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Summary

The onstruction industryrealizesthe urgent need for providing the opportunity to understand the
current project statis easy, rapid, and accurateurrently,manual visual observations and

GNI RAGAZ2Y T LINPINBE&A Y2YyAl2NRY JetimdcanSumin@ ¢frorF A St R L
prone, and infrequentFor that reasoythe building sector is replacirigaditional monitoring

methodswith automated solutionsThese automated solutions generate large amounts of data (Big
Data) which can only be surmounted byleanced methods of visualizatioBince the construction

sector is lagging behind concerning the processing of Big Data and the implementation of automated
solutions, it is necessary to develop new methodologies to visuadiastructionrelateddatasets A
relativelynew and promising method of automated monitorirtipat converges with Big Dates,
Augmented Reality (ARJurther research into the impientation of ARaddresses the demand for

new interactive platforms and methodologies to vismalconstructiorrelated datasés.

However,AR is still relatively in isarly stages of development pertang to the construction

A Y R dz& (i NBIrEady siioRinghgie& potentialhe implementation of this technology looks like
the definite future forthe construction industrygespitesome presenbbstructionsthat slow down
its implementation, the possible applications are promising, such as visualization of technical
information on the jobsite,andvisualization ofi spatial model for design and miaeting.

In order to identify the obstructionthat are currently slowing dowthe implementation of AR,
Theoreticaland Qualitative researcivere conducted. First, theoretical researalasconducted by
literature research on the following topics connerg the (Dutch) construction sector: Augmented
Reality,(automated monitoring and Big Data concerning-8stems. Then qualitative reseanstas
conducted in the form of interviews with experts on the top€ AR) from differenfields of
expertisein and outsidethe construction sectorData derived from the theoretical and qualitative
researchwasstructured and categorized using the Grounded Theasulting in a list with the
obstructionsand enablerger source. Because the obstructiomsre derivedfrom two sources
(literature research and qualitative research), Methodological Triangulatesused to see if
similar resultould befound, establishing validity.

After triangulation of the data, the definite list of obstructions per category was established and
used in the survey for ranking tlodstructions Every statementoncernedan obstructionregarding
the implementation of AR in the constructigmdustry. The survey was then presented to experts on
the topic, who gradd the obstructions according to theperceived level of importancesing one

of the five linguistic termghat used a 9 scale for the corresponding fuzzy numb&ksth regard to
the experts, three areas of expertiseere distinguishedThe scale determirtethe relative
importance(weight)of anobstructionwhen compared with anothealternative.Structuring the
surveyin suchaway, madeit possible to use Fuzzy TOPSIS method for analywraata and
calculating the ranking of the obstructioria.order to identify similarities and differences between
the different fields of expertise, the data per field of expetigas kept separate, so it was possible
to apply data triangulation again.

Eventuallyusing the Fuzzy TOPSIS method resuftéde top 3 most importanbbstructions (1)

poor information management(2) invisibility of the add#value, and (3) uncertainty about Return
on InvestmeniRol)
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Then, the relevanénablers regarding the three most important obstructionsere establishednd
discussed with mexpert on the matteyin order to choose the best enablers for a practical
recommendation, regarding the first steps towards successful implementation of AR in the
construction industryEventuallythe enalers: set up a universal AR protocol, exemplary use cases,
and organization based funding wei@ind to be the best possiblg asa starting point for giving a
practical recommendatioron overcoming the three most important obstructions, concerning the
implementation of AR in the construction industry.

Becausehe implementation of AR is a very comprehensive probliemasy Qdalistic to provide a
readymade solutioronly basedon this researchTherefore, the main research questioas

answered in the form of a directional and practical guide, describing the first possible steps/points
towards successful implementatipimtended for contractors within the construction industkysing

the threepreviouslymentioned enablers aa guideline
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Samenvatting

De bouwsector beseft dat er dringend behoefte is om de huidige projectstatus gemakkelijk, snel en
nauwkeurig tebegrijpen. Momenteel, zijn handmatige visuele observaties en traditionele
voortgangsbewaking, op basis van de interpretatie van operationeel persdipreivend,

foutgevoelig en onregelmatig. Om die reden, vervangt de bouwsector haar traditionele
monitoringmethoden door geautomatiseerde oplossingen. Deze geautomatiseerde oplossingen
genereren grote hoeveelheden gegevens (Big Data), die alleen kunnen worden verwerkt door
geavanceerde visualisatiemethoden. Omdat de bouwsector achterloopt met betrekkidg tot
verwerking van Big Data en de implementatie van geautomatiseerde oplossingen, is het noodzakelijk
om nieuwe methoden te ontwikkelen obvouw gerelateerdalatasets te visualiseren. Een relatief

nieuwe en veelbelovende methode van geautomatiseerde momitgpdie samengaat met Big Data,

is Augmented Reality (AR). Verder onderzoek naar de implementatie van AR speelt in op de behoefte
naar nieuwe interactieve platforms en methoden dwuw gerelateerdelatasets te visualiseren.

AR bevindt zich echter nog steddseen relatief vroeg ontwikkelingsstadium binnen de bouwsector,
maar biedt echter al veel potentieel. De implementatie van deze technologie lijkt de definitieve
toekomst voa de bouwsector, ondanksbstructiesdie implementatie van de technologie vertrag,
Zijn de mogelijke toepassingen veelbelovend, zoals visualisatie van technische informatie op de
bouwplaats en visualisatie van een ruimtelijk model voor ontwerp en marketing.

Om de obstructies te identificeren, die momenteel de implementatie van Airagen,werd

theoretisch en kwalitatief onderzoek uitgevoerd. Eerste werd theoretisch onderzoek uitgevoerd op
basis van literatuuronderzoek, naar de volgende onderwerpen met betrekking tot de (Nederlandse)
bouwsector: Augmented Reality, (geautomatiseena@nitoring en Big Data betreffende AR
systemen. Vervolgens werd kwalitatief onderzoek uitgevoerd, in de vorm van interviews met experts
uit verschillende expertisedomeinen in en buiten de bouwsector, aangaande AR. De verkregen
gegevens, uit het theoretisehen kwalitatieve onderzoek, werden vervolgens gestructureerd en
gecategoriseerd met behulp van de Grounded Theory, resulterend in een lijst met obstructies en
enablers per databron. Omdat de obstructies werden afgeleid uit twee bronnen
(literatuuronderzod en kwalitatief onderzoek), werd Methodologische Triangulatie gebruikt om te
zien of vergelijkbare resultaten konden wordervgaden en deze te valideren

Na triangulatie van de gegevens, werd de definitieve lijstolasiructiesper categorie opgesteldre
gebruikt in de enquéteer beoordeling Elke verklaring betrof een obstructie met betrekking tot de
implementatie van AR in de bouwsector. De enquéte werd vervolgens gepresenteerd aan experts op
het gebied van AR, die de obstructies beoordeelden op kasibelangrijkheid in hun perceptie,

met behulp van een van de vijf ordinale termen, die een sch@aébruikten voor de gerelateerde
fuzzygetallen. Betreffende de experts, werden drie expertisegebieden onderscheiden: Consultancy
Bureaus (bouw gerelaged), Aannemersbpuw gerelateerd en Industrie (niebouw gerelateerdl

De schaal bepaalde het relatieve belang (gewicht) van een obstructie in vergelijking met een ander
alternatief. Door de enquéte zo te structureren, kon de Fuzzy ToRSHode wordengebruikt om

de gegevens te analyseren en de rangorde van de obstructies te berekenen. Om overeenkomsten en
verschillen tussen de verschillende expertisegebieden te identificeren, werden de gegevens per
expertisegebied gescheiden gehouden, zodat het mdgetiis om data triangulatie opnieuw toe te
passen.

Uiteindelijk resulteerde het gebruik van de Fuzzy TOP8tBode in de top 3 van belangrijkste

obstructies (1) slecht informatiebeheer, (2) onzichtbaarheid van de toegevoegde waarde en (3)
onzekerheid oveReturn on Investment (Rol).
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Vervolgens werden de relevante enablers, met betrekking tot de drie belangrijkste obstructies,
vastgesteld en besproken met een expert uit de aannemerswereld, om de beste enablers te kiezen
voor een praktische aanbeveling, niatrekking tot de eerste stappen naar een succesvolle
implementatie van AR in de bouwsector. Uiteindelijk bleken de enablers: het opzetten van een
universeel ARprotocol, voorbeeld useases en organisatie gebaseerde financiering de best
mogelijke uitgangsunten, voor het geven van een praktische aanbeveling voor het overwinnen van
de drie belangrijkste obstructies, met betrekking tot de implementatie van AR in de bouwsector.

Omdat de implementatie van AR een zeer uitgebreid probleem is, was het nietisehlism een
kant-en-klare oplossing te bieden op basis van dit onderzoek. Daarom werd de belangrijkste
onderzoeksvraag beantwoord in de vorm van een directionele en praktische gids, waarin de eerste
mogelijke stappen/punten, voor een succesvolle implenagéistwerden beschreven, bedoeld voor
aannemers in de bouwsector. Waarbij de drie hierboven genoemde enablers als rigtignbijde

drie hierbovengenoemde enablers als richtlijn.
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Abstract

The onstruction industnyis realizinghe urgent need for providing the opportunity to understand
the current project statis easy, rapid, and accuratéurrently,manual visual observations and

GNI RAGAZ2Y T LINPINBaa Y2YAG2NRAY 3 o kcanSumin@efrorF A St R L
prone, and infrequentFor that reason the buildingdustryis replacinghe traditional monitoring
methods by automated solution hese automated solutions generate large amounts of data (Big
Data) which can only be surmounted by advanced methodssahiization, particularly Augment

and Virtual reality technologies. Since the constructimdustryis lagging behind concerning the
processing of Big Data and the implementation of automated solutions, it is necessary to develop
new methodologies to visliae constructiorrelated datasetsA relativelynew and promising

method of automated monitoring that converges with Big Data, addressing the problem, is AR
(Augmented Reality). Further research into the implementation glallBresses the demand for

new interactive platforms and methodologies to visualize constructielated datasés supporting
wider AR adoption

The research objective of this study is to examine the poteafidlR within the Dutch construction
industryfocusing on the first steps towdsthe successful implementation of AR anttlereby wider

AR adoption. Firstly, the current state of AR in the construdtidostry, especially the Dutch
constructionindustry, is determined. Secondly, the benefits of using AR in the construotimstry

FNBE &ALISOATASR® ¢KANRf&@X A0Qa RSIUSNNAYSR (2 oKI
concern. Fourthly, obstructions that are encountered when implementing AR are established and

ranked. Fifthly and asf last, the enablers of the mostimpbr- y i 20 &G NHzOGA2ya | NB a
explained how they can be overcome.
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Introduction

1. Introduction
This chapter introduces the topic In this chapter the main subject, Augmented Reality (AR) in the
of this thesis, Augmented Reality construction industry, is introduced. Firgt 1 Qa ShewJt I A y SR
in the construction industry. the topic was found andhy research on the topic is

important. Followed by the research problenreating an
impressionaboutthe area of concernThen one main research
guestion and five sukesearch quesons, were established for
improving knowledge on the topidhe research objective and
limitations summarize what is hoped to be achieved by this
study and whathe shortcomings of the research are. As of
last, theresearch design provides the framework of methods
and technigues to handle the research problem.

1.1. Researchmportance

The construction industry is responsible for undertaking some
of the biggest and most expensive projects on Earth. Huge
amounts of resources and work go into major construction
projects and of course this means that hugéuvoes of data

are generateqMarr, 2016) The ability to process these large
amounts of data and to extract useful insights from data has
revolutionized society. This phenomenodubbed as Big

Datar has applications for a wide assortmentindlustries,
including the construction industrifhe construction industry
already deals with large volumes of heterogeneous data; which
is expected to increase exponentially as teclgigs such as
sensometworks and the Internet of Things acemmoditizd
(Bilal, et al., 2016)

Construction progress monitoring can be regarded as the
ongoing, key tasks in construction procesfeslparvas-ard,
Bohn, Teizer, Savarese , & Pdfara, 2011; Yang , Park, Vela,
& GolparvaifFard, 2015)It involves periodic meairement of
the actual progress of a project and its comparison with
expected progresfAlizadehsalehi & Yitmen , 2018; Hwang,
Zhao, & Ng, 2013\ccurate and timely informatioaf
construction project progress a regularepeated basi¢Big
Data)is ore of thecritical stages of construction management.
Progress monitoring is considered as one of the most
challenging tasks due to the complexity of goals and
interdependency of activitiefAlizadehsalehi & Yitmen , 2018)

The onstruction industry realzd the urgent need for

providing the opportunity to understand the current project
status easy, rapid, and accurgti@osché, Ahmed , Turkan, Haas,
& Haas, The value of integrating S¢arBIM and ScansBIM
techniques for construction monitoring usingéascanning

and BIM: The case of cylindrical MEP components, 2@pid
project assessment further identifies discrepancies between
the asbuilt and asplanned progressnd facilitates decision
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making onhe necessary remedial actior{ffard, PefidMora, & Savarese, 20115urther, accurate

assessment of progress allows managers to make adjustments to minimize costs when deviations

from the schedule occuyKopsida , Brilakis , & Vela, 2018urrently,manual visual observations

and traditional progres¥ 2 Y AG 2 NAy 3 61 &SR 2y TFTASt R-cdilSiNBgZ2 Yy St Qa
error-prone, and infrequen{Golparvas~ard, Mora , Arboleda, & Lee, 2009; Navon & Sacks, 2007)
(Alizadehsalehi & Yitmen, 201&) combination vith the continually increasing comptéy of

projects, progress monitoring methods are changing. The construction industry is replacing the

traditional monitoring methods by automated solutigrie accomplish this tasiSkibniewski, 2014)

Recent advances in information andmmunication technologies have enabled researchers to make
considerable efforts toward improving the efficiency and quality of project progress c¢Bwethé,
Ahmed, Turkan, Haas, & Haas , 2015; Son, Bosché, & Kim, P&} methods and technologies
support conventional tasks, ease communications, speedup processes, and manage information
efficiently. Automation of project progress control and monitoring process is a great interest to
construction industry practitionersince it will aid them in overcoming the limitations associated
with presently employed manual data collection and analysis pracdffffeeng & Arditi, 2013; Kim,
Son, & Kim, 2013Recently, researchers have attempted to automate the process of catisinu
performance monitoring by leveraging advances in computer vision, robotics, and construction
management. Despite recent advances in technologies and equipment for automated progress
monitoring, most construction companies worldwide do not utilizenthi®r their projects. This can

be due to several reasons, such as the high cost of technologies and equipment, implementation
issues, need for skilled staff, and, most importantly, a lack of sufficient information about the impact
of automated progress matoring in comparison with conventional progress monitoring on project
performance contro(Alizadehsalehi & Yitmen , 2018)

Automated project progress monitoringvolvingan automated approach for recognition of physical
progress, accurate and efficietmacking, and analysis and visualization of thdoat (actual) status

of buildings under constructianwhich are critical components of successful project monitariig

a valuable tool for construction progress monitoring. Site data collection techieslaguld

potentially automate all steps of collecting, analyzing, and representing progress and recognize its
deviations from a construction

However thereis still a need to further develop the technologies, software, and algorithms and
determine all te factors that affect the automated progress monitoring of the construction

projects. Exploring the influence of data capture and collection technologies in automated progress
monitoring control orother important dimensions of projegierformance contro(Alizadehsalehi &
Yitmen , 2018)

As said, automated progress monitoring generdiegly informationof construction project

progressn a regularepeated basi¢Big Data). However, the adoption of Big Data technology in the
constructionindustrylags the progress made in other fields. With the commoditization of the
technology necessary for storing, computing, processing, analyzing, and visualizing Big Data, there is
immense interest in leveraging such technologies for improving the efficiency of coinstru
processegBilal, et al., 2016)

Datadriven analytics have long been used in the construction industry due to the broad applicability
of such techniques in many construction subdomains, the adoption of the recent, much agiler and
powerful, Big Datéechnology has been relatively slow. Although Big Data trend is gradually
creeping in the industry; its applicability is amplified further by many other emerging trends such as
BIM, 10T, cloud computing, smart buildings, and augmented reality, whichsarslahtly
elaborated(Bilal, et al., 2016)
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Bilal et alpresented some of thprominent future works along wit potential pitfalls associated
with Big Data while adopting it in the indust®ne of the prominent future works and potential
opportunitiesmentionedis Big Data and ARugmented Realitygnabled Agplanned vs. Abuilt
comparison systemAligning with theneed to further explog the influence of data capture and
collection technologies in automated progress monitoring conf®ilal, et al. 2016)

Augmented reality (AR), which is an offshoot of virtual reality, is the field in which computer
generated virtual objects are superimposed over +@alld scenes to produce mix worlds. It enables

a semiimmersive environment that accurately aligresal scenes with corresponding virtual world
imagery. This mixed overlay enables the users to obtain additional information about the real world.
It is an emerging technology for enhancing human percep@ilal, et al., 2016)

In augmentedeality, computer software must derive reaforld coordinates, independent from the
camera or from camera images. Augmented reality in construction and architecture projects involves
placing a 3D model of a proposed design onto an existing space usinig ah@bces and 3D models
(Yoders, 2018)

Hence AR and Big Data inevitably converge. The complexity associated with Big Data in construction
is enormous, which can only be surmounted by advanced methodsudilization particularly

Augment and Virtual rity technologiesFour pillars for wider AR adoption in the construction

industry can be pointed out. (i) Localization, the ability to accurately impose virtual object on the
reaHife scene. (ii) A natural user interface, which provides easy and rgtuwitier experiences to

increase the usability of AP software. (iii) Cloud computing, which enables apps to store and retrieve
information seamlessly everywhere, and (iv) mobile devices, which are getting smaller, cheaper, and
powerful and play a vital role AR environmen{CH, Kang, & Wang, 2013upporting wider AR

adoption requires new interactive platforms and methodologies to visualize construction related
datasetg(Bilal, et al., 2016)
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1.2. Research problem

The onstruction industnyis realizinghe urgent need for providing the opportunity to understand

the current project statis easy, rapid, and accuraf@osché, Ahmed , Turkan, Haas, & Haas, 2015)
Currently,manual visual observations and traditional progress/moli 2 NAy3d o6l aSR 2y FAS
interpretation are timeconsuming, erroprone, and infrequen{Golparvas-ard, Mora , Arboleda, &

Lee, 2009; Navon & Sacks, 200Mjzadehsalehi & Yitmen, 201&or that reason the building

industryis replacinghe traditional monitoring methods by automated solutiof®&kibniewski, 2014)

These automated solutions generate large amounts of data (Big Data) which can only be surmounted
by advanced methods of visualization, particularly Augment and Virtual reality teaies.Since

the constructionindustryis lagging behind concerning the processing of Big Data and the
implementationof automated solutions, it is hecessdoydevelop new methodologies to visuaiz
construction related datasetgBilal, et al.2016; Alizadehsalehi & Yitmen , 2018Yelativelynew

and promising method of automated monitoring thatnverges with Big Dataddressing the

problem,is ARFurther researclnto the implementation of ARaddresseshe demand for new

interactive platbrms and methodologies to visualizenstruction related datasets.
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1.3. Research questions

Main research question:

What are the first steps towardsuccessful implementation &R (Augmented Reality) ihe Dutch
constructionindustry?

Sub research questions:

ﬂ Sub question 1:
What is the current statefoAR in the constructiomdustry?

Sub question 2:
What are the benefits of using ARthe constructiorindustry?

Sub question 3:
What are the construction stages of interestncerning the implementation of AR?

Sub question 4:
What obstructions are encountered when implementing AR in construction projects?

=4 =2 =2 =

Sub question 5:
What are the enablerthat can help to sercomethe most important obstruction®
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1.4. Research objectivand limitations

The research objective of this study is to examine the poteafiAR within the Dutch construction
industryfocusing on the first steps towards successful implementatioAR and thereby wider AR
adoption. Firstlythe current state of AR in the constructiamdustry, especially the Dutch
constructionindustry, is determined.Secondlythe benefits of using AR in the constructioustry

are specifiedt KA NRf & = A (i what cdRSriictoNAahah8 iRpleinghtation of AR is of

concern. Fourthlypbstructionsthat areencountered when implementing A&e established and

ranked. Fifthly and asf last, the enablers of the most importamtbstructionsare specifiedr Y R A (1 Q&
explained how theyauld be overcome.

The following research limitations are identified:
ﬂ Because of tharhited time, not all articles about the topics can be taken into consideration
However, every effort is mad to include the most important and relevant topics.

ﬂ Not every expert on AR witlthe constructiorindustrycan be interviewed

9 The sirvey size for expesion AR within the constructiomdustryO I y Qi , bechuser i
the high sample size (standard sample size formula) and the limited number of experts on
AR within thendustry.

Survey size for experts outside the constructiotustrywill not be met, because they are
purely included for indicating a pob# differentor advancedriew/approach on the topic.

The research distinguishes two main fietncerning AR in the constructiamdustry;
consultancy/engineering bureaus and contractors.

The researclgeneralizes the experts out of the n@onstructionrelated fieldssothey are
seen as one group.

The results are based on the weight given by all the expernsbined. Hence, dields of
expertise combined provide the final ressiftoncerning the weighting of the obstructions

= =/ =2 =4 =2

The report was mainly writtefocused on contractorsithin the construction industry.
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1.5. Research design

- N\ /- AYA \ /- \ /- )
Literature Data Obstruction :
: g Results Conclusion
research gathering anlysis
Extended Triangulation Results
m?ﬁ'?gﬁis document obstruction Conclusion
toring research Definite analysis
obstructions
Augmented and enablers
Reality e L .
Qualitative Validation
e, Describe Recommen
Big Data Interviews ) ] enablers .
Triangulation obstructions dations
Ranking of
obstructions
\_ J \_ J \_ J \_ J \_ J

Figue 1, Research design

This research corsts out of five main components (figure Ljterature research, Data gathering
Obstruction analysis, Results, and the Conclusion. Within the literature resebegiter 2 three
focal pointsare distinguished progress monitoring, augmented reality and big d&tahis chapter,
the first twoand partly the third research question are answered.

In chapter 3 the methodical justification can be found. Herein, the theory and mettioddentify
and analyzéhe obstructionsconcerning the implementation of ARre explainedThis includes the
following theoriesthe Grounded Theory Approach (GTA), the Fuzzy TOPSIS method, and data
triangulation of the outcomes.

The data for theobstructionanalysisn chapter 4is obtainedby theoretical researchusing the

literature research supplemented with document researahd by qualitative research in the form

of interviews This datdsthen processed and coded using the Grounded Theory Approach (GTA). To
identify possible similarities in the codefata triangulation isapplied per category. These categories
are formed by selective codes. When the defimbstructions and enablers are established, the
obstructionsare ranked using the Fuzzy POIS methodA survey is designeahd send out to

experts,in order to facilitate this method. By keeping the dat@urcesseparatedapplying

triangulation in order to identify similarities and differences between the different fields of

expertise, is possible.

Chapter5, describes the resultsmergingfrom the andysis First the results from the obstruction
analysisare described, primarily based on the GTA and ranked obstructions. Answering the second
part of the third research question and the fourth questioNext, the enablergor the most

important obstructionsare validated and described, answering the fifth research question.
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The research is summarized in the conclusidrapter & With as guidelinghe main answers to the

five research questiondrinally, some propositions and recommendations for future work are
discussed.

Because of the largemount of additionalnformation, only the essential documents are provided in
the appendix of this report. Therefore, a supplemegport, including dlthe information is
provided, making this report easier to read and less bulky.
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Literature review 2. Literaturereview

This chaptedisplays the This literature review consts out offour mainsubjects

literature research, with as main Progress monitoring, Automated praggs monitoring,

aspects: (automated) progress Augmented reality and Big Data and AR. Chapter 2.1., of the
monitoring, Augmented Reality, literature research describes the current situation concerning
and Big Data progress monitoring in the constructiondustryand why the

industryis replacing traditional monitoring by autoreat
monitoring. Then, in chapter 2.2., the general concept of
automated monitoring in the constructiondustryis

discussed. Thereafter, in the sghapters: Data acquisition
(2.2.1.), Information retrieval (2.2.2)., Progress estimation
(2.2.3.) and Visugdation (2.2.4.), different methods of

automated monitoring are highlighted. In sabapter

synthesis (2.2.5.}ifferent methodsof automated monitoring

are compared with each othdrased on certain criteria. In the

last sSubBOK I LJG SN HdHdcd AGQa 02y Of dzRSR
currently the most promising automated monitoring solution.
Chapter 2.3. elaborates further on the topic Augmented reality.
Describing the pros and cons mgithe subchapters:

Intersection between conscious real and virtual,
Opportunities/functionalities, Integration and Swonclusions
concerning Augmented Reality. Automated solutions generate
large amounts of data (Big Data) which can only be surmounted
by advanced methods of visualization, particularly Augment

and Virtual reality technologies. Since the constructimustry

is lagging behind concerning the processing of Big (Balkal, et

al., 2016; Alizadehsalehi & Yitmen , 2018) and the capability of
processing data has a large impact on the use of Augmented
Reality, the last chapter 2.4. discusses Big Data and AR. Herein,
the current data processing state of the constructindustryis
described. Also in the last suihapter a sukconclusion

conernirg Big Dat and AR is drawn.



