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Abstract
The online observation of a construction site armt@sses bears significant advantage to
all business sector. BIM is the combination of ar8bdel of the project and a project-
planning program which improves the project plagnimodel by up to 6D (Adding Time,
Cost and Material Information dimensions to the sipdRFID technology is an
appropriate information synchronization tool betwelee real and virtual world of BIM.
Also, the use of cloud storage and computing systenrid bring about outstanding data
access capabilities to the constructors as wadltleer project participants.
The accurate prediction power that BIM brings tastouction management and real-time
status update, while utilizing the RFID technologypuld greatly influence the efficiency
of automated project management and post congiruclife-cycle maintenance.
Meanwhile, cloud system will facilitate broad datansaction capabilities with the
project. Hence, these integrations would enhanostaaction management by improving
the data communication speed, real-time constnudite control process and Human
Resource Management as well. This paper introdandsevaluates a framework, which
integrates Radio Frequency Identification (RFIDrhieology for real-time, mobile
construction-site monitoring through a virtual mb¢@@IM) and cloud data sharing as
well as for processing activities. A case study leen carried out in the construction site
of a new dormitory in Eastern Mediterranean Unigr® examine different feasibilities
and limitations of the framework.
Keywords: BIM, cloud computing, RFID technology, constructimanagement

1- Introduction

Due to the dynamic characteristics of the aoietibn industry, the operation planning manage nasrut
resource management within a construction siténaredibly vital in improving the project in botmte and
cost efficiency. Time efficiency and waste eliminathave great leverages in the construction imghsst
relatively (Ren et al., 2007).

Building Information Modeling (BIM) is one of ¢htool that is being used more frequently in modern
construction projects (Eastman et al, 2011). BIMhs most recent generation of the OOCAD (Object
Oriented Computer Aided Design) that contains bB# tnformation about the objects which combine
together to form a building structure (Howell anat&heler, 2005).
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BIM facilitates the construction operation’s inf@tion flow in two segmented steps; this altogetheuld
trigger the data flow within the information netwaf the project.

The first step is the component or property sebactind the second step involves retrieval of tharimation
of the corresponding element in the virtual model.

Currently, the first step is being done by mamaaigation of the model (Meadati et al., 201)eTsecond
step which involves transferring and interpreting tipdated data into the BIM model, has recentBnbe
facilitated with cloud computing and the globalalaharing system (Jardim-Goncalves and Grilo, 20t0)
order to speed up the data flow within the consitbagoroject.

One of the common tools that the BIM users 2d8i in order to update their virtual model, is bdec
labeling of components and utilities as well as lihkage of real life components to their corregfiag
digital information, especially when the BIM modelee facilitated by the cloud system. This is dbge
scanning the barcode labels one by one; the tdahsican retrieve and edit the related informatbthe
facility or component and all of these could be @dry using the BIM/Cloud apps that are availabléctvh
are capable of using barcode system(Eadie et d3)2(MHowever, regarding to Barenji (2013) barcode
labeling has limitations surrounding its remote agal time status update of the BIM database.

Radio-frequency Identification (RFID) system sis®ys attached to a component to be identified By th
readers; the two-way radio transmitter-receiveltedanterrogatorsor readers sends signal to the tags, reads
and edits the stored information on the tags, arally, the readers generally transmit their obadons to a
computer system running RFID software or RFID midahre (Barenji et al., 2013). The aim of this gtisd
to utilize the BIM model as a construction managetteol with an online updating system using théRF
and cloud system, in other to make its applicatrmre beneficial for construction management. Thuslys
will present an integrated construction monitorgygtem that uses RFID technology to update elesent’
status in the 3D BIM model and then distribute thi@rmation using the cloud system. The framework
utilizes the RFID technology as a synchronizatiool for BIM to aid the construction project’s preses
i.e. during construction and in post-constructigperations and facility management. Systematicahig,
implementation instruction of the framework, itphpations and advantages will be discussed ingtidy.

