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Abstract In recent years, an increasing number of route planning applications and
services have been developed and were brought to the market for different specific
use cases. Most of those products are based on the client-server framework that
typically combines the database server with the application server for storing the
relevant network model, performing the routing calculation, and sending the result
back to the client. However, this client-server framework mostly restricts users from
changing, modifying, or augmenting the network model with respect to their spe-
cific contextual routing requirements. This paper presents a new approach for
context aware route planning through coupling of a multilevel cloud-based system
architecture with the complex IndoorGML data model, which is an upcoming OGC
standard for representing and exchanging semantics, geometry, and topology
information of indoor 3D building models. The geometric and logical network
model can be rapidly extracted from the IndoorGML data model within the
framework of the Multilayered Space-Event Model (MLSEM). Unlike the classical
two-tier client-server architecture, the proposed multilevel cloud-based system
allows exporting and uploading the network model from a database server to the
cloud services that serve as an intermediate system-level to make the exported
network model modifiable over the Internet without altering the original data. All
changes of the network model with respect to different specific events will be
applied in real-time, and the corresponding route planning calculations can then be
carried out at the client-side respectively.

Keywords Indoor route planning - CityGML - IndoorGML - Cloud computing -
WebGIS

A.A. Khan (IX)) - Z. Yao - T.H. Kolbe
Technische Universitit Miinchen, Munich, Germany
e-mail: aftab.khan@tum.de

Z. Yao
e-mail: zhihang.yao@tum.de

T.H. Kolbe
e-mail: thomas.kolbe @tum.de

© Springer International Publishing Switzerland 2015 175
M. Breunig et al. (eds.), 3D Geoinformation Science,

Lecture Notes in Geoinformation and Cartography,

DOI 10.1007/978-3-319-12181-9_11



176 A.A. Khan et al.

1 Introduction

Indoor route planning has been widely investigated in Robotics, Computer
Graphics, and Geographical Information Science for emergency evacuation, auto-
mation, and indoor navigation. Traditionally, most applications or services supplied
for route planning are constructed by means of the client-server model that typically
combines the database server with the application server for storing the relevant
network model, performing the routing calculation, and sending the result back to
the client. However, this client-server based approach mostly restricts users from
changing, modifying, or augmenting the network model with respect to their spe-
cific contextual routing requirements. However, there is a strong demand of
developing a systematic approach that allows users to customize the network model
according to their particular context in order to obtain the desired route planning
result without needing to alter the original data stored in the central database.

In the context of a Smart Campus project at the Technical University of Munich
(TUM) a campus information system is currently being developed. This project is
intended to create an integrated platform that provides benefits for managing all
kinds of building information and supports for various application fields like indoor
route planning. The IndoorGML data model, which allows to model and describe
the geometric, topological and semantic information of the complex indoor envi-
ronment, can be utilized as the information backbone stored in a central database for
all indoor navigation aspects of the Smart Campus platform. Normally, the datasets
stored in the database should remain unchanged to ensure stable database main-
tenance. However, for the individual route planning use cases the users always
demand to customize the dataset to perform the routing calculations accordingly.
For instance, in case of a conference on the campus, the local organizing committee
may want to exclude some areas and hallways from route planning by modifying
the original datasets through adding some obstacles into the network model.
However, this is neither supported nor permitted by the facility management
department, who maintains the central database. Furthermore, IndoorGML has a
complex data structure, and it is therefore very difficult for the normal users to use
and customize this data model.

