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Abstract. Radio frequency identi�cation (RFID) technology is emerging as an important
technology for improving management e�ciency. Web-Based Systems (WBS) are particu-
larly useful for managing operations spread over multiple locations. Arti�cial Intelligence
(AI) can be used to process uncertain and incomplete information which inevitably occurs in
the real world. This study aims to enhance managerial e�ciency through the integration
of RFID, web-based technologies, and arti�cial intelligence. RFID is primarily used to
identify managerial objects, while web-based technology is used for data management, and
AI is used to analyze the collected data. A real case is used to validate the applicability
of the proposed method. Experimental results show that the integration of RFID, web-
based systems, and AI can be e�ectively applied in a practical environment. The proposed
method can improve managerial e�ciency, data transfer, data quality, and service process
time. This study is one of the �rst to investigate the integration of RFID technology with
web-based technology and AI.
© 2015 Sharif University of Technology. All rights reserved.

1. Introduction

Radio frequency identi�cation (RFID) technology is
characterized by repetitive read/rewrite, non-contact
access to multiple tags. In recent years, RFID has
emerged as a key technology for management sys-
tems [1-6], and its application has been the subject
of many studies. Cardellino and Finch [7] surveyed
innovations in facilities management and recommended
RFID as having promise in the �eld. Wing [8] inves-
tigated RFID technology applications in construction
management, presenting a case study in which RFID
tags were used to collect data which was then passed
through the Internet to supervisors. The location and
status of equipment can also be controlled within a
building by RFID tags. Legner and Thiesse [9] applied
the technology to maintenance at Frankfurt Airport
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by integrating RFID and a mobile application with
the airport's asset management systems. Ergen et
al. [10] used RFID to overcome di�culties encountered
in facilities maintenance, and thus removed restrictions
on data transfer between maintenance workers. Ko [11]
proposed a positioning algorithm using a passive lo-
cation schema to allocate objects using RFID. The
developed location sensing algorithm is able to identify
the actual location of the target tags by iterative
revisions to reduce positioning error.

A Web-Based System (WBS) is a software ap-
plication that can be executed on web pages through
the Internet [12,13]. A WBS can be accessed from
anywhere, which is particularly useful for operations
spread over multiple locations [14,15]. This advantage
has led to web-based systems being widely applied
in diverse areas such as resource planning, education,
medicine and environmental management [16-19].

Arti�cial Intelligence (AI) is concerned with
building computer systems that solve problems intel-



300 C.-H. Ko/Scientia Iranica, Transactions A: Civil Engineering 22 (2015) 299{312

ligently by emulating human behavior [20,21]. AI
technology provides techniques allowing computer pro-
grams to carry out a variety of tasks which are currently
better performed by humans. Computer systems can
store huge amounts of data and run computations
free of subjectivity [22], allowing AI to serve as an
alternative approach to deal with decision-making
problems [23]. AI is frequently used to solve complex,
uncertain and incomplete problems such as Li and
Shi's [24] use of arti�cial neural networks for weather
forecasting. To minimize production costs, Taleizadeh
et al. [25] optimized multiproduct multi-constraint
inventory control systems using genetic algorithms. Ke
and Liu [26] used Fuzzy Logic (FL) to allocate resources
required by project schedules so as to balance total
costs and completion time.

RFID technology, WBSs, and AI are complemen-
tary rather than competitive. Engineering manage-
ment frequently entails simultaneously dealing with a
large number of managerial tasks. A method that
provides e�cient and robust object identi�cation can
be very helpful for achieving management purposes.
Managerial operations require continuous retrieval of
large amounts of data, and enabling the retrieval and
analysis of such data from diverse locations in real
time would provide signi�cant bene�ts to managers.
Although previous studies have explored the promise of
applying these three technologies for problem solving,
little research has been devoted to the development
of a comprehensive system for their integration. The
primary objective of this study is to integrate RFID,
web-based technologies and AI to enhance managerial
e�ciency. This study presents an investigation of RFID
technology, WBS, and Fuzzy Neural Networks (FNNs),
followed by an explanation of the research methodology
used and the integration framework. The e�ciency
of the proposed system is examined using a real-life
maintenance problem, documenting application results
and presenting conclusions.

2. Background

2.1. Radio frequency identi�cation technology
RFID is a wireless sensor technology �rst proposed
by Stockman [27] to identify useful applications for
\re
ected-power communication." One of the �rst
large-scale commercial uses was documented in the
1990s in electronic toll collection on US highways
in Texas, Oklahoma, and Georgia [28]. Since then,
RFID has been used across multiple industries and has
continued to advance in functionality and capability.
Today RFID is a generic term for technologies that use
radio waves to automatically identify people or objects.

As shown in Figure 1, a typical RFID system
consists of three parts: an antenna, a transceiver,
and a transponder. In the �gure, radio signals are

Figure 1. RFID system.

emitted by the transceiver through the antenna. The
transponder (RF tag) is activated and data on it are
read and written by the requested signals sent from
the antenna. The RF tag transfers data according
to request sent from transceiver. The transceiver is
responsible for acquiring data from signals returned
from the transponder. The data can consequently be
transferred to any computer system for processing [3].
The antenna can be packaged with the transceiver as
a compact reader/writer which can be implemented
either as a mobile or a �xed-mount device. The range
of radio waves emitted from the device depends on its
power output and the radio frequency used.

