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Abstract
Around the world, there is an increasing interest in Digital Twin cities. Although geospatial data is critical for 

building a digital twin city, currently-established spatial data cannot be used directly for its implementation. 
Integration of geospatial data is vital in order to construct and simulate the virtual space. Existing studies for 
data integration have focused on data transformation. The conversion method is fundamental and convenient, but 
the information loss during this process remains a limitation. With this, standardization of the data model is an 
approach to solve the integration problem while hurdling conversion limitations. However, the standardization 
within indoor space data models is still insufficient compared to 3D building and city models. Therefore, in this 
study, we present a comparative analysis of data models commonly used in indoor space modeling as a basis 
for establishing a generic indoor space feature model. By comparing five models of IFC (Industry Foundation 
Classes), CityGML (City Geographic Markup Language), AIIM (ArcGIS Indoors Information Model), IMDF 
(Indoor Mapping Data Format), and OmniClass, we identify essential elements for modeling indoor space and 
the feature classes commonly included in the models. The proposed generic model can serve as a basis for 
developing further indoor feature models through specifying minimum required structure and feature classes.

Keywords :     Indoor Feature Model, Indoor Feature Class, 3D Indoor Data Model, Feature Model Comparative 
Analysis

297  

1. Introduction

Digital twin technology implements twins of real-world 
in virtual spaces and predicts results through simulation. 
As this technology is currently gaining interest worldwide, 
various industries utilize this concept for urban design, 
management, manufacturing, construction, and aviation. 
With Singapore at the forefront, Newcastle of the United 
Kingdom, Andhra Pradesh of India, and Seoul of Korea are 
also actively carrying out various projects for implementing 
digital twin cities.

As digital twin technology becomes popular, the limitation 
faced by the geospatial community is that constructed spatial 
data cannot be used immediately for its development. Data 
construction must be consistent in order to construct virtual 
space and perform simulation. However, current geospatial 
data is built individually in different data formats and 
specifications depending on the target and field. Individually 
constructed data are not compatible, which is a significant 
obstacle for data integration and use. Integrated utilization 
of data must precede before spatial data becomes usable in 
digital twin cities.
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Data conversion is a conventional method used for the 
integrated utilization of geospatial data. The conversion 
method, converting data into data formats of the target 
model, is the most basic and convenient but is not a 
fundamental solution. In addition to the inconvenience of 
converting data for every use instance, there is a limitation 
in that data loss occurs during conversion, and omission of 
information is inevitable. A more fundamental way to solve 
the problem while overcoming conversion limitations is to 
standardize the data model. When a standard that various 
data models can refer to and are compatible with is available, 
the integrated utilization of heterogeneous data is achievable 
without data loss at the data model level.

As literature has demonstrated the need for standards, the 
standardization of three-dimensional building and urban data 
models is quite advanced. However, standardization work for 
indoor spaces is still insufficient. The OGC (Open Geospatial 
Consortium) and the ISO (International Organization for 
Standardization) work on standardizing indoor space feature 
models, but base research is insufficient.

Therefore, this study aims to present a comparative analysis 
of existing building models to identify foundational feature 
classes and spatial relationships among feature classes to 
develop a generic indoor feature model. Nowadays, standards 
such as IFC (Industry Foundation Classes), CityGML (City 
Geographic Markup Language), AIIM (ArcGIS Indoors 
Information Model), IMDF (Indoor Mapping Data Format), 
and OmniClass are widely used in practice. For this purpose, 
we compare and analyze IFC, CityGML, AIIM, IMDF, and 
OmniClass to define essential elements for indoor space 
representation. Furthermore, feature classes commonly 
expressed in models are detected for each element to explore 
essential feature classes. Moreover, the spatial relationships 
between feature classes are analyzed, and how to configure 
the structure of the indoor feature model is presented. 

This paper is arranged as follows. Chapter 2 analyzes 
previous studies on spatial data integration and summarizes 
studies related to comparative analysis of data models. 
Chapter 3 defines a framework for exploring foundational 
elements, feature classes, and relationships among feature 
models by comparatively analyzing several data models. 
Subsequently, in Chapter 4, a comparative analysis of several 

feature models is performed according to the framework 
suggested in Chapter 3. Chapter 5 defines the elements 
and feature classes that the generic indoor feature model 
must have and presents the structure of the model using the 
comparative analysis results. Finally, Chapter 6 summarizes 
the main contents of this study and describes implications 
and future research directions.

