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Abstract—Digital twins are emerging technologies that facil-
itate the digital transformation of existing infrastructure and
physical assets. These transformations enable the creation of
photorealistic replicas of physical environments, which enhances
the user experience and supports digital navigation. However,
traditional digital twins only offer a snapshot of historical
states without real-time information. This paper introduces an
integration of live IoT data into digital twins, enabling real-
time updates and information. We used the integrated real-
time data to develop a data-driven navigation application using
digital twin. Our approach takes into account user requirements
and contextual information, aligning them with real-time sensor
data and physical infrastructure to determine the most suitable
paths for users. This application functions as a decision support
system, offering personalized navigation solutions based on user
preferences and needs. Specifically, the application is designed to
improve the campus experience for staff, students, and visitors,
with a particular focus on individuals with Autism Spectrum
Disorder (ASD). However, our approach is versatile and can be
applied to various other users and use cases.

Index Terms—urban digital twin, smart campus, path finding,
immersive technology, autism friendly universities.

I. INTRODUCTION

Digital twins are rapidly emerging as disruptive technolo-
gies that drive digital transformation across various domains.
In smart manufacturing, digital twins of machines are utilized
for monitoring and predictive maintenance. In the health
sector, digital twins of human bodies are employed for drug
discovery and patient care. Urban planning has also embraced
digital twins, with many cities launching programs to create
photorealistic representations of their environments. For ex-
ample, Helsinki [1] has initiated its digital twin project, while
Singapore [2] is a pioneer in adopting digital twins for smart
city development and urban planning. Smart Dublin [3] is a
collaborative initiative between four Dublin local authorities,
which also aims to leverage digital twin technologies to
improve city management and operational efficiency. Dublin
City University campus is one of the smart districts under
the umbrella of the Smart Dublin programme, which has
photorealistic digital twins of all of its campuses in Dublin.

However, the major problem with digital twins of smart
cities is that they are designed to provide a detailed 3D
representation of the physical infrastructure without any real-
time updates. We believe that integration of digital twins
and real-time data is the key to building real-time intelligent
applications that can have a direct impact on improving the
quality of life for all.

Recently, there are a few examples of digital twins of
university campuses for the development of a smart uni-
versity campus [4], [5]. These smart campuses enable real-
time sensing and monitoring of the contextual environment
by integrating spatial information such as 3D reality data
models, building information modelling (BIM), and real-
time IoT data collected from various sensors, e.g. such as
room occupancy, temperature, humidity, air quality, light and
noise levels. However, existing examples are still an early
stage deployment without solid use-cases which can utilize
these diverse sources of information to build an intelligent
application with a direct impact on the improvement of
campus users’ experience. An example of such applications
can be intelligent data driven path finding and navigation
applications which can combine the physical infrastructure
information, real-time sensor data and users’ preferences &
requirements to provide the most suitable paths to navigate
through the campus. The path navigation application can be
used for Autism Friendly Navigation suggesting paths with
less noise or crowd. Another example could be path finding
for emergency responses and rescue operations.

As an step forward in aiding universities to provide special-
ized tool to help students with ASD to navigate their campus
environment with ease, a data-driven path finding approach
for outdoor and indoor environments is proposed in this re-
search work. In this approach, instead of only recommending
the shortest path to reach a target location, it also bases its
decision on data coming from an external database that stores
sensor data, such as people counting in hallways. This is
implemented in immersive virtual environments, making use
of gaming technology such as UE (Unreal Engine). This paper



is structured into V sections; Section 2 covers the literature
review related to path finding. Section 3 discusses the methods
and materials used for the investigation, and section 4 covers
the results and findings of the study. The limitations and future
research directions are discussed in the conclusion section.