Unlike barcodes, RFID technology can dynami-
cally transmit and receive information to help identify
objects without \line-of-sight". Information stored
in the tag can be modi�ed, providing 
exibility for
managerial modi�cation. Information Technology (IT)
using RFID can be applied to overcome the problems
which limit traditional solutions (e.g., alphanumeric
codes and barcode labels) [29].

2.2. Web-Based Systems (WBSs)
WBS architecture typically consists of three tiers, as
shown in Figure 2 [30]. The storage tier is used
for storing system data. Data collected during man-
agerial operation period are stored in the database.
The application logic involves system modules and
database connections. RFID software applications and
database management information system function in
the layer. The presentation tier is used to interact with
the application logic layer, which includes graphical
interfaces.

Figure 3 shows how computational e�ciency is
driven by web and database servers. Web system
functions are programmed and transferred through
http/https protocols. The system inputs and outputs
are stored in the database. Users can implement
system functions through their browser. Under this
architecture, multiple users can simultaneously and
remotely interact with the system through the internet.

2.3. Fuzzy Neural Networks (FNNs)
One of the most popular AI paradigms, an FNN, is the
integration of FL with arti�cial neural networks [31,32].
FL was �rst developed by Zadeh in the 1960s to
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Figure 2. Web-based system conceptual architecture.

represent uncertain and imprecise information [33]. In
a broad sense, FL is synonymous with fuzzy set theory,
that is, the theory of classes with unclear boundaries.
In a narrow sense, FL is a logic system intended to
serve as approximate reasoning [34]. Fuzzy Logic Sys-
tems (FLSs) simulate the process of high level human
decision making, and aims to model imprecise modes of
reasoning to make rational decisions in an environment
of uncertainty and imprecision. As shown in Figure 4,
FLSs generally contain four major components: the
fuzzi�er, the inference engine, the rule base and the
defuzzi�er [35].

The arti�cial neural network concept originated
from work modeling the brain in the 1950s. Arti�-
cial neural networks are massively parallel distributed
processors made up of simple processing units (neu-
rons), which perform computations and store informa-
tion [22]. Modeling functions of the brain provides
an alternative approach to conventional methods. As
shown in Figure 5, a typical multi-layer feed-forward
network consists of three types of layers: input layer,
hidden layers, and an output layer. Combining FL
and neural networks into an integrated model has
promised in the development of intelligent models
capable of recreating qualities which characterize the
human brain [36].

Figure 4. Fuzzy logic systems.

Figure 5. Multi-layer feed forward networks.

Figure 6. Integration structure.

3. Research methodology

The objective of this study is to enhance managerial
e�ciency by integrating RFID, web-based technologies
and AI. The methodology used to integrate these three
technologies is shown in Figure 6. RFID technology
uses waves to automatically identify objects. This
characteristic allows for the transmission and recep-
tion of information without \line-of-sight", providing
advantages such as allowing rapid, multiple scanning at
a distance [11]. Low-cost passive RFID tags typically
have a limited memory capacity but, from a managerial
perspective, the identi�ed objects may contain signi�-
cant amounts of related information which cannot be
completely stored in the RF tags. One way to solve

Figure 3. Web-based system application architecture.
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this problem is to store object data in the database
and provide a linkage between database and the tag.
WBSs provide a platform through which data can be
managed from multiple locations. Platform integration
enhances managerial e�ciency through the remote
and automatic connection of object ID and related
information. The row data linked with object ID stored
in the database frequently reveals trends related to the
application [37]. AI techniques can capture complex
inputs and out mappings, and is thus adopted here to
analyze the row data. The proposed method integrates
RFID, web-based technology and AI to provide a
framework to capture, manage and analyze data. The
integration of these three methods has the potential to
enhance managerial e�ciency.

4. Identifying objects

This research uses RFID technology to identify objects.
Portable RFID (read/write) devices are adapted for
mobility and managerial purposes. RFID devices
are chosen according to weight, transmission power,
size, interface, price, and frequency range. Mobile
devices require light weight and small size, while
transmission power and frequency range are key to
optimizing scanning distance; interface control is a
key concern in determining appropriate software de-
velopment tools, and price is considered as part of
the deployment cost. Numerous RFID devices can
be found in the market, but the list can be narrowed
down to a few candidates according to the following
conditions: Ultra High Frequency (UHF), light weight,
small size, Universal Serial Bus (USB) connection,
Visual Basic. NET programmable, PC compatible,
and low cost. Ultimately, the Ensyc RFID Block was
selected, along with Gen 2 passive RFID tags with the
corresponding communications protocol. Active RFID
tags were excluded from the current application due to
economic considerations. Figure 7 shows the selected
RFID hardware. The devices can be controlled using
programming languages, such as C, C# and Visual
Basic.NET. Speci�cations of the selected device are
summarized as follows:

� RF output frequency range: 860 Mhz - 960 MHz;

� Power supply: USB;

� Dimensions: 114.3 � 114.3 � 50.8 mm;

� Weight: 220 g;

� Communications protocols: EPC Class1 GEN1 and
GEN2;

� Software development kit: Visual Basic.NET;

� Tag size: 94.9 � 7.9 mm;

� Tag protocol: GEN2.

Figure 7. Selected RFID hardware.