2. Related Works

As expectations for the usability of virtual cities increased 
and the demand for virtual city construction increased, 
the problem of compatibility of heterogeneous spatial 
data has emerged. Most of the existing studies to solve the 
compatibility problem of heterogeneous spatial data deal 
with data transformation. Regarding the three-dimensional 
building model used to construct indoor spaces, conversion 
studies between the IFC model and the CityGML model, the 
most widely-used internationally, have been conducted. We 
review and analyze the limitations of studies conducted to 
solve the compatibility problem between IFC and CityGML 
and integrate the data of the two models.

In general, comparative analysis of data models proceeds 
as a pre-work for data transformation. The following section 
analyzes data transformation research to establish a data 
model comparison framework and concepts necessary 
for comparative analysis. We synthesize concepts and 
methodologies relevant to this study by analyzing data 
transformation's basic concepts and frameworks.

2.1 Data transformation studies

Studies have steadily researched to solve the compatibility 
problem between IFC and CityGML models using data 
transformation since the late 2000s. (Isikdag and Zlatanova, 
2009; El-Mekawy and Östman, 2010; El-Mekawy et al., 2011; 
Laat and Berlo, 2011; Zadeh et al., 2019) Initial conversions 
are conducted from the IFC model to the CityGML model 
(Isikdag and Zlatanova, 2009; Laat and Berlo, 2011) because 
IFC provides richer semantic data and geometry than 
CityGML. However, this one-way transformation, from the 
IFC model to the CityGML model, has a limitation in that 
it cannot support full integration. A two-way transformation 
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is necessary in order to use the information of the two 
data models dynamically. In this regard, literature has 
shown several bidirectional transformation studies using 
intermediate concepts. El-Mekawy and Östman (2010) 
suggest a meta-standard as an intermediate medium. El-
Mekawy et al. (2011) present the Unified Building Model 
as an intermediate medium and describe the bidirectional 
transformation method.

The advantage of data model transformation is that once 
the framework is available, the transformation can be quick, 
even automatable. Although data model conversion is easy, 
conversion to the CityGML model or the IFC model cannot 
be a fundamental solution for data integration and usage of 
integrated data. In order to achieve complete data integration 
and utilization, all information of each data model must be 
able to be expressed. However, in data model transformation, 
data loss occurs in the transformation process, and omission 
of information inevitably occurs. For example, among 
indoor objects, the opening included in the slab represented 
in IfcOpening cannot be expressed in CityGML, so the 
conversion process omits it (Isikdag and Zlatanova, 2009). 
Also, since CityGML does not describe ventilation fans, 
various pipes in walls, and transformers related to facility 
management (Kang et al., 2013), facility-related information 
is lost when converting from IFC to CityGML. Conversely, 
CityGML includes cartographic information such as 
the world coordinate system. However, expressing this 
information is impossible when converted to IFC (Deng et 
al., 2016).

In order to overcome the limitations of data transformation 
and utilize data integration in a stricter sense, standards each 
model can refer to are needed. In an established specification, 
several indoor space feature models can be compatible 
through referencing utilizing the standard. In addition, since 
the standard specifies essential objects required for indoor 
space modeling, it is possible to construct a batch of data 
in future data production. In this study, as a preliminary 
study for the standardization of the indoor feature model, 
we examine several indoor data models and define essential 
indoor entities for data integration. For a more sophisticated 
analysis, we analyze AIIM, IMDF, and OmniClass models in 
addition to the IFC model and the CityGML model.

2.2   Model comparison methodologies within 

data transformation studies

Information integration, a kind of geospatial data model 
transformation, transforms the structure and semantics of 
source data to fit the target model. There are two approaches 
to information integration. Syntactic transformation analyzes 
and transforms the structural difference between two different 
data models. On the other hand, Semantic transformation 
analyzes and transforms the semantic difference between 
the two data models (Kutzner, 2016). There are three types 
of semantic differences between the two data, including 
structural, schematic, and semantic heterogeneity. Kutzner 
(2016; as cited in Leser and Naumann, 2007) defines three 
types of heterogeneity in research. Structural heterogeneity 
is when both models have the same paradigm and cover the 
same subject but have different data structures. Schematic 
heterogeneity is appropriate through applying the concept of 
different metamodels. Semantic heterogeneity includes either 
a synonym or homonym case. A synonym case is where two 
data explain the same meaning but possess different terms. 
On the other hand, homonym cases are where two data have 
the same name but different meanings.