In this work, we propose a specific three-tier cloud-based system architecture.
Which on the one side facilitates the IndoorGML data model managed within a 3D
geodatabase to represent the complex interior environment and supports to carry out
complex reasoning tasks like the determination of routing plans according to dif-
ferent contextual requirements of different users. On the other side it provides an
intuitive and simple user interface realized by a 3D webclient. Both levels are
linked by a dedicated information and application layer which employs cloud
computing to provide the possibility for the normal user to customize the network
model of the building according to their specific needs without altering the original
data. The proposed approach allows exporting and uploading simplified subset of
the complex IndoorGML data model to the cloud services serving as an interme-
diate system-level to make the exported network model easily accessible and
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modifiable over the Internet and for performing context-dependent route planning.
The results of the route planning calculations are visualized and can be explored in
the 3D webclient in a highly intuitive and user-friendly way.

The rest of the paper is organized as follows: Section 2 discusses related work,
Sect. 3 describes IndoorGML, Sect. 4 presents the system architecture to couple the
IndoorGML database with a multilevel cloud-based system, Sect. 5 shows example
scenarios and their implementation on TUM main building model, and Sect. 6
discusses conclusions.

2 Related Work

The notion of context plays a key role in the development of indoor navigation
systems (Becker et al. 2009a, b). Contextual information defines as any information
that relates and uses to enrich the knowledge about the user’s state, his or her
environment, and capabilities (Afyouni et al. 2014). Context changes with respect
to the requirements of the specific application and the user’s activities in the given
environment. Context aware indoor routing which is comparatively a new area of
research (for the last two decades) many projects and research works are carried out
to facilitate the user for indoor route planning in various indoor applications, e.g.,
facility management, disaster management, etc. Some of the related work is dis-
cussed in the following.

The Cyberguide system is one of the first indoor guiding system to guide tourists
through both indoor and outdoor environments (Abowd et al. 1997). The system is
2D map based and gives location information to user through displaying an arrow
on a room map according to the user’s location. Furthermore, the system is
equipped with the information of interesting sights within the building, or pathways
that the user can access and visit. The authors’ main wish list to improve their
system at that time was modifiable information base so the real contextual infor-
mation can be collected from the user and give him response from the system in real
time.

One of the early 3D indoor routing application is presented by Meijers et al.
(2005). For the purpose of routing for evacuation the authors extracted the graph
model of 3D building model and used Oracle Spatial 10g to store and manage
geodata in the application. The application has limitations to consider real con-
textual situations, for example, cannot put a walking restriction on a specific room
considering a specific situation. It only computes the shortest path from one place to
the other or the exit areas. The application’s limitation to modify graph model
according to users’ requirements make its usage limited to a few scenarios.

iNav an indoor navigation system is presented by Kargl et al. (2007) for the real
time routing and navigation, which is based on client-server architecture. The
navigation system can be used on different PDA devices and consists of many
distributed web services. The system provides user with his location information
and details of events occurring around him. The events are regularly updated by



178 A.A. Khan et al.

service providers. So, it makes the system more contextually aware. iNav has major
performance issues and its restriction on the user to modify the base information
according to his needs makes the system dependent on service providers, and flow
of the contextual information (from service provider to user) become one sided in
indoor space.

Using the similar approach of client-server architecture Inoue et al. (2008) have
provided indoor mobile navigation system which has some main features those
include providing the current position of the user on a 2D floor map, changing the
floor map according to the user’s position, and showing the routes from current
location to destination. The system lacks flexibility in terms of dealing with con-
textual requirements of users (e.g. user cannot modify in floor map if he require to
change).

Karimi and Ghafourian (2010) introduced an indoor application to consider
different requirements of the users to facilitate indoor navigation. The application
considers user’s capabilities (checking mobility impaired or visually impaired) and
provides graph of the building accordingly for the routing purpose. The application
lacks flexibility, the graph model of the building which is the base information for
all users cannot be modified by user according to his contextual needs.