The selected RFID device, Ensyc RFID Block, is
attached to a tablet PC by USB, as shown in Figure 6.
Ensyc RFID Block is used to read from and write to
the RFID tag. The Wi-Fi enabled tablet PC then
transmits the tag information to the database server
through the internet. The process of sending and
receiving data between the RFID tag and the Visual
Basic.NET project solution is shown in Figure 8. The
program integrates an \RFIDBlock" class developed
by the RFID manufacturer to control RFID Block
Reader. A public class \Reader" is declared to enu-
merate reader commands. \MyReader" is de�ned as
a Reader. To access the database server, a visual
Basic.NET component \SqlClient.SqlConnection" is
used to specify the data source and security settings.
RFID tag information is read using the \ReadTag()"
method de�ned in the Class \Reader." Tag information
can also be written using the \writeTag()" method.
Finally, the read/written information can be updated
in the database.

5. Managing data

A web-based application is designed to provide
database management access to multiple users. As
the development platform, we recommend ASP.NET, a
technology developed by Microsoft, which can integrate
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Figure 8. Pseudocode for data transmission between RFID and visual basic.NET.

the selected RFID hardware with web application.
It supports multiple platforms including the personal
computers, cell phones, Personal Digital Assistants
(PDAs) and Palm devices. Users can thus manipu-
late the developed systems using these devices. The
integrated WBS may include application modules.
The system allows users to manipulate data stored
in the system database. Information related to the
managerial objects can be queried by entering values
or selecting from a list provided by the system. The
integrated WBS should be able to generate RFID codes
and write them onto tags using the RFID device. When
searching for information about a speci�c object, users
can pose queries using the item category, name or RFID
code, or can directly identify it using the RFID reader.

The system collects considerable amounts of data
while implementing managerial jobs. Statistical tools
could help users understand the distribution and prop-
erties of the data. Statistical charts, such as circle
graph, ogive, bar chart, and line chart could be used to
represent the system database.

6. Analyzing data

An FNN is used to analyze the row data, and FL
is used to represent the uncertain information and
execute approximate reasoning. Arti�cial neural net-
works are used to represent fuzzy rules. Complex
relationships between inputs (in
uencing factors) and
output (equipment lifetime) are identi�ed through
learning algorithms. The FNN architecture used in the
prediction module is comprised of four layers, as shown
in Figure 9. Each layer is explained as follows.

1. Input layer: The �rst layer is an input layer that
receives the input data features and distributes
them to the next layer (fuzzi�cation layer). This
layer contains m nodes corresponding to m in
u-
encing factors. As shown in Figure 5, each input
neuron distributes an input value to its membership
functions. The inputs of nodes h and Ih are crisp
inputs as formulated in Eq. (1). The outputs of

Figure 9. Fuzzy neural network architecture.

nodes h and Oh are formulated in Eq. (2):

Ih = ph; (1)

Oh = Ih: (2)

2. Fuzzi�cation layer: This layer converts crisp inputs
into fuzzy values using membership functions. This
layer has n nodes that can be divided into m
groups (input variables). Each node represents
a membership function. The input of nodes i
and Ii, is expressed in Eq. (3). In the equation,
each fuzzi�cation neuron connects with a single
input neuron. The output of nodes i and Oi can
be expressed using Eq. (4). The notation  (�)
represents a membership function.

Ii = Oh; (3)

Oi =  (Ii): (4)

3. Intermediate layer: Neurons at the intermediate
layer process the fan-in signals and then perform an
activation function (noted as '(�)). The non-linear
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mapping between the input and output layers is
handled primarily in this layer. The input for nodes
j and Ij is formulated in Eq. (5). The output for
nodes j and Oj is formulated using Eq. (6):

Ij =
nX
i=1

wjiOi; (5)

Oj = '(Ij): (6)

4. Output layer: The output layer processes the fan-
in signals and produces outputs. Because the
prediction module infers a single result (equipment
lifetime), the layer has only one neuron which
defuzzi�es fuzzy values into crisp values (defuzzi�-
cation). The input for nodes k and Ik is formulated
in Eq. (7). The output for the node Ok is formu-
lated in Eq. (8). The notation �(�) stands for a
defuzzi�cation function.

Ik =
rX
j=1

wkjOj ; (7)

Ok = �(Ik): (8)

6.1. Training method
The connection strength between the fuzzi�cation, in-
termediate, and output layers (i.e. wji and wkj), shown
in Figure 9, is adjusted by a training method. This
research trains the weight connections in the FNNs
using the Error Back-Propagation (EBP) algorithm,
one of the most popular training methods [38]. There
are two stages in the EBP algorithm: forward pass and
backward pass. In the forward pass process, features
of a learning pattern are inputted to the network to
produce actual outputs. Network errors are estimated
by comparing the di�erence between actual outputs
and desired outputs. During the backward pass, a
gradient descent method is used to modify the weights
between interconnections to reduce the errors based on
the predictive errors. Weights distributed in the FNN
are updated incrementally pattern-by-pattern until the
network converges.

