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Abstract. Many technologies have been used to identify the structure of context-based information in 

location-based service for positioning performance. Ontology based modeling is one of techniques that offer 

a domain that classify the type of location context entities. In order to represent the knowledge information in 

term of localization approach based indoor and outdoor conditions. This research proposes a location context 

ontology modeling to assort different locations that are linked together with multi-level of both indoor and 

outdoor conditions. A model provides the detail of proposed location context model and context reasoning in 

ubiquitous computing environment to test how location ontology can function at the same time and process 

the ability to infer more relations between location context entities. 
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1. Introduction
Positioning and localization technologies are integrating of sensing, processing, smart devices and

human interaction to enhance high performance of information awareness. The advancement of these 

technologies performs importantly in numerous fields such as transportation, tourism and educational 

purposes. Location based service (LBS) [1] [2]  uses the current position of  mobile devices obtained from 

various technologies for the purpose of tagging, tracking, locating and monitoring. There are many 

technologies that available for localization, but the most famous of outdoor condition is the Global 

Positioning System (GPS) [3] and multiple technologies including Wi-Fi [4], Bluetooth and RFID (Radio 

Frequency Identification) [5] [6]  that are used for indoor localization. By working under the complexity of 

physical and logical components, the system needs to find some schemes to deal with its’ issues and uses for 

data representation. Ontology [7] [8] is a tool to represent the knowledge of localization, it is also an 

essential technique for the naming and description of different types, properties and interrelationship 

between different entities.  

Ontologies open up a new area to deal with context-aware services. Therefore, the use of ontologies not 

only allows context modeling, but also to reason based on an inference engine and the collected data. 

Ontology is important model to share and exchange information between applications to the same domain, 

the conceptual of the knowledge representation includes the classes and their relationships of location-based 

service to demonstrate the entities to the model modes and apply to any condition of different environment. 

Ontology architecture assists user and developer to understand what concepts are present, which concepts are 
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fundamental for location-based service and applications to categorize location entities in the right level of the 

ontology representing.  

This research paper proposes the location context ontology model based on location based services 

(LBS). The model is designed by Hozo ontology editor software to identify different locations linked 

together with multi-level of both outdoor and indoor conditions. Specific details on the proposed location 

context model and context reasoning in ubiquitous computing environment are introduced. These include 

location representation, knowledge sharing and context ontology entities. This model explains the different 

components of large-scale location context until a specific positioning point is obtained to provide the 

direction and integration on the localization of outdoor and indoor seamlessly.  

The remaining parts of the paper are divided into four sections. In section 2 presents the background and 

related work of ontology and location context knowledge. Section 3 identifies the location context ontology 

modeling. Section 4 describes the ontology location based service implementation. Finally, we summarize 

and outline the whole work at the section 5. 

2. Background and Related Works 
Context [9] is any information that used to characterize the situation of an entity whereas an entity refers 

to place, object and people that are considered to be relevant to the interaction between user and an 

application such as location, time, activities and the preference of every entity. Context plays a significant 

role on the awareness information. These include a sensor context, a user context and an environment 

context. The operation of user context is recorded by the system for the reasoning and decision making of 

user’s behavior and demands [10].  Context awareness means that one is able to use context information. It 

has the ability of a program or computing device to detect , sense, interpret, act and respond to different 

aspects of the environment such as location, time and user identity [11]. Context awareness system consists 

of many components such as context acquisition and sensing, context modeling and representation, context 

filtering and fusion, context storage and retrieval, and context application. This system uses context 

modeling and representation in the context awareness computing. Context modeling can be divided into two 

levels: different context use the data structure to express mode, such as K-Value models, markup scheme 

models. It can support the semantic unity such as ontology based models, graphical models, etc.  

Context ontology  [12] is a more uniformed language that can be used to develop a more complex 

universal systems. Throughout the process, context ontology demands very little effort to create a uniform 

model through its interaction with various context-aware systems. However, it is very difficult process to 

solemnize contextual information because of the presence of new information in the context aware 

computing system. 

Several contexts are common and fundamental such as user, location, computational entity and activity 

for current situation. Therefore, ontology is used to describe concepts, attribute and relationship between 

related components in specific domain [13].  The ontology knowledge base is mainly used for storing 

ontology, context information, user model and reasoning rules. 

