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ABSTRACT

Maintenance engineering represents an area of great opportunity to reduce cost, improve ifypduntiincrease profitaliiy for manufacturin
companies. There are examples of best practice that can be classed as World Qiessahdai which deliverrgat benefits. Unfortunately very fi
companies, and especially small and medium sized companies, remotely approdebethiResearch has shown that savingsarmound 10% al
achievable by improving asset management techniques through adopting moueemanae practices, tools, and technigques. One area that i
overlooked is the development of an appropriate training programme in thieiskills and knowledge are retained and usetktelop the skills of your
apprentices or new staff using sifiectechnologies.  Augmented Reality (AR) has been identified as a technologyn@fepromising approach to
training which combines a number of disciplines including engineering, compatidgpsychology. Augmented Reality (AR) elesbusers to view
through the use of sdhrough displays, virtual objects superimposed dynamically, and merged seamlébstgalwvorld objects in a real enviroem
via a range of devices such as Ipad or Tablet, so that the virtual objects and real wgeklappaato exist at the same time in the same place pro\
reattime interaction. Therefore, this approach expands the surrounding real wondnement by superimposing computggnerated information.
presents the information more intuitively than legautgrfaces such as pageased instruction manuals enabling the users to interact directly w
information and use their natural spatial processing ability.

This paper will identify augmented reality tools and techniques with the potential tatseffioeent training systems for maintenance and assembly
that accelerate the technicians’ acquisition of new maintenance procedures. A platforntifoodallAugmented Reality basedining will be propose
which could allow small to medium sizZecompanies to develop and implement appropriate maintenance tasks based upon destaefteefficient
training systems. Such systems would give technicians’ the opportunity for praeticaidgr that is, the possibility toéarn by doing” in the waplace
provide information when and where needed, thus reducing the technicians’ informatidn tgear and potentially reduce ers due to violations
procedure, misinterpretation of facts, or insufficient training.

A detailed bibliography orhese topics is also provided.

Keywords: Asset management, maintenance training, augmentetyreali
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1. Introduction The procedural skill in assembly and maintenance tasks is the
. . . foundation of a correct performance. This type of skill reflects
In the maintenance arena, reliability can be improved by meange apility of the user/employee/maintainer to obtain adgoo

of a shorter availability (Johansson ef 20D13). In order 0 \anig representation of how to follow, incammanded order,
achieve this challenge, maintenance actions might be as effectiye, qitterent steps of a task (Anderson, 1982)
d ' '

as fast.Over recent years, the importance of maintenance, an

therefore maintenancemanagement, within manufacturing It has been proved that multimodal interfaces can reduce
organisationshas grown. This is a result of increasing pressureerrors and time of action, improving efficiency and effectiveness
upon manufacturing organisations to meet customer andhile executing a certain task. This is largely due to the fatt tha
corporate demands, and equipment availability and performandhe operator can freely choose from the different interfaces which
is central to achieving the¢Baglee& Knowles 2010). A field areconsidered more appropriated to execute each one of the tasks
where researching may cause a deep impact is human interacti@viatt & vanGent 1996). Providing simulation in a real

in maintenance tasks. Maintenance employees usually wognvironment partly removes the timensuming geometric and
under highpressure conditions. They are under strict timekinematic modelling of the machine tools and accessories in the
constraints (e.g., the longer the maintenance time is the longer theal environment, and thus improves the simulation efficiency.
production is stopped, what haan important economic The usability of this system must be verified to determise i
repercussion for a company) and must adhere to stringeeffectiveness.

guidelines (for instance, in aviation the maintenance tasks ma L )

follow a tight procedure). Because of such constraints, thegf Identification of Technologies

might be prone to making errors or consume more timorder
to do notcommitthem.

For this purpose, an expert has to apply backgroun
knowledge when repairing or maintaining isequired This
accumulated expertise extracted from the performing of repetitiv
routines should be stateand transmitted, berwise this

knowledge will not last. Augmented Reality (AR) plays a CrUCiaIattached and related to physical obje@téebel et al 2011).

role in retaining and utilising explicit knowledgeis facet being Generally, maintaining (corrective) implies to replace and fix a

able to provide the user an instant and interactive knowledgﬁernited number of components, as screws, plagsolts. This
from raw data. Furthermore, this technology allows the users O aracteristic of the objects t(; be mainta{irmdails that the

improve their knowledge instantaneously during the maintenanc[(}\rovision of locatiordependent information turmns extremely
actions. Such features can héyredue errors die to procedure important

violations, misinterpretation of facts, or insufficteraining.