Another 3D indoor routing application for the decision support in the emergency
situations is presented by Schilling and Goetz (2010). The application utilizes a 3D
building model in CityGML and uses client-server architecture. The application is
implemented through three system domains; federal, regional, and local to help the
clients or users in rescue operations. In case of fire eruption, it provides a local
spatial map of danger zone on request of the client from the event location. The
application has a major drawback that is users (rescue staff at the event location)
cannot modify or create constraints on the building routes (graph models) which are
affected by fire to restrict other users to navigate. A similar 3D indoor routing web
application is developed by Goetz (2012) using crowdsourced (OpenStreetMap)
indoor geodata. The system provides routing services for the static situations based
on the pre-computed routes making system’s application limited to some predefined
scenarios. It also restrict users to make on-demand route or modify route consid-
ering user’s contextual requirements.

Apart from above discussed research motivated indoor routing systems there are
2D visualization web-based indoor routing maps developed by commercial com-
panies like Google Indoor Maps (GoogleIndoorMaps 2014).

From the above brief overview, it is apparent that there are several research
motivated and commercial indoor navigation systems to facilitate user considering
its contextual requirements. However, most of the above discussed indoor appli-
cations or navigation systems are based on 2D maps, although some of the systems
are implemented on 3D building models. They operate on traditional client-server
architecture which restrict end users to modify or change in 3D or 2D maps at their
source according to his or her contextual requirements. Because the system always
intends to ensure consistency in source geodata. Furthermore, most of the systems
use only 2D visualization for the end user in contrast to the fact that 3D visuali-
zation is advantageous.
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On the other hand, there is a new indoor representation model, i.e., IndoorGML
which is based on Multi Layered Space-Event Model (MLSEM) (Becker et al.
2009a, b; IndoorGML 2014b). The MLSEM allows to represent different thematic
decompositions of indoor space through multi space layers, e.g., sensor space,
topographic space, etc. Further it provides technique to integrate different layers to
utilize for indoor navigation or localization of the subject or object. As the multi-
layers represent different themes of indoor space they collectively make a complex
representation of a 3D building model represented in IndoorGML to understand and
use for the normal user. Therefore, there is a need of an approach that should
simplify, extract, and utilize the complex representation of 3D building model
represented in IndoorGML for the normal user to use in different applications, e.g.,
context aware routing. In addition, it should enable users to modify or change the
topographic space layer according to his contextual requirements without modi-
fying the main sourced geodata, and visualize results in a 3D visualization tool.

3 IndoorGML Representing 3D Indoor Building Model

IndoorGML, a draft standard of the OGC represents and allows for exchanging of
geoinformation that is required to develop and implement indoor navigation sys-
tems. It contains essential features that play a crucial role in indoor navigation. It is
considered complementary to other 3D building modelling standards, e.g., City-
GML and IFC in providing indoor spatial information concentrating on indoor
navigation.

IndoorGML consists of two frameworks which are the Structured Space Model
and the Multi-Layered Space-Event Model (IndoorGML 2014a). The Structured
Space Model (SSM) explains how each space layer evolved systematically within
four segments. The SSM subdivides 3D building models into four subdivided
segments; primal space and dual space on the one hand, and geometry and topology
on the other hand shown as in Fig. 1. The topological relationships between 3D (or
2D) spatial objects are represented in topology space. The 3D spatial objects (Cells)
in primal space are transformed to nodes (OD) in dual space using the Poincare
duality transformation. Similarly, the topological adjacency relationships between
3D objects which form the boundary geometry in primal space are transformed to
edges (1D) in dual space. Moreover, the nodes and edges of the Node Relationship
Graph (NRG) are called state and transition respectively. An adjacency graph is
formed in dual space representing a specific contextual primal space, e.g., topo-
graphic or sensor space. Furthermore, based on semantic information the adjacency
graph is transformed into connectivity graph. The connectivity graph forms a
unique space layer that consists of nodes and edges geometries. As the indoor space
can be thematically decomposed into different cellular spaces. For example, a
corridor can be represented as topographic area while it is also represented as WiFi
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Fig. 1 Multiple space layers and structured space model within each layer (IndoorGML 2014a)

coverage area and Bluetooth sensor coverage area. Each thematic interpretation area
will form a different space layer in dual space through SSM architecture. This
representation or the whole framework of multiple space layers is called Multiple
Space-Event Layered Model (MLSEM). Further, the MLSEM provides method for
integrating multiple space layers to support indoor location and information ser-
vices shown in Fig. 2 (Becker et al. 2009a, b). IndoorGML also defines key con-
cepts those include to reference any object in external datasets such as CityGML or
IFC, connection with outdoor spaces, subspacing, and modularization to define
extensions of IndoorGML to cover a specific thematic field.

