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Abstract. The purpose of this article is to present the comparison between three 
different methodologies for the transfer of knowledge of complex operations in 
aeronautical processes that are related to maintenance and training. The first of 
them is the use of the Traditional Teaching Techniques that uses manuals and 
printed instructions to perform an assembly task; the second one, is the use of 
audiovisual tools to give more information to operators; and finally, the use of 
an Augmented Reality (AR) application to achieve the same goal with the 
enhancing of real environment with virtual content. We developed an AR 
application that operates in a regular laptop with stable results and provides 
useful information to the user during the 4 hours of training; also basic 
statistical analysis was done to compare the results of our AR application.   
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1   Introduction  

During the past 20 years there has been a technological revolution like no other. The 
advances continuously done in technology and information are changing our daily 
lives in an unprecedented way that cannot be compared. Currently, Aviation 
industries are looking for new technologies that can achieve repeatable results for 
learning processes to train people for repair and maintenance operations, where the 
driving path is the cost of implementing such tools. The reason to have priority in a 
low cost/high efficiency goal is the recession that we suffered in 2009 that is 
highlighted as a great concern since the Aircraft MRO (Maintenance, repair & 
overhaul) Market Forecast from OAG [12] estimated that the growing rate in this part 
of the industry will be just 2.3% compared to the 6% per annum in previous years. In 
the present work we are analyzing a solution to improve the cognitive process of a 
maintenance operator in the aviation business by using Augmented Reality 
technology in the assembly of a training kit of an RV-10 airplane that is commercially 
sold for practicing assembly operations of this aircraft.  
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This paper begins by examining related work and applications of augmented reality 
systems and how they reacted to controlled environments and in situ prototypes. In 
the next section we present a detailed description of the components of an AR 
application using markers and how they are related to each other in our case of study. 
In the following segment of this work the training tool kit for the airplane RV-10 is 
presented as the study case and the results of the analysis are offered for the 4 hours 
assembly training of the RV kit using a low cost system that was created to guide the 
operator through every operation that includes preparing tools, removing edges, 
deburring holes, riveting and drilling components. We then present the comparison of 
results against other technologies tested in our research group; those are the 
Traditional Technique with print instructions (TTT) and the Multimedia Design 
Guide (MMDG).  The last one is based on the enhancing of the content presented to 
the student by adding audiovisual tools in order to have better learning and a natural 
cognitive process.  

2   Augmented Reality Background 

Augmented Reality (AR) has become the center of expectation of many industries 
that have assembly or maintenance processes because of the feasibility of an AR 
application. We present in next section the state of the art of AR applications in 
maintenance as well as different prototypes and technologies used to create them. 

2.1   Maintenance Applications of AR Systems 

In 2004 Zenati and colleagues [15] described a prototype of maintenance system 
based on distributed augmented reality in industrial context; this research group 
achieved good results of the virtual overlays, by using optical tracking system and 
calibration procedures based on computer vision techniques, where the job of the user 
was to align in the scene the perceived virtual marker with a physical target, they used 
head mounted display to perform the maintenance task. In other work they presented 
the UML notation as the option to go for ergonomic and software design process basis 
for the AR applications through the V-model and then provide the operator for details 
that cannot be access during a maintenance task. 

In the other hand in Columbia University, Henderson and Feiner [8] presented the 
design, implementation, and user testing of a prototype augmented reality application 
on the United States Marine Corps (USMC) mechanics operating inside an armored 
vehicle turret. The prototype uses a tracked head-worn display to augment a 
mechanic´s natural view with text, labels, arrows, and animated sequences designed 
to facilitated task comprehension and execution, they researches use 10 tracking 
cameras to achieve ample coverage of the position of the user´s head without 
concerning to much with disadvantages of adding a large number of cameras to the 
turret. Some important findings in the research were that the augmented reality 
condition allowed mechanics to locate tasks more quickly than when using improved 
version of currently employed methods, and in some instances, resulted in less overall 
head movement. In [9], the same authors work in testing opportunistic controls (OC) 
for user interaction technique. This is a tangible user interface that leverages 
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properties of an object that determines how can be used; this prototype 
implementation was able to support faster completion times than those of the 
baseline.  

