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Abstract—Augmented Reality (AR) has great potential in
presenting contextualized information over the real-world en-
vironment. Pervasive AR extends this concept through an AR
experience that is continuous in space, being aware of and re-
sponsive to the user’s context and pose (position and orientation).
Yet, these experiences are usually based on static AR interfaces,
locked to pre-defined anchors. This paper describes a prototype
system for configuration and visualization of virtual content using
three different interactive mechanisms: 1- Management of virtual
content to be displayed; 2 - Configuration of virtual content
pose in the real-world environment using a mobile AR tool; 3-
Visualization of virtual content through a mobile AR tool. The
goal is to allow the creation of engaging AR experiences that
can be easily managed and placed in different locations of the
environment. The system communication architecture allows for
the exchange of virtual content among different cross-platform
tools. The paper also presents an exploratory study aimed at
accessing the usability and acceptance of the visualization tool.

Index Terms—Pervasive Augmented Reality; Configuration;
Interaction; Manipulation; Visualization.

I. INTRODUCTION

Augmented Reality (AR) allows overlaying responsive
computer-generated information on the real world environment
[1]. Nowadays, AR is considered as an interdisciplinary area,
which can benefit all areas where on-site and real-time 3D
visualization of information is required [2]. Despite the recent
success of AR applications, usually they are used for short
amounts of time and do not provide a continuous AR expe-
rience. Literature shows that AR is starting to be extended
according to the concept of Pervasive AR, which is defined
as ”continuous and pervasive user interface that augments
the physical world with digital information registered in 3D,
while being aware of and responsive to the user’s context”
[3]. This concept, raises challenges concerning information
visualization, appropriate tracking of the user pose, adequate
configuration of virtual content, and use of suitable interaction
methods [4] [5] [6].

As of now, the papers regarding AR authoring tools, and
their associated usability are scarce. AR-Room [7], a versatile
scripting-based authoring tool presented a modular design,
that allowed for the inclusion of new hardware, if necessary.
Despite the clear superiority relating to other AR configuration
programs in some aspects, AR-Room clearly lacks in ease of

use and learnability, on account of the users requiring training
to use the system correctly.

The VEDILS [8] system takes a block-based programming
approach, similar to Google’s App Inventor. This interface is
much more intuitive for inexperienced users in comparison
with the other studied systems listed. On the downside, its 3D
abilities are limited and require programmers to implement
new components.

The Maya based approach uses a 3D interface to position
content around an AR marker [9]. It is targeted at engineer
users, who are already familiarized with the Maya software,
but not with typical AR authoring tools.

The study by Lee Kim [10] focuses on the usability of
an immersive AR authoring tool versus a markup language-
based authoring tool and concludes that for most contexts the
immersive environment for AR authoring is preferable in terms
of time and it was also preferred by users.

Furthermore, current markerless AR Software Development
Kits (SDKs) that would bring us closer to the ideal of pervasive
AR are still quite limited among its uses, namely tracking,
and saving the placement of contents between sessions and
devices. As such, in our system we use AR markers, but in
the future markerless AR technologies could be used.

These challenges motivate our work towards the creation
of a system, allowing flexible configuration and visualization
of virtual content in environments that change frequently over
time. Such an application would be helpful to configure AR
contents in contexts such as museums, stores and industrial
layouts. Our prototype is based on three different mechanisms:

• 1-Previous management of virtual content using a com-
puter;

• 2-Configuration of virtual content pose in the real-world
environment using a mobile AR tool;

• 3-Visualization of virtual content through a mobile AR
tool.

The display and interaction of the virtual content is per-
formed in two different setups: computers (for the previous
management of the virtual content) and mobile devices (al-
lowing touch-gesture manipulation and interaction with the
virtual content in context, while moving in the real-world
environment). This paper presents the different parts of the
system, its architecture (including communication mechanisms



to ease the content exchange between devices) and the results
of an exploratory study with 9 participants. Finally, concluding
remarks and ideas for future work are drawn.

II. CREATION OF FLEXIBLE AUGMENTED REALITY
EXPERIENCES

In this section we describe a system for configuration and
visualization of virtual content requiring three different stages:
1-Management of virtual; 2-Configuration of virtual content
pose in the real-world environment using a mobile AR tool;
3-Visualization of virtual content through a mobile AR tool.

A. Architecture
The system was developed with two target users in mind:

an administrator whose role is to generate and place content
in the environment and the final user that will visualize the
virtual content while exploring the space (Figure 1).

Fig. 1. System Architecture. 1-Management of virtual content; 2-
Configuration of virtual content pose in the real-world environment; 3-
Visualization of virtual content.

The main purpose of the configuration tool is to allow for
easy and fast configuration of AR environments by non-experts
(administrators) since typical users might be museums, city
halls, and other institutions’ employees. At this stage, the
management of the virtual content is done through the edition
of an Extensible Markup Language (XML) file with some
hierarchy to organize the virtual content in menus that can
be later on placed in the environment with the configuration
tool. The visualization tool is intended for the visitor (final
user) of the configured space and focuses more on the display
of the available information. The information shared by the 3
stages seen in Figure 1 is read or written in the same folder
by the 3 applications. In a later iteration of the system, this
communication will probably be made through the internet
dynamically.

The system was developed using the Unity 3D game engine.
The virtual content is anchored to fiducial markers placed in
the world and detected using the Vuforia library.

