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ABSTRACT
The rise of IoT-ready devices is supported through well-established
web concepts for communication and analytics, but interaction yet
remains in the world of web browsers and screen-based 2D inter-
action during times of tablet and smartphone popularity. Trans-
forming IoT interaction concepts into 3D for future exploitation
with head-worn XR devices is a difficult task due to the lack of
support and continued disengagement of game engines used in XR
development.
In this work, we present an approach to overcome this limitation,
tightly including web technology into a 3D game engine. Our work
leverages the versatility of web concepts to create immersive and
scalable web applications in XR, without the need for deep-tech
know-how about XR concepts or tiring customization work. We
describe the methodology and tools in detail and provide some
exemplary XR applications.

CCS CONCEPTS
• Software and its engineering→ Software creation andman-
agement; •Computer systems organization→Embedded and
cyber-physical systems; Sensor networks; •Human-centered
computing→Mixed / augmented reality;Virtual reality;Graph-
ical user interfaces.
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1 INTRODUCTION
Fast growing Internet of Things (IoT) and industrial sensor systems
become more and more difficult to interact, explore and maintain.
Furthermore, information is more likely to be cross-referenced
among various domains (sensors, machinery, factories and others)
to enable supportive applications like in-situ data discovery, train-
ing, maintenance and repair. Within an application the user has
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often to explore and consume data from different sources e.g., in-
specting faulty machinery in terms of both physical components
and virtual sensor data or documentation.

Collecting (sensor) data for analysis has a long tradition where
all sorts of applications, libraries and technologies have been imple-
mented, tested and strongly used. Nowadays and for the near future
most systems are build around web technologies, especially visual-
izations. Tools like Grafana (grafana.com), Prometheus (prometheus.
io) and Graphite (graphiteapp.org) utilize libraries like Chartjs
(chartjs.org) and D3js (d3js.org) for rendering and styling. Common
to all of them is their runtime in the web browser, mostly on a
JavaScript (JS) foundation, and their highly compatible nature and
portability to almost any hardware.

Emerging technologies like eXtended Reality (XR)1 bring a new
level of immersive interaction and information consumption to the
user, not only in industries but also to consumers. They are perfect
to convey virtual information to users in a comprehensive and ac-
cessible way beyond the borders of desktop monitors. Nevertheless
creating XR applications leveraging all this existing technology and
modern IoT concepts is not a straight forward task. Besides the
understanding of web and IoT technologies, it requires expertise in
f.e., 3D Engines, Software Architecture and XR concepts.

In our work we propose techniques and concepts on how to
create XR web-applications to extend existing IT-infra-structure
for straight forward integration of heterogeneous virtual data. The
major aim of this work is to relieve some burden from develop-
ers, app- and content-creators. We show how to allow a Unity3D
based system to utilize web-technologies and existing content to
create WebApps (electron2 alike applications, capable of running
within the browser, but also directly on the system) with 3D-Engine
support, still capable of running in the web browser.

In the remainder of this paper, wemainly focus onAR-applications
for Head Mounted Displays (HMDs, aka smart-glasses) like the
Microsoft Hololens. However, most of the principals apply to hand-
helds, VR-Headsets and XR in general as well. Our major contribu-
tions are the following:

• An easyway for creatingWebAppswith Unity3D and browser
support

• Accessing and Visualize (sensor) data inside Unity3D
• Automatically creating visualizations for given data
• Utilizing existing infrastructure for AR applications
• Exploiting full web browser support in Unity3D
• Fast prototyping by hot loading

2 RELATEDWORK
An exhaustive overview about visualization, IoT/web and XR tech-
nologies is beyond the scope of this section. It is very difficult to
1The term eXtended Reality (XR) refers to the collectivity of Augmented Reality (AR),
Mixed Reality (MR) and Virtual Reality (VR) technologies.
2https://www.electronjs.org
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group approaches based on scope and to bridge the gap between
those domains either. In order to still provide a comprehensive
overview about relevant concepts from di�erent domains, in the
following we brie�y discuss several approaches related to our work.

2.1 Web and Communication Concepts
Recent web technologies allow to build cross-platform applications,
completely running in a web browser or a web enabled system.
Many have shown how to build website running on mobiles with
HTML5, CSS and JS support [David 2012; GitHub Inc. 2018; Toman
et al. 2019]. Web libraries and frameworks like D3js [Bouali et al.
2016; David and J M Tauro 2015] allow real-time data handling and
the implementation of nice and interactive visualizations A core
advantage is rapid prototyping (often bypassing the build stage of
an application and utilizing in-browser evaluation like hot-loading)
as presented by Stringeret al. [Stringer et al. 2005].

