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Abstract. The paper proposes a framework for supporting maintenance services 
in industrial environments through the use of a mobile device and Augmented 
Reality (AR) technologies. 3D visual instructions about the task to carry out are 
represented in the real world by means of AR and they are visible through the 
mobile device. In addition to the solutions proposed so far, the framework in-
troduces the possibility to monitor the operator’s work from a remote location. 
The mobile device stores information for each maintenance step that has been 
completed and it makes them available on a remote database. Supervisors can 
consequently check the maintenance activity from a remote PC at any time. The 
paper presents also a prototype system, developed according to the framework, 
and an initial case study in the field of food industry.  

Keywords: Augmented Reality, Framework, Maintenance tasks, Remote Su-
pervision. 

1 Introduction 

Maintenance operations in a factory are necessary duties in order to provide a conti-
nuous functioning of the machineries and of the production. In several cases, opera-
tors are trained in order to acquire skills necessary to intervene on the machines on a 
scheduled time and to operate by following proper procedures. However, the outcome 
and the time planned to achieve these maintenance operations are always uncertain. 
The uncertainties are due to difficulties that the operator must face to complete the 
maintenance task, such as the functional and mechanical complexity of the machine.  

The level of uncertainty increases when the maintenance operation is not a routine 
work because it is a fortuitous or compelling event that the operator is not used to 
carry out. In other cases, instead, an operator carries out a maintenance task even 
though his background is not sufficient to accomplish it autonomously or accurately, 
such as when the operator gets confused because he deals with several similar ma-
chines or when an unskilled operator performs the task. This case usually happens to 
avoid the intervention of an expert operator, which could be costly and require a long 
waiting. Thus, an instruction manual traditionally supports the operator to accomplish 
the maintenance activity.  

However, maintenance operations accomplished with lack of depth or without 
complying with the protocols could lead to functioning problems of the machine.  
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A malfunctioning can be dangerous to the people working in the factory or it can lead 
up to additional maintenance, due to unexpected machine fails. From these considera-
tions it turns out that the complexity of the machine, inexperience, negligence and the 
human predisposition to errors affect the maintenance effectiveness. Consequently, 
these issues negatively influence a machine, by affecting its production in a plant, its 
working life and, in a long-term perspective, it leads to the increase of the industrial 
costs. 

According to the above-mentioned considerations, current research trends are 
oriented to reduce maintenance costs by improving the operator’s performances at 
work. In particular, one of the main trends aims at reducing time and money for the 
training, by providing supports for instructions that are more accessible and easy to 
understand also for unskilled operator.  

A great advantage in the field of maintenance is offered by Augmented Reality 
(AR), which is an emerging technology coming from Computer Science. AR enables 
the user to see and interact with virtual contents seamlessly integrated in the real envi-
ronment [1, 2]. In case of maintenance operations, the virtual contents are the instruc-
tions to perform, which can be represented as text or as three-dimensional objects. 
Hence, the instructions are provided in a way that it is more direct, accessible and 
easy to understand than the approach based on a traditional paper manual. 

In this research work, the authors describe a framework that aims at extending the 
AR solutions for supporting maintenance tasks so far proposed. The framework com-
bines a method to provide maintenance instructions to the operator by means of a 
mobile device and a solution to record and monitor the performed tasks in a remote 
location. The mobile device shows the instructions to the operator by using AR and, 
at the same time, sends data and pictures regarding the on-going maintenance task to a 
remote PC through a wireless network. The advantage of this framework is twofold. 
Operators have an intuitive support to achieve maintenance at their disposal, while 
supervisors can visualize the maintenance history of a machine and check the opera-
tors’ work from remote. In particular, the remote PC can be used to evaluate if the 
tasks have been carried out in accordance with the protocols, if the operator did a 
mistake and if the maintenance has been accomplished on schedule. 

The paper is divided as follows. The most relevant research works carried out in 
the field of AR for maintenance are reported in Section 2. Then, the developed 
framework is described in Section 3, while an initial case study is presented in Section 
4. The paper ends with a discussion and an outlook on future developments. 

2 Background 

AR technology has been successfully experimented in the field of maintenance [3] 
and nowadays first industrial cases and applications are coming out [4]. The advan-
tage of applying AR in this field is the reduction of the operator’s abstraction process 
to understand the instructions. In fact, the instructions are represented by means of 
virtual objects directly within the real world so that paper manuals are no longer re-
quired. Comparative tests demonstrated the improvement of operator’s work in  
some manual activities by using AR in comparison with other supports to provide 
instructions. Tang et Al. demonstrated how AR reduces the user errors during manual 
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operations and the mental workload to understand a given task [5]. Henderson and 
Feiner showed that AR reduces the time to understand, localize and focus on a task 
during a maintenance phase [6]. In summary, AR increases the effectiveness of the 
operator activity and it consequently speeds up the whole workflow. 

