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1. INTRODUCTION  

1.1. Semantics is the study of meaning. Semantic technologies utilize the meanings of 

computational data by representing meaning separately from data content and application code, and by 

establishing a common format for combining information from various sources of data.  

1.2. The Semantic Web is an extension of the current Web that utilizes semantic 

technologies and services. It allows the integration of online information which was not previously 

connected by creators, and it provides a way for machines to derive meaning from information available 

on the Web. [1] 

1.3. A challenge to effective data sharing within the global aviation community is that 

stakeholders use organization-specific and independently managed data models, messaging standards, 

and business vocabularies. Semantic technologies offer a foundation for integrating these inherently 

heterogeneous sources. 

1.4. In this paper, we survey how Semantic Web technologies are used in the aviation 

community, and we introduce an open repository of semantic artifacts (semantics.aero) as a means for 

facilitating collaboration among practitioners in the SWIM community. 

2. DISCUSSION  

2.1. Background 

2.1.1. Semantic Web technologies enable software agents to understand the meaning of the 

data exchanged between services. Central to these technologies is the Resource Description Framework 

(RDF) [2], an extensible and flexible standard model for data interchange.  

2.1.1.1. RDF is used to describe and model resources.  At its most generic level, a resource is 

any item of interest in the context of an information domain. Examples of resources include a document 

or file (e.g., a Web page or an image) or a concept or “thing”, such as a flight, a runway or a SWIM 

service. 

SUMMARY 

This paper surveys how Semantic Web technologies are used in the aviation community 

and introduces an open repository (semantics.aero) as a platform to facilitate collaboration 

among Semantic Web technology practitioners in the SWIM community.  
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2.1.1.2. Resources and their relationships are unambiguously identified across the entire Web 

using Universal Resource Identifiers (URI). [3] Furthermore, relationships among concepts can serve 

as links to allow a software agent to navigate from one resource to related resources, forming a web of 

linked data. [4] An example is shown in Figure 1. 

  

Figure 1 Linked data describing a flight1 

2.1.1.3. Together, URI and RDF allow the development of flexible and extensible data models 

that scale as the World-Wide Web itself.  

2.1.2. RDF is used to develop machine-understandable vocabularies. In these cases, resources 

being modeled are concepts within an information domain.  Depending on the business needs, the 

vocabularies can have different degrees of expressiveness. 

2.1.2.1. A controlled vocabulary (CV) is the simplest type of such vocabularies. A CV is a 

managed list of terms (concepts) that have been enumerated explicitly. Organization policies often 

require that only terms in the CV be used in a domain. 

2.1.2.2. A taxonomy is a controlled list of concepts organized as a hierarchical structure for 

categorizing or classifying objects. Taxonomies are commonly used to facilitate the search, 

administration, and analysis of a large collection of entities. A taxonomy of Flight Phases is shown in 

Figure 2. 

                                                      
1 Source: Keller, Richard M. "Ontologies for aviation data management." IEEE/AIAA 35th Digital Avionics Systems 

Conference (DASC). IEEE, 2016. 
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Figure 2 Flight Phase Taxonomy 

2.1.2.3. CVs and taxonomies often follow the Simple Knowledge Organization System (SKOS) 

standard [5], a standard for organizing concepts using RDF. 

2.1.2.4. An ontology is a set of concepts and categories in a subject area or domain that shows 

their properties and the relations between them.  Ontologies are the most expressive and the most 

complex form of such vocabularies. Based on the Web Ontology Language (OWL) standard [6], they 

can represent rich and complex knowledge about things, groups of things, and relations between things. 

The example in Figure 1 is based on a fragment of US National Aeronautics and Space Administration’s 

(NASA) Air Traffic Management Ontology. [7] 

2.2. Semantic Web Technologies in the Aviation Community 

2.2.1. The benefit of vocabularies based on Semantic Web technologies has been long 

recognized by the aviation community. There have been several efforts to develop semantic data models 

and vocabularies for aviation data exchanges.  

2.2.1.1. FAA has developed a SWIM Controlled Vocabulary (SWIM CV) with the goal of 

giving FAA organizations, support contractors, vendors, and business partners a uniform understanding 

of terms employed in the SWIM environment. The CV contains a comprehensive list of terms with clear 

and unambiguous definitions. Each term is globally uniquely identified by a dereferenceable URI so 

that it can be related semantically to other terms, vocabularies, or resources. [8] 

2.2.1.2. The NASA ATM ontology, shown in Figure 1, supports integration, query, and 

search over multiple sources of heterogeneous ATM data. 
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2.2.1.3. FAA and the Single European Sky ATM Research (SESAR) have jointly developed 

SKOS-based taxonomies to classify SWIM services by the type of data products delivered, service 

availability status, and service interface type. [9] These taxonomies are used to help describe services 

published in FAA’s and EUROCONTROL’s SWIM registries. 

