
International Journal of Control and Automation 

Vol. 12, No. 8 (2019), pp.1-10 

http//dx.doi.org/10.33832/ijca.2019.12.8.01 

 

 

ISSN: 2207-6387 IJCA 

Copyright ⓒ 2019 NADIA 

AN ONTOLOGY APPROACH FOR THE 

INTEGRATION OF VARIOUS VEHICLE SERVICES 

IN V2X COMMUNICATION 
^ 

 

Minwoo Ryu1 and Si-Ho Cha2* 

1Service Laboratory Institute of Convergence Technology, KT R&D Center, 

Seoul, South Korea 
2Department of Multimedia Science, Chungwoon University, Incheon,  

South Korea 
1mw.ryu@kt.com, 2shcha@chungwoon.ac.kr 

Abstract— Through numerous vehicle technologies advances, vehicular ad hoc 

network (VANET) applications have emerged as a new paradigm for the automotive 

industries. VANET is a special kind of mobile ad hoc network (MANET) which is a 

revolutionary technology that allows vehicles to be interconnected with each other 

using VANET communications protocols such as vehicle to vehicle (V2V), vehicle to 

infrastructure (V2I), vehicle to pedestrian (V2P), and vehicle to network (V2N). From 

this communication infrastructure, VANET can provide various services to the 

connected vehicle and their users. However, each communication protocol cannot 

interoperate with one another due to their characteristics. Although much research 

has been proposed to resolve the issues, some important issues have not yet been 

addressed. To resolve service silo, we provide an ontology for integrating existing 

vehicle services. To this end, we define the characteristics of each protocol and 

represent each resource in the ontology. Finally, to show feasibility, we implement the 

ontology using the protégé tool. Through the test results of this implementation, we 

can be sure that the vehicle ontology can eventually contribute to integrating various 

vehicle services in vehicle to everything (V2X) communication. 
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1. INTRODUCTION 

Vehicular ad hoc network (VANET) is a special kind of mobile ad hoc network 

(MANET) which has been a growing technological trend in the automobile industry [1]. 

VANET has emerged as a new paradigm and represents a technological revolution so that 

vehicles could be interconnected with distributed sensor network [2], dedicated short-range 

communications [3], and next-generation radio communications (LTE [4] and 5G [5]). 

Accordingly, vehicles in VANET will be able to provide various intelligence services to 

connecting vehicles and their users according to service scenario of communication 

methods, such as vehicle to everything (V2X) including vehicle to vehicle (V2V), vehicle 

to infrastructure (V2I), vehicle to pedestrian (V2P), and vehicle to network (V2N) [6]. First 

of all, V2V is used to share information between vehicles where each vehicle could send a 

short message to other vehicles using the well-known 802.11p protocol [7]. In particular, 

it focusses on delivering safety messages. Second, V2I is used to exchange information 
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between vehicle and infrastructure so the vehicle can send their information to other 

systems using the onboard unit (OBU) and roadside unit (RSU). Accordingly, vehicles can 

provide various services including non-vehicle services (e.g., payment and booking). Third, 

V2P is used to share information between vehicles and pedestrian to enhance pedestrian 

safety. In this scenario, safety messages such as traffic sign and vehicle information are 

sent to the mobile device of pedestrians from OBU or RSU using next-generation radio 

communications. Finally, V2N is used to utilize the various applications inter-vehicle. To 

this end, vehicles use public networks using wireless communications as Wi-Fi hotspots 

[8]. Figure 1 shows the communication methods of V2X communication in VANET. 

 

  

(a) (b) 

  

(c) (d) 

Fig. 1   V2X communication methods: (from left) vehicle to vehicle (V2V), vehicle to 

infrastructure (V2I), vehicle to pedestrian (V2P) and vehicle to network (V2N). 

Through these advantages of VANET, it could be a key to realizing the potential for 

providing intelligent vehicle services in an automobile. Due to the characteristics of V2X 

communications in VANET as shown in Figure 1, it has been difficult to integrate existing 

vehicle services or newly created services. Although much research has been proposed to 

resolve these issues, some important issues have not yet been rectified. First, most VANET 

services provide a push-based service. Due to different characteristics of V2X 

communications, however, the information should comply with the specific protocols in 

order to send information to connecting vehicles or others. Second, VANET services have 

their role according to different scenarios in V2X. In particular, most scenarios focus on 

the safety of drivers and pedestrian. Accordingly, the applications should be operated on a 

specific situation before human controls. Finally, most VANET applications operate on 

their own service platforms or devices which have vertical service architectures. In other 

words, existing applications cannot interwork with each other. 

To resolve these issues, we propose an ontology approach to integrate VANET services 

on a horizontal service architecture. To this end, we have designed vehicle service ontology 

based on OWL-S [9] which is an ontological model to describe semantic services. We 

define resources to use services and binding methods corresponding to each 

communication in V2X. Finally, to show the feasibility of the proposed ontology, we 

implement the ontology using protégé. 
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The rest of this paper is organized as follows. The existing related work in this research 

work is introduced in Section 2. The proposed ontology is presented in Section 3. The 

implementation is introduced in Section 4. Finally, we conclude our remarks in Section 5. 

