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Abstract — The rise of Industry 4.0 is contributing to a 
growing interest towards the use of Augmented Reality (AR) 
technologies to support maintenance, since they allow 
superimposing extra layers of information in real time on 
specific locations of a defined environment. This paper 
presents a system to assist technicians conducting maintenance 
tasks on boilers, capable of present different types of AR 
information, based on a suite of prototype mobile applications. 
One of the applications acts as the main output for highlighting 
areas of interest on the boiler, while the other application 
displays more relevant information as text, images or videos. 
The first application uses two distinct methods to overlay AR 
information on the boiler: based on marker detection and 
based on the Tango platform motion tracking capabilities, 
allowing tracking even when markers are not visible. The 
architecture used to support the communication between the 
devices is also presented, allowing synchronous display of 
information. Finally, the results of a preliminary test are 
presented. 

Keywords — augmented reality, industry 4.0, maintenance, 
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 INTRODUCTION  I.

Augmented Reality (AR) technologies can overlay 
additional information in real time, in specific positions of 
defined environments [1]. The emergence of cheaper, more 
powerful devices with more compact computer chips, 
cameras, and other sensors, such as mobile devices and AR 
headsets is encouraging the development of solutions, which 
can be applied to maintenance and training, management 
and control, quality assurance and safety, etc. [2][3]. 

Industry 4.0 aims to make manufacturing technology more 
autonomous, leading to a need for more intuitive and fluid 
human-machine interaction [4]. Maintenance plays a very 
important role in the Industrial sector, since it has a direct 
influence on performance, productivity and product quality 
[5][6]. In this context there is a growing interest towards the 
use of Augmented Reality since it has the potential to reduce 
maintenance and reparation operations that have direct 
impact in Production. 

As Industry 4.0 becomes a reality, technicians experience 
an increased complexity of their daily tasks, where they are 
required to be highly flexible and to continuously 
demonstrate adaptive capabilities [7]. Technicians face 
specific incidents, which required specialized know how and 

additional information [8][9]. Through AR technologies, it 
is possible to assist them with precise information in real-
time, such as instructions, guidance tools, step-by-step 
instructions, interactive content, and even speech enable 
support, culminating in a more cost-effectiveness process 
with lower error rate, improving productivity and efficiency 
[10][11]. 

In this paper we propose a multi-device system to assist 
technicians conducting maintenance tasks on boilers by 
presenting different types of information, based on two 
applications that can be distributed among several devices. 
In a typical setting, one device acts as the main output for 
highlighting areas of interest on the boiler. Subsequently, 
the second device complements the information displayed 
by the first with more detailed information, such as text, 
images, and videos, 3D objects, among others. Through a 
customization process, technicians can select which 
information they prefer to have in each device. Then, we 
describe two distinct methods to overlay information on the 
boiler: 1- based on marker detection and 2- based on the 
Tango platform motion tracking capabilities and using 
markers only for the re-calibration of content position and 
orientation, when necessary.  

We also describe the architecture created to support the 
synchronous interaction and customization of information 
between the mobile applications. Finally, we present some 
conclusions and ideas for future work. 

 AUGMENTED REALITY SYSTEM FOR  II.
MAINTENANCE ASSISTANCE 

Our goal was to allow technicians to perform 
maintenance tasks accessing relevant information when 
needed or based on virtual tutorials and step-by-step 
instructions related to the assembly and repair process. Due 
to an on-going research collaboration, we used boilers as the 
context for our system, developing two inter-connected 
applications to provide assistance to technicians conducting 
maintenance tasks. For the development, we used the Unity 
game engine, based on C# scripts, the Tango SDK, type 2 
fiducial markers, specifically QR Codes and the Vuforia 
library.  

 AR Application  – Boiler enhancement A.

By pointing a mobile device camera to an on-site boiler, 
technicians can perform maintenance tasks through 3D 



 

 

interactive virtual instructions (using text, images, videos, 
3D models and audio support) and other relevant contextual 
information based on the existing components of the 
equipment and its location.  

Tracking Methods 

Technicians are able to select between two distinct 
methods according to the available devices, which enable the 
application to display relevant contextual and interactive 
data, such as: manuals, schematics, specifications, 
component highlight, step-by-step instructions for specific 
tasks, what tools are required to perform a specific task and 
what safety measures need to be taken into account. It is also 
possible to search for specific information, depending on the 
task being conducted.  