2.1. Phases of a construction project

As stated in the introduction the construction industry is realizing the urgent need for providing the

opportunity to understand the current project status easy, rapid, and accBasché, Ahmed ,
Turkan, Haas, & Haas, 2018)n-site progress monitoring is essential for keeping track of the
ongoing work on construction site€onstruction can be understood as the materialization
physical realization of the pject documentationDuston & Shin, 2009; Meza , Turk, & Dolenc,
2013; Turk Z. , Phenomenological foundations of conceptual product modelin in architecture,
engineering and constructio., 200onstructiommonitoring is an accurate and positive way of
checking the quality, accuracy and progress of a construction pri@&s$, 2019Currently, this task
is a manual, timeonsuming activityBrann, Tuttas , Borrman, & Stilla , 201%he phases of a
construction projec{see figure 2)generally consist out of the following phases:

1 Phase 1: Identify policy need and how to meet this need
1 Phase 2: Draw up of proge brief (market demand/imitation and sketch design)
1 Phase 3: Development of delivery stratddgvelopment of the design)
1 Phase 4braw up of design briefcortract and preconstruction)
9 Phase 5: Actual construction
1 Phase 6: Operate and maintain
1 Phase 7: Disposal and decommissioning
Policy Project
Wider Context Project Start Up Project Delivery Operational service

Phaset:

Identity policy need Phases: Phasek: Phasés: Phase5: Phaser:
policy Draw up of project | Development of | Draw up of design i .| Operate and Disposal
Actual construction|

delivery strategy | brief maintain decommissioning

and how to meet

Chronologic order| this need

Figure2, Constructiorproject phase¢Dawood, 2009)
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2.2. Progress monitoring

Monitoring and controlling a construction project according to the Project Management Body of

Yy24ft SRAS aO02yarada 2F GK2asS LINRPOSaasSa NBIjdza NBR
performance of a projecidentify any areas in which changes to the plan are required; and initiate

GKS O2NNBaLRyRAYy3d OKIy3dSaédad ¢KSasS LINRPOS&daSa Ayogds?
inspections and the comparison with the project plan in order to validate the predicted

performance. Progress monitoring is considered as a critical success factor for projects to be

delivered on time and within budgélyer & Jha , 2008nd as one of the most difficult tasks due to

the complexity and interdeperahcy of activities(Saidi , Lytle , & Stone , 2003; Zhang, et al., 2009)

(Kopsida, Brilakis, & Vela, 2015)

Accurate and timely information of the progress in a regular repeated saseeded for a well
maintained and efficient project control that will ensure cost and time efficiency of the project.
Hence, an efficient on site data collection, a timely data analysis and a communication of the results
in a well interpreted way are maij concerns for construction compani€3aidi , Lytle , & Stone

2003) Regular repeated inspections allow managers to identify deficiencies in an early stage,
prevent potential upcoming delays because tasks are linked, aké tivaely decisions for

corrective actiongMaalek & Sadeghpour, 20123s a result, the possibility of unpredicted costs

from delays, reworks, disputes aothims(Yates & Epstein , 2008)e mitigated(Semple, Hartman,

& Jergeas, 1994Pn the other hand, insufficient management and low quality control can cause
delays, decrease in project profitability, cost incre@aavadskas , Vil&iy T~ ¢ dzZNR{AazX 9 ~1I| L
2014)and have severe impacts on productiii & Chan , 2006The time it takes to identify the
discrepancies between the gdanned and a$uilt model is proportional to the cost and toeh

difficulty to implement corrective measure@Navon & Shpatnitsky, 2008opsida, Brilakis, & Vela,
2015)

Conventional data collection and activity progress monitoring depend mostly on daily or weekly
reports of foremen uploaded to a computer after analysis of these reports. Despite the importance
of progress monitoring, the conventional method can be challenbecause it is expensive,
ineffective(Zhang & Arditi, 2013; Braun, Borrmann , Tuttas , & Stilla , 26d¥-consuming, low
guality (Navon & Sacks , 20QTo infrequent to @able prompt control action, potentially unable to
facilitate communication of progress information quickiard & PefidMora, 2007) nonsystematic
(Meredith & Mantel Jr. , 2011; Song, Plidla& Penaviora, 2005) and compleXKerzner & Kerzner ,
2017)(Alizadehsalehi & Yitmen, 2018)

2.3. Automated progress monitoring

Nowadays, each project requires an automatrdnitoring system that ensures delivery and
representation of the mostip-to-date design, schedule, cost, and progress performance data in a
timely and a comprehensive manner in order to enable control decisions to be made as quickly and
easily as possiblKim , Son , & Kim, 2018ecent advances in information and communication
G§SOKy2t23A5a KI @S Syl of SR NBaSIFNOKSNE G2 YIS 02
and quality of project progress contrfBBosché, Ahmed, Turkan, Haas, & Haas , 2015; Son , Bosché ,
& Kim , 2015)These methods and technologies support conventional tasks, ease communications,
speedup processesandmanageinformationS ¥ U O AABtghiafiod o project progress control and
monitoring process is a great interest to construction industry practitioners since it will aid them in
overcoming the limitations associated with presently employed manual data collection and analysis
practices(Zhang & Arditi , 2013; Kim , Son, & Kim , 20R8gently, researchers have attempted to
automate the process of construction performance monitoroydeveragingadvancesn computer
vision,robotics,and corstruction management. Despite recent advances in technologies and
equipment for automated progress monitoring, most construction companies worldwide do not
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utilize them for their projects. This can be due to several reasons, such as the high cost of

techndogies and equipmentmiplementation issuesjeed for skilled staff, and, most importantly, a

f1 01 2F adzFUOASY(d Ay T2NYI prdgestmohitordginicompdtison A Y LI O
with conventional progress monitoring on project performance conffdizadehsalehi & Yitmen,

2018)

Recentefforts on automating project monitoring have shown the potential for effective construction
project control. One of the automations applied to the construction industry is the tmlopf

Building Information Modelling (BIM). Commercial inspection software packages that use BIM model
to facilitate inspection process such as LATISTA, Autodesk BIM 360 Field, Field 3D, xBIM, etc. offer to
the inspector the ability to use a mobile dexi€Tablet PC) instead of paper documents. These
software packages are very effective at issues regarding document management, but the inspection
process itself has not been automated since the inspector still has to manually navigate around the
BIM model vhile visually inspecting the building. Another sur¢@&heisari, Williams , Walker , &

Irizarry , 2014has shown that users prefer a mobbased augmented reality system for inspection
compared to a papebased one as it israpler and faster. Although the aforementioned survey was
conducted for facility management purposes, it shows that mobile based augmented reality systems
for inspection (e.g. BIManywhere) can be also an asset for progress monitoring. However, in that
case an installation and maintenance of QR codes is needed which is inefficient given the dynamic
environment of construction projects. Such technologies do not address the subjectivity of reports
and the time required for the data analysis, but only fadiditine user to have aces to needed
information (Kopsida, Brilakis, & Vela, 2015)

Also, some companies are now shifting to automated data acquisition using Global Positioning
System (GPS), barcodes, Rédiguency idenfiication (RFID), video and audio technologies or laser
scannergNavon & Sacks , 20079r example, used an RFbRsed progress monitoring system to

track precast structural elementéSawyer2008) However, not all construction elements can be
tagged with RFIDs and an additional investment on equipment and human effort is required. Remote
controlled webbased cameras are also used for remote monitoring of construction sites (e.g.
Oxblue)(Gomez, 2008)ut their use is limited to outdoor scenéiSopsida, Brilakis, & Vela, 2015)

It can be alleged that no current practices offer an automated data analysis to estimate progress
status and although there are technologies that can facilitate the visualization of the results of the
progress estimation analysis, these technologies have not been yet implemigudpdida, Brilakis,

& Vela, 2015)
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Accordirg to Navon and Sackavon & Sacks , 200The most economical way to measure

performance is to automate the control methods. This entails automation of not only progress

assessment but also, as much as possible, plarassignment, resources, project structure for

assigning tasks, and responsibilities during all stages of the construction f®jec& Kim , 2010)

CKA& R2dztS Fdzi2Yl GA2Yy ¢2dAZ R Sy agikgratedRSNRA G G A2y
information technology (IT) system. Isaac and N&iiseac & Navon, 2014) 2013 indicated that

manually obtained data are required in addition to the automatically collected data. They proposed

a frame work for emi-automated project monitoring and control whose ultimate goal was to

seamlessly integrate both manually and automatically collected data to improve productivity.

Il R@I yOSR UStR RIGF OF LI dzNA y 3-tinie Srsiteynpdsi@emansfa G K1 G C
performance indicators are rapidly emerging, and their costs are red@iimpdehsalehi & Yitmen,

2018)

The research of Alizadehsalehi and Yitnfeand that automated project progress monitoring
involving an automated approach for recognition of physical progress, accurate and efficient
tracking, and analysis and visualization of thdait (actual) status of buildings under

constructiort which ae critical components of successful project monitoririg a valuable tool for
construction progress monitoring. Site data collection technologies could potentially automate all
steps of collecting, analyzing, and representing progress and recognizeidtiates from a

construction plan. Thus, the present findings contribute to the field of automated prpjegress
monitoring by linking numerous aspects of project progress monitoring and their interrelationships
to automated progress tracking andcortro FNR Y a il { SK2f RSNEQ LISNELISOG A
success criteria (time, cost, and quality) of the projects that benefited from the use of automated
progress monitoring. The data obtained from SEiIgsis and benefit analysis of thesearch

suggest that automated progress monitoring is an effective framework for improving certain key
aspects of the delivery of construction projects and that it directly affects important indicators (time,
cost, and quality) of construction projedi2018)
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An automated progress monitoring process could be divided into the following steps (a) data
acquisition, which refers to sensing technologies that are used for capturing theailascenes, (b)
information retrieval, whichrivolves the processing for extracting the information needed from the
asbuilt data, (c) progress estimation which includes the comparison between thaikhand as
planned model to define the progress status and (d) visualization of the results.

2.3.1. Data acquisition

Radioefrequency ldentification (RFID) technologies have been used for inspection purposes in order
to retrieve onsite data(Song, Haas, & Caldas, Tracking the Location of Materialsnstrattion Job
Sites. , 2006; Ergen , Akinci, & Sacks , 2007; Kim , Ju, Kim, & Kim , 2009; Grau, Zeng , & Xiao, 2012)
and integrate it into a BIM modéWang, Truijens , Hou , Wang , & Zhou , Building Information
Modeling: Onie construction process controlling for liquefied natural gas industry., 201<ihg

this technology, the inspector can automatically retrieve information by scanning the tag using a
smartphone or a tablet PC. Although this process facilitates alaqaisition of important

information and it can work with available commercial Bilked inspection software, it still

requires the installation and maintenance of RFID tags. Additional time and investment is needed
and its implementation is difficult indaily changing construction environmefi€opsida, Brilakis, &
Vela, 2015)

Another popular method in automated progress monitoring is to colledildk data using laser
scanning based methods. The acquired data frdasar scanner consists of a point cloud within a
3Dcoordinate system in which every point is described by x, yzasabrdinates. Although, laser
scanners offer high accuracy, their use is limited because they Hexgnsive, they require high
cost br maintenance and they need trained users. The discontinuity ofadphita, the needed
mixed pixekestoration(Kiziltas, Burcu , Ergen, & Pingbo , 2068 need for regular sensor
calibrations and a slow warmp time areadditional disadvantagg$olparvasard, PefidMora, &
Savarese, 2012Moreover, noisy data can be caused fopving machinery and personnel. Also,
laser scanners are not easportable and their resolutiodecreases as dance increases
(Golparvaiard, PefidMora, & Savarese, 201EtOmai & Moselhi(2008)presented anethod that
combines laser scanning and photogrammetry in aerafit to enhance the spal andaccuracy of
data retrieval from construction sites. However, mergirighe photo images and scannédta
needs is carried out by manually selecting common pdiKepsida, Brilakis, & Vela, 2015)

A different way ¢ capture as built data is to use digital images and videos. It is a common method
that can provide ossite information by tracking progress, sharing information between people and
documenting the different phases of construction. Unlike laser scanneagjerhased systems are
inexpensive and easy to use. Ibrahim & K@@08)present a review of imaging applications in
construction and Bohn & Teiz&010)explore the benefits and challenges of progress monitoring
using cameras. Images can be collected in different ways. The camera could be either monocular
(Lukin & Trucco , Towards Automated Visual Assessment of Progress in CamsBugjects., 2007)

or stereo(Son & Kim , 2010rahim et al(2009) Zhang et ak2009) and Rebolj et a(2008)used a
stable camera in a kmen fixed position and Golparvéard et al(2009) Leung et al(2008)and

Abeid et al(2003)suggested the installation of multiple cameras on a construction site. Fixed
cameras provide limited views and are prone to occlusions, obstructions and weather conditions.
Thus, a comprehensive depiction of progress is not possible. In order to oveticesaelimitations,

in GolparvaiFard et al(2011)a number of photogan betaken in and around the construction site
(Kopsida, Brilakis, & Vela, 2015)

Videos are also used for captougi spatial characteristics of civil infrastructure in the form of 3D point
clouds(Brilakis , Fathi , & Rashidi , Progressive 3D reconstruction of infrastructure with
videogrammetry., 2011; Rashidi , Fathi , & Brilakisl12@ontinuous advancements on cameras
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and performance processing units enhance the accuracy of the obtained data, reduce the time of
processing and increase the potential of using visual data fbu#isdata acquisition purposes
(Kopsida, Brilakis, & Vela, 2015)

Interior environments require different kind of data compared to exterior scenes. Exterior scenes
consist mainly of outer columns, beams and walls. However, interior scenes consist of various
construction éements (e.g. electrical, plumbing, fire protection etc.) and schedules related to many
subcontractors. Many tasks in an interior environment are characterized by changes in surfaces of
walls (e.g. painting, tiles, wooden floor, etc.) and mounted objexts (vindows, doors, etc.). Some
approaches that are used for exterior environme(B®sché, 2010; Lukin & Trucco , 2007;
GolparvarFard, PefidMora, & Savarese , 2012an also beised for interia environmentshowever

they do not address the aforementioned challenges. Thus, current research activities have not
reached an efficient level of treatment of indoor environment challer{gfepsida, Brilakis, & Vela,
2015)

2.3.2. Information retrieval

Regarding lasescanning based methods, after the required number of scans, the obtained point
cloud has the 3D information that is needed for the comparison between tiptaamed 3D model

and thus, they do not need muchrther processing. However, in a point cloud it is difficult to
separate objects because the points are unorderly scattered and do not include any object related
information. Point cloud processing for object detection purposes requires time and it is
computationally expensivéKopsida, Brilakis, & Vela, 2015)

Regarding images and videos, in the past, data was mainly maanalijized However, recently, a
number of automated techniques have been presentedaioalyzingand interpreting image data to
retrieve information of the construction asuilt scene. The first is photogrammetry. AbdMajid et al.
(2004), Memon et al(2005)and Memon et al(2006)applied photogrammetry in construction

progress monitoring. The authors used photogrammetric techniques to extract 3D models from
digital images. A similar application was proposed by Bayrak &(R@R4; 2005)Here, the authors

used a library that contains a list of elements that make up the 3D model of the building. Although
these systems provide useful means of facilitating progress measurement on construction sites, they
still require a great deal of human input and same as point clouds, they do not contain object related
information (Kopsida, Brilakj & Vela, 2015)

Other methods for extracting information from visual data use techniques from the areas of image
processing and computer visi@Brilakis & Soibelman, 20033 etrieving data from construction site
images which can be incomplete and noisy, is a difficult prolf€racco & Kaka , 2004A simple
approach that uses computer vision methods, is to compare a sequence of images from a fixed
camera and find the differences in thergiruction process to estimate the progresikin & Trucco

, 2007; Ibrahim, Lukins , Zhang , Trucco , & Kaka ,.2806@)ever, these methods have limited

success rate and they are not fully automated. Automatetection and identification of building
elements according to shape and materials have been proposed using image processing techniques
(Brilakis , Soibelman, & Shinagawa , 2005; ZBuilékis, (2010a); (2010b); Zhu, German, & Brilakis,
2010) Texture colorand shape information has been used to classifiystruction materials such as
concrete and steel(Brilakis & Soibelman , 2008; Zhu, German, & Brilakis, 2010; Zhu & Brilakis,
(2010a); (2010b)nd to detect and count the number of bricks on a facédei Park, & Brilakis,

2014) Window detection(Lee & Nevatia , 2004; Ali , Seifert , Jindal , Paletta , & Paar ,&@07)

door detection(Sbeter, Le Mauff, & Papanikolopoulos, 2000; N&X_INAS, Aguirre , Garcia
{At@SyiSzT 3 '[9%Y wnnnT {KA 3 {FYFINYolyRdzZ wnncT
Hensler, Blaich, & Bittel , 2010; Yang & Tian, 284oyithms have also been deveked. Multiple

views geometry for retrieving the 3D reconstruction of building structures has also been presented
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(Son & Kim , 2010; Golparvaard, Mora , Arboleda, & Lee, 2009; Golpaivard, Bohn, Teizer,
Sawarese , & Pefidora, 2011) However, Golparvarard et al(2011)and Klein et al(2012)have
shown that the points of the 3D reconstruction are not as accurate as the poirdasebitby laser
scanners. The process of creating a sparse point cloud from images-sotiseming as it can lead
up to 7 hours of additional computational time for a single column for image proce$3aigarvar
Fard, Bohn, TeizeBavarese , & Pefdora, 2011)Kopsida, Brilakis, & Vela, 2015)

Although most efforts focus on outdoor environments, several approaches regarding iasiboilt
data acquisition have also been introduced. Roh g28l11)have proposed an interior progress
monitoring system that a@omatically detects construction objects in indoor images. However, this
method is not efficient enough since many complexities associated with the interior environment
lead to errors. Klein et aj2012)have tested phtogrammetry on indoor images to obtain
dimensions of a room. The disadvantages of this method is the manual extraction of dimensions of
indoor environment from sparse point clouds using photogrammetry and the need to install visual
markers on walls to peofm image stitching. Lin & Fa(2013)developed a computer vision based
automated inspection system for tile alignment assessment. Whilst the process is highly efficient,
the task of tiling is a very specific sub tasklas a consequence, this method cannot be generalized
for other inspections. In general, object detection in indoor environment is challenging due to the
following reasongYang , Tian, Yi, & Arditi , 201(@) there are may variations of appearance of
objects in different interior environments, (b) there are small variations in different object models
and (c) most indoor objects lack of textui€opsida, Brilakis, & Vela, 2015)

2.3.3. Progess estimation

The asbuilt information that has been retrieved from the previous step, either using point clouds or
images or videos, needs to be compared with theksined information in order to assess the

current status of progress, decide if theogress is behind, ahead or on schedule and take potential
corrective actions. Usually a 4D BIM model (a BIM model including the time schedule of the tasks) is
used as an aplanned model and the dsuilt models are superimposed on the 4D BIM to proceed

with the comparison between the two models. The registration process has been performed
manually (Memon , Abd.Majid, & et al., 2005; Zhang & Arditi , 2qA8yadehsalehi & Yitmen ,

2018)or in a semiautomated way(Golparvasard, Bohn, Teizer, Savarese , & Piditaa, 2011;

Bosché, 2010)

An additional method that requires human interaction for registering théwit and the as planned
model was presented by Roh et @011)where the user has to assign contextual data such as time,
location and perspetive for each imagéopsida, Brilakis, & Vela, 2015)

Following the registration, the next step in progress estimation is the recognition of objects and the
matching of the aduilt object with the corresponding one inghasplanned mode(Golparvas-ard,
PefiaMora, & Savarese, 2012; Bosché, 2010; 2012; Turkan , Asce , Bosché , Haas , & Haas , 2013;
TWN] FyZ .2a0KS = I1Fla = g9 1FIlFa I (zhang®& Arditw30at 23
GolparvarFard et al(2012)use voxels and a probabilistic model to detect fiiegress. On the

other hand, Bosch@010; 2012and Turkan et al. (2012; 2013) use a surface based recognition
metric. The recognized surface is calculated for every object and if that surface excagtmam
threshold the object is considered as recognized. Zhang & Arditi (2013) developed a method that
counts the number of points in the related portions of the point clouds. Rebolj 2G08) have
compared a segmentesite image and a model using algorithm that recognizes differences

between element features. The views of the model and the site image are assumed to show the
same elements in the same perspective. The aforementioned methods could not work for interior
environments and tasks such painting or tiling since they only recognize if an object exists or not

in the scene and they cannot perform in real tii®psida, Brilakis, & Vela, 2015)
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2.3.4.Visualization

As mentioned in the first section, besidd§i@ent on site data collection and timely data analysis,

efficient visualization of the progress inspection results is also essential. An efficient way to visualize

the progress of a construction project is the use of Augmented Reality (AR). The niaé@npod

Augmented Reality systems is the accurate alignment of computer generated and real world data

(Koller , et al., 1997; Azuma R. , A Survey of Augmented Reality v@@i6@)depends on the

accuracyofi N O1 Ay 3 (KS dza SNRA& O KBpsidayHdilakis,eWVE8a/ 20150 A 2y | YV R

In recent years the interest for Augmented Reality and its applications has increased. Several
platforms have been introduced such agilRE, ARVIKA, StudierStube, DWARF, DARIZkati@ ,
Pérez , Basogain, & Borro, 200¢e & Pefidviora (2006)and Golparvafard & PefidMora (2007)
haveexplored the visualization of construction progress. For progress monitoring purposes the as
planned image from the 3D model and an image from thbwik environment are superimposed.
The superimposition leads to a clear visual comparison between whaseleduled and what has
been completed. The augmented image can be linked to the schedule to quantify dev{aéens
PenaMora, 2006)Kopsida, Brilakis, & Vela, 2015)

Different colors catve used for a better visualization of the progress deviatihes & Pendviora,
2006; Song , Haas, & Caldas , 20@@)parvaiFard & PefidMora (2007)proposed a semi

automated ystem for visualizing progress monitoring which aligns thplasned and a$uilt views

by manually choosing features. However, monitoring interior environments of buildings is difficult
using fixed cameras. Using many cameras is also inefficient dhe ttyhamic environment of the
construction site. These problems render interior progress monitoring more challenging. To
overcome the aforementionedhallenges, Golparvafard et al(2009; 2010) and Roh et al. (2009)
have developed an augmented reality deb for visualizing progress status where the user is able to
conduct virtual walkthroughs on the construction site and assess profgfegsida, Brilakis, & Vela,
2015)

Other ARbased approaches for inspecti¢gdté, Trudel, Desbiens , Giguere, & Snyder, 2013; Shin &
Dunston, 2009; Shin & Dunston, 2018g large and heavy equipment mounted on tripods at fixed
positiors. Although these systems lead to accurate positioning, they lack of mobility. Other AR
applications use fiducial markers. Wang ef{2014)used marketbased AR to facilitate onsite
information for construction site divities and Kwon et a[2014)to develop a defect management
system for reinforced concrete. These systems require additional time to install the markers in the
building. In order to eliminate the use of fiducial markdrizarry et al(2013)introduced Info spot
which is a mobile AR system for facility management. It uses three axis gyroscope, accelerometer,
Wi-Fi and digital compass hardware. However, the user is constréangednd in a specific location,

the system needs the use of aWlinetwork and information has to be assigned to InfoSpots.
Additional mobile systems that use AR rely on a combination of Global Positioning System (GPS)
6aSOl £ demNGomporentHased engineering of a mobile-Bded augmented reality
system, 2014and compasses for position and orientation determination respectig&iyodward,
Hakkarainen, & Rainio, 201®owever, these systenssiffer from low accuracy and they are unable
to be used in indoor environmen{8Ving , Eklund, & Kellog , 20@Kopsida, Brilakis, & Vela, 2015)

Marker-less augmented reality methods havedeintroduced in computer vision literature that
allow alignment of real and virtual objects but they have not yet employed for BIM m{Kigisida,
Brilakis, & Vela, 2015)
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2.4.5. Synthesis

Brilekis, Kopsidand Vela introducea rating system using color where white means good
performance, grey means mediocre performance gneenmeans poor performance. The rating
system for each of the criteria is illustrated in Table 1. For each of the rating a briahatph is

presented as depicted in TableNRumeric data is given where applicable. The rest are qualitatively

assessedKopsida, Brilakis, & Vela, 2015)

Tablel, Rating system of criteria (Kopsjdarilakis, & Vela, 2015)

Method

Good performance

Medicore Performance

Poor performance

Utility General occasion solution|General occasion solution|Limited occasions
but with some limitations

Time effiency Instant information retrievgk 1h > 1h

Accuracy Precision in all steps Only some steps of the  |[None
process are automated

Level of automation |Every step is automated None

Required Preparation [None <1h > 1h

Training requirements

None

Need for training, easy to
to learn

Specialised personnel

Cost

<eopnnim

EOPNNIT T €

v @pm®Pdm n 31

Mobility

Handheld equipment

Large equipment

|Large and heavy equipme

30| Page



Table2, Performance of solution&opsida, Brilakis, & Vela, 2015)

tripod

equipment

The best solution is, asn be seen in the table tobile AR.

Mobile AR | Stationary AR RFID Laser Vision Static| Vision Based'l Ideal Case
Scanners Reconstructio
Utility multiple multiple multiple only spatial limited only spatial multiple
occasions occasions occasions data applications data occasions
[INERS MM time spent of instant INEHEEGECE  time spent time spent automatic
on manual manual information ((o]@CI=SIl On assigning on the information
NEVeEliloiMal registration retrieval manual (IR ii[eilo]al retrieval and
BIM within information assignment
registered
view
Accuracy AR accurate AR| subjective accurate simple tasks variable accurate
registration, | registration, | evaluation of results, and
errors, subjective progress spatial data
subjective | evaluation of
evaluation of progress
progress
Level of automated automated automated automated partially partially  [fully automatec
automation document document document document automated automated
management| management| management| management data data
and data and data and data jand automateq acquisition | acquisition,
acquisition, | acquisition, | acquisition, | data analysi§ automated automated
no data no data no data data data analysig
analysis analysis analysis analysis
Required minimal set the installation set the minimal minimal minimum
preparation set-up equipment and equipment set-up set-up
required (< 1h) maintenance (< 1h) required required
Training none none trained none trained none
requiements personnel for personnel for
using the the
scanner reconstruction
Cost consumer tracking [ECEIEEIENRE  consumer consumer operates on
hardware cameras (GECeNX W ' hardware hardware commercial
hardware
Mobility handheld handheld large and handheld handheld handheld
equipment [equipment on| equipment WEEWY equipment equipment equipment
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2.4.6. Subconclusionconcerning automated monitoring

Brilakis, Kopsida and Vela concludsée table 2jhat Mobile AR systems meet more of the

requirements compared to the other proposed methods. They are cheap and easy to use in every
environment but the systems that have been proposed so far by researchers and presented in the

literature review,useeither markerswvhich require additionalime and cost for installation and
YEAYOGSylFryOST 2NI DS2alLkia GKIFIG tAYALG dzaSNDa f 201
network, or they do not perform in real time. Modbased augmented reality algorithrhsive been

developed that could be used for the registration between thepksined and adbuilt model,

however, their performance within the constraints required of efficient #tirake operation on a

construction site has not been explored. In additioritis, the presented mobile AR systems do not

perform any data processing for progress estimation purp@dkegsida, Brilakis, & Vela, 2015)

Alsoa § QTurk and Dolenc compared thenderstandability and usability of projedocumentation

using the following techniques: (1) 2D plans, (2) BIM ona PC, (3) the use of tablet computers and (4)
augmented reality. The techniques were compared with each other and quantitatively evaluated in
the two use cases: (1) the visualizatidmpeeliminary design and (2) the monitoringagnstruction
progress. The comparis@mowed that augmented reality is at least one grade better than any other
presentation technique. The cumulative of responses showed that the 3D mode is approximately 7%
better than 2D, while AR could improve 3D up to 20%; however, only when taking {otmat

certain assumptions a SO £ ¢ dzN] =. 3 52t Sy OX wHnmpoO

Although the data capturing technologies for project monitoring, approaches likedBid/different

novel software and programming tools are widely available, most construction companies
worldwide do not utilize them for their projects. This can be due to several reasons, such as the high
cost of technologies and equipment, implementatisaues, need for skilled staff, and, most
importantly, a lack of sufficient information about the impact of automated progress monitoring in
comparison with conventional progress monitoring on project performance control. There is still a
need to further aévelop the technologies, software, and algorithms and determine all the factors

that affect theuse of AR in the constructiandustry.

