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Abstract: Facility management (FM) has become an important topic for research and academic study on the operation and 
maintenance phase of the construction life cycle. Managing FM effectively is extremely difficult owing to various 
environments. One of the difficulties is the performance of 2D graphics when depicting facilities locations. Building 
Information Modeling (BIM) uses precise geometry and relevant data to support the facilities to describe 3D object-oriented 
CAD. This paper proposes a new and practical methodology to apply FM with an integrated RFID and BIM approach. Using 
RFID and BIM technologies, this study proposes an Integrated BIM/RFID-based Facility Management (IBRFM) System for 
FM staff in the operation and maintenance phase. The IBRFM system is then applied in selected case study of a commercial 
building project in Taiwan to verify the proposed methodology and demonstrate its effectiveness in FM practice. Using the 
IBRFM system, FM staff can access and review 3D BIM models for editing related maintenance records in a digital format. 
The combined results demonstrate that an IBRFM-like system can be an effective visual FM tool. The advantage of the 
IBRFM system lies not only in improving FM work efficiency for FM staff, but also in facilitating easy FM updates and 
transfer in the 3D CAD environment. Moreover, this study presents a generic system architecture and its implementation. 
 
Keywords: BIM; Building Information Modelling; RFID; Information System; Facility Management, Maintenance 
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I. INTRODUCTION 
 
Facility management (FM) has become an important 
research topic in the operation and maintenance phase 
of construction life cycle. Managing inspection and 
maintenance information about equipment and 
facilities contributes to successful FM. Managing FM 
work effectively can be extremely difficult in 
construction owing to various types of equipment and 
facilities. Furthermore, it is inconvenient for FM staff 
to maintain those facilities by relying on related 
paper-based documents. Therefore, it is necessary for 
FM managers with an efficient tool to provide the 
related services for the inspection and maintenance 
information of facilities during the operation process 
(Vanlande 2008; Pittet 2014; Lin et al. 2014). The 
latest information technology solutions provide for 
improved maintenance management. Most of the 
management work is done by human labor, which is 
inefficient and sometimes error-prone (Li and 
Becerik-Gerber 2011).  
 
In view of FM work, FM staff usually refers to 
information such as specifications, checklists, 
maintenance reports, and maintenance records. FM 
staff must record inspection and maintenance results 
on hard copies. Consequently, there can be significant 
gaps in data capture and entry. Such means of 
communicating information between the facility 
location and the management office are ineffective 
and inconvenient. According to the survey findings 
regarding maintenance work of buildings in Taiwan, 
the primary problems regarding data capture and 
sharing are as follows: (1) the efficiency and quality 
are low, especially in the FM process through 
document-based media, (2) it is not easy to reference  

 
relevant BIM model and detailed information on 
facilities during the FM process, and (3) there are 
data re-entry problems during the FM process. 
However, few suitable platforms exist to assist FM 
staff to assess BIM model easily for referring 
maintenance information. 
The performance of FM can be enhanced by using 
web technology for information sharing and 
communication. Automatic identification procedures 
have recently become very popular in numerous 
service industries for purchasing and distribution 
logistics, as well as in manufacturing companies and 
material flow systems. In this study, the FM work 
includes inspection and maintenance works. By 
integrating automatic identification technologies 
(such as RFID technology), the effectiveness of FM 
work is enhanced and improved (see Fig. 1). In order 
to enhance the effectiveness of FM work on the 
buildings, this study presents a novel mobile system 
called Integrated BIM/RFID-based Facility 
Management (IBRFM) system for the acquisition and 
tracking of maintenance information and provides an 
information sharing platform for FM staff using a 
RFID-enabled notebook or tablet. Integrating the 
BIM and RFID technologies, information and data 
entry mechanisms can help to improve the 
effectiveness and convenience of information flow in 
the FM process. The primary objectives of this study 
include (1) applying BIM and RFID technologies to 
increase the efficiency of accessing BIM models 
effectively, (2) accessing RFID technologies directly 
to link detailed information with BIM models on 
facilities for FM, and (3) developing an integrated 
BIM/RFID-based system for FM, providing real-time 
information and wireless communication between 
offices and facility locations. The IBRFM system is 
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then applied to a commercial building in Taiwan to 
verify our proposed methodology and demonstrate 
the effectiveness of the FM process in construction. 
The combined results demonstrate that the IBRFM 
system can be a useful BIM-based FM platform by 
utilizing RFID and BIM technologies. 
 