A conventional method for analyzing and resolving the 
above three heterogeneities is schema level mapping. Schema 
level mapping interprets the schema of two data models 
before data model transformation and then linking them 
together (Kang et al., 2008). It analyzes the name, attribute, 
and relationship of feature classes. Deng et al. (2016) 
performed schema mapping through schema mediation 
for the bidirectional transformation of IFC and CityGML 
models. First, extracted objects are entities to be converted 
from IFC and CityGML. Then, IFC and CityGML were 
connected using semantic information such as properties 
and relationships of entities. Kang et al. (2008) used schema 
mapping to develop a data compatibility technique between 
heterogeneous topographic Databases. The study analyzed 
schema and attribute fields to create a mapping table and 
performed feature class mapping to solve topographic data 
models' schematic and semantic heterogeneity.

In this study, we compare and analyze indoor space feature 
models by adopting the concept of schema-level mapping. 
Feature models either have structural, schematic, and 
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semantic heterogeneity with each other. By comparatively 
analyzing the schema of the feature classes, we search the 
heterogeneities between these models, and feature classes are 
connected to feature classes of different models.

3. Framework for Comparing Indoor 

Data Models

This study identifies interior space elements, feature 
classes, and the spatial relationships between feature classes 
that the models have in common, through a comparative 
analysis of IFC, CityGML, AIIM, IMDF, and OmniClass 
models. Based on the IFC and CityGML models that provide 
the most versatile and rich data, we find the common 
denominator with the other three models. We detect elements, 
feature classes, and spatial relationships among feature 
classes that IFC, CityGML, and other models commonly 
include and additionally finds elements and feature classes 
that 2-3 models include in common. Fig. 1 shows the scope of 
comparison covered in this study.

Fig. 1. Scope of comparison for analyzing feature models

The essential scope includes the basic commonalities 
among all models, including common elements, feature 
classes, and relationships. The additional scope of comparison 
compares the same points, but for only a majority of the 
models. Fig. 2 shows the framework for finding elements, 

feature classes, and feature classes within the range indicated 
by Fig. 1

Fig. 2. Framework for comparative analysis of data models

The first step is to define feature classes that are the target 
of comparison for each model. By referring to the schema of 
each model, we select and list feature classes related to the 
study object. If necessary, we also check the feature class's 
properties, subclasses, types, and code lists to determine 
whether the feature class is a target feature.

The second step is the structural analysis of each model 
to find the common elements, through the grouping method. 
In grouping, we examine the names and attributes of feature 
classes extracted in the first step, and classify similar feature 
classes depending on the contents and functions. Feature 
classes representing the same object and feature classes 
included in a specific upper category are aggregable. For 
example, in the traffic model, the traffic object model may 
be grouped into three elements: road, road classification, and 
traffic facility. The road element is a group of feature classes 
representing all roads, including expressways, national public 
roads, cities roads, regional reads, and province roads. The 
road classification element collects feature classes classified 
according to road types such as bridges, underpasses, and 
overpasses. Finally, the facility element is a higher category 
that includes all traffic facilities. It can form a group by 
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grouping subcategories such as traffic signal facilities, road 
management facilities, and stations.

After grouping, the model structure is identifiable through 
the grouping results for each model. It is possible to check 
which elements (groups) each feature model consists of, and 
it is possible to identify elements commonly included in the 
models. Furthermore, by detecting elements that appear in 
common in all models, it is possible to know which elements 
are essential to the feature model of the subject. Grouping 
results show in which group the feature classes are expressed 
more or less by models. Based on this, it is possible to check 
which function each model focuses on compared to other 
models, and comparative analysis is possible.

In the third step, we compare and analyze the feature classes 
of the models. Comparative analysis is performed based on 
the shared group derived in the second step. We investigate 
which feature classes are included in the corresponding 
group for each model and analyze feature classes commonly 
detected in the models. The method for comparing feature 
classes is feature class mapping, allowing the comparison of 
two or more models at the same time.

The next step is to analyze the schema of feature classes 
to identify structural, schematic, and semantic heterogeneity 
and perform feature class mapping. Feature classes showing 
structural or schematic heterogeneity should decide whether 
the mapping is conducted based on the smallest or largest 
unit. For example, in one model, the opening feature class 
is designed to distinguish whether it is a door or a window 
as an attribute. In another model, we may define a door and 
a window as different feature classes. In this case, we have 
to select whether to map the door and window classes based 
on each door and window or combine and map the door and 
window classes based on an opening.

After the feature class mapping, we analyze the result to 
detect feature classes included in all models, or commonly 
included in most models. Then, we organize common feature 
classes for each element, and analyze which objects are 
essential to the element.

The final step is identifying common spatial relationships 
between feature classes. We express the spatial relationship 
between the feature classes appearing in each model using 
the mapping result of the previous step. Then common 

relationships are found. If the relationship between feature 
classes is specified, we express the specified relationship as it 
is. Suppose a relationship exists between feature classes but is 
missing in a diagram. In that case, we express the relationship 
by referring to the feature classes' description, attribute, code 
list, and function. When the relationship expression for each 
model is complete, we explore the relationship between the 
feature classes commonly found in the models.