Computing technologies offer high sophisticated platforms
integrating multimodal sensory; on the other hanfbrmation is
tructured gegeferenced linking information within our
environment.One of the most profitable advantages that AR
ﬁrovides in the field of assembly and maintenance is that
instructions or rather locatiedependent information can be

AR technology performs a camera based interaction fusing
omputer vision with computer graphidsor this purpose, the
eal environment has to be seen through a display that can
. ) - . rovide augmented features. This action may be deployed by
display dqcumentatlon as digital data and graphical databa eans of a display device and can be visually presented in three
(Crescenzieet al 2011) ways: video seg¢hrough, optical sethrough and project®, and
Integration of this technology in medium and small sizedéach of these can be incorporated into a visual display. Visual
companies will imply several stages. ifsf step may be to select display devices can be categorised based on their position
the specific product to use, since this market has grown recentietween the viewer and the real environment: headnted or
and a huge variety of devices are available. Different apparatd®adworn, handheld, and spatial or projective

can provide better results for different aims. In maintenance two Headmounted diplay (HMD) or headvorn display (HWD)
types .Of issues have to be faced. Identificat_ion _Of _the "?“:tu%evices include video sébrough or optical sethrough HMD, a
pondltlon of a system or componeat any pomt_ln time 1S viual retinal display (VRD), and a headounted projective
important. This task is related to preventive maintenance an%isplay (HMPD)(van Krevelen & Poelman, 2010)hese type of

Eelp dto identtiliy the potr:antiaé)l failu.:jes ir; adsystemf.r On.tﬂmrg devices have some disadvantadesjnstance, a reduced field of
and, once the ISsué nas been Identiieetange oreépair an vision (betweenl6° and 60%hile the normal vision is 17§

assembly actions might be deployed r(ective maintenance) which may reduce performance is task such as object

(Johandsso_n et a]iglti) _For the;et t\év? dEferfznt_ go?rlls,ttfhﬂe are anipulation and navigation (Real & Marcelji2®11)Handheld
Some devices wi eir associated technologies that fit 1or €athices include smantones tablets PC video/optical see

of them. through displays as well as handheld projectbiseet a| 2012).
In order to merge AR withina company’sfacility and In this case a lack of freedom in both hands is the biggest
products a database is required. A ausk of the different constraint.

systems and their components is necessary to provide the usersry o
interactive information along their facilities.

Toward that end, AR seems to be a promising technology t
build a combination of interfaces using interactive, simple an
wearable visualization systente implement new metds to

infrastructure of an ARsystem for assembly and
maintenance may integrate several types of devices. The structure
The third stage is the problem segregation. Once the problen®$ the system should include serddient architecture, where the
are listed and classified, they should be divided in difterencomplex model of the data and the database itself resides in a
procedures andubprocedures.lt is in this stage where the server andhe previous devices commenteaict as a thin client
inputs from a maintenance expert are needed. (Billinghurst et al 2008).In addition, amAR solution that aims to
) o . be a part of the industrial workflow must be integrated with the
Finally, all this information has to be sent and shown DY maintenance system. Considering new sources of data and
means of AR environment to the user/employe_e/malntamer arﬂoviding an intelligent and updated AdRiented information
form an expert knowledge onettily when maintaining. system The inputs to the f¥aintenance systerhave to be
merged, filtered, aggregated, submitted to data quality treatment
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and then interpreted, through different layers of inference andsers themselves, environment and task to build an adaptive user
applied to create an interface in the real world that enhances tleterface to provide safety for users and enhance their efficiency.