II. RELATED RESEARCH STUDIES 
 
There are many researches and literatures regarding 
to the BIM in construction. There are many core 
benefits, barriers, framework, critical standards and 
recommends of BIM cited in the previous work in 
supporting decisions and improving processes (Tse et 
al. 2005; Eastman et al. 2008; Shen and Issa 2010; 
Manning and Messner 2008; Succar 2009; Becerik-
Gerber and Rice 2010; Jung and Joo 2011; Barlish 
and Sullivan 2012; Love et al. 2015; Wang et al. 2015; 
Giel and Issa 2015; Abdirad 2015). During the 
operation phase, these benefits will include post-
construction plan for FM service, opportunities and 
challenges for adopting BIM for owner, control of 
facilities management progress, integrated life-cycle 
data, rapid and accurate information of updating and 
changing activities, more effective facility 
management with easier information and knowledge 
exchange and sharing (Eastman et al. 2008; Hardin 
2009; Staub-french and Khanzode 2007; Manning 
and Messner 2008; Underwood and Isikdag 2010; 
CRC 2010; Laura et al. 2012; Burcin et al. 2012; 
Pittet 2014; Liu and Issa 2015; Wang et al. 2015; Liu 
and Issa 2015; Giel and Issa 2015; Abdirad 2015; 
Tulenheimo 2015).  
 
III. SYSTEM DESIGN 
 
Usually, the user needs to time to access the BIM 
element of when they  In order to quickly access BIM 
models and facilitate maintenance management of 
building facilities, this study integrates BIM and 
RFID technologies to enhance FM work and provide 
detailed FM information communication. An 
integrated web platform can link all information on 
building facilities to improve the effectiveness of the 
FM process.  
The application of BIM/RFID technology in the 
management of facilities both inside and outside of 
the construction building focuses on its rapid 
identification and supports FM staff in handling FM 
through the 3D BIM models. By scanning the RFID 
label sticker on a facility, FM staff can obtain the 
corresponding BIM model of the facility and directly 
access FM information about the facility such as 
instruction manuals, photos, video of operations, 
maintenance history and manufacturer information. 
Furthermore, a 3D BIM model improves upon 
traditional 2D drawings that make it difficult to 
illustrate the vertical location or position of facilities. 
The IBRFM system consists of a BIM subsystem, 
RFID subsystem, mobile devices subsystem and hub 

center subsystem. Significantly, the BIM, RFID, and 
mobile devices subsystems are located on the client 
side, while the hub center subsystem is on the server 
side. Each subsystem is briefly described below. Fig. 
1 shows the framework of the integration of BIM and 
RFID technologies used in FM. 
 

 
Fig.1. The framework of the integration of BIM and RFID 

technologies used in FM. 
 
3.1 BIM Subsystem of IBRFM System 
In this study, BIM is used as an information model in 
the IBRFM system. The BIM is applied in the 
IBRFM system to capture and store basic information 
about the facility, including basic descriptions, 
parameter-related information, maintenance records, 
and interface reports. Autodesk Revit was used to 
create BIM model files. Autodesk Naviswork was 
used to read BIM models of facilities. Information 
integration with the 3D BIM models was achieved 
using the Autodesk Naviswork API and Microsoft 
Visual Basic.Net (VB.Net) programming language. 
The IBRFM system was developed by integrating the 
3D BIM models of facilities and maintenance-related 
information using the Naviswork API programming. 
ODBC was utilized to integrate acquired data from 
different software programs and all maintenance 
information, such that BIM files can be exported to 
an ODBC database for connection with the IBRFM 
system.   
3.2 RFID Subsystem of IBRFM System 
RFID technology can be utilized with tablets or smart 
phones, thereby allowing staff to integrate automated 
work processes at labs and on construction sites, due 
to the ability to capture data. With a USB RFID 
scanner plugged into a tablet, the RFID-enabled tablet 
is a powerful portable data collection tool. 
Additionally, RFID readings increase the accuracy 
and speed of information entry. The RFID technology 
can be either a passive or active system. In this study, 
high frequency (HF) passive RFID technology is used 
because it has the short distance read range 
characteristic while proving cost-effective for this 
project. 
3.3 Mobile Devices Subsystem of IBRFM System 
There are two mobile devices used in the IBRFM 
system. The tablet system adopts a Samsung Series 7 
tablet as the RFID-enabled tablet hardware. The 
Samsung Galaxy Tab tablet runs on Windows 8. All 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-4, Issue-4, Aug.-2017 
http://iraj.in 

