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Abstract There is a rising interest to enrich cultural heritage data with

precise and well identified descriptions of location and geometry of sites

of historical events or remains, objects and natural featurése
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developed standards refleicty different foci ¢ the OGC/ISO Standards

for Geographic Information a@hthe ontology of the CIDOC CRMich is

the 1SO standard for representing cultural heritagéormation. This

report introduces the CRMgeo extension for the CIDOC CRM to provide

Fy &l NI A Odzf betivaed the staddardsyd the é&bspatial and

the cultural heritage community in particular between GeoSPARQL and

CIDOC CRM. Thmodel was devdoped from the analysis of the

epistemological processes of defining, using and determining places.
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verified a falsified, including geometric specificatio@onsequently, we

reached at a detailed model which seems to give a complete account of

all practical components necessary to verify such a question, in

agreement with the laws of physics, the praetiof geanetric

measurement andirchaeological reasoning. This model indeed appears

to have the capability to link both ontologies and stsdive way how to

correctly reconcile data at any scale and timenot by inventing

precision or truth that cannot be acquiredut by quantifying or

delimiting theinherent indeterminacies, as it is good practice in natural

sciencesThis model aims at being a comprehensive theory from which

mutually compatible simplification can be derived for implementations

in more constrainenvironment, such at those lacking moving frames.
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1 Introduction

There is a rising interest to enrich cultural heritage data with precise and well identified descriptions

of location and geometry of sites of historical events or remains, objects and natural features. On

one side there is already a tradition of more thardecades of using GIS systems for representing
culturakthistorical and archaeological data and reasoning on properties of spatial distribution, vicinity,
accessibility and others. These systems tended to be closed and focused more on representing
feature categories by visual symbols at different scales than integrating rich object descriptions.
Cultural heritage is only a marginal application case for these systems, they have been being
SEGNBYSte &adz00SaatdzA Ay | 1ntahRpublieaBiminisBefichd OA Sy O8

On the other side, archives, libraries and museums keep detailed historical records of things with

very poor spatial determination frequently in the language of the source or local context, in which

at their time of creatio there was few ambiguity about their meaning, and frequently only wider
3S2LREAGAOLE dzyAlasz adzOK & atl NIKSy2y Ay | GKSy 2
people, kinds of events, precise dates and periods. This practice comes mowflint when users

want to integrate city plans, tourism guides, detailed excavation or restauration records, where the
FrOG GKIFIG aLIS2LXS 1y26 ljdaAGS 6Stf 6KSNB GKS t I NI
is not helpful for advanced ITsySYa ® . dziz GKS (G662 GNIXYRAGAZ2YAZ GKS
KSNAGFAS O2YYdzyAidee KI@S RS@OSt2LISR aill yRieNRa 6K,
OGC/ISO Standards for Geographic Information which are the building blocks of the yrecentl
published GeoSPARQL ontology [OGC 2&xi®the ontology of the CIDOC CRM [Le Boeff et. al 2012]

which is the 1SO standard for representing cultural heritage information.

In an attempt to combine these two standards [xxx], we experienced a surprise:sBotdards do

y20 NBlFIffe& YIFIGOK 4 lFye O2yO0SLia aAy o06SGsSSyéx
interface witltOGC (Open Geospatial Consotium) Standaads both standards donot allow for

expressing objectively where somethiigin a way whih is robust against any change of spatial
a0ltS YR GAYS® C2N) AyaidlyoOoSs (GKS /wa lfftz2ga T2
without declaring if the location is or was the extent of the object, was within the extent of the

object or inclued its extentGeoSPARQL, on the other side, allows for assigning one or more precise
G3IS2YSGNRSAe G2 | aFSIGdzNBEéx odzi R2Sa yz2a4 are:x
ANNBIdzAE  NAGASAa NBflIGSa (2 (KRAKSHS{RE FRNDK YR @&@IFS
detail cannot be compared any more to the geometry of the whole, nor iseimporalvalidity range

explicitly stated although OGC Standards provide mechanisms for doing that.