Furthermore, the authors (IndoorGML 2014a, b; Nagel 2014) have provided
details and application examples of IndoorGML. They further concluded that In-
doorGML is a very flexible and have a sound mathematical foundation to represent
and manage different thematic contexts of indoor semantic 3D building models for
indoor localization and information services required for indoor navigation systems.
But, the representation of a 3D indoor building model using IndoorGML containing
different space layers to represent different thematic contexts of building with their
mutual and hierarchical relationships makes a complex model for a normal user
who may be only interested in one thematic context, e.g., indoor routing. Therefore,
we extract the required information for indoor route planning and, thus, simplify the
data structures for the end user to use for context aware indoor routing by coupling
IndoorGML with a multilevel cloud-based system.
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Fig. 2 Multiple space layers in dual space (IndoorGML 2014a)

4 Coupling IndoorGML with Multilevel
Cloud-Based System

As we discussed in Sect. 2 most of the indoor navigation systems or applications are
constructed by the client-server architecture. The client-server based approach
mostly restricts clients from modifying the base information on servers according to
their specific contextual routing requirements. However, there is need of developing
an approach that enable users to create subsets (e.g. routing network models) of the
base information (e.g. main topographic network model) and modify in those
subsets according to their specific contextual needs without changing in the original
base information. Furthermore, the intended approach should use of new technol-
ogies based on the Internet that should enable users or clients to have a quick access
to the stored data to address their real time contextual routing requirements. In
addition, the normal user or the client should be able to access his relevant subset
(network model) and give him a simple view from the complex base information
(main routing network model) to deal with his contextual routing requirements.
Considering these requirements, a new approach is developed through which a user
will be able to create subgraphs of the main topographic network graph according to
his contextual needs using a 3D user interactive and user friendly webclient. The
subgraphs of the main network model can be modified, updated, and uploaded with
the corresponding 3D building model to the cloud service to store in a Google
Spreadsheet in real time. The uploaded subgraph and the corresponding 3D
building model will be accessible to other users over the Internet instantly.

In recent years, the advent of cloud computing has enable to address the prob-
lems of resource scarceness, finite energy, and low connectivity (Satyanarayanan
et al. 2009) on client devices to execute many useful programs that could aid the
user and response to his queries in real time. Cloud computing is a combination of
applications delivered as services and the hardware and systems software in the
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datacenters that provide those services over the Internet (Armbrust et al. 2010).
Once these datacenters provides services to the general public in a pay-as-you-go
manner, it becomes a public cloud. The main advantages of cloud computing are
the availability of infinite computing resources on demand, enable cloud user to
start at small scale, and increase resources only when there is an increase in their
demand. In our proposed system we used a cloud service to facilitate the context
aware indoor routing for the users.

The generic idea of coupling the IndoorGML data model with a multilevel
cloud-based system to perform context aware indoor route planning is illustrated in
Fig. 3. The whole system architecture consists of three tiers; information backbone,
cloud service, and 3D webclient. In the information backbone tier, the semantic and
geometric model of building are stored in an IndoorGML database, which allows to
store and manage different contexts of indoor environment, as well as the mutual
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relationships of building parts. Other 3D data model standards like IFC, DWG, and
CityGML, which are well-known in GIS, Architecture Engineering, and Con-
struction (AEC) community, can be imported into the IndoorGML database. The
network model can be extracted from the topographic space in IndoorGML using
Multilayered Space-Event Model (MLSEM) method, which paves the way for the
integration of multiple space layers such as topographic space, sensor spaces, and
logical spaces to support navigation services (Becker et al. 2009a, b).

