth-info.nga.mil/gns/html/

7 http://lwww.geonames.org/



between them. However, even if one co-occurrence alreddtesetwo locations it is
not apparent how interesting this relation is.

In order to relate locations together and to measure thigrdéstingness we apply
a method for mining association rules [1] and defingport(A = B) = Sa=p(=
Sp=a) as follows

number of annotations containing both A and B

1)

S =
A=B total number of annotations

Where A is a set of annotations of objects where a certairtitotaave a certain
role and similarly B is another set of annotations of objects
Similarly, con fidence(A = B) = Cy= p is defined as

number of annotations containing both A and B

(2)

Cazs = number of annotations containing just A

For example, figure 1 shows sets A and B where in all objectebAsHelsinki
has the role oplace of usageThese four objects are denoted with lettiers m, and
n. Similarly Mumbai is defined in the rolplace of manufacturén all objects of set
B, namely in the three objects denoted with letteran ando. The intersection ofA
and B contains those two objecta andn having Helsinki as th@lace of usagand
Mumbai as thelace of manufacturéVe can then calculate eGa—.p = % =0.5and
CBiA = % ~ 0.67.

The method has following steps:

1. Creation of sets4, B, ...) for each location in each role (e.g. “Helsinki” as agala
of manufacture) based on annotations. Onelsebntains all the objects where e.g.
“Helsinki” is mentioned in the role place of manufacture.

2. Association rule mining. Setgl( B, .. .) are used for mining association rules. The
minimum support and the minimum confidence can be used temutinfrequent
patterns.

3.2 Results of The First Version of The Method

We applied the described method to produce relationshijvegtes locations using the
rolesplace of manufacturendplace of usagé annotations of OLTURESAMPO . This
method was implemented using Wéka

When using the association rule mining without ontologinérence the method
found 803 relations between locations in rgiéece of manufacturandplace of usage
In practise, the implementation produced following kind@htions expressed in Tur-
tle®, shown partially in the following example (relation stomso number of objects
in question, links to objects, support value etc.). In thiareple Lahti is in a role of a
place of usage and Hollola of a place of manufacture.

8 www.cs.waikato.ac.nz/ml/weka/
9 http://www.w3.0rg/2007/02/turtle/primer/



Helsinki Mumbai
role: place of usage role: place of manufacture

B

Fig. 1. This picture depicts two sets A and B where A is a set of objetisre Helsinki is in the
role place of usageB is a set of objects where Mumbai is in the rplace of manufactute

rel ati on: m ni ngi nstancel7457

rdf : type
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relation:rel ati onType

rel ati on: manuf act ur e2usage ;
rel ation: argunent 1

cspl ace: hol | ol a_manuf act uri ngpl ace ;
rel ati on: argunent 2

cspl ace: | ahti _usagepl ace ;
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rel ation: confidence2tol
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3.3 Visualization of Results

In order for a user to be able to examine how different loceti¢or cultures) have
exchanged e.g. goods and art over time we implemented alizatian system that
uses the cultural relations produced by the method.

Figure 2 shows a visualization of results on a ifapA user is interested in seeing
where items used in a city called Lahti have been manufadiwe a first step, the
user has selected Lahti in the rgdace of usageAs a result, all those locations that
have the rolelace of manufacturen same item annotations are shown and again the
thickness of the arrow depicts how large a portion of objaesed in Lahti are from a
certain location such as Japan, Italy, France, Brasil, etc.

The problem, however, is that locations are at differentleef granularity (coun-
tries versus cities), or represent close-by regions (teighing cities) or even over-

10 We make use of the openly available Google Maps API to protfidenap visualization.



lapping historical regions. In the next section we examires¢ problems further and
propose a revised method to tackle them.
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Fig. 2. This time a user has selected Lahti as a pilece of usagend locations having a role
place of manufacturen same item annotations are shown.

4 Revised Method

4.1 Why the Method Needs Revising?

As we saw in the previous section association rule mining afae to relate places
together. However, there are problems related to the natfuamnotations. Namely,
annotations are characterized by the following features:

Semantic granularity: Annotations contain references to locations on differemtls
of granularity. For example, some museum items may refeats Bvhile an other
item refer to France.

Use of nearby locations: Nearby locations are used in annotations. For example, two
neighboring villages may be referenced in different antaa.

Mismatches due to historical changes:Locations have changed their names, or they
have merged and split, which causes semantic mismatch éetlveations from
different times. For example, in one annotation a referésnceade to (historical)
Bombay while in other annotation a reference is made to éropbrary) Mumbai.



To provide a revised method that is able to take into accdwaset problems we will
make use of SAPO (The Finnish Time-Location Ontology) [EAPO contains histor-
ical locations (mainly municipalities), changes betwesmt, and temporal properties
(like when a location has existed) and spatial propertiks (folygonal boundaries).
SAPOQ defines also 783verlaps and 2643ouchesrelations between historical munic-
ipalities. Theoverlapsrelations between municipalities were generated usiraykn
edge about changes e.g. merges and splits between loc@johke touchesrelations
between neighbouring municipalities were generated toG AR omatically by exam-
ining polygons of historical municipalities.