2 KFG Aa YySSRSR A& lofythe twb dhfolagiesiziel aimog yetailed maodgl of th& S 0
overlap of both models, which allows for covering the underdetermined concepts and properties of

both sides by shared specializations rather than generalizations. Therefore, we took a great &tep bac

and developed a model from the analysis of the epistemological processes of defining, using and
RSGSNX¥AYyAYy3 LXIFOSad ¢KAa YSIya GKIG 68 lylLfelsSR
+F Ndza . FGdf S 2NJ aAa (KA a cai KeSverifigd lorGafsified, KnSllg [ 2 NR
geometric specifications. This required to identify all kinds of sources of errors, including questioning

the truth of the very historical record.

Consequently, we reached at a surprisingly detailed model which séemive a complete account

of all practical components necessary to verify such a question, in agreement with the laws of
physics, the practice of geometric measurement and archaeological reasoning. This model indeed
appears to have the capability to kilboth ontologies and show the way to how to correctly reconcile
data at any scale and time not by inventing precision or truth that cannot be acquired, but by
guantifying or delimiting the immanent indeterminacies, as it is good practice in naturatesie
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2 Motivation z The Varus battle

In this chapter we want to illustrate the motivation and process why and in which way we
developped this model. Through research questions in relation to the \battie we introduce new
concepts to represent places and define the relations between them. The example of Lord Nelsons
death on board of the H.M.S. Victory illustrates the motivation to have a model that is valid for
moving reference spaces.

2.1 The histori cal context

The Varus battle at 9 AD between 3 roman legions under Varus and allied german tribes under
Arminius was decisive for the halt of the Roman expansion in German territories for the following
centuries. Varus recieved a complete defeat that wasadibed in Roman sources. A few years later
roman troops again visited the battlefield and buried the roman remains that were left from the
battle.

The knowledge of the precise battle place was not transfedeedur age and for this reason the
location of the battle was unknown since roman times. In roman sources the descriptions of the
battle are found with indications of the place in relation to rivers and indications of the kind of
terrain in which the bate was fought. Based on these sources there has been a discussion with
various hypothesis for hundreds of years about the real place of the battle. One of the hypotheses
from the 19" century was supported by archaeological finds in the late 1980s. Flguireialises the

three main events (battle, remains burying, excavation) of the scientific discussion by symbolic Space
Time Volumes in which they occurred. Trajectories of peggigsical thingand information objects
participating in the events or refting from them are symbolised by arrows.

Excavation,
Documentation Evidence from

& Measurement remainsand

Gathering and burying
of roman remains

Battle
Varus battle 9 AD remains a /o i g
tombs

Archaeologists

Battle
remains

Hgure 1: Main events in the discussion of the Varus battle as Space Time Volumes

22 7TEAO AT AO EO i AAT O OAIT E AAT 66 OO ¢

Unknown refers to our actual knowledge. From roman sources we know aboutvir@ ef the
Varus battle and we know it happened in today's Germany, but we do not know a further spatial
approximation corresponding to a characteristic battle size of that time.
In order to have a scientific discussion about the location of the bagi@eed to make the following
assumptions:

1 the Varus battle was a true event, which means it happened in a Space Time Volume;

6
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this Space Time Volume has a characteristic size of a battle;
it happened in a Reference Space that still exists (a space ainrgstation to today's
geologically inert landmass under and beydoday's middle european continental plgte
1 the event of the Varus Battle has a reasonable projection on this reference space which we
Orftf | at KSy2YSylt ttlFOSET
9 traces of the fight andoman tombs (with bones that have been buried after some exposure
to the atmosphere) should be found at tinenomenabplace of the battle.
The main concepts nesseccary to model these assumptions are displayed in Figure 2.

= =

/.. middle - Q6 is at restin |
“european. relation to
continental

Q1 occupied |,

y SP3 Reference
.pla TSpaco J

SP1 Phe;omenal

Volume '[ Q4 has spatial
projection

I] p ( - SP2 Phenomenal Place .

