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Abstract—Reverse logistics research is used to analyze the 
processes associated with the flows of products, components 
and materials from end users to re-users in different industries. 
The products and components collected for reverse logistics 
are often widely dispersed, which complicates efforts to 
efficiently collect, reuse and reassemble used components for 
reprocessing and remanufacturing. Therefore, Radio 
Frequency Identification (RFID) technology combined with 
the EPCglobal network architecture is applied to facilitate 
product and component data collection and data transmission. 
This research proposes a decision support model that 
integrates fuzzy cognitive maps trained using a genetic 
algorithm. The advantage of using fuzzy cognitive maps is that 
the model and the relationships among nodes (states) can be 
linguistically expressed both quantitatively and qualitatively. 
Furthermore, to diminish the subjective effects of the weights, 
the genetic algorithm is applied. The model and the 
information system integrate the EPCglobal network 
architecture with the RFID technology. Finally, a case 
concerning automobile repair reverse logistics is used to 
demonstrate the usefulness of the approach.

Keywords—reverse logistics, EPCglobal network, fuzzy 
cognitive maps (FCMs), genetic algorithm

I.  INTRODUCTION 

Enterprises are applying reverse logistics as a means for 
fulfilling different market regions’ recycling requirements. 
The European Union  has a Waste Electrical and 
Electronics Equipment (WEEE) Directive and in the United 
States, each state creates its own standards and laws for 
recycling in addition to federal law. Reverse logistic 
processes help enterprises enhance their competitiveness 
and build their commercial reputation by providing systems 
and processes to help customers return products and 
components either for repair, reuse, or disposal. 
Traditionally, supply chains without return and recycling 
processes are modeled as linear structures with a one-way 
flow of goods from suppliers, manufacturers, wholesalers, 
retailers, and finally to consumers. However, with the 

global trends for repair, recycling, and responsible waste 
disposal, distribution channels must accommodate bi-
directional flows or reverse logistics flows. 

Compared to forward logistics, reverse logistics can be 
complicated by multiple reverse distribution processes. For 
example, reverse distribution channels can include direct 
return to manufacturers, indirect return to repair facilities, 
individualized returns with small quantities, extended order 
cycles associated with product exchanges, and a variety of 
disposition options (e.g., repair versus recycle). The 
complexity of processes make the implementation of 
reverse logistics a challenging task. In addition, it is 
difficult to measure the impact of product return and 
recycling on profitability and customer loyalty. An 
underlying cause for the measurement difficulties is that 
most enterprises are unable to trace the reverse logistics 
processes in real time.  

Radio Frequency IDentification (RFID) technology 
enables enterprises to gather and track reverse logistics 
process data in real time. RFID uses tags that can be 
automatically be detected by readers without manual 
scanning, a major advantage over bar code readers. RFID 
uses radio frequency as a means to transmit data from tags 
affixed to physical objects (e.g., individual products, boxes, 
or shipping containers). Data related to physical objects can 
be identified, stored, traced and monitored during 
transportation through the supply chain. RFID also makes it 
possible to simultaneously detect and identify multiple 
items. For example, a list of goods packed in a sealed box 
can be automatically generated using a RFID reader without 
opening the box. Tagged items do not need to be seen to be 
read, tags with memory can be dynamically modified and 
keep records of changes, inventory can be read and written 
to as a group, and stock keeping unit (SKU) data is easily 
transferred into and across enterprise systems. As a result, 
RFID technology enables precise tracking and real time 
monitoring of each tagged item with minimal effort. 

In this research, fuzzy cognitive maps (FCMs) are used 
to construct a reverse logistics network decision model. 
RFID technology provides the mechanism for real time 
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monitoring of reverse logistics processes. The decision 
model uses the RFID data to evaluate the performance the 
logistics network. In the following sections, literature 
related to fuzzy cognitive maps, reverse logistics, and RFID 
data collection are reviewed. After discussing the concepts 
and methodology for reserve logistics performance 
evaluation, a case is used to demonstrate and evaluate the 
fuzzy cognitive map approach.