In the case of study presented by Wang [14], the author proposes AR applications 
for equipment maintenance. The system is based on the projection and detection of 
infra-red markers to replace the air filter and give maintenance to the gear-box in a 
milling machine. Later, an interesting approach where Abate and colleagues [0] 
provide a ASSYST framework, which aims to enhance existing Collaborative 
Working Environments by developing a maintenance paradigm based on the 
integration of augmented reality technologies and a tele-assistance network 
architecture enabling to support radar system operators during system failure 
detection, diagnosis and fixing. The author uses an approach where, the support for 
maintenance procedures is provided by means of a virtual assistant visualized into the 
operational field and able to communicate with human operator through an interaction 
paradigm close to the way in which humans are used to collaborate, improving the 
results that a screen based interface can offer. 

A system involving markerless CAD based tracking was developed by Platonov 
and colleagues [13]. The application was based on an off the shelf notebook, a 
wireless mobile setup consisting of a monocular wide-angle video camera and an 
analog video transmission system; it used well known concepts and algorithms for the 
AR application and tested for the maintenance of a BMW7 Series engines, resulting 
in stable behavior.  

Another example is the purpose of the research done at Embry-Rydle Aeronautical 
School [6], for analyzing the use of an augmented reality system as a training medium 
for novice Aviation Maintenance Trainee. Some interesting findings form their job 
were that AR system could reduce the cost for training and retraining personnel by 
complementing human information processing and assisting with performance of job 
tasks. 

In the work presented by Machhiarella and colleagues [10], AR was used to 
develop augmented scenes framework that can complement human information 
processing and such complement can reveal itself in training efficiency applicable to a 
wide variety of flight and maintenance tasks. During the investigation the authors 
managed to determine that AR-based learning effects long-term memory by reducing 
the amount of information forgotten after a seven-day intervening time between an 
immediate-recall test and long-term-retention-recall test. However, the author makes 
a very important point with the suggestion that further research is necessary to isolate 
human variability associated with cognition, learning and application of AR-based 
technologies as training and learning paradigm for the aerospace industry. 

Another type of AR system application is shown in the framework SEAR (speech-
enabled AR) that uses flexible and scalable vision-based localization techniques to 
offer maintenance technicians a seamless multimodal user interface. The user 
interface juxtaposes a graphical AR view with a context-sensitive speech dialogue; 
this work was done by Goosse et. al [5]. Also De Crescenzio and research group [2] 
implemented an AR system that uses SURF (Speeded-Up Robust Features) that 
processes a subsampled video of 320x230 at approximately 10 fps making a tradeoff 
for accuracy and allowing fluid rendering of augmented graphical content. They 
tested the system in the daily inspections of Cessna C.172P, an airplane that flight 
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schools often use. As shown, many research groups are impacting the advances of the 
state of the art of the Augmented Reality technology, but there is still much work to 
do and the biggest concern of industry is the cost that the application can have in real 
maintenance operations and not controlled work environments. In the following 
sections an explanation about our case of study for a four hour length maintenance 
operation with low cost technology is presented.   

2.2   AR Components 

As shown previously there many types of applications with different content for 
augmented reality. This section will present the different components that share as a 
common in AR applications, even though some of the components may be 
overlooked depending of a certain application these will be the most common parts 
taken into account when developing an AR prototype. The four main components will 
be the display, tracker, content and marker. Each element has a fundamental role in 
augmented reality applications and the description is explained further on. 

• Display. The principal sense stimulated in an AR application is sight. This means 
that the content must be shown in a display and according to this, the application 
may change along with the interaction human-machine. Therefore is very 
important to have a correct display that suits the information that is going to be 
transmitted.  

• AR tracking. In order to accurately overlay the content in the real environment it 
is essential to identify the environment and therefore to update the contents 
location. That is the main purpose of the tracking software and tools in an AR 
application are to determine where the marker is, depending of the position, the 
content may or may no change. This change is measured based in a reference 
point, which is normally called a marker. 