Figure 2: Main concepts and agibns reflecting the assumptions

Q5 defined in

2.3 How to state a hypothesis about the place of the Varus battle?

After agreeing on these assumptions we want to state hypotheses about the place of the Varus
battle. In order to formulate a hypothesis the reference spatéhe battle has to still be accessible

and locations within it should be described using some kind of Reference System. For relating a
reference system to the real world (here the landmass) some Reference Features are needed. If we
have a reference systeme can state hypotheses of the location of the battle in termgedmetric
expressions containing coordinates.

¢tKSaS SELINBaAaA2 GeomariSt tol S URLINBafatA 2¢7aé¢ NBE | GAy3
System describing the Reference SpaBeometricPlace Expressions definecBeclarativet f I OS ¢

that derives its identity through the description in tkéeometricPlace Expression which can be seen

as prescription to find the intended place in the real world.

The relation of theDeclarativet £  OS G2 GKS GNMHzS LI I O0S 2F (GKS =+ N
that it is believed to approximate the real location of the battle. The concepts for stating such
hypotheses are displayed in Figure 3.
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-
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Figure 3: Concepts for stating hypothesis about places
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2.4 How canwe determine a Declarative Place?

In this report we want to confinghe definitions of Declarative Places to Geometric Place
Expressioa Other possible definitions of Declarativelaces include Natural Language Place
Expressions. A deeper examination amdlerstanding of these expressions is necessary to provide a
conceptual model.

GeometricPlace Expressigrdefine DeclarativePlaces in an ideal wg. Following the terms of this
expression we can try to determine theorresponding physical locatipne, a physical reality that
falls within the boundaries given by the expression. The accuracy up to which we can determine
these ideal boundaries in physical reality is limited by the following factors:

9 the precision of determination and the geologicallstiy of the location of the reference

points within the reference system;

1 the precision of distance measurement devices or GPS;

1 handling errors in the measurement procedure.
Depending on these conditions we can determine an Expressional Place on theeithtphysical
reality, for example by putting 4 poles into the ground to mark corners of a rectangle in the real
landscape.

Figue 4: Determining and marking@eclarativePlace in the real world

2.5 How can we verify that a Declarative Place approximates the
Phenomenal Place of the Varus battle?

After | reached thédeclarativePlace and marked it | still have to verify if this place approximates the
place of the Varubattle. This verification can only occur through an observation within the extent of
the DeclarativePlace. In the case of the Varus battle various observations have to be mabe in order
to fortify the assumption that this place approximates the real plaicthe battle:

9 correspondance of the actual landscape to the landscape described by roman sources (taking

into account potential changes in 2000 years)
1 finds of battle remains that can be attributed to the described period
9 find of tombs with bones thatdve been buried after some exposure to the atmosphere

Figure 5: Only via observations tlieclarativePlace can be verified as an approximation of the
Phenomenal Place
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In Table 1 we identified the possible Error Sources thatd lead to awrong detamination ofthe
Declarative Place approximatitite Phenomenal Plagef the Varus battle

Domain Property Range Possible Errors

Roman  Source refers to Varus Battle (E5) Fictional Varus battle
(E73)

Phenomenal defined in Reference Spact Phenomenal Place not at
Place (SP2) (SP3) rest to Reference Space

Reference Spact at restin relation Physical Thing (E18 Physical Thing (E18) lost stabili

(SP3) to of form

Spatial describes Reference Space Reference Points fixing th
Coordinate (SP3) Coordinate System are imprecis
Reference moved or lost

System (SP4)

Geometric Place defines place Declarative  Place Place Expression is not correcl
Expression (SP5) (SP6) measured

Declarative Place approximates Phenomenal Place Expressional Place an
(SP6) (SP2) Phenomenal Place do not overle

(by evidence of find)

Table 1Possible Error Sources

2.6 Creation of Declarative Places through observations and
measurements

After archaeological remains are found their positions can be measured with different methods like
tachymetry or GPS. These methods can not measure positioestly but only distances and
directions in relation to reference points fixed on a physicaighin tachymetry this is more obvious

as the procedure to put up a tachymetre includes the measurement of distances and directions of
fixed points. Only after putting up the tachymetre correctly, positions can be calculated. Using a GPS
obscures the procss more as positions are the result of sophisticated measurements of distances
between satellitesand the GPS receivéirough wavelength and time measurements.