user ability and exp&nce in the maintenandask (Oliveira et . , - - .
al, 2013) Improving operator’s efflc_:lency passes throu_gh giving h_|m/her
the necessary and correct information in the display device. The
Services to be accessed from the client may be presentedrimre amount information does not mean the better operator's
two differentways and with two different purposes. On the oneperformare. It is essential that the information presented to the
hand, an AR browser is able to link virtual content to physicaluser is related to the issue to be solved, in order to allow #re us
objects of our everyday life e.g., maganes, posters, to extract a valuable knowledge from fior this purpose,
advertisementsThese browsers belong to the second generatiomformation filtering tightly deals with efficiency. T&important
of AR browsers antheyuse computing visiorbased recognition aspect is the selection of the information to be displayed for the
and tracking techniques (Langlotz et aD13). These services users from all the availablgata. Easiness accessing information
grouped withthe interaction of the user/operatoitivthe system, is also a key feature to accomplish. Visual design is the sthidy
either recording video and acoustic signals, storing some imagesow to represent information in the user interface, avoiding the
or accessing some commanded extra information ofolilect user get lost browsing the information or cluttering. This
under inspection wilform the augmented services for preventive discipline implies different methods to show information, for
maintenanceOn the other hand, the possibility to display videoinstancegraphics, images, sounds, video, 3D objects or AR.
streaming on the client side, related to the real environment and

augmenting it will provide the basis of the services foreive The visualization device influences both listed aspects, with
maintenanceln this case, this type of service might be a staticthGir key characterl_stlcs: size of t_he dl_spla)_/, W.h'Ch impacts on the
andcompiled programme, amount of information that can fits thésualizationscreen; type

of device already commented (handheld or HMD); and memory
2.1.Interaction in AR and processingapacity, whichdeals with the quality of the

) ) ) o information presente(Dliveiraet al 2013)
Other authors have explored multimodal interaction within an

AR environment. The most expanded and used in the framework1.3D modelling and database building and updating

of the last years are: . : . . .
Y As previously mentioned, a servelient infrastructure is

e Speech recognitigninteraction using voice commands. generally used to provide AR servicedl &f the complex model
Microphones anctarphones are easily hidden and allowrendering,handling of model formats and image processing are
auditory Uls to deal with speech recognition, speechperformed on the serveide and a still imager short animation
recording for humatto-human interaction, audio shows tle result in the client side. In this waycomplex AR
information presentation, and audio dialogygan rendering systenthat already exists orhé server can be used
Krevelen & Poelman, 2010). and connect it to the client with relatively little programm

" . . ffort.
e Gesturerecognition, three types of imtion can be effort

found in this recognitionmechanism 3D interaction, The server creates a simple animation of the current part being
mainly gestures interpreted through a camera and placed in the AR scene by a series of sub images placed on the
pattern recognition algorithm; 2D interaction, this i main image. Each sub image contains a bit map idgfiwhich
mainly in the visalization device, which works better in pixel actually show the part and whichis transparent
handheld devices than HMD; and tangible interaction, (Billinghurstet al 2008).Digital contenttargeted by AR systems
where manipulating physical objects affect the digitalcomprises3D basic models, such as symbols, arrows, and frames
world (Oliveira et a] 2013) and 3D models of parts and subparts. CAD component models
may be a great help fahe AR visualization. Otherwise, digital
Cfeplicas of parts ocan be modelled oobtain them through
reverseengineeringCrescenziet al 2011)

e Motion, graphical augmentation based on geographi
location and point of view information delivered from
integrated sensor such as GR8mpass and gyroscopes
(Langlotz et g12013). Setting up and updating a huge maintenance databadso a

challenge A complementarysupportive solution to standards is

the developmentf domainspecific ontologies and semantics.

Web basedcomputing empowers dispersed communication and

information storage and esiemand software creation in tferm

of webservices, thus becoming a powerful computragadigm

for E-MaintenanceOntology formally represents knowledge as a

Selection, manipulation, scaling and virtual menus arehierarchy of concepts within a domain, using a shac@dbulary
fundamental aspects that can be performed by a single interactitth denote the types, properties and interrelationships of those
mode or by a combination of them. These are critical features f@onceptsmodelling a domain to support reasoning about entities.
users to be able to select the object to be repaiepdit some  With data modelled through ontologies it is possible to take
failures found (preventive maintenance); ask for guidance oadvantage of another technology to facilitate interaipiity,

help, create an entry in the system when an error has been sohg@mmunication and reasoning of data iMBintenance systems,

(corrective maintenance) the Semantic WefJantunen, 2011)

e Images, video and audio recording a well-known
technique that allows the useto communica with
different types of platforms, which can stpamalyseand
treat this data in order to give backaugmented
information