 Tracking 1 – AR using Markers 1)

The first method uses the Vuforia library to detect pre-
defined markers and present specific information on top of 
areas of interest in the boiler. It can be used in any mobile 
device with the Android operating system, even after the 
marker is removed, through the Vuforia Extended Tracking1 
mechanism. This uses detection of visual features from the 
surrounding environment, enabling the virtual content to 
remain visible and positioned in the same 3D coordinates, 
even after the marker is no longer detected by the mobile 
device camera.  

Nevertheless, this mechanism is limited to a small area 
around the initial position of the marker and also restricted to 
static environments. In situations where a significant part of 
the environment conditions need to be readjusted and/or 
reorganized, the extended tracking will be negatively 
affected, impacting the detection and presentation of 
information. 

 Tracking 2 – Tango Motion Tracking and Markers 2)

To overcome the small area limitations and allow 
technicians a larger continuous experience, moving freely 
around the boiler (whenever necessary), we used the Tango 
platform Motion Tracking capabilities combined with a 
reduced number of type 2 fiducial markers (Figure 1). This 
approach obtains spatial perception by using computer 
vision and image processing methods as well as specific 
RGB-D sensors, allowing the device to track its position and 
orientation through 3D space. Changes in position can be 
determined by evaluating the relative position of different 
visual features using Visual-Inertial Odometry (VIO), 
complemented by the analysis of the rotation and 
acceleration data provided by the mobile device Inertial 
Measurement Unit (IMU).  

However, in some situations it may be necessary to 
perform a re-calibration of the virtual content position and 
orientation in the environment, which will be possible using 
fiducial markers. This results in an increase in resilience to 
changes in the environment allowing a high accuracy in 
indoor scenarios (with an error of approximately 0.006m), 
even in dynamic spaces where geometry and illumination 
changes may occur [12] in contrast to the first method using 
AR with markers. The high level of accuracy provided 
enables the presentation of detailed content in precise 

                                                             
1 https://library.vuforia.com/articles/Training/Extended-Tracking  
   [Accessed: 24-Jun-2018]  

positions on top of the boiler elements, helping technicians 
to perform specific tasks (Figure 2).  Notwithstanding, this 
approach requires specific hardware, namely a Tango 
enabled device. 

 
Figure 1 – Tracking 2 – Mobile application highlighting specific 
components (areas of interest) on the boiler with AR content, based on the 
tango platform motion tracking and markers 

 
Figure 2 – Tracking 2 – Mobile application interface displaying step-by-
step instructions, identifying 4 specific screws that should be removed, 
based on the tango platform motion tracking and markers. 

Calibration 

Moreover, in both methods, a manual calibration of the 
augmented content can be conducted, using a re-sizable 
representation of the boiler frame, to guarantee that the 
information is aligned before being interacted with. Through 
the overlay of the real camera image with digital 
information, the application is able to simplify Technician’s 
decisions, potentially leading to a quicker and more precise 
intervention on the boiler (Figure 3). 

    

Figure 3 – Manual calibration process of the augmented content through a 
re-sizable frame of the boiler, showing before (left) and after (right). 



 

 

 Supporting Application  – Display of additional B.
information 

The goal of the supporting application is to be used as an 
additional output mechanism in the system, displaying 
information associated to the task being conducted in a 
synchronous way, facilitating the access to auxiliary 
information without cluttering the boiler area where the tasks 
need to be conducted. During preliminary tests with the AR 
application, we detected that in some cases the screen could 
become overloaded with information if several areas of 
interest were selected to display more detail. As such, we 
defined the AR application as the main mechanism to 
highlight specific areas of interest on the boiler, while the 
most detailed information is presented in the supporting 
application (Figure 4). Additionally, the technician can select 
which type of information should be presented in each 
device to facilitate the successful accomplishment of the task 
in hands. 

 
Figure 4 – Interfaces of both applications during the visualization of the 
boiler components. The mobile device presents the main areas of interest, 
while the tablet displays complementary information, the components 
specifications. 

Architecture description 

The communication between applications uses a simple 
architecture based on a Server-Client approach, focusing on 
simplicity and scalability, to enable the technician to interact 
and customize the available information in both applications, 
as long as they are connected to the same wireless network 
(Figure 5). Additionally, more devices could also be added as 
clients. The architecture exchange messages (based on 
specific actions) between applications to trigger changes on 
the interfaces of the two devices. We decided that the AR 
application should act as a client (to consume less resources, 
since it is already responsible to support all the AR 
mechanisms), sending messages to the server running in the 
second device (supporting application), which in turn reacts 
to those messages, triggering particular actions, namely the 
display of specific information to complement the interfaces 
of the client. The architecture is characterized for being 
adaptable, updatable and viewable in different devices using 
different platforms. Through this approach, adding new 
clients is straightforward, not being limited to specific 
technologies. 