2.4. Augmented reality

While the design phase is largely digitized and increasingly integrated around BIM, for a complete
digitalization ofthe construction industry, structured information models would need to be available

on construction sitewhere the information is used tshapea material world. However, on the

construction site the IT infrastructure is not readily available. Things began to change with the

introduction of mobile computingRebolj & Menzel, 2004)nd thefield is still evolvigs a SO £ ¢ dzNJ X
& Dolenc, 2015)

The outputs of construction information processes (designs, plans and schedules) provide the
control information for the material processes in construct{@uirk , et al.1997) The media to

bring the information from the digital models to construction site where it is used to shape physical
reality are still 2D documents such as floor plans, cross sections, sketches, etc. The construction site
is integrated into theconstruction process using media and formats that-gagée computers.

Situating information and establishing the relation between the «gafld of the construction site

and design information remains the task of humans. In this task they are not assistédby
G§SOKy2t23ed wSEtSOlIyYyld AYyF2N¥IGA2Y FNBY GKS Y2RSft
the project, location and time. The graphicapresentationof this information in 2D must be

situated and contextualized with the physical 3D rgdidr which people rely on their spatial

awareness. It is the technologically largely unassisted human mind that is bridging the gap between
the real world of the construction site and the virtual world of the information model and is
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integrating the two.This is what engineers on site have been doing since the introduction of drawn
design information centuries ago. The problem at hand is how to assist this process with technology
6aSOFXY ¢dzNJ Z. 3 52t SyOX HaAmMpbO

Although virtual ad real environments are two completely different entities it is practically

impossible to make a clear boundary between them. They can be better presented with two poles of
continuum(Milgram & Takemura, 1994the real and thevirtual. The virtual environment must be
completely predefined since computers cannot make their own assumptidnggins , 1994)he

real is a complex mixture of natural events and items that exist in one of the pole obthimuum.
Reality, therefore, includes all that can be created, built, planned, observed, understoode Ol =
Turk, & Dolenc, 2015)

The other extreme of that continuum is a virtual environment, which allows engineers and designers
to design objects in imagined, virtual, and designed, but not yet materialized world. Augmented
reality is therefore the middle segment of continuum whendual elementsare added to real

world (Azuma R. , 1997)

2.4.1. Intersection between conscious real and virtual

The role of augmented reality can theoretically be explained jn
the context of the meaning triangle Figue 3(Meza , Turk, &
Dolenc, 2013)The concept is an idea in the mind that refers {
that specific referent (real world object). The symbol is a visu
or audible signal symbolizing the idea about that referent.

The presented exang shows that it is possible siablish a
direct relation between referenteference andeference
symbol (Figure 3 The first is called referencing and the secor
modelling. The relation between the symbol and the object ig
more complicated as both exist outside the mind of the humg
However, one could say that construction is a procesghich
symbolic design representations (SYMBOL) are translated in construction
real world buildings (OBJECT).Unless robots do this, human'— ——
. . . . . .Figure3, The meaning triangléMeza ,
interpretation of symbols is essential. Augmented reality aSSir, . & Dolenc, 2013)

in this interpretation because it places the symbols over the

picture of the real world. It is a superior technology to 2D plans and projections and virtual reality
because these technologies keep the symbolic and the real apart with the human mind acting as the
interface between the tw@ a S Qurkz& Dolenc, 2015)

&
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2.4.2. Opportunities/functionalities

Scheduling

Augmented reality will improve the scheduling aspect of the construction industry greatly; it can

show an agplanned vs. an abuilt structure to allow visualization of progsg(Zollmann, et al.,

2014 Ly | &adz2NBSe 2F I NOKAGSOGa FyR SyaaAySSNER GKI
progress monitoring, the results favored the augmented reality on a tablet PC to other 3D models or
aGattchato a SOl S ¢dzN) b 9. 525ByDF 2mKPNI ljdzSadrzya Ay

et al. were able to conclude is that it is possible to see and estimate the work that is done on site is

in accordance with the proposed schedule of thegoa S O} = ¢ dzNJ =.Wang®taf sy O H A M
mentioned using agmented reality for project progress monitoring as a way to compare the project

progress to the schedul@ark, Lee, Kwon, & Wang , 2018)ang takes monitoring a step further
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and connects augmented reality to material trackiogensure that the necessary materials are on
site (Park, Lee, Kwon, & Wang , 20183% projects become more complex many scholars and
researchers are looking to augmented reality to resolve the complexity of prdjaatsLiu , Tsai , &
Kang , 2014Many researchers like Mani GolparFard have researched programs D4AR and how
it is used to monitor progress on job sitgsolparvafard, PefidMora, & Savarese, 2009 Ithough
there are many uses for augmented reality in constructimogress tracking is one of the most used
functions of augmented reality todg®mar & Nehdi , 2016Another function that Omar and Nedhi
mention augmented reality can be used for communicati@mar & Nehdi , 201§Behzadi, 2016)

Communication/Information Retrieval:

In the construction industry, communication and information retrieval are twodrtgnt keys to the
success of all projectkin, Liu, Tsai, & Kang , 2014jcess to project information egite is

significantly improving with the introduction of different augmented reality (AR) programs compared
to moretraditional information sourcegPejoska , Bauters, Purma , & Leinonen, 201lggse AR
systems allow fast access to information helps project managers to decide on corrective actions to
minimize cost and delays due to perfornt® discrepancie@ae , GolparvaFard, & White , 2013)

To reduce the difficulties for esite information retrieval many companies are starting to develop
lightweight mobile devices. These companies are working to develop devices that could project
construction drawings and related information based on theation of the usefYeh , Tsai, & Kang,
2012) Also researchers are developing programs that work with a mobile device's camera to help
identify location and orientation of field based solely on a site photog(&ate , GolparvaFard, &

White , 2013)These new AR programs allow multiple parties associated with a construction projects
the ability to clearly grasp the whole picture of the project site and to make accurate predictions
about future ativities (Lin, Liu , Tsai , & Kang , 20I4)e added visualization benefits of AR
technologies allow for better communication between parties when commenting and making
suggestions for a particular proje@tisieh, Kang, & Lin, 201&here are however a few barriers to
0KS FTR2LIXIA2Y I aAYYlF idzZNBE O2NB GANIdzr £ NBFEAGe

0dzaAYSa488 YR &A1 S 2P addMKERDOMMDALAR B SiVrklaiively y Y

its early stages of development pertaining to the construction industry but it is already showing
great potential.

Man-labor Hours:

In the construction industry, time and efficiency are key to a successfj@gb. As the world evolves
there is a constant push for innovation in all aspects of life. This is no exception in the construction
industry. As new technologies emerge the construction process is becoming more and more
streamlined due to new technologieand innovationThese innovations solve problems including

lack of manpower in the management, and cost efficiencies within the construction project. These
innovations include augmented reality and virtual reality technologies. Augmented reality, wlich i
new and emerging technology in construction, is deemed to be a key enaldddress the current
shortcomings of BIM osite use in constructiofWang, et al., 2013)hese technologies allow
construction management to adess defects that might be overlooked in the inspection process

and save time doing so. If managers know the core control time points and measures for works to be
checked proactively through the defect domain ontology, then the worker's performance can be
automatically checked at the right time with BIM and AR applied inspection tools without visiting the
workplace(Park, Lee, Kwon, & Wang , 20I®)is allows managers to save both time and money on
specific projects while lowerg ManLabor hours and cost efficiencies due to defects and
construction rework. Much money and time are wasted because plans or drawings are
misinterpreted, or the information is transferred imprecisely from the plan to the real olfj#eing ,
Truijens, Hou, Wang, & Zhou , 2018y implementing AR technologies managers are much more
time oriented to their project. If managers know the core control time points and measures for
works to be checked proactively through the defect domain ontology, then the worker's
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performance can bautomatically checked at the right time with BIM and AR applied inspection
tools without visiting the workplacéPark, Lee, Kwon, & Wang , 2018 other benefit of AR is that
this technology allows for a better understandiobwhat work is actually going on, and what it
should look like when it is completed. AR was regarded as a way to bring notable additional value
and sense of concreteness especially in closgrget locations where thehapes and volume of

the planned budings could be visualize@lsson , Savisalo, Hakkarainen, & Woodward, 2012)
other words, the reduction of time due to switching treatment implies that AR facilitates an

I & & S Y andeBshbitling of the assembly proce@idou, Wang, & Truijens , 2013)

Safety:

In the construction industry, just as any other field of work, safety needs to be the top priority to
everyone associated with our field of work. No other industry promotes and engearsafety as

the construction industry. Unfortunately, there aséll too many accidents in this industriAlbert,
Hallowel, Kleiner , Chen , & GolparFard, 2014)A lot of companies invest a tremendous amount
ofmoneyini 2 &l FSGe& LINRPANIYaA YR GNIAYyAy3Iad . & dzaAy3
ly26t SR3IS GKIFKd ySSRa G2 0S AYLINIGSR gAGK NBaLISOI
(Agrawal , Acharya , Balasubramanian, Agrawa, &u@eali, 2016) The total cost of using

augmented reality is cheaper because the equipment used could vary from high end gear to a simple
smartphone. A smartphone could be use because of the infinite possibilities that applications

LINE A RS & redlityzappliSagionsSaFe cheaper and more efficient ways to enhance human

a I ¥ fAgrawal , Acharya , Balasubramanian, Agrawa, & Chaturvedi, 208 applications

could run various drills, or specific scenarios thatgwlé the user a real life feeling of a potential

hazard. Various authors also state that progress monitoring are not systematically monitored well,
making jobsites prone to potential riskSolparvas-ard, PefidMora, & Savares€009) In addition,

the authors explain how the use of augmented and virtual reality on cranes will provide a safer
method of locating and selecting the appropriate cranes for different projgatdparvasFard, Pefia

Mora, & Savarese, 20094 different approach for using augmented and virtual realities is how they
could improve safety by obtaining better training. A research illustrates, for example, how the usage
of augmented reality proves the best training in thegest time, while also retaining the longest
knowledge and skill acquired through the simuladkyeampong, Udoka, & Park, 2012here are

also other types of trainings; one in which focuses on better decision making by using simulated
technology such as augmented and virtual will dramatically improve to have safer de(Aitms

Gratia, Herde, &lensen , 2012; Behzadan & Kamat , Interactive augmented reality visualization for
improved damage prevention and maintenance of underground infrastructure, 2086%e type of
technologies will only improve the quality of work of the person who uneet training using

augmented and virtual reality, ultimately reducing the probability of accidents.

2.4.3. Integration

AR, BIM and Lean Construction

Little to no information was found in the literature regarding the integratié®B, BIM and Lean
Constuction. This was mainly because the development of this technology, and how it can be
implemented to projects is still being researched. In both publications, the use of these new
techniques for visualization is proposed for some stages of the workfloivisathe design and
construction stage, and it is being analyzed to determine its impact in the automation and
shortening of the processé&urevich & Sacks , 2014; Dave , Koskela , Kiviniemi , Owen , &
Tzortzopoulos, 2() (CalderorHernandez & Brioso, 2018)

Some Lean specialists are developing systems with BIM software in 4D, 5D, 6D, and other

technologiegSeppéanen, Modrich, & Ballard, 20Es)d it is likely that AR will be compatible with
these new platforms. The attempt is toowk in close relation with the users of the construction
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industry to try to integrate the technology with the workflow that the Lean Construction philosophy
proposes and make them shorter, faster and friendl{éalderorHernandez Brioso, 2018)

AR and BIM

The AR tool is being studied for both the design and construction phase. Since the design phase is
characterized by being a dynamic process with several iterations, AR can be implemented in this
stage during collaborative eetings for decision making to navigate through the design options
(HyeonSeung, S&ong, HyouSeok, & Leefseok, 2013)As for applying AR during the construction
stage, the usefulness of the BIM of the project can be ine@athe purpose of this application is to
reduce the time in the schedule, minimize costs and ensure the quality of the product through an
improvement in the constructive process. This way, the adopted process can be visualized and at the
same time a risknalysis can be done to mitigate it beforehatyeonSeung, S& ong, Hyousseok,

& LeenSeok, 2013{CalderonHernandez & Brioso, 2018)

LG Qaz T pousibis o use AR iS4D to make a comparison between what is being executed

and what was programmed in real tinfldan & GolparvaFard , 2014)The automatization of

progress monitoring is important since early detection édlout in schedule represents an

opportunity to decrease the impac{slan & GolparvaFard , 2014)On the other hand, senior

researchers are developing integration proposals of techniques of low cost like the use of BIM

softd F N Ay n5X p5X RNRBYySQa aeéailSmalard, goRg) iz, ! dzZ3YSy
Gheisari, & Williams, 2018 alderorHernandez & Brioso, 2018)

Shce most of the research conducted in the field of AR, addresses the technology involving this
application, the classification of this literature is based on it. For a better understanding of the
current state of the art of Augmented Reality, the documemtse classified based on the phase of

the project that was studied (design phase, construction phase or both), the limitations the research
presented (social acceptance from tA&orofessionals, registration problems, ergonomics of the
devices availabléor display, data intake, occlusion issues, alignment between real and virtual
entities, connectivity and the capability of the devices for processing information) and the future
work that was proposed (wearable devices, progress monitoring in the catisinphase,
implementation, localization speed, including remote serversiemtoving visualization). Figure 4
illustrates how most of the research has been conducted towards the constrygase of the
project(CalderorHernandez & Brioso, 2018)

The AR application has been studied mainly for Grafiektitel
monitoring, inspection, training and dmiilt data
intake. As for the design phase of the project, even
though it has the greatest potential to increase quality
and reduce cost in the long ter(Krakhofer & Kaftan,
2015) it has not been addressed as exhaustively
(Ahmed , 2018jCalderorHernandez & Brioso, 2018)

This application still faces several challenges, one of
them is to determine the position of the user and to
align the virtual data with the real data correctly

6 a S0 % DolatmyR0I5)This depends on how @ Design O Construction O Both
precisely the position and visual orientation of the us
is determinedKopsida, Brilakis, & Vela, 2018y any
automated process, the importance of its
implementation lies in théime, effort and cost savings it represents, as well as that the information
generated allows the detection of discrepancies and the implementation of corrective actions. The

Figure4, AR and BIM researchtime project phas
(CalderorHernandez & Brioso, 2018)
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main limitations found are described Figure 5being hardware capabilities drocclusion issues

the main ones. The occlusion problem seems to be solved with depth buffering testing, which allows
the invisible part of a virtual object to be correctly occludBghzadan, Dong , & Kamat, 2015)
(CalderonrHernandez & Brioso, 2018)

Grafiektitel

Device/Hardware capabilities
Connectivity
Alignment between real and virtual entities
Occlusion issues
Precise data intake
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Registration
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Figure5, Limitations/Challenges in ABIM (CalderosHernandez & Brioso, 2018)

Future research work proposed involves implementing and testing the systemeath @nstruction
environment, automatization of the data intake for construction progress and developing devices
that aresafe and wearable onsite. Figureiows what future research is going to be leaning
towards. It is also very important to investigatenethod to help the construction industry accept
and adopt AR technology by realizing the benefits it inclyédsafouri, Ayer, & Tang, 2015)
(CalderonHernandez & Brioso, 2018)
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Figure6, Future work proposed for AR and Bi®&lderorHernandez & Brioso, 2018)

In the future, it is expected that the limitations of the AR technology are solved by IT professionals
andsoftware and hardware develope(€alderonHernandez & Brioso, 2018)

2.4.4. Obstructions to the implementation AR

Cost of AR technology

Being a relatively new concept, the initial costs of setting up an AR system ircataoerease the
costs of the project§Agarwal, 2016)An increased cost would cause a negative acceptance among
the decision makers of the proje¢Silverio, Renukappa, & Sures, 2017)

Hardware isues

The main goal of AR applications is to overlay virtual information on top of real world objects. AR
applications need to create the perception that simulates that virtual and real entities coexist in the
same space with an adequate spatial alignmafnteal and virtual entities, without proper

registration, this perception is compromiséfigarwal, 2016)

Size and weight represented another important issue to congilenma , et al., 2001Nowadays
Smart devices allow usio implement ARbased applications with mobility. Othetsead mounted
displays like the Dagri Smart helmet and HoloLens are aiming to provide a mobile solution for the
manufacturing and construction indust(&reenhalgh , Mullins , Grunndespen , & Bhowink ,

2016) (Silverio, Renukappa, & Sures, 2017)

Development of applications

The development of usdriendly applications that abide to the right paradigm of taxt awareness

and pervasiveness is an important barrier for implementing pervasive AR solutions. With the field of
AR being very vast and diverse companies need to consider developing applications specifically for
the constructionindustry. (Silverio, Renukappa, & Sures, 2017)

2.4.5. Drivers

Error and cost reduction

The most significant advantage that this technology provides to the user is the reduction of errors
that may take place during the construction proves. By prowgidivirtual design on the field, it
becomes easier to control the different processes and achieve a better o(fgarwal, 2016)Since
error rectification reduces, the cost of material and workforce utilized for that reatiéao is

reduced, that helps in reducing the overall overheads of a prdjsgarwal, 2016)Silverio,
Renukappa, & Sures, 2017)

Continued assistance

Pervasive AR is all about continuity insteadsofated tasks, this means that all the possible
applications of this technologies should be integrated into a personalized single device or system
which provides continued assistance to the uggrubert , Kranz, & Quigley , 201&ilverio,
Renukappa, & Sures, 2017)

2.4.6. Possible application of AR

Design
Spatial models can help the designer identify the flaws and rectify them at the design stage itself.
Also, it can contribute to creati@novative designs as the architect can see the structure in real time,
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which can help in various advantageous changes (Agarwal , Z81&¢rio, Renukappa, & Sures,
2017)

Visualization of drawings and technical information onto the job site

The translation of drawings into a structure is not an easy task. It involves various steps of
identification of different structural elements and subsequently constructing them. $igcproject

is envisaged in phases, it may so happen that errors might creep in during various Agayesl,

2016). The visualization of drawings into 3D structures requires the integration of AR with other
technologies sutas BIM, to enable context aware solutions based on 3D information. One example
is the utilization of AR to display the positioning and layout of underground infrastructure and to
mitigate undesired damagdSchall, et al., 2009]Silverio, Renukappa, & Sures, 2017)

Marketing

Explaining a project to a person without a technical background is a problem that all projects have to
face. Architectural drawings may be extraordinary, but they are stidl smaller scale and generally

2-D. Using the concept of AR, the client can be given a virtual tour of the project, with all the colors
and the different views that can be observed for the project. This can lead to better marketing
strategies for organizains(Agarwal, 2016)Silverio, Renukappa, & Sures, 2017)

2.4.7. Subconclusions Augmented Reality

According to CaldereRlermandez and Brioso, a very limited amount of evidence was found on the
integration of Lean Construction with BIM and AR in terms of the automatization of the workflow
proposed by Koskela. It could be suggested that AR is an extension or a supplement of BIM. Also,
these applications have a lot of potential during the design amstraction stages of a project and

its integrated use must be researched on a deeper level. The flow processes must be designed,
controlled and/or improved in an orderly manner, generating activities with added value and
reduction of waste. Future work mumvolve an integration proposal of AR, BIM and Lean
Construction(CalderorHernandez & Brioso, 2018)

The research a S QTurk and Dolenconcludecthat althoughaugmentedreality has a substantial

potentialit is unlikelythat in the nearbyfuture it couldreplacethe conventionalpresentation
techniques.Themainbarrierswere foundto be (a) GP$ositioningin generalandindoors

positioningin particular,(b) visualocclusionand (c) scalabilityin relation to the sizeof BIMmodels
andend-userexperiencgframeratesof virtual elementsupdates,generalresponsivenesstc.).

Some of the barerscouldbe removedby developinga specializedARsystemwith featureslike

remote serversidedistributednearreaktime videoandimageprocessingadvanceccomputervision

algorithmsto helpwith unwantedvisualocclusionsetc6 a SOF = ¢ dzNJ =. 3 52t Sy OZ wn

The idea of using augmented reality needs to be developgaiallel with conventional methods,

so that when the basic technology for augmented reality matures engineers and architects will be
able to take advantage of it. Needless to say, fmlined digitalmodels,suchasBIM,are a
prerequisitefor ARaswell6 a SOl £ ¢ dzN] 2. 9 52t Sy O HampO

Augmented technology is a supplement of virtual technology, giving users a real time view of what is
occurring before them. Although augmented technology has only been around for just oyea&)

AG KFra 488y AGa 3INBFGSAG AYLINROSYSYyi(ia FyR Fy Ay
the research reviewed that these great improvements in augmented technology are having an effect

on the industry in multiple ways. For exampléjem trying to get a picture of how a final project will

look during different stages in the construction process. Along with this, it is also clear that

augmented technology can greatly improve the effectiveness of safety training, because it allows
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peopleto get a real time view of different situations on the job site. Even though augmented
technology appears to be an important tool in the construction industry, there are multiple
drawbacks of such technology. However, these drawbacks and barriers arbreden by the

upcoming generations and the constant advancement in technology around the world. Assuming
that augmented technology will only improve with time, it is almost certain that such technology will
play a critical role in construction for years¢ome(Behzadi, 2016)

Literature show field workers and project managers have high interests in usirignnogrsive and
desktop standalone (individual) AR technologies during construction phase of a project to compare
asplanned versus abuilt statuses to monitor progress and defect detection. Whereas, it is
predicted that future trend, is more toward using collaborative and internet based mobile AR
systems which have applications not only in construction phase, but atsod¢nrement and
maintenance phases of a project. Due to various benefits of AR technology for construction industry,
the application of AR systems for initiation and procurement phase of a project to compare model
vs. model and reality vs. reality is reemended. Moreover, lightweight mobile and immersive AR
systems are also recommended for field personnel due to dynamic environment of construction
fields.Currently, most othe ARsystems found in the literature are trial/demonstration, hence they
are deeloped for specific purposes they do not have all of the above criteria, however some new
systems offers some valuable feature and may provide a competitive advan(Rgekohi & Lloyd,
2013)

2.5. Big Dataand AR

The ability to process large amounts of data and to extract useful insights from data has
revolutionized society. This phenomenodubbed as Big Datahas applications for a wide

assortment of industries, including the construction industry. The construatiumstry already

deals with large volumes of heterogeneous data; which is expected to increase exponentially as
technologies such as sensor networks and the Internet of Things are commoditized. In this paper, we
present a detailed survey of the literatyrimvestigating the application of Big Data techniques in the
construction industn(Bilal M. , et al., 2016)

Using latest imaging technology, the progress of thejoimg construction is captured at the real

time. Big Data Aalytics will process the redilme streams of these images to measure the daily

change and updated the BIM models and construction schedule accordingly. The project managers
are presented with an update to date progress on the schedule, which will, indnable them to

see whether they are lagging behind on the project or still follow the schedule. Accordingly, the
project managers can proactively respond in case of any delay is reported. This will save them a lot
of money due to penalty whenever the ddlae is missed, and improve the overall project

monitoring and control. This is also aligned with the vision of BIM adoption. In this way, Big Data can
help the industry to deliver the projects on tinfBilal M. , et al., 2016)

2.5.1. Big Data with Augmented Reality

Rankohi et al(Rankohi & Waugh, 2013fgued thatvisualizatiorand simulation aspects of the
construction industry apps can be revamped with AR to enhance their usability. Sonseexiciting
AR application areas are highlighted such as virtual site visits, proactive schedule dispute
identification and resolution, and gdanned vs. abuilt comparison. Chi et &Chi, Kan, & Wang,
2013)pointed out thefollowing four pillars for wider AR adoption in the construction industry. (i)
Localisation, the ability to accurately impose virtual object on the-llifmakcene. (ii) A natural user
interface, which provides easy and intuitive usgperiences to increse the usability of AP

software. (iii) Cloud computing, which enables apps to store and retrieve information seamlessly
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everywhere, and (iv) mobile devices, which are getting smaller, cheaper, and powerful and play a
vital role in AR environmer{Bilal M. , et al., 2016)

William et al(Williams, Gheisari, Chen, & Irizarry, 20&ént ahead by bringing BIM, maobile
technology and AR together. The BIM aspects of geometry translation, indoor localization, attribute
assignment, and registration are explored for integration with mobile AR. The study proposed
BIM2MAR, which provides geral guidelines for integrating BIM with mobile AR. It is emphasized
robust BIM integration requires new approaches for BIM geometry conversion and indoor
localization of BIM using gempordinates. Jiao et alJiao , Zhang, Li, Wang Yang, 2013Jeveloped

a web3Dbased AR environment to integrate BIM, business social networking services (BSNS), and
cloud services.

AR and Big Data inevitably converge. The complexity associated with Big Data in construction is
enormous, whicha&n only be surmounted by advanced methods of visualization, particularly
Augment and Virtual reality technologies. This requires new interactive platforms and
methodologies to visualize construction related datasets. The aim is to comprehend better and
interpret the complicated structures and interconnection buried inside the Big BIM Data for design
exploration and optimizatioBilal M. , et al., 2016)

Currently, BIM is prevalent in the design world, with very limited utitiraicross the construction

and FM stages of the building. The real intent of BIM could never be achieved until it is employed in
every stage of the building lifecycle. At present, ho such mechanism can facilitate the tracking of
progress of various consitttion sites using automated tools. It is indeed labdensive as well
impractical (to some extent) to update the BIM model with such minute details pertaining to the
daily construction progreg®ilal M. , et al., 2016)

Enploying Big Data and sensing technologies could move the state of the art in domain of
construction progress monitoring to the next level. Using latest imaging technology, the progress of
the on-going construction is captured at the real time. Big Datalyiita will process the redime
streams of these images to measure the daily change and updated the BIM models and construction
schedule accordingly. The project managers are presented with an update to date progress on the
schedule, which will, in turrgnable them to see whether they are lagging behind on the project or
still follow the schedule. Accordingly, the project managers can proactively respond in case of any
delay is reported. This will save them a lot of money due to penalty whenever thdirtead

missed, and improve the overall project monitoring and control. This is also aligned with the vision
of BIM adoption. In this way, Big Data can help the industry to deliver the projects ofBitaeM. ,

et al., 2016)

2.5.2. Pitfalls of Big Datan combination withAR

Cost implications for Big Data ithe construction industry

Every technology incurs cost so introducing Big Data in construction is not for free of charge.
Companies are required to set up datenters orinstead(a more modern approach) make use of

cloud servicesand purchase software licenses, which can be an attractive investment. Also, skilled
IT personnel to keethe entireecosystem running is another overdd. So Big Data has inevitably
substantial cost implication. The cdngction business is considereanongst the lowprofit-margin
businesses, and introducisgich costly adans to projecs are more likely to be opposeahd

difficult to be defended. However, Big Data has the potemtianhance the overall project delivery

by optimizing processes and reducing risks that companies usually bear due to myriad inefficiencies
such as delays, litigations, etc. It is highly optimistic that construction industry can gain huge revenue
from thisinvestment as experienced by other industries, provided the right methodology is used to
employ Big Data. The exact cost implication of Big Data is, however, difficult to quantify. More
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studies on cost benefit analysis of using Big Data technologiegdtraction projects are required
(Bilal M. , et al., 2016)

Internet connectivity for Big Data applications

To monitor project site actities at realtime, instant dataransmission between project sites (dams,
highways, etc.and centralizedig Data repository shoulte supported. However, projesites
usually have low bandwidth; due tmavailability of sophisticatedetworking infrastructuren rural,
underdeveloped areag\dvanced wireless sensor netwesrkeed to be exteted to tackleinternet
connectivity issues in these types of Big Data appibns;otherwise, the decisions on stale drfii:
data will not be useful foeffective monitoring(Bilal M. , et al., 2016)

2.5.3. Subconclusions Big Data and AR

The research of Maaz, Bandi and Amirudin suggests that there are plenty of room for big data
research from the construction industry perspective. The limited big data research shows both
academics and industry expert shabsk hand in hand to have an agreed direction, interest and
solutions for the construction industry to advance towards realizing the big data dream.