II. RELATED WORK

Path finding is an open challenge with a wide range of
applications in areas such as robotics, network traffic, simu-
lation, and lately in human-centric navigation systems. When
looking for a solution for path finding common challenges can
be detected. Several research works have been done, from the
mapping of all possible paths, the environment representation,
the determination of criteria for decision making, to the final
deployment and visualization of the recommended path. How-
ever, one of the most important elements is the representation
of the physical environment to a virtual counter part that will
guide the path prediction task.

Typically, a grid is superimposed over a region, and a
graph search is used to find the optimal (minimal cost) path.
The most common scenario is to use a grid of tiles and
to search using A* [6]. In [7], they address the problem
of recommending the least congested indoor-outdoor path.
They base their path-finding approach on a grid that splits
the environment and then a graph is generated that represents
their environment. In [8], path planning for automated guided
vehicles (AGVs) is performed. Here, the input for the mobile
robot is a satellite image of the terrain where the origin and
the target destination are located. The traveling zone for the
mobile robot is captured as an image. The captured image
is then converted to an occupancy grid. The occupancy grids
are the spaces filled by objects and spaces and represented
as one and zero in a grid coordinate system. A similar work
is presented in [9] where instead of images they use point
cloud collected by Li-DAR which is then converted to a 2D
grid map and then converted to graph nodes.

Some recent works use a more advance representation of
their environment by using Industry Foundation Classes (IFC)
files, Building Information Modeling (BIM) and even Digital
Twins. In [10], they tackle the problem of path finding in
the context of emergency responses. This work, based on
a general approach from [11], extracts the geometry and
semantic information from BIM to build a navigation network
by leveraging a visibility graph construction approach, where
then their path finding algorithms such as the Dijkstra’s
are executed. Another work on pedestrian navigation for
emergency evacuation is presented in [12]. In this work,
they use BIMs as IFC combined with GIS. BIM, which
includes accurate semantic and geometric information about
buildings, can serve the purpose. BIMs have information
about building elements such as walls, columns, etc., and do
not include the topological information of the indoor route
network. Therefore, BIM does not have the appropriate tools
to build a 3D route network inside the building and perform

various spatial analysis on it to perform the routing process.
Consequently, extracting the information needed to create a
topology from BIM models is also a challenging task. In this
regard, they combine BIMs in IFC format with GIS to solve
the problem of building a route network in the interior of the
building more efficiently.

The work in [13] proposes a more general path finding
approach based on digital twins of the scenarios. Essentially,
the goal of this work is to obtain digital twins for route
descriptions directly from existing scanned 2D and 3D maps.
First, the map with the tasks is saved as an RGB image,
where the individual tasks, routes, and obstacles are coded
in the appropriate color. Then, the separated events in the
image are extracted as markers. A distinction can be made
between “passable”, “not passable”, “position of the robot”,
and “tasks to be passed”. Then these task markers are used as
constrained conditions to calculate the skeleton in the passable
area. This skeleton links the individual tasks in the traversable
domain. After this, the paths which are still in the form of
pixel chains, are reduced to simple edges and nodes to a graph
using a collapsing procedure. This graph is then enriched with
the local passage width. The digital twin can now be obtained
directly from the paths as well as from additional information.
Finally, based on the digital twin, the ability to reposition the
robots is integrated.

All the related works mentioned on path finding show the
same challenge of building a virtual representation of their
physical environment to perform the path finding task. In this
work, different from those approaches, we propose the use of
UE (Unreal Engine) to facilitate the creation of such virtual
environment based on BIMs and 3D reality data meshes. In
this work, in addition to presenting how to use UE to create
a 2D and a 3D collision map, we also describe how to access
such maps and how to modify them based on data-driven
decisions coming from an external database of sensor data.
All with the objective of providing a real-time and data-driven
path-finding approach.