3. AR challengesin maintenance In addition to accomplish this technical aims, an AR platform
may concern abouhis issues
In maintenance systems the main concerns are efficiency, i.e.
how fast a task can be accomplished by the maintainer; error
consequences and subjective satisfaction. A human centred
solution joins not only usability requirements; but also considers

Documentation can be altered or enhanced to reflect
difficultiesdue tomisinterpretation ol wrongutilization
of certain parts.
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e Use check lisprocedure s users daot get lost during Assure the appropriate monitoring and comparing processes
the process and dut skip anystepalong the whole task  between real video streaming and virtual objects in real time is

. the main concern in this ambit.
e Reduce the time spent to consult or locate resources ang

materials. 3D instructions can be even enriched of sound tracks,
additional textvisual information and animation effects.
Augmented reality applicatiofor assembling processes concerns
software issues regarding open source tools that can be used for
creation of augmented working environment. It also deals with
" hardware matters, especially with positioning device that was
. ; . constructed for the purposes assembly realizatiofNee et al
g‘sgg‘:riﬁ dgfcskc;rc])qgeolslﬁ?;maﬁ dngltuztt)(alfe:jo itnr{zcrlf(a;ge 2012) After analysing the images, the view angle coordinates of
insjufficient time f(F))r gystem response (may be due ’tothe usersnay be qbtaine,dedfavv'/ng the_images according to the
problems in networking, tracking, voice and gestureV'eW angles, obtglngthe_enwronm_ent images fr_om th(_a cameras,
interpretation)Oliveira et éll 2013) ’ and then comblnlngen_vlronmmtllmages .andvlrtual images
together to create a virtual reality experience. When the view
3.2.Tracking angle is changed, the images arecakulated and drawn

) o - synchronously, allowing users to watch the changing images of
Realtime estimation of the camera’s 3D position andnaturally(Chenet al 2008)

orientation 6DOF pose) with respect to the reabrld objects is
an important AR technology originatettom computer vision. There are stillsome areas where AR specialist may focus,
Generally, AR systems superimpose specificallysigieed mainly: adapt the interface tn-going situations, provide team
markers on the reatorld objects (Crescenzio et, &011). This Work awareness in the interface (Nazir e2al12).

allows an easy tracking of markers in the camera’s image
providing the necessary information to deduce camera pose in

real time. As it was mentioned before, the fields which may be
This process is divided in two parts: theantization step and SuPPorted by AR are preventive maintenance and corrective

the retrieval step. In the first step, representative data points afdintenance. Once identified the technologies for this purpose, a
extracted; while in the retrieval step, the best matches ard’@tform for mulimodalAR based training will be proposed

searchedn the database (Ha et 2011) : Regarding with preentive maintenance, the biggest issue is
An improvement of this technology deals with marker lesgProblem identification. To carry out this task, the backgroamdi

camera pose estimatiofexample of thetechniqueshown in (€ Presence of an expert is need&dmetimes it is rather

figure 1) This is an indispensable requirement in some areaSPMPplicated to place an expert where the machine or object to be

where the surfaces of the objects cannot include any externipaired is located. @ to this circumstance, in order to allow the

mark or stick, for instance, in aviation. In such a field, effe(:tive,expert carry out his/her job remotely, a novice user could

reaktime naturaffeature tracking is an issue. This involves visualNtérchange information either recording videadio, or sending

e Reduce time to report problems: the applicatioay
include an optionwithin the menusto mark a task as
problematic. Normal problemshat can arise are
mismatching documentation (inconsistent 3D models
tasks missing steps, lacking data, danget alerted),

AR maintenance training

patterns that are not fixed on physical objects but that naturallf’@9€s or on the other hand, receiving health assessment
exist in the scene.

information of the machineénfrared images, etwia the Internet,
simply wearing a HMD or with a handheld device. This
information interchange might be complementdy AR
technology by means of augmented inventory and reporind
also supported by remote assistance (Boltiaet al, 2010) For
a technicianwho has to inspect different machines in a plant,
his/her labour could turn easier if just wearing AR goggles or
holding a device with AR technology, is able to identify which
machine has to be observed and why, for instanbeck if a
Robust markerless Tracking machine that suffered a failure now operates properly. The test
to perform this task can be recorded and reported instantaneously
and updating in the database and in theldintenance system;
and also a feedback from the expert can be prdvidesattime.

