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a  b  s  t  r  a  c  t

Resource  allocation  has  been  a critical  issue  in  manufacturing.  This  paper  presents  an  intelligent  data
management  induced  resource  allocation  system  (RAS)  which  aims  at providing  effective  and  timely
decision  making  for  resource  allocation.  This  sophisticated  system  is comprised  of product  materials,
people,  information,  control  and  supporting  function  for the effectiveness  in production.  The said  sys-
tem  incorporates  a Database  Management  System  (DBMS)  and  fuzzy  logic  to  analyze  data  for intelligent
decision  making,  and  Radio  Frequency  Identification  (RFID)  for result  verification.  Numerical  data  from
diverse sources  are  managed  in  the  DBMS  and used  for  resource  allocation  determination  by  using  fuzzy
logic. The  output,  representing  the  essential  resources  level  for production,  is  then  verified  with  refer-
ence  to the resource  utilization  status  captured  by  RFID.  The  effectiveness  of  the  developed  system  is
verified  with  a case  study  carried out  in  a Hong  Kong-based  garment  manufacturing  company.  Results
show that  data  gathering  before  resource  allocation  determination  is  more  efficient  with  the  use of  devel-
oped  system  where  the  resource  allocation  decision  parameters  in  the  centralize  database  are  effectively

determined  by  using  fuzzy  logic.  Decision  makers  such  as  production  managers  are  allowed  to determine
resource  allocation  in  a standardized  approach  in  a more  efficient  way. The  system  also  incorporates  RFID
with Artificial  Intelligence  techniques  for result  verification  and  knowledge  refinement.  Therefore,  fuzzy
logic  results  of resource  allocation  can  be more  responsive  and adaptive  to  the  actual  production  situation
by  refining  the  fuzzy  rules  with  reference  to  the  RFID-captured  data.

©  2014  The  Society  of  Manufacturing  Engineers.  Published  by  Elsevier  Ltd.  All  rights  reserved.
. Introduction

There are several important manufacturing industries in Hong
ong such as the electronics industry, the watches and clocks

ndustry, the toy industry, and the garment industry. Though the
conomy of Hong Kong is now dominated by the service sector, the
anufacturing sector still makes an important contribution to the

conomy as it generates substantial demand for inputs from the
ervice sectors [1]. Owing to the need for higher efficiency, shorter
roduct life cycle, better product quality and higher customer satis-
action, production planning plays a critical role in manufacturing

2,3]. Production usually involves the participation of more than
ne individual unit, each performing different functions in the over-
ll production system [4]. Therefore, production planning problems
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involve determining the amount of resources to be assigned and
allocated to all individual units so that each of them can com-
plete its jobs. Effective resource allocation has been called a means
to increase productivity by providing efficient usage of limited
resources [5,6]. Thus, it is widely accepted as an important fac-
tor for gaining competitiveness in the dynamic market. This paper
presents a resource allocation system (RAS) induced by an intelli-
gent data management approach, with the aim to provide effective
and timely decision making for operations related to resource allo-
cation.

The rationale for selecting the Hong Kong garment industry for
the verification of the RAS is that it is generally more time-sensitive
than other manufacturing industries. Most of its manufacturing
activities are geared to the needs of overseas markets [7], where
there is currently a popular concept of “fast fashion” which aims
to design and manufacture fashion products quickly and econom-
ically. An enhancement of the effectiveness and efficiency of the

decision making processes involved in resource allocation is thus
of great importance for survival in fast fashion.

This paper is organized as follows. Section 2 presents a literature
review related to this study. Section 3 describes the architecture of
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he RAS. Section 4 presents a case study where the RAS is developed
nd implemented in a garment manufacturing company. Section 5
ontains results and discussion of the system. Section 6 presents
he conclusion and the future work.