Although the construction industry generates massive amounts of data throughout the life cycle of a
building, the adoption of Big Data technology in timdustrylags the progress made in other fields.

With the commoditization of the technology necessary for storing, computing, processing, analyzing,
and visualizing Big Data, there is immense interekliaraging such technologies for improving the
efficiency of construction processéBilal M. , et al., 2016)

Bilal et al. concluded that while datliven analytics have long been used in the construction
industry due to the brod applicability of such techniques in many construction subdomains, the
adoption of the recent, much agiler and powerful, Big Data technology has been relatively slow.
Although Big Data trend is gradually creeping in the industry; its applicability ifiachpirther by
many other emerging trends such as BIM, 10T, cloud computing, smart buildings, and augmented
reality (Bilal M. , et al., 2016)
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2.6. Conclusiomsliterature research

Usingthe literature three subquestionscould be answered.

Sub question ThWhat is the current sate of AR in the constructiomdustry?

There are many uses for AR in the constructimustry, whereofprogress tracking is one of the

most used functionsAs projects become more complex many scholars and researchers are looking
to augmented reality to resolve the complexity of projects (Lin,, Tsai , & Kang , 2014). Many
researchers like Mani Golparvkard have researched programs D4AR and how it is used to monitor
progress on job sites (Golparvard, PefidMora, & Savarese, 2009).

Access to project information esite is significantlimproving with the introduction of different
augmented reality (AR) programs compared to more traditional information sources (Pejoska ,
Bauters, Purma , & Leinonen, 2018). reduce the difficulties for esite information retrieval many
companies are sirting to develop lightweight mobile devices.

AR is deemed to be a key enabler to address the current shortcomings of Biité aise in
construction (Wang, et al., 2013). These technologies allow construction management to address
defects that might be werlooked in the inspection process and save time doing so. If managers
know the core control time points and measures for works to be checked proactively through the
defect domain ontology, then the worker's performance can be automatically checked agktie

time with BIM and AR applied inspection tools without visiting the workplace (Park, Lee, Kwon, &
Wang , 2013).

A different approach for using augmented and virtual realities is how they could improve safety by
obtaining better training. A researcHuistrates, for example, how the usage of augmented reality
proves the best training in the shortest time, while also retaining the longest knowledge and skill
acquired through the simulator (Akyeampong, Udoka, & Park, 2012).

There are however few barriers to the adoption, for examplémmature core virtual reality
G§SOKy2t23e8x O2yaSNBIFGAGBS yl Gdz2NE 2F O2yaidNUzOGAz2Yy
6aSOlFZ ¢dzN] X2 9 52ftSyOTX HnmpO !'w A& &andghoftHe NBE | (A ¢
construction industry but it is already showing great potentig¢hzadi, 2016)

Alsafouri, Ayer, & Tang emphasize the importance of investigating a method to help the construction
industry accept and adopt ABchnology by realizing the benefits it includes (Alsafouri, Ayer, &

Tang, 2015CalderorHernandez & Brioso, 201&urther, the aspect d#iplementatior{:scoreshe
highest concerning proposed future wask AR This emphasizes the urgency to estabtish
currentobstructionsand enablergoncerning themplementation of ARIn orderto outline the

problens andhelp the construction industry accept and adapé AR technology.
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Sub question ZHhWhat are the benefits of usig AR in the construction gustry?

Augmented reality will improve the scheduling aspect of the construction industry greatly; it can
show an agplanned vs. an abuilt structure to allowvisualization of progress (Zollmann, et al.,

2014). Access to project information -@ite is significantly improving with the introduction of

different augmented reality (AR) programs compared to more traditional information sources
(Pejoska , Bauters, Rua , & Leinonen, 2016). These AR systems allow fast access to information
helps project managers to decide on corrective actions to minimize cost and delays due to
performance discrepancies (Bae , Golpaiivard, & White , 2013 hese new AR programgs/e

multiple parties associated with a construction projects the ability to clearly grasp the whole picture
of the project site and to make accurate predictions about future activities (Lin, Liu, Tsai , & Kang,
2014). The added visualization benefits oftééhnologies allow for better communication between
parties when commenting and making suggestions for a particular project (Hsieh, Kang, & Lin, 2016).

In specific, imanagers know the core control time points and measures for works to be checked
proactively through the defect domain ontology, then the worker's performance can be
automatically checked at the right time with BIM and AR applied inspection tools without visiting the
workplace (Park, Lee, Kwon, & Wang , 2013). Allowing managers to savenim#mt money on
specific projects while lowering Mdrabor hours and cost efficiencies due to defects and
construction rework. Much money and time are wasted because plans or drawings are
misinterpreted, or the information is transferred imprecisely frone tplan to the real object (Wang ,
Truijens, Hou, Wang, & Zhou , 2014).

Also, @ dzaAy3d | dAYSYGiSR NBIfAGeT GKS Gzalrt O2aid 27
gAOGK NBALISOG G2 alFFSdesxr O2dzZ R 0SS NBREaDSR RNI YI (A
Agrawa, & Chaturvedi, 2016). The total cost of using augmented reality is cheaper because the

equipment used could vary from high end gear to a simple smartphone. A smartphone could be use
because of the infinite possibilities that applications gk S ® G ! dZAYSY i SR NBIFf AG& |
OKSFLISNI YR Y2NB STFAOASY(H sl ea G2 SyKFyOS KdzYl y
Agrawa, & Chaturvedi, 2016).
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Sub question 3H What are the construction stages of interest concerning the implenteion

of AR?

The literature shows thaARis presumably beneficidhroughout the whole project phaséhe life

cycle of a construction project consists of a sequence of siepsoject phasegfigure7) to be
completed in order to reach project goals and objectives. These phases are defined by N. Dawood
(2009)as: (3 initiation andoutline design, (3) design development) [drocurement], ontract and
pre-construction, (% construction, andd) maintenancgRankohi & Lloyd, 2013)

In addition to the project phases, Augmented reality technology has many applications in the
constructionindustry. In this research the classification of Rankohi blegd(2013)is used to

classify AR application areas in thdustry(figure7) as follows: (1) visualization or simulation, (2)
communication or collaboration, (3) information modeling, (4) information access or evaluation, (5)
progress monitoring, (6) education vaining, and (7) safety or inspection

Policy Project

Wider Context Project Start Up Project Delivery Operational service

PESEE Phase2: Phase3: Phases: Phases: Phaser:

Identify policy need ; . Phaseb: .
el e s Dr_aw up of project | Development of Draw up of design AeiE] GRS Operate and Disposdl

. f delivery strategy | brief maintain decommissioning
Chronologic order| this need

Augmented Reality
® @ ©) ® 4

Visualization Information | Progress Educatiort Safety or

/simulation acces monitoring | training inspection
collaboration evalutation

Figure?7, Project delivery phases and classificationB&vood, 2009; Rankohi & Lloyd, 2013)
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3. Methodical justification

This chapter explagithe research As stated in the literature research, the constructindustry
methods that were used in this struggles withthe adoption of AR. Some of the main
report. 602y G AYSND 20a0NHz0GA2ya G2 GKS

virtual reality technology, conservative nature of construction
odzaAySaasSazr &A1 S 2F o6dzAf RAYy3d Ay T:
Dolenc, 2015), relative high costEAR technology, hardware

issues and the scarcity of AR application specifically designed

for the construction industrySilverio, Renukappa, & Sures,

2017)

AR is still relatively in igarly stages of development pertaigin
to the construction industrybut it is already showing great
potential (Behzadi, 2016)The implementation of this
technology looks like the definite future for the construction
industry,despite thatsome present limitations slow down its
implementation, the possible applications are promising, such
asvisualizatiorof technical information on the jobite,
visualizatiorof spatial model for design and marketing
(Silverio, Renwdppa, & Sures, 2017)

Alsafouri, Ayer, & Tang emphasize the importance of
investigating a method to help the construction industry accept
and adopt AR technology by realizing the benefits it includes
(Alsafouri, Ayer, & Tang, 2015; Caldetldernandez: Brioso,
2018). According to the literatur@? A Y LI SYSy G I
FNBF 2F O2y OSNYy F2NJ LINRLRA
necessary to establish the obstructions concerning the
implementation of AR in order tbe able to help the
construction ndustry accept and implement AR technology.

yQ A2
F dzii c

A2
SR

3.1. Method

In order to identify theobstructionsconcerning the
implementation of AR, Theoreticand Qualitative research
wasconducted. First, theoretical researalasconducted by
literature research on the flwing topics concerning the
(Dutch) constructionndustry. Augmented Reality, automated
monitoring, and Big Data concerning ARstems. Then
gualitative researchvasconducted in the form of interviews
with experts on the topic (AR) from different parti@sthe
constructionindustry. Data derived from the theoretical and
gualitative researchvasstructured and categorized using the
Grounded Theory resulting in a list with the obstructions per
source(Gallicano, 2013)

Becauséhe obstructionswvere derived from two sources

(literature research and qualitative research), Methodological
Triangulatiorwasused to see if similar resuligere found. If
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the conclusions from the two methodsgere the same, validityvasestablishedGuion, Diehl, &
McDonald, 2014)

The list with considered obstructiomgsconverted into a survey wherein thétdabuting valuesof

the obstructionsvariedfrom 1 until 9. he scale determingthe relative importance of an

alternative when compared withnother alternative. This surveyaspresented to experts on the
topic, who gradd the obstructionsaccording to their perceived level of importance. Structuring the
surveyin suchway, madeit possible to use¢he Fuzzy TOPSIS methiod analyzing the da and
calculatingthe ranking of the obstruction®/elmurugan & Subramanian, 201Hencethe Fuzzy
TOPSIS methoglasused to determine the most important obstructions concerning the
implementation of AR.

After rankingthe obstructions enablers of the highest rankealost important obstructionsvere
described. Providing insight into who or whtatusedhe obstructions and how to overcome them.
Considering thatthe first few steps towards successful implementation of AR irctrestruction
industrywere described.

A visual representation of the methodological justification is displayed in theareh model
(chapter 3.2, figure §.
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3.2. Researchmodel

Below(figure 8)the philosophical underpinning of thesearch methodss visualized in the form of a research model.

: Quantitative Research
Theoretical Research

List with definite Describe enablers of hig
obstructions ranked obstructions and
corresponding enablers

Open coding Obstructions per source

Literature research

Qualitative Research Axial coding Triangulation

Conclusion and
Selective coding Sample size Recommendations

Interviews

Grounded Theory Fuzzy matrices

Ideal solutions

Closeness coefficient

Triangulation

Fuzzy TOPSIS method

Figure8, Research model



3.3. The Grounded Theory

Grounded theory involves the progressive identification and integration of categories of meaning
from data. It is both the process of category identification and integration (as method) and its
product (as theory). The Grounded theory as meth@sused toprovide the guidelines to identify
categoriespn how to make links between categories and how to establish relationships between
them. Grounded theory as thegrwasthe endproduct of this process; jirovidedan explanatory
framework with which the pheomenon under investigatiooouldbe undersbod (MH education)

3.3.1 Coding

Basically, the Grounded Theory generates the building blocks of the analysis. Theoretical analysis will
assemble these building blocks intdumctioning building. Hence, coding shapes the analytic frame

from which the analysis is btuilCoding is the pivotal link between collectufgtaand developing an
emergent theory to explain these data. Through coding can be defined what is happerfieg in t

datal YR A (G Q& LI akatitnéaSs(Cha@mazK] 20a6) S

Opencoding

Coding gets thaesearchoff the empirical level by fracturing the data, and then conceptually
grouping it into codes that then becomesttheory which explains what is happening in the data
(Glaser E. G., 1978)jirst open codingvasusedto pull together andcategorizea series of otherwise
discrete events, statements, and observations wiuobldthen be idertified in the data(Charmaz K.
, 1983; Lawrence & Tar, 2013)

Axial coding

Then,Axial codingvasused forre-building the data (fractured through open coding) in new ways by
establishing relationships between categories and their subcategories. It is termed "axial" because
coding occurs around the axis of a category, linking categories at the level of jespart
dimensiongStrauss & Corbin, 1998}he xial codes represent categoriesahdescribe the open
codes.Thereafter codingvascontinued, comparinghe concept to more incident&Glaser E. G.,

1978) Comparison enables the identification of variations in the patterns to be found in the data.
Data coding at this level is intended to elevate the data to higher levelsstfeetion (Hutchinson,
1988)(Lawrence & Tar, 2013)

Selective codinfgategorization.

The last stepsedselective coding to integrate and refine the categories into a theory, which
accounts for the phenomenon being investigat@arke, Shanks, & Broadbent, 19881 valicites

the statements of relationships among concepts, and fills in any categonesed of further
refinement. ®lective coding reducethe data from many cases into concepts and sets of relational
statements thatwere used to explain, in a general senadat is going orfStrauss & Corbin, 1998;
Lawrence & Tar, 2018ategories in grounded theory emerge from the data, they are not mutually
exclusiveand they evolve throughout the research procégid education)

3.3.2. Data collection

For gathering initial datditerature researctwasconducted. To make this research as complete as
possible, additional document researalas performed in order to find as anyobstructions as
possible The findings of the document researalere processed using the grounded theory.

When usinghe grounded theory, theoretical sampling is recommended. Theoretical sampling

involves the proceduref choosing participants who have experiencedare experiencing the

phenomenon, in thisesearchthat wasAR in the constructiomdustryd . @ R2Ay 3 &a23 WSEL
phenomenon are chosen and thus able to provide the best data (Corbin & StraussG128& &



Strauss, 1967). The process of selecting expartsan evolving procedsased on the arising
patterns, categoriesand dimensions emerging from the dgfehomson, 2016)A
phenomenological study may involgangle, onehour interviews with 820 participantgVan Note
Chism, Douglas, & Hilson, 200B&cause the interviewsere supplementedoy document research
it wasproposed to start witHfive experts Since theravere not many garties (within the Dutch
constructionindustry) that specialize in ARyis researclaimedto interview the leading parties
within the constructionndustry. By consulting experts within thedustry, the leading authorities
were established.

3.4. Triangulation of the data

Triangulation is a method used qualitativeresearchto check and establish the validity of a study

by analyzing a research question from multiple perspectives. Patton (2002) cautions that it is a

common misconception that theogl of triangulation is to arrive at consistency across data sources

or approaches; in fact, such inconsistencies may be likely given the relative strengths of different

F LILINB I OKSad Ly tliid2yQa @ASssS (KSaAS ekydore/aAaiSyc
but should be viewed as an opportunity to uncover deeper meaning in the(Gatimn, Diehl, &

McDonald)

3.4.1. Methodological triangulation

Methodological triangulation involves the use of multiple qualitative and/or gitative methods to
study the program. For example, results from surveys, focus groups, and intepdatws

compared to see if similar results are being found. If the conclusions from each of the methods are
the same, then validity is establishé@uion, Diehl, & McDonaldBecause this research involves
multiple qualitative methods, literature researcéind interviews with different stakeholders/parties,
methodological triangulatiomvasused.This way, participants thatere able to providea deeper
understanding concerning these aspectalldbe pointed out.

3.5. FuzzyTOPSIMethod
TheFuzzyTOPSIS methodology is a methodrfariti criteria decision making (MCDM).

The TOPSIS method was developed by Hwang and Yoon {d §8dyide a solution foMCDM
problems. Kim et al. (1997) stated the advantagea DOPSIS as follows:

1 A sound logic that represents the rationale of human choice;
9 ascalar value that accounts fboth the best and worst alternatives simultaneously; and
9 asimple computation process that can be easily programmed into a spreadsheet.

TOPSIS is usefphrticularly when there are a large number of alternatives and criteria. In such
cases, methods likeH®, which requires pair wise comparisgrare avoided. Also, TOPSIS has the
fewest rank changes reversals when an alternative is added or removed in comparison to other
MCDM methods (Zanakis et al. 199B)ese advantages make TOPSIS a major MCDM technique as
compared with other related techniq@esuch as analytical hierarchical process (AHP) and ELECTRE.
¢KS GNIRAGAZ2YLFE ¢ht{L{ YSiK2R O2y&dARSNE NI GAy3Ia
crisp data are inadequate to represent the rifé situation since human judgments are vagand

cannot be estimated with exact numeric values. In such situations, the fuzzy set theory is useful to
capture theuncertainty of human judgments. What made it the best possible fit for this research.
Zadeh (1965) first introduced fuzzy set theory iME@DM including TOPSIS as an approach for
effectively working with the vagueness and ambiguity of the human judgmentszzy TOPSIS, all
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the ratings and weights are defined by means of linguistic variaBdew, thetwo main
characteristics of fuzzystemsby Kahraman et al. (2007) are given:

1 Fuzzy systems are suitable for uncertain or approximate reasoning, especially for the system

with a mathematical model that is difficult to derive; and
1 Fuzzy logic allows decisiomaking with estimated values uedincomplete or uncertain
information. Because of all these advantages, fuzzy logic has dm®bined and used along

with TOPSIS known as fuzZ{PSIS methodology.

(Agrawa, Singh, & Murtaza, 2016)

51| Page



This chapter explorethe data,
derived from the methods
discussed in the last chapter, in
order to explore the meaningful
insights.

4.  Analysis

As discussed in chapteriiterviews with experts concerning
AR in the constructiomdustryisthe main componenbof the
information gatheringorocess Supplemented withhe other
data gathering techniques: document research and attending
activities/meetings concerning the subjechelraw datawas
processed using codingf whichthe selective coithg contains
the obstructionsor enablers. These obstructioasidenablers
werethen categorizedising theparticularcodesandafter that
triangulated With the definite obstructions determined, a
surveywasdesigned applicabl®o the FuzzyTOPSIS method.
Using thismethod, a ranking of obstrationswasestablished.
By keeping the data sourseeparatedto identify similarities
and differences between the different fields of expertise,
applying triangulatiowaspossible.

4.1. Interviews

Before the interview started, document research was
performed and finished. Based on this, the interview questions
were composegdand the interviewjn appendix 1was

compiled.

The experts for the interviews were selected basedhen
indication of other experts. Firstly, based on conversatioitls
employees within Heijmansn expert conerning ARwithin
Heijmans was interviewe(inneken, 2019)uring the
interview, the expert was asked whigiersors and companies,
according to himare authoritiesin the field of AR. This was
done during every interviewip map the leading authorities
within the Dutch constructioimdustryas well as possible
Initially, the proposed number of interviews was five. But on
the direction of the interviewed experts, two additional
interviews were conducted. Eventualthe seven experts
displayed in table 8ere interviewed All interview transcripts
can be found irsupplementl.

52| Page



Table3, Information interviewed expertsource: supplement 1)

arviewed expe
Name: Function: Company: Date:
Giel van Ginneken Project coordinator Heijmans 03-07-2019
Sander Baas Project Manager Royal HaskoningDHV| 16-07-2019
Lars ter Steege Advisor StudioX 17-07-2019
Thomas Smits BIM-Advisor Heijmans 2507-2019
Job van Hardeveld Consultant AEC Cadac Group AEC B\ 02-08-2019
Danny Oldenhave Operational Director | Atos 07-08-2019
Gino van der Zijde Business Developer | Unit 040 20-08-2019

4.2. Converting the raw datdo axial codes

For converting the raw data coding table was used. The useful information gathered from the
interviews and the document research was copied into the first column of the table. Then this data
was fractured in the second table using open coding. In the last column of the ttadfeactured

data was rebuild, using axial coding, establishing relationships between oategand their
subcategories.

Table4, Example of coding table: Obstructiankterviews(source: supplement 2)

Coding table, O#tructions ¢ Interviews

Obstructions- Interviews

Raw data Open coding Axial coding
Op het moment dat wij als afdeling met bijvoorbeeld Added value not | Conservative
YyASdzwS zwk!w Sy 2F YAES yetproven nature
komen, willen zij eigenlijk dat deze technologie zich

heeft bewezen. Dat ze weten, dat als ze deze Traditional culture| Hardware
technologie toepassen in een bepaalde situatie, limitations

kunnen we zo ongeveer 30% te besparen. Het kost
veel moeite om dit te doorbreken, bij het ene projec|
lukt dit beter dan bij het andere. Met AR is dit nog n
gelukt, toegevoegde waarde moet eerst bewezen
worden (denk hierbij aan kosten reductie onderaan
streep).(Smits, 2019)

Als het echt op AR aankomt, denk ik toch als snel a Limited

een iPad enz., dat je met de camera filmt en (BIM | operational use
model) objecten toevoegt met een app aan de
werkelijke omgeving. Hierbij merk ik dat het maar tg
op zekere hoogte werkbaar iESmits, 2019)

Invisibility of added
value

The information per data souragaskept separatesothat the datacouldbe traced back to the
sourcein a later stageAlsq two separate coding tabkwere established for both the obstructions
and the enablers, making discerning easier. Hence, in total four teld@esestablished. An example
of the coding tablesisdisplayed abovein table 4 herein can beseenhow the raw datavas
convertedto axial codes.dt an overview ofhe coding tables sesupplement2.
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4.3. Categorization

From the raw datg59 axial obstruction codes an@ @xial enabler codes were derivesklective
coding was then used to integrate and refine the axial codes into a theory. Reducing axial codes into
categoriesthatwasdza SR (2 SELX FAYy ¢KIFGQa 3I2Ay3a 2y Ay 3SyS

As a pador selective codingemerged during the literature research in chaptettie classification

of Rankohi and Waugf2013)wasused They classify AR application areas in¢hastruction

industry (figure 7) asfollows: (1) visualization or simulation, (2) communication or collaboration, (3)
information modeling, (4) information access or evaluation, (5) progress monitoring, (6) education or
training, and (7) safety or inspection.

Because the model classifies &pplications and nobbstructions/enablers concerning the
implementation in the Dutch constructiandustry, the modelwasmodified. Visualization or
simulation in combination with progress monitoring/as transated to selective codegechnological.
Information modeling and information access or evaluatiere merged into informational.
Furthermore, organizationavasadded to include thaspect that involves a part of the
organization aswhole. The economic aspeét K I (i A & ywasaddddbsgslacBv¢ dode
financial. A®f last, the cultural stance concerning new technolegsincluded as awareness
whichresultedin the nine selective codes: organizational, communicational/collaboration,
informational, financial/economical, technological, aeaess, operational, educational/training
and safetyEach selective code is defined belavithin the context of this research

Organizational

The category organizational concerns the organizational structure, a system that outlines how
certain activities are directed in order to achieve tmals of an organizatiofKenton, 2019)Hence,
the organizational structurdetermines how and if AR is directed within the organizations.

Communicational/collaboration

Communication withiran organizational context is defined as the sending and receiving of messages
among interrelated individuals within a particular environmehsetting to achieve individual and
common goalgOrganizational Communication, s&uccessful implantation of ABsts on proper
collaboration and communication.

Informational

Organizational information derives its meaning from the semsé&ing frameworks that characterize
specific organizations$n order to set op AR technologyithin an organizationmembergsystems
need information in order todudfill their responsibilitiesSo, other memberésensorsgatherthe data
and convert it into informatior{Starbuck & Porrini, 2001f the necessary information is incorrect
2NJ YAaaAay3a:r 'w aeaidsSya OFyQild FdzyOlAazyo

Financial/economical

Financial, in this pgéicular context, is defined as the part of an organization that manages the money
(Business Dictonary, 2013 cluding forecasting and planning, monitoricesh flowsaccounting,
decision makingand measuring result§he development, implementationand use ofARare linked

to financial costs anthe possiblebenefits
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Technological

Technological within this context is defined as the applicabfoAR technologyor practical
purposesn the construction industry. Thiacludingthe technological obstructions that hold back
development, implementatiorand use On the other sitepossibly esulting in improvements in
technical processes that increatte productivity of machines and eliminate or make manual
operations nore efficient or operations done by older machines.

Awareness

In this contextawareness is mostly regarded ARtechnology awarenes3.hisinvolves being
mindful and being able to recognize and understand tlaevnew technology anthat it could be
useful for the success of the busind€d EVERISM, 2019)

Operational

By operational is meardgverything that happens withia constructioncompanyto keep it running
and earning moneyeferred to collectively abusiness operationsExamples of this are construction,
alteration, repair, extension, demolition or dismantling of buildings or structi®glective code
operational refers to all business operations concertirigAR technolgyin the industry

Educational/training

Training implies the aaif imparting a special skill or behavior to a person concerning AR technology,
which is commonly offered to employeestbt operational level. Additional to traininghe element

of education is involved, which refers to the process of systematic leasoimgthing concerning AR
technology in an institution that develops a sense of judgment and reasoning in employees.