II. LITERATURE REVIEW 

In this section, fuzzy cognitive maps, reverse logistics, 
and RFID technology are reviewed. A fuzzy cognitive map 
is used to represent causal relationships between logistic 
processes and RFID technology provides the basis for 
collecting and transmitting the process data. 

A. Fuzzy Cognitive Maps 

FCMs are extensions of cognitive maps (CMs), CMs 
model causal relationships between concepts in which 
concepts and their causal relationships are represented in a 
digraph [1]. The basic elements of cognitive maps are 
shown in Figure 1. The elements used for constructing 
cognitive maps are the concepts and the relationships 
between concepts. CMs represent concepts as nodes which 
are the key knowledge factors of a specific domain [2]. The 
use of positive (+) and negative (-) signs on arcs between 
nodes represents the positive or negative effect of one node 
on another. Thus, a positive sign between nodes represents 
a “stimulating” relationship and a negative sign represents 
an “inhibiting” relationship. Cognitive maps can also be 
represented as a weight adjacency matrix to mathematically 
describe the internal relationships between nodes. The 
direction of the arrow reveals the cause-effect relationship 
between nodes [3]. If the condition of node C1 is satisfied, 
then node C2 and node C4 positively stimulated as depicted 
in Figure 1.

Figure 1. A simple cognitive map with signed relationships 

While CMs define links as causal relationships between 
nodes, the strength of the relationship between nodes is not 
often defined. FCM’s, on the other hand, use fuzzy logic to 
quantify the strength of the relationships between nodes 
(Figure 2).The values range from -1 to 1 where the value 
“0” stands for no effect and “1” represents the strongest 
relationship between nodes. 

Figure 2. A fuzzy cognitive map with signed and quantified 
relationships

Fuzzy cognitive maps model reasoning processes as 
causal relationships between concepts using directed graphs 
and logical inference networks [4]. An FCM links the 
events, values, objects, and tendencies with a feedback-
based dynamic system [2]. The map is a signed graph with 
nodes, weights, and arcs that represent specific behaviors 
belonging to a real world system. The FCM defines the 
relation between cause and its effect using a link and a 
weight. FCMs are often compared to neural networks or 
expert systems to emphasize the following benefits [5]. 
the modeling of causal relationships with FCM is less 
difficult than modeling with neural networks. FCM makes 
it easier to represent structured knowledge since the 
concepts of a system can be represented as different nodes. 
Then, the weight associated with the link represents the 
strength and cause-effect relationships and how a concept 
will react to causal inputs. Second, in comparison to expert 
systems, FCM uses matrix operations instead of instead of 
if-then rules to infer possible outcomes. As a result, FCM 
offers greater flexibility in computing inference outcomes. 

FCM facilitates collaboration between model builders. 
Different maps from different experts can be integrated into 
a large one. An individual FCM represents the domain 
knowledge or opinion of an expert (i.e., different weighted 
coefficients represent different beliefs) and maps of several 
experts can be combined by merging their adjacency 
matrices [6]. Compared to Bayesian networks, FCMs are 
also relatively easy to use for inferring future state 
transitions through simple matrix operations [7]. Thus, the 
FCM approach has been applied to simulation [8], 
modeling of organizational strategies [9], management and 
social science investment analysis [10], solving political 
problems [11], and modeling critical success factors [12]. 

B. Reverse Logistics 

The scope of reverse logistics throughout the 1980s was 
limited to the movement of materials from customers back 
to producers [13]. Other definitions for reverse logistics 
cover activities such as product returns, recycling, materials 
substitution, reuse of materials, waste disposal, repair, and 
remanufacturing [14]. The goal of reverse logistics is to 
extract tangible and intangible value from the processes of 
disposal, recycling, and reuse. For example, if an enterprise 
has a sound reverse logistics system, then an intangible 
benefit is a more positive corporate image [15]. Moreover, 
reverse logistics includes processes for the return of 
damaged goods, the disposal of out of date inventory, and 
the restocking or salvaging of these goods. Also, better 
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reverse logistics processes improves hazardous material 
control, obsolete equipment disposition, and asset recovery 
[13]. 