4. Comparative Analysis of Indoor 

Feature Models

This chapter discusses the comparative analysis of feature 
models step by step according to the framework presented in 
Chapter 3. We compare and analyze IFC, CityGML, AIIM, 
IMDF, and OmniClass models. Firstly, we extract feature 
classes related to indoor space in each model. After that, 
by grouping extracted feature classes within each model, 
we identify the common structures and elements to indoor 
feature models. In the next step, we compare and analyze 
feature classes of the models for each element and select 
the features commonly expressed in the models by using 
the feature class mapping technique. Finally, we display the 
relationships between the feature classes in each model and 
detect common relationships shown among models.

4.1 Definition of relative feature classes

Most of the five target models do not include only indoor 
space objects, but also features existing outdoors. Therefore, 
feature classes related to the indoor space should be selected 
first. This section briefly describes each model and extracts 
feature classes related to indoor space. Furthermore, we 
examine how each model expresses the interior space using 
which feature classes.

IFC is an industrial standard for multidimensional virtual 
construction. IFC is a standard data exchange format that 
helps to utilize construction and facility management data 
between different BIM (Building Information Modeling) 
software. Starting with IFC1.0 released in 1996, its current 
version is now at IFC4.2 (2019). Although 4.2 is the latest 
version, it has the disadvantage that it does not clearly express 
the relationship between feature classes that represent 
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the space. Therefore, in this study, we use version 4.1.0.0, 
released in 2018. 

IFC, an object-oriented model, defines various building 
objects and relationships between objects and expresses 
various building types by combining each object. Similarly, 
the standard defines the interior space through architectural 
elements expresses these through the association of several 
elements (Nam et al., 2020).

For representing indoor, the IFC model uses three high-
level classes, IfcElement, IfcSpatialElement, and IfcSystem 
(see Table 1). Each of the three classes is a set of sub-classes 
representing physical, spatial, and logical space elements. In 
other words, IFC explains indoor space using physical and 
spatial objects.

We extract the lowest feature classes (see shaded items 
in Table 1) of the physical and spatial object set class 
representing the indoor space. Using these feature classes, 
we conduct comparative analysis in later sections. However, 
as the IfcSystemFurnitureElement is a class that expresses 
the elements constituting furniture, we exclude it from the 
analysis.

On the other hand, CityGML is a standard established by 
OGC, an international geospatial data standard organization. 
It is an open data model for representing, storing, and 
exchanging a virtual 3D city model. OGC first published 
CityGML1.0 in 2008 and upgraded to CityGML2.0 in 2012. 
Currently, CityGML3.0 is now standard's current version. 

CityGML is an application schema based on a geographic 
creation language. It consists of geometric models and 
thematic models. In this study, we use CityGML 3.0 version.

The thematic models used to represent the interior space in 
CityGML are the Building Model and the Construction Model. 
Building Model explains objects that express the building and the 
relationships between objects. Subsequently, the Construction 
Model describes objects that express architectural elements and 
the relationship between objects. Table 2 shows feature classes 
related to indoor space in both models.

Table 1. Indoor-relevant feature classes in IFC

High level Middle level Low level

IfcElement

IfcBuilding
Element

IfcBeam IfcChimny IfcColumn IfcCovering
IfcCurtainWall IfcRoof IfcDoor IfcRailing

IfcRamp IfcSlab IfcStair IfcWall
IfcWindow

IfcFurnishing
Element

IfcFurniture
IfcSystemFurnitureElement

IfcTransport
Element

IfcSpatial
Element

IfcSpatialStructure
Element

IfcSite IfcBuilding
IfcSpace IfcBuildingStorey

IfcSpatialZone
IfcSystem IfcZone

Table 2. Indoor-relevant feature classes in CityGML

Model Feature class

Building Model

Building BuildingPart
Storey BuildingUnit

BuildingRoom Building
Installation

Building
Furniture

Construction Model

Window Door
WallSurface GroundSurface
InteriorWall

Surface RoofSurface

FloorSurface OuterFloor
Surface

CeilingSurface OuterCeiling
Surface

DoorSurface WindowSurface
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The Building Model defines feature classes related to 
space and physical objects within indoor space. CityGML 
depicts indoor spaces according to size and usage. It defines 
rooms, spaces according to themes and floors, and partial 
buildings as a respective feature class. BuildingInstallation 
and BuildingFurniture express physical objects in the 
Building Model. BuildingInstallation represents facilities 
and equipment, and BuildingFurniture represents furniture 
in the interior of a building.