Safety

Safety in constructioaims to ensure that a construction site or the industry as a whole is not the
cause of immediate danger to thmiblic around a construction site, or the workers at a construction
site, as well as making sure that the finished product of construction meets required safety
standards(Safeopedia Inc., 2019)

Tableb, Part of categorization table; Obstructiogdnterviews (source: supplement 3)

Categorization table, Obstructiongnterviews
Selective coding

Organizational Communicational/ Informational
collaboration
Obstructions (1) Conservative (7) Poor intern and (11)Quality BIMmodel
Interviews nature extern (12)Poor information
(2) Short term resukt collaboration management
oriented (8) Afraid of (13)Fragmentation of
(3) Not companywide controlling knowledge
adopted/implemen function (14)Delayed
ted (9) No clear definition information flow
(4) Limited will to of AR
invest (10Misleading
(5) Mostly depending advertisement/imp
on experts ressions
(6) Too many decision
makers
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Table Hdisplays a section of the categorization table. In which, every colmastategorized

making usef selective codingamounting to a total of nine column#gain the information per data
sourcewas kept separate.dq8hat the datacouldbe traced back téhe sourcein a later stagethe
complete categorization table can be found in supplement 3.

4.4. Triangulation per category

A simplified overvievof the categorized obstructions and enablers, using the code numlers,
displayedbelow (table 6) Triangulationwasused in order to find the similarities between the
obstructions and between the enablers withircategory. So, withieach columnthe obstructions
derived from the interviews and the obstruction derived from the document reseaerie

compared to each other. Similar codes were recoded into one, afl@mbracing codevas used to
describethe two or more overlapping codeBefore descrilmg the triangulation process, similar

codes within a category were highlighted, using a different color for each similarity. Codes that were
excluded during the procesgere crossed out. An overview of the triangulation table can be found

in supplement 4.

Table6, categorization of the obstructions and enablers by number (source: supplement 3)

OR (6{0) IN Fl TE AW OP ED SA
Obstructions| 1, 2, 3,| 10, 11,| 14, 15,| 18, 19,| 24, 25 | 26, 27,| 31, 32, 35
Interviews 4,5,6,| 12,13 | 16, 17 | 20, 21, 28,29,| 33,34
7,8,9 22,23 30
Obstructions| 36, 37, 40, 41,| 44, 45, | 48, 49, | 55, 56, | 58 59
Document | 38, 39 42,43 | 46,47 | 50, 51, | 57
Research 52, 53,
54
Enablers 1,2, 3,|17,18,| 24, 25,| 29, 30,| 33, 34,| 41, 42, | 47, 48, | 63, 64 | 65, 66
Interviews 4,5,6,| 19, 20,| 26, 27,| 31, 32 | 35, 36, | 43, 44, | 49, 50,
7,8,9,121,22,| 28 37,38,| 45,46 | 51,52,
10,11, | 23 39, 40 53, 54,
12, 13, 55, 56,
14, 15, 57, 58,
16 59, 60,
61, 62
Enablers 67 68,69, | 72,73 | 74 75 76, 77,| 91 92, 93
Document 70,71 78, 79,
Research 80, 81,
82, 83,
84, 85,
86, 87,
88, 89,
90

4.4.1. Obstructions

Concerning thebstructions, quite some similariti@gere found. Thefirst similarity in the category
organizational ishe conservéive nature of the constructionndustry, codes 1 and 40, that are
almost exactly the samé&herefore, code 4vasexcluded Within the obstructions fronthe
interviews codes 2, 4and 9are interrelated.Both limited will to investqode4) and short
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investment horizon (code9) are effectof wanting to achievehortterm resultsandwere therefore
excluded Also, codes 3 anBlareinterrelated within the obstructions frorthe interviews. Because
AR is often not companywide adopteatie technologyusually depnds on one or a few experts
within the companyt K I ( Q& Swasnot D&@uBeSin the final obstructions.

Concerning theategory communicational/collaboratigmo substantial similarities between the
codeswere found.

Category financiahcludesthe code(poor) data management (codé?), which is a part of (poor)
information managemenfcode 15). Poor information managemastone of thecause of delayed
information flows. Code 14, quality of the Bilbdels, is caletermined by the structure of the BI
model (code40) andwastherefore included.

Then in the category financial/economical, the codes tight project budgets (19hearehsed cost

within budgets (45)resultfrom the costrecovery structure/project casaccounting (code 23phat is

used. Becausavhenfor example AR is funded centralgndd SLJ- NI §S FNBY (KS LINR2S
affect other budgetsHence, code 19 antbde 45were excludedLarge initial investmentcpde 22)

is similar tohigh initial investmentdode46), and so code 46 was excludétigh develpment and

AYLX SYSyidltidAazy O02aida IINB |y SEIFYLES 2AR. GKS I NBS
Within the obstructions derived from the literature reseaydifficulties with quantifyinghe Rol

(code 47can be seen as one of the reasons why there is uncertainty about thHedigl 44)

concerning AR. Hence, codewdsexcluded, but to be includingode 44 was supplemented as

follows: uncertainty about Rol (for example, difficulties with quantifying Rol).

In category technological, both obstructions derived from interviews and document research,
contain the code hardware limitations (codes 24 and #&)turally thesewere coded into one.
Converting issuedBIM to ARJcode 50) and communication issues (software related) between BIM
model and AR device (code 52) are part of the complex software processeb). Therefore,

code 25 was recoded inomplex software processes, including software and communication
issues converting BIM to AR.

Thereafter,category awarenessasreviewed de 28 no/limited similar (beneficial) use cases, and
code56; no/lack of successful use cases, are almost the same. Code 28 gives the most including
description, and so code 56 was excluded. Limited awareness withindhstry(code 29)stoo
general defined andmountsto the same as unfamiliarity with AR (@57). Hence, limited
awareness within théndustry (code 57) was excluded.

At first, no similarities were found in the category operational. But after looking at the next two
categories, educational/training and safety, it was decided there were naigmaxial codes to
maintain these categorie&ince all the axials codes under these categories refer to
education/training and safety on an operational level, the categories education/training and safety
are merged into the already existing category oftienaal.

After the mergetwo codes thatshow overlapvasfound, code 35 and 59. Both refer to the safety
issues of AR concerning the operational aspect of construction. But codde35s to the psychical
safety issues on the construction site and codedbAiggedness of the hardwaréof example the
reliability of AR devi®. Hence, these codegere defined to abstracand needed to be specifidd
orderto prevent confusion. Code 35 was recoded into physical safety issues using an AR device.
Code 59 ws recoded intouggedness issues making hardware compliant with safety standards (
example privacy whermprocessinglata). Table7 displays the condensed list with definite
obstructionsafter triangulation.
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Table7, Condensed list with definite obstructions (source: supplement 4)

Category Code | Obstructions

C1: OR1 | Conservative nature of the constructiamdustry

Organizational OR2 | Short term result oriented

OR3 | Not companywide adopted/implemented

OR4 | Too many decision makers

OR5 | No sustainable strategy concerning AR

OR6 | Insufficient capacity because thfe growingconstruction market
OR7 | Hard to comeby experts/technicians

OR8 | Using ® ard 4D modelsnot constructionindustry-wide adopted
OR9 | Problems integrating/matching AR in current processes

C2: CO1 | Poor intern and extern collaboration
Communicational | C® | AfraidoftheO2 Yy i NRf f Ay3 Fdzy Ol A2y 64
/Collaboration CO3 | No clear definition of AR
cat Misleading advertisement/impressions causing unrealistic
expectations
C3: IN1 Poor quality of (BIM) models
Informational IN2 Poor information management
IN3 Fragmentation of knowledge
IN4 Lack of standardization in information concerning technology t
IN5 Lack of commitment to support the information soufogodel
C4. EQ Invisibility of added value
Financial EQ Added value currently not high enough for customer/client
/Economical EG Large initial investment

EG Wrong cost recovering structure/project cost accounting, no
central funding for new technology

EG Uncertainty abouReturn on InvestmentRo), for example
difficulties quantifyinghe Rol

C5: TE1 Hardware limitations

Technological TE2 Complex software processes, including software and
communication issues converting BIM to AR

TE3 Lack of usefriendly applications

TE4 Qualityof the visuals, for exampl@cclusion issues and resolutio
of the visuals

TES Lack of dedicated software

TEG6 The AR field is vast and diverse

C6: AWL1 | Insufficient knowledge on AR (what is AR)

Awareness AW2 | Fear for Job replacement

AW3 | No/limited similar (beneficial) use cases

AWA4 | Pigeonholing, only looking at it from one's own perspective
AW5 | Lack of acceptance by professionals in the construdtidastry
AWG6 | Unfamiliarity with AR (what are the possibilities with AR)

C7: OP1 | Timeconsuming (to make it operational)

Operational OP2 | Additional risk within projects for including AR

OP3 | Not workable in construction environments

OP4 Change in current processes

OP5 | Physical issues using an AR deflitetion sicknessfér example
the HoloLens)
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OP6 Ruggedness issugnaking hardware compliant with safety
standards

4.4.2. Enablers

Concerning the enablers, also quite some similarities between the axial codes were found. The first
category, organizational, includes createbudget for innovatior(code 1). Which is already

included in organization based fundiriggtead ofproject-based funding). Because, byganization
basedfunding is meant, creating a central funding/budget for enabling the use of AR in the
organization. Pduct thinking instead of projecthinking (code 3), is part of standardizing

processes (code 40). Becali®rder to create standardization, standard products within different
projects need to be definedad economy allows for innovatigoode 11), is an enabler of AR, but

not one thatcan be initiated by @erson ororganizationand istherefore excluded

Well defined business cases, code 9, is related to defining concrete applications for AR, code 13. In
order to define a business case concerning AR, there has to be a concrete application for AR within
the business casélence, code @nd 13were merged into code 14well-defined business case,
containing aconcrete application for AR.

In the categorcommunicational/collaborationhoth the enatters derived from the interviews and
the enablers derived from the dament researchthe same codgimprove stakeholder
management (18 and 64panbe found.Therefore one of the codes, ceé4, wasexcluded. The
same goes for code 19 an8,dmprove communication. Henedsq code 63wasexcluded. Code 23
and 66 look similabecause they both concern theedisiormaking process. But code 23, invave
the decisioamakers meaningincluding the people that are authorizéd make decisios about AR
within an organizationt for example makinganinvestment of a certain amount for developing AR
software. Code 6, improve stakeholder management, aims at improving the decision making
process itself (making it faster, easietc.).

Category informationatontainsno similarities(BIM) Modelinformation structuring (code 24)

seensto be a part of efficient information management (code 67). However, code 67 refers to

deliveringthe rightinformation as efficient as possibl® the right place at the right timeCode 24,

onthe otherhand, cod SNy & G KS aO2yai NUzDei(BIR)ynodelA Yy F2NNIF GA2Y &,

One similarity was found in the categaf/financial/economical. Code 29, often already profitable
is an effect of code 8%igher cost efficiencies. Because whba cost efficiencies beconlarger,
the chanceof profitability increases. Thereforeode 29wasdeleted.

Then in the category technological, two almost identical codes were found. Code 70, includes defect
and error detections, while code 33 only includes error detection. Béiagrost inclusive code,

code 70 was retainedind code 33 excluded\ext, two similarities from the same data source were
found. Improving thehardware for automating process monitoringode35) means the hardware

must also be capablef measuring automtcally (code34). To show this coherenceode 34 and 35

were merged into code 3@mproving the hardware for automat process monitoring and

automated measuring.
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Again in the category awarenestsyo similarities derived from the same data soarwere found.
Creating awareness (code 48)oo general defined and amousd to the same as familiarity with
AR (code 44). Hence, creating awareness (code 43) was excluded.

Supporting optimization of prasses (code 49 the discipline of adjusting a process to optimize a

certain specified set of parameters without violating any limitation. The most common goals are to

minimize cats and maximize throughput amal efficiency.Therefore the codeswvorkingmore

efficiently (48), reducinthe lead time (51), reducing construction project tin&S), and lowering

labor work/time 86) are already covered by code 49 aukxcluded Also coder7, supporting

optimization of processe$iasexactly the sameneanirg as code 49 andiasexcluded Remote

guidance and supeision (codeB2) already covers osite direction (code 50and so this code was

also excludedmproving construction quality (code63 ¢ & SEOf dZRSR 06 SOl dza S A i ¢
guality managemen(code 76)Within the enablers derived from document research, design

reviews (code 55) aneerification of simulation (code 57) amount to the same. Codgives the

most complete descriptiorand so codé&5wasexcluded.The same goes for verificatian

simulation (codés80 = ¢ KA OK Ay Of dzZRS& aA YdzZ | (A B TreEford OSyY | NR 2
code56was excluded.

As already described, in chapter 4.5.1. Obstrudidimere were not enagh axial codes for
maintainingthe categorieof educational/training and safetyAgain,all the axials codes under these
categories refer to education/training arghfety on an operational levaherefore, categories
education/training and safety are merged into the already existaggory operationalThen some
more similarities were foundvore efficient training of personnel (code 60) and more effective
training/education complement each otheandwere merged into one code (90). Code ®@s
formulated as more effective and affent training/educationimproving safety in construction
environments (code 61) and safer way of working (coded&®)included in the codémprove safety
(88). Therefore, code 61 and code 62 were excluBedbw, intable 8, acondensedist of the
enablers after triangulation, is displayed.

Table8, Condensed list with definite enablers (source: supplement 4)

Condensed list definite enablers

Category Code Enablers

Cl: ORE1 | Organization based fundinmstead ofproject based funding
Organizational ORE2 | Standardizing processes

ORE3 | Incorporating AR into the vision and strategy of the company
ORE4 | Seeing AR as means to achieve a goal

ORE5 | Using market/innovation pull

OREG6 | Adapt service structure, thatvoid high initial investments
ORE7 | Improved process control

ORE8 | Bad economy allowing for innovation

ORE9 | Become agile, allowing for fast and easy adaption to change
ORE10 | Well cefined business case, containing a concrete application
AR

ORE11 | Coordinated way of thing concerning AR

ORE12 | Distinguishing value fahe tender mechanism

OREL3 | Reducing mistakes and effects
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c2: COE1l | Knowledge sharing
Communicational | COGE2 | Improving stakeholder management
/Collaboration COE3 | Improving communication
COE4 | Clear definition of AR and what it includes
COE5 | Creating trust
COE6 | Involve authorized kegecision makers
COE7 | Making interaction tangible
COES8 | Improve decisiormaking process
C3: IN-E1 Proper structuring of information in (BIM) models
Informational IN-E2 Providing insight in the design
IN-E3 Making information centrally visible
IN-E4 Traceability of work or service
IN-E5 Run information flow parallel to the process
IN-E6 Efficient information management
IN-E7 Improves 4D scheduling
IN-E8 Introducing universal protocol
C4. ECE1 Fewerfailure costs
Financial ECE2 Advancing feasibility study
/economical ECE3 Reducing consultancy costs
ECE4 Higher costsfficiencies
C5: TEE1 Improving the hardware for automad process monitoring and
Technological automated measuring
TEE2 Deviceindependent
TEE3 Universal software for converting BIM &R
TEE4 Modular construction of the technology for reusability in
different situations
TEES Compensation of hardware limitation with software
TEEG6 Defect/error detection
Cé6: AW-E1 | Including AR in tenders
Awareness AW-E2 | Making the added value of the technology visible
AW-E3 | Make the constructionndustryfamiliar with the new technology
AW-E4 | Rejuvenation in the constructiondustry
AW-E5 | An example of a(successful) usease
C7: ORE1 | Improvingexecutability of difficult work
Operational ORE2 | Supporting optimization of processes
ORE3 | Firsttime-right implementation
ORE4 | Development in small manageable steps
ORE5 | Digital/testing simulations
ORE6 | Verification of digital/testing simulations
ORE7 | Providing work instructions
ORES8 | Improving quality management
ORE9 | Enhance scheduling
ORE10 | Enhance visualization
ORE11 | Enhance progress tracking
ORE12 | Faster maintenace interventions
ORE13 | Remote guidance and supervision
ORE14 | Supplement shortcoming of esite BIM use on constructions
sites
ORE15 | Enabling site navigation
ORE16 | Improve safety
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OREL7 | Cheaper and more efficient way to enhance human safety
ORE18 | More efficient and effective trainingducation

An overview of all the definite obstructions and enablges; source, can be found in appendix 2.

4.5. The Survey

After triangulation of the data a list of obstructions per selective code/categoryesi@blishedn
table 7. Theseare the definiteobstructionsused in the survey for ranking tledstructions The
surveywasmadein SurveyMonkeyonline survey software that helgs create and run professional
online surveygRamshaw, n.d.and sent outby emailto expertson ARusing aweb link

45.1. Collecting the required data

The data was collected usitige linguistics tems. Not Important (NI)Less Important (LINeutral
(FD), Important (1) and Very Important (VThese linguistics terms must be converted into fuzzy
numbers.In a fuzzy set theory, @iangular fuzzy numbefTFN) can be defined by triplefas, a,
az), as displayedh figure9 (Agrawa, Singh, & Murtaza, 2016)

=

0 a o [#i}

Figure9, Triangular fuzzy nLI;nbe{zDeshmukh & Borade, 2019;
Agrawa, Singh, & Murtaza, 2016)

Wherein, parameter; indicates the smallest possible vajgarameterazindicates the most
promising valugand parameteias indicates the largest possible value that descsiaduzzy event
(Gligoric, Beljic, &imeunovic, 2010 ®nversion scales were applied to transform the linguistic
terms into fuzzy numbers. The membership function® (function 1(Kaufmann & Gupta , 1985)
isdefined as

xX—da,
, a,=X=a,
a,—a,
. a,—x
> W ={ , a,<x<a, (1)
a,—a,
0 , otherwise
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A 19 scale wasised(figure 10) for rating VL L M H VH
the obstructions, table below provides the 1 4 N y
linguistictermsand corresponding / / /
triangularfuzzy numberst K S twed Q: %

set up with equal distances between the ( 3
different variables. Such that tHeaguistic b

term: fairly important, is exactly in the \

4 YA RRf rfd prefasehoé for a side. 0L e
(Deshmukh & Borade, 2019) 1 3 5 7 9

FigurelO, Linguistic scales and triangular fuzzy number
(Deshmukh & Borade, 2019)

Table9, Linguistic terms and corresponding triangular fuzzy numfi@eshmukh & Borade, 2019)

Scale for rating obstructions

Linguistic erm: Triangular Fuzzy dinber:

Not Important (NI) (1,1, 3)
Less Important (LI) (1, 3,5)
Neutral(N) (3,5, 7)
Important (1) 5,7,9)
Very Important (V1) (7,9,9)

45.2. Survey design

The designedjuestionnaire(supplement 5§, enabling fordata collectionconsiss out of 41 multiple
choice statements, divided intgevencategories 1 category per pageEvery statement concerns an
obstruction, concerning the implementation of AR in the constructiodsistry, derived from
interviews with experts and document researdlneseobstructiors were rated on importance,

using me of the five linguistic termsescribedin table 9 above.

During and through the conversations and interviews with exp@ugplement 1)it was found that
most experts are located in the consultancy/engineering field and some in the contractor field.
Further, the constructiorindustryis becoming morsimilar to other industries, for example, the
production industry In the productionindustry, the implementation ofAR is alreadin a more
advancedstage(Zijde, 2019)Therefore eperts on AR, withilother industries could offer a
different perspective rating thebstructions Therefore,the survey was sdno experts operating in
the three different fields:

1 Gonsultancy/engineeringconstructionrelated)
9 contractors(constructionrelated)

9 industry(not constructionrelated)

In order to enable data separation for these three fields of expertisefype of company the
responded works for waaskedin the survey.

63| Page



45.3. Sample size

Below the standard function for calculating sample siziisplayed function 2 (Taherdoost, 2017)

In 2017, 457,000 peopld)were employed in théutch constructionindustry. Because of the large
population size, and tbe able to reach a certain measure of representativenasonfidence level

of 95% (industry standard) was used with a correspondinglZe of 1.96. A% error margimwas
sufficient because the same questionsre not repeated. So, the odds they would obtain results
among the 95% were nihikince the current conversion rate is unknown, the maximum variability of
the population was set at 50% (p = O(baherdoost, 2017)

”

L 2 (2)

—)

Executing the calcation resulted in a sample size 885.

Often organizations advertise with ARses ana@pplicationsi K I i (i K S &ly dBlivey. Dhiey I Ol dz €
use AR almogturelyfor marketingand or conviction (for examplenore budget)and for that
purpose averpromise(Hardeveld, 2019; Steege, 2019; Zijde, 20TIBgrefore, determining the exact
amountof experts within and outsidéhe constructionindustryis very difficult and not feasible
within this study Because this research focuses aspacialisic area within the construction
industry(and industriaindustryfor verification) the targeted respondents were expertsonducing
web researchin combination with meetings on the topic and interviews with expeotdy 6(large
contractors(Heijmans, BAM, VolkerWessels, Dura Verméan Wijnerand Ballast Nedangould
found, that are actively workingon or with ARsupplement 1)Hereby is meant: real effort to make
AR operational within the organization/constructiordustry. The number of experts per company
gl ayQi 1y 26y Thadtosba alédstydiak expétpd&tBompariywas assumedt least
sixrespordents within this field could be established

Since itwas estimated that there were not nea®d5 expertdestimated in consultation with
experts(Ginneken, 2019; Zijde, 2019; Baas, Project Manager, 201AR within theconstruction
industry, it concernedexperts,the survey being not the main analysasd wanting an equal
proportion ofrespondents per field; sbespondents per field of expertise were desir&yentually,
23 surveyswere filled inand could beanalyzel. Hence the setthresholdwas met.Below,table 10
shows he respondents per field @xpertise that filled in the survey.

Table10, Number of respondents per field of expertise

Responadent per field

Field of expertise Number of respondents
Consultancy/Engineering Bureaus (construction related) 10
Contractors (construction related) 6
Industry (not constructionrelated) 7

Total 23
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4.5.4. Fuzzy desion matrix

The fuzzy TOPIS method uses the fuzzy decision matrix Helostign 3). Wherin, x; (=a;, b, G;) is a
fuzzy number corresponding tay theith expert(D)to the jth obstruction(O)il' ™M m aeXhé =
experts and =m X HrRade The number of obstructions. In this researthere were41 definite
obstructiors and 23xperts that assesed theseobstructions.A dstinction was made between two
disciplines within theconstructionindustry, experts from engieering/consultancy bureawsnd
contractors.As already said xpertsout of other industriegnot constructionrelated)could offer a
different perspective on the obstructions concerning the implementationweck therefore
included asa distinguished thit party. Seprating the data sourceslawed for data analysis by
source, displaying the siraiities and differences between therihe fuzy decision matrix, for each
field of expertise, can be found supplement 6

X111 X120 v Xl ottt Xip
A21 X22 s N sew Xon
0 ) ) ) , 3
Xil X2 e X ot Xin
| Xml Xm2 0 Xm0 X

4.5.5. Normalization of the fuzzy decision matrix

Then the raw data, from the decision matnxasnormalizedusing a linear scale transformation to
bring the various scales onto a comparable scale. Again the data was kept separate. The normalized
fuzzy decision matrices, displayedsimpplement 7wascalculatedas:
Y i g hQ picBhx AT® pheh8 R (4)
Where

is6 —h—h— AT & | Adh (5)

The weighted normalized matrafor criteria, wascomputed by multiplying the weights of
evaluation criteria with the normalized fuzzy decision matéx

® U ghQ pcBh ATR phB R (6)
Where:

V] 19(.)0 @)
It was not possible to determine a difference in weigth, with regard to each field of expertise,
because there was no presumptive evidence to supportdtiference Thereforeall the experts
were considered to hae the same weight. e weight given to each expestas: 0

phpfpfpfp | ' . Henceby weighting thenormalized decisionmatix G KS Yl GNRAE RARY Qi
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4.5.6. Positive deal and negative ideal solution

The Fuzzy positive Ideal solution (FPIS) and the Fuzzy Negative Ideal SolutiaveteNéulated
as follows below:

<
<

0 b B omi® | Agd fphgiBha ATTA phoiB ke (8)

<
3

ol D B&a MW | Agy fphBh ATA phgh 9)
The sum of distancdsr each obstructionO HO , from the FPIS and the FNV@&scalculated
using:

0O —hQ pigB R (10)
And,

0 —hQ picB R (11)

Wherein Qv 0 FQU 0 isthe distance betweetwo fuzzy numbes, that was calculated
using te vector algebra. e dstance between the two numbersp ¢ oo and6¢ & Fod o
wascalculated as:

Qop 0¢ R ) @ ® @ o (12)

In supplement 8the positive and negative distances betweamtfuzzy numbers, pasbstruction
per respondent, can be found. Append@ixlisplays the sum of the distances, negative and positive,
per field of expertise.

45.7. Theclosenessoefficient

The closeness coefficie(@Cj) represents the distances to the FBIS &nd the FNISH( )
simultaneouslyTheCGvaluewas calculated as follows:

66 h'Q phgi8 e (13)

Thereafter, the obstructions were arranged based on thg&@Ring, from high to low. A higher
value implicates a more importaobstruction Appendix3 displays the closeness coefficient per
obstruction per fieldbf expertise
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4.5.8. Weighting and raking theobstructions

Using the abovenentioned formulasthe
overall weight and rank dhe different

gives a differencen CCj valuef only 0,1263
between rank 1 and However, it can be C7: Operational 0.549(
seen that the expertfind the category

Informational(C3)most important followed

by the categoryEconomical(C4)and category

CommunicationaC2)least important when

it concerns the implementation of AR in the

construction industry

categories werealculated. In tabld1,the Tablell, Results per category
weight per category can be seen, wherein the
highest weight represents the highest RESUTS [Pl GHEEon (El f||ds)
importance, and so the highest rank, Category S CCj Ranh
determined by experts. A visual C1: Organizational | 0.5626 3
representation is displayed in figuid. It can C2: Communicationgl 0.4719 7
be seerthat the CCj value (weight) dhe C3: Informational 0.598 1
_(I:_?]teg(;:ocr:i_es T\re rr—;liihtivily r(ilos‘:.e ;(oﬂ ;a%hsogggr. C4: Economical 0.5841 2
e CCj value of the highest radkis 0, , : . y
and of the lovest rank (7)s 0,4719 What CS: Technological 0.5033 6
C6: Awareness 0.5284 5
4

RESULTS PER CATEGORY (ALL FIELDS)
0,7

0,6
0,5
04

0,3

CCJ (VALUE:D

0,2

0,1

0,0
C1 C2 C3 C4 C5 C6 C7

CATEGORY

Figurell, Results per category (all fields)

Toinclude the difference in importand€Cj valugbetweenthe categoriesthe obstructiorswere
weighted. This was done by multiplying the induvial weights by the weight of the category to which
the respectiveobstructionis part Table 12 displays the category in column 1, to which the
obstructionin column 2 is part. In colunsi3 and 4the normal CCj value and corresponding rank can
be seen. In the last two columns, the whtigd variant of the weighted CCj value and correspogdin
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rank isdisplayed A visual representation can be Tablel2, Results per obstruction (all fields)

found infigure 12. From this point on, theeighted SO ERI S L dc o

CCj value is used for further analysis.