A specific 3D webclient acts as user interface to the end-user. It is developed to
perform the functions such as route planning computation, interactive 3D visuali-
zation, and exploration. The main features and working architecture of the 3D
webclient related to the context aware routing are explained in the following.

Web-based and friendly user interface: The client application is web-based
and therefore available from any location with Internet access. Users can view the
3D webclient over the internet using a web browser to use directly without having
to install any other software locally. It is a JavaScript-based static application and
can operate with any webserver like Apache without the need of an application
server which reduces the administrative effort. The basic structure of the user
interface is created using the ExtJS JavaScript-based web framework. The 3D
webclient enables to visualize graphical representation of the 3D building models
and perform spatial operations such as geocoding. Furthermore, user can control the
dynamic elements of 3D building models using JavaScript commands embedded
with the Google Earth Plugin and the Google Maps API. Through an interactive 3D
visualization a variety of features are available to display information of the target
area. For example, panning, zoom, rotation with 3D view are provided by the
Google Earth Plugin with its tools that provide the basic functions for navigation in
the 3D map. In addition, the 3D webclient allows to select one or more objects and
display their attribute values in a table. The selected objects can be both highlighted
in the 3D view, as also be hidden from the current view.

Interactive modification of thematic properties of the building model: The
editing feature of the webclient allows authorized users to change the thematic
properties of the building model interactively for individual objects or entire groups
of the selected objects (e.g. corrections, updating or adding more information). The
edited property data is automatically stored in Google Spreadsheets.

Context aware routing: By means of this cloud-based system architecture it is
possible to export arbitrary subgraphs of the main routing graph of the building
model which are generated based on the different contextual requirements of the
user and upload these to the cloud services to make them accessible over the
Internet. Besides, a 3D visualisation building model linked with the exported
subgraph can also be generated and exported in a similar way.

Furthermore, more than one pair of the exported datasets (graph data model and
3D visualisation model) can be grouped and referenced using one configuration
document that allows users to control the distribution of different datasets and
facilitates web applications to fetch sets of distributed datasets at once for speeding
up loading time. The criteria to create subgraphs from the super graph of the
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building depends on the specific user and his authority to modify the main graph as
well as his contextual requirements. The 3D webclient provides opportunity to each
user to directly create constraints or edit attributes of building elements in an
interactive way to create subgraphs which can be further uploaded to the cloud
service to serve other users.

Integration: By using the Google Spreadsheet web application users can add
more columns or other properties to the indoor objects. In addition, arbitrary KML
files published through web or cloud services can be loaded into the webclient as a
separate layer. This can either be a simple raster data such as OGC Web Map
Services or 2D and 3D vector data.

Queries: Thematic inquiries are frequently used by analytical methods in GIS
applications. In the webclient tool the building objects can be filtered by simple
conditions on one or more attributes. In the described application context aware
routing, for example, search for a specific type of rooms (e.g. lecture halls) or office
of a specific person. Selected objects can be highlighted graphically and their
relevant thematic properties can be displayed.

Visualization of the topographic layer and the network model: The main
topographic space layer from IndoorGML building model is selected and uploaded
as a layer into the cloud service to make it accessible over Internet. Furthermore, the
corresponding network model from IndoorGML is uploaded as another layer to the
cloud service. Both the 3D building model and the corresponding network model of
the building with their semantic information are accessible from the webclient to
visualize and analyse.