The input signals propagate through the network
from left to right, whereas error signals propagate from
right to left. The EBP learning law adjusts connection
weights by comparing the actual and desired outputs.
The error signal of neuron k at learning iteration p,
ek(p), is de�ned in Eq. (9):

ek(p) = Od;k(p)�Ok(p); (9)

where Od;k(p) is the desired output of neuron k at
iteration p. The rule for updating weights wkj is
formulated in Eq. (10):

wkj(p+ 1) = wkj(p) + �wkj(p); (10)

where �wkj(p) is the weight correction that can be
calculated using Eq. (11) [39]:

�wkj(p) = ��Oj(p)� �k(p); (11)

where �k(p) is the error gradient at neuron k and � is
the learning rate. For a sigmoid activation function,
the error gradient can be represented as:

�k(p) = Ok(p)� [1�Ok(p)]� ek(p): (12)

7. Validation and veri�cation

7.1. Case study
This research uses a real instance of 
uorescent light
maintenance to validate the feasibility of the proposed
integration framework. Facility operating conditions
directly a�ect occupant satisfaction, but the 
uorescent
light functionality of a given facility will deteriorate
over time, requiring a well-tuned maintenance program
to maintain occupant satisfaction [40]. Assigning an ID
to each facility and piece of equipment is a common way
to manage facilities, with barcodes frequently being
used to acquire the required information. However,
paper-based barcodes are easily damaged and optical
communications between the barcode and the laser
scanner are easily disrupted or blocked, thus limiting
their e�ectiveness in facility maintenance [41].

The performance of the developed integration
framework was examined at a university in Taiwan.
The university has �ve colleges, 45 departments, about
10,000 students and more than 140 buildings in a
single campus. These buildings serve normal university
functions and are primarily used as o�ces, classrooms,
and laboratories. The facilities de�ned in the study
include the facilities and installed equipment. To
provide satisfactory service, facility and equipment
functions must perform normally, which depends on
periodic maintenance. The maintenance data in this
case show that 
uorescent light replacement takes up
67% of all maintenance e�ort. As a result, 
uorescent
light maintenance was selected for validation.

7.2. Identifying objects
In the current setup, the RFID interrogator is detached
from the tablet PC, making it di�cult to read the RF
tag. Another problem is that the equipment is di�cult
to hold during data entry. A carrying case, shown in
Figure 10, was used to enhance mobility by attaching
the RFID interrogator to the tablet PC, using a strap
to attach it onto the user's wrist (Figure 11), thus
leaving the user's hands free to write notes and execute
maintenance tasks. In addition, RF tag accessibility is
a�ected by environmental factors such as the presence
of metal. Thus, a wooden tag stand (Figure 12) was
used to hold the RF tags, providing an adjustable base
by which the RF tags can be adhered to a metal surface,
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Figure 10. RFID carrying case.

Figure 11. Usage sketch.

Figure 12. RF tag stand.

thus preserving RF functionality in potentially harsh
conditions.

7.3. Data collection
The lifetime of 
uorescent lights is primarily a�ected
by three environmental factors: (1) use time, (2)

on/o� frequency, and (3) humidity [42,43]. However,
these variables are inconstant across di�erent spaces
equipped with 
uorescent lights. In addition, these
factors are variable themselves, e.g. 
uorescent lights
have di�erent use times and on/o� frequencies every
day. Humidity changes every hour due to weather,
wind direction, and season. The other challenge to
collecting these data is that no records exist for the
use time, on/o� frequency, and humidity of 
uorescent
lights in these buildings. This research thus sought
to obtain these data by surveying facility users using
fuzzy linguistic variables. Three variables are used to
describe the use time, viz. \short" (four hours per day),
\average" (eight hours per day), and \long" (12 hours
per day). The on/o� frequency is described as \not
often" (twice per day), \moderately frequently" (four
times per day), and \very often" (six times per day).
Humidity is assessed by the facility location, with a
closed basement seen as the most humid location.

Normally, 
uorescent light maintenance at the
university is initiated by a passive \request sheet"
whenever a 
uorescent light begins to function poorly.
The more 
uorescent lights a facility has, the greater
the likelihood of a \request sheet" being initiated.
Therefore, the number of 
uorescent lights in a given
facility is also recorded as a variable. The 
uorescent
light maintenance period was obtained from campus
maintenance records, and the collected data are pre-
sented in Table 1. In the table, training data are used
to train the FNN while test data are used to evaluate
prediction accuracy. Fourteen cases (20%) were kept
for testing based on historical convention [44,45].

7.4. Analyzing data
The collected data was analyzed using FNNs to esti-
mate malfunctions prior to the next scheduled mainte-
nance check. Equipment should be regularly inspected
to maintain high levels of functionality, but equipment
lifetimes vary with environmental and usage conditions,
and quantifying in
uencing factors is a process full
of uncertainty. For example, it is not clear that 30
minutes of continuous use of a particular facility should
qualify as \long-duration" use, nor should usage �ve
times a week necessarily be considered \frequent use".
The other challenge in evaluating equipment lifetime
is that the impact of the in
uencing factors on the
equipment lifespan is ambiguous. Moreover, these
factors are mutually-in
uential to some degree.

The feasibility of the application of FNNs in

uorescent light maintenance is evaluated using the
14 test cases that were not included in the training
process. The prediction accuracy is tabulated in
Table 2. The root mean square error (RMSE) is 0.09.
This predictive result is satisfactory to facility users,
since 
uorescent lights can be either replaced before
or right after malfunction. Table 2 is represented in
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Table 1. Collected 
uorescent maintenance data.