2.2.1.4. FAA has developed the Web Service Description Ontological Model (WSDOM) [10], 

based on standards such as OWL-S [11].  WSDOM is a basis for model-driven implementation of a 

service description.  

2.2.1.5. The Open Geospatial Consortium (OGC) has produced a number of taxonomies using 

SKOS under its Interoperability Testbed program. Examples include taxonomies for US Airways, 

ICAO Regions, US Flight Information Regions, and Airspace Classes. [12] 

2.2.2. Instead of requiring organizations to agree on the same message format and business 

vocabulary before exchanging data, semantic technologies can help bridge the differences in data 

models and terminologies. 

2.2.2.1. For example, based on their own SWIM governance processes, FAA and SESAR have 

defined different terminologies for expressing lifecycle stages for services published in their respective 

registries. In developing a mechanism for exchanging service description data between their registries, 

FAA and SESAR used the SWIM service availability status taxonomy to ensure that service lifecycle 

stages are interpreted correctly despite the terminology difference, as illustrated in Figure 3. [13]  

 

Figure 3 Mapping FAA and SESAR Service Lifecycles to Common Taxonomy by using SKOS-defined 

relationships 

2.3. Semantics.aero  

2.3.1. Semantic data models and vocabularies are usually published in repositories that are 

easily accessible by both human users and software agents. 

2.3.2. Consistent with Semantic Web best practices, these repositories ensure that URIs 

identifying the concepts are dereferenceable2, i.e., the URI resolves to a document that directly or 

indirectly describes that concept. [14] For example, when a URI such as 

http://semantics.aero/availability-status is requested by a software agent such as a browser, the 

repository should return an appropriate document representing the concept, such as a machine-readable 

version of the Service Availability Status taxonomy.  

2.3.3. For example, the repository may return the RDF document shown in Figure 4 when 

the URI http://semantics.aero/availability-status operational is requested by a software agent: 

                                                      
2 URI Dereferencing is the process of looking up a URI on the Web in order to get information about the 

referenced resource. See [15] 

http://semantics.aero/availability-status
http://semantics.aero/availability-status
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Figure 4 RDF Representation of a concept 

2.3.4. FAA has established http://semantics.aero as an open repository and has made it 

available for use by the aviation community to publish artifacts developed using Semantic Web 

technologies. Nine SWIM taxonomies and a controlled vocabulary have already been published at 

semantics.aero, as described in the Appendix. 

 

Daft Conclusion/Draft Decision/Decision XX/XX - SEMANTIC TECHNOLOGIES IN THE CONTEXT OF 

SWIM   

What:   Semantic Web technologies is an important element 

of the APAC SWIM interoperability approach.  

Expected impact: 

☐ Political / Global 

☐ Inter-regional 

☐ Economic 

☐ Environmental 

☒ Ops/Technical 

Why:   Semantic Web technologies can 

enable effective data sharing within the APAC 

aviation community.  

Follow-up:  ☐Required from States   

When:  6-May-19 Status:  Draft to be adopted by PIRG 

Who:  ☒Sub groups  ☒APAC States  ☐ICAO APAC RO  ☐ICAO HQ  ☐Other: XXXX  

3. ACTION BY THE MEETING 

3.1. The meeting is invited to: 

3.1.1. Review the contents of this working paper; 

3.1.2. Consider Semantic Web technologies as part of the APAC SWIM interoperability 

model; and 

3.1.3. Encourage the APAC SWIM community to leverage semantics.aero for collaboration.  
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APPENDIX SEMANTICSAERO 

As shown in Figure 4, a number of semantic artifacts, such taxonomies and controlled vocabularies, 

have already been published on semantics.aero. For each artifact, both human-readable (HTML) and 

machine-readable versions (RDF) are provided, as shown in Figure 5 and Figure 6. 
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Figure 5 semantics.aero home page 
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Figure 6 Human-readable version of Service Availability Status Taxonomy 

 

Figure 7 Machine-readable version of the Service Availability Status Taxonomy 

 