The Construction Model includes architectural elements 
commonly contained in artificial structures such as 
buildings, bridges, and tunnels (Kutzner et al., 2020). Among 
the various architectural features, the features relevant to the 
interior space are Window, Door, and various surface objects. 

Next, AIIM is a model proposed by ESRI to support 
indoor GIS information management in web maps and 
mobile map packages. AIIM consists of three data models: 
Network, PrelimNetwork, and Indoors. The Network and 
PrelimNetwork models provide information related to 
searching and tracking user location. The Indoors model 
provides information on indoor feature classes required in this 
study. It also describes an indoor space with feature classes 
representing the spaces and the building components. From 
the Indoors model, we select objects used for constructing 
indoor space, as listed in Table 3. 

Table 3. Indoor-relevant feature classes in AIIM

Facilities Levels Sections Zones

Units Details POI

AIIM subdivides indoor space into several unit spaces 
as buildings (Facilities), floors (Levels), physical space 
composition (Sections), functional space composition 
(Units), and semantic space composition (Zones). For 
example, in a hospital, if the operating rooms and waiting 
rooms are on either side of a single floor, it is expressed as 
an operation section and a waiting section, respectively. The 
model expresses each operating room as a unit. If there is a 
restricted area where only limited people can enter due to 
dangerous equipment in some treatment rooms, that area is 
a Zone.

The linear physical components in the interior, such as 
doors, windows, and walls, are included in the Details class. 
AIIM also has a POI class, which marks a specific point of 
interest to indoor space users. Depending on the user's point 
of view, any part of the indoor space, such as entrances, ticket 
gates, and toilets, can become a POI.

Apple published its own indoor space mapping data 
format, named IMDF. Recently, OGC has approved this as 
an OGC Community Standard. Out of the 16 IMDF feature 
classes, indoor space modeling requires 10 classes, as shown 
in Table 4.

Table 4. Indoor-relevant feature classes in IMDF

Building Level Unit Fixture

Section Kiosk Detail Opening

Amenity Occupant

IMDF represents indoor by spatial objects and physical 
objects and divides indoor space into Building, storey 
(Level), room (Unit), and logic space (Section). The document 
classifies physical objects into either Amenity, Fixture, or 
Kiosk. Amenity class describes objects for practical purposes 
of users, and Fixture depicts semi-permanent objects such 
as furniture. Kiosk indicates objects for the distribution of 
products or services.

Finally, OmniClass is a classification system for the 
construction field. It provides a method for classifying the 
entire built environment throughout the full project life 
cycle (Construction Specifications Institute, 2019). Because 
OmniClass is a classification system model, features are 
classified according to the subject and included in the subject 
tables. It consists of 15 tables, and among them, we extract 
seven tables related to the expression of indoor space, as 
shown in Fig. 3.

Table 11 and Table 12 in OmniClass classify architectural 
elements according to their functions and types, respectively. 
Similarly, Table 13 and Table 14 in OmniClass classify spaces 
according to functions and types. Table 13 includes kitchens, 
office spaces, and sidewalks, while Table 14 contains rooms 
and alcoves. Then, OmniClass Table 21 categorizes facility 
elements such as stairs, furniture, and emergency stairs. 
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Table 23 of OmniClass is a products table, including doors 
and windows. Table 49 is a properties table showing attribute 
values   of all architectural objects. 

Fig. 3. OmniClass tables containing interior space objects

4.2 Analysis of indoor feature model structure

In this section, we analyze the structure of models by 
grouping the feature classes extracted in 4.1 and find common 
elements of indoor data models. We classify feature classes 
that are similar or perform similar functions in each model by 
referring to the schema and description of the feature classes.

Fig. 4. Grouping of feature classes in IFC

Fig. 4 shows the results of grouping indoor-related feature 
classes in the IFC model. Four main elements that resulted in 
this grouping include construction, facility, external spatial, 
and internal spatial elements. Construction elements include 
physically existing architectural objects, while facility 
elements contain furniture and transport objects. External 
spatial elements represent objects outside of buildings, and 
internal spatial elements represent those inside buildings.

Fig. 5. Grouping of feature classes in CityGML

Fig. 5 shows the result of grouping the feature classes 
extracted from CityGML (Table 2). Similarly, we group 
CityGML into four elements, including construction, facility, 
external spatial, and internal spatial elements. These four 
groups include all CityGML feature classes.

Fig. 6. Grouping of feature classes in AIIM

Fig 6. illustrates the grouping for AIIM. AIIM's Details 
class expresses physical objects in space and includes 
architectural and facility elements such as doors, windows, 
and walls. POI is not included in the specific element because 
the space and object referred to by POI change continuously 
according to the subject's interest.

