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Abstract

The present research develops a holistic framework for Deep Technologies
related to Gamification, eXtended Reality (XR), the Internet of Things (IoT),
and Artificial Intelligence (AI). Starting with the concept of gamification and
the immersive technology of XR, we create interconnections with the IoT and
AI implementations. While each constituent technology has its own unique
impact, our approach uniquely addresses the combinational potential of these
technologies that may have greater impact than any technology on its own.

To approach the research problem more efficiently, the methodology fol-
lowed includes its initial division into smaller parts. Having done so, we
work towards designing novel applications involving gamified tools and se-
rious games. We apply the proposed framework in two different domains:
autonomous vehicles (AVs), and distance learning.

In Chapter 2, we create an IoT-enabled gamified tool where IoT datas-
treams enable virtual events and phenomena. We also explain our design
and development methodology and suggest novel pseudo-multiplayer modes
that may help IoT adapt asynchronous learning tools into a powerful ad-hoc
synchronous means of distance education.

In Chapter 3, we combine XR applications with IoT datastreams in an
automotive context. We showcase how we created an immersive application,
how this fusion of technologies provides low-latency monitoring of vehicle
characteristics, and how this can be visualized in augmented and virtual reality
using low-cost hardware and services. This part of our proposed framework
provides the methodology of creating any type of Digital Twin with near real-
time data visualization.

Chapter 4 introduces two projects that take advantage virtual environments’
benefits to transform games into valuable synthetic data generators suitable for
training AI models. In the first project, which captures camera data from a
virtual vehicle to train algorithms for use on real vehicles, a user’s driving
behaviour is captured and sampled and additional data are captured from a
unique in-game, rule-based AI trainer. We present how we validated this
dataset by using it to train an AI model which was tested on an RC car
that “learned” how to self-drive using only data from the mini-game. The
second project is a gamified LiDAR simulator suitable for accurate point cloud
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generation. A user captures class-specific samples in a virtual environment,
and we use an AI model pre-trained with real LiDAR data and validate that
the synthetic samples are reflective of real-world data. Both projects use game
worlds to create environments suitable to capture accurate virtual data for
algorithm training, testing, and validation.

In Chapter 5, we dive deeper into gamification and virtuality and discuss
how serious games can be combined with other facets of virtual layers to
provide enhanced training and advanced learning experiences. Specifically, we
showcase how virtual machines can offer a hybrid approach between games and
browser-based hands-on for distance learning in the context of cybersecurity
training.

Lastly, since a user-centered approach is important in designing and de-
veloping software, we showcase how gamification can work as a means of
exploring human behavior in virtuality via a tool that tries to understand the
AV-pedestrian interactions in a safe environment.
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