Ontology based model [14] can be used to develop application that are capable of inferring context 

information that are relevant for the user. These models can be developed using web ontology language 

(OWL) [15]  that has the structure of a dynamic database, which is efficient for location-based service 

searching development. Ontology is conceived as a set of entities, relations, functions, axioms and instances. 

For developing context models based on ontology [16] regards to several reasons as following:  

- Knowledge sharing: the use of context ontology enables computational entities such as agents and 

services in pervasive computing environments to have a common set of concept about context while 

interaction with one another. 

- Logic reference: based on ontology, context aware computing can exploit various existing logic 

reasoning mechanism to deduce high-level. Conceptual context from low-level, raw context, and to check 

and solve inconsistent context knowledge due to imperfect sensing. 

- Knowledge reuse: by using well-defined web ontologies of different domains. These include the 

temporal and spatial ontology.  
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In [17] proposed a location-based service using ontology approach with a focus on the indoor activities 

in a university context. The model was designed for sharing, managing and querying data semantically, 

reasoning rules were created for semantic queries to retrieve and provide information. The framework was 

proposed to describe the entire location-based service system and its components; a 3D network model-based 

topological data model was used to calculate the shortest path to a destination location of interest. This study 

contributed to further implementation of ontology reasoning techniques that were integrated with location-

based, the reasoning rules also enhances the richness of semantic queries for suggesting other places for 

more choice, relevant to destination of interest. 

In [18] presented the model of the navigation of the ILONA system to model the structure of  building 

efficiently and this model can be used to extend the ILONA system with an ontology-based navigation 

capability. The extended model allowed the grouping of zones based on their physical location, owner or 

function that made the handing of zones easier and enhances the modeling ability of the ILONA system. The 

navigation components also defines gateway between zones that will be used by the routing algorithms. 

Automatic tests more than 90 percent of the source code of the component presented. 

In [19] proposed a medical assistance system based on ontologies that manage and exploit the larger and 

rapidly growing volume of medical data in order to facilitate on the road decision making for the mobile 

physician. Ontology-based medical system allows finding out as quickly as possible the needed medical 

resources and reserves the most suitable health care institutions according to the patient state. The 

information provided a great support to match patients and physicians needs with medical resources and 

skilled staffs available in the nearest health care institutions. 

3. Location Context Ontology Modeling 
Many existing models have been developed by researchers. These include the symbolic models, 

hierarchical models, and geometric models. In this research paper, the model-based ontology integrates with 

symbolic models to support the system based outdoor and indoor scenarios seamlessly. The models are 

supported to be the framework for the whole conceptual of the proposed system. The models are expected to 

provide both outdoor and indoor localization that enable users to have a greater awareness of the scope 

context location from larger scope until specific positioning is achieved. The system integrates indoor-

outdoor seamlessly and does not take into consideration on the boundary between global and local 

positioning. 

 

Fig. 1: Symbolic model based large scale of location specification. 
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The high level scenario of the proposed models can be represented by any attribute such as zone, 

continent, country and so on, that give a better primary conceptual framework of the system. Moreover the 

lower levels of information can expand when zoomed in from the higher levels of information based on 

user’s current location. This information not only provides the user location, but also enables the system to 

supply user information such as people nearby, user profile and point of interests. The proposed frameworks 

illustrate the relationship between higher level and lower level seamlessly. As such, the framework supports 

both outdoor and indoor technologies after the system has adjusted to specific technologies according to the 

current situation. The route can then be provided to reach specified user’s target direction. 

Symbolic location model (Figure 1) utilizes the positioning from a large scale to specific space. As a 

result, it can be used to express all physical entities with whole properties and objects. A model provides a 

different perspective at expressing related components and the relationship between symbolic model and the 

environment. The proposed model was defined relatively to the global of discourse such as geo-location 

scenarios, tourism guidance, metropolitan planning. As the result, the structure model has been designed to 

be more users friendly by providing support to the ubiquitous environment. 

