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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 features. The 
άgeospatial ŎƻƳƳǳƴƛǘȅέ ŀƴŘ ǘƘŜ άŎǳƭǘǳǊŀƭ ƘŜǊƛǘŀƎŜ ŎƻƳƳǳƴƛǘȅέ ƘŀǾŜ 
developed standards reflecting different foci ς the OGC/ISO Standards 
for Geographic Information and the ontology of the CIDOC CRM which is 
the ISO standard for representing cultural heritage information. This 
report introduces the CRMgeo extension for the CIDOC CRM to provide 
ŀƴ άŀǊǘƛŎǳƭŀǘƛƻƴέ όƭƛƴƪŀƎŜύ between the standards of the geospatial and 
the cultural heritage community in particular between GeoSPARQL and 
CIDOC CRM. The model was developed from the analysis of the 
epistemological processes of defining, using and determining places. 
¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǿŜ ŀƴŀƭȅȊŜŘ Ƙƻǿ ŀ ǉǳŜǎǘƛƻƴΣ ǎǳŎƘ ŀǎ άƛǎ ǘƘƛǎ ǘƘŜ ǇƭŀŎŜ ƻŦ 
ǘƘŜ ±ŀǊǳǎ .ŀǘǘƭŜέ ƻǊ άƛǎ ǘƘƛǎ ǘƘŜ ǇƭŀŎŜ ǿƘŜǊŜ [ƻǊŘ bŜƭǎƻƴ ŘƛŜŘέΣ Ŏŀƴ ōŜ 
verified or falsified, including geometric specifications. Consequently, 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 practice of geometric 
measurement and archaeological reasoning. This model indeed appears 
to have the capability to link both ontologies and shows the way how to 
correctly reconcile data at any scale and time ς not by inventing 
precision or truth that cannot be acquired, but by quantifying or 
delimiting the inherent indeterminacies, as it is good practice in natural 
sciences. This model aims at being a comprehensive theory from which 
mutually compatible simplification can be derived for implementations 
in more constraint environment, 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 than 2 decades of using GIS systems for representing 
cultural-historical 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 
ŜȄǘǊŜƳŜƭȅ ǎǳŎŎŜǎǎŦǳƭ ƛƴ ŀƭƭ ƪƛƴŘǎ ƻŦ άƎŜƻǎŎƛŜƴŎŜǎέΣ ǊŜǎƻǳǊŎŜ ƳŀƴŀƎŜƳŜnt and public administration.  

On the other side, archives, libraries and museums keep detailed historical records of things with 
very poor spatial determination ς frequently in the language of the source or local context, in which 
at their time of creation there was few ambiguity about their meaning, and frequently only wider 
ƎŜƻǇƻƭƛǘƛŎŀƭ ǳƴƛǘǎΣ ǎǳŎƘ ŀǎ άtŀǊǘƘŜƴƻƴ ƛƴ !ǘƘŜƴǎέΦ ¢ƘŜȅ ǊŀǘƘŜǊ ŦƻŎǳǎ ƻƴ ǘȅǇƻƭƻƎƛŜǎΣ ƛƴŘƛǾƛŘǳŀƭ ƻōƧŜŎǘǎΣ 
people, kinds of events, precise dates and periods. This practice comes now in conflict when users 
want to integrate city plans, tourism guides, detailed excavation or restauration records, where the 
ŦŀŎǘ ǘƘŀǘ άǇŜƻǇƭŜ ƪƴƻǿ ǉǳƛǘŜ ǿŜƭƭ ǿƘŜǊŜ ǘƘŜ tŀǊǘƘŜƴƻƴ ƭƛŜǎέ ƻǊ άȅƻǳΩƭƭ ǎŜŜ ƛǘ ǿƘŜƴ ȅƻǳ Ǝƻ ǘƻ !ǘƘŜƴǎέ 
is not helpful for advanced IT sysǘŜƳǎΦ .ǳǘΣ ǘƘŜ ǘǿƻ ǘǊŀŘƛǘƛƻƴǎΣ ǘƘŜ άDL{ ŎƻƳƳǳƴƛǘȅέ ŀƴŘ ǘƘŜ άŎǳƭǘǳǊŀƭ 
ƘŜǊƛǘŀƎŜ ŎƻƳƳǳƴƛǘȅέ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ǎǘŀƴŘŀǊŘǎ ǿƘƛŎƘ ǇǊŜŎƛǎŜƭȅ ǊŜŦƭŜŎǘ ǘƘŜ ǘǿƻ ŘƛŦŦŜǊŜƴǘ ŦƻŎƛ ς the 
OGC/ISO Standards for Geographic Information which are the building blocks of the recently 
published GeoSPARQL ontology [OGC 2012] and the ontology of the CIDOC CRM [Le Boeff et. al 2012] 
which is the ISO standard for representing cultural heritage information.  