. Literature review

.1. Resource allocation

Due to the intense competition in the global market, manufac-
urers who fail to efficiently allocate and utilize their resources
ill eventually lose their competitiveness [8]. Numerous benefits

rought by effective resource allocation include efficient usage of
esources, successful promotion of business performance, optimi-
ing companies’ objectives and achieving goals [6,9,10]. This has
roused the interest of many researchers who have investigated
arious approaches for resource allocation management, such as
inear programming [11–13], simulation [14–16] and genetic algo-
ithms [17–19]. However, these approaches no longer meet the
hallenges in today’s manufacturing industries. Firstly, with the
ncreasing technological innovation, the market demand is more
npredictable and the product life cycle has been reduced [20–23].
xisting approaches the operation of which is based on historical
ata or estimations are not flexible enough to deal with the increas-

ngly dynamic market. Besides, more product options have to be
iven to customers resulting from mass customization [24], thus
ncreasing the scale and complexity of resource allocation problems
n production. However, such large-scale resource allocation prob-
ems are often mathematically intractable [25] which make current

athematical approaches not suitable, while other approaches like
imulation can only cover a limited number of conditions [26].
hirdly, conventional quantitative approaches may  not be capable
f dealing with the actual resource allocation problems in indus-
rial manufacturing environments where most decisions inherently
ace imprecision and uncertainties [27–29]. Owing to the above
ighlighted reasons, a more sophisticated approach in resource
llocation is a necessity for the survival in the manufacturing sector.

.2. Fuzzy logic and DBMS

In manufacturing, uncertainties or vagueness could arise from
arket demand, capacity availability, process times, and costs

30,31]. It is more convenient for the management or decision mak-
rs to use subjective judgment and linguistic terms such as “high”
nd “very high” to describe imprecision [32–35]. Fuzzy logic, one of
he Artificial Intelligence (AI) techniques, is a good candidate to deal
ith uncertain and vague manufacturing variables [36–38]. Fuzzy

ets are used to represent linguistic terms and to develop relation-
hips between input and output variables [39–41]. Therefore, many
esearchers have applied fuzzy logic to solve production planning
roblems in which linguistic terms are very effective in decision
aking. Díaz et al. [42] incorporated fuzzy approaches to man-

ge the production priority in roll shop departments in the steel
ndustry. Petrovic and Duenas [43] presented a fuzzy logic based
ystem for production scheduling in the presence of uncertain dis-
uptions. As scheduling involves the allocation of resources to tasks
n order to complete those tasks within a reasonable amount of
ime [16,44,45], many resource allocation problems are addressed
uring the investigation of production scheduling. There has also
een extensive discussion in the literature about the applications
f fuzzy logic in manufacturing industries.
To improve information retrieval, fuzzy logic or fuzzy set the-
ry has been introduced into databases for several decades [46].
his involves the concept of Database Management System (DBMS)
hich is a complex multi-attribute tool used for data processing
ing Systems 33 (2014) 412–422 413

and supporting different types of business applications with the use
of a database [47,48]. Morales et al. [49] proposed a system which
stores information in a DBMS that can support the mechanism of
fuzzy set theory. Rodrigue et al. [50] designed a fuzzy database
which stores imprecise information in a DBMS. In a similar vein,
Zhang et al. [51] included both fuzzy and non-fuzzy attributes in
their fuzzy databases. While fuzzy data can be handled and man-
aged in a database, the database can also act as a fact-base and
so the fuzzy system searches the database when a fact is required
[52]. However, there are no standardized approaches incorporat-
ing fuzzy logic and DBMS for handling vague decision variables in
resource allocation.

There are three different approaches for a fuzzy system to inter-
act with a DBMS [52]. The first one is to incorporate extended
data management facilities into the fuzzy system while the sec-
ond one is to embed deductive rules into DBMS resulting in an
intelligent database. The third one is to have both the fuzzy system
and DBMS as independent systems with some form of communica-
tion between them. Considering that it may  not be always practical
to construct a new DBMS before one can use it, the third interac-
tion approach is more applicable for designing a generic system for
resource allocation as it allows the use of an existing independent
DBMS. In such a case, data analysis for resource allocation can be
done by an independent fuzzy system after retrieving data from the
DBMS.