Training patterns

Input Output

No. Use time
(hour/day)

On/o� frequency
(times/day)

Location
Number of

light
Maintenance
period (day)

1 8 3 Above ground 100 35
2 12 2 Ground 16 25
3 8 3 Ground 26 32
4 8 3 Ground 48 67
5 12 2 Above ground 17 74
6 12 2 Ground 38 39
7 8 3 Above ground 37 28
8 12 2 Above ground 3 32
9 12 2 Above ground 16 22
10 6 5 Ground 45 38
11 12 3 Ground 45 79
12 12 2 Above ground 40 42
13 12 2 Above ground 18 44
14 12 3 Ground 14 31
15 12 2 Above ground 60 22
16 12 2 Above ground 40 59
17 8 3 Above ground 40 89
18 8 3 Ground 16 108
19 8 3 Ground 24 19
20 8 3 Above ground 83 53
21 12 2 Above ground 214 12
22 12 2 Above ground 40 32
23 8 3 Ground 32 59
24 6 5 Above ground 96 72
25 6 5 Above ground 68 68
26 6 5 Ground 96 17
27 8 3 Ground 64 47
28 4 5 Ground 9 46
29 12 3 Ground 146 15
30 4 2 Above ground 80 34
31 12 2 Above ground 26 101
32 12 2 Ground 24 40
33 12 2 Ground 26 158
34 12 2 Above ground 30 17
35 12 2 Above ground 24 60
36 12 2 Above ground 36 79
37 6 5 Ground 128 53
38 6 5 Ground 63 32
39 6 5 Ground 70 23
40 12 2 Above ground 28 56
41 12 2 Above ground 28 62
42 12 2 Above ground 32 166
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Table 1. Collected 
uorescent maintenance data (continued).

Training patterns
Input Output

No. Use time
(hour/day)

On/o� frequency
(times/day)

Location
Number of

light
Maintenance
period (day)

43 8 3 Above ground 48 80
44 8 3 Ground 9 28
45 12 2 Above ground 18 28
46 12 2 Ground 40 49
47 12 2 Ground 12 57
48 6 5 Above ground 36 27
49 6 5 Above ground 36 31
50 8 3 Above ground 30 51
51 4 2 Above ground 20 46
52 4 2 Above ground 81 40
53 12 3 Above ground 112 66
54 12 2 Ground 48 38
55 12 2 Ground 48 35
56 8 3 Ground 32 55
57 8 3 Ground 26 71
58 8 3 Ground 48 21

Test patterns
59 12 2 Ground 24 52
60 12 2 Ground 14 47
61 12 2 Above ground 32 36
62 12 2 Semi-basement 30 61
63 12 2 Above ground 24 45
64 12 2 Above ground 24 49
65 12 2 Above ground 26 37
66 8 3 Ground 48 45
67 12 2 Ground 100 6
68 12 2 Ground 100 33
69 6 5 Ground 23 15
70 12 2 Ground 20 36
71 12 2 Above ground 32 43
72 12 2 Above ground 34 35

Figure 13, which shows that the trend of actual outputs
conforms to desired results. The developed FNN could
generalize 
uorescent light maintenance periods that
match the practical distribution.

In this case, maintenance sta� members perform
maintenance work for the 140 buildings on a monthly
basis, but respond to speci�c maintenance requests
daily. To perform 
uorescent light maintenance using
the current practice, prediction results are transformed
into a maintenance period. Predictive outputs are
converted into six degrees, viz. 1 month to 6 months.
The predictive results shown in Table 3 are converted
from Table 2. The acceptance rate is 79% which is
practical for maintenance sta�.

Figure 13. Comparison of actual and predicted
maintenance periods.
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Table 2. Prediction accuracy.

Pattern no. Actual
outputs

Desired
outputs

SE

59 0.35 0.29 0.00

60 0.34 0.26 0.01

61 0.31 0.20 0.01

62 0.22 0.34 0.01

63 0.30 0.25 0.00

64 0.30 0.27 0.00

65 0.30 0.21 0.01

66 0.24 0.25 0.00

67 0.12 0.04 0.01

68 0.12 0.18 0.00

69 0.20 0.08 0.02

70 0.35 0.20 0.02

71 0.31 0.24 0.00

72 0.31 0.19 0.01

RMSE 0.09

7.5. Discussion
Maintenance jobs are executed by sta� members car-
rying tablet PCs with portable RFID readers, which
are used to identify equipment. As shown in Figure 14,
maintenance data were entered into the system using
the WBS through a wireless Internet connection. The
amount of equipment accounted for in the study case
increased daily. The completed RFID system was
connected to a single database through the Internet,
enabling multiple users to conduct maintenance work
at the same time. The proposed system updates the

Table 3. Prediction acceptance.

Pattern
no.

Actual
period

(month)

Desired
period

(month)
Acceptance

59 2 2 Yes
60 2 2 Yes
61 2 1 No
62 2 2 Yes
63 2 2 Yes
64 2 2 Yes
65 2 2 Yes
66 2 2 Yes
67 1 1 Yes
68 1 1 Yes
69 1 1 Yes
70 2 1 No
71 2 2 Yes
72 2 1 No

Acceptance rate 79%

database in real time, which avoids data re-inputting,
duplicated maintenance and lost maintenance records.
Data stored in the database can be analyzed using
statistical graphs from anywhere at any time with
up-to-date distributions. An orgiv summarizing the
purchasing cost is shown in Figure 15. The proposed
system also uses maintenance records to actively fore-
cast the possible lifetime of equipment, as shown in
Figure 14. Users can establish a forecast for a speci�c
facility and modify the project with the corresponding

Figure 14. Prediction web-page.
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Figure 15. Statistical module.