III. METHODS AND MATERIALS

The described methodology is an extension of the work
presented in [3], [5]. In this specific proposed methodology
for path finding in a university environment, more attention
is paid to the use of dynamic data coming from sensors, the
interoperability between the database of sensor data and the
integration into UE (Unreal Engine). As shown in Fig. 1,
images are acquired using drone surveys, which are then
processed and transformed to a digital 3D model using
Bentley’s iTwin Capture Modeler in the case of outdoor
environments. For the case of indoors in buildings, BIMs
(Building Information Modeling) are used. To add realistic
materials and colors to the BIMs, Twinmotion is used. Unlike
our previous work, we are not using Bentley’s 4DA (4D
Analytics) platform which is proprietary software. This time
we develop our own API using Fast API in Python, which



besides being an open source library it provides the flexibility
to format our requested JSON files as needed to facilitate
the interoperability on the UE environment. Finally, UE is
used to integrate both 3D digital models and the data from
our database of sensors. UE besides providing an immersive
virtual experience such as in gaming, it has the capability to
perform HTTP request to APIs.

Fig. 1. Path finding methodology

A. Data Acquisition

As presented in [5], the outdoor spaces were mapped
using a DJI Mavic II pro drone. The dataset was created
by conducting drone surveys on each of the four campuses
of DCU. However, this work focuses on the campus called
Glasnevin since it is the main and largest of the four of them.
The drone survey was carried out at an altitude of 100 m over
the ground and its image database is made up of 1,699 files.

As mentioned in our previous work [14], scanning using
the iPhone 14 Pro Max and Polycam works for small spaces
with low ceilings. However, for large spaces with high ceiling
and complex material such as glass or shiny surfaces, this
approach will struggle. It will also be difficult to model a
whole building using this technique. To address this problem,
BIMs provided by DCU are used.

B. Digital Models

Digital 3D models of outdoors were created using iTwin
Capture Modeler, it processes our database of drone images
to create 3D digital models of the DCU campuses. The models
created using this software can be reality data, point cloud,
and can be exported in different formats according to the final
use. For this work reality data meshes were used in glTF
format since this can be easily exported to UE.

For the indoor environment in buildings, a 3D BIM pro-
vided by DCU was used. In an ideal world, this BIM should
already have their colors and materials. However, this is not
the case. In this work, to create a realistic BIM of the Polaris
building, Twinmotion was used. This tool is a lightweight
version of UE that allows us to assign the desired colors
and material to each element of a BIM. From Twinmotion

the retouched 3D BIM is exported as datasmith format. This
format allows an easy integration into UE.

C. IoT Sensors

Currently, DCU has several initiatives to count the number
of people in/out of DCU per day. One of the most completed
solutions is based on radar technology and one sensor is set in
each of the three main entrances of DCU Glasenvin Campus.
Another initiative is based on computer vision, which is only
set in one of the main entrances of the DCU Glasnevin
campus. A third initiative consists of counting the number of
people in lecturer rooms for facilities management. However,
none of these initiatives has the sufficient resources to place
sensors on paths or hallways that can count the number of
people gathered on such paths. For this reason, to showcase
our path-finding methodology, mocked data is used, which is
inserted manually to our database of sensors data.

The database was created in MySQL with a simple data
structure containing only relevant data such as SensorID,
AreaID, LocationDescription, LocationX, LocationY, Loca-
tionZ, and a reading value, which in this specific use case
contains the number of people ”detected” in the location of
the sensor.

To provide accessibility to this database and at the same
time interoperability with UE environment. An API was de-
veloped using FastAPI in Python. This library is used because
it provides a complete documentation for development and
easy operability in Python and MySQL. Using the developed
API, we can expose our database to any environment able
to create HTTP requests. The output of this API is data
structured as JSON format. JSON format is selected because
it is a flexible and well managed data structure in a wide
range of environments.

D. Unreal Engine Integration

UE (Unreal Engine) is a tool for developing games that can
manage multiple formats for digital assets such as 3D reality
data meshes and BIMs, along with streaming of data from
external sources like IoT sensors. UE also allows to create a
variety of visualizations based on the streamed data. A very
useful capability of this tool is that a project can be hosted
on a server and then be accessed by the students by sharing
with them a URL. Besides gaming controllers, virtual reality
headsets are also supported to explore any virtual environment
developed on it, providing a better immersive experience.