2.3. Monitoring of resource allocation

After resource allocation, resource utilization can be selected for
measurement as it is one of the important factors reflecting the pro-
ductivity of a production system [9]. Data related to the utilization
of resources in one period must not affect the capacity of resources
in other periods [53]. This underlines the fact that resource uti-
lization has to be traced over time and be measured dynamically.
Radio Frequency Identification (RFID) is widely accepted as a means
to enhance data handling processes [54,55] and is able to capture
dynamic data [56]. Thus, RFID could be a possible solution for mea-
suring resource utilization.

There are researches applying RFID in manufacturing industries,
most of which aimed at keeping track of production processes. Ngai
et al. [57] implemented an RFID-based manufacturing management
system in a garment factory where RFID tags were associated with
a bundle of cut-raw materials while RFID readers were installed
next to each sewing machine to keep track of the production
process. Zhong et al. [58] presented an RFID-enabled real-time
manufacturing execution system which deployed RFID devices on
the shop-floor to track and trace manufacturing objects and col-
lect real-time production data for planning, scheduling, execution
and control. On the other hand, with the use of RFID technology,
a manufacturing planning and control system proposed by Wang
and Lin [59] is capable of performing three main functions, which
are (i) the timely generation of an accountable production and
operation schedule, (ii) active monitoring, control and execution
of shop floor operations, and (iii) real-time evaluation of produc-
tion performance. Although RFID technology can have a positive
impact on manufacturing by improving productivity, increasing
flexibility in production planning and control, enabling products
to be customized, improving change-over management, improv-
ing tracking and utilization of reusable assets, higher visibility and
accuracy of real-time data, strengthening customer relationships

and, most importantly, facilitating effective resource allocation
[60–65], many of its applications in manufacturing remain to be
explored [66] such as its coordination of the resource management
process [67].
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.4. Application of fuzzy logic and RFID in resource allocation

Fuzzy logic has been used for allocation of labor resources
o manufacturing tasks [68], provision of knowledge support for
arameter settings of machinery resources [69], resource demand
stimation [70] and determination of order tardiness so as to allo-
ate resources effectively [71]. It has also been applied to determine
he amount of machinery resources needed to achieve low work-in-
rocess inventory and eliminate stockouts [72], but this is limited
o the application in manufacturing industries where identical

achines are used to produce a large variety of components such
s the electronic industry. A more generic framework for effective
esource allocation in manufacturing has yet to be achieved.

On the other hand, RFID has been applied in resources man-
gement in various situations, for example, in warehouses for
ptimization of resource utilizations [73,74], for victim identifica-
ion to allow early resource allocation during emergencies [75], in

anufacturing processes to track the mobility of resources [76,77],
nd to detect the location changes of a newly produced automobile
78].

Both the fuzzy logic and RFID seem to be popular in resources
anagement, however, there seems to be no single system that

ncorporates DBMS with fuzzy logic and RFID, especially for the
esource allocation process in manufacturing. This paper presents
n integrative DBMS incorporating fuzzy logic for resource alloca-
ion analysis, while RFID is applied for real-time production data
apturing.

. Intelligent data managed resource allocation system
RAS)

In this paper, an intelligent data managed RAS, incorporating
uzzy logic for data analysis for intelligent decision making and
adio Frequency Identification (RFID) technology for monitoring,

s developed as depicted in Fig. 1. The proposed system consists of
wo modules, namely (i) a Data Analysis Module, and (ii) a Verifica-
ion Module. The Data Analysis Module is responsible for resource
llocation determination based on input parameters by using fuzzy
ogic. The input parameters, from various sources, are firstly con-
olidated to a centralized database in the DBMS and they are then
etrieved for analysis in the fuzzy system to generate resource allo-
ation decision parameters which are used for production resource
llocation. The Verification Module of the RAS will then evaluate
he real-time resource utilization of every single workstation with
he aid of RFID technology. The RFID devices visualize and capture
he actual resource utilization status of the production lines. Dis-
repancies between actual and expected resource utilizations can
e identified and refinements to the fuzzy rules can thus be made.