4.2 Grouping Places as a Solution

As said, annotations contain references to locations tedabaologically and mereolog-
ically close i.e. they overlap, touch or are in a partononeydrichy. A practical example
of this is depicted in Figure 3 showing locations near theantrborder between Fin-
land and Russia. A municipality called Imataerlapsmany historical municipalities,
namely Ruokolahti, Jaaski and Joutseno. On the other héarldesk three historical
municipalities were neighbors of each other i.e. thaych Different municipalities
near the current border have also been in different partgrioenarchies i.e. agart of
Finland or agart of Russia.

For these reasons we will revise our method and also grougeglogether. The
following example illustrates the idea of these groupings.

All places of Figure 3 have been used in annotations. For plagra hat in the bot-
tom left corner is annotated with Joutseno in the ke of usagevhile Jaaski is in
the same role in an annotation of the horn shown in the botight corner. Hence a
group calledG; = “Joutseno and its neighbouring municipalities as plademanu-
facture” contains these two municipalities. Another gragi@¥s = “Imatra and its his-
torical overlapping municipalities as places of usage'itirer on, as Figure 3 shows,
two different museum items were manufactured either in fen@ chair in 1957) or in
an overlapping historical Ruokolahti (a shepherd’s whigtl 1920). Hence these two
items belong to the group plac¢e,.

Next, we will describe a revised method that takes into astthese characteristics
to produce relations between locations by using followiriggples:

1. Interestingness of relations are measured based on ambua-occurrences as
was done in the first version of the method
2. Locations are grouped and new “group places” created
(a) if places are in the same partonomy,
(b) if places are neighbouring locations (i.e. they touah) o
(c) if places overlap for historical reasons.

4.3 Revising the Method

We will next present different types of grouping criteridatations in sections 4.4, 4.5,
and 4.6. These types include grouping by partonomy (by ysangf-relations), group-
ing by neighborhood (by usinpuchesrelations), and finally grouping by diachronic



Place of manufacture:
Ruokolahti 1920

Place of manufacture
il Imatra 1957

Ruokolaht|

Russia (USSR until 1991)

Place of usage
Joutseno 1930

Place of usage

leand Jaaski 1920

Fig. 3. An example of complexity: locations can be from differenttpaomical levels, they might
overlap due historical reasons or they are neighbors.

regions? by usingoverlapsrelations. Groupings will be used by the method to infer
relations between groups of locations rather than just éetwocations.

Fig.4.LocationsLy, L2, Ls and L4 in a partonomy.

In essence, the revised method goes as follows. The stepreates initial sets of
items for each location in each role. Step two uses differethods to produce groups
of locations — these will be explained in the following suttiens. And step three
produces weighted relations between locations (or grotijgeations).

4.4 Grouping by Partonomy

In this variation of the inference, mereological relatiaescontainment relations (part-
of-relations) are used to group locations that are in theespantonomical hierarchy.

11 The term “diachronic” comes from Greek where “dia” meanstigh and “chronos” means
time. By diachronic region we mean here a location togeth#r all historical locations that
overlap it because of e.g. merges, splits or name changes.



Fig.5. Locations L, L3, L4 and L5 are

neighboring locations with locatioh; i.e. Fig. 6. LocationsL; and L overlap the lo-
they all have d@ouches relation with L . cationLs.

See Figure 4 where locatiols, Ls and L, are parts of locatiorl.;. Note thatl, is a
part of L3 but becausd s is a part ofLL;, accordingly, alsd., is a part ofL; due the
transitive nature of part-of relationship.

Grouping means that all roles (like place of manufactureqdions have in anno-
tations are propagated up in the partonomy hierarchy. Asuatreew location groups
are generated such as “India and all its municipalities e od manufacturing”. If e.g.
“Mumbai” is mentioned in the rolplace of manufacturan one annotation, “India and
all its municipalities in the role of manufacturing” willsd get the rolglace of manu-
facturein the same annotation. The partonomy of a location is a upjgrof location
itself and all locations that afgart of it.

Grouping by partonomy enables to answer to questions likewhich continents
items manufactured in Asia are used in?”

4.5 Grouping by Neighboring Locations

Neighboring locations of the locatidiy form together “neighborhoods” of the location
Ly. Thisideais used when locations are grouped by neighblraagions to be used by
the method. In essence the neighborhood of a locdtiois formed by usindouches
relations locatiorl; has with other locations.

In Figure 5 locationd .., L3, Ly and L5 are neighboring locations with location
Ly i.e. they alltouch L. For example, if “Helsinki"touches'Vantaa”, “Espoo” and
“Sipoo”, then the neighborhood of “Helsinki” contains dikse neighbors and “Helsinki”
itself.