Points are measured and interpolations between the points are made. Interpolations can be based
on observations. An example would be the remains of an ancientwiate some representative
points of the wall are measured and these points are connected through lines. The lines are an

10
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interpolation based on an observation. Within the interpolatioretéd could be an element of
interpretation if parts of the wall are not existing any more but | belive that my interpolation
represents the ancient wall.

The expression of measurements, interpolatiasinterpretations in a Geometric Place Expression
creaes a Declarative Place that approximates my ancient wall in an accuracy that is dependent on
my measurement accuracy, the accuracy of my interpolations or interpretations and the accuracy of
my Geometric Place Expression

2.7 Motivation for Moving Reference Spaces: Lord Nelson's death

On the example of the battle of Trafalgar between the english and allied frepmahish fleet and

Lord Nelson death on the HMS Victory we want to illustrate the importance of the Reference Space
concept for events taking placananoving objects. For an historian interested in Lord Nelsons death

the events on board of the HMS Victory are of importance. For an archaeologist interested in the
remains of the Trafalgar battle on the seafloor it is importent to formulate hypothedislation to

the seafloor. Therefore depending on the research question the same event may be projected either

on the ship as Reference Space or on the seafloor as Reference Space. Each projection creates one
Phenomenal Place resulting in two Phenomenakédaof one unique Space Time Volume. The
Phenomenal Place on the ship ceases to exist when the ship as base for the Reference Space ceases
to exist.

The Phenomenal Place on the seafloor ceases to exist when the seafloor disapears under the
continental plae (this is relevant for palaeontologyigure 6 illustrates the projection of the one
unigque battle Spacetime Volume to two Reference Spaces resulting in two Phenomenal Places.

Moving Reference Spaces

Trajectory HMS

: Reference
Space HMS
Phenomanalplace Victory

of the battle on the ship

Battle Spacetime Volume
%

Battle
snapshots

~—

Spanish ship
is sunken

Spanish ship sinks - maximal
extent of battle in ship reference
space

Spanish ship
is on fire

Reference
Space
Seafloor

b&/i‘

Figure 6 Bventsof the Trafalgar battle Spacetime Volume projected ohip and seafloor Reference
Spaces

Remains of battle
& spanish ship on
seafloor

. .

Phenomanal place of the battle on the seafloor

Time

11
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3 A spatio-temporal refinement of the CIDOC CRM Model

3.1 Model Overview

The model developed from the analysis of epistemological processes of defining, using and
determining placesead us to the conclusion th@ S KI @S (2 RSTAYS 6KId ¢S Y
commit to one reality. Archaeology commits to one common reality regardless of the different
opinions that exist of this reality.

A central concept representing this one reality is tAeenomenal (or truebpace ifme Volume
defined as a4 dimensionalfuzzy point set (volume) which material phenomelilee Events or
Physcal Thingoccupy in Spac&ime It is regarded to be unique but unknown and unobservable in

its exact extent. Nevertheless we can tell if et in or out of a specific Phenomenal Space Time
Volume.It is necessary to compare and reld®ents or Physal Thingwith each other whictare

not defined by their Phenomenal Space Time Volumes but défifEhe spatial projection of one
such Voluméds a Phenomenal Place which derives its iderftiyn the Volume and thus from the
Event or Physical Thing. As a Phenomenal Place depends on the Reference Space it is projected upon
one unique Phenomenal Space Time Volume may have various projected Riveridtaceshat are
independent from time but bound in existence through their Reference Sgdwexampleof the

death of Lord Nelsown board of the HMS Victory illustrates the existencaliffierent Reference
Spaces. The event can either pmjectedon the seafloor as Reference Space or on the Reference
Space of the shijpthus creating two Phenomenal Places of one unique Space Time Volume. The
Phenomenal Place on the ship ceases to exist when the ship as base for the Reference Space ceases
to exist.The identity of a Phenomenal Place comes from the following identity chain:

Event or Pysical Thing Phenomenal Space Time Volumdé’henomenal Place

AsPhenomenal Places camot be exactly observedr determinatedwe try to approximate them.