The details of the RAS are described in the following sections
Sections 3.1 and 3.2).

.1. Data analysis module

To determine the resource allocation parameters, different types
f production related data are required. Some of these data, such as

complexity of the products’ and ‘required skill levels of operators’,
re manually input into the system, while some others are retrieved
irectly from other internal information systems such as the Enter-
rise Resource Planning (ERP) and the Warehouse Management
ystem (WMS). All inputs, such as ‘production volume’ and ‘number
f materials’ retrieved from ERP and WMS  respectively, are consol-

dated in a centralized database in the DBMS where the Extensible

akeup Language (XML) is the standardized data exchange for-
at. The data set is then converted into fuzzy sets by fuzzification
ithin the fuzzy system before undergoing the fuzzy inference
ing Systems 33 (2014) 412–422

process. The output fuzzy sets are then defuzzified to yield numeri-
cal decision parameters, such as ‘percentage change in the number
of resources required’ in different workstations, as they are more
suitable for the practical resource allocation purpose in real pro-
duction environments.

3.2. Verification module

In the verification module, real-time production data is cap-
tured by RFID devices, namely, RFID tags, RFID readers and a
RFID middleware. The resource utilization rates are thus deter-
mined. The real-time data capturing setting requires production
materials bundled with RFID tags and readers installed at each
resource at different workstations along the production line. The
resource utilization rates are determined in accordance with the
rates of detection of the material tags. This can only occur when
reader-installed resources are utilized to handle materials during
production. The detected signals are sent to the RFID middleware
for filtering and decoding, before the analyzed ‘utilization rates of
resources’ at various workstations are obtained. If the production
performance is found to be unsatisfactory, such as ‘low resource
utilization rates’ it may  imply that the output of the Data Analysis
Module is not fully responsive to the actual production situations.
An adjustment of the stored knowledge, which is in the form of
fuzzy rules, is thus required. The adjusted fuzzy rules would then
be adopted in the fuzzy system for improvement of the system.

4. Case study

4.1. Case overview

According to the Hong Kong Trade Development Council [79],
the total exports in the Hong Kong garment industry decreased by
7% year-on-year in the first four months of 2012 while domestic
exports and re-exports declined by 23% and 6%, respectively. This
shows the Hong Kong garment industry urgently needs to improve
its competitiveness if it is going to survive in the global market. It
is facing an additional pressure brought about by the latest trend
of “fast fashion”. In fast fashion, frequently, new products have to
be available in the markets as quickly as possible so as to offer
the most up-to-date fashion styles to consumers [80]. Products in
the garment industry are ephemeral items which may  no longer
be saleable or attractive to consumers if the fashion trend changes
[81]. As a consequence, production efficiency is one of the major
concerns in manufacturing performance. It is thus important to
improve the production efficiency for better performance. Effective
resource allocation is one way  to achieve this.

Unfortunately, the complexity of the garment industry increases
the difficulties in achieving effective resource allocation. As
depicted in Fig. 2, the amount of resources required for garment
production varies according to certain factors, such as different
styles, different volume and different delivery schedules. In such
cases, various types of information from diverse sources have to
be gathered and consolidated for resource allocation determina-
tion. It is a time-consuming task, and there is a grave possibility
that resource allocation decisions are biased if the decisions are
mainly experience-driven without any knowledge support. There-
fore, there is a need to have a new algorithm with the purposes
of shortening the data collection time frame and enhancing the
decision making process relating to resource allocation.