Table 4. Comparison of integrating RFID, web-based, and AI methods.

Research RFID Web- based AI Application
Luvisi et al. [46] X X Vineyard traceability system
Samad et al. [47] X X Livestock management
Elghamrawy and Boukamp [48] X X Construction document management
Lee et al. [49] X X Logistics work
ow
Brilakis et al. [50] X X Construction entities tracking
Dias et al. [51] X X Supply chain management
Park et al. [52] X X Web search
Cruz et al. [53] X X Geospatial analysis
Tenorio et al. [54] X X Disease diagnosing
Proposed method X X X Fluorescent light maintenance

requirements. Proper facility functionality can there-
fore be ensured prior to the next maintenance round.
Other advantages of the developed RFID web-based
intelligent system include the ability of the tags to
capture information without contact or line-of-sight.
Tags can be read through a variety of visual conditions
such as paint, grime and dust, which are inevitable in
a working environment. These properties enhance the
applicability of RFID in real-life facilities maintenance.

Table 4 compares previous e�orts to integrate
RFID, web-based technologies and AI methods. For
those combining RFID and web-based technologies,
RFID is primarily used to identify objects, whereas
WBS is used for displaying/entering data. Lee et
al. [49], Brilakis et al. [50] and Dias et al. [51] combined
RFID and AI methods in an application to deal with
object management, e.g. logistics, supply chains and
tracking systems. Web-based and AI combinations
cover a wide range of topics. In these kind applications,

WBSs are not only used for displaying results, but
for web searches, while AI is used as a data analysis
tool. However, few studies have attempted to combine
RFID, web-based technologies and AI methods, espe-
cially in the �eld of engineering management. The case
study presents a novel application for the integration
of these three methods.

In this case, the greatest challenge to the use
of AI technologies is data acquisition. FL is an
appropriate way to acquire environmental data for
practical maintenance needs. FNNs are able to learn
complex input-output mappings through historical
maintenance records. The functionality of 
uorescent
lights is a�ected by complex factors that can be hard
to describe. For these reasons, precisely predicting
malfunction times is di�cult. In terms of approximate
reasoning, the validation results indicate that the
developed prediction module is applicable to real life
maintenance.
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8. Conclusion

This paper presents a framework for the integration
of RFID, web-based technologies and AI to enhance
managerial e�ciency. RFID is used to identify object
IDs while WBSs is used to manage data and AI
deals with incomplete and uncertain information. The
feasibility of the developed framework was veri�ed
using a real problem of 
uorescent light maintenance.

This study integrated RFID technology with In-
ternet technologies, management information systems
and AI to develop a web-based RFID intelligent man-
agement system. The system automated object iden-
ti�cation, reduced input errors, and saved operational
time. Unlike barcode systems, data stored in RFID
tags can be easily modi�ed, and the technology's non-
contact, non-line-of-sight characteristics allow RFID
tags to be used in challenging practical conditions.

The developed WBS can be implemented from
anywhere, at any time, on any platform using wired
or wireless Internet connections. Managerial e�ciency
is also enhanced in that the system enables multiple
users to simultaneously implement maintenance work
directly through the web-system. FNNs enable users
to predict equipment lifetimes with 79% accuracy. The
inferred results can allow for timely inspection, repair
or replacement which can reduce malfunctions and
breakdowns.

The proposed framework presents a novel ap-
proach to facilities maintenance that integrates RFID
technology, databases, Internet technology and com-
putational intelligence. The developed method poten-
tially breaks new ground in applying FNNs in RFID
applications. Lifetimes of 
uorescent lights are a�ected
by a range of complex factors, and cathode voltage and
Current Crest Factor (CCF) could be considered to
obtain more precise predictions. In the future, di�erent
kinds of AI techniques could also be explored for better
results.

Acknowledgments

This research was funded by the Architecture and
Building Research Institute (ABRI) and grant NSC
99-2622-E-020-006-CC3 from the Ministry of Science
and Technology, Taiwan, whose support is gratefully
acknowledged. Any opinions, �ndings, conclusions, or
recommendations expressed in this paper are those of
the author and do not re
ect the views of the ABRI and
NSC. The author would also like to thank the admin-
istrator of the case study for supporting this research.

References

1. Fontelera, J. \RFID exploration", Converting Maga-
zine, 23, pp. 28-32 (2005).

2. Hunt, V.D., Puglia, A. and Puglia, M., RFID -
A Guide to Radio Frequency Identi�cation, Wiley-
Interscience, NY, USA (2007).

3. Domdouzis, K., Kumar, B. and Anumba, C. \Radio-
frequency identi�cation (RFID) applications: A brief
introduction", Advanced Engineering Informatics, 21,
pp. 350-355 (2007).

4. Kumar, B. \Special section on RFID applications in
engineering", Advanced Engineering Informatics, 21,
p. 349 (2007).

5. Ngai, E. and Riggins, F. \RFID: Technology, appli-
cations, and impact on business operations", Interna-
tional J. of Production Economics, 112, pp. 507-509
(2008).

6. Ko, C.H., Pan, N.F. and Chiou, C.C. \Web-based
radio frequency identi�cation facility management sys-
tems", Structure and Infrastructure Engineering, 9(5),
pp. 465-480 (2013).

7. Cardellino, P. and Finch, E. \Mapping IT innovation
in facilities management", Electronic ITcon, 11, pp.
673-684 (2006).