Figurel. Markerless trackingMetaio website)
In the maintenance procedure, after identifying the problem
Visual perception begins with resolving an objegnowing  and reporting it, corrective maintenance is neetléith the help
something is present, distincofn the surrounding environment. of maintenance experts, a hierarchical task analysis of the
The next step is to identify (recognize) an object, itsiisic ~ complete procedure to identify the subtasks and stegsive a
properties (for example, brightness or colour, size, or shape), a problem has to be deployedThe subtasks are the specific
extrinsic properties (for exaple, position, orientation, or procedures that concern the apparatus to be checked and are
motion)Tracking systems maye able to providea well- divided into a number of stepBachindividual stepsmight be
balanced combination of range, accuracy, robustness, latengtigmented(see figure 2) by applying virtual models and
ergonomic comfort, and simple udeendly interface animations that implement different types of digital deited
(Livingstone, 2005).Issues that can interfere in therrect —above digital replicas of parts and subpartgjaphical symbols
operating of this recognition process are the sensitivity tdarrows pointers etc), or acoustic instructions in ordey attract
different lighting condition; and the limitations regargiwith  the maintainer'sattention or correctly guide techraris through
distant decodingReal & Marceling2011) a task.To complete this augmented informatiamaintenance
expertsshould analyse the observed error risks pravide extra

3.3.Real and Virtual scenarios combination information by means of examples.
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. Danger of
crushing

Figure2. Desassembly step in air pump (Scope website)

As a result, the system guides the maintaistepby-step
through an assembly/disassembly sequemneking the AR
process more interesting and intuitidee et all, 2012)This 3.
area of maintenance generally implies assembly/disassembly
tasks which involves both hands, so for this purpose a HMD will
better that a handheld display. 4.

Approach Journal of Control and Cybernetidsol. 39, no 1.
Pp275304

Crescenzio, F., Fantini, M., Persiani, Bi Stefano, L., Azzari, P.,
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International Conference on Spoken Language Processing, Vol. 2,
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Webel, S., Bockholt, U., Engelke, T., Gavish, N., Olbrich, M. &
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assembly and maintenance skiRobotics and Autonomous

A potential danger of AR applicationfor maintenance
training is that users become dependent on AR features such as
visual instructionsThis point would become an issuethie user
might not be able to perform the task when the techndkgpt
available Due to this reason, in the maintenance arekR, 6.
training programs may be divided in diffare phases regarding
the difficulty or the lack of augmented informatiofine user Systems, 61, pp. 39803.
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10. Billinghurst, M., Hakkarainen, M. & Woodward, C. (2008)

Augmented assembly using a mobile ph&meceedings of the 7th

International Conference on Mobile and Ubiquitous Multliae

(MUM 08), pp. 8487.

Oliveira, A., Araujo, R. & Jardine, A. (2013} Human Centered

View on EMaintenance Chemical Engineering Transactions, 33,

pp. 385390, DOI: 10.3303/CET1333065

Langlotz, T., Grubert, J. & Grasset, R. (201®)gmented Reality
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of the ACM, 56 (11), pp.386.

13. Jantunen E., Emmanoidiis C., Arnaiz A., Gilabert E2011) e-

Maintenance: trends, challenges and opportunities for modern

industry, Proceedings of the 18th IFAC World Congress, Milano,

Italy, 453 458.

Ha,J., Cho, K., Rojas, F.A. & Yang, H.S. (2011) ‘R&aie
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for mobile Augmented Reality’, IEEE International Symspum

on VR Innovation (ISVRI), 19#20th March, pp. 26272.
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Augmented Reality SystentSEE Computer Graphics and
Applications, 25 (6), pp.-8.
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tools, etc.),

e The level of information provided by the AR features
e.g. only spatial hist without detailed instructions
(Webel et al, 2011)

The main goal of this training system goes beyond a simple ;;
video tutorial displayedThe level of guidance in the training
system has to be adaptable to the current training Erab¢he
user This training is mainly focused in the corrective 12.
maintenance part.

5. Conclusions

Maintenance can be highly enhanced in terms of efficiéncy
using AR technologies to identify the necessary maintenance ;4
tasks and to present the information in such a way that the
instructions are cleaand unambiguousIn fields suchas
preventive or caoective maintenance, medium and small
companies can achieve profitable improvements including this
type of ARbased training programmes where the user is trained
and guided through the task.
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