4.2. Background of case company
The case study is carried out in a Hong Kong-based garment
manufacturing company founded in 1977. Operating through its
eight subsidiaries, the company is engaged in both manufacturing
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Fig. 1. System architecture of the developed intelligent data-managed RAS.
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(1) Bias in resource allocation determination:  In the resource alloca-
tion determination process, the production manager takes the
responsibility for ensuring the number of resources assigned
satisfy the expected specifications. However, without any
Fig. 2. Problems in production reso

nd sales of garments. Products are mainly ladies’ woven apparel,
ver 15 million pieces of which are exported to different countries
uch as North America, Europe and Australia annually. The com-
any has manufacturing facilities throughout the Pan Pacific
egion: Hong Kong, China, Malaysia, Thailand, the Philippines, and
ietnam. To stay competitive in the relentless markets, the com-
any has been expanding its manufacturing capacity: a new factory

n Vietnam will start its operation in March 2013. In addition to
apacity expansion, a more reliable resource allocation strategy is
xpected to handle various production orders. It is claimed that
he proposed RAS presented in this paper is “tailor made” for this
pecific purpose.

In the resource allocation determination process in the case
ompany, technical justification of the garment style is the pre-
equisite as it would definitely determine the requirements and
ypes of resources needed. Together with the production details,
he way resources are allocated is generally based on experience.

ike most traditional garment manufacturers, the case company is
dopting the paper-based manual systems to monitor the produc-
ion operations as shown in Fig. 3. Three major problems have been
bserved.
llocation in the garment industry.
Fig. 3. Using paper tickets to record progress in production operations.



4 factur

(

(

4

s
L

4

i
i
m
s
b
t
i
e
t
s
r
i

c
‘
R
‘
‘
b
a

4

d
m
o
t
D
m

i
i

16 C.K.H. Lee et al. / Journal of Manu

knowledge support on resources, the decisions made are
heavily reliant on the own intuition and experience of the man-
ager.

2) Low visibility in actual resource utilizations: In the current
practice of the company, completed production operation tasks
are manually recorded. However, this recording system does
not provide thorough details of the actual production perfor-
mance, such as the actual resource utilization, on a real-time
basis. The management thus lacks useful information to justify
the effectiveness of the resource allocation decisions deter-
mined.

3) Huge amount of production data to handle:  In resource alloca-
tion determination, different parameters, from various sources,
have to be collected before making any decisions. The produc-
tion manager has to study the related parameters from a list of
documents such as production orders, size specification forms,
bill of materials and paper patterns. Though these parameters
have been identified in the previous pre-production process
and are stored in relevant information systems, the produc-
tion manager can only obtain that information from the paper
documents provided by the Sales Development, Sample Room,
Purchasing Department and Technical Team. Without a central-
ized database, the effort used to gather the required parameter
information is overwhelming.

.3. Pilot implementation of the developed RAS

The development of the RAS involves four main stages:
The DBMS and the fuzzy system in the developed RAS are con-

tructed by using Microsoft Office Access 2007 and MATLAB Fuzzy
ogic Toolbox, respectively.

.3.1. System parameters definition for data analysis
With reference to the existing practice of the case company,

nput and output parameters are predefined for decision making
n the resource allocation process. The general practice in the gar-

ent industry, is that some specific parameters such as ‘number of
ewing processes’ and ‘total sewing distance per garment’ have to
e verified before production with in-depth verification, according
o different product styles. These verified parameters do not exist
n any sources before the pre-production justification. Thus, it is
ssential to have those parameters input into the RAS manually by
he system users. Other important parameters in other information
ources, such as ERP and WMS,  are also identified. Fig. 4 summa-
izes the system parameters from various sources for data analysis
n the RAS.

In the case company, the production operations are mainly
lassified into five operations (Fig. 5), namely ‘Fabric Spreading’,
Fabric Cutting’, ‘Sewing’, ‘Finishing’, and ‘Quality Checking (QC)’.
esources responsible for these operations are ‘Spreading Tables’,

Cutting Machines’, ‘Sewing Machines’, ‘Finishing Machines’ and
QC Tables’. To fulfill the production demand, the required num-
ers of these resources have to be determined and are thus defined
s the output parameters in the resource allocation process.

