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Abstract 

 
Product design planning is typically carried out by 

assessments on product functions by considering customer 
demands. The connection between product series is an 
important factor which affects consumers’ subjective 
perception. To optimise a product design, the structural 
relationship between product functions was determined in this 
study by the DEMATEL method so as to weigh the market 
connections and the importance of a product’s influence.  The 
analytic network process (ANP) method was also use to create 
product designs based on the market segmentation 
consideration. The mutual relationship obtained from the 
modularization during the development process of new product 
designs can be combined with the new product features 
obtained from the systematic grouping methods. Based on the 
results of the case study, the capability of developing 
innovative product series can be enhanced. 

 
Key words: product module; DEMATEL; analytic network 
process 

  
Introduction 

     
The objective of this study is to satisfy the market demand for 

the product systematized design and to help a designer select 
the optimal product concept and assess related problems. It is 
expected to reduce the risk of having various products in a 
unified form while the market demand may possibly be 
neglected. This study aims at satisfying various customer 
requirements on the highly competitive market under limited 
time and resources. The most relevant design conceptual idea 
can be determined and a designer can effectively master the 
relationship between consumer needs and critical product 
series attributes. However, during the selection and assessment 
of design concepts, the subjective perception typically affects 
the selection and thus a designer may fail to make a clear and 
definite decision. 

With the benefit of a strategic decision and assessment 
method by using the decision-making trial and evaluating 
laboratory (DEMATEL) approach, it is different from 
conventional multi-criteria decision making method which 
usually assumes that the criteria are independent of each other. 
Wu and Tsai [1] proposed that the DEMATEL approach can 

further help decision-makers confirm the causal relationships 
among designs and also proposed an evaluation method for the 
measurement and a strategic decision testing by DEMATEL. 
Tseng and Wu et al. [1,3] proposed to integrate different 
aspects of thinking into a single reason and influence. For 
combining with hybrid evaluation method of the strategic 
decision testing and assessment by the DEMATEL technique, 
Shen [2] used the ANP method to build related techniques for 
selecting models. Wu [7] combined the ANP method with the 
DEMATEL method based on solution packages so as to assist 
in the necessary assessments and selection of knowledge 
management strategies. In addition, the DEMATEL method 
can transform the relationship between a conversion factor and 
its standardisation effect into a visualized interpretive 
structural model. It can also serve as a standard method for 
determining the dependency or correlation between a factor 
and its effect. Tseng [3] proposed a mixed ANP method for the 
analysis from the dependency aspect. A strategic decision 
testing and assessment by the DEMATEL approach was used 
to clarify the correlation and the fuzzy set theory was used for 
the assessment of the uncertainty. The results justified the real 
effects on the assessment of samples and the analysis of the 
assessment results provided a definite assessment of the key 
standard management performance. Hsu [4] determined the 
key factors which affect designs and investigated the causal 
relationship between standard factors. Since a design problem 
involves a multi-criteria decision, he used a model which was 
created from the results of integrating the factor analysis and 
the DEMATEL method. The DEMATEL method is used for 
the simplicity and the visualization of the correlation between 
standards so as to make a decision. Yeh et al. [5] applied the 
DEMATEL method and the ANP method to the environmental 
and ecological factors to determine the relative weights of the 
related standards. Yang et al. [6] integrated the multi-objective 
decision model with DEMATEL and ANP so as to resolve 
some conflicting problems and tried to eliminate the risk of 
network engineering information being leaked. Their approach 
was verified to be able to reduce risks to an acceptable level. 

 
Outline of the research model development process 

 
This study proposed an approach which invites experts to 

assess products and establish the cluster relationship between 
products so as to acquire clusterised and modularised 
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correlation matrices. The correlation matrices were further 
used for determining the optimal product module and the 
research process flowchart is shown in Figure 1. The 
DEMATEL method was then used to generate the correlation 
matrix from product descriptions.  the ANP method is used to 
build the supermatrix and help acquire the weight of each 
element. Finally, the group modules were used as the 
evaluation criteria when conducting the market segmentation 
process. The implementation procedure is described as follows. 

(1) Obtain the correlation matrix which is evaluated by 
experts 

(2) Obtain the influence matrix by DEMATEL criteria 
(3) Illustrate the hierarchical relationships between 

element modules 
(4) Obtain the relationship distribution between each 

group module 
(5) Generate the element distribution chart . 

 
Figure 1: Framework of the proposed method. 

 
Theoretical background 

 
As shown in the above-mentioned research process flowchart, 

several different methods were utilized in this study for 
carrying out the analysis of each task. The details of how to 
implement those methods in this study are explained 
respectively as follows. 

 
Decision making trial and evaluation laboratory 

(DEMATEL) 

Gabus and Fontela [8] at the Battelle Memorial Institute 
in Geneva utilized the DEMATEL technique to resolve 
complex problems which were related to race, famine, 
environment, and energy issue and to obtain a type of 
self-feedback. They also built the network relationship between 
measurement guidelines and the causal relationships between 
elements. Based on their findings, Lin [13] carried out matrix 
operations to determine the degree of influence for evaluating 
the green supply chain management practices. In light of the 
studies by Fontela and Gabus [11,12], the procedure of the 
investigation in this study is divided into four steps as follows. 