Fig. 7 indicates the grouping result of the indoor-related 
feature classes extracted from IMDF, consisting of five 
groups: construction element, facility element, external 
spatial element, internal spatial element, and property. The 
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Occupant class describes the space occupied by commercial 
facilities. It collects attribute information of commercial 
facilities such as business, owner, and phone number. 
Although it expresses space, it does not represent a specific 
space. It is limited to the space occupied by commercial 
facilities. Furthermore, since it is a class to represent each 
commercial facility in detail, we decide that this belongs to 
the property group.

Fig. 7. Grouping of feature classes in IMDF

Fig. 8. Grouping of tables in OmniClass

Fig. 8 shows the grouping for OmniClass, including 
external spatial, internal spatial, construction/facility, and 
property elements. Table 21 Element and Table 23 Product 
contain both architectural and facility elements in each table. 
For example, in Table 21, exterior walls, stairs, and furniture 
are classified, and in Table 23, doors, windows, and walls 
are classified. As Table 49 expresses the properties of each 
feature class, we classified this into the property group.

The grouping of the five models shows that all models 
included spatial elements (external/internal), construction 
elements, and facility elements. In IMDF and OmniClass, 
there was a property group. On the other hand, the property 
group was not created separately in the other three models 
because the property value is present in each feature class. 
To summarize, all models have spatial, architectural, and 

facility elements in common. Therefore, these three elements 
are essential for the indoor feature model. Property may or 
may not be expressed separately as a feature class. Based on 
these grouping results, Fig. 9 summarizes and describes the 
structure of the indoor feature model.

Fig. 9. Essential indoor element based on results of 
comparative analysis

Results show the primary classification of the indoor 
feature model into interior and exterior space elements and 
reclassification into spatial elements, construction elements, 
and facility elements in its sub-domains. The spatial element 
represents the physical and conceptual entities of the space. 
The construction element and the facility element represent 
the physical elements in the space. Examining the grouped 
results for each model shows that most of the indoor space 
feature classes are present in these three groups. These three 
groups are the essential elements that make up a building’s 
interior. The structure of the indoor feature model should 
consist of three elements and their relationships.

4.3   Comparative analysis among indoor feature 

classes defined in each model

For comparing feature classes of models, we use the 
feature class mapping method. Mapping feature classes 
of five models simultaneously detects the standard feature 
classes in models. To accomplish mapping well, we analyze 
the schema of feature classes and identify structural, 
schematic, and semantic heterogeneities between classes. We 
conduct feature class mapping by essential element groups 
from section 4.2.

Fig. 10 is the mapping result of feature classes within 
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spatial elements.

Fig. 10. Comparison of feature classes within spatial 
elements

Results of the mapping confirm that most models have 
feature classes in a similar form for spatial elements. All 
models have a class that expresses the building itself, a 
floor, a logical space unit, and a room. Building part class 
that represents partial building is defined only in CityGML. 
Unlike other models, IFC and AIIM divide logical space into 
a unit space of a physical concept and an abstract concept.

Feature classes included in spatial elements show semantic 
heterogeneity. Based on the mapping results, we define terms 
using the feature class' names used in various models and 
reflect the corresponding meanings well. Defined terms are 
Building, BuildingPart, Storey, Zone, and UnitSpace. Each 
represents a single building, sub-building, floor, logically 
divided space, and room.

In the construction element, the feature classes exhibit 
schematic and structural heterogeneities. CityGML has 
detailed feature classes for architectural objects such as 
interior and exterior walls, ceilings, and floors. On the other 
hand, IFC builds both the interior and exterior walls as a 
wall feature class and the ceiling and floor as slab feature 
classes, defining the type as an attribute. Meanwhile, AIIM 
represents walls, doors, and windows as the Details class 
differentiating as attribute values. Feature classes showing 
schematic or structural heterogeneity are mappable either 
based on the smallest or largest unit. For the constructional 
element feature class mapping, we use the smallest unit based 
on feature classes defined in CityGML.

Fig. 11 is a mapping table of feature classes representing 
architectural elements in each model. As mentioned earlier, 
CityGML depicts architectural features in the most detail. 
IFC portrays vertical structures such as walls as IfcWall and 

horizontal structures as IfcSlab. Feature classes in AIIM and 
IMDF are in a broader category than IFC. Furthermore, in 
OmniClass, all construction elements are included in Table 
21 - Elements. External element objects such as exterior 
walls and roofs are classifiable as shell items in the table, 
and interior element objects such as the interior wall, ceiling, 
door, and window are classified as interiors items in Table 21.