2- Materialsand methods

2-1- Background infor mation about Building Information Modeling (BIM)

According to the National Building Information Mddey Standard (NBIMS) by National Institute of
Building Sciences (NIBS) (Penttil&, 2006), Buildingormation Modeling (BIM) is a digital represetitm
of the physical and functional characteristics loé facility. A BIM is a shared knowledge resourage o
information about a facility, forming a reliable di& for decisions during its life-cycle; defined exdsting
from earliest conception to its demolition.BIM mbeerks as a platform which operates by communmgati
with a complete and detailed construction informatilatabase; this allows the authorized positiortaeir
accessible information and lets them input, extnaptiate and edit these digital data throughoubthilgling
lifecycle (Goedert and Meadati, 2008). Each cowsitva project has four different segments in its Gycle.
An illustration of this segmenting is shownEmror! Reference sour ce not found..

2-2- Cloud computing

The internet and developments in computer and maédhnologies has not only changed the lifestyles
humans but it has also shaped the business watbtlt The mannerism of paper based old business
transactions are replaced with new smart devicelsiding PCs, smart phones, and tablets. Although th
history of computers and internet in the busingsscum isn't too long, today one cannot imagine a
business day without utilizing these devices.

Cloud computing as an increasing technologigaid, combines various known technologies throlgh t
power of internet. From the date this terminologgswsed until now, it has reshaped and continues to
reshape the traditional IT process. Zhang et aD1@) stated that the cloud computing technology ha
become possible thanks to the rapid advances ipwetmng technologies such as processing and stoaage,
well as the success of the Internet.
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Although there is still no exact definition foloud computing, The Institute of Standards andhfietogy
(NIST) defines cloud computing 8 model enabling ubiquitous, convenient, on-demaativork access to
a shared pool of configurable computing resourcesy.( networks, servers, storage, applications and
services) that can be rapidly provisioned and rezhwith minimal management effort or service mlewi
interaction”. In general terms, cloud computing refers to a claindch comprises both delivered services
over the Internet and sources of these servicesgXample, datacenters including hardware and sgste
software. The remote accessible hardware and seftara actually what people call as the cloud (Aulet
et al., 2016). Cloud computing provides numerousathges over the traditional services. Grossm@h2R
stated the reason why cloud computing has beconpmgolar is due to three topics: scale, simpliaityl
pricing.

Exploiting true capabilities and capacities feé tloud system would require an integrated, ndtased
collaborative BIM model instead of a collection sthndalone files and documents. The integrated imode
would needactive BIM serversector that enables the real-time collaboratiomproject participants that
provides real-time access to the live BIM modelday stakeholders through software applicationsing
on various mobile devices. Aforementioned, intenseitive BIM server requires a multitenant software
architecture in order to be able to scale up whith ‘tloud” and fully utilize its infinite data stage and
computing capacity to provide the best return gésiment (ROI) on the IT infra-structure(Varkor2011).

2-3- RFID Technology

The RFID system is a set of tags, readers withnaate and a software application that works as a
middleware and a driver for a server computer. Tdgs are usually stationary and are connected to
equipment or components. Each tag will have a wni§uwhich is recognizable to every member involved
in the component’s supply chain (Barenji et al140

The main role of this system is to gather tHermation from the tags in real-time, even if thgs are not
within the line-of-sight; this accomplished by sewdradio waves to the tags (Barenji and Degirmenc
2015). Readers can read and find tags that aranwitie range of detection of their antennksror!
Reference source not found. is a simple and overall illustration of a typi&FID system.

RFID systems consist of hardware componemtéch includes: tags, antennas, readers ast h
system while the software components is composéite RFID system software, RFID middleward an
application software. The sequence UML diagram psed by author in the last work illustrated in the
Figure 2.

3- Proposed framewor k

To structure the step by step demonstration ofrdreework’s implementation instruction, the constian
processes has been divided into four segmenthgisame manner it had been done in second ch&bkér (
sectionError! Reference source not found.). Error! Reference source not found. is an illustration
of these four segments in sequence.