The drive to automate tedious tasks and to make decisions based
on data was always a drive for new technologies and algorithms.
SCADA [Boyer 2010; VanderZee et al. 2015] have a long history
reaching back to the early 1970's. This sensors managing systems
and standards are capable of data �ow handling and control on de-
vice level. Opening standards allowed cross manufacturer commu-
nication, leading to new independent technologies. NodeRed [Leki¢
and Garda²evi¢ 2018; Sicari et al. 2019] is a quite young open-
source tool for sensor management, automation and more. Sen-
sors and actuators ranging from buildings-infrastructure up to
production factory machine control can be easily maintained and
operated through such a system. With the rise of IoT, communica-
tion paradigms like MQ-Telemetry-Transport (MQTT , previously
MessageQueing) have been developed and deployed at small and
large scales, often producing big amounts of data [Chanthakit and
Rattanapoka 2018; Dix 2017; Grgi¢ et al. 2016; Marjani et al. 2017].

2.2 3D Content in Web Browsers
Web browsers are basically 2D interfaces, but early approaches
to include 3D date back to the late 1990s. Standards like WebVR
(https://webvr.info), threejs (https://threejs.org) and others support
3D content in a 2D browser nowadays. Often, device support on a
low level is required and, therefore, it is not plausible to run full 3D
applications inside a browser on an AR-enabled device. Software
projects likeDom2Frameby Marx et al. [Marx et al. 2017] tackle
such problems by rendering the DOM into an interactive texture.
Speigineret al. [Speiginer and Macintyre 2019] described how to an-
notate existing 2D web content for immersive representation in 3D
by manipulating an existing sample application. Furthermore, ex-
isting Dom-To-Texture techniques (Dom2Texture, Html2Canvas3)
were shown to be su�cient for an immersive and �uid experience.

Use cases like city exploration and navigation bene�t most from
AR support in the browser to provide immersive experiences. The
Argon web browser by MacIntyreet al. [MacIntyre et al. 2011;
Speiginer et al. 2015] implements, amongs other things,KARML, an
extension of Googles KML4 (a geographical markup language) for
geo-located information and enables the use exiting web technolo-
gies. More recently, Speigineret al. [Speiginer and Maclntyre 2019]

3https://html2canvas.hertzen.com
4https://developers.google.com/kml

depict the layered reality model describing an independent software
architecture to implement so calledlayers of reality. Those realities
are decoupled and independently loadable similar to separated ap-
plications. Key proposed concept iswrite once, adapt everywhere
andreact continually.

2.3 Data Exploration in XR
XR lives by 3D virtual content. Often this refers to 3D models for
either entertainment or productivity purposes in the �rst place
(i.e.,virtual twins). However, this paradigm even more applies to in-
formation of simpler nature,i.e.,2D data, potentially single numbers
or sensor readings, but at a large scale with a plurality of data mean-
ings and temporal and spatial dependencies. This is particularly
important for professional applications in industry.

Grubertet al. [Grubert et al. 2017] describe the taxonomy and
importance of sensing users context and adapting the AR system ac-
cordingly based on given constraints. This is coined context-aware
XR with in-situ data visualization and exploration. Funket al. [Funk
et al. 2017] presented and evaluated an assisting system to support
workers with repeating tasks, leveraging camera-projector systems.
In order to generalize user interfaces for connected devices, Nichols
et al. [Nichols et al. 2004] use parameterized templates to specify
things like look and feel, button placement and size, situational
behavior. Digital hardware with physical controls (e.g.,music com-
position hardware, industrial machines) have haptic feedback but
lack visual feedback. ControllAR by Joneset al. [Jones and Berthaut
2016] remixes graphical interfaces and creates an immersive visual-
ization for such controls.

Building immersive data visualizations allows to exploration and
understanding in new dimensions. Butcher and Ritsos [Butcher and
Ritsos 2017] build and evaluate VR visualizations utilizing existing
web frameworks. By the example of spatial bar-chart an interac-
tive prototype is showcased based on WebVr, A-Frame, WebGl and
threejs. Bachet al. [Bach et al. 2018] examine e�ects of interac-
tions in immersive AR applications by comparing desktop-ARvs.
tablet-ARvs. HMD-AR (Hololens). Their study reveals that smart
glasses show high potential and usability in the future, but undergo
hardware limitations like small �eld-of-view, battery-lifetime and
computational performance. Sicatet al. [Sicat et al. 2019] created
an immersive analytics framework based on Unity3D with DXR
and a grammar inspired by Vega5. Overcoming complex low level
programming with descriptive grammar opens the door for more
applications. Re-useable templates and graphical marks allow for
rapid prototyping. Due to its underlying structure DXR is perfor-
mance hungry and does not scale well, which is unimportant for
in-lab use but crucial for in-�eld use.

The increased complexity of connected digital systems raised
the need of understanding such networks, particularly important
in maintenance of real assemblies and data analytics. Ivy [Ens et al.
2017] provides an interactive visualization of such networks, specif-
ically depicting data-sources, data-sinks and data-�ows. XR devices
enable the application of such spatially situated visual programming
tools for real-time usage.

5https://vega.github.io/vega/
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