Many AR applications conceived for conducting maintenance operations are based 
on immersive visualization devices, as for instance the Head Mounted Displays 
(HMD). The first research focused on maintenance using AR was carried out within 
the context of the KARMA project [7], in which they provided maintenance instruc-
tions on a laser printer through an HMD tracked by an ultrasonic system. A case study 
in the automotive domain has been described in [8] for the doorlock assembly into a 
car door, while an immersive AR support is proposed for a military vehicle in [9]. 
Lastly, the immersive AR solution presented in [10] enables the operator to manipu-
late maintenance information by means of an on-site authoring interface. In this way, 
it is possible to record and share knowledge and experience on equipment mainten-
ance with other operators and technicians.  

However, HMDs have ergonomic and economic issues that impede their wide dep-
loyment in industry, even though they are an effective means to give AR instructions. 
It is a relatively expensive technology that does not provide a good compromise be-
tween graphic quality and comfort for the user [11]. Moreover, its use is unsuitable 
for a long period, as for an entire working day [12].  

Mobile devices are currently the most interesting support for AR applications. Bil-
linghurst et Al. evaluated the use of mobiles as AR support for assembly purposes 
[13]. Klinger et Al. created a versatile Mobile AR solution for maintenance in various 
scenarios and they tested it in a nuclear power plant [14]. Also Ishii et Al. tackled 
maintenance and inspection tasks in this very delicate environment in [15]. As nega-
tive aspect, mobile AR has the disadvantage of reducing the manual ability of the 
operator during its use, if compared with the HMD case. In the first case, in fact, he 
has to hold the device. For this reason, Goose et Al. proposed the use of vocal com-
mands in order to obtain location-based AR information during the maintenance of a 
plant [16]. Nevertheless, from an industrial point of view, mobile devices are current-
ly the most attractive and promising solution for supporting maintenance tasks by 
means of AR. They are powerful enough to provide augmentation and they are cheap 
and highly available on the market, due to their high volume production for the mass 
market. In addition, since these devices are easy to handle, to carry and they are cur-
rently present in the everyday life, they are considered more socially acceptable than 
the HMDs. 

This work aims at extending the use of AR in maintenance by monitoring the opera-
tor’s activity from a remote location. Some research works partially dealt with this idea 
by integrating AR in tele-assistance. Boulanger demonstrated it by developing an im-
mersive system for collaborative tele-training on how to repair an ATM machine [17]. 
Reitmayr et Al., instead, integrated a simultaneous localization and mapping system 
(SLAM) in an online solution of annotations in unknown environment [18]. The inte-
gration of mobile devices into maintenance activities increases the effectiveness  
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of remote assistance by experts because it makes as if the expert was collaborating  
on-site.  

The research described in this paper distinguishes itself from the others because it 
presents a framework to record the work done for future monitoring. Actually, the 
cited works focus only on the support and supervision of the operator in real-time and 
they do not allow recording his work in order to check it afterwards. By the time this 
paper has been written, only Fite-Georgel et Al. have proposed a research with a simi-
lar approach to monitor the accomplished work [19]. Their solution is a system to 
check undocumented discrepancies between the designed model of a plant and the 
final object. However, it works only offline and it has not been conceived for main-
tenance purposes. 

3 Framework Description 

The developed framework enables the visualization of maintenance instructions 
through a mobile device and the remote monitoring of the accomplished work. In this 
section, an overview of the framework is firstly depicted and subsequently the two 
main modules, of which the system is made up, are described in detail. 

3.1 Overview  

Figure 1 provides a schematic representation of the framework and shows its two 
modules. The first one is the Maintenance Module and it is based on an AR solution 
to display instructions to accomplish on a mobile device. Thus, the instructions, which 
are traditionally provided by a paper manual, are stored in a database as digital infor-
mation and loaded automatically by the AR solution when they are required. For each 
maintenance step, the module saves data about how the maintenance operation is 
going and, if the device is connected to a Wi-Fi network, it sends them to a remote 
storage server. 

The data stored into the server are visible at any time by means of the Monitoring 
module. In this way, a supervisor can check the entire maintenance history carried out 
on a specific machine. 
 

 
 

Fig. 1. Schematic representation of the framework 
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3.2 Maintenance 

The Maintenance module is basically an application that provides a mobile AR visua-
lization of the instructions. Besides this, a Wi-Fi client is integrated in the application 
and it sends the data about the accomplished step to the remote server. 

Figure 2 shows the tasks of Maintenance Module. The camera, embedded in the 
mobile device, frames the machine that requires maintenance service and provides 
video stream to the AR application. Specific algorithms estimate the position of the 
camera with respect to the mechanical component by the video stream. This task, also 
referred to as tracking, allows the module to represent precisely the virtual contents in 
the real world, with a proper perspective and spatial coherency.  