3-1- Project planning phase

At this stage, the site plan and the 3D model walddirly generate an understanding about the space
limitations of the construction site. BIM model wduaid the project planners to understand the space
complexities and land regulation that exists in gineject construction area; this will enable thejgct
planners come up with the most optimum site anditiadocation plan. When this stage is reached th
decision makers should forecast with as much acguas possible, in other to plan towards making the
construction operations to be acceptably sufficient
Accordingly, this framework generally approachee thndamental decision and finalizes it within this
stage; moreover, the decisions about RFID tagsraaders must also be finalized at this stage. These
decisions should cover:

Tags:
*  Which structure members are going to have RFID s&igehed to them? (Columns, Beams,
Door frames and etc.)
* All of the non-structural members in the buildifgt are going to be tagged.
* When are the chosen components going to be tagged?
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* What is the equipment tagging instruction?

* Whether the project will have HR tagging or not?

* Which tags are going to be passive and which onddnae active?
*  Which type of passive tag?

*  Which type of active tag?

Readers:

» Will the project have any gate type reader? Ilfvgaere is it going to be located?

e Stationary readers’ data filtering information gprecified readings.

* How many portable readers are needed?

* What type of portable reader?

» Reading schedules and reading sequences of thbytdlge portable readers.
The outcome of this phase’s decision will be twtidro layers of the framework as illustrated&nr or!
Reference sour ce not found..

3-2- Design phase

When the project reaches the design phase, alieobperational strategies are clear and so, thextqe
directors and engineers have to find the most aptichoperational processes to carry out and iritiae
project. Considering the RFID/BIM framework, alletfundamental actions are required to satisfy the
decisions described in the previous section. At gtage, the whole system should be designed inthet
software and hardware aspects, in order to ggtribject ready for the initiation of the constructidnitially,
the design phase RFID/BIM operations will implemtna planed strategies about tags and readerslleasswe
create two layers above two previously mentiongdrisof tags and readers; as a result, this wonidiZze
the framework in four layers. . RFID implementatiofaccording to decisions of the Planning Phase) ar
linked to the BIM model through smart software agadions; and then, the upper layers (Smart soéwar
local applications and BIM model) are connectedulgh cloud service which also needs to be prepatred
this phaseError! Reference source not found. illustrates four outcome layers of the planningl an
design phases.

At the end of this phase, the processes andemmabtations of the integrated framework of
BIM/Cloud/RFID is ready for use. The modified BIMogtel and the customized software applications which
handle the RFID technology will now be connecterbtigh the globally available services of the cloud
system; hence, great amounts of observation cépedihas been provided for the owners and managers
Relatively, fast information flow capabilities withake project planning, operation management, tovgn
management and resource management greatly iradgaad sufficient. Furthermore, the functionalities
processes and methodology of this framework duromgstruction and post construction will be desatilve
the following phases.

3-3- Construction phase

The main purpose of the design of this framewortkis phase, due to the full capture of every aspaad
capabilities of the framework. All the decisionsatttthe management had made in planning phase as
mentioned in related sections, were associatedamtapplicable strategic reasoning; This will pracfeful
as the capacities and functions of the framewodoimstruction phase; at this stage, the framewaogtaded
operations are of two segments i.e. theror! Reference source not found.” and “Error! Reference
source not found.”. The benefits, results and applications of impdeting this framework during
construction, will aid the project management ifiofsing criteria: (afgrror! Reference source not
found.,(b)Error! Reference source not found.,(c)Error! Reference source not found., (d)Error!
Reference source not found., and (eferror! Reference source not found..

3-4- Post-construction applications and benefits

After construction all of the RFID tags which weatached to building’s components, would remain
attached and they are still readable by any typeader, thus once again information about the compts
is going to be retrievable. The building would asta group of smart objects which are linked tdothiding
BIM 3D model, hence, it could have all the benefitevided by the BIM integration with additional
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enhancements associated with the RIFD integratiod eloud system capabilities altogether. The
framework’s additional benefits are described is #ection under two perspectives i.e. (1) The lBaci
Manager and (2) Construction firm.