Fig. 11. Comparison of feature classes within construction 
elements

We determine the terms of feature classes in construction 
elements based on CityGML. Because while CityGML has the 
most significant number of feature classes, the feature class 
names of CityGML and other models are not much different. 
The summarized terms are ExteriorWall, InteriorWall, Roof, 
Ceiling, Floor, Ground, Door, and Window. Based on this 
term, the feature classes commonly included in all models 
are Exterior/InteriorWall and Door. The Window class is 
present in most models except IMDF.

Like the construction element, the facility element shows 
schematic and structural heterogeneities between the included 
feature classes. Since the facility element covers numerous 
objects and includes various feature classes, we regrouped 
it according to functions and types. We regrouped facility 
elements into furniture, fixed facilities, and transportation, 
and we map feature classes based on these.

As a result of mapping feature classes representing 
facilities, results confirmed that most models include 
furniture, fixed facility, and transport objects, as in Fig. 12. 
IFC and CityGML represent furniture by defining a feature 
class. AIIM expresses the concept of 'furniture space'. IMDF 
further subdivides Fixtures into movable or semi-permanent 
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furniture. Furniture for the improvement of space users' 
convenience and experiences, such as ATMs and coin lockers, 
is represented by Amenity. Finally, the Kiosk class represents 
facility furniture for product and service distribution. 
OmniClass expresses movable general furniture as a sub-item 
of equipment and furnishings of Elements (Table 21) and large 
commercial furniture as a sub-item of Furnishings, Fixtures, 
and Equipment Products of Products (Table 23).

Fig. 12. Comparison of feature classes within facility 
elements

The fixed facility object is the most detailed in IFC. The 
IFC model divides objects such as chimneys, columns, 
stairs, and distribution system elements and defines them 
as different feature classes. On the other hand, CityGML 
defines and expresses the BuildingInstallation feature class 
in a bundle. AIIM and IMDF express only stair objects 
as sub-objects of Detail. OmniClass defines partitions in 
Interiors of the Elements table and distribution system related 
facilities in Services.

In IFC, transport-related objects are defined in 
IfcTransportElement. There is no feature class representing 
transport in CityGML. AIIM represents elevators in the 
Units feature class, and IMDF represents elevators and 
escalators in the Unit feature class. OmniClass defines and 
expresses various objects such as elevators, lifts, escalators, 
and moving walk as a sub-item in the Services, under the 
Elements table.

4.4   Analysis of spatial relationships among 

feature classes

For the last stage of indoor models comparison, we analyze 
common relationships between mapped feature classes. 
Among the three essential indoor elements, the element in 

which the relationship between feature classes exists is the 
spatial element. As indoor space is a symbolic space, the 
location is identifiable by the name or symbol of the unit 
space, not the coordinates (Li and Lee, 2013). In other words, 
indoor space is conceptually separated and combined as 
well as physically. In order to reflect the characteristics of 
the indoor space, most of the models define various types of 
spaces as feature classes. Also, since these spaces are either 
combined or separated from each other, space relationships 
are defined in models. Fig. 13 shows the relationship between 
spatial element feature classes described in each model.

Fig. 13. Spatial Relationships among feature classes within 
spatial elements

This step classifies UnitSpace, Storey, and Building 
according to the physical characteristics of the space. We 
organize Zones according to the conceptual characteristics. 
UnitSpace, which is the minimum unit of space, can be 
grouped and form zones according to space partitioning. 
That is, a Zone consists of a set of UnitSpaces. The 
UnitSpace belongs to the Storey, and the Storey includes the 
UnitSpace and all other spaces on the same floor. Storeys 
come together to form a building. Building class is a set of 
storeys and includes all UnitSpace. BuildingPart expresses 
a set of conceptual spaces throughout the building and has a 
containment relationship with the Zone class.

5. Establishing Guidelines for Proposing a 

Generic Indoor Feature Model

In this chapter, we suggest how the standard indoor 
feature model should be defined based on the results of the 
comparative analysis in Chapter 4. We present the generic 
indoor feature model structure by using the essential 
elements of indoor space, which were common in the five 
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models used for indoor space modeling, and the relationships 
between the essential elements. Also, based on the feature 
classes commonly detected in the models for each element, 
we define the generic indoor feature model's feature classes.

IFC, CityGML, AIIM, IMDF, and OmniClass models 
commonly explain interior space using spatial, architectural, 
and facility elements, as in Fig. 9. Spatial objects include 
facility objects, and construction objects set the boundaries 
of spatial objects. The structure must be present as the base 
structure of space, construction, and facility elements in 
redefining the standard indoor feature model. Fig. 14 shows 
the conceptual structure of the generic indoor feature model 
presented in this study.