The change that thientailsis logcallygreater in the e
most important categories (C3 and C4) and inthe | > -% =
least important categoriegC2 andlrechnological ?‘,’ = o = =
(CH). This can clearly be seen in the shift of CCjval & 3 5} S ) S
and rank, between the normal columns (3 and 4) [-© Of © o o 14
weighted columns (5 and 6). OR1 | 06481 6| 03644 7
OR2 0.6064 9] 0.3414 10
Looking at table 12, three highesinked OR3 | 05913 13 0.3324 12
obstructionsare: (1)Poor information management OR4 | 04959 32 0.2789 26
(IN2: 0,3948)(2) Invisibility of added value (EC1: Cl1l: |ORS | 0.513Q 26[ 0.288¢ 22
0,3935) and3) Uncertainty about Return on OR6 | 0.5889 14 0.3314 13
Investment (EC5: 0,3903)/hat stands out is that the OR7 | 0.4651 34 0.2614 30
highestranked obstructionsare within the highest OR8 | 0.5031 31| 0.2834 23
ranked categories, Informational (C3) and Economi OR9 0.6514 5| 0.3663 5
(C4).Further, the above mentioned top 3 is formed col | 05309 23 0250 34
by the weighting. Initially, IN2 was ranked place 4 co2 | 03794 41 o0.179d 41

and after weighting increased the ranking to place |©% co3 | 04231 39 0.1991 40
1, ECHecreased from 1 to rank and ECS decreases coa | 05534 21| 02614 31

from 2 to rank3. INL | 05733 17] 0343 o
her o . i A IN2 | 0659 4] 039ad 1
Other Important obstructio (OUt InerS)WOI't c3: [IN3 0.5924 11 0.3544 3

mentioning are onservative ntaure of the
constructionindustry (OR1 0,364, problems
integrating/matching AR in current proces{exR9:
0,3663, fragmentation of knowledgéiN3 0,3544,
lack of commitment to support the information
sourcémodel (IN5 0,3776¢ andruggedness issues

IN4 0.5344 22| 0.319q 17
INS 0.6317 8| 0.3776 4
EC1 0.6734 1] 0.3939 2
EC2 0.5719 18 0.3339 11
C4: |EC3 0.4504 36| 0.2633 29

making hardware compliant with safety standards EC4 | 05564 20| 0.3253 14
(OP6 0,366). Besides the two mosmportant ECS | 06684 2] 03903 3
categories, the category Organizational can &lkso TE1 | 06360 7 0.320) 16
seen as important,ansidering thatwo other TE2 | 05044 30 0.2537 33
important obstructions ranked positios4 and 5, are Cs: TE3 0.4629 35 0.2329 37
within this categoryThese are the obstructionick " |TE4 0.5064 28 0.2550 32
of commitment to support the informatio model TES 0.4664 33 0.2341 36
(IN5), and poblems integrating/matching AR in TE6 0.4431 37| 0.2230 38
current processe®R(9). AW1 | 05303 24 0.2804 25

AW2 [ 0.3829 40 0.2023 39
Looking at the least impqrtarnibstruct_ions quickly |aws | 05194 25 02744 28
leadsto categoryC2. This is the least important C6: PwWa | 0s590d 10l 0317d 19
category, s as gxpected mcludes some of the loweg AW5 | 05758 16| 0.30241 20
rankedobstructions Including the two lowestanked AW6 | 05624 19 02974 21

obstructions (40)no clear definition of ARCO3:
0,1997) and (41afraid of the controlling function
(C0O2: 0,1792).

OP1 0.5044 29 0.277] 27
OoP2 0.437)] 38 0.2399 35
OP3 0.5124 27| 0.2814 24
OP4 0.5814 15 0.319] 18
OP5 0.5919 12| 0.3244 15
OP6 0.6664 3] 0.3661 6

C7:
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RESULTS PER OBSTRUCTION (ALL FIELDSPCC]
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Figurel2, Results per obstruction (all fields)

4.6. Triangulationof the survey

This subchapter discusses thienilarities and differences in opinion between the three distinguished
fields of expertise. These fields aes mentioned in chapter 4.5.3., Consultancy/Engineering
Bureaus (constructiorelated), Contractors (constructierelated), and Industry (not construction
related). To see theimilarities and differencesetween them the normal (column: 2, 6, and 10)

and weighted (column: 4,,&nd 12) CCj valugascalculated per field of expertis€olumn 3, 5, 7, 9,
11, and 13, contain the corresponding normal and weighted ramhkese values are displayed in
table 13. Because theeighted CCj value is leading in tfeport, only this value per field of

expertise is graphicigldisplayed in figure 13.
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WEIGHTED RESULTS PER CATEGORY PER FIELD
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Figurel3, Weighted results per category per field
Tablel3, Results per field per category
Results per category per field
= =
3 > 0 7 _
3 s | S S : = _
4= = Q (&) P )
5 5 = @ @ = | 2 2 =
D) X %) X = X = X (%) X (%2} 4
5 S| o 8| o 8| o S| T s| 2 S
Category | O x| O x| O x| O x| £ x| £ o
C1l 0.5517] 2| 0.3104 3| 0.5293] 5| 0.2978] 4| 0.6068] 2| 0.3414( 2
C2 0.4091( 7] 0.1930[ 7| 0.4731 7| 0.2232] 7| 0.5335 6| 0.2518] 6
Cc3 0.5228 3| 0.3127] 2| 0.6472 1| 0.3872] 1| 0.6247] 1| 0.3737] 1
c4 0.6247| 1| 0.3650f 1| 0.5762] 3| 0.3366] 3| 0.5516| 5| 0.3222[ 3
C5 0.4959| 5| 0.2496| 5| 0.5369 4| 0.2702] 6] 0.4768] 7| 0.2399( 7
C6 0.5121f 4] 0.2706[ 4] 0.5136] 6| 0.2714] 5| 0.5595 4| 0.2957] 5
C7 0.4428 6] 0.2431 6] 0.6224( 2| 0.3417] 2| 0.5819] 3| 0.3194| 4

First it needs to be mentioned that there are some minor changes betweemtrmal and

weighted CCyalue, and so in the corresponding ranking. Some categories concerning the field of
expertise stay the same and some change, with a maximum of two ranks. The most important and
least important category stays the same, for every field of expertise, attgghting the CCj value.

For the contractors and industiyot constructionrelated),the most importantcategory is

Informational (C3)For the experts from consultancy bureaus tlsEconomical@4), and

Informational (C3) comes second. Striking is thatcategory operational (C7) is ranked very High
experts from contractors and industrial organizations and much lower by experts from consultancy
bureaus. Because the consultancy bureaus are construction redetgdhe industry(in this report)

is incependent of the construction industryor the field<Consultancyand Contractors, the category
communicational (C2) is the least important. The expedsifthe industrial organizations, also find

this a less important category (second least important). But find the category technological even less
important.
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It is within the expectation pattern that Consultancy Bureatesless in line regarding their ojdm
relative to contactors, then the experts fronmtlustrial organizationseven though theare not
construction relatedThat is because, both Contractors and the Industry are production industries
(they both make something), Consultampduces nothig tangible but only provides services

In table 14the CCj value and rank (normal and weightedye calculated per obstruction per field
of expertise. Again, because the weighted CCj value is leading in this report, only this value per
obstruction per feld of expertiseis graphicdy displayed in figure 14The first column of table 14
indicates the categorfor the obstructionsin column 2. Column 3, @and 11 contain the normal CCj
value and columns 4, 8, and 12 the corresponding ranks. In cslbydnand 13 the weighted

values can be found, for which columns 6, 48d 14 contain the weighted rank.

Again, there can be seen some changes per field of expertise between the normal and weighted CCj
value, and so in the corresponding ranking. Sastructionschangein rank by weighting them
othersR2y Qi @ ¢ KS Y| EtdnYadk¥ this nfgardschtafanSebatriction TEL.

Concerning the top 3 most importanbstructions obstructionIN2 increases in rank for all fields

after weighting.The sae goes foobstructionEC1 and EC5, due to the relatively larger weights of

the categories Informational and Economical.
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Tablel14, results per field of expertise per obstruction

Resuls per obstruction per field of expertise

= =
2 ) ) ® g :

> 2 S S B 5 : s :
sl 5| < £ x| g s 2| 2 > |2
= E 7] ~ 7] ~ = ~ ® X~ @ ~ @ ~
= %) c [= c [ c [= c [= =] [ > [
© o O [ o o] o © o © =] [l =] ©
(@) O O 04 (@) [ (@) [ (@) [ £ [n'd £ 0

OR1 0.6499 3| 0.3654 3] 0.5254 26| 0.29549 21| 0.7691 1] 0.43271 1

OR2 0.5404 17| 0.304Qq 15 0.5944 14] 0.3344 15 0.6856 8| 0.3857 9

OR3 0.5864 6] 0.330(¢ 7 0.5004 29 0.2814 26| 0.6869 7| 0.3861 8

OR4 | 0.550] 14 0.3099 14| 0.5600 19| 0.3159 17| 0.37570 39 0.2114 36
C1: |OR5 0.5750 10[ 0.3239 10] 0.4754 32| 0.2674 28] 0.4884 30 0.2744 27
ORG6 0.5274 211 0.2964 16] 0.5103 28 0.287) 24] 0.7287 3| 0.40971 4
OR7 0.45894 29| 0.2579 28] 0.4064 37| 0.2287 36/ 0.5303 26| 0.2984 23
ORS8 0.5144 25 0.2899 191 0.466(q 33 0.2624 32| 0.5303 26/ 0.2984 23
OR9 0.5624 13| 0.3169 11} 0.7244 5] 0.4074 6] 0.6664 9 0.3744 12
CO1 | 0.4404 36/ 0.208¢0 38 0.5794 15 0.273q 27] 0.5724 20| 0.270q 29
CO2 | 0.285§ 41| 0.1344 414 0.4064 37| 0.1919 39| 0.447q 35 0.2109 37
CO3 | 0.4531] 321 0.2134 37| 0.3460 40 0.1633 40| 0.470§ 32| 0.2220 34
CO4 | 0.457q 30 0.2154 35 0.5604 20} 0.2643 31] 0.6443 14] 0.304] 22
IN1 0.4944 26/ 0.296Q 17] 0.5693 18 0.3404 14 0.6559 11} 0.3924 6
IN2 0.5914 5| 0.35371 4] 0.73271 4] 0.4383 0.6559 11 0.3924 6
C3: |IN3 0.5289 20| 0.3160 13] 0.6044 11 0.3617 0.6443 14 0.3854 10
IN4 0.4554 31 0.2729 27] 0.6044 12| 0.36171 0.542] 25 0.3243 19
INS 0.5434 16| 0.3253 0.7244 5] 0.4335 0.625§ 17| 0.374qQ 13
EC1 0.6984 1| 0.4079 0.7507 2| 0.4386 0.5714 22| 0.3340 18
EC2 0.5827 8| 0.3404 0.560q 20| 0.3271 16] 0.5723 20 0.3343 17
C4: |EC3 0.5864 7| 0.3429 0.431§ 35 0.2519 34 0.3344 40 0.1954 38
EC4 0.5630 12| 0.3289 0.5350 24 0.312§ 19| 0.5723 19 0.3343 16
EC5 0.6934 2| 0.4057 0.6040 13 0.3529 10 0.7069 6| 0.413( 3
TE1 0.574q 114 0.2891] 21} 0.6897 7] 0.346§ 11 0.6443 14 0.3243 20
TE2 0.4744 27| 0.2389 301 0.5254 26| 0.2644 30| 0.5124 28 0.2574 30
TE3 0.5801 9 0.2919 18 0.4213 36| 0.2124 37| 0.3874 36| 0.1949 39

C2:

Plw(o(~NIN

N[~ ]©

cs: TE4 0.443¢ 35 0.2234 34] 0.6897 7] 0.3464 111 0.3874 36| 0.1949 39
TES 0.4491 34 0.2269 331 0.4904 31 0.2469 35 0.4589 34 0.2309 33
TEG 0.4524 33 0.2274 31} 0.4060 39 0.2043 38 0.4709 31} 0.2364 32
AW1 | 05474 15 0.289 20] 0.500§ 30 0.26494 29| 0.5424 23] 0.2864 25
AW2 | 0.3304 40| 0.174§ 40 0.276§ 41 0.1460Q 41] 0.5424 24 0.286 26

C6: AW3 | 0.5988 4] 0.3164 121 0.6549 10| 0.3461] 13] 0.3039 411 0.160q 41

" |AW4 | 05363 18] 0.2834 24 0.5353 23 0.2824 25| 0.7282 3] 0.3844 11
AWS5 | 0.5254 22| 0.277q 26| 0.5454 22| 0.2881] 23] 0.6559 11 0.3464 15
AWG6 | 0.5340 19| 0.2823 25 0.569q 16/ 0.3013 20] 0.5843 18] 0.3084 21
OP1 0.5204 24 0.28579 23] 0.5350 24 0.2937] 22| 0.4589 33 0.2520 31
OP2 0.3449 39 0.18939 39 0.4654 34 0.2557 33] 0.5004 29 0.2744 28

c7: OP3 0.392q 38 0.2154 36| 0.7584 1] 0.4169 4] 0.3874 36| 0.2124 35

OP4 0.414q 37 0.227q 321 0.5693 17| 0.312q 18| 0.75971 2| 0.417] 2
OP5 0.4629 28 0.2541 29| 0.6549 9] 0.3595 9] 0.6564 10] 0.3604 14
OP6 0.5214 23| 0.2864 22} 0.75071 2] 0.4127 5] 0.7284 3[ 0.3999 5
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Figurel4, weighted results per obstruction per field of expertise

Investigating the weighted CCj value of all the fields of expertise separately, gives the insight that
i K S NB Q NIsbsteugtiongratet Segy similar by the experts frodifferent fields of expertise.
Theseobstructionsare OR8, EC2, EC4, TE2, alkbAW1. Meaning that opinidmetweenfields

differs considerably.

Concerning the three most importanbstructions for IN2goes thatthe score igelativelyhigh,
looking & each field of expertise separateljowever, letween the different fields, there isome
differencein valuation(weight)of the obstructionpresent But the ranking is quite similar,
contractorsappraisethe obstructionfor rank 2, Consultancy rankspitace 4 forand Industry ranks it
place 6 ObstructionEC1lis rankedl® placeby thefields Consultancy and Contractobsit is ranked
18" by Industry.Concerning thisbstruction also quite some weight difference is presefe3™
most importantobstructionEC5is quite similar evaluateby Consultancy (ranked'Rand Industry
(ranked &'). However, Contractors have ranked ihiestruction13" place.Hence, there isome
quite valuatingdifference in the weighted CCj valhetween the fields of expertis&Vhile the
valuating, and so the rankinig, proportionallyeven withineach fieldof expertisein relation to each
other. Two outlinersdownwardsare found, mmely the valuabn of EC1 by thindustryand EC5 by
the Contractors.

There are also somabstructionswith a unique difference between the field$ expertise. The first
one is OR1, ranked®@nd P! by Consultancy and Industryubranked 21" by Contractors. The
second one is ECBonsultancy ranks thabstruction5" most important. On the other hand
Contractors give thebstructiona 34" place and Industry a 88 Third,obstructionOP4 also shosa
big difference between thdifferent fields. Consultancy rés theobstruction32™ place,
Contractors rank iL8" place and Industry ranks it®place.Theserelative largedifferences irthe
ranking, gdhand in hand wittareasonably large differenda weight of the CCj valusetween the
fieldsexpertse
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Asof last the most important individual outliners are discussed. In regam@b&tructionOR4jt can
be seen that the weighed CCj value given by the Indstnked36™) is much lower, than the given
value by theConsultancy Bureaus (ragdit 14") andContractorgrankedit 19"), whichare almost
similarto each otherIn regard to the rankinghe same patten can be seen: an outliner by the field
of expertise Industry.With obstructionOR6G A (ith® ather way aroundin this casgthe weighted

CCj value dhdustryhas an outliner upwardshis also goes for the ranking. Industry ranks the
obstruction4™ place. While Consultancy ranks OR® fiice and Contractors rank thbdstruction
24" place.Then, with regard to EC#here isa bigdifferencein the weighted CCj value and rank
appraisedby Consultancyrénkedit 5) versus the more similar weightiry the Contractors
(rankedit 34™) andIndustry ¢(ankedit 38"). A spikein the weighted CCj valuand rankin the
valuation ofobstructionTE4by Contractorgranked11™"), can be seenRelative to the weight and
rankgiven by the Consultancy (ranke®#™) and Industry iankedit 39"). Looking atAW?2, the CCj
value and rankingpy the Industry is much higher thahe other two fieldsindustry places the
obstruction26™ place, while the other two fields of expertise rank the AW2 much lower. Also,
Industry assesses ttabstructionmentionable higher in relation to the other fields. Further, an
outliner from the Comtactors field can be seen for OP3. Tha@praisedand ranled the obstruction
4" much highethan Consultancy (ranketi36™) andindustry(ranked it35"). The last considerable
individual difference can be seen regardotgstructionOP6. The Consultancy Bureaus valuated this
obstructionmuch lower in weight and rank (2%, relative to the fields Contractors and Industry
Who ranked theobstruction5" place.Above, both the weighted CCj value and ranking both
discussed. Becaugihe ranking is relative to the weighted CCj value per field of expertise (table 14
and figure 14).
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In this section, the findings from
the analysesare reported.

5. Results

In chapter 4, the analysis, all the results were identifiguis
chapter discussethe most importantobstructionsand notable
points per category from the maiGTAgnd secondaryFuzzy
TOPSIS methodpalysesBut first the answeconcerninghe
third research questioris specified.

5.1. Phases of interest

Looking at the interviewgroviding a supplememegarding
the phasef interest concerning the implementatiasf AR
(chapter 25), it stands out that expers confirm theadded
valuefor ARin almost althe stagesof interest(see figure Y
that were derivedrom the literature research. Only phase 2,
draw up project briefjs found debatable Some experts
believe that AR is of added value in all the 5 pk¢Baas,
2019; Smits, 2019According toother interviewed experts,
there is no direct added value for AR in this phase. In their
view, VR is cheaper, betteand easier applicabli@ drawing up
the project brief(Zijde, 2019; Hardeveld, 2019; Ginneken,
2019). Hence, he evident stages of interest concerning the
implementation of AR are:

NINE)) Development of delivery strategy
1@ Draw up design brief

1 (5 Actual construction

1 (6 Operate and maintain

Where the added valuis (among other thingsh, (3): in the
development ofa delivery strategy, when the basic
requirements and or basic desigriis/ 2 ¢ ypbssihldit@take
the customer to a location, show the options and ultimately
also to placeremove and change thenfd): Use-cases have
shown tha within engineering concerning standardizatjohR

is of great added value and leads to a more efficient way of
working(Steege, 201 @ {25 !w A& |t NI R@
value in fixed, repetitive processds.addition, #so in
construction (5)in which it ensures better communication,
visualization detailingand optimizing other processes within
design and engineering@ldenhave, 2019; Steege, 2019)
HoweveE A 0 Q& whethérthdicuraifit &ded value

within actualconstructionis high enough. A good example was
IAPSY o0& I thdaBly argkrnedt S Yhaviagur
handsfreefi KSy | &aONBSy @®WMentinkeS &1 f €
2019. Sofor usage irconstruction the case must be better
The current versiongor example workflow visualizatioaye

still too limited.This can, and approximately will improve over
time. Think oimprovingobject recognitiorand enhancinghe
conrection to backend systemg): BIM models play a ajor

role inthe operationand
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maintenance phasgherefore,! w Ol y | f NSF Reé KIFI @S Fy AYLI OGd C2NJ
use it for asset management in a completed building. Think of the alulkpaw where the pipes
run and thesmart smoke detectors are located

So, 1 all starts withthe structuring of datdbecause everythinthat is send or streametb an AR

device must go from a certain data structucean ARdevice. Itstarts in the design phase with

ensuring thathis structure of datas in order, that it contains the correct informatioand making

surethat A (agaiable(including the right conteiaformat, Y R & 4 NHzOG dzNB O G | £ | @
challenging to gethe right information for examplerenovation projects wherein initially no 3D

models were usednd so often not all the required data is present

N>

Regarding all the phases ofinfe& G = (0 KSNB A Zexp&inmenatizOik cohsBuztisn. Anz NJ
object is only built once, and therefore must be constructed the first time rigie. AR technique
can help tosupportthis process.

5.2. Results of the analyses

In this subchapter, theesults of the main analyse$n combination withsecondary analyseare
discussed. Witlanemphasis on thenost important obstructiongnd highlights from the main
analysesdescribed within @racticalcontext, using thesevendistinguished categories as a
guideline.

5.2.1. The most important barriers

Intable 15, the result (veighted) per obstruction, for all fields of expertise combined can be seen
and is displayed graphitaln figure 15. Looking at the most importardbstructions it can be seen
that the top 3 most importantobstructions(circled infigure 15) are within the previously mentioned
two most important categories; Informational (C3) and Financial/Economical (C4).

WEIGHTED RESULT PER OBSTRUCTION (ALL FIELDSy*~CCIW.

0,45 l l l l

040 | | © 0 O '

0,35 arrasaals

0,30
0,25
0,20
0,15
0,10
0,05
0,00

CCJW. (VALUELD

OBSTRUCTIONS

Figurel5, Threshdd forweighted results per obstruction (all fields of expertise)
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These threamost importantobstructions indicated in chapter 4.5.8ye shown again below for
clarity.

1 IN2 Poor information management
1 ECL1: Invisibility of added value
9 ECS5: Uncertainty about Return on Investment

Becauseheseare alsowithin the two most important categorieshey are used as a starting point
for giving direction tahe main question in the conclusioBased on the enablera practical
solutionon how to possibly overcont@e three most importantobstructions is provided.

When using the Fuzzy TOPSIS method, the 8@i20can be used for establishing a threshaddue

for determining the most importanbbstructions The rule indicates that among the obstructions,
GHm: 2F GKS FILOG2NER | O002dzy i T2 NJ KKOo &Chen, R6BH NB S
So, 80% of the results wde described by 20% of the obstructions. Lookin@glale 12, the total

weighted CCj value for al obstructiond&238Q setting the threshold value at= 0.20 *12.2380=

2,4476 Thismeans that the combined weighted CCj values of the higreegted obstructionghigh

to low) have to account for this numbethe threshold valueiasachieved byaddingup the

weighted CCQyaluesof the sevenhighestrankedobstructions, settingthe definite threshold at =

2,6532 (table 1p Thesesevenobstructionscan be found inable15and are displayed ifigure 15

by an arrowTheseobstructionsare discussed in the following chapter.

Tablel5, General most importardbstructions

Most importantobstructionsin generalweighting considers all fields of expertise)

Category| Code| Obstructions Weight | Rank
Ci1 OR1 | Conservative nature of the constructiamdustry 0,3646 7
OR9 | Problems integrating/matching AR in current processes| 0,3663 5
C3 IN2 | Poorinformation management 0,3948 1
IN5 | Lack of commitment to support the informationodel 0,3776 4
C4 EC1 | Invisibility of added value 0,3935 2
EC5 | Uncertainty about Return on Investment (Rol) 0,3903 3
C7 OP6 | Ruggedness issues, making hardwarmpliant with safety] 0,3661 6
standards
Total 2.6532 7
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5.2.2. Towards a pattern

In this subchapter, the highlights of the analyses are discussed, with emphasis on the seven most
important obstructions (chapter 5.2.1.) and the most importaspects of the main analysis, using
the categories as a guideline.

Organizational

Looking at the categor@rganizational the most -
important aspects aabe discussed using thertas Organizational
conservative natureconnection with the current
processes, ando cncrete strategy concerning ARgure
16). In comparison with other sectors, for example the
hightech sector, the constructiomdustryis still lagging Conservative nature
behind when it comes to inn@tion. Other sectors are
more inclined to tryto innovate or try new technologies
andactually toimplement them if they succeed. New
technologies as AR, V&hd Digital Twins areurrently
onlyused as means to createllSRUnique Selling Figurel6, Highlights category
Point(s)) relative to other partiedlot to improve their own “©rganizational®

business processes, as a result of which the technology

cannot reach its full potential.

No strategy for AR

Connection current processes

A distinction can be made between project organizasiand departments that focusspecially on
new technologies. These departmemeally try to get AR of the ground (exploring the
possibilities/applications and developing the AR technology). In contrast to the alhentgoned
project organization, that are often still very cumbersomeusk in their old habitsand reluctant to
change.

The lack of a central vision and company strategy on AR is partly responsible for maintaining the
conservative way of thinking concerning new technologies, including AR. There is no central vision
andor set objectives regarding AR, often only some small scale experiments on project level.
However there are objectives with regard to the digitadition of construction. Buhese are most of

the time abstract and do not address AR specifically. So thereagi@us parties within the
constructionindustrywho are willing to try and ustine technology but miss the sustainable strategy
asafoundation to support the technology making the adoption of AR going in a sluggish phase.

To use AR for supporting optimizing business processes, involved employees have to learn how

the AR technique of concern works. Due to the conservative nature of the industry, employees are
often reluctant to put in this effort. Because in their perception, the old tricks do thgyst fine, so

why change. Also, the AR technology has to be aligned with the current processes in order to be part
of the business operations grk too, time and energy must be investgainda certain degree of

flexibility is demanded. Agaitthis is vey difficult to achieve because of the @anvative attitudeof

many people in the construction industry.

Chapter 5.2.4. describes the notable possible benefits of using AR in the construction industry,
providing insight into why AR can be beneficial.

(Oldenhave, 2019; Ginneken, 2019; Zijde, 2019; Hardeveld, 2019; Steege, 2019; Baas, 2019; Smits,
2019)
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Communicational

The keyaspects of the category Communicationah be -
referred toas no clear definition of AR and, wrong Communicational
expectationgfigure 17. Al experts agree on the fact that
AR is an overlay omality that offers added value. But
from there, the dividing line between similar technologies,
such as VR and MR, becomes vague. This makes it diffic Misleading advertisement
to grasp what AR exactly means. Especially for people the
not specialize in such technologies.

No clear definition for AR

Figurel7, Highlights category
"Communicational
Oftenorganizations advertise with AR cases and

F LILIXE A OF G A 2y alydel&.&hePuse/ARaImbsCplirdit fdr marketing and or conviction
(for example more budget) and for that purposeverpromise. Creating wrong or unrealistic
expectations (for ARJed by the lack of clarity regarding the definition of AR.

(Oldenhave, 2019; Ginneken, 2019; Zijde, 2019; Hardeveld, 2019; Steege, 2019; Baas, 2019; Smits,
2019)

Informational

Thirdly, the category hformationalis discussed using the :
most impatant aspects of the category: fragmentation of Informational
knowledge, lack of commitment to support the
information model (data structure) angpor information
management (figure 8).