In UE each time a digital asset such as a wall or a floor is
created, UE creates as well a map of collisions. For the path-
finding task this is a powerful feature because it saves us all
the work of manually creating the nodes and edges that are
needed to go from one place to another, which is the normal
process to follow, such as in OpenStreetMap maps and the
work presented in related work section. Another wonderful
feature of UE is that it allows to calculate the shortest path to



go from an initial location to a target location using the A*
algorithm. All based on the current map of collisions.

From here, we have two important components of the path-
finding task. The set of paths available to a target location and
the shortest path. This information is already useful to perform
path finding based on the shortest distance. However, in this
work, we aim to go a bit further and recommend a path based
on data-driven decisions, such as less congested or less noisy
paths.

To stream external data from our database of sensors data,
UE has a plugin called VaRest, this plugin allows to create
customized blueprints to access APIs using HTTP requests.
As presented in the Figure 2, a blueprint was developed to
execute such HTTP requests.

Fig. 2. VaREST blueprint to access database of sensors data using HTTP
request using developed API.

The developed blueprint returns a VaREST object with a
JSON structure equal to the structure fixed in the developed
API. Then, to access the data, another blueprint section is
developed, as shown in Figure 3. For each sensor in our
database, their individual values are extracted and stored in
variables which then can be used in the UE environment.

Fig. 3. Extraction of variables from JSON data structure.

UE has the flexibility to create dynamic paths; this means
that in run-time, any path can be modified to be walkable or
not walkable. In this work, we leveraged this feature to block
some paths depending on a criteria. For this specific use case,
the criteria is the number of people gathered in a path. If more
than a certain number of people are reported to be on a path,
this one is blocked (set as not walkable). Each time a path
is blocked, the collision map is also updated in real time,
therefore when a path is recommended by our systems this
new collision map is taken into account.

E. Data Analysis and Visualization

Not complex data analysis was performed; the data from
our database of sensors is streamed to UE and used as is.
However, data visualization plays an important role in trying
to communicate to the users the dynamic state of rooms or
areas of interest such as sensor reading. To visualize the
blocked paths, we also explored how to represent the number
of people on the paths. UE has available predefined objects
such as cubes and other basic forms, it also has human-shaped
avatars that can be spawned at a specific location, as shown
in Figure 4 (right). Using these avatars, our system, besides
blocking the paths it also spawn N number of avatars at a
given location of a path. Both, the number of avatars and
the location to be spawned are retrieved from our database
of sensors using the developed API and the blueprints along
with VaRest plugin.

To represent the location of the virtual people counting
sensors in our virtual environment, a custom object was
created. This object is constituted by 2 elements, a cube in
metallic color and a label showing the sensor number, as
visualized in Figure 4 (left).

Fig. 4. Objects to represent people and sensors.

F. Navigation System and Landmarks

Once the collision map is updated accordingly to the data
retrieved from our database of sensors. There should be a way
to show the recommended path to the users. In this work, two
ways are explored, the first one consists in a virtual avatar
guide, and the second in displaying landmarks on top of the
paths.

To create a functional avatar guide that walks the user to
a target location a custom navigation system is implemented
using blueprints, as shown in Figure 5 (top). In UE there
is a method available called ”AI Move To” that allows an
avatar to move from an initial x; y; z location to a x; y; z
destination. In this work, these two parameters are obtained
from the current location of the guide avatar (initial location),
and the destination is retrieved from the current location of
the selected facility that the user wants to visit.

The displaying of landmarks on top of a recommended
path was also implemented on blueprints using an available
method called ”Find Path to Location Synchronously”. This
method receives two parameters called Path Start and Path