8. Wing, R. \RFID applications in construction and
facilities management", ITcon, pp. 11711-721 (2006).

9. Legner, C. and Thiesse, F. \RFID-based maintenance
at Frankfurt airport", IEEE Pervasive Computing, 5,
pp. 34-39 (2006).

10. Ergen, E., Akinci, B., East, B. and Kirby, F. \Tracking
components and maintenance history within a facility
utilizing radio frequency identi�cation technology", J.
of Computing in Civil Eng., 21, pp. 11-20 (2007).

11. Ko, C.H. \RFID 3D location sensing algorithms",
Automation in Construction, 19, pp. 588-595 (2010).

12. Bhargava, H.K., Power, D.J. and Sun, D. \Progress
in web-based decision support technologies", Decision
Support Systems, 43, pp. 1083-1095 (2007).

13. Jang, W.S., Healy, W.M. and Skibniewski, M.J. \Wire-
less sensor networks as part of a web-based building
environmental monitoring system", Automation in
Construction, 17, pp. 729-736 (2008).

14. Shih, B.Y., Lo, T.W. and Chen, C.Y. \The research of
quadtree search algorithms for anti-collision in radio
frequency identi�cation systems", Scienti�c Research
and Essays, 6(25), pp. 5342-5350 (2011).

15. Shih, B.Y., Chen, C.W., Chen, C.Y. and Lo,
T.W. \Merged search algorithms for radio fre-
quency identi�cation anticollision", Mathematical
Problems in Engineering, 2012, Article ID 609035,
doi:10.1155/2012/609035 (2012).

16. Tarantilis, C.D., Kiranoudis, C.T. and Theodor-
akopoulos, N.D. \A Web-based ERP system for busi-
ness services and supply chain management: Applica-
tion to real-world process scheduling", European J. of
Operational Research, 187, pp. 1310-1326 (2008).



C.-H. Ko/Scientia Iranica, Transactions A: Civil Engineering 22 (2015) 299{312 311

17. Driscoll, M., Web-Based Training: Creating E-
Learning Experiences, Jossey-Bass, CA, USA (2010).

18. Graber, M.L. and Mathew, A. \Performance of a web-
based clinical diagnosis support system for internists",
J. of General Internal Medicine, 23, pp. 37-40 (2008).

19. Fitz-Rodriguez, E., Kubota, C., Giacomelli, G.A., Tig-
nor, M.E., Wilson, S.B. and McMahon, M. \Dynamic
modeling and simulation of greenhouse environments
under several scenarios: A web-based application",
Computers and Electronics in Agriculture, 70, pp. 105-
116 (2010).

20. Bench-Capon, T.J.M. and Dunne, P.E. \Argumenta-
tion in arti�cial intelligence", Arti�cial Intelligence,
171, pp. 619-641 (2007).

21. Brighton, H., Introducing Arti�cial Intelligence, Icon
Books, Cambridge, UK (2008).

22. Haykin, S., Neural Networks: A Comprehensive Foun-
dation, Prentice-Hall, New Jersey, USA (1999).

23. Krishnamoorthy, C.S. \Arti�cial intelligence and
knowledge-based expert systems for civil engineering
applications", Indian Concrete J., 74, pp. 732-738
(2000).

24. Li, G. and Shi, J. \On comparing three arti�cial neural
networks for wind speed forecasting", Applied Energy,
87, pp. 2313-2320 (2010).

25. Taleizadeh, A.A., Niaki, S.T.A., Aryanezhad, M.B.
and Tafti, A.F. \A genetic algorithm to optimize mul-
tiproduct multiconstraint inventory control systems
with stochastic replenishment intervals and discount",
The International J. of Advanced Manufacturing Tech-
nology, 51, pp. 311-323 (2010).

26. Ke, H. and Liu, B. \Fuzzy project scheduling problem
and its hybrid intelligent algorithm", Applied Mathe-
matical Modelling, 34, pp. 301-308 (2010).

27. Stockman, H. \Communication by means of re
ected
power", Proceedings of the Institute of Radio Engi-
neers, 36, pp. 1196-1204 (1948).

28. Association for Automation Identi�cation and Data
Capture Technologies (AIM), Shrouds of Time: The
History of RFID (2002). http://www.aimglobal.org,
Last accessed April 8 (2011).

29. Regattieri, A., Gamberi, M. and Manzini, R. \Trace-
ability of food products: General framework and
experimental evidence", J. of Food Engineering, 81,
pp. 347-356 (2007).

30. Larman, C., Applying UML and Patterns: An Intro-
duction to Object-Oriented Analysis and Design and
Iterative Development, Prentice Hall PTR, New Jersey,
USA (2004).

31. Liu, Y.K., Cheng, L.M. and Cheng, L.L. \Load
distributing algorithm using fuzzy neural network",
WSEAS Transactions on Communications, 5, pp. 527-
534 (2006).

32. Chen, C.W. \Application of project cash management
and control for infrastructure", Journal of Marine
Science and Technology, 18, pp. 644-651 (2010).

33. Zadeh, L.A. \Fuzzy sets", Information and Control, 8,
pp. 338-353 (1965).

34. Zadeh, L.A. \Soft computing and fuzzy logic", IEEE
Software, pp. 48-56 (1994).

35. Oysal, Y., Becerikli, Y. and Konar, A.F. \Modi�ed
descend curvature based �xed form fuzzy optimal
control of nonlinear dynamical systems", Computers
and Chemical Engineering, 30, pp. 878-888 (2006).