Integrated BIM/RFID-Based Facility Management System 
 

70 

data in the tablet module are transmitted to the server 
directly through the web. The notebook adopts a HP 
Pavilion notebook as the RFID-enabled notebook 
hardware. The HP Pavilion notebook runs the 
Windows 7 operating system. All data in the tablet 
and notebook are transmitted to the server directly 
through the web via Wi-Fi or 3G.  
 
3.4 Hub Center Subsystem of IBRFM System  
The hub center is an information center in the IBRFM 
system that enables all participants to log onto a hub 
center and immediately obtain information required 
for FM. Users can access different information and 
services via a single front-end on the Internet. For 
example, FM staff can log onto the hub center and 
securely access the latest FM schedule information. 
FM managers can check the maintenance status, 
results and various other inspection-related data.  All 
facilities-related information acquired within the hub 
center subsystem is recorded in a centralized system 
database. All FM staff can access required 
information via the hub center subsystem based on 
their access privileges. 
 
IV. SYSTEM DEVELOPMENT 
 
The IBRFM system server is based on the Microsoft 
Windows 2008 operating system with an SQL Server 
2008 R2 as the database. The IBRFM system is 
developed by VB.NET programming, which is easily 
incorporated with ADO.NET to transact FM and BIM 
information with a SQL Server database. The IBRFM 
system consists of three different user areas – FM 
staff, FM manager, and BIM engineer areas. Access 
to the IBRFM system is password-controlled. Fig. 2 
shows the framework overview of the IBRFM system. 

 
Fig.2. Framework overview of the IBRFM system 

 
4.1. System Functionality Description 
This section describes the implementation of each 
major functionality module in the IBRFM system. 
FM Information Functional Module: 
 
The functional module provides FM staff with 
detailed FM information on facilities by reviewing 
3D BIM models. This module enables all FM staff to 
refer to related FM information and historical 
maintenance records for the selected facility quickly 

and easily in the 3D BIM-based environment. This 
module allows FM staff to refer to basic information, 
and specifications associated with 3D BIM models 
during the FM process. This module also has a search 
function that enables the information to be found and 
retrieved easily.  
 
4.2 FM Maintenance Functional Module: 
FM staff can download the most up-to-date 
maintenance records through the 3D BIM models and 
enter facility maintenance results directly into the 3D 
BIM models. Additionally, the modules can 
automatically produce the corresponding maintenance 
forms through the 3D BIM models. Tablets display 
the checklist for every facility maintenance task. FM 
staff can record maintenance information such dates, 
conditions, inspection results, descriptions of 
problems that have arisen during maintenance, and 
recommendations. Furthermore, FM staff can also 
check tasks that do not pass the inspection and select 
relevant tasks from lists in the 3D BIM models. The 
module has the benefit that maintenance results and 
records can be transferred between the tablet and 
IBRFM system by real-time synchronization, 
eliminating the need to enter the same data more than 
once. 
 
4.3 FM Process Monitor Functional Module: 
This functional module is designed to enable FM 
managers to monitor the FM process. The progress 
monitor module provides an easily accessed and 
portable environment where FM staff can trace and 
record all maintenance information and statuses 
through the visualized and colorized BIM model. 
4.4 FM Reports Functional Module: 
Users can easily access the FM reports functional 
module to identify needs and analyze FM results 
information. Authorized records for interfaces can be 
extracted and summarized for the final FM result-
related reports. Furthermore, all FM reports can be 
extracted using commercially available software such 
as Microsoft Excel. 
 