Step 1: Obtained the average influence matrix 

By applying a pairwise judgment by specified criteria, each 
subject's perception of the degree of influence between indices 
can be assessed. The subjects were asked to mark the 
correlation degree of direct influence of index i  on index j  
with an influence scale of 0, 1, 2, 3 to 4, which represents 
"without any influence (0)", "minor influence (1)", "moderate 
influence (2)", "major influence (3)", and "great influence (4)" 
respectively. A n n  direct influence matrix [ ]ij n na A  

can be acquired from the answers provided by the subjects. 

Step 2: Transform the results into normalized direct 
influence matrix 

The direct influence matrix A  can be further normalized by 
Equations (1) and (2), and the direct influence matrix after 
normalization is [ ]ij n nd D , which is a matrix with zero 

diagonal. 
kD A   (1) 

1 1
min 1/ max ,1/ max

n n

ij iji jj i
k a a
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Step 3: Calculate total influence-relation matrix 

After the normalized direct influence matrix was acquired, 
Equation (3) can be used to build the overall influence matrix 
T  of the network relation chart, where I  is an identity 
matrix. 
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Step 4: Result analysis 

The summation along columns (
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 ) of the above-mentioned matrix were 

utilized to build the influence index vectors 

1( ,..., ,..., )i nr r r r  and 1( ,..., ,..., )j nc c c c  which are 

defined by Equations (4) and (5), where r represents the ability 
to affect other indices and c represents being affected by other 
indices. The horizontal axis vector (r+c) could be obtained by 
adding r and c. This value indicates the correlation degree 

between indices and is called prominence. Similarly, the 
vertical axis vector (r-c) is obtained by subtracting c from r. 
This value represents the intensities of affecting or being 
affected by indices, and it is also called relation. Generally 
speaking, when (r-c) is positive, this indicates that the index is 
in the reason group. Contrarily, if (r-c) is negative, then this 
indicates that the index is in the effect group. 
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where vector r  and vector c  represent the summations of 
rows or columns of the overall influence matrix [ ]ij n nt T  

respectively. 
 
Analytic network process (ANP) 
 
Saaty [10] proposed the ANP method on the foundation of 

the earlier AHP method. He proposed adding a feedback 
mechanism to the conventional linear AHP so as to present it in 
a network form. Meanwhile, the ANP method also considers 
the interdependency which is generated between each factor [9] 
and provides a systematic approach so as to validate the targets 
for an organization and their priorities. 

1. The first portion deals with the control hierarchy. The 
control hierarchy, which means the network relation between 
criteria and sub-criteria, affects the interior relations between 
systems. 

2. The second portion deals with the network relation 
between elements and clusters. 

The network relation can present the relevance between 
various criteria. The limiting influence between each control 
criteria can be calculated so as to form a supermatrix. Finally, 
each supermatrix will be assigned an adequate weight 
according to its own priority in the control hierarchy after a 
comprehensive assessment. 

 
Case study and the verification of its application 
 
This study began as an attempt to build the evaluation indices 

for the dehumidifier product by conducting a questionnaire 
survey. The design items of a dehumidifier were then graded 
for further classification. Experts in related fields were 
consulted for validating the relevance of preliminary evaluation 
indices. With the collected and organized dehumidifier indices, 
the experts conducted an assessment on the importance of each 

question based on their own expertise. The final evaluation 
indices were determined as shown in Figure 2. In this figure, the 
first level is the goal level and is the eventual goal for the 
dehumidifier evaluation. The second level is the objective level, 
which includes a total of four main dimensions: technique level, 
practical convenience, structure design, and appearance and 
styling. The third level covers twenty evaluation criteria. For 
conducting systematic evaluations and analyses, the related 
evaluation factors were derived on the index levels so as to 
establish a hierarchical framework. 

 
Figure 2. Hierarchy of the framework evaluation. 

 
 

DEMATEL calculations 

The next step is to calculate and obtain the prominence 
and the relation, and vectors r  and c  can be obtained from 
the summation of each row and each column as shown in Table 
1. The r  vector represents the indices which affect other 
indices and the c  vector represents the indices which are 
affected by other indices. The ( )r c  vector is called the 
prominence, which represents the intensity of the relation 
between indices. The ( )r c-  vector is called the relation, 
which represents the intensity of indices affecting or being 
affected by others. 

Table 1. Summations of the prominence and the relation values. 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

r+c 2.78 2.53 2.80 2.89 2.96 3.30 3.11 3.09 3.05 3.05 2.93 2.85 2.96 2.95 2.90 2.99 3.05 3.08 3.11 3.08 
r-c 1.54 1.60 1.34 1.19 1.13 0.85 1.39 1.37 1.32 1.32 1.20 1.13 1.23 1.22 1.17 1.26 1.32 1.35 1.38 1.35 
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correlation matrices. The correlation matrices were further 
used for determining the optimal product module and the 
research process flowchart is shown in Figure 1. The 
DEMATEL method was then used to generate the correlation 
matrix from product descriptions.  the ANP method is used to 
build the supermatrix and help acquire the weight of each 
element. Finally, the group modules were used as the 
evaluation criteria when conducting the market segmentation 
process. The implementation procedure is described as follows. 