Path computation and visualization: The computation of the route plan from one
room to the other amounts to the calculation of the shortest route between the two
locations is performed directly in the webclient. In the application of the context
aware routing, by simply selecting an initial room and target room the route for the
user can be calculated. The result of the computed route will contain the list of rooms
or corridors through which the person has to walk can be highlighted. As shown in
Fig. 1, a 3D visualisation engine is embedded in the 3D webclient. It is responsible for
the rendering of the visualisation model. Another client component named “thematic
extractor” is involved to fetch and interpret the network model of the 3D building
model stored in the cloud services. The users can utilize the “routing calculation
engine” that performs the route calculation at the client-side with high performance
due to the local caching of the network model. The results of route planning calcu-
lations can be directly visualized in the 3D webclient in an intuitive way.

5 Application Scenarios

The work flow supported by the mentioned system architecture in Sect. 4 is
illustrated in Fig. 4. Users can be typically categorised into three groups: building
administrator, scenario manager, and navigating user.
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Fig. 4 Application scenarios with three user groups with different access rights to perform
functions on information backbone

The building administrator can export the configuration file associated with 3D
visualisation models and network models, and upload to the cloud services to make
them accessible from the 3D-webclient. These outsourced network models can be
added, deleted, or modified by the authorized users (e.g. scenario manager) at any
time without altering the original datasets stored in the central database (Herreruela
et al. 2012). This strategy allows the scenario manager to modify and customize the
network model in order to adapt it for the specific use cases. The modified network
model can be fetched immediately from the cloud services by the 3D webclient for
the route planning calculation. The desired route planning result will be intuitively
presented to the navigating users via the 3D webclient. Since the cloud services
provide support for access control, privileged navigating users or user groups can
also be authorized by the scenario manager or the building manager, so that they are
able to modify the network model by means of the functionalities shipped with 3D
webclient such as exploration, query, and aggregation. On the other hand, since
more than one outsourced dataset can be grouped and referenced in a separate
configuration document, it is therefore possible to handle several application sce-
narios within one web application session, and one web application instance can
also be used by more than one user or user group in turn. Example scenarios and
screen shots of the results are given in the following paragraphs.

Example scenario 1: Consider a scenario in the main building of Technical
University of Munich, where a GIS conference is going to be organized between
dates 10-12 July, 2014. To facilitate conference participants with accurate indoor
routing according to their specific requirements the building administrator assigns
the task to the scenario manager and provides him the main topographic model of
the building with the network model shown in Fig. 5 (2D view of a building). The
scenario manager studies the conference plan and sessions’ schedule and came to
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Fig. 5 2D view of the
topographic model and the
network model of the building
provided by the building
administrator

the decision that for two days room R3 and R4 must be closed to walk through by
all participants because those are booked for private discussions. Therefore, he
makes those rooms inaccessible (blocked) for all participants by editing the graph
directly using the webclient and upload the new network model shown in Fig. 6 to
the cloud service to access for participants so whenever they compute the route plan
then those two rooms will be inaccessible and will not appear in their route com-
putation by the system. Now the participants will be able to compute routes with 3D
visualization of the building model considering the specific context (in this case
without disturbing the private discussions in room A and B) during the conference.

Example scenario 2: In continuation of scenario 1, the conference has many
sessions and each session is chaired by a session chairperson. Scenario manager
provides the network model shown in Fig. 6 to the each session chairperson with

Fig. 6 2D view of the

topographic model and the R1
network model of the building .\
after blocking rooms R3 and D3

R4 by the scenario manager - =

C1

R7 R6
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permission to modify it according to specific requirements for the session partici-
pants. The conference has a visualization theme and its session is chaired by Mr.
Yao in room R7 which has two entry doors D7 and D10. After having details of the
conference sessions, and considering the requirements of the session participants he
came with idea to close or block the door D10 for participants because it would be
disturbing for the other session in room R6 that will be in progress during the
closing and starting of his session. So participants should not walk through R6 to
reach R7. Considering this visualization session’s contextual requirement Mr. Yao
modifies the network model of building and he blocks D10 for the participants of
his session. He uploads the modified network model and the 3D visualization model
of the building as shown in Fig. 7 to the cloud service so that the participants will
get adapted routes without disturbing the session in R6.