V. CASE STUDY 
 
This study is applied to a construction building in 
Taiwan for the case study. This study utilizes a 
IBRFM system in the FM in construction building. 
Usually, the FM work is executed every month. 
Existing approaches for tracking and managing FM 
work rely on paper-based records. The bulk of FM 
work was paper-based and documented by repeated 
manual entry, although a FM system was developed 
for a standalone software application. Therefore, FM 
staff in the FM division utilized the IBRFM system to 
enhance FM work in the case study. Fig. 3 shows 
RFID-enabled tablet used in the case study. Fig. 4 
shows FM staff scanned the RFID tag and accessed 
BIM model of facility. 
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Fig.3. RFID-enabled tablet used in the case study 

 

 
Fig.4. FM staff scanned the RFID tag and accessed BIM model 

of facility 
 
Limitations and Barriers  
The findings of this case study revealed several 
limitations of the IBRFM system. The following are 
inherent problems recognized during the case study. 
 If BIM models do not exist for the purpose of 

construction management during the 
construction phase, the BIM approach 
integrated with FM will likely not be 
implemented within the 3D CAD environment. 
Most FM companies do not want to spend the 
time and cost using BIM just only for FM work 
of building projects. 

 It was difficult for new users to operate BIM 
model in IBRFM system. Some FM staff was 
initially unfamiliar with BIM models. It usually 
takes time to learn how to use BIM models. In 
the case study, the use of the BIM system 
initially lengthened the FM operation over the 
traditional approach, since users required time 
to find the corresponding BIM model and fill 
out the FM information in the IBRFM system. 
After the user is skilled and familiar with BIM 
model, the time required by the current 
approach and the proposed system is almost 
exactly the in FM operations. 

 RFID tags attached to outdoor facility are easily 
damaged because of external environmental 
pollution (such as dust, rain, etc.). Therefore, it 
is necessary to consider and enhance protection 
and waterproofing of the RFID tag. 

 HF RFID technology’s short-read distance 
range was the primary limitation in the pilot 

case study. Some facilities were installed up 
high where FM staff could not reach them 
easily. It is recommended that the RFID tag be 
attached lower on the facility easier scanning or 
to attach RFID tag that is associated with all the 
BIM models of facilities in the room at the 
entrance of the room. User can scan RFID tag 
at the entrance of the room to find and select 
the BIM model of facility directly. 

 
CONCLUSIONS 
 
This study presents the IBRFM system that 
incorporates BIM and RFID technology to improve 
the effectiveness and convenience of FM in a 
construction building. The IBRFM system not only 
improves FM efficiency, but also provides a real time 
service platform during the FM process. In the case 
study, RFID readings increased the accuracy and 
speed of BIM model searches, indirectly enhancing 
performance and productivity. FM staff used RFID 
enabled tablets to seamlessly enhance FM work at 
facility locations, owing to the system’s searching 
speed and ability to support related information 
collection and access during the FM process. 
Meanwhile, on the server side, the IBRFM system 
offers a hub center to provide the FM division with 
real-time monitoring capacity during the FM process. 
Integrated with characteristics of 3D BIM model 
illustration and BIM parametric design, the IBRFM 
system show quickly the necessary maintenance 
information using facility BIM model based on 
selected task type, and clearly presents the position 
and height of selected facility. Furthermore, this 
solution improves upon traditional 2D drawings that 
do not easily illustrate the vertical location or position 
of the facilities. 
In a case study, the application of the IBRFM system 
helped to improve the FM work of a commercial 
building in Taiwan. Based on experimental results, 
this study demonstrated that BIM technology has 
significant potential to enhance FM work. The 
integration of BIM technology with RFID technology 
helps FM managers and FM staff effectively to track 
and control the whole FM process. Compared with 
current approaches, the combined results demonstrate 
that a IBRFM system can be a useful mobile 
BIM/RFID-based FM platform. This research has 
shown that a RFID system can be used as key to open 
a remote database of information. Although there are 
some challenges indicated above, the proposed 
system has shown a great potential to be used for FM 
in construction building with the promising results 
shown in this study. 
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