Fig. 14. Conceptual diagram of the indoor feature model

In 4.3, we compare the feature classes of the models 
and organize the feature classes commonly expressed by 
all models in each of the spatial, architectural, and facility 
elements. Table 5 summarizes the feature classes vital to the 
indoor feature model based on common feature classes.

Spatial element commonly defines feature classes 
representing buildings, floors, logical space units, and 
rooms in all models. In addition, it also defined the sub-
building feature class defined in CityGML. Considering 
the urban environment in which the construction and use of 
complex buildings steadily increase, we determine that the 
BuildingPart class is necessary.

Construction element commonly expresses walls, doors, and 

windows in all models, so they must be defined in the interior 
feature model. Additionally, we define the boundary feature 
class that includes indoor and outdoor walls, roofs, and floors. 
By defining the Boundary feature class, more information can 
be exchanged and utilized. This definition can describe the 
ceiling part and the floor part of the interior space and the wall 
part of the outer part of the room. Subclasses of Boundary are 
definable as code list or property type.

The facility element defines the Furniture and 
FixedFacility objects in common. Furthermore, all models 
explain Transport objects except CityGML. All three feature 
classes must be present in the generic indoor feature model. 
Code list or attribute types can define sub-feature classes of 
FixedFacility and Transport.

Meanwhile, objects representing space have relationships 
with each other. A room may be part of a zone, or several 
rooms can form one floor. A storey is a part of a building, and 

Table 5. Essential feature classes of indoor feature model

High-level class Middle-level class low-level class

Spatial element

Building
BuildingPart

Storey
Zone

UnitSpace

Construction 
element

Boundary

Wall
Roof

Ceiling
Floor

Ground

Opening
Door

Window

Facility element

Furniture

FixedFacility

Beam
Chimney
Column
Covering
Railing
Ramp
Stair

Transport
Elevator
Escalator
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the layers form a single building when combined. Building 
parts can compose a building logically or physically, and a 
building is a collection of sub-buildings. Fig. 15 shows this 
schematically.

Fig. 15. Relationship of spatial elements

The essential elements, feature classes, and relationships 
of the indoor feature model derived through comparative 
analysis are summarized and expressed in UML as shown 
in Fig. 16. A standard indoor feature model is redefinable, for 
future applications, by defining additional feature classes and 
relationships based on the basic structure and feature classes 
shown in Fig. 16.

Fig. 16. UML diagram of the generic Indoor Feature 
Model

6. Conclusion

Terms such as digital twin city and metaverse are emerging 
as an issue every day. The demand for indoor spatial 
information is no longer limited to building and visualizing 

a virtual space but requires various applications such as 
simulation, interaction, and economic activity. However, the 
existing indoor spatial data constructed separately according 
to the purpose and method do not satisfy these diverse 
demands. In order to meet the ever-increasing demand for 
virtual space utilization, drivers of applications should 
resolve the problem of compatibility of indoor data as soon 
as possible. This solution also involves the implementation of 
data integration.

Existing studies for the integrated utilization of indoor 
spatial data mainly apply the data transformation method. 
Although data conversion is a simple method, there is a 
risk that data may be lost during the process, resulting in 
the omission of information. To overcome this limitation, 
international standard organizations, such as OGC and 
ISO, are working to standardize the indoor feature model. 
However, there are no guidelines for standardizing indoor 
feature models because studies have not been sufficient so 
far. Therefore, this study presents the research results that can 
be the basis for standardization by comparing and analyzing 
general models currently used for indoor space visualization.

To examine the indoor feature model's basic structure and 
essential feature classes, we analyze BuildingSMART's IFC, 
OGC's CityGML, ESRI's AIIM, Apple's IMDF, and CSI's 
OmniClass comparatively. First, we extract feature classes 
related to indoor space from each model. Secondly, we 
identify groups by classifying the classes and confirm that 
all models explain indoor space with spatial, construction, 
and facility elements. In the next step, we detect the common 
feature classes of the models for each element by using 
schema-level mapping. Then, we explore the typical spatial 
relationships between the feature classes that appear in most 
models. Based on the results of comparative analysis, we 
present the generic indoor feature model's basic structure and 
the minimum required feature classes.

This study suggests the minimum feature classes and 
relationships commonly shown in several models. The 
generic indoor feature model to be established should be a 
data model that provides richer semantic information using 
this study as a guideline. In addition, future models should 
define additional feature classes in terms of construction, 
analysis, and application to increase compatibility with 
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various models and dynamic exchange of information. 
Moreover, a class dedicated to linking should also be present 
for connecting with indoor space geometric models and 
topology models.
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