36. Ciaramella, A., Tagliaferri, R., Pedrycz, W. and Di
Nola, A. \Fuzzy relational neural network", Radiation
Measurements, 41, pp. 146-163 (2006).

37. O'Dell, C. and Hubert, C., The New Edge in Knowl-
edge: How Knowledge Management is Changing the
Way We Do Business, John Wiley and Sons, New
Jersey, USA (2011).

38. Negnevitsky, M., Arti�cial Intelligence: A Guide
to Intelligent Systems, 2nd Edition, Addison-Wesley,
England, UK (2005).

39. Fu, L.M. Neural Networks in Computer Intelligence,
McGraw-Hill Book, Singapore (1994).

40. Barco, A.L. \Budgeting for facility repair and mainte-
nance", J. of Mgmt. in Eng., 10, pp. 28-34 (1994).

41. Djerdjouri, M. \Assessing and benchmarking mainte-
nance performance in a manufacturing facility: A data
envelopment analysis approach", INFOR, 43, pp. 121-
133 (2005).

42. Rosillo, F.G. \Lifetime evaluation of DC-supplied elec-
tronic ballasts with 
uorescent lamps for photovoltaic
applications", Renewable Energy, 29, pp. 961-974
(2004).

43. Chondrakis, N.G. and Topalis, F.V. \Starting charac-
teristics of 
uorescent tubes and compact 
uorescent
lamps operating with electronic ballasts", Measure-
ment, 42, pp. 78-86 (2009).

44. Lee, W.I. \A hybrid arti�cial intelligence sales-
forecasting system in the convenience store industry",
Human Factors and Ergonomics in Manufacturing &
Service Industries, 22, pp. 188-196 (2012).

45. Ko, C.H., Cheng, M.Y. and Wu, T.K. \Evaluating sub-
contractors performance using EFNIM", Automation
in Construction, 16, pp. 525-530 (2007).

46. Luvisi, A., Triolo, E., Rinaldelli, E., Bandinelli, R.,
Pagano, M. and Gini, B. \Radiofrequency applications
in grapevine: From vineyard to web", Computers and
Electronics in Agriculture, 70, pp. 256-259 (2010).

47. Samad, A., Murdeshwar, P. and Hameed, Z. \High-
credibility RFID-based animal data recording system
suitable for small-holding rural dairy farmers", Com-
puters and Electronics in Agriculture, 73, pp. 213-218
(2010).

48. Elghamrawy, T. and Boukamp, F. \Managing con-



312 C.-H. Ko/Scientia Iranica, Transactions A: Civil Engineering 22 (2015) 299{312

struction information using RFID-based semantic con-
texts", Automation in Construction, 19, pp. 1056-1066
(2010).

49. Lee, C.K.M., Ho, W., Ho, G.T.S. and Lau, H.C.W.
\Design and development of logistics work
ow systems
for demand management with RFID", Expert Systems
with Applications, 38, pp. 5428-5437 (2011).

50. Brilakis, I., Park, M.W. and Jog, G. \Automated
vision tracking of project related entities", Advanced
Engineering Informatics, 25, pp. 713-724 (2011).

51. Dias, J.C.Q., Calado, J.M.F., Lu��s Os�orio, A. and
Morgado, L.F. \RFID together with multi-agent sys-
tems to control global value chains", Annual Reviews
in Control, 33, pp. 185-195 (2009).

52. Park, S., Suresh, N.C. and Jeong, B.K. \Sequence-
based clustering for web usage mining: A new ex-
perimental framework and ANN-enhanced K-means
algorithm", Data & Knowledge Engineering, 65, pp.
512-543 (2008).

53. Cruz, S.A.B., Monteiro, A.M.V. and Santos, R. \Au-
tomated geospatial web Services composition based
on geodata quality requirements", Computers & Geo-
sciences, 47, pp. 60-74 (2012).

54. Tenorio, J.M., Hummel, A.D., Cohrs, F.M., Sdepa-
nian, V.L., Pisa, I.T. and Marin, H.F. \Arti�cial
intelligence techniques applied to the development of a

decision-support system for diagnosing celiac disease",
International Journal of Medical Informatics, 80, pp.
793-802 (2011).

Biography

Chien-Ho Ko is a Professor in the Department of
Civil Engineering at National Pingtung University
of Science and Technology, Taiwan. He received a
BS degree in Construction Engineering from National
Taiwan Institute of Technology in 1997, and MS
and PhD degrees from National Taiwan University of
Science and Technology in 1999 and 2002, respectively.
Prof. Ko was a Postdoctoral Research Fellow at the
University of California at Berkeley from 2004 to 2005,
sponsored by the Ministry of Education, Taiwan. He
is a registered Professional Engineer of �re protection
and a member of Taipei Association of Fire Protection
Engineer. Prof. Ko is a co-founder and President
at Lean Construction Institute-Taiwan, and co-founder
and executive director at Lean Construction Institute-
Asia. He is serving as Editorial Board Member for more
than 15 international journals. Dr. Ko is also serving as
Editor-in-Chief of the Journal of Engineering, Project,
and Production Management (EPPM-Journal). His
research has centered around four areas: 1) lean
construction, 2) computational algorithms, 3) robotics,
and 4) engineering education.