In an attempt to combine these two standards [xxx], we experienced a surprise: Both standards do 
ƴƻǘ ǊŜŀƭƭȅ ƳŀǘŎƘ ŀǘ ŀƴȅ ŎƻƴŎŜǇǘǎ άƛƴ ōŜǘǿŜŜƴέΣ ŜǾŜƴ ǘƘƻǳƎƘ ǘƘŜ /wa ǿŀǎ ŜȄǇƭƛŎƛǘƭȅ ƛƴǘŜƴŘŜŘ ǘƻ 
interface withOGC (Open Geospatial Consotium) Standards, and both standards do not allow for 
expressing objectively where something is in a way which is robust against any change of spatial 
ǎŎŀƭŜ ŀƴŘ ǘƛƳŜΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ǘƘŜ /wa ŀƭƭƻǿǎ ŦƻǊ ǎǇŜŎƛŦȅƛƴƎ ŀ άtΧƘŀǎ ŦƻǊƳŜǊ ƻǊ ŎǳǊǊŜƴǘ ƭƻŎŀǘƛƻƴέΣ 
without declaring if the location is or was the extent of the object, was within the extent of the 
object or included its extent. GeoSPARQL, on the other side, allows for assigning one or more precise 
άƎŜƻƳŜǘǊƛŜǎέ ǘƻ ŀ άŦŜŀǘǳǊŜέΣ ōǳǘ ŘƻŜǎ ƴƻǘ ǎŀȅΣ Ƙƻǿ ǘƘŜ ǊŜŀƭ ƳŀǘǘŜǊ ƻŦ ǘƘŜ ǘƘƛƴƎ ǿƛǘƘ ƛǘǎ ǎƳŀƭƭŜǊ 
ƛǊǊŜƎǳƭŀǊƛǘƛŜǎ ǊŜƭŀǘŜǎ ǘƻ ǘƘƻǎŜΦ {ƻΣ ŦƻǊ ŀƴȅ άŦŜŀǘǳǊŜέ ǘƘŜǊŜ ƛǎ ŀ ǎǇŀǘƛŀƭ ǎŎŀƭŜ ŀǘ ǿƘƛŎƘ ŀ άƎŜƻƳŜǘǊȅέ ƻŦ ŀ 
detail cannot be compared any more to the geometry of the whole, nor is the temporal validity range 
explicitly stated although OGC Standards provide mechanisms for doing that.  