The instructions of the tasks to carry out are stored in configurations files and they 
are loaded during the initialization of the AR application. They are textual informa-
tion about how to perform the task and the spatial position of the machine compo-
nents on which the operator should intervene. The instructions are rendered in a 
graphic manner, by using also the tracking data. The graphic result is superimposed 
onto the video stream and shown through the video display of the device. 

Once a step is finished, the module automatically saves the maintenance informa-
tion and makes them available to the remote PC through the Wi-Fi client. 
 
Data Communication. Every time the operator presses the button to move to the next 
maintenance task, the application saves the data of the last operation concluded and 
sends them to the remote server. This approach, if scaled with several AR mobile 
maintenance devices, is a cloud-computing network, which is referred to as cloud in  
 

 

Fig. 2. The tasks that the Maintenance Module performs in order to provide an AR visualiza-
tion and the data to the remote database 
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this work. These data are two pictures of the machine at the end of the task and addi-
tional textual information. The pictures are the same one and they distinguished be-
tween each other because one shows also the augmented content. In this way, the 
supervisor can check the correctness of the operation by comparing it also by the AR 
instructions. 

The other pieces of information are complementary data to complete the descrip-
tion of the operation and they are the following: 

• Operator’s name 
• Data 
• Time 
• Machine ID number 
• Typology of maintenance (ordinary, extraordinary, intervention for break-

down/error) 
• Name of the maintenance operation 
• Step Number 
• Step description 
• Time taken to execute the task 

These data are saved in a file and organized according to a simple XML-like struc-
ture so as to have an effective communication protocol to exchange information be-
tween Maintenance and Monitoring Modules. 

3.3 Monitoring 

Monitoring Module is constituted by a software application that allows the supervisor 
to check the maintenance data stored in the Cloud. A parser retrieves the maintenance 
data saved in the XML files and makes them available to the module. Then, a GUI 
collects all the data and enables the supervisor to visualize and navigate through the 
pictures and the maintenance information of each task. 

4 Case Study 

The case study, which will be presented in this section, describes an initial test of the 
framework within the context of food industry. In particular, the machine used for the 
study is addressed to food packaging and it requires particular attentions and a period-
ic maintenance service in order to provide a safe packaging process of the product. 

Several maintenance operations on this kind of machine must be carried out daily, 
due to hygienic reasons. Food Companies usually involves normal operators without 
any particular skills or knowledge about the machine to take care of it. The reason lies 
in the necessity to avoid the constant need of a skilled operator, but it involves a high-
er risk of uncertainty on the outcome of the operation. 

The system developed according to the framework is described in the following. 
Then, the case study is presented.  
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4.1 System Description 

The system used for the case study is here described according to the two modules  
of the framework. This section takes into account both hardware and software  
components. 

Maintenance. The Maintenance Module used by the operator is an AR application, 
constituted by a GUI designed for maintenance purposes, which runs on a mobile 
device. The mobile device used for this case study is a Windows-based tablet PC. The 
tablet is equipped with a 1.80 GHz processor, 2 GB RAM, 10.1in color touch screen 
display and a 640x480 camera working at 30Hz. 

Once the operator has selected the right maintenance service to perform on the ma-
chine through the GUI, the application provides him with the AR instructions. All the 
tasks have been taken directly from the paper manual, while the machine components, 
which are visible as augmented contents in the scene, have been exported from the 
CAD model of the machine. Each set of instruction for a specific maintenance service 
is saved in a separated file.  

A very stable marker-based tracking solution has been chosen to detect the camera 
pose and subsequently to properly represent the virtual content in the real 
environment. Thus, tracking is performed by placing squared, black and white 
markers on the machine. The tracking algorithms are from the library called 
ARToolkit Plus [20]. These algorithms detect the markers placed in the environment 
and they retrieve the camera pose by means of mathematical considerations on the 
four corners of each marker in the scene. 

The visualization of the AR contents in the real world is a merging process be-
tween the video stream of the camera on the tablet and the virtual objects, which are 
rendered with the right perspective according to the tracking data. OpenSceneGraph1 
is the Computer Graphics library used for this purpose and it updates the visualization 
at every new camera frame.  

The interface has been specifically designed for the AR use on a mobile device. 
Thus, some considerations regarding how to represent and manage the AR content for 
the operator in the best manner have been taken into account. Actually, the instruc-
tions to execute a task have to be provided by the system in a way that is simple to 
understand and interact. The guidelines presented in [21] have been used as starting 
point. Figure 3 shows the achieved result of the following considerations. 

The first consideration regards the visibility of the virtual objects in the working 
environment. The objects are 3D or 2D elements and each of them has a precise pur-
pose, such as indicating the point on which the user has to work or showing the action 
to perform. For this reason, animations applied to them in order to show how to deal 
with a component can increase the understanding of the user. In addition, these virtual 
elements must be easy to be recognized into the scene by the operator. 