Fragmentation of knowledge

Lack of commitment
Organizations within the constructiandustryare often
large companies (contractors), necessary to deal (have
enough resources) with large projecEor that purpose,
frequently, a separate organizatidteam within the
O2YLlk y& A& F2NNX¥SR TF2NJ S| Offigurels Highlights category 1LY S G KANE
such a project, by the project organization, often spread t "ormatonal
other projectteamsafter completion. Not keeping the
team together makes it impossible to build on the successful experierm@sgrevious projects (as
ateam). This means that knowledge is fragmented and spreads throughout the company, losing a
lot of knowledge. Meaninghat the knowledge must be transferred agamother people, that do
not have the experiengén a differentteam. This make# very difficult to get the AR technology up
and running within a companylso, when experts leayéa part of) the knowledge is gone, causing
the technologyto stagnate or potentially bleed to death. Hen@&R is something that needs be
founded in the organization and not something that only belongs to a few expgartgher problem
caused by fragmentation is that it makes it hard to determine the added value of the technology.
Thecategory Economica&llaborates further on the addedalue.The abovenentioned
fragmentation of knowledge is partly a result of poor information managemehitch inhibits
knowledge transfer

Poor information managemen

The constructionndustryhas a lot of information at its disposal. By making the link between
structured dataand the AR technology, expectatilye industrywill be able to displajots of
informationvisually Information management concerning AR starts with structured data and the
industry agreements/standards that facilitate this dafgherein, the most important geect is:
havingthe data structurdan the right state Byright state, thecondition where the structure is ready
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for AR useis meant.This is a big challenge due to the lack of support for these structures, because

there are no set standards arlde agreed-upon standards (for exampl8lM protoco) are not being

maintainedor areinterpreteddifferently. ISG Q& G 1S . La Y,BeBafidetheylard |y SEI
GSNE 2F0Sy dzaSR Ay (KS 5dziOK O2yaiNUzOGA2Yy AyRdzl
accordingly to the BIM protocol or evém the necessay level for adequate functioning during a

project. Let alonghat the model has beenreanged correctiyfor AR purposesvhich meanshe

right classification of classes and objectdlsd the model can be&onverted and subsequently

processed byn AR deviceThink of two different parties who work on a project, for which they use

BIM. Wherone party has finished their part of the project, often an incomplete model is forwarded

to the second party. An incompletaodelreferstol Y2 RSt GKIFG R2SayQd O2y il A
information, the right structuring of information and or the correiciformation.As a result, the

model is tootheavg 2 NJ A ya@®nwt lcdfmpBlianBwithAR devica These kinds of situations are

caused by the lack of vision from parent parties, usudignts and or main contractors. Because n

standards are separent parties fail b maintain the agreed standard and or the lack to support the

information model (data structure) by the involved parties.

An important developmenis Rijkswaterstaafthe Dutch Road Authorityjoingto demand a Digital

CoAyYy 27T BdnOXKi @i pieces of roadworks, a viaduct for examphd) the
AYVF2NXYIEGAZ2Y FYyR Fff (KS,néstoyparécardedNdgaadiywieriiey’td | & Y dzy
make this workand for AR ingeneral, 1 Qa @S NE A Y LJ2 NI hlyhtormétiknaie I £ £ OKI
recorded proportiondy to the constructiorcycle.¢ K A d happang/véell at the moment, causing

problems as describeid the last sectionTherefore, an importambstructionsthat information

management faceAnother problem is that, due to insufficient data and model standardization, a

digital twin is not yet defined by Rijkswatersstaatiterefore not cleawhat to expect, anavhich

information and preconditions applytthe models.

Lastly, an important aspect to mentiamthatcurrently the information concerning AR, most of the
GAYSET AayQi OSy dndépéntiedt Waich & htdhe éxpehsg & bréa8 &ripldyability
of ARand access to informatiorAnothermajor obstruction for information management to tackle.

(Oldenhave, 2019; Ginneken, 2019; Zijde, 2019; Hardeveld, 2019; Steege, 2019; Baas, 2019; Smits,
2019)

Ecoromical

In the categonEconomicalthe most impatant aspects

are indicated as thevisibility of added vale, uncertainty Economical
about Rol, and the projediased funding of work&igure
19). Invisibility of added value

Unfortunatelyz I & K2 NI Ay@SaidyYSy(
in the constructiorindustry. This maked difficult to
instigate new investments, becaupeofits must be made
on project, magins must remain or increasand extras Project funded
are unfortunate always at the expense of the margiDae
of the biggesbbstructionsarethe limited innoyation Figure19, Highlights category

budgets. Generallythese budgetl NSy QU & dzF T "Economical

organizationwide controlled.Thismeans thatmvestments

have to be made by the project organizatidterein, a big difference with other sectors can be seen.
For example, the production industry, in contrast to the construcii@ustry, uses product thinking

Uncertainty about Rol dzy 02 Y'Y 2
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instead of project thinking. Usually, fdimg the standardization of producfsom a central
innovation budgetersus the usual project funded works of the construction industry.

Certainly, when theresia desire to apply AR directly in a project, at which the project manager is
responsible forthe project budget, here is little willingnessBecauseAR is only currently becoming
applicable, and firstime implementations areriskincreasing, cost extra time, requieelarger
investment andoften R 2 yei€livier direct added valu@he prospects for AR being beneficial in
projects are good (see 5.2.4b\t due to the lack of useases (categorwarenessliscusses use
case3 A 1 Qa OdzNNBy Gf e y2i L2 aharkfad ofly divery fed campan@siaR I3 Y Sy
project dtimately allow it to be triedLet alone implement it as a company standardese
companiesare oftenlarger contractors that see future in the technology and hire consultancy
bureaus to find useful applications together. Unfortunately, it often stopsahkgcause thenext
step, includingARin the business processesxperiences multipl@bstructions (table Y. Making the
technology linger in the initial phase.

Also, thee is still quite a lot of ignorance about téRtechnology. For small companijdssconcerns
large amouns of money, which theyn many case D y Qi | FF2NR 2NJ F2NJ g KA OK
of investment (still) to great (certainly when it involves aagfrof-concept).

This iscloselyrelated to the invisibility of the added valué few large contractors are currently

including AR in their projects. UsualyR is included in the quotatioor a project manager indicates

that he or she sees added value in the use of AR within the pré&jatts before mentionedot as

4 dzOK (aKdalteadincl@ad in the scopédt often gets stuck on the costs working out a

projectspecific AR ggication. Nowadays, a lot of development costs are involrethe

development of new applicable technologies. Agsult, the development is abolishedecause the

I RRSR @I fdzS AayQili adzZFFAOASyilfte @GA&aAA0ES 2NJ y20 06

As already sajcconstruction remains a traditionaidustry, making it extra difficult to convince

people of the added value. Without tangible proof, a large part ofiticeistryremains skeptical

about AR. Wherein, the lack of usases (as mentioned above) and thet fihat AR is nb(yet)

included in tenders, do ngiromoteinsight into the added valud. 0 Q&4 y2¢ | Yl GGSNJ 27
the right application andhe drive to do a couple of projects, provitite concept. Wherein the yield

(Rol)is properly measuredo that the added valubecomesclearly justifiable and presentable. The

risk currently, in the initial phasés that in combination with phones and tabletswill become a

gimmick

It all starts with the@ndustry, in which the need for change mustbeSs¢ @ L F GKIF G | g1 NSy S
present, the application can be very goduit the story will end just as fasthe younger generation

is less conservative, hatready come into contact withew technologies during educatigand

therefore findsit easier tosee the added valuand will be more inclinettying to pull the new

technology forward.

(Oldenhave, 2019; Ginneken, 2019; Zijde, 2019; Hardeveld, 2019; S28é§eBaas, 2019; Smits,
2019)
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Technological

Thepattern within the categorylechnologicatan best le :
described by using the terms hardware limitatipns Technological
unwieldy software processes, and the AR field is vast ant S
diversefigure 20 Hardware limitations
At the moment AR devices are still impractical, think of Unwieldy software processes
log, little wearing comfort (partly due to size and weight),
limited battery life, linited field of vision|imited
computingcapacity, malfunctioning in a lot of light, partly
due to this having difficulty with recognizing objects,
alignment problemsand calibration problemsSo Figure20, Highlights category

. . L "Technological
currently,the hardware still hasomeserious limitations,
which are at the expense ttie workabiity (especially in
construction environments)rherefore, many construction companies find the hardwaoeyet
good enough to inade AR in their business processes.

AR field is vast and diverse

A frequently usd I NB dzY Stifeltechindlogyis aot yet developed far enoughp sve ae not doing
FyedKAY 3 ¢ Al K .Buianotganizalidttas ttRink Shuthe long term strategy
concerning innovative technologieso that when the hardware isady, the company is readif
other companies start earliateveloping the ARnd e that there are useful applicatiorisr the
technology andfor example have adapted their 3D models the new AR technologyt is very
difficult for another company tocatch upon this

In regard to theapplications, the software has no problaaamplingwith precision jobs, but the
hardware can only maintain a certain level of precision. There is currently only one device whose
precision is reasonably gopaind that is the HoloLens. Btbsoft guarantees precision up to 1
centimeter. Hbwever, testha@S a K26y G KI (0 A (nOcFiatihddid hodeftl@nl i 2 | OK A
to 2 mm on a 1@neter model. This is sufficient for most scenario, fion some applicationghis

& G A f precise @ngu@li. Nor can the HoloLgmecessa whole BIM modefbased on aormal

building project) in one go.dinputers often havea hard timeprocessing/loadin@IM modes$ (not
enoughgraphicaland / orcaculationcapacity), let alone that the HoloLens can handle these heavy
models.Because thddoloLens has much legeaphic memory and computing capaciButby

dividing models into piecesnd process the model piece by pietieere are already some

possibilities for workable use.

Major steps are currently being taken in the development of ARlware.In particular, thenew
Hololens Zhould continue to advandie technology in the field of hardware. With respect to the
Hololens 1the main improvements ara greatly increased field of vision, higher detail level, better
ergonomics, lightergnger battery life, retractable visor, improved speech commamdi larger
processor capacity.

When the technology is further developdtie previouslymentionedproblems will decrease or

even disappearand the technology will become more workabbes a esult, the HoloLens and other
ARdevices Aff 0S02YS Y2NB FyR 0SGGSNI I LILMsh@®l 6f Sd ! f N
software, some limitations can be minimized. For example, increasing the precision level of the

HoloLens.

It canalsobe seen that lage partiessuch as Autodesk and Unire increasingly working together.
The expectation is that the software will become more efficiarthe coming yearsThis motivates
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and triggers companies to take steps. The expectation is that AR applicatiohe g#egrated
within the construction procesi® the upcomingyears.

What is seen within software applicatigris that a software developer makas AR app while
possibly nb even knowing howthe BIM process works. So if, for example, dipplication works on
the basis of IF@odels itQ akoprojected into realitybased upon thisBut concerning installation
technology, there ar@ever wals andor columrs, etc. presentin the modelMaking it impossible to
exportthesefrom the IFC modebecauseahey are simplyot included. In additionthe export is
done from a modeland therefore yolO I yéxpdrt linked filesFor that, a wall has to be applied in
the installation model, in ordeto get the placement right, which is very illogical.

Also, the conversion procesisself is very cumbersomegain an example concerning the HoloLens
isgiven.IFCABS files must be converteahd then the correct information must be extracted from
the converted filesso they can bexported toan ARdJevicein order tobe used This processan

only be executed by someone with IT skills &still too cumbersome for workable usgithin
projects and or organizatian

Butthe process of converting Blktodelsto AR is getting better and better. If you now uer
example Revit, Unity, Pixieim combination with the new HoloLejthe converting procesis
alreadyquite streamlined(Baas, 2019; Zijde, 201@ne canwithout any programming knowledge,
convet the BIM model to an AR moddéy going through the following processavethe Revit file,
uploadthe file in Unityvia Pixies andhen select in Pixiethe device onavantsto stream the file to.
This technolog has just been releasathd isdefinitely something to take into account.

There is a wide range of hardware special for AR and hardwatrspecifically for AR, but usable in
combination with the technology on the meet. But no device specificaliiesgned for the
construction industry, meaningo readymade solution from a haware point of view Currently, as
mentioned above, the HoloLens is the best usable device according to the experts

Therefore, the development of usériendly applications thatlaside to the right paradigm or context
awareness (discussed by the next category) and pervasiveness is an important barrier for
implementing pervasive AR solutions. With the field of AR beingvastand diverse,companies

need to consider developing apgations specifically for the construction industry. (Silverio,
wSydzl F LI = 9 {dzNB&a>X HamMtTO | SNBAYI 2ydy 2F GKS
possibilities with the technology. That sounds strange, but almost @litses can be visualizeathd

or simulated Because of thist is often forgotten that AR is never a goal in itself, but a means of
achieving a certain activitijfake theHoloLenss an example,drause there are loads of

FLILJX AOFGA2ya F2NJ 0KS R Sdhdt@&bttooimiich at onkeh WHRAMAld itl
difficult to choose a clear application for the technology.

(Oldenhave, 2019; Ginneken, 2019; Zijde, 26{&develd, 2019; Steege, 2019; Baas, 2019; Smits,
2019)
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Awareness

The aspects unfamiliarity with AR and limited number of

use cases, are best suited to describe the category Awareness
Awarenesgfigure 21) Unfamiliarity with AR
Anobstructionin the categoryAwarenessis unknown
makes unloved. Certainlpecauses discussed above, Limited number of usecases
construction is a somewhabnservativandustry. Reople
have always beedoing thingsn a certain wayor a long Figure21, Highlights category

time andare not very eager to change th&eryone "l g NBySaace

within an organizéon should be familiar with AR.

Unfortunately,this is currently nohearlythe case. In fact, the majority within an organization is not
familiar with theli SOKy 2 f 2 3 &nded to ko all B pfe@ainditions, but must be familiar
with the concept and know that it plays a roléthin the organizationTherefore, thendustrymust
first become familiawith the technologyin order to understand the possibilitied.the
aforementioned added value can be made transparéms willsupport clarifying theadded value

Asalreadymentioned, there are still no or limitedse casefor comparison withirthe construction

industy® 5dzS 2 GKS 101 2F (KSasS dzasS Ol wabeilAso,A i1 Q& A
without comparable use cases, it is very difficult to calculate the Rol. These cases are necessary to
aK2g SOSNEB2YyS K2 d@ong an@is isweeat idlyiglds Sriblidg 2juadtifcation of

the added value, inrder to convince the constructiondustryand ensure faster adoption.

(Oldenhave, 2019; Ginneken, 20Hjde, 2019; Hardeveld, 2019; Steege, 2019; Baas, 2019; Smits,

2019)

Operational

In thelast category, Operational, the most important ;

aspects are change in operational processes and the Operational

ruggedness issues with regardrtakingthe hardware ch : —

compliant with safety standardgigure 22) ange in operational proces

Often the risk involved in implementing AR is considerabl Ruggedness issues

l'a YSYGA2ySRI !w 2yfeée g2N) RSR 6Alf
o0dzaAySaa LINRPOS&aasSa yR y?2 i;:igurézz_, Highlights category ~ F & &2 Y S
additional. As a resulthe technologyhas toenter critical bhLISNI GA 2y f €

processesysually the operational processes that directly

earn money for the company. The impact is therefore quite large if it goes well, but also if it goes

wrong.

Regardinguggedness issuds.a.safety), the glasses that are now on the market, still haveoa)(t

restrictive field of vision. Which can lead to unsafe situations, such as protruding objects that are
overlooked. On the other hand, this was and is always aitigkmains dangerous work. Operational

personnelis often focused on something, which rmes they do noalwaystake the environment

AyiG2z O2yaARSNIGAZ2Y® LGQa | FFEOG2NI GKIG YIFe@ AyONE

stated, the hardware is currently undergoing a transition. A new generation is coming, that can take
AR to ahigher level. Making the work possibly even safer in the future, for examlalsses that
help to recognize the dangers on the constructionsséed thus prevent accidents.
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Further, some operationassues arelimited battery life,poor ergonomicsand portabilityof AR

devicespoor accuracy with standard available devigamblems with positioning, arkabilityis
situationdependenlf A Y F2NX I GA2Yy Ff2¢ R2SayQi NMzy LI NI ff St
acceptanceand or motivatiorregarding theoperational employees (social acceptangeyistration
problems,problems with the data intake, occlusion issues, problems with the alignment between

real and virtual entities, moderate quality of the displayed added dimensifraid of cotrolling

function, onsite connectivity problems and the limited capability of the devices for processing

information

(Oldenhave, 2019; Ginneken, 2019; Zip@19; Hardeveld, 2019; Steege, 2019; Baas, 2019; Smits,
2019; CalderoHernandez & Brioso, 2018)

5.2.3. Enablers concerning the most importawobstructions

As mentioned beforethe three most importanbbstructionsare within the two most important
categories Informational and Economicalhe relevantenablers that relate to the three most
important obstructions of these two categoriese used as a starting point for answering the main
guestion in the conclusiomherelevantenablers for these categories, derived using the GTA (main
analysis see appendix 2 for all the enablers per source per categmag)befound intable 16

Regardinghe enablers, this chapter only looks at the enablers that make it possible to overcome
the obstructions. So not to the enablers who indicate biemefitsof the techniquemaking the
technique feasible and or advantageous to use.

Tablel6, Enablers categories; Informational and Economical

Enablers categories: Informational and Economical

Informational Economical

(BIM) Model information structuring Advancing feasibility study
Information centrally visible

Run information flow parallel to process
Introduce universal AR protocol

Because some enablers are the basis of other enaldetsy S OF y Qi Fdzy Olan@y 6A01K2
some enablers apply to multipteategories but are categorized based on the category that fits best

(chapter 4.3.)the other categories are also considerédcludngthese as weldllows for

approaclingthe practical recommendation from a broader perspectiVeerefore theaelevant

enablers {hat relatethe three most important obstructiong)f all the othercategories

Organizational, Communicational, Technological, Awareard<perationa(appendix 2)are also

taken intoconsideration(see tablel?).

Tablel7, Enablers categories: Organization@bmmunicational, Technological, Awarerasd Operational

Enablers categoriefrganizational Communicational, Technological, Awarene&xerational

Organizational Communicational
Organization based funding Knowledge sharing
Standardizing processes Clear definition of AR and what AR includes

Well defined business case (organization lev¢ Creating trust
Involve the decision makers
Technological Awareness
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Improving the hardware

Including AR in tendetsy client

Device independent

Stimulate familiarity with AR

Universal software platform, convert Bitd AR

Rejuvenation in the constructiandustry

Modular construction ofhe technology

Examplesuccessful use case

Compensating hardware with software

Operational

Develop/introduce in small manageable steps

Verification of simulation

In order to choose the best enablers for a practical recommendation, regarding the first steps
towards successful implementation of AR in the construction indukstoking atthe three most

important obstructions there was close collaboration with the information manager of Heijmans

(Robroch, 2019)Together, the abovenentioned relevantenablersin table 17 were discussedl'he

following enablers of ARave been foundhe best possible fit fogiving a practical

recommendation on overcoming the three most important obstructions, concerning the
implementation of AR inhe construction industry.

Set up an universal AR protocol

Information management concerning AR starts with structured daz the industry
agreements/standards that facilitate this dateedduse everything that is sent/streamed to an AR

device, is basedn thisstructureddata. Wherein, the most important aspect is: having the data

structure in the right state. By right state, the condition where the structure is ready for AR use, is
meant. This is a big challenge due to the lack of support for these structures, because there are no
set standards and the agreagon standards (for exampl&IM protocol) are not being maintained

or are interpreted differently.Further isucrently the information concerning AR, most of the time,

not centrally visibly and devielmdependent. Which is at the expense of broad employability of AR

and access to formation.

Introducing an AR protocprovides a guide on how to use AR technology according to a certain

standard.Enablesi KS NA 3 K& & G NHzO( dzNR y 3

2F Ifraviding2 RSt

applicableAR moded based on the same standard®y setthga standardfor both structuring
Y2RSt a | yR (ikasARdpiotoopl ZzimanSgement of information concerning AR
technology becomes a lot less complicat8tandard strutring ensures that the data structure (for
example, BIM modelan be comerteddeviceindependent(becauseghe models arehen always
structured in the same waygndthen beusedby ARdevices without having to adjusthe structure
Herein, thedzy A ¥ 2 N  avill preféhamisédr@raunication.

Includingcommunication and dat flowsin the protoco] on how the communication should take
place, where the data should be stored and how the data should be storakksit easier to

control the information flows with regard to the technolodyote these communication and data
flows should be set before starting a project and maintained by information management of the
responsibleparty. In order to prevent deviation from set agreements and thereby caused eBygrs.
setting up a central database for storing the data, the informatiomoerningAR will be centrally
visible, &cilitating broad employability of AR and easy actes$se information.

Exemplary use cases

¢ K S NSEIhold limited use cases for comparison within construction industry. Due to the lack of

A s oAa

these use cases(td A YLJ2 & & A 0 f Sexatt;dd&l&lieSANd, Witfidit cdnfp&able use
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cases, it is very difficult to calculate the Rol. These casasegessary to shothe industryK 2 ¢ A (1 Qa
supposed to be donend this is what it yields. Enabling quantification of the added value in order to
convince the constructiomdustryand ensure faster adoption.

There are only a few companies within timglustryy SSRSR> (Kl G aK2¢ 6KI (GQ&
huge savingdemonstrate that you can train people much faséerdor can shorten the lead time of
projects considerably, when using ARthese companies, by using AR, take the wind out of the sails

of the competition, the rest of the construction industry wilbst likelyfollow. However, the

guestion is whether the accumulated backlog can still be caught up

By including AR within a whole project and not only partial in the form of a pilot, it will &sitge
determine the exact pros and cons for that type of project and associated work. By medhkering
costs, timeand possible reduction of cost and time, while keeping in mind that atiimet
implementation always is more time consuming and costlyindication of theyield and Rol can be
determined.

Such ause case gives insightathe usefulnes®f the technologyin similar projects or similar works
andasa reference for othefsimilar)projects and works. After conducting a few successful use

LJz

OFrasSasz AlQa LlRraairofsS (2 OdihdalioSe discussed AR frdtoddR G S Y LI |

This means that thwheelR2 S&Ay Qi Yy SSR elle?y tineSesliBohing iBofe\efiicRt AR
process

Organization based funding

This g an indirect enabler that allows for doing use cases and setting up an AR protocol. Because, as
described in the previous subchapté&fRcurrently needs to be funded from the projeetidget As a

result, there is little willingnesamongproject managersBecause the use of a new technology (for

the first time) increasethe risk,requiresextraeffort (time), andan initial investmentvithin the

project, which often does not immediately produeelded value Without willingness, the

technology will not bepplied.Making it senseless to apply other enablers for getting AR of the
ground.Organizations based fundintherefore,forms the basis for applying the technology. That is
why it has been decided to include this enabler, even though it does not difbatiyndirectly) help

to overcome one of the three most importanbstructions

By notfinancingARof the project budget, but from a centrallyreatedbudget it becomes much

more attractive for a project manager to include ARhiair project. Thisallows for use cases and
gives the technology the opportunity ® A & LJt tidéd value G@innéken, 2019)
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5.2.4. The benefits of using AR

The last subchapter discussed tm@ablers that make it possible to overcome the obstructioii$is
subchapter lookat the enablers who indicate thbenefits(added valuepf the techniquemaking

the technique feasible and or advantageous to use. These benefits are derived from the enablers in
appendix 2that originally stemfom the main analysis. In table b&low, the possible benefits per
category are displayed.

Tablel8, Enablers indicating added value per category

Enablers indicating added value per category

Organizational Communicational
Improved process control Improve knowledge sharing process
Agile, allowing for fast and easy adaption Improving stakeholder management
Coordinate way of thinking Improving communication
Reduce mistakes and defects Making interaction tangible

Improve decision makingrocess
Informational Economical
Providing insight in the design Less failure costs
Information centrally visible Reducing consultancy costs
Traceability of work or service Higher costfficiencies
Improves 4D scheduling
Technological Awareness

Allowing automated monitoring and measurin -
Defect/error detection

Operational

Improving executability of difficult work Faster maintenance interventions

Verification of simulation Remote guidance ansupervision

Digital testing/simulation Supplement shortcomings of BIM -gite
Providing work instructions Enabling site navigation

Better quality management Improve safety

Enhance scheduling Cheaper and efficient enhancing human safe
Enhance visualization More effective and efficient training/educatior

Enhance progress tracking

Looking atable 18, it can be seen that most beneficial aspects concern the operational category.
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This chapter summarizes the
main points ofevidence
(findings), by answering the five
sub research questions.

0. Conclusion

The research objective of this study is to examine the potential
of AR within the Dutch constructidndustryfocusing on the

first steps towardshe successful implementatioof AR and
thereby wider AR adoptiorf.o answer the main and five sub
research questions, two main data sourcesevased:

literature research and interviewsiterature research created
an image of the current state anithe benefits of using AR in

the constructionindustry, aasswering the first two sub research
guestions. Additionally, document research was conducted to
supplement the literature research. Whictogetherwith the
interviews,formed thequalitative researchand sothe basis

for the Grounded Theory Approach analygizgin analyses)
Together with thepreviouslymentioned literature research

the third research question, the stages of interest concerning
the implementtion of ARcould be answered. By the GTA
analyses, the obstructions and enablers have been mapped.
These obstructions were rated on their importance within the
construction industry, by different fields of expertise
concerninghe AR technology, using the FuZzyP&method.
Providing a ranking of the obstructions, and so the most
important obstructions and categories. Answering the last two
sub-questiors. Therelevant enablers petategoy are usedin
consultation with an experto give a practical

recommendation on how to overcome tlieree most

important obstructionsin chapter 7.

6.1. The current state of AR in the
construction industry

There are many uses for AiRthe constructiorindustry,

whereof progress tracking is one diet most used functions. As
projects becomemore complexmany scholars and
researchers are looking to augmented reality to resolve the
complexity of projects (Lin, Liu, Tsai , & Kang , 2014). Many
researcherslike Mani GolparvaFard have researched
programslike D4AR and how these AR technologiesused to
monitor progress on job sites (Golparvaard, PefidMora, &
Savarese, 2009).

Access to project information esite is significantly improving
with the introduction of different augmented realitAR)
programs compared to more traditional information sources
(Pejoska , Bauters, Purma , & Leinonen, 2016). To reduce the
difficulties for onsite information retrieval many companies
are starting to develop lightweight mobile devices.