²Ƙŀǘ ƛǎ ƴŜŜŘŜŘ ƛǎ ŀƴ άŀǊǘƛŎǳƭŀǘƛƻƴέ όƭƛƴƪŀƎŜύ of the two ontologies, i.e. a more detailed model of the 
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 step back 
and developed a model from the analysis of the epistemological processes of defining, using and 
ŘŜǘŜǊƳƛƴƛƴƎ ǇƭŀŎŜǎΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǿŜ ŀƴŀƭȅȊŜŘ Ƙƻǿ ŀ ǉǳŜǎǘƛƻƴΣ ǎǳŎƘ ŀǎ άƛǎ ǘƘƛǎ ǘƘŜ ǇƭŀŎŜ ƻŦ ǘƘŜ 
±ŀǊǳǎ .ŀǘǘƭŜέ ƻǊ άƛǎ ǘƘƛǎ ǘƘŜ ǇƭŀŎŜ ǿƘŜǊŜ [ƻǊŘ bŜƭǎƻƴ ŘƛŜŘέΣ can be verified or falsified, including 
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 seems to give 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 link both ontologies and show the way to how to correctly reconcile 
data at any scale and time ς not by inventing precision or truth that cannot be acquired, but by 
quantifying or delimiting the immanent indeterminacies, as it is good practice in natural sciences. 
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2  Motivation ɀ 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 Varus battle 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 was described 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 transfered to our 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 battle 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 19th century was supported by archaeological finds in the late 1980s. Figure 1 visualises the 
three main events (battle, remains burying, excavation) of the scientific discussion by symbolic Space 
Time Volumes in which they occurred. Trajectories of people, physical things and information objects 
participating in the events or resulting from them are symbolised by arrows. 

 

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

2.2 7ÈÁÔ ÄÏÅÓ ÉÔ ÍÅÁÎ ÔÏ ÔÁÌË ÁÂÏÕÔ ȰÕÎËÎÏ×Îȱ ÐÌÁÃÅÓȩ 
Unknown refers to our actual knowledge. From roman sources we know about the event of 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 battle we need to make the following 
assumptions: 

¶ the Varus battle was a true event, which means it happened in a Space Time Volume;  
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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 at rest in relation to today's 
geologically inert landmass under and beyond today's middle european continental plate); 

¶ the event  of the Varus Battle has a reasonable projection on this reference space which we 
Ŏŀƭƭ ŀ άtƘŜƴƻƳŜƴŀƭ tƭŀŎŜέΤ 

¶ traces of the fight  and roman tombs (with bones that have been buried after some exposure 
to the atmosphere) should be found at the phenomenal place of the battle. 

The main concepts nesseccary to model these assumptions are displayed in Figure 2. 

 
Figure 2: Main concepts and relations reflecting the assumptions 
  

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 space of the 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 system we can state hypotheses of the location of the battle in terms of geometric 
expressions containing coordinates.  
¢ƘŜǎŜ ŜȄǇǊŜǎǎƛƻƴǎ ǿŜ ǿŀƴǘ ǘƻ Ŏŀƭƭ άGeometric tƭŀŎŜ 9ȄǇǊŜǎǎƛƻƴǎέ ǊŜƭŀǘƛƴƎ ǘƻ ŀ ƪƴƻǿƴ wŜŦŜǊŜƴŎŜ 
System describing the Reference Space. Geometric Place Expressions define a άDeclarative tƭŀŎŜέ 
that derives its identity through the description in the Geometric Place Expression which can be seen 
as prescription to find the intended place in the real world.  
The relation of the Declarative tƭŀŎŜ ǘƻ ǘƘŜ ǘǊǳŜ ǇƭŀŎŜ ƻŦ ǘƘŜ ±ŀǊǳǎ ōŀǘǘƭŜ όάtƘŜƴƻƳŜƴŀƭ tƭŀŎŜέύ ƛǎ 
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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Figure 3: Concepts for stating hypothesis about places 
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2.4 How can we determine a Declarative Place? 
In this report we want to confine the definitions of Declarative Places to Geometric Place 
Expressions. Other possible definitions of Declarative Places include Natural Language Place 
Expressions. A deeper examination and understanding of these expressions is necessary to provide a 
conceptual model.  
 
