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Abstract
People spend most time in increasingly complex indoor environments. The amount of semantic information of human
activities in hospitals requiring efficient data management and query process. However, the available indoor
navigation system for presenting information lack semantics. In this paper, we propose a knowledge base for
representing knowledge of hospital navigation in a semantically enriched and machine-readable manner. First, we
constructed a preliminary framework with the semantic data for sharing and managing, which is involved in indoor
space ontology, user ontology, process ontology, location ontology, interface ontology, and medical ontology. Finally,
knowledge-based hospital navigation will build based on ontology and provide the potential for sharing semantic data
when faced with similar services.

1. INTRODUCTION
People spend more than 90% of their time in indoor spaces and have a lot of activities. And activities can be described
by various semantic information such as type (e.g., work or visit), time, space, and participants. Hospital is an example
of a complex environment with a great variety of services and presupposes certain urgency in the flow of patients and
staff (Mollerup, 2009). It is difficult to find facilities and access information, namely, what treatment to seek, when,
where, how to get to, and how to perform. The process is often rather involved in the complex sequences of tasks and
needs to move independently to reach the locations where treatment is provided (Ardissono et al., 2012). Visitors who
are burdened by health concerns and uncertainty and often difficult to find the right way in hospital navigation (Fixova
et al., 2014).
The existing indoor navigation systems use different data structures, infrastructure, and provide different routing
information (Huang et al., 2009). The knowledge base is to build the model in an indoor environment for users to
search, track, and share semantic information. Some studies develop new methods for knowledge-based semantic
retrieval to improve retrieval efficiency for indoor navigation (González et al., 2020; Sanya, 2018), among which
services in university (Lee et al., 2016), shopping mall (Orciuoli et al., 2016; Yao et al., 2017), museum (Domingo et
al., 2016), and hospital (Kim G et al., 2009; Fleiner et al., 2017). In the hospital, people have the amount of semantic
information about indoor activities and may change frequently. However, there is no knowledge base and semantic
standard so far in the design of hospital navigation services. Ontology-based semantic queries can facilitate the search
in computing environments through better getting semantic information.
Previous studies focused on the usability of ontology techniques for indoor navigation for personalized route planning
system (Anagnostopoulos et al., 2005; Dudas et al., 2009), context-aware (Kritsotakis et al., 2008), and seamless
navigation in indoor and outdoor spaces (Yang & Worboys, 2011). However, the proposed ontology models are not
suitable for navigation services in a hospital. In addition, with the widespread use of smartphones, the integration of
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ontology and semantic techniques with location-based services needs to be considered. Thus, this study focuses on the
implementation of an ontology model for hospital navigation and the integration of the model with semantic queries in
hospital spaces.
In this paper, we focus on the implementation of an ontology model to construct a knowledge base to enhance quick
retrieving for efficient semantic data management and queries in the hospital navigation. Ontology provides unified
terms to improve the semantic interoperability of domain knowledge (Sonsilphong et al., 2016). The knowledge base
can store conceptual workflows (Zhuang et al., 2018). It provides relevant information retrieval capabilities through
various reasoning rules (Berners-Lee et al., 2001; McIlraith et al., 2001).

2. RELATED WORK
2.1 Knowledge representation based on ontology
Ontology is a set of names and descriptions of the types, properties, and interrelationships of the entities in the
environment (Maedche, 2001). It can formally represent knowledge of spatial objects (Guarino,1995). For sharing
semantical information in indoor space modeling, the formalized representation of knowledge is an essential step in
building a knowledge base. For machine processing, more specialized formalization of knowledge, such as Web
Ontology Language (OWL) and Semantic Web Rules Language (SWRL), is needed for representing knowledge,
defining rules and carrying out semantic reasoning (Xing et al., 2018).
Hospital navigation typically consists of various types of data, such as indoor space data, medical knowledge,
information of users, and location databases. It is unsatisfied to query or utilize those data in navigation service because
the system lacks semantic information. Users have the challenge of finding the information they need. Therefore, there
is a need to discover or uncover valuable information from those data to transform such data into a knowledge base that
could help in improving navigation services at the hospital (Riañoa et al., 2012). To help the organization to adopt
Semantic Web, the World Wide Web Consortium (W3C) has formed the Semantic Web for Health Care and Life
Sciences Interest Group (HCLSIG). And there are some medical ontologies, including Systematized Nomenclature of
Medicine - Clinical Term (SNOMED CT), Medical Dictionary for Regulatory Activities (MedDRA), WordNet of
Medical Events (WME), Gene Ontology (GO), and Foundational Model of Anatomy (FMA).