.3.2. Construction of a system database
Microsoft Office Access 2007 is employed as the system

atabase. As previously mentioned (Section 4.2), the production
anager obtains resource allocation relating information from

ther information sources. Necessary parameters to be included in
he centralized database are from different sources, including Sales
epartment, Sample Room, Technical Team, Purchasing Depart-

ent and Warehouses.
Fig. 6 depicts the data sources and the data structure, stor-

ng data in different relational tables. Data in ERP and WMS  are
mported and can be accessed by users via the system database
ing Systems 33 (2014) 412–422

while the verified parameters are updated manually by users. Users
can view the parameters as shown in Fig. 7. Those parameters are
ready to be transmitted to the fuzzy system where resource allo-
cation determination is carried out by fuzzy logic.

4.3.3. Construction of a fuzzy system
MATLAB Fuzzy Logic Toolbox is employed as the fuzzy system

for the computation. Knowledge acquisition from domain experts
including the production manager and experienced production
personnel is conducted to define fuzzy sets, membership func-
tions of each fuzzy set, and a list of fuzzy rules indicating the
“If-Then” relationship between different input and output param-
eters. Table 1 shows the defined fuzzy sets and the range of each
parameter. For the ease of acquiring knowledge, the input param-
eters are firstly divided into four categories: the requirements of
customers, garments, shell fabrics and operators. Domain experts
are asked to provide the linguistic terms they commonly use for
parameters description. The identified linguistic terms are then
adopted as the defined fuzzy sets of the parameters.

The ‘acquired knowledge’ is then input into MATLAB Fuzzy Logic
Toolbox. The relationship between system parameters and fuzzy
rules in MATLAB Fuzzy Logic Toolbox is shown as in Fig. 8. MATLAB
Fuzzy Logic Toolbox reads the membership functions, and maps
each input parameter to the corresponding fuzzy sets. For instance,
the input parameter ‘Production volume’ may  be mapped to fuzzy
sets such as ‘Large’ and ‘Very large’, which are then used to match
the fuzzy rules. Based on the fuzzy rules, the fuzzy sets of output
parameters are determined and the actual values of each output
parameter can be determined.

In RAS, after identifying of each of the input parameters, users
can input them into MATLAB Fuzzy Logic Toolbox to generate
the values of the output parameters (Fig. 9). The output param-
eters, namely (i) percentage change in the number of spreading
tables, (ii) percentage change in the number of cutting machines,
(iii) percentage change in the number of sewing machines, (iv)
percentage change in the number of finishing machines, and (v)
percentage change in the number of QC tables, are generated for
further resource allocation purposes.

4.3.4. Evaluation of the analysis result
The data output from the Fuzzy Logic component are used to

allocate resources for fabric spreading, fabric cutting, sewing, fin-
ishing and QC. Utilization of the allocated resources is measured
by using RFID devices. Effectiveness of the fuzzy logic application
can thus be determined by referring to the resource utilization sit-
uation, fuzzy rules can then be finely adjusted and improved fuzzy
logic results can thus be obtained.

5. Results and discussion

This study proposes an intelligent system for effective resource
allocation, consisting of two modules. The first module, the Data
Analysis Module, analyzes data and determines the allocation
of resources while the second module, the Verification Module,
evaluates the determined results with reference to the real-time
captured resource utilization rates.

5.1. The effectiveness of RAS

The Data Analysis Module needs detailed definitions of sys-
tem parameters and relevant knowledge in the resource allocation
determination process. The pilot implementation of the developed

RAS carried out in a case company illustrates how such definitions
can be arrived at by collecting real data sets and acquiring knowl-
edge from the company so as to build the DBMS and the fuzzy
system for the module.
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Fig. 4. Input and output

In the case study, a Fuzzy Logic Toolbox is employed to per-
orm simulation of the Data Analysis Module. Table 2 shows the
imulation settings and results. Given these input parameters, it is
uggested that the number of spreading tables, cutting machines,
ewing machines and finishing machines should be increased by
5.4%, 33.4%, 66.6% and 25.8%, respectively, while the number of
C tables should be decreased by 33.4%.