The system architecture and example scenarios discussed in Sects. 4 and 5 are
realized in the context of a Smart Campus project at Technical University of
Munich (TUM) where a campus information system is currently being developed.
This project plans to create an integrated platform that provides benefits for man-
aging all kinds of building information. It will facilitate personnel of different
departments and will support for various application fields like indoor route plan-
ning. The visualization of the 3D model of the main building of TUM and its
network model in the webclient are shown in Figs. 8 and 9 respectively. From
Fig. 8 it can be observed that apart from the 3D visualization of the building model
the webclient provides a user friendly user interface to visualize all the attributes of
each element of building which can be also edited by user. In Fig. 9 the network
model or dual space of building is given where each node and edge represent room
space cell and boundary cell of the building model respectively from primal space.
Figure 9 further shows, webclient gives direct access to the user to interact and
modify network model based on attributes of building model. In Fig. 10 the route
plan (list of room numbers to go through and rooms are highlighted in yellow color)
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Fig. 10 Route plan with all the semantic and geometric information of the route from the start
room to the target room based on the main network model provided by the building administrator

for the user is computed through Dijkstra’s algorithm by selecting two rooms (start
and target room) of building based on the main topographic layer (network model
provided by the building administrator explained in example scenario 1 shown in
Fig. 9). Figure 11 shows the computed route plan (rooms are highlighted in yellow
color) for the user by selecting the same two rooms (start and target selected earlier
in Fig. 10) after putting restriction on room no RMB7411 to pass through for users
by scenario manager due to some construction work. It can be observed that the rout
plan in Fig. 10 differs from the route plan shown in Fig. 11 due to the fact that the
users were provided two different network models by building administrator and
scenario manager.

Furthermore, the webclient gives opportunity to users (building administrator,
scenario manager, session chairperson, or normal user) according to their accessi-
bility and modification rights to put constraints on the building elements through
different attributes, for example, based on flooring type, usage, area, etc. and
generate corresponding network model to upload into cloud service to use for a user
or user group. The constraints applied through this webclient on the indoor space
can also be used for the subspacing according to different locomotion types
(walking, driving, flying) using their specific constraints (Khan and Kolbe 2012,
2013).
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Fig. 11 Route plan for the user from start to target room based on the network model provided by
the scenario manager after restricting room no RMB7411 to pass through

6 Conclusions

In this paper we have presented a structured approach to combine two frameworks
(multilevel cloud-based system and IndoorGML) to facilitate users for context
aware indoor route planning. Based on IndoorGML, the network model along with
the semantic and geometric information of the building can be completely stored in
an IndoorGML database, which allows to carry out complex analyses on the one
side and to generate and export arbitrary subsets of the original network model on
the other side. The proposed system architecture utilizes cloud services to store the
exported network model that can be dynamically customized and applied in dif-
ferent scenarios and disciplines for the route planning calculation, whose outcomes
can be visualized and interactively explored via a specific 3D webclient. There are
three groups of users (building administrator, scenario manager, and navigating
user), and access rights are set accordingly to the role. Moreover, the presented
approach coupling the IndoorGML data model with the specific cloud-based sys-
tem, can also be investigated and applied for other applications that deal with other
thematic contexts of the indoor environment based on network model, e.g. sensors’
covering areas, etc. and their analysis.

The proposed system architecture also can be used to model navigation con-
straints generating from indoor space according to different contextual require-
ments, which can be directly stored in IndoorGML database by taking the input
from user through webclient interface. The constraints stored in IndoorGML
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database given by the user through webclient will support the different types of
locomotion in their navigation of the indoor space. It can support the navigation in
outdoor environments provided if the system is connected with outdoor navigation
model (e.g. to determine if a building is possible to navigate for the specific
locomotion type from outdoor).
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