• AR content. The information that can be displayed in an AR application is the 
same content that can be displayed in a computer like videos, music, 3d models, 
animations.The content is subject to the author´s needs and objetives. 

• Marker. Is the reference point to track changes in an environment and therefore 
can be used as a reference to deploy content in an application. There are many 
types of marker types and technologies; one that has been used more commonly is 
the geometric marker. One of the advantages if this marker is that it is easy to use 
and the data processing requirements are affordable with common hardware (e.g. 
home desktop). For markerless applications the object is used as marker to deploy 
the AR content. 

3   Design of Experiment 

3.1   Methodology 

The methodology followed during the course of the investigation is shown in  
Figure 1, the first and very important step is to perform a proper research of the state 
of the art of the technology available for Augmented Reality. After we selected the 
case of study, from this point all the decisions will take in consideration the study 
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case selected,  the software selection include the programs required to create 3D 
models and animations, also it must be considered the software that will receive all 
the objects created and will compile the application script and runs the application as 
such. The next step is to create a story board, in the story board the different steps are 

defined, there is a brief description of the steps, 
the animation and the screen layout. Using the 
storyboard as a guide the models and animations 
are created, concurrently the program script is 
created to test functions and models. When the 
application prototype is done a test is perform to 
check all steps and make any corrections needed 
to have the final version of the application. The 
definition of the experimentation can be started 
right after the study case is selected and 
simultaneously with the application 
development. In this part the type of experiment 
is defined, what are the evaluation parameters, 
the number of experiments, the location and 
testing profile. The last step in the process is 
gathering all the data for proper analysis and 
finally we must reach the conclusions from the 
experiments. 

The complete integration of our system is what outlines trustable results, this 
integration may be seeing as a loop of harmonization between the human part of the 
system, the station, the complete set of components and the tools that are used to 

complete the task. If any of the components of the loop 
breaks the equilibrium point for any reason, the AR 
system will be affected and the task may not be 
completed with success, for example, having a person 
who is not willing to work with the AR technology 
could lead to greater assembly times or the destruction 
of the system, also having a bad setup of the work 
environment while using AR will generate stress in the 
operator when he tries to fit the technology in the wrong 
media. The loop of interaction of our AR application is 
showed in Figure 2.     

 

3.2   Experiment Description 

The interaction between the elements shown in Figure 2 is what defines the reliability 
of our data. We present here the description of all the components of our experiment: 
Human participation: the test subject is the person with an engineering background 
we do not present age as a restrain.  The AR station is made up of a computer Acer 
Aspire 3680 with intel Celeron M processor, 1.5 MB DDR2 RAM memory, Intel 
Graphics media accelerator 950. The laptop was used thinking of the portability of the  
 

Fig. 1. Methodology followed to 
create the AR application for RV-
10 training kit 

Fig. 2. Interaction loop 
between components of 
the AR application of 
RV-10 training kit 
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Fig. 3. RV-10 AR experiment 
(left) drilling operation, (Right) 
riveting operation 

system. The camera used is a Micro Innovation Basic Camera model IC50C. The 
markers are black and white design to be recognized by the software, the geometric 

design is printed in a white sheet of regular 
paper with a laser printer. Software used to 
create the application is the effort of a joint 
collaboration by UPV at Valencia in Spain and 
Tecnologico de Monterrey (ITESM at 
Monterrey) in México. This script was written 
in C-lite language and is run under the compiler 
gamestudio A7 version. The application can run 
under a self-executable archive allowing the 
application to run in different computers. 

The RV training kit was assembled with all the parts and accessories (rivets). This 
is bought directly from the supplier Vans aircraft aviation. This kit is sold for the 
training in the basic operation done during the assembly of an aircraft and is 
integrated by 12 aluminum parts, the kit is shown in figure 3 when the drilling 
operation and riveting is being performed.  

The tools needed to perform the assembly correctly are the following: Rivet gun, 
hand driller, rivet cutter, priming machine, C-clamps, metal cutting snips and 
deburring tool, an important remark is that the assembly must be done indoor with 
good illumination. 