 

2. RELATED WORK 

In this section, we introduce existing related work in this research field. VANET is a 

communication technology for automobiles [10]. Vehicles in VANET are wirelessly 

connected with each other using multi-hop communication without access to some fixed 

infrastructure; it is a special kind of mobile ad hoc network (MANET) [11]. However, 

unlike existing MANET, VANET has high node mobility and rapidly changing network 

topology. Due to this characteristic, various challenge issues (e.g., link breakage) in 

VANET have been studied in the last decade [12-14]. Through these efforts, VANET can 

be a key technology enabling a fully autonomous vehicle. Furthermore, various services in 

VANET have appeared as new opportunities for the autonomous vehicle. 

Silva et. al., proposed an information-driven software-defined vehicular network 

architecture [15]. In the proposed architecture, they provide content delivery services to 

vehicular applications. Furthermore, they integrate the concept of existing information-

centric networking (ICN) with the software-designed network (SDN) to the VANET’s 

characteristics.  

Grewe et. al., proposed an enhancement of ICN with a semantic descriptor in order to 

apply it to the vehicular IoT scenario [16]. In this article, they provide a demonstration of 

the semantic discovery to integrate ICN and design an architecture for the scenario of 

vehicular networks and vehicular IoT. Finally, they present example domain ontology and 

a proof of concept implementation using the Name resolution (NRS). From this concept, 

they introduce a semantic object discovery system in ICN in order to support open context 

systems. 

However, Silva and Grewe use ICN instead of current network architecture. 

Accordingly, to apply the proposed architectures into real-world situations, we have to 

change all of the current infrastructures.  

Ruta et. al., proposed a novel logic-based framework enabling contextual data 

management and mining in VANET [17]. In particular, they introduce a distributed 

collaborative framework for context awareness in vehicular networks based on two main 

contributions. Furthermore, in the proposed framework, they try information fusion with 

IoT in order to build a knowledge base. Finally, they use semantic technology to integrate 

knowledge according to dynamic scenarios. However, they only consider V2V and V2I 

scenarios in the proposed framework. Hence, we have to furtuer consider various service 

scenarios in order to apply the framework to V2X. 

Park et. al., proposed the recognition prioritization of road environment for supporting 

autonomous vehicles [18]. They conducted research to determine the priority with which 

the road infrastructure attributes should be acquired using the AHP (Analytical Hierarchy 

Process) method. 

Bibi et. al., proposed the message dissemination method using an ontology, named the 

Messaging Ontology for VANET (MOVA) [19]. The proposed ontology aims to enhance 

the performance of VANET in order to disseminate the message between vehicles. In 

particular, it focuses on traffic safety-related services. In this article, vehicle, message, road, 

and occupant are represented as top-level ontology. Furthermore, they use FaCT++ as a 

reasoner in order to infer the message and situation. However, the proposed ontology does 

not have enough information to apply the ontology into various service scenarios in V2X.  

Recently, many researchers have been trying to provide architectures and methods for 

integrating various services in V2X. Due to the characteristics of different service scenarios 

in V2X, however, to integrate various vehicle services, we have to resolve the issues as 
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mentioned in Section 1. In this perspective, we provide an ontological approach for the 

integration of vehicle services in V2X. 

 

3. VEHICLE ONTOLOGY 

In this section, we describe the proposed ontology which could be called vehicle 

ontology. To this end, we use the concept of the well-known OWL-S. The proposed vehicle 

ontology is summarized in Figure 2. As shown in Figure 2, the proposed ontology is 

composed of five models including VehicleService, Resource, ServiceProcess, 

ServiceProfile, and ServiceGrounding. The VehicleService model represents all of the 

vehicle services in V2X. The Resource model represents all of the resources which are used 

for enabling services. The ServiceModel represents a method to execute and operate 

regarding a specific service. The ServiceProfile model represents arguments for executing 

services. Finally, the ServiceGrounding model represents binding methods. More details 

are described in the next sections. 

 

 

Fig. 2   The Vehicle Ontology which represents top-level ontology 

3.1. VEHICLESERVICE MODEL 

The VehicleService model describes general information for vehicle services in V2X. 

Accordingly, the VehicleService model includes classes of ServiceDescription, Type, and 

Owner as shown in Figure 3. 

The ServiceDescription class represents a short description of a specific vehicle service 

where the description is expressed by hasDescription data property. The Type class 

represents communication categories in V2X such as V2V, V2I, V2P, and V2N. Hence, 

the type is expressed by the hasType data property. The Owner class represents ownership 

of a service. Each class has a relationship with the VehicleService class which is a 

superclass using hasSErviceDescription, hasServiceType, and hasOwnerID, respectively. 

 

3.2. RESOURCE MODEL 

The Resource model describes all of the resources which can be used to operate a service. 

In other words, all of the devices used in V2X are defined in this model. The Resource 

model includes three classes of ResourceDescription, ResourceType, and AccessInterface. 