2.2 Indoor navigation ontology
Ontology is applied to indoor navigation models such as IndoorGML (Kim et al., 2014) and BIGML (Kessel et al.,
2010). Building Topology Ontology (BOT), which a minimal ontology for describing the core topological concepts of a
building, was proposed by the W3C Linked Building Data Community Group. As in the case of RDF, the IFC to LBD
(Linked Building Data) converter is available. For example, Farias et al. (2015) make the information contained in an
IFC file useful for indoor navigation base on the ifcOWL ontology. And they all focus on the representation of indoor
spaces.
With the demand for indoor navigation services is increasingly diversified, people have different needs and put forward
various semantic restrictions on route planning. Traditional map navigation service provides the query function, which
is more to the given starting point, ending point, and the shortest route between two points. However, in some cases,
such as during the physical examination, there are many people taking blood tests, but few taking internal medicine so
that people can first go to internal medicine. Therefore, the shortest path may not be the best choice to navigate due to it
is not applicable for personalized preferences under multiple metrics (Zhuang et al., 2018). The ontology-based
semantic model can effectively solve the problem of organing and sharing knowledge in indoor navigation.
The main goal of using ontology for indoor navigation is to provide a semantic description of the certain events
occurring in an indoor environment. Anagnostopoulos et al. (2005) develop an ontology to describe the indoor
environment in a detailed way named OntoNav. Khruahong et al. (2018) described a multi-level indoor navigation
ontology. Dudas et al. (2009) present an ontology and an algorithm for indoor routing named ONALIN, which takes the
ADA(American Disability Act) standards, among other requirements, into consideration. Sriharee (2015) proposes a
prototype using symbolic information described by OWL for indoor navigation. In addition, Leea et al. (2017) focus on
indoor activities in a university context using ontology-based semantic queries. Yang et al. (2011) focus on the usability
of ontology for seamless navigation in indoor and outdoor spaces. Kim et al. (2009) present a knowledge model for
spatiotemporal context-awareness. The knowledge-based designed to understand user goals and to guide users who
perform complicated tasks at a hospital.
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3. KNOWLEDGE-BASED HOSPITAL NAVIGATION
Knowledge-based hospital navigation adapts the ontology-based approach and provides a comprehensive knowledge to
support the navigation process. A set of ontologies are needed to capture knowledge related to the problem-solving
solution to build the knowledge base. Formalizing the knowledge base will assist both patients and staff in intelligent
navigation services. In order to realize the capability of representing the knowledge of the hospital navigation process,
the knowledge base provides a set of ontologies as follows: Indoor space ontology, User ontology, Process ontology,
Location ontology, Interface ontology, and Medical ontology. These ontologies are combined to provide support for all
facets of navigation, each of which plays an important role in the hospital with rich, dynamic, and flexible knowledge
base.

3.1 Indoor space ontology
Previous studies of indoor space modeling, the standards such as CityGML and IFC (industrial foundation classes) of
building SMART, provide data models for geometric representation, attribute, and visualization of building components.
However, they all lack of semantics and information representation of objects associated with indoor space. IndoorGML
is a geospatial standard for the application of indoor navigation and focuses on expressing the topological relationship
and simple semantic information of indoor space. As the indoor space gradually becomes larger and complex, the
semantic partition of the existing data model for indoor space cannot meet the needs of the fine expression in navigation
(Geraerts, 2010). Therefore, this study proposes indoor space ontology modeling. Figure 1 shows the taxonomy of
indoor space ontology. The definitions of indoor space are from Yang & Worboys (2011). The container is a subclass of
room, story, and subspace. Portal refers to an opening with or without a covering, affording the passage from one
container to another. It has subclasses including Doorway, Exit, Entrance, and Window. The connector is a subclass of
vertical passage and horizontal passage, assisting in transitioning through a barrier and connecting two objects that are
separated by the barrier. The barrier is a structure or object that impedes free movement. For example, walls afford the
barrier function. It can be fixed or movable.

Figure 1. Indoor space ontology

3.2 Process ontology
Process ontology is designed to provide users that take the number of tasks and services. It also tells the user how to do
this. The model has three subclasses: Process, Service, and Task. The process consists of a flow of services. And the
service can also have a sequence of the tasks that users should carry out for the service. With the process ontology, the
system can recognize whether or not users are doing well with the process and can provide users with relevant guidance
when they have problems.

3.3 Location ontology
Location model expresses the location, distance, orientation, topology of the real-world (e.g., buildings, roads) and
moving objects (e.g., pedestrians). Through the model, we can obtain the rich location semantics of the physical world
and make location knowledge possible understanding. Location ontology is designed to recognize the location of users
in the process. Location Ontology has two subclasses: Zone and Area. Areas are linked to Zones so that the navigation
route can be described as a sequence of zones.

3.4 User ontology
User ontology is divided based on different contexts in the indoor environment and significantly different, such as in
children's hospital, dental hospital, general hospital, etc. The classification of indoor navigation users will be based on
the educational background, the goal of navigation, and the frequency of using hospital buildings and so on. Medical
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staff and patients are the primary users of the hospital building space. The identity of indoor navigation users is divided
into patients and their friends and family members, medical staff, managers, logisticians.

3.5 Interface ontology
Tasks are used as reusable components to accomplish the composition of navigation processes. The composition
requires an evaluation of the correspondence of interfaces. The knowledge base needs to include sufficient information
on interfaces. An interface involves the description of operands that contain inputs and outputs, constraints that contain
a precondition and result, and non-spatial parameters. The Interface class consists of the subclasses Input, Output,
Parameter, Precondition, and Result.

3.6 Framework architecture of knowledge base
The framework architecture of the knowledge base for hospital navigation is described in this section and illustrated in
Fig. 2. It shows the delineations of the definitions of ontologies and how they relate to each other.

Figure 2. The relationships of ontologies in the knowledge base.

4. CONCLUSIONS AND FUTURE WORK
This paper proposes an ontology model of hospital navigation and abstracts semantic in indoor space that used as a
reusable component for services. The knowledge base is built to sharable and reusable medical knowledge and semantic
services for hospital navigation. In the knowledge base, we combine multiple ontologies (e.g., Indoor Space Ontology,
Process Ontology, Location Ontology, Interface Ontology, User Ontology, and Medical Ontology) to assist in all facets
of indoor navigation services. Knowledge base can give useful querying facilities to patients and staff. This study has
some limitations. First, hospital processes are complex and dynamic, and they are challenging to be analyzed,
quantified, and organized by the system. Second, hospital navigation was limited regarding the provision of location-
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based information. Finally, there are a large number of visitors in a hospital, and there are many uncertainties. Our
navigation knowledge base is a preliminary frame, and we will expand in future work.
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