 
Figure 5 - Proposed Architecture to perform maintenance tasks using two 
interconnected devices. The mobile device detects the boiler and presents 
the main features, while the tablet displays aditional information, 
accordingly to the technician needs and customization. Additional devices 
may also be used if necessary. 

 PRELIMINARY RESULTS AND DISCUSSION III.

Aiming to test the system and to understand the potential 
and limitations of using multiple devices for maintenance 
purposes, we conducted a preliminary study with 11 
participants, 7 females and 4 males, ranging in age between 
21 to 26 years old. The study followed the boiler case study 
theme to provide context, and included the use of just one 
device (with both methods) and the combination of two 
devices.  

 Experimental Design and Setup A.

The concept of Augmented Reality and its limitations 
regarding the alignment of virtual content with the real 
world were presented to the participants. Likewise, the 
concept of calibration, its importance to the application and 
how a calibration could be performed was also taught. Then, 
participants were asked to explore the features of the 
augmented reality application and then try again, with the 
support of a tablet that synchronously presented the 
additional information. In the end, all participants answered 
a questionnaire divided in 3 parts at the end of the study: 1- 
Demographic and other relevant information for the study 
(age, sex, occupation, first time using AR); 2- Questions 
regarding AR application; 3- Questions regarding the 
supporting application. During the realization of the tasks, 
all participants were accompanied by a monitor, to provide 
help if requested, to conduct observation and take relevant 
notes.  

 Initial Results B.

Results from the 3-part questionnaire and the study 
monitor notes, allowed us to state that the participant’s 
response to the system was very interesting. Regarding the 
AR application, all participants found useful to detect 
components, specifically in situations with a high quantity 
and diversity. Likewise, one of the most notable 
characteristics was the participant’s reaction regarding the 
amount of information displayed using both applications at 
the same time. Most participants (7 out of 11) believe that 
the use of a second device to distribute the information 
being presented, improved the visibility and understanding. 
The remaining participants though that the second device 
could improve the overall experience, but only in specific 
cases. Moreover, all participants believe that the content 
displayed was superimposed on the boiler in a credible way, 
encouraging exploring and interacting with the existing 
information.  



 

 

Implementing AR systems for conducting maintenance 
tasks may present several advantages. Instead of taking 
instructions from a standard manual, technicians can be 
presented with full procedures using different interactive 
content, with understandable instructions and checklists. 
Moreover, step-by-step instructions based on text, images, 
videos and 3D models, can be projected where the tasks 
have to be carried out, generating a great impact on the 
value and use of information.  

Through AR technologies, virtual-generated objects and 
interfaces will continue to increasingly become more 
interactive through several modalities, leading to more 
natural and interactive experiences. Using multiple 
interconnected devices enables not only the display of 
additional information (without compromising the amount 
of space occupied in the field of view), but also interaction 
through familiar senses, like touch (since hand and/or 
gestures recognition using AR goggles is still subject of 
research), emphasizing the potentials of the proposed 
system.  

  CONCLUSIONS AND FUTURE WORK IV.

In this paper, we presented an AR system to present 
context-related information distributed over 2 devices, during 
the performance of maintenance tasks on a boiler. The 
system uses one AR mobile application with 2 different 
methods of usage. Moreover, a supporting cross-platform 
application was also developed (able to run in different 
devices), to extend the range of additional (complementary) 
information being displayed. The communication between 
these applications, results in a mechanism, able to allow the 
Technician to select the type and amount of information in 
each device, leading to a wide range of synchronous 
visualization and interaction possibilities to perform 
maintenance tasks. 

Future development will include a larger study to test the 
system proposed features, aiming to obtain more insight 
regarding what AR can provide to the maintenance domain 
and to understand in what specific situations AR interfaces 
can be helpful and advantageous, using both mobile and AR 
goggle devices. Then, development will proceed with the 
integration of remote assistance features, allowing 
Technicians in the field to directly connect with specialize 
assistance, during the realization of tasks, helping in a 
quicker resolution of specific problems. This could be 
especially to drastically cutting distances and costs of 
moving skilled experts from site to site. 
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