The designed model location context awareness is common for both geo-location and relevant physical 

objects concepts. A location is explained by geographical perspectives, positioning tracking and taxonomy 

for location determination. Physical objects are component related to location awareness and navigation 

service such as smart devices, activity, process and technology. In several accessions, time ontology is used 

to fulfill the requirement of real-time responding service for the real situation. The system can then be used 

to determine location everywhere from the proposed system.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: The general classes of the location taxonomy. 

 

The taxonomical hierarchy location (Figure 2) has been proposed to represent the general term of 

location entities that enable to provide to any particular location. The components of location entities such as 

region, movement, place and location are defined as the geographical ontology structure to identify 

conceptual among knowledge exchange from the large scale to the specified positioning. The various 

relations to formulize the physical objects in term of appropriate modeling that can be investigated the 

different class of the object properties. The location information to represent each sub entities are described 

the integration between geo-information. The root of the graph is defined as taxonomical hierarchy location 

to represent any location in the world. The classes of {region, movement, place and location} are divided 

into sub-classes such as region class is divided into {water area, coastline and land area}. Movement can be 

divided into {street and pedestrian}. Place {beach, town forest and mountain}, Location {Absolute location 

and relative location}. For other sub-classes can be divided further extraction granularity which depend on 

the provided geographical region and appropriate location context. 

The infrastructure of the localization (Figure 3) supports the context awareness computing service in 

term of pervasiveness and ubiquity environment which is consisted of evaluation properties and context 

information such as current location, current time. It contains a relation location layers and context that serve 

and provide the service to the user accurately. Hence, the specification of these approaches enable the 
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support of the right service irrespective the user situation, environment changes. Indoor condition that shown 

in the Figure 3 can be accommodated to all possibilities in the context domain in terms of indoor entities 

representation, however, this graph explained the entities of university context as an example for the 

proposed system. Sub-entities of the indoor location such as footpath, lobby, floor and room are able to apply 

to the other perspectives based indoor condition such as concert hall, indoor station and shopping center. 

Fig. 3: Location Context Awareness Hierarchy graph. 

Within the navigation service scenario, the activities include travelling, moving, guidance and working. 

These activities also contain sub-components. On the other hand, the service includes many types of relevant 

knowledge representations namely user, technology, device, environment that are listed in the Figure 4 (left). 

Based on Figure 4 (left), the type and elements of the service play an important role by identifying the 

correct factor that specifies on the exact positioning in the location context based indoor and outdoor 

conditions. 

Fig. 4: Location Context Entities (Left)    and    Relation concept of the taxonomy location (Right). 

4. Ontology Location Based Service Implementation
Location context ontology models have been developed to provide the information on the geographical

location and other components that are related to location awareness approaches, this category has been 
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analyzed and the structure of model has been created based on the formation of the logical analysis to infer 

additional relationship between location context entities. The model has been developed by Hozo ontology 

editor software version 5.6.2 bata [20] that is built on the ontology web language  to support and classify the 

different classes and object properties of the location based indoor and outdoor conditions. Location 

ontologies are mapped to the root class called “Navigation Service” and disjoint classes that are connected to 

one another. 

Location context entities and individual by class (Figure 4) are used to characterize any geographical 

location such as absolute location and relative location, the meaning of each entities and their relation with 

another related entities are also used to represent the knowledge information in the hierarchy taxonomical 

concepts, any deployment areas that can be classified by their location scales such as continent, region, 

country, province and city. Furthermore physical location and spatial proximity location have been identified 

using value of positioning coordinates such as {longitude, latitude, above, across, behind, below and etc.}. 

Fig. 5: Navigation Service scenarios elements. 

We have added classes and important concepts such as subclasses of geographical location based indoor 

and outdoor conditions. The overlapped areas are classified into two parts, namely the outdoor local and 

indoor global (Figure 5) to display specific positioning entities for the separation of subsections at the 

boundary of indoor and outdoor locations. The concept of outdoor local has been provided in terms of 

university ontology context including {campus, faculty, department and building}; in regards to indoor 

global, information include {footpath, floor, and room}. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6: Resource Description Framework of localization (Left) and Ontology Web Language output (Right) 