The results are compared with those of the current knowledge-
riven (by experienced operators) resource allocation determina-
ion. In the comparison, the number of resources determined by the
wo approaches is represented in the format of a ratio by assuming
hat the number of each resource is equal to one unit. Table 3 shows
he comparison of the results.

The difference in number of resources indicates that the
xperience-driven resource allocation determination in the cur-
ent practice is not the optimal solution according to expertise
nowledge stored as fuzzy rules. From Table 3, it is found that the
ifference in the number of QC tables (0.33) is the most significant,
ollowed by that of spreading tables (0.25). When resources are
llocated according to the two results in two separate production

ines for practical comparison, it is anticipated that two operations,
abric spreading and QC, will contain major discrepancies in pro-
uction performance as the number of corresponding resources is
ignificantly different. Resource utilization can be used to evaluate

Fig. 5. Production operation flow
eters for data analysis.

the effectiveness of the resource allocation determination by imple-
menting the Verification Module.

The actual production performance after the adoption of the
fuzzy logic results can be justified with the RFID-captured resource
utilization. Fuzzy rules can be modified according to specific
requirements for continuous improvement.

5.2. Integrative DBMS and fuzzy logic

The employment of Microsoft Office Access in the DBMS
highlighted two  significant features of the system, making RAS out-
perform other existing approaches for resource allocation. Firstly,
the RAS is a user-friendly system as the DBMS itself is devoted com-
pletely to the fuzzy system application alone. Unlike other fuzzy
database systems, the database in RAS does not store fuzzy data
but numerical values for more efficient data input and update, and
this makes the system more user-friendly.

Secondly, the RAS has cost advantages over systems which
require a total reconstruction of the system. The constructed DBMS
and fuzzy system do not require additional investments on soft-

ware installation.

The fuzzy logic results can be further improved, to be more
responsive to the actual production performance, by refining the
fuzzy rules regularly according to the real-time production data,

 in the garment industry.
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Fig. 6. Data sources and the data structure in DBMS.

Fig. 7. Display of input parameters in DBMS.
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Table  1
Defined fuzzy sets and range of parameters.

Parameter Fuzzy set Range

Input

Customer requirement
Production volume Very small, small, normal,

large, very large
0–200,000 pcs

Production lead time Very short, short, normal, long,
very long

0–240 days

No.  of color/size break down Very small, small, normal,
large, very large

0–12

Garment requirement

No. of sewing processes needed Very small, small, normal,
large, very large

0–100

Total sewing distance Short, normal, long 0–200 m
No.  of cutting pieces Very small, small, normal,

large, very large
0–60

No. of different types of trimmings Very small, small, normal,
large, very large

0–24

No. of total trimmings Very small, small, normal,
large, very large

0–36

Shell fabric requirement

Average Length of Markers Short, normal, long 0–15 m
Maximum Ply Height of Fabrics Low, normal, high 0–10 cm
Ordered Yardage of Fabrics Few, normal, many 0–40,000 yds
Average Yardage Consumption of
Fabrics per Garment

Small, normal, large 0–3 yds

Operator requirement
Average Years of Experience Few, normal, many 0–40
Average No. of Different Sewing
Jobs which can be Handled by
Operator

Very small, small, normal,
large, very large

0–36

Output

Change in no. of spreading tables
Substantially decreased, slightly
decreased, no change, slighted
increased, substantially increased

−100% to 100%
Change in no. of cutting machines −100% to 100%
Change in no. of sewing machines −100% to 100%
Change in no. of finishing machines −100% to 100%
Change in no. of QC tables −100% to 100%

Fig. 8. Relationship between system parameters and fuzzy “If-Then” rules in MATLAB Fuzzy Logic Toolbox.

Table 2
Simulation setting and results.