The experiment consisted in one test subject performing the experiment. The 
person was introduced to the background of the instruction kit. Explanation of  
the different tools was done along safety instructions. Then an introduction of the 
software was done were the basic instructions were explained, for example, the 
operator were trained to keep markers without obstructions if they wanted to play  
the AR animation, also basic commands with mouse and marker were shown, next the 
assembly kit is presented and the test subject is allowed to start the work, the trainer 
answered any questions regarding the AR application but not about the RV assembly 
kit and the way is supposed to be united. 

 

Fig. 4. (Left) Display of the AR application for RV training kit, (Right) Parts of the kit that 
form the assembly 

The AR application for RV kit is form by 12 steps where 11 of them are manual 
operations that include preparing the tools, removing edges, deburring holes, riveting 
and drilling components. The list of operation for each block is displayed at the side 
of the Figure with a brief description of each operation. 
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4  Experiment Results 

According to the design of experiment (DOE) theory any process can be divided in 
certain parts in order to study and understand their impact to the process. A process has 
inputs which are transformed into outputs by a configuration of parameters. The 
parameters that can be modified in order to change the output of the process are called 

factors. The factors should be parametric 
in order to measure the changes made and 
thus the difference in the output 
according to Guerra [11]. The factors can 
have different configurations or different 
values within the process to change the 
output, these configurations are called 
levels and each one or more of the factors 
can have different levels which are tested 
during the experiment.  

In the case of the experiment 
performed and according to the theory of 
design of experiments the experiment 
can be described like this. There is one 
factor evaluated during the experiment, it 
is the method used to transfer the 
knowledge. The different configurations 

available for this factor are Traditional Teaching Technique (TTT), Multimedia 
Design Guide Method by Clark [3], (MMDG: usage of audio and video to enhance 
learning) and AR methods, therefore this are the levels. This means the process have 
one factor with 3 levels. The outputs of the process measured during the experiments 
were the time, errors and questions. These 3 outputs are the 3 quantifiable parameters. 
Another aspect of the experiment is where it physically took place; the location of the 
experiment was the Manufacturing Lab specifically in the designated work area for 
the RV Project, because it has enough space and provides good conditions to perform 
the experiment. 

The testing subjects, in this case the users, are a total of 7 male engineering 
students. None of the students have any prior knowledge of the assembly, the process 
or the tools used for the instruction kit. The users were all appointed individually for 
the experiments; they were under the supervisor who introduces them to the 
augmented reality instruction kit and its interface. The supervisor details to the user 
the kit’s control commands and the different types of content (text, video, 3D) 
displayed. The supervisor makes an introduction of all the tools the user will use 
during the assembly. 

Once the time starts running the users begin with the adaptation process of the 
instruction kit interface, this time is included in the total time of the assembly, and 
then start with all the steps in the guide. The supervisor is with user at all times and is 
allowed to answer any question made. The supervisor will help the user in certain 
operations of the guide because these operations must be done by 2 people; 
nonetheless the supervisor is an objective assistant and helps the user according to his 
instructions. 

Fig. 5. RV-10 Toolkit assembly process 
flow diagram 
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The supervisor will be in charge of gathering data for the questionnaire, the time, 
number of errors and number of questions is collected by the supervisor during the 
assembly. Afterwards, when the user finishes the assembly, the second part of the 
questionnaire will be completed with 4 open questions. The results of the experiment 
are presented in two categories, first one the quantifiable and the second one the 
qualitative. The quantifiable data is shown in numeric data grouped in table 1. The 
three measured parameters were: the time that the person took to complete the 
assembly, this parameter pretend to establish if augmented reality improves the 
understanding of assembly by the user allowing to make it faster. The errors found in 
the assembly that include from the misplacement of a part to a bad riveting or 
misalignment. The third parameter is the questions made by the user that could not be 
answered with the AR guide. 

Table 1. Results from the AR method 

The analysis of the data extracted from the experiment, began with a goodness of 
fit test to check if the sample follows a normal distribution. The Kolmogorov-
Smirnoff normality test with a confidence level of 95% was done to validate the 
sample. The test was done using the Minitab tools for data analysis. These tests were 
done for the 3 quantitative parameters, Time, Errors and Questions. The results show 
that the parameters follow a normal distribution except the error parameter. 