4- Case Study

Case study is a scaled examination of the RFIRymateon in BIM/Cloud system. The beauty of cas&gtu
is that it demonstrates and examines the capabilaf this framework first in operations relateddeta
retrieving and data editing done by portable remder

In order to demonstrate these two scenario®m fio the Eastern Mediterranean University's dasngit
which is under construction has been chosen asxperimental area. An approximate BIM model of the
room has been developed in Autodesk Revit Archirec2012. Two software programs had been developed
by C# Visual Studio .Net Framework; one for thetgble device and the other for the stationary cdampu
The communication between these two software i®ldped based on XML (Bareniji et al., 2016). RFID
reader updated information to the first softward #re RFID software updated information to the dldy
XML. The handheld tablet device with a built in BFfeader with internet connectivity capabilitiesswa
chosen as the portable reader in this case study, the RFID antenna is located at the entrant¢leofoom
as the smart gateway in this case study. The aatenoonnected to a reader which is located bdbiele
laptop computer that is also located in the neatréhrough the means of wiring. The computer costéne
software program that is prepared for the statprmamputer and this is connected to the internen T
different tags have been chosen for the experirakmthich their ID codes where defined in the sofsva
programs.Error! Reference source not found.illustrates pictures of tags and tagged air-coaditig
system as well as light switch; aldex,ror! Reference source not found. is a list of RFID tags’ IDs and
the component assigned to them.

In Revit, the BIM model of the room showcasirigad the components listed ikrror! Reference
source not found. has been defined and all the respective addititypal parameters has been added to
their identification parameters which will be uskd the case study's test scenarios. The first tags
represent tags that are going to be attached tedhaicians doing the experiment. Additionallye ttefined
parameters and details of the parameters as weletals of defining them in the program are listed
Error! Reference source not found..

There are three properties to be defined foh g@rameter as listed frror! Reference source not
found.. The discipline property of the parameter defihew it is going to be used in Revit i.e. eitheisit
going to be used within the internal functions @vR (structural or Electrical) or it is just goirng be a
common parameters for other uses. All of the patarsedefined for the purpose of this case study are
defined as common parameters. Type of the pararnseteider the category of the input value. It defithe
range and type that is allowable for the input gadfi the parameter (e.g. Text, Integer, Time, Y&sand
etc.). All of the parameters in Revit are dividedoi different groups such as Dimensions, Structural
Graphical and Identity Data. Since the scenariosahstrated in this case study are scaled versitimeateal
application of the framework(i.e. with the aim ekting the RFID integration with the available Bivid
cloud systems), the cloud system that is utilizethis case study is not a computing cloud systean hias
been specially designed for BIM like Autodesk 3&8;a matter of fact, it is just a simple commerciaud
storage provider which would satisfy the aim andcfions of this examinations. In the ideal situatithe
cloud system can operate files related with BIMtsafe programs. Consequently, the software programs
that have been developed for this examination @sgd to perform within the aforementioned cloud
network and to operate within the expectation efghse study and not the real-complete framework.

The aforementioned description could be coneiilers a scaled planning and design phase of tkee cas
study. Scenarios that to be explained are goingetdorm as examples of operations done during the
construction phase of the project.

At this instance, a worker (a student) will pgg®ugh the chosen room with the portable reallae. aim
is to find a specific component, edit one of itstss parameters and then, the “Air Conditioningt&wys
will be chosen to be the ‘aim component’ of thenade. The plan is to detect the air conditioniggtem
with the portable reader and change the instaligt@rameters. Afterwards, the result would be aleskein
the local computer which is located in the nextmaafter the software is refreshed, this will update BIM
model according to the updated database in th& clou
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In other for the objective of the scenario ¢orbalized, the BIM database had to be develop&tidgrosoft
Access. This was undertaken by exporting the Rendghitecture 2012 model to MS Access through Open
Database Connectivity (ODBC); this feature is aldé in Revit. The ODBC exports the BIM and creates
database tables for model types and instarieesor! Reference source not found.is a snapshot of
Microsoft Access 2013, where the exported BIM dasasbis open. At the left side of the figure is Ity
list of tables created for each element and alsch element type. Each table contains all of thrarpaters
of the element as different fields and values efftalds for different element which is listed hettable. As
it is viewable inError! Reference source not found., the added parameter of “RFID Tag ID” is
available in the data table of the “Mechanical pquent” which represents the air conditioning systhat
corresponds to the BIM model in Revit.