Geometric Place Expressions define Declarative Places in an ideal way. Following the terms of this 
expression we can try to determine the corresponding physical location, i.e., 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:  

¶ the precision of determination and the geological stability of the location of the reference 
points within the reference system; 

¶ the precision of distance measurement devices or GPS; 

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

 
Figure 4: Determining and marking a Declarative Place in the real world 

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

After I reached the Declarative Place and marked it I still have to verify if this place approximates the 
place of the Varus battle. This verification can only occur through an observation within the extent of 
the Declarative Place. 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 place of the battle: 

¶ correspondance of the actual landscape to the landscape described by roman sources (taking 
into account potential changes in 2000 years) 

¶ finds of battle remains that can be attributed to the described period 

¶ find of  tombs with bones that have been buried after some exposure to the atmosphere 
 

 
Figure 5: Only via observations the Declarative Place can be verified as an approximation of the 
Phenomenal Place 
  



CRMgeo: Linking the CIDOC CRM to GeoSPARQL ς TECHNICAL REPORT: ICS-FORTH/TR-435 

10 
 

In Table 1 we identified the possible Error Sources that could lead to a wrong determination of the 
Declarative Place approximating the Phenomenal Place of the Varus battle 
 

Domain  Property  Range  Possible Errors  

Roman Source 
(E73)  

refers to  Varus Battle (E5)  Fictional Varus battle  

Phenomenal 
Place (SP2)  

defined in  Reference Space 
(SP3)  

Phenomenal Place not at  
rest to Reference Space  

Reference Space 
(SP3) 

at rest in relation 
to  

Physical Thing (E18)  Physical Thing (E18) lost stability 
of form  

Spatial 
Coordinate 
Reference 
System (SP4)  

describes  Reference Space 
(SP3) 

Reference Points fixing the 
Coordinate System are imprecise, 
moved or lost  

Geometric Place 
Expression (SP5) 

defines place  Declarative Place 
(SP6 ) 

Place Expression is not correctly 
measured  

Declarative Place 
(SP6 ) 

approximates  Phenomenal Place 
(SP2) 

Expressional Place and 
Phenomenal Place do not overlap 
(by evidence of find)  

Table 1: Possible 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 positions directly but only distances and 
directions in relation to reference points fixed on a physical thing. In 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 process more as positions are the result of sophisticated measurements of distances 
between satellites and the GPS receiver through 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 ancient wall where some representative 
points of the wall are measured and these points are connected through lines. The lines are an 
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interpolation based on an observation. Within the interpolation there could be an element of 
interpretation if parts of the wall are not existing any more but I belive that my interpolation 
represents the ancient wall.  
The expression of measurements, interpolations or interpretations in a Geometric Place Expression 
creates 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 french-spanish fleet and 
Lord Nelson death on the HMS Victory we want to illustrate the importance of the Reference Space 
concept for events taking place on moving 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 hypothesis in relation 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 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 Phenomenal Place on the seafloor ceases to exist when the seafloor disapears under the 
continental plate (this is relevant for palaeontology). Figure 6 illustrates the projection of the one 
unique battle Spacetime Volume to two Reference Spaces resulting in two Phenomenal Places.  

 