 
 
 

                                                           
1 OpenSceneGraph library: http://www.openscenegraph.org/ 
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Fig. 3. The virtual objects present in the augmented visualization 

Second, the instruction has to be also complemented by some textual information. 
The purpose of the text is to give additional information, which cannot be provided by 
other graphical representations. The text is represented as a 2D element on the Graph-
ic User Interface (GUI) and also as a 3D element, which is in a fixed position on the 
machine. The text should be short, clear and direct, so as to enlighten the operator 
about the task to accomplish. 

Finally, a way to manage the instructions has to be taken into account, since they 
are represented as a sequence of tasks. By means of a step-by-step instruction ap-
proach, the user focuses only on one operation at a time. Therefore, two virtual  
buttons are present on the GUI and they enable the operator to switch from one in-
struction to the next one.  

 

 

Fig. 4. The Graphic User Interface for the remote monitoring 
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Monitoring. The Monitoring Module is a Windows application that runs on a desktop 
PC. As shown in Figure 4, the application provides a GUI to visualize the pictures, 
which were automatically taken by the Maintenance Module, and to show all the 
complementary maintenance data in a textbox. Finally, a button enables the supervi-
sor to switch from the normal to the AR visualization of the picture. 
 

 

Fig. 5. Maintenance of the machine. The user frames the machine with the tablet (left) and 
looks at the instruction by means of the tablet (center and right). 

4.2 Maintenance Service on a Machine 

The case study is a simulation of maintenance service on a machine from food indus-
try. For safety reason, the machine was not installed and operative; all the required 
utilities (water and electricity) were not plugged. The study regards an ordinary and 
extra-ordinary maintenance service. As depicted in Figure 5, the user was asked to 
select the proper operation through the GUI on the tablet and to accomplish it by fol-
lowing the AR instructions. The user involved did not have any experience with the 
machine. 

Figure 6 shows some screenshots during the maintenance simulation. The markers 
placed on the machine allow the user to move in the environment and to experience  
 

  

Fig. 6. On the left, the remote user checks the work of the operator. On the right, a screenshot 
of the interface. 



452 G.M. Re and M. Bordegoni 

 

the AR visualization from both a close and a far distance. At the same time, a supervi-
sor, who knows the maintenance tasks of the machine, sits in front of the remote PC 
and visualizes the user’s work. This interface turns out to be a very effective means to 
check the work and find possible mistakes. 

5 Discussion 

The case study shows the benefit of the framework to support and monitor mainten-
ance operations. Actually, AR allows avoiding the use of traditional instruction  
manual and the training of operator on how to perform a correct maintenance. The 
visualization of the instructions contextualized on the machine makes the operator’s 
work easy, potentially faster and more precise than the one carried out with traditional 
means. Thus, experts are less required. In addition, the use of AR in maintenance 
tasks introduces the mobile devices in industrial fields, which can be used also for 
other purposes. In this case, the mobile device has been used to send information to a 
remote PC about how the maintenance process is going. Therefore, a company can 
increase its control on the operator’s work and collect the maintenance history of its 
machines in the factory. For these reasons, the proposed framework meets the expec-
tations about the increase of the effectiveness of maintenance tasks through AR and 
remote supervision. 

The only drawback noticed during the case study is related to the tracking technol-
ogy used in the AR application. Markers allow having a very stable and precise  
tracking, but they have to be placed onto the machine and its components. Thus, a 
time-consuming procedure for fixing and calibrating the markers is required. In addi-
tion, the camera must always frame at least one marker to estimate the camera pose. 
The use of different camera tracking methods, which are not based on markers, can be 
used in order to overcome the problem. Currently, some methods are able to estimate 
the pose by means of distinguishable geometrical features that are already present on 
the mechanical component and the environment without placing any marker. These 
methods are usually called marker-less or natural features tracking. Examples of the 
use of these tracking technologies can be found in the automotive field [22] and in the 
aeronautic maintenance [23]. 

6 Conclusion 

This paper presents a framework for supporting maintenance tasks in industrial envi-
ronments. The framework provides a method to represent instructions through mobile 
AR that eases the operator’s work. In addition, the framework introduces a new way 
to monitor the worker. The mobile device, which provides the AR instructions, 
records information about the performed maintenance steps and it makes them availa-
ble on a remote PC. Thus, a supervisor can check the maintenance activity from the 
remote PC. 

In the future, new technologies will be integrated in order to provide more ad-
vanced tracking and interaction systems. Moreover, the power offered by the cloud 
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computing will be investigated by making the data exchange between the mobile 
device and the remote PC in both ways. Therefore, the supervisor will be able to col-
laborate with the operator by sending notes or alerts that will be automatically visible 
by the operator in the augmented environment. 
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