Input parameters Input values Output parameters Values suggested by MATLAB

Production volume 7700 pcs
% change in no. of
spreading tables 25.4%

Number of color/size breakdown 8
Production lead time 90 days
Number of cutting pieces 19
Average length of markers 5.1 m

% change in no. of
cutting machines 33.4%Number of different types of trimmings per garment 16

Number of total trimmings per garment 29
Ordered yardage of fabrics 18,000 yds

% change in no. of
sewing machines 66.6%Number of sewing processes 28

Total sewing distance per garment 105
Average yardage consumption of fabrics per garment 5.1yds % change in no. of

finishing machines 25.8%Maximum ply height of fabrics 3.2 cm
Average years of experience of operators 10 % change in no. of QC

tables
−33.4%Average  number of different jobs handled by operators 15
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Fig. 9. Output display in MAT

Table 3
Comparison of results.

Decision parameter Fuzzy logic-driven
decision

Knowledge-driven
decision

Number of spreading tables 1.25 1.00
Number of cutting machines 1.33 1.17
Number of sewing machines 1.67 1.50

s
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t
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Number of finishing machines 1.26 1.25
Number of QC tables 0.67 1.00

uch as resource utilization rates, which are captured by RFID
evices on the production shop floor. It can be posited that the

nstallation of the entire system is economically applicable as RFID
s considered as a cost-saving technology by reducing costs such as
abor costs, inventory costs and other costs due to errors, in the long
erm. In conclusion, the proposed RAS offers a novel but economic
pproach for effective resource allocation.

.3. Monitoring of resource utilization

The Verification Module is responsible for monitoring the uti-
ization of resources. Compared with approaches which capture
ffline data, the proposed methodology for capturing real-time
ata for evaluation achieves a higher level of accuracy and is more
esponsive to the actual situation than are other methods. The RFID-
aptured data offers reliable references for the refinement of the
tored knowledge in the form of fuzzy rules of RAS. This means
hat management can use RFID not only to track production oper-
tions, but also to improve the efficiency of refining knowledge in
he fuzzy logic.

.4. Positive impact on the case company

The system is unique in that the negative impacts induced by
he existing problems in the case company can be alleviated.

The use of the DBMS shortens the time used by production man-
gers to gather the required data, while the use of the fuzzy logic
educes human bias in resource allocation determination by offer-
ng a standardized procedure for decision making. In addition, the
eal-time monitoring of resource utilization increases the visibility
nd accuracy of tracking the actual production performance. How-

ver, there are certain problems in this case. The garment industry
s one of the most labor-intensive industries so it contains more
ncertainties than other manufacturing industries due to a number
f human factors such as workmanship and human errors. This is of
LAB fuzzy logic toolbox.

a great concern when dealing with knowledge issues. When estab-
lishing the learnt fuzzy rules, the management has to consider the
possible variance of human behavior. Given the same production
situation, it is possible that the learnt fuzzy rules may  not function
equally. However, it is worth bearing in mind that in the future
a more comprehensive RAS should be developed, one which con-
siders not only the management of machinery resources, but also
human resources.

6. Conclusion

The general structure of an intelligent data management
induced resource allocation system (RAS) incorporating DMBS,
fuzzy logic and RFID is discussed in this paper, followed by a
case study to illustrate its application in the context of resource
allocation in a garment manufacturing company. The pilot imple-
mentation shows that RAS is a user-friendly and economically
applicable system for effective resource allocation. Because it pos-
sesses special features, RAS is capable of shortening the time frame
of data gathering for deciding the level of resources to be allocated,
reducing bias in resource allocation determination by offering stan-
dardized procedures, and improving the visibility of the production
performance by monitoring resource utilization. It is believed that
RAS can be applied in not only the garment industry, but also other
manufacturing industries. To improve the fuzzy logic results, future
work will be carried out in which the system knowledge will be
refined, as it will be based on real-time resource utilization rates
captured by RFID devices on the manufacturing shop floor.
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