<rdf:Property rdf:about="has_Province_Name"> 

  <rdfs:label>has_Province Name</rdfs:label> 

  <rdfs:subPropertyOf 

rdf:resource="hasAttribute"/> 

  <rdfs:domain rdf:resource="#Absolute_Location"/> 

</rdf:Property> 

<rdf:Property rdf:about="has_Country_Name"> 

  <rdfs:label>has_Country Name</rdfs:label> 

  <rdfs:subPropertyOf 

rdf:resource="hasAttribute"/> 

  <rdfs:domain rdf:resource="#Absolute_Location"/> 

</rdf:Property> 

<rdf:Property rdf:about="has_Continent_Name"> 

  <rdfs:label>has_Continent Name</rdfs:label> 

  <rdfs:subPropertyOf 

rdf:resource="hasAttribute"/> 

  <rdfs:domain rdf:resource="#Absolute_Location"/> 

</rdf:Property> 

<rdf:Property rdf:about="has_Length"> 

  <rdfs:label>has_Length</rdfs:label> 

  <rdfs:subPropertyOf 

rdf:resource="hasAttribute"/> 

  <rdfs:domain rdf:resource="#Distance"/> 

</rdf:Property> 

<owl:Class rdf:ID="RelationalConcept"> 

  <rdfs:label>RelationalConcept</rdfs:label> 

</owl:Class> 

<owl:ObjectProperty rdf:ID="hasPart"> 

  <rdfs:label>hasPart</rdfs:label> 

</owl:ObjectProperty> 

<owl:ObjectProperty rdf:ID="hasAttribute"> 

  <rdfs:label>hasAttribute</rdfs:label> 

</owl:ObjectProperty> 

<owl:Class rdf:ID="Location_Awareness"> 

  <rdfs:label>Location Awareness</rdfs:label> 

</owl:Class> 

<owl:Class rdf:ID="Outdoor_Location"> 

  <rdfs:label>Outdoor Location</rdfs:label> 

  <rdfs:subClassOf 

rdf:resource="#Location_Awareness"/> 

</owl:Class> 

<owl:Class rdf:ID="Geographical_Location"> 

  <rdfs:label>Geographical 

Location</rdfs:label> 

  <rdfs:subClassOf 

rdf:resource="#Outdoor_Location"/> 

</owl:Class> 
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In addition, the overall process of the ontology framework comprises a set of relation between data 

properties and classes (object properties). The object property specifies the relationship between outdoor and 

indoor location such as continent, country and to find continent that contains the searched country and 

provinces that are part of country, and cities that are contained in the province properties. 

Table 1: Set of object properties for location ontology

Entities Object Properties Data Properties Individual by classes Range 

Continent Include Continent_name Asia String 

Country Involve Country_name Japan String 

Province Is_part_of Province_name Tokyo String 

City Is_part_of City_name Shibuya-ku String 

In order to facilitate decision-making, the system needs to query ontology of localization entities. It 

contains property path expressions that allow path properties to be matched, the purposes of query analysis 

and query plan optimization are provided to implement the query based on query execution. The query 

supports the keywords, meaning to become solution and can be subtracted from another provided form to 

fulfill the complex class expressions and essentially query ontology entities.  

5. Conclusion
This research paper introduces an ontology-based model to support ubiquitous computing environment

based location awareness application. The model is built to be developed as a framework for the localization 

based indoor and outdoor conditions and to specify the different component of navigation service. In 

addition, the paper provides a comprehensive explanation on the sub-elements of the ontology-based model. 

We define different types of localizations and related components of the location-based service approach.  

The proposed ontology model using Hozo ontology editor software to develop the prototype model can 

be used in any location-based service application to easily realize the domain, concepts and its relations, any 

other tool or language except Hozo ontology editor can also be used to indicate the entire location entities for 

understandable representation of ontologies, on the other hand, the ontology can provide in translating the 

location-based data such as geographical location into semantic information. 

The implementation of the ontology relationship is also provided in detail in terms of location taxonomy. 

Having said this, this model is adaptable to any individual depending on their fields. Furthermore, developers 

can utilize the information in the paper to support and to guide their work with other knowledge and for 

further improvement. This model is a beginning procedure of the large project of the integration between 

different condition of localization and being a model to develop localization awareness application. Even 

though challenges remain on the exploration and the implementation of the model due to real-time 

responding and higher performance based location awareness approach, the model can be used as a starter kit 

to develop localization awareness application. 
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