Reverse logistics covers a broad range of activities. 
When a product return process is triggered, enterprises use 
different reverse logistics processes depending on the 
situation and the roles played by the supply chain 
intermediaries and owners. Rogers and Tibben-Lembke 
categorized reverse logistics activities according to 
products and their packages [13]. The activities for 
products include reselling, selling through outlets, 
salvaging, reconditioning, returning to suppliers, 
refurbishing, remanufacturing, recycling, and removing to a 
landfill. Packaging includes fewer activities such as reusing, 
salvaging, refurbishing, recycling, and removing to a 
landfill.

A number of authors discuss the reasons for product 
returns. For example, De Brito et al. categorized three type 
of supply chain returns: manufacturing returns, 
wholesaler/retailer returns, and customer returns [16]. 
Rogers and Tibben-Lembke extend the list of returns 
categories to include customer returns, market returns, asset 
returns, product recalls, and environmental returns [13]. 
Product returns are the result of product damage and defects, 
return policies and warranties, customer dissatisfaction, and 
incorrect product placement. Market returns are the results 
of business failures, out of season goods, and excessive 
inventories.  Asset returns include packaging reuse and 
return of shipping containers and pallets. Finally, if there is 
a product safety issue, products are recalled according to 
the governing rules and regulations. Obviously, the 
improper or inefficient implementation of reverse logistics 
processes will dramatically impact operations costs and 
lower profits.

C. Application of RFID Technology 

RFID technology is defined as the wireless and 
automatic identification and capture of product 
identification data. Other types of product identification 
technologies including barcodes, optical character 
recognition, biometrics, card technology, and contact 
memory technology [17]. Several standards have been 
developed for RFID technology. The electronic product 
code (EPC) global network, developed by Auto-ID Center 
at MIT [18], is a standard used for automatic product 
identification in retail stores. The EPC network consists of 
six components including the RFID tags, RFID readers, the 
savant, the EPC information service, the object naming 
service, and the EPC discovery service [19]. The EPC 
network is considered a standard infrastructure that assures 
the efficiency of the supply chain [17]. 

III. METHODOLOGY 

In this section, the methodology for constructing the 
nodes of the reverse logistics FCM model are defined. After 
the FCM model is created, a genetic algorithm is used to 
assign weights to the arcs between model nodes. Finally, 
RFID technology is applied to the reverse logistics 
processes.

A. Constructing the Fuzzy Cognitive Map 

Fuzzy cognitive map analysis is divided into three steps. 
The first step is the definition of each node based on expert 
observations. The second step is the acquisition of data to 
represent each node from the target network. The third step 
is the evaluation of causality and assigning the degree of 
weight for the arcs between nodes. Figure 3 shows the steps 
for constructing an FCM.

Fuzzy Cognitive 
Map

Concept Node 
Definition

Data Acquisition
Causality and Degree of 

Weight evaluation

Data fuzzification
Weight training

Data threshold

Figure 3. The steps for constructing an FCM 

Reverse logistics activities involves many 
intermediaries working collaboratively. Figure 4 shows a 
simplified supply chain consisting of suppliers, 
manufacturers, distributors, retailers and customers. The 
reverse logistics processes include a landfill, a recycling 
center, and a reverse logistics center. 

Figure 4. The reverse logistics activities 

The nodes (concepts) of the FCM model operational 
factors and performance factors. The details of the reverse 
logistics processes depend on the nodes and activities of the 
different participants. For example, the retailer’s reverse 
logistics cognitive map is shown in Figure 5.  

Figure 5. The retailer’s reverse logistics

B. Weight Training Algorithm 

After constructing the FCM, the weight training 
algorithm is used to derive weights (strengths) between 
nodes. The weights are empirically derived based on 
historical data gathered from the reverse logistics network. 
In this paper, a genetic algorithm (GA) is used for weight 
training because it is widely applied and relative easy to use 
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[20]. Generally, the GA uses four elements including the 
chromosome structure, the fitness function, the selection 
mechanism, and the genetic operation. Each element is 
described in the following paragraph. 