Grouping by neighborhood means in practice that locatidesrare propagated to
“neighborhoods”. For example, if an item is manufacturetbspoo” then the “neigh-
borhood of Helsinki in the role of manufacturing” will geteinoleplace of manufacture
in this annotation in the inferred model as well. The neighlbod of a location is a
unionlJ of region itself and all regions tbuches

Grouping by neighborhood enables to answer questionsliiketich approximate
locations items manufactured in Helsinki (or nearby) arduga?”
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4.6 Grouping by Diachronic Regions

Annotations in cultural heritage domain typically makeerehces to historical loca-
tions that may overlap even if these locations have diffenames. This phenomenon
is used as a motivation when historical locations are grdupdorm diachronic re-
gions Figure 6 illustrates the idea: both locatiohs and L, overlap the locatiorls.
These overlaps are due to historical changes. For exampledi changed its name
from Bombay in year 1998 which means their spatial extensions heavily overlap.

Grouping by diachronic regions propagates roles locatiwve in annotation also
to “diachronic” regions they overlap. For example, if amitiss manufactured in “Bom-
bay” this knowledge is propagated to “diachronic Mumbai&rde a diachronic region
is a unionlJ, of region itself and all overlapping regions.

Grouping by diachronic regions enables to answer quedila4dn which modern
(or historical) locations items manufactured in Mumbaiday of its historical prede-
cessors) are used in?”

4.7 Results of the Revised Version of the Method

The revised method, including the association rule minagi6ri), was implemented
in Java using Jena library [3] in order to provide reasonmr@yfoupings. The efficiency
was not the main goal. By using the ontological inferencenteen grouping locations
together in different ways the result was a lot more rela&iddy grouping locations
using partonomy hierarchy the method was able to create &04dffons between loca-
tions in these two roles. By adding grouping by diachrongiags the result was 5799
relations. Grouping both by partonomy and neighborhoodlted in 13128 relations.
By combining all different groupings the result was 1380&tiens. All these relations
are ranked by support and confidence.

Among these results are more generalized ones than what veealvke to produce
with the first version of the method. For example, a user caméxe relations on a
country level, or between two countries that both have htierdnt borders and perhaps
even different names in different times. Furthermoregadtof examining relations of a
single city like Helsinki a user is able to examine the relasifrom whole neighborhood
of Helsinki to other parts of the world.

5 Related Work and Discussion

Association rule mining alone was able to produce cultueaithge relations between
places in different roles. In our visualization system h#ge relations are shown and
the width of the arrow indicates the confidence value for taktion.

However, as we identified, the granularity of referenceddogs in annotations cre-
ates problems. As a solution we used topological relatidggospatial ontologies in a
revised method. Grouping by partonomy, neighborhood artdt@nic regions produced
substantially more relations. By combining these diffégouping types the method
was able to produce even more relations.

12 http:/len.wikipedia.org/wiki/Mumbai
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Data mining techniques have been applied in the area of tharstic web for exam-
ple for mining frequent characteristics [8] from knowledggses. These characteristics
can be e.g. places of living or ages of clients of some bankhEtmore, association
rule mining have been applied to analyze and to structutesémlomies [13] and for
extending an existing ontology [10]. The grouping techeigue proposed is somewhat
related to the tradition of mining multilevel associatianes (see e.g. [6], page 244)
where concept hierarchies are used for providing theseufggb Multirelation associ-
ation rule mining is another closely related field (see el}). Bpatial association rules
have also been proposed [12], they are rules like “most ligscin Canada are close
to the Canada-U.S. border”. Wiki content has been used agraesto extract content
to allow for querying relations between places [2] and eogrévealing that Innsbruck
and Leipzig both share the same twin town, Krakow. The istérgness measures we
used were limited to support and confidence but the presérmeework could easily
utilize also other interestingness measures (such astiftanviction) as well (see e.g.
[14] for discussion and overview of measures). Howevemhat tase the visualization
part should also be altered accordingly.

Our approach is different from existing ones in that it ugiljucombines 1) spatial
tradition (to be able to explicate spatial relations), 2)obwgy-based reasoning (to be
able to group locations by spatial relations), and 3) caioence techniques (to ex-
plicate the confidence and support of a relation) to prodao®asitic relations between
locations using roles and 4) application of the methodsércthitural heritage domain.

6 Conclusions

In this paper we introduced a method for creating culturaithge relations between
places based on activities between them. In order to creere e used a set of annota-
tions of a semantic cultural heritage portal. We conceatrat two roles locations have
in annotationsplace of manufacturandplace of usagand examined whether two lo-
cations co-occur in annotations in these roles. By emptpgoroccurrence techniques
the method examined how strong this pattern is comparedher ao-occurrences.
However, as was shown, annotations use locations fromreiffdevels of a parton-
omy, from neighboring locations or historically overlapgiregions. For this reason we
presented a revised method that is able to group locatigns. (b partonomy) with the
help of ontology-based reasoning.
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