In the next step, the exported database wilkdped to the Cloud storage to become availableVery
portable and stationary software through interfibé cloud system has software, which is designedeatke
the containing files available offline in differemtevices and if any changes takes place, it would
automatically upload the newer updated file andaagpthe older one with it. Hence, the databasddvoel
available for each device offline and in case amgnges taking place by any of the users, the cld&base
file will be replaced by the newer updated one.

Another functionality that is expected from theftware program of the portable reader is the ree
ability to detect the chosen RFID tag. It will hiigiint its reading record and bring it to the toptlnd tags that
are within its reading range; moreover, its readggprd is on the read list of the portable rea8eftware
program on the laptop computer uses Revit's ApjtinaProgramming Interface (API) to import the
updated database available on the cloud, back tit. Rénis process will update the BIM model witheth
latest available database on the cloud.

5- Results and Discussion

The settings of the BIM model schematic devaiofwe the first scenario in Revit, was modifiedstaow
only the elements of which their “Fixing and Infdbn” parameter's value is set to “yes”. Thislwhange
the visibility of the elements only that have tharameter in their defined parameters. The air itionihg
system initial “Fixing and Installation” parametgwvalue was set to “No”; and so, this means thatatin
conditioning system hasn't been installed yet. W@ inError! Reference source not found., which
is an illustration of the rendered outputs from iReg. before and after synchronization, the ainditioning
system appears after the user changes the valutes prameter. Also, other defined parameters hhat
been changed by the user with the tablet readee axailable in the updated model's parameter viewe

As regards to the component detection, theiegijin was performing as expected and as the wasr
moving inside room, the read list order was beimgnged automatically and then, the closest tagdvstaly
on top of the list. Also, after choosing the ainditioning system's tag as the aim of detectiorthim
program's setting, it did change the color of teading record of the component. Furthermore, after
selecting the desired component on the mobile dewlt of its properties became available and bliitan
the device.

The results of this scenario were compellingugihato illustrate the updating and synchronizatipeed on
this framework. The method used in this case siugythe exporting, updating and importing back the
database, needed reopening of the Revit file ety the database had been updated. Reopeningetlie R
model every time the user wanted to update the hiztmme very time consuming especially on computer
with slower processing power. However, this is tiat case in the original framework’s method, siiice
utilizes a cloud system with high computing poweattcan process the BIM files and illustrate thealfi
result online.

This case study clearly demonstrated the fdagilnf the framework for construction projects. dtso
proved that component tracking and facility manageinas well as data retrieval would gain lots afesp
and accuracy by executing this framework.

6- Conclusion

The presented framework is an outstanding set ol tthat provides clear visibility and monitoring
competence for every stakeholder of the constmgiroject and it is flexible enough to spread gsistance
all over the entire construction supply chain itleal
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This framework is also a transferable framewankaning that owners of the framework can easiyiiss
RFID equipment and components in their future mtsjeor even use them in different project
simultaneously. This would make owning such framdwam asset for construction firms and since tlaeee
many software based segments, it would become dattovery easily. Using BIM solely, has tremendous
amounts of benefits with respect to the constragtimject management and post-construction’s dpagat
as well as facility management. This framework wioadld real-time status synchronization of the Bid a
fast data retrieval from BIM during constructionedides, it would also provide detailed project and
component information for facility managers and mbemance workers. All of these are being executed
while the cloud system makes the whole informatismilable globally and unconditionally throughout
internet.
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