A chromosome is a vector which contains elements 
called genes. In the proposed FCM weight training 
algorithm, genes are encoded as floating point numbers 
ranging from -1 to 1, inclusive. According to Herrera et. al, 
[21], floating point numbers provide better efficiency and 
precision than binary numbers. Figure 6 depicts an example 
chromosome with 8 genes. In this research, each gene 
represents the weight between two nodes. If there are N 
nodes in an FCM, then there are N(N-1) genes in the 
chromosome. 

Figure 6. A chromosome example 

After defining the chromosome, the next step is to 
define the fitness function for evaluating whether the 
chromosome is appropriate or not. In this paper, S t is
defined as an input vector and 1S t is the system 
response. If the iteration number is assumed to be K, then 
the error E  is derived by calculating the sum of difference 
for all input/system response pairs. The error is shown in 
the equation 2: 

1-K~0t1tStS                      (1) 
K N

i i

1 1

ˆE  (S (t)-S (t)) 
t i

                                  (2) 

Where iS (t)  is the known system response vector for 

iS (t-1) , iŜ (t) is the simulation result of FCM for iS (t-1) ,
and the total number of vector is N. 

In equation 3, a is a constant and the calculated error E 
from the previous equation is used as input. 

1
 ,  ( )  

1
Fitness function f E f x

ax
         (3) 

The value of fitness function is normalized between 0 
and 1 with 1 representing an ideal chromosome. A selection 
mechanism is defined to choose between suitable 
chromosomes. The selected chromosomes are used as the 
initial value for evolution into the next generation. There 
are different methods for selection such as random 
sampling, directive sampling, and mixed sampling. In this 
research, directive sampling was used because of its 
reported performance on fitness value [22]. The genetic 
operations such as crossover or mutation are performed 
based on selected chromosomes.  

Three methods for the crossover operation are 
considered. These methods are single point, two point and 
uniform crossover. For reducing computational costs and to 
ensure a desirable evolution speed, a two-point crossover is 
used in this research. Finally, random mutation is used to 
minimize violent changes during mutation. 

C. Fuzzy Cognitive Map of Reverse Logistics Model 

The initial step of constructing a FCM is to define the 
data transformation function and transfer the input values to 
a range between 0 and 1 [7]. The function is defined below: 
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The fuzzification mapping for the transformation values 
are shown in TABLE I.

TABLE I. FUZZIFICATION OF STATE VECTOR 
Symbolic variable Value 

Very high (0.8,1] 
High (0.6,0.8] 

Normal (0.4,0.6] 
Low (0.2,0.4] 

Very low (0,0.2] 

After mapping all input values, the state vectors ts  for 
different times t can be derived. An input state vector can 
be represented as )(tS = tttt

nssss ..,..........,.........,, 321 . The 
input state vector is multiplied by the weight matrix to 
derive the system response vector, ( 1)is t . Afterward, the 
result vector value is filtered using a threshold function. 
Finally, the stable state or pattern is derived after several 
iterations.

There are many threshold functions that can be used for 
node value filtering. In this research, the sigmoid function 
in Equation (6) is used because of its reported effectiveness 
[23]. 
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xe
xf

1
1                        (6) 

Where tsi  is the state of node i at time t, W is the weight 
matrix of FCM, f x  is the threshold function. 

D. RFID Data Collection 

In this research, the data from supply chain 
intermediaries are collected using RFID technology. RFID 
provides real time monitoring and tracking of products in 
the supply chain. Each product holds a RFID tag containing 
EPC information (e.g., product profile and historical data). 
The item level product information combined with point to 
point processing time is automatically stored. This feature 
eliminates possible human error during data collection and 
increases data collection efficiency. 