We compare our data against the TTT and MMDG method that was tested before 
the AR application in [11] by M. Guerra, the results showed in Figure  are normalize 
to 1 for the maximum value taken for each parameter, for the time recorded to 
complete the assignment for the AR and MMDG was 223.5 and 218 minutes 
respectively giving us a difference of 4.5 minutes, that fall between the confidence 
interval done by the t-test sample data (95% for this parameter) therefore it can be 
assume that both methods have a similar time of assembly but the data shows a 
difference from the TTT method with 243 minutes . From the errors comparison we 
conclude that AR represent the option to go in aeronautical assembly with only 1.5 
errors on average  against TTT and MMDG with 2 and 6 errors. The number of 
questions was the parameter that showed the biggest difference in the comparison, the 
question made by the user in the AR (3 questions) method were 2.3 times lower than 
the MMDG method (7 questions), this indicates that the users have more information 
available thus there is lesser need for external assistance which is great for 223 
minutes assignment, for the TTT method we got 5 times more questions when 
compare to the AR method, this is a reflection of the understanding of the assembly 
and better performance of the steps. 

 

Experiment Time (min) Error (qty) Questions (qty) 
1 248 3 4 
2 210 2 3 
3 236 2 3 
4 284 2 5 
5 197 0 1 
6 166 0 2 

Total average 223.5 1.5 3 
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It is important to emphasize that the statistical 
study is in process and will be presented in future 
work, but the results that we obtain until this 
moment  showed an excellent tendency for the 
AR technology when compare to other teaching 
techniques, we are in the process to obtain the 
sample needed to get 95% of the confidence 
interval in all the parameters, the data presented 
in this work will help to get that number because 
it give us a perspective of the variation of the 
assembly process in real conditions. 

For the qualitative results we selected two main topics to address, the impact in the 
motivation factor by the use of augmented reality as well as the easiness factor. These 
topics were evaluated using open questions to the users in a questionnaire. In most 
cases the users were initially motivated by the new technology, they were eager to use 
it and thus in the first minutes of the experiment they tend to focus in how to use to 
use the Augmented Reality rather than the experiment per se. The initial motivation 
by users was overcome in some cases by the length of the assembly; especially in 
cases were the assembly took more than 4 hours. All users considered the augmented 
reality a tool that made it easier to understand the instruction kit, but also commented 
that the control and display tools can be improved and change to mouse control 
instead of marker control. 

5   Conclusions 

We developed an AR system for aeronautic maintenance and training using a regular 
laptop computer to show that this technology can be used without high capacity video 
cards and demonstrate the feasibility in aircraft training.  

During the experiments the users of the AR application had a better appreciation of 
spatial and depth concept; this means that during the assembly, when involving 
smaller parts in the initial steps it was easier for them to understand and to perform 
the correct step. In comparison with the multimedia method, the pictures are in some 
cases insufficient to explain completely a step. 

Users have a period of assimilation of the new technology, the interface is easy to 
understand, yet it needs improvement to completely fulfill the user necessities, 
especially regarding the control of the 3d models and animations. When manipulating 
the controls of the interface in every occasion the users preferred the mouse over the 
markers for control.  We conclude that users perform the steps with a higher grade of 
confidence, although they are not always right, they are able to generate a complete 
picture/idea in their mind and replicate it physically, in the other hand using MMDG 
the users still have doubts about procedure and/or parts thus performing with an 
amount of doubt thus lowering the confidence of the user in the assembly done. 

As shown, the number of operators chosen as test subjects showed good results but 
the intention on this paper is to present the progress of the work done until this 
moment and the tendency of the results when compared to the Traditional Testing 
Method during a 4 hour maintenance task, now that we have data from real work 

Fig. 6. Comparison of results to 
complete assembly between AR, 
MMDG and TTT method 
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conditions and the point of view of different background persons, we are able to 
estimate the sample test needed to present all the parameters with 95% of confidence 
interval and demonstrate that our sample is representative of the population in the 
MRO for the aviation industry, this results will be presented in future work. 
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