This is dong¢hrough Declarative Places that are defined by humtmeugh Place Expressisnin this

paper we want to restrict us to Gemetric Place Expressions that use Spatial Coordinate Reference
Systems to define Declarative Places with Coordinate Expressions.

A Declarative Place could be derived from a measuremeftsome points related to a physical
feature or a result ofnterpreting a place on a mafvhich in turn is a result of some measurements
and interpolations)

Further research will be necessary to exaethe nature of natural language place expressions to
define Declarative Places. A Geometric Place Expression can be dreateah observation with a
measurement device or the the simple drawing of a line on a map. Both actions create a Declarative
Pla® that can be visited in the corresponding Reference Space of the real vdbdclarative Place
derives its identity through a Place Expression and not threaughenomenal Places that it may want

to approximate. Thus the identity chain of a Declarifhlace looks like this:

Place Expressiosr Declarative Place.

Thisreport focuses on the explicit modeling of different identities of phenomenal dedarative
places. It provides the classes andperties that relate these two kinds of places with eauther.

This distinction allows linkingCIDOC CRM conceptualisatiomgth OGC (Open Geospatial
Consotium) concepts bridging the gap to the geoinformation world. Through this model a
representation of spatial contenepresented inGeoSPARQL (OGC 2012) withe CRMs possible.

Three classes provide the hooks for GeoSPARQL. E4 Period and E18 Physiecak Tdefiged
subclasses of the GeoSPARQL class "Feature" and SP 5 Geometric Place Espoefgiedas
subclass of the GeoSPARQL class "Geomdtiytire 7 provides a graphical view ofRMgeo
classeforange)and propertiesthe relation to existing CIDOC CRM clagge=en) and the hooks for
GeoSPARQL

12
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GeoSPAR
GeoSPARQL Feature

Feature

Q1 6ccupied Q2 occﬁpied

Q3 has temporal ' v Q4 has spatial |

. | projection . - 34 _projection e

Q5 defined in |

Figure7: Graphical view of Classes and Properties to refine Place representation in the CIDOC CRM
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3.2 Analog conceptualisation of Time and Spacetime Volume

Applying the above conceptualizations to time and spacetmslemes leads to the enhancement of

the proposed model withsevennew conceptsThe already existin€@IDOQ wa Of  4a &9 pH
{ LJ ig'the superclass o & { t Rhenomenal TimSpart | ay"®P10Declarative TimeSpari.

& { t Mme9 E LINB & Zanaby ©H6SP5 Place Expressoand is related to a SP11Temporal
Reference System". A gener&@P8Spacetime Volume" and &P7Declarative Space Time Volume"

are included in the model in order to be able to argue on space time volumesSH¥®edarative

Space Time Volungeés defined through @&SP12 Space Time Volume Expressibat is expressed in

terms of atemporal and a spatial referencgstem. The expression can be&@mbination of 'SP 5
Geometric Place Expression" and "&P14Time Expresion' or a different form of expressing
spacetime in an integrated way like a formula containing all 4 dimensions. As we restrict the model

to Galilean physicand explicitly exclude systems withery high velocties or high precsion
observation of long theintervalsg S R2 y2{ Y2 RSt a$it wonldHe SebESsdrdBr ¢ A Y S
relativistic physicsNevertheless there areise casescontaining relativistic effectslike questions

related to systemswhere satilites are involved (e.g. GPS positioning). s ttase the modeling of a
Reference Time would be necessary.

Figure 8illustrates the fullspatiotemporal model with its 18Bew classes and the properties relating
them.

The classes of the modedflect the explicit modeling othe different identities of phenomenal and
declarativeentities. The phenomenatorld classesonsistof real world phenomenand theclasses
representing the space and time occupied by real world phenom&ha declarativavorld classes
consist of the definedxtents in space and timghirough human expressions. Fig@dllustrates the
main division between phenomenal and declarative warldssesand the subdivision within the
phenomenal and declarative wortdasses.
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Figure8: Grghical view ofin enhanced moddbr analog conceptualization of time and spacetime volume
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