IV. CASE IMPLEMENTATION 

To demonstrate the feasibility of the proposed 
methodology, a case concerning automobile repair reverse 
logistics services is discussed. Given fierce competition in 
the repair service market and the demand for better 
customer services, the automobile repair industry is chosen 
for analysis. In this industry, one of the most important 
performance indicators is customer satisfaction with 
automobile repair service. Furthermore, there are another 
factors that are related with the repair service performance 
including repair processing time, service quality of 
receptionists, repair capacity (number of repair sites, 
number of mechanics, etc.). The cost related factors include 
order cost, holding cost, stock out cost, and replenishment 
cost. Factors used in the case are referenced from previous 
research on the Taiwan automobile repair service market 
[24]. The FCM roles include the component factory, the 
recycling center, the maintenance center, and the customer 
as shown in Figure 7.

Figure 7. Automobile repair service model [25]. 

The reverse logistics process starts from a customer 
request for repair services. First, a receptionist introduces 
the service and procedures while technicians perform the 
pre-repair assessment. The outcome of the car repair and 
satisfaction with the car repair process are essential for 
creating a positive attitude toward the service [26].

The performance indicators for the maintenance center 
measure cost and efficiency. Although higher inventory 
levels are more likely to provide uninterrupted service, 

higher holding costs are incurred. On the other hand, lower 
inventory levels may lead to a higher risk of stock out. 
Enterprises face the same dilemma when deciding the 
number of technical staff and repair sites [27]. 

Components for repair services include OEM 
components, recycle components, and used components. If 
the component factories maintain a higher production 
capacity, then the immediate supply rate can be kept at a 
higher level [28]. The recycle centers take responsibility for 
screening the  repair parts from defective parts.  

Data from 36 months operation at an automobile repair 
factory were gathered. The weight matrix for the FCM was 
derived using a genetic algorithm. Afterward, the 
parameters for the FCM are determined using a population 
size of 36, a maximum training time of 1000, and a 
mutation rate of 0.01. After weight training, a FCM model 
was used to evaluate the performance of automobile repair 
service. The FCM is depicted in the Figure 8 

After deriving the FCM model, the model is evaluated 
using training data. Five months historical data is used to 
represent five scenarios as shown in the TABLE II. S2, the 
customer arrival rate, is low in the first scenario and service 
quality is also low. 

TABLE II. THE PERFORMANCE EVALUATION SCENARIOS 
Scenario S2 S4 S6 S8 S9 S15 

1 L L L L N VH 
2 VH N VH L L VL 
3 N N N N N N 
4 N H H L L L 
5 H H H H H H 

VL: Very Low L: Low  N: Normal H: High VH: Very High

After making inferences using the proposed FCM model, 
the results are shown in the . Figure 9 shows the error of the 
inference results. For scenario 1, there is a low customer 
arrival rate, low service quality, few technical staff, few 
repair sites, a normal inventory level of components, and a 
very high recycle rate. The FCM predicts that this scenario 
will cause low levels of “customer satisfaction,” “customer 
return rate,” “replenishment cost,”; normal level of 
“holding cost,” and “material cost,”; high level of “repair 
processing time,” “personal cost,” “disposal cost.” The 
result of the other four scenarios can also found in . As 
depicted in Figure 9, average error is 0.05. The results 
demonstrate the possibility for mangers to make better 
supply chain decisions. 

TABLE III. THE RESULTS OF INFERENCE 
Scenario S1 S3 S5 S7 S10 S11 S14 S17

1 L L H H L N N H

2 N N L H N H N H

3 N N N N N N L N

4 H H L H H L N L

5 N N H H N N N N
VL: Very Low, L: Low,  N: Normal, H: High, VH: Very High
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Figure 8. The trained FCM model for automobile repair service 

Figure 9. Error values of different scenarios. 

V. CONCLUSION
The goal of this paper is to propose a FCM model for 

decision makers to better understand the outcomes of 
reverse logistics processes. Due to the dynamic and 
complex features of the reverse logistics network, this 
research uses the FCM to construct a reverse logistics 
network and uses the RFID technology to collect real-time 
data from daily operations. The model is first defined by 
domain experts who decide nodes (factors) based on their 
experience. Then, a genetic algorithm is used to generate 
weights for the proposed model. Finally, the model is 
integrated with the RFID module to provide the network 
performance evaluation. Finally, an automobile repair 
service case is presented. The results show the potential of 
the proposed methodology for improving customer service 
response in a dynamic world.  
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