The ResourceDescription class represents general information of the resource such as short 

description, access level, and whether it is a public resource or not. Each information is 

expressed by data properties of hasDescription, hasAccessLevel, and isPublic, respectively. 

The ResourceType represents the type of resource such as mobile phone, RSU, and OBU. 

Accordingly, each type is expressed by the hasType data property. Furthermore, to check 

the display device, hasDisplay data property is used in the class. Finally, the 

AccessInterface class represents information for the access point via the hasAccessPoint 

ResourceServiceGrounding VehicleService

ServiceProcess

ServiceProfile

presents

supports composedof

describedby utilize
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data property. Each class has a relationship with Resource class which is a superclass in 

the Resource model using object properties of hasResourceDescription, hasResourceType, 

and hasAccessInterface, respectively. Figure 4 shows the Resource model. 

 

 

Fig. 3   The VehicleService Model 

 

Fig. 4   The Resource Model 

3.3. SERVICEPROCESS MODEL 

The ServiceProcess model describes the method needed to execute a service defined in 

the VehicleService model. To this end, the model includes several classes to express the 

operating process of service as shown in Figure 5. 

The ServiceProcess class is a superclass in the model and it has AtomicProcess class and 

SimpleProcess class as subclasses. In other words, one service process can be represented 

as an atomic process or simple process. Furthermore, each process can be represented as a 

composite process again. However, to represent the composite process, the service process 

should combine two more service processes. Accordingly, the SimpleProcess class has a 

relationship with the CompositeProcess class using object properties of expandsTo and 

collpaseTo, respectively. Also, the CompositeProcess class has a relationship with the 

ControlPlan class via the composedOf object property. The ControlPlan class represents 

controlling methods such as sequence, join, select, and split. Thus, each method is a 
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subclass of the ControlPlan class. In addition, input, output, precondition, and effect which 

can be used to define processes are expressed as a class in the model. In the model, we 

comply with the original OWL-S ontological model instead of some classes. 

 

 

Fig. 5   The ServiceProcess Model 

3.4. SERVICEGROUNDING MODEL 

The ServiceGrounding model represents protocol binding to access services defined in 

the VehicleService model. Accordingly, the ServiceGrounding model includes two main 

classes such as Destination and StartingPoint. It also includes several protocol classes as 

shown in Figure 6. 

The ServiceGrounding class is the superclass in the model and it has a relationship with 

other classes using object properties hasProtocol, hasDestination, and hasStartingPoint, 

respectively. In this model, we define the most popular protocol in V2X such as DSRC, 

Cellular, and Wi-Fi hotspot. In particular, we define Other class which can use to represent 

various protocols. Finally, through classes of Destination and StartingPoint, we can define 

the accessing target. 

 

3.5. SERVICEPROFILE MODEL 

The ServiceProfile model represents a profile of service defined in the VehicleService 

model where each service category is defined as shown in Figure 7. 
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Fig. 6.  The ServiceGrounding Model 

 

Fig. 7.  The ServiceProfile Model 

4. IMPLEMENTATION 

In this section, we describe the implementation of the vehicle ontology using protégé 

and WebVOWL. The protégé tool is used to define classes, object properties, and data 

properties. In particular, we define domain and range regarding object properties in order 

to represent the relationship with each class. The WebVOWL tool is a visualization tool 

based on web browsers. It allows the display of an ontology as shown in Figure 8.  

In Figure 8, the blue circles are represented as classes and blue rectangles are object 

properties. The yellow rectangles are represented as a type of data. The green rectangles 

are denoted by data properties. Finally, the dot arrow lines are represented as subclasses. 

As shown in Figure 8, each model is implemented as one ontological model. To this end, 

we define classes, object properties, and data properties as shown in Figure 9.  
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Fig. 8   Visualization of the vehicle ontology 

 

Fig. 9   The implementation of vehicle ontology using the protégé (from left) class 

hierarchy, object property hierarchy, and data property hierarchy 

5. CONCLUSION 

In this paper, we have presented a vehicle ontology based on well-known OWL-S in 

order to integrate various services in V2X. We designed and developed an ontology using 

the protégé tool. To this end, we designed and developed a five-sub ontological model 

including the VehicleService model, the Resource model, the ServiceProcess model, the 
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ServiceProfile model, and the ServiceGrounding model. In particular, to guarantee 

ontological flexibility, we comply with OWL-S standard reparations. With the proposed 

ontological model, we have touched three main challenging issues as mentioned in Section 

1. Furthermore, we show a visualization of the implemented ontology using the 

WebVOWL tool. Through threes results, we can conclude with confidence that the vehicle 

ontology can eventually contribute to the integration of various vehicle services in V2X 

communication networks. 

Although we have provided vehicle ontology models for integrating various services in 

V2X communication networks, a system infrastructure is needed to manage the vehicle 

ontology. The vehicle ontology proposed in this paper can be used to understand and 

interpret data requested from vehicles. Accordingly, to handle and manage data, we need 

to consider the system infrastructure. Furthermore, the system infrastructure could resolve 

several issues by integrating some services in practice. Future research should be conducted 

to include a system infrastructure in order to manage the vehicle ontology according to data 

requested from vehicles. 
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