B. Management of virtual content

The contents (or elements, as they will be later called)
currently supported by the system can be of three types (two
of which can be seen in Figure 2):

• Menu: includes a title, several menu elements and a back
button. Each of the available menu element can point
to another menu, or an item type element. This creates
a hierarchical data structure to organize the available
content. It is demonstrated in Figure 2 a).

• Item: includes a title, text, an optional image, an optional
link and a back button. These elements can be at the
root of an AR marker or can be accessible through the
navigation of a menu element. It is demonstrated in
Figure 2 b).

• Image: shows an image associated with the AR marker
with the size and position defined in the configuration
tool.

(a) Menu element

(b) Item element, including link

Fig. 2. Examples of virtual content that can be configured with the system

C. Configuration of virtual content

The configuration stage enables the user to select, place
and scale a pre-defined content relative to a given AR marker



(a) List of available content to place
in detected marker

(b) Placing one image element

(c) Placing one item element (d) Placing one menu element

Fig. 3. Configuration of virtual content pose in the real-world environment
using the mobile Augmented Reality tool.

present in the environment. When a marker is located, a list
of available content is presented (Figure 3 a)), allowing the
user to select and move/scale the desired content relative to
the current marker. The position of the content is defined
through device movements (while moving the mobile device,
the content will move accordingly regarding the marker always
centered in the field of view). Two sliders are available (see
bottom of Figure 3 a), b) and c)) allowing to scale and move
backward/forward the object relatively to the marker depth (by
default the content in on the same plane as the marker).

D. Visualization of virtual content through Augmented Reality

The visualization tool is used by the final user to see the AR
environment previously configured. Besides the visualization
of content, the user can also interact with the available menus
to access all the available contents. For example in the menu
seen in Figure 2 a) when the third menu option (”AR Content
Generation”) is selected it is replaced by the item as seen in
Figure 4 b). Pressing the back button on the upper left corner
on the item will return the interface to the previous menu
element.

Figure 4 a) shows an image element in the visualization
app, and Figure 4 b) shows one item element with an image
included.

III. EXPLORATORY STUDY AND DISCUSSION

A small usability study was performed to evaluate the
visualization mechanism (focusing on the final users). The
study was performed during a student event at our university
in which several master students were presenting their work
using posters located in several different rooms. The task
presented to the users consisted of visualizing and navigating a
previously configured environment with the configuration tool.
AR markers and natural markers existing in the poster (images)
were used to augment some posters. A menu with multiple
items was associated to each marker using the configuration

(a) Configured image

(b) Configured item element with text and image

Fig. 4. Visualization of virtual content through the mobile Augmented Reality
tool.

tools. Different types of contents were used: text, images,
videos or links to web-pages (Figure 5).

The study involved 9 participants (7 with previous expe-
rience using AR). Overall, the reviews of the system were
positive. When asked for comments or suggestions of im-
provements three participants pointed out that it was not
easy to understand which parts in the posters were AR
markers with content associated (especially when using natural
markers). One participant suggested adding more media types
(for example, the inclusion of sound to highlight specific
locations or content). A user complained about the size of
the virtual content, and another commented that the interface
could be improved. After the study, two important features
were added to the Visualization tool: since users might not
know which markers are augmented (especially when using
natural markers) an option was added to present a list of all
the markers with virtual content associated. A ”hold content”
option was also implemented freezing the AR content on the
screen of the mobile device. This allows the user to place the
mobile device on a surface and browse the content after it was
triggered by the markers without the discomfort of having to
be permanently pointing the device camera at the marker.

Despite the need for improvements, participants acknowl-
edge this type of experience may be used often in several pro-
fessional, cultural or recreational activities, as in warehouses,
stores, or museums, with the same software. These settings
are known to be volatile, and the capability of re-configuring
the environment as it changes can certainly be advantageous.
Obtaining a trained professional for every environment re-
configuration was necessary it would be costly, and unfavor-



able for the warehouse, store or museum interested. Therefore,
we strongly believe the mechanism used to provide additional
layers of information may lead to a more flexible, natural and
seamless configuration of the above-mentioned contexts.

Fig. 5. Participant using the visualization method to view additional infor-
mation over the real-world environment.

IV. CONCLUDING REMARKS AND FUTURE WORK

Despite the technical limitations associated with Pervasive
AR, this concept has the potential to evolve AR to a multi-
purpose continuous experience, changing the way users in-
teract with information and their surroundings. The system
presented in this paper aims to easily create and deploy
AR experiences, supporting adaptable and flexible content.
It allows to manage and organize, configure the pose in
the environment and visualize virtual content based on three
different mechanisms. These features may be beneficial in
several scenarios (e.g. museums, and other cultural venues,
warehouses, therapeutic contexts, smart homes, etc.) enhanc-
ing the experiences and using existing real objects as anchors.

As future work, it would be important to evaluate the
other components of the system, namely the management and
configuration tools. Another important issue is to improve the
content management tool to evolve from a simple configura-
tion file to a graphical interface that might manage but also
support the creation and edition of the 3D virtual content.
This interface might also support more AR element types
such as dynamic content to allow, for example, to present AR
interactive graphical representations of relevant information.
Also, it would be important to adapt the visualization tool to
support different configurations for the same space: depending
on the context or the user, the virtual content could be different
and customized.
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