AR is still relatiely in its early stages of development pertaining
to the construction industrybut it is already showing great
potential (Behzadi, 2016)andis deemed to be a key enabler to
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address the current shortcomings of BIM-site u® in construction (Wang, et al., 2013). These
technologies allow construction management to address defects that might be overlooked in the
inspection process and save time doing so. If managers know the core control time points and
measures for works todchecked proactively through the defect domain ontology, then the
worker's performance can be automatically checked at the right time with BIM and AR applied
inspection tools without visiting the workplace (Park, Lee, Kwon, & Wang, 2013).

However, the costructionindustrystruggles with the adoption of AR. Some of the main (container)
obstructionsthat stagnatethe adoption ardammature core virtual reality technology, conservative

nature of construction businesses, safebuilding information modelgMeOl = ¢ dz2NJ = 9 52f Sy
relative high costs of AR technology, hardware issues and the scarcity of AR application specifically
designed for the construction indust(@ilverio, Renukappa, & Sures, 2017)

Also,severalexpertson ARndicatethe difficult introduction of the AR technology with regard to the
construction IndustrfOldenhave, 2019; Ginneken, 2019; Zijde, 201%¢léleeld, 2019; Steege,
2019; Baas, 2019; Smits, 2018Bhe specifiobstructionsthat cause the difficult introduction are
discussed later on in the conclusion (subchapter 6.4).

6.2. The benefits ofusing AR in the construction industry

Augmented reality W improve the scheduling aspect of the construction industry greatly; it can
show an agplanned vs. an abuilt structure to allow visualization of progress (Zollmann, et al.,

2014). Access to project information -gite is significantly improving witlné introduction of

different augmented reality (AR) programs compared to more traditional information sources
(Pejoska , Bauters, Purma , & Leinonen, 2016). These AR systems allow fast access to information
helps project managers to decide on correctivéi@ts to minimize cost and delays due to
performance discrepancies (Baegl@arvarFard, & White , 2013J'hese new AR programs give
multiple parties associated with construction projects the ability to clearly grasp the whole picture of
the project siteand to make accurate predictions about future activities (Lin, Liu, Tsai , & Kang ,
2014). The added visualization benefits of AR technologies allow for better communication between
parties when commenting and making suggestions for a particular préjisatti, Kang, & Lin, 2016).

In specific, if managers know the core control time points and measures for works to be checked
proactively through the defect domain ontology, then the worker's performance can be
automatically checked at the right time with Blvid AR applied inspection tools without visiting the
workplace (Park, Lee, Kwon, & Wang, 2013). Allowing managers to save both time and money on
specific projects while lowering Mdrabor hours and cost efficiencies due to defects and
construction reworkMuch money and time are wasted because plans or drawings are
misinterpreted, or the information is transferred imprecisely from the plan to the real object (Wang,
Truijens, Hou, Wang, & Zhou, 2014).

lfa22 0@ dzaAy3d | dzAY Sy i S&ne kidwledde that Beeds (0 He imipartetd £  O2 & (
gAOK NBaLISOO 2 al FSGeés O2dzZ R 06S NBRAZOSR RNI YI A
Agrawa, & Chaturvedi, 2016). The total cost of using augmented reality is cheaper because the

equipment used could varydm highend gear to a simple smartphone. A smartphone could be

useddo SOI dza S 2F GKS AYyTFAYAOGS LRaaroAtAdGASa GKFG L
' NE OKSIFLISN FYyR Y2NB STFAOASY(d ¢l é&a G2 SyKIFIyOS K
Balasubamanian, Agrawa, & Chaturvedi, 2018ubchapter 6.6, will elaborate further on the

findings regarding the benefits/enablers.
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6.3. (Qonstruction stages of interest cor@ning the
implementation of AR

The literature shows that AR is presumably beneficial througkthe whole project phaselhe life

cycle of a construction project consists of a sequence of steps or ppjases (figur@3) to be
completed in order to reach project goals and objectives. These phases are defined by N. Dawood
(2009)as: (2) initiation and outline design, (3) design development, (4) [procurement], contract and
pre-construction,(5) construction, and (6) maintenan@®ankohi & Lloyd, 201.3)

In addition to the project phases, Augmented reality technology has many applications in the
constructionindustry. In thisresearch the classification of Rantik andLloyd(2013)is used to
classify AR application areas in thdustry(figure23) asfollows: (1) visualization or simulation, (2)
communication or collaboration, (3) information modeling, (4) information acoesvaluation, (5)
progress monitoring, (6) education or training, and (7) safety or inspection.

Policy Project

Wider Context Project Start Up Project Delivery Operational service

Phasel:
Identify policy need
and how to meet

Chronologic order this need

Phaset:
Draw up of design
brief

Phases: Phaser:
Operate and Disposal
maintain decommissioning

Phase2: Phase3:
Draw up of project | Development of
brief delivery strategy

Phaseb:
Actual construction

Augmented Reality
@ ©®

Information | Progress
monitoring

@
Communicati| Information
on/
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Figue 23, Project delivery phases and classifica{ipawood, 2009; Rankohi & Lloyd, 20A8)

Looking at the interviews, providing a supplement regarding the phases of interest concerning the
implementation of AR (chapter 2.5), it stands out that experts confirm the added value for AR in
almost all thestages of interest (see figure 2&hat were darived from the literature research. Only
phase 2, draw up pregt brief, is found debatablésome experts believe that AR is of added value in
all the 5 phasefBaas, 2019; Smits, 201%ccording to other interewed experts, there is no direct
added value for AR in this phase. In their view, VR is cheaper, mitkeasier applicab)elrawing

up the project brief{Zijde, 2019; Hardeveld, 2019; Ginneken, 20d@nce, the evident stages of
interest concerning the implementation of AR are:

3) Development of delivery strategy
4) Draw upa design brief

(5) Actual construction

(6) Operate and maintain

= =4 =4 =

Where the added value is (among other things) in, (3héndevelopment of delivery strategy, when

(KS 0FaAd NBIAANBYSyGa FyR 2NJ oF&AO RSAADY A&

show the optims and ultimately also to placeemove and change them. (4): Usases have shown
that within engineering concerning standardization, AR is of great added value and leads to a more

1Y

efficient way of workindSteege, 201$)® {2 !'w Aa | f NBSIFIR& LINBPOAY3I AlUC

processesln addition, also irconstruction (5) in which it ensures better communication,
visualization detailingand optimizing other processes within design and enginedidenhave,
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havingyour hands free{l KSy | & ONB Sy ®Menhiave2018Boforfusageiinf f R 2 ¢
construction, the case musbe better becauséhe current versions (for example workflow

visualization) are still too limited:his can, and approximately will improve over time. Think of

improvingobject recognitiorand enhancinghe connection to backend system§):(BIM models

play a major role ithe operatiors and maintenance phaseherefore, AR can already have an

AYLI OGd C2NJ SEIFYLX ST AdQa lFfglea LIRaaraoctsS (2 dzae

6.4. Obstructions encountered when implemeimg AR in
construction projects

When implementing AR in construction projects (within the construction industry), some
obstructions are encountered. These obstructions were fousidg literature research, additional
document research and interviews with expertee, the GTAmethod andtriangulation were used
to process the data. Eventually, 41 obstrucserere found forming sevencategories. As can be
seen intable 19, below.

Tablel9, Condensed list definite obstructions

Condensed list definite obstructions

Category Code | Obstructions
C1l: OR1 | Conservative nature of the constructiamdustry
Organizational OR2 | Short term resukoriented

OR3 | Not companywide adopted/implemented

OR4 | Too many decisiomakers

OR5 | No sustainable strategy concerning AR

OR6 | Insufficient capacity because thfe growingconstruction market
OR7 | Hard to come by experts/technicians

OR8 | Using ® ard 4D models, not constructicimdustry-wide adopted
OR9 | Problems integrating/matching AR in currgmbcesses

C2: Co1 Poor intern and extern collaboration
Communicational [CQ® |[! TN AR 2F (KS O2yUNRffAYy3d ¥Fd
/Collaboration CO3 No clear definition of AR

co Misleading advertisement/impressions causing unrealistic
expecations

C3: IN1 Poor quality of (BIM) models
Informational IN2 Poor information management
IN3 Fragmentation of knowledge
IN4 Lack of standardization in information concerning technology t
INS Lack of commitment to support the information soufosodel
C4. EC1 Invisibility of added value
Financial EC2 | Added value currently not high enough fmrstomer/client
/Economical EC3 | Large initial investment

EC4 | Wrong cost recovering structure/project cost accounting, no
central funding for new technology

EC5 Uncertainty abouReturn on InvestmentXo), for example
difficulties quantifyinghe Rol

92| Page



C5: TE1 Hardware limitations
Technological TE2 Complex software processes, including software and
communication issues converting BIM to AR
TE3 Lack of usefriendly applications
TEA4 Qualityof the visuals, for example, occlusion issues @slution
of the visuals
TES Lack of dedicated software
TE6 The AR field is vast and diverse
C6: AWL1 | Insufficient knowledge on AR (what is AR)
Awareness AW2 | Fear for Job replacement
AW3 | No/limited similar (beneficial) use cases
AWA4 | Pigeonholing, only looking at it from one's own perspective
AW5 | Lack of acceptance by professionals in the construdtidastry
AW6 | Unfamiliarity with AR (what are the possibilities with AR)
C7: OP1 | Timeconsuming (to make it operational)
Operational OP2 | Additional risk within projects for including AR
OP3 | Not workable in construction environments
OP4 | Change in current processes
OP5 | Physical issues using an AR deflitetion sicknessfér example
the HoloLens)
OP6 Ruggedness issugrnaking hardware compliant with safety
standards

The obstructions in tabl&9, were rated on their importance within the construction industry, by
different fields of expertise concerning AR technology, using the HIZBWBIS metho&roviding a
ranking of the obstructions, ereof the most importanbbstructionswere established using the
80/20 rule. The most importargbstructions including their weight and rank relative to all 41
obstructions can be seen in tab20 below. Whereof the three most important obstructions are
used todevelop a practical recommendatidm chapter 7 Using the relate@nd relevantenablers,
described in the next subchapter (subchapter 6.5).

Table20, Most importart obstructionsn general

Category| Code| Obstructions Weight | Rank
C1 OR1 | Conservative nature of the constructiamdustry 0,3646 7
OR9 | Problemsntegrating/matching AR in current processes 0,3663 5
C3 IN2 | Poor information management 0,3948 1
INS | Lack of commitment to support the information model 0,3776 4
C4 EC1 | Invisibility of added value 0,3935 2
EC5 | Uncertainty about Return omvestment (Rol) 0,3903 3
C7 OP6 | Ruggedness issues, making hardware compliant with s§  0,3661 6
standards
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6.5. Enablers that can help to overcomthe most important
obstructions

Toovercome the most important obstructions and allow for implementatithre, enablers
concerning AR technology in the constructindustryneeded to be established. The enablemsre
also found using literature research, additional document reseamct nterviews with experts.
Then, the GTAmethodand triangulation were used to process the data. EventuéRygnablers
were found categorized in the sam&evencategorieformed by the obstructionsAs can be seen in

table 21, below.

Table21, Condensed list definite enablers

Condensed list definite enablers

Category Code Enablers
Cl: ORE1 | Organization baseflinding, not projectbased funding
Organizational ORE2 | Standardizing processes
ORE3 | Incorporating AR into the vision and strategy of the company
ORE4 | Seeing AR as means to achieve a goal
ORES5 | Using market/innovation pull
OREG6 | Adapt service structure, thatvoids high initial investments
ORE7 | Improved process control
ORES8 | Bad economy allowing for innovation
ORE9 | Become agile, allowing for fast and easy adaption to change
ORE10 | Well defined business case, containing a concrete application
AR
OREL1 | Coordinated way of thing concerning AR
OREL2 | Distinguishing value fahe tender mechanism
OREL3 | Reducing mistakes and effects
C2: COE1 | Knowledge sharing
Communicational | CGE2 | Improving stakeholder management
/Collaboration COE3 | Improving communication
CGOE4 | Clear definition of AR and what it includes
COE5 | Creating trust
COE6 | Involve authorized kegecision makers
COE7 | Making interaction tangible
COE8 | Improve decisiormaking process
C3: IN-E1 Proper structuring of information in (BIM) models
Informational IN-E2 Providing insight ito the design
IN-E3 Making information centrally visible
IN-E4 Traceability of work or service
IN-E5 Run information flow parallel to the process
IN-E6 Efficient information management
IN-E7 Improves 4D sakduling
IN-E8 Introducing universal protocol
C4. ECE1l Fewerfailure costs
Financial ECE2 Advancing feasibility study
/economical ECE3 Reducing consultancy costs
ECE4 Higher costsfficiencies
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C5: TEE1 Improving the hardware for automat process monitoring and
Technological automated measuring

TEE2 Deviceindependent

TEE3 Universal software for converting BIM to AR

TEE4 Modular construction of the technology for reusability in
different situations

TEES Compensation of hardware limitation with software

TEEG6 Defect/error detection

C6: AW-E1 | Including AR in tenders

Awareness AW-E2 | Making the added value of thethnology visible

AW-E3 | Make the constructionndustryfamiliar with the new technology
Rejuvenation in the constructiandustry

AW-E4 | An example of an (successful) wsese

AW-E5
C7: ORE1l | Improvingexecutability of difficult work
Operational ORE2 | Supporting optimization of processes

ORE3 | Firsttime-right implementation

ORE4 | Development in small manageable steps

ORE5 | Digital/testing simulations

OREG6 | Verification of digital/testing simulations

ORE7 | Providing work instructions

ORES8 | Improving quality management

ORE9 | Enhance scheduling

ORE10 | Enhance visualization

ORE11 | Enhance progress tracking

ORE12 | Faster maintenance interventions

ORE13 | Remote guidance ansupervision

ORE14 | Supplement shortcoming of esite BIM use on constructions
sites

ORE15 | Enabling site navigation

ORE16 | Improve safety

OREL7 | Cheaper and more efficient way to enhance human safety
ORE18 | More efficient and effective training/education

Because the three most importanbstruction are also within the two most important categories,
they are used as a starting point for answering the main question in the next subchaptell [&63.
obstructionsare in order of rank: (1) Poor informationamagement (IN2), Invisibility of added value
(EC1)and (3)Uncertainty about Return of Investment (EC5) aad be found in tabl@0, in the
previous section

In order to choose the best enablers for a practical recommendation, regarding the first step
towards successful implementation of AR in the construction industry, looking at the three most
important obstructions there was close collaboration with the informatioranager of Heijmans,
Sietse Robroc(R019) Togpther, the relevant enablers were discussétie belowmentioned
enablers of AR, have been foutalbe the best possible fias a starting pointor giving a practical
recommendation on overcoming the three most important obstructions, concerning the
implementation of AR in the construction industry.

1 Set up a universal AR protocol
1 Exemplary use cases
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9 Organization based funding

These enablers are useddove direction for setting up a practical guide for the first steps toward
successful implementation e next subchapter.
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Recommendation

Thischapterprovides:a course of
action towards answering the
main research question, a
discussiorcommenting on the
methods and limitations of the
research andpossible future
work arisen from thisesearch.

7. Recommendation

In this chapter, a practical direction towards successful
implementation of AR within the construction industry is given.
Thereatfter, in the discussidhe methods and limitationsf

this researctare discussed. Then, the last subchapter provides
possible future work arisen from this research.

7.1. First steps towards successful
implementation

As described ithisreport, the implementation of AR is a very
comprehensive problel Iy Rnotiréaligik id frdvide a
readymade solutiononly basedon this researchTherefore,
the main research question is answered in the form of a
directional andpractical guide, describirte first possible
stepgpoints towards successful implementation table 22,
displayed after subchapters 7.Bhe guide is intended for
contractors within the construction industry. Therefore, this
guide was set ujn collaboration withthe information
manager ofa contractor within the Dutch construction
industry, Sietse Robroc(2019)

7.2. Discussion

For the main analysj the Grounded Theory Approach was

used. However, the theory has a lot of advantagksre are

also some dmdvantagesto using this method. The most

important disadvantaggare that the subjectivity of the data

can lead to difficulties in establishing reliability and vigliof

approaches and informatioh, Y R G KIF G A G Q&r RAFTTFA O«
prevent researches-inducedbias(Glaser & Strauss, 1967,

Legewie & Schervidregewie, 2004After the main analysi

the Fuzzy TOPSIS method was dsedemndary analis. As
RAaOdzaaSRxE AGQa |y | Lbdmsk OK G2 Al
closest to the ideal solution and farthest to the negative ideal

solution in a multidimensional computing spac€éhe main

disadvantage of the method, ike use of Euclidean Distance

(the straight line distancbetween the alternative and the

positive or negative ideal solutiomoes not consider the

O2NNBf A2y 2F FOGGNROdziSad ¢ KSNE-
keep consistency of judgme(ielasquez & Hester, 2013)

However, every effort was made to reduce tingpact of these
disadvantagest cannot be excluded that these were of

influence

Continuing with the Fuzzy TOPSIS method, the eventual
ranking of the obstructions was based on the total weighted
CCj value of all experts combined. Meaning that ranking and
weight,on which the final results are basgtiay not be
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entirely representative for one of the three fieddf expertise secluded.

This research was writtemith a focus on contractors within the construction industig a result of
whichA 1 Qa Ll2aaAiotsS GKIFIG FawsSoia 2F GKAAa NBaSI NOK
When using this research agarting point for other research, this should be kept in mind.

Another important aspect to mention, is that this research was conducted in a time of major
developments concerning AR technology. As a result, it is possible additional interesting irdormat
for the analyses emerged, after conducting the analyses. This covers a time frame of about three
months, because the analysegre conducted somewhere in the third month and the total research
time amounted to six months. Also, more interviews couldeénbeen collected, providing more

data, and more respondents could have been found, giving a more accurate representation of the
population. But due tdhe previously mentionetime frame, this was unfortunately not realistic. It
should be noted, thahevetheless,all thresholds for the analyses were méti¢ refers to the

desired number of interviews with experts and respondents for the sujvey

7.3. Future work

A lot of data was generated by using the Gad Fuzzy TOPSIS method. Howether data was

analyzed with a lot of effortrying to capture allthe highlights some interesting pointsvere left
unaddressedThe first point worth mentioningrethe enablers. A lot of enablers concerning AR in

the constructionindustrywere found and categorizethut eventually only a few were used as

starting point for the practical guide. In future researtifese enablers could be further

investigated, providing a much broader and deeper understanding of the aspects that enable the use
of AR and which charaeristics actually providéhe most added value anadvantages.

During the interviewsit soon became clear that the knowledgetbé ARtechnology within the
construction industnjies primarily with engineering firm8ut because this researetaswritten

with anemphasis on contractors, it can lead to new insidbtking at the problem from different
(for example consultants perspectivg. To continue, the similarities and differences between the
field of expertisewere onlybriefly described and nahcluded in the results. Future research could
elaborate on these similarities and differencasd possiblhalsofind more respondents for the
interviews, providing a more accurate representation.

Due tothe comprehensive size of the research problem, the main research question could not be
fully answered. But aractical guide, for contractorgpwards answering te main research question
was providedbased on the analysis an resdlhis guide was established in collaboration with the
information manager of Heijmans. This means the practical direction was proposed from a limited
perspective focused on contractofsuture work can further develop this practical direction by
consulting more experts, including more fields of expert®essibly in combination with the

deepening presented in the previous secfi@nd by practically testing the guide. Eventually,

creating a widely applicable and usable standard, possibly in the form of an AR protocol, on how to
implement AR.
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Table22, Practical guide: first steps towards successful implementation

Practical guide: first steps towards successful implementation

Steps:

Enablers:

Action:

Step 1

Organization based funding
+

Advancing feasibility study
+

Involve decisioamakers

Determine how AR is funded within the organization:

AR technology should be financed from a centrally
available budgetif there is no central budget for new
technologies, one must be created. Hereby, AR becom
more attractive for project manags to include in their
projects With as an ultimate goal, ca¢ing change in
attitude enabling companyide support.

Advancing the feasibility study on AR provides a clearg
picture of the added value dhe technology, klping to
convince the stakeholders that are responsjldeable to
create the central budgefilso, easibilty studies become
more accurate, amore use cases are available to base
the study on.

Make sure that, from the first moment on, the people
authorized for making this decisipare taken into
account. This averts delays and stagnation in the
implementation process.

Step 2

Well defined business case
+

Creating trust
+

Manageable steps

5SGSNXYAYS AF GKSNBQNB &k
Use cases give insightdarthe usefulness of the
technology in similar projects or similar works and can
used asareference for other (similar) projects and work
Providing direction for the use of AR within the project
and making it easier to determine the possible added
value for the new project.

(By including AR within a whole project, and not only
partial in the form of a pilot, it will be possible determin
the exact pros and cons for that type of project and
associated work. By measuring the costs, time and
possible redction of cost ad time, advancing the
feasibility studydescribed in step 1.)

The construction industry is a relatiyeonservative
industry. Making it difficult to change the current way of]
working. Prove of positive use casgscombination with
a positive feasibilitgtudy, creates trust and confidence
for using the technology.

Introduction of the AR technology in small manageable
steps gives the employees time to adjusnd accept the
AR technology,|Bwing forsmoother adoption of the
new technology.

99| Page



Step 3

Universal AR protocol

+
Standardizing processes

+
BIM structuring

+
Information centrally
visible

+
Parallelinformation flow

ImplementingAR:

' FGSNJ O2yRdzOlGAy3 | FSo &
to create a tandard template in the form of aAR
LINP (1202t d ¢KAA YS! yadtaibg !l
reinvented every time,asulting ina more efficientAR
process.

Introducing an AR protocol provides a guide on how to
use AR technology eording to a certain standard. This
enables the right structuring afata(here, as an example
aBIMmodelisusedizd A y3 GKS al yYS
providing applicable AR models based on the same
standards. By setting a standard for both structuring
Y2RSfa | YR (i KBAR@rbtocyl,Fhdzl 3 S
management of information concerning AR technology
becomes a lot less comgdited. Standal structuring
ensures that théBIM model can be converted device
independent (becausthe models are always structured
in the same way) and then be used by AR devices, wit
KFE@gAy3a G2 FRedaAad dKSY®d ¢
miscommuniation.

Including communication and data flows in the protoco
on how the communication should take place, where th
data should be stored and how the data should be stor
makesit easier to control the information flows with
regard to the technology. ®e these communication ang
data flows should be set before starting a project and
maintained by information management of the
responsibleparties n order to prevent deviation from sel
agreements and thereby caused errors. By setting up 4
central databasdor storing the data, the information
concerning AR will be centrally visibledilitating broad
employability of AR and easy accesshe information.

Lastly, the information flows should run parallel to the
process. This allows farcludingchangesn information
and adding information pneortional to the building cycle
in an information model (for exampladigital twin).

Step 4

Clear definition on AR
+

Include AR in tender
+

Rejuvenation

Improving thefamiliarity on AR

Provide a clear definition of AR and what the AR
technologyincludes for the organizatiorsetting realistic
expectationdor the clients and industry. This prevents
from becoming a gimmick and creates trust with
customers.

(Often organizations advergswith AR cases and
I LILX A Ol GA2y Az (ydelivar Thel Gs& AR
almost purely for marketing and or conviction (for
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example: more budget) and for that purpese
overpromise. Creating wrong or unrealistic expectation
(for AR), fed by the lacK clarity regarding the definition
of AR)

If clients are confidenthat the technology offers added
value for their project and can trust that this added valy
can be realized, it is possible that the technology will
ultimately be included in théerms fortenders.

Convincing the client is currently the task of the
contractor, they have to point out the possibilities and
advantages that can be achieved by using the technolg
because clients in the constructiamdustryhave an
inactive attitude with regard to new technologies. They
do not know that technology exists do not immediately
see the benefits of it and therefore do not use it

(When the technology has proved itself, the clients will
automatically start including it in relevant tenders. By
relevant tenders is meant, tenders where for the AR
technology can bbeneficial Which in turnwill be a
boost for those parties that do not yet include AR.

The last point of step 4,isake care of rejuvenatiohy
employingnew graduates thaare familiar with
progressive technologies (among which AR). It is often
seen that universities are at the forefront when it come
to knowledge about new technologies. Hiring graduate
has the advantage thdhey are not stuck in a certain wa
of working(conservative nature of employees with
experience in the construction industngnd are already
familiar with the technology. This allows them to advan
technology withitheO2 YLJ- y& | yR G
with them in the process & G 2f R Zmzl NR§
employees who have been working in the construction
industryfor quite some time, often with a lot of
experience angbersistent toold customs (conservative
nature).

(Eventually, the contractors themselves must be convir
of the fact that AR can improve their processes, instea
being just a USP for a projeBecause this wagRis only
pulled df the shelfto win projects, which ignores the wa
in which the technlegy can really offer added value, an
that is the incorporation of the technologyithin the
business processes
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Step 5

Modular construction

+
Universal software
platform

+
Deviceindependent

+
Improving the hardware

Making the AR technologhpetter workable:

By designing the AR technolgdpased on a modular
construction/building blocks, it becomes reusable and
scalable. Making the same technology usable for differ
applications This means that it is not necess#wystart
more or less over each time the application changes.

The universal AR protocol allows for a universal softwg
platform for easy converting from BIM to AR file, ready
upload into a AR (ready) device.

(Software platforms foconverting already exist, but no
universal platforms. The current lack of standardization
causes the need for different converting platforms and
applications. These are needed to address the differen
software (standards) used for information models and
AR (ready) devices.

As already mentioned in step 3, standardization also
allows for devicendependent use of ARndependently
means that the technology is broader applicable and
easier to use in different situationand therefoe allows
for easier adoptionilt also maked easier to give people
a hands on experience and get familiar with the
technology(familiarity is discussed in step. 6)

The hardware needs to be improvadgith as amain focus
the operational usability. Somieportant aspects are the
need for larger processing capacity, better field of view
regarding AR glasses, better ergonomadsigher level of
detail, a higher level of precision with a maximum
deviation of 1 mmgood connectivityand better
readability fom screen or lerssin all circumstances.
These improvemergwill makeAR broadeapplicable and
easier adoptable.

Step 6

Stimulate familiarity
+

Knowledge sharing

Advancingthe AR technology

Everyone in the company should be familiar with AR. T
R2y Qi ySSR (G2 1y26 Ftt
be familiar with the concept and know whistgoing on.
This is done by includim®R in the overall vision, ideas
and having a strategy concerning the technology.
Furthermore giving presentations, doing lecturesmnd
organizing popup eventscan be valuable additions in th
process of making AR familiar. AR technology should
broughtto the employeegqpreferablyexperiencedy a
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handson experience)This gives them the chance to gel
feel for the technology and learn about tlaelded value
which stimulates the acceptancandwill to use the
technology.

In the idealsituation,the whole construction industry
shauld be familiar with the technology. Knowledge
sharing throughout the whole industry facilitates this
process, allowing for even faster adoption and
development regarding AR.
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