Figure 6: Events of the Trafalgar battle ς Spacetime Volume projected on ship and seafloor Reference 
Spaces 
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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 places lead us to the conclusion that ǿŜ ƘŀǾŜ ǘƻ ŘŜŦƛƴŜ ǿƘŀǘ ǿŜ ƳŜŀƴ ōȅ άǿƘŜǊŜέ ƛŦ ǿŜ 
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 the Phenomenal (or true) Space Time Volume 
defined as a 4 dimensional fuzzy point set (volume) which material phenomena like Events or 
Physical Things occupy in Space-Time. It is regarded to be unique but unknown and unobservable in 
its exact extent. Nevertheless we can tell if we are in or out of a specific Phenomenal Space Time 
Volume. It is necessary to compare and relate Events or Physical Things with each other which are 
not defined by their Phenomenal Space Time Volumes but define it. The spatial projection of one 
such Volume is a Phenomenal Place which derives its identity from 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 Phenomenal Places that are 
independent from time but bound in existence through their Reference Space. The example of the 
death of Lord Nelson on board of the HMS Victory illustrates the existence of different Reference 
Spaces. The event can either be projected on the seafloor as Reference Space or on the Reference 
Space of the ship, thus 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 Volume -> Phenomenal Place 
As Phenomenal Places can not be exactly observed or determinated we try to approximate them. 
This is done through Declarative Places that are defined by humans through Place Expressions. In this 
paper we want to restrict us to Geometric Place Expressions that use Spatial Coordinate Reference 
Systems to define Declarative Places with Coordinate Expressions. 
A Declarative Place could be derived from a measurement, of some points related to a physical 
feature or a result of interpreting a place on a map (which in turn is a result of some measurements 
and interpolations). 
Further research will be necessary to examine the nature of natural language place expressions to 
define Declarative Places. A Geometric Place Expression can be created from an observation with a 
measurement device or the the simple drawing of a line on a map. Both actions create a Declarative 
Place that can be visited in the corresponding Reference Space of the real world. A Declarative Place 
derives its identity through a Place Expression and not through a Phenomenal Places that it may want 
to approximate. Thus the identity chain of a Declaritive Place looks like this: 
Place Expression -> Declarative Place. 
This report focuses on the explicit modeling of different identities of phenomenal and declarative 
places. It provides the classes and properties that relate these two kinds of places with each other. 
This distinction allows linking CIDOC CRM conceptualisations with OGC (Open Geospatial 
Consortium) concepts bridging the gap to the geoinformation world. Through this model a 
representation of spatial content represented in GeoSPARQL (OGC 2012) within the CRM is possible. 
Three classes provide the hooks for GeoSPARQL. E4 Period and E18 Physical Thing are defined 
subclasses of the GeoSPARQL class "Feature" and SP 5 Geometric Place Expression is defined as 
subclass of the GeoSPARQL class "Geometry". Figure 7 provides a graphical view of CRMgeo 
classes(orange) and properties, the relation to existing CIDOC CRM classes (green) and the hooks for 
GeoSPARQL.  
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Figure 7: 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 spacetime volumes leads to the enhancement of 
the proposed model with seven new concepts. The already existing CIDOC /wa Ŏƭŀǎǎ ά9рн ¢ƛƳŜ 
{Ǉŀƴέ is the superclass of a ά{tмо Phenomenal Time-Spanέ ŀƴŘ a "SP10 Declarative Time-Span". 
ά{tмп Time 9ȄǇǊŜǎǎƛƻƴέ is analog to άSP5 Place Expressionέ and is related to a "SP11 Temporal 
Reference System". A general "SP8 Spacetime Volume" and a "SP7 Declarative Space Time Volume" 
are included in the model in order to be able to argue on space time volumes. The άSP7 Declarative 
Space Time Volumeέ is defined through a άSP12 Space Time Volume Expressionέ that is expressed in 
terms of a temporal and a spatial reference system. The expression can be a combination of a "SP 5 
Geometric Place Expression" and a "SP14 Time Expression" 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 physics and explicitly exclude systems with very high velocities or high precsion 
observation of long time intervals ǿŜ Řƻ ƴƻǘ ƳƻŘŜƭ ŀ άwŜŦŜǊŜƴŎŜ ¢ƛƳŜέ as it would be necessary for 
relativistic physics. Nevertheless there are use cases containing relativistic effects like questions 
related to systems where satilites are involved (e.g. GPS positioning). In this case the modeling of a 
Reference Time would be necessary. 
 
Figure 8 illustrates the full spatiotemporal model with its 13 new classes and the properties relating 
them.  
The classes of the model reflect the explicit modeling of the different identities of phenomenal and 
declarative entities. The phenomenal world classes consist of real world phenomena and the classes 
representing the space and time occupied by real world phenomena. The declarative world classes 
consist of the defined extents in space and time through human expressions. Figure 9 illustrates the 
main division between phenomenal and declarative world classes and the subdivision within the 
phenomenal and declarative world classes. 
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Figure 8: Graphical view of an enhanced model for analog conceptualization of time and spacetime volume  


