
Abstract 

The W3C’s Semantic Web Activity is illustrating 
the use of semantics for information integration, 
search and analysis. The majority of work in this 
community has focused on the thematic aspects of 
information and has paid less attention to its spa-
tial and temporal dimensions. This poster de-
scribes ongoing work in capturing the thematic, 
spatial and temporal dimensions of information us-
ing an integrative ontology-based framework. We 
present an upper-level ontology combining the 
thematic and spatial dimensions and show how to 
incorporate temporal semantics. We also introduce 
the notion of a thematic context and discuss its 
role as a building block for querying and analysis. 

1 Introduction 

Relationships are what define semantics, and ontologies are 
the centerpiece of many current approaches to realizing se-
mantic information systems. Additionally, semantic ana-
lytics [Aleman-Meza et al. 2006] has emerged as a powerful 
new class of application focusing on analysis of relation-
ships in semantic web data (e.g., RDF graphs). Key con-
cepts in this area are semantic associations [Anyanwu and 
Sheth 2003] which are complex relationships connecting 
resources in RDF graphs. So far, work in semantic analytics 
has concentrated on thematic relationships (e.g., the fact that 
two glycopeptides participated in the same biological proc-
ess). However, in many domains and for many applications 
(e.g., national security, emergency response), we cannot 
ignore how entities are related in space and time. 
To realize an extension of thematic analytics to spatial and 
temporal analytics, we envision a system that combines vast 
amounts of thematic metadata captured using semantic web 
data representations with digital geospatial data collected by 
the GIS community. In addition, we want to incorporate 
temporal metadata. Given the example of analyzing histori-
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cal entities and events of World War II, we would seek to 
answer queries such as “Which military units came in close 
spatial proximity with the 101st Airborne Division during 
November 1943?” or “What water features intersect the area 
of Operation Market Garden?”   

2 Multi-dimensional Model 

We present an upper-level ontology defining a general hier-
archy of thematic and spatial entity classes and associated 
relationships connecting these entity classes (see Figure 1). 
A unique aspect of our approach is that we do not require 
the spatial properties of each thematic entity to be explicitly 
recorded. Instead, we utilize relationships in the thematic 
domain to indirectly provide spatial properties. This gives 
the benefit of greater flexibility when integrating thematic 
and spatial information, which is necessary for utilization of 
disparate and incomplete information sources such as data 
available on the web. 

Thematic Dimension: Our upper-level thematic ontology 
consists of a fundamental class hierarchy and a few basic 
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Figure 1. Upper-level ontology for space, time, and theme. 

Spatial Occurrents and Named Places are directly linked with 

Spatial Regions, which record their geographic location. Tem-

poral intervals on relationships denote when the relationship 
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relationships. We first distinguish between Continuants and 
Occurrents [Grenon and Smith 2004]. Continuants are enti-
ties that persist over time and maintain their identity through 
change (e.g., a soldier). Occurrents represent events and 
processes (e.g., a battle). A second division of entities con-
cerns spatial properties. Some Occurrents are inherently 
spatial, such as a troop deployment; others are not, such as 
the assignment of a solider to a division. We therefore ex-
plicitly represent Spatial Occurrents. Similarly, we distin-
guish a special type of Continuant which we refer to as a 
Named Place. Named Places are entities which serve as 
locations for other physical entities and Spatial Occurrents 
(e.g., a building or a city). In contrast, Dynamic Entities are 
those Continuants with dynamic spatial behavior (e.g., a 
vehicle). 
Spatial Dimension: The spatial dimension of our ontology 
captures two-dimensional space and supports both topologi-
cal relations and quantitative relations. The three main entity 
types are Spatial Region, Coordinate and Coordinate Sys-
tem. Spatial Region has three subclasses: Centroid, Polyline, 
and Polygon, which are specified with instances of Coordi-
nate, and a Coordinate is specified in terms of a Coordinate 
System.  
Inter-dimension Connections: We use a handful of impor-
tant relationships to connect knowledge captured in the spa-
tial ontology with knowledge in the thematic ontology. We 
define a relationship occurred_at which connects Spatial 
Occurrent to Spatial Region, and we define a relationship 
located_at which connects Named Place to Spatial Region. 
These key relationships allow us to associate a thematic 
concept, such as the city of Berlin or the Battle of the Bulge, 
with its geospatial properties. Consequently, spatial rela-
tionships between thematic entities can be derived using the 
associated Spatial Regions. 
Adding Temporal Support: We adopt a discrete, linearly-
ordered time domain and focus on absolute time. We incor-
porate the time dimension by associating time intervals with 
relationship instances in the ontology, essentially a temporal 
reification of an RDF statement. The time interval on the 
relationship denotes the times at which the relationship is 
valid. This follows the approach taken in [Gutierrez et al. 
2005].  

3 Spatiotemporal Thematic Analytics (STTA) 

The basic goal of this framework is an extension of thematic 
analytics which supports search and analysis of spatial and 
temporal relationships between entities. The key idea is that 
non-spatial entities indirectly obtain spatial properties 
through their relationships with spatial entities, specifically 
Named Places and Spatial Occurrents. The nature of the 
links in these connecting relationships serves as a context 
for the spatial connection. Similarly, entities obtain temporal 
characteristics indirectly through the temporal properties of 
their relationships. 
Thematic Context: The most fundamental aspect in our 
approach to STTA is what we term a thematic context. The 
definition of a thematic context builds from the concept of 
ρ-path semantic associations introduced in [Anyanwu and 

Sheth 2003]. A ρ-path association between two resources in 
an RDF graph is essentially a path in the RDF graph con-
necting the two resources. Intuitively, a thematic context 
defines a type of association; it provides a means to con-
strain the thematic connections used to associate spatial and 
temporal properties with thematic entities. For an RDF 
Graph G, a thematic context is an ordered sequence tc = 
C1.P1.C2.P2.C3...Cn-1.Pn-1.Cn where Ci ∈  CLASSES(G) ∪  
INSTANCES (G) ∀ i=1..n and Pi ∈  PROPERTIES(G) 
∀ i=1..n-1. We say a ρ-path semantic association p = 
e1.p1.e2.p2.e3…en-1.pn-1.en satisfies a thematic context tc = 
C1.P1.C2.P2.C3…Cn-1.Pn-1.Cn if ∀ i, pi = Pi or pi is a subclass 
(or descendant) of Pi and either ei = Ci, ei is an instance of 
Ci, or ei is an instance of some class Ci' which is a subclass 
(or descendant) of Ci.  
The connections created from thematic contexts allow a 
number of ways to analyze information in three dimensions. 
This starts with simply examining an entity’s spatial and 
temporal properties with respect to a thematic context. Con-
sider the example context ‘3

rd
 Armored Divi-

sion’.participates_in.Battle. By retrieving the Spatial Re-
gions connected to instances of the Spatial Occurrent Battle, 
we can see the spatial properties of the 3rd Armored division 
with respect to a battle participation context. Similarly, ex-
amining the temporal properties of the triples making up 
these paths allows us to analyze temporal properties. We 
can also look at temporal and spatial relationships between 
multiple entities. With this approach, we can answer queries 
such as “Which military units’ operational areas overlap the 
operational area of the 3rd Armored Division?” by retrieving 
the Spatial Regions from the previous example and finding 
overlapping Spatial Regions connected to other military 
units through a battle participation context. We can similarly 
answer temporal relationship queries such as “Which presi-
dential speeches were given within 1 day of a major battle?” 
by evaluating the temporal relationships between thematic 
context instances. 
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