(1) Obtain the correlation matrix which is evaluated by 
experts 

(2) Obtain the influence matrix by DEMATEL criteria 
(3) Illustrate the hierarchical relationships between 

element modules 
(4) Obtain the relationship distribution between each 

group module 
(5) Generate the element distribution chart . 

 
Figure 1: Framework of the proposed method. 
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Saaty [10] proposed the ANP method on the foundation of 

the earlier AHP method. He proposed adding a feedback 
mechanism to the conventional linear AHP so as to present it in 
a network form. Meanwhile, the ANP method also considers 
the interdependency which is generated between each factor [9] 
and provides a systematic approach so as to validate the targets 
for an organization and their priorities. 

1. The first portion deals with the control hierarchy. The 
control hierarchy, which means the network relation between 
criteria and sub-criteria, affects the interior relations between 
systems. 

2. The second portion deals with the network relation 
between elements and clusters. 

The network relation can present the relevance between 
various criteria. The limiting influence between each control 
criteria can be calculated so as to form a supermatrix. Finally, 
each supermatrix will be assigned an adequate weight 
according to its own priority in the control hierarchy after a 
comprehensive assessment. 

 
Case study and the verification of its application 
 
This study began as an attempt to build the evaluation indices 

for the dehumidifier product by conducting a questionnaire 
survey. The design items of a dehumidifier were then graded 
for further classification. Experts in related fields were 
consulted for validating the relevance of preliminary evaluation 
indices. With the collected and organized dehumidifier indices, 
the experts conducted an assessment on the importance of each 

question based on their own expertise. The final evaluation 
indices were determined as shown in Figure 2. In this figure, the 
first level is the goal level and is the eventual goal for the 
dehumidifier evaluation. The second level is the objective level, 
which includes a total of four main dimensions: technique level, 
practical convenience, structure design, and appearance and 
styling. The third level covers twenty evaluation criteria. For 
conducting systematic evaluations and analyses, the related 
evaluation factors were derived on the index levels so as to 
establish a hierarchical framework. 

 
Figure 2. Hierarchy of the framework evaluation. 

 
 

DEMATEL calculations 

The next step is to calculate and obtain the prominence 
and the relation, and vectors r  and c  can be obtained from 
the summation of each row and each column as shown in Table 
1. The r  vector represents the indices which affect other 
indices and the c  vector represents the indices which are 
affected by other indices. The ( )r c  vector is called the 
prominence, which represents the intensity of the relation 
between indices. The ( )r c-  vector is called the relation, 
which represents the intensity of indices affecting or being 
affected by others. 

Table 1. Summations of the prominence and the relation values. 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

r+c 2.78 2.53 2.80 2.89 2.96 3.30 3.11 3.09 3.05 3.05 2.93 2.85 2.96 2.95 2.90 2.99 3.05 3.08 3.11 3.08 
r-c 1.54 1.60 1.34 1.19 1.13 0.85 1.39 1.37 1.32 1.32 1.20 1.13 1.23 1.22 1.17 1.26 1.32 1.35 1.38 1.35 

 



38
ISBN 978-1-5386-4342-6

Proceedings of IEEE International Conference on Applied System Innovation 2018 
IEEE ICASI 2018- Meen, Prior & Lam (Eds)

Based on the distribution of values in concern, the resulting 
optimal product distribution can be confirmed. The results 
indicate a sequence from small to large as: {0, 0.6, 1.3, 1.6, 2.3, 
2.9}. This sequence was substituted into the calculation of each 
product. The products which better correspond to 
general-purpose product design can be obtained from Table 2. 

Table 2. Analysis of clusterised markets after the 

modularization process. 
 Module 1 Module 2 Module 3 Module 4  

0 M1-1 M2-1 M3-1 M4-1 ◎ 

0.6 M1-2 M2-2 M3-2 M4-2 ◎ 

1 M1-3 M2-3 M3-3 M4-3 ◎ 

1.3 M1-4 M2-4 M3-4 M4-4 ◎ 

1.6 M1-5 M2-5 M3-5 M4-5 ◎ 

2.3 M1-6 N M3-6 N ★ 
2.9 N N N N ○ 

Based on the data shown in Table 2, i.e. the optimal 
product which satisfies the requirement of market segmentation 
was obtained when its value is {2.3}. To correspond 
respectively to the requirements for different segments, the 
optimal dehumidifier product is required to provide benefits 
such as a lower cost when developing assembly configurations. 
The clusterised markets which correspond to the 
modularization process as obtained in Table 2 was further 
utilized for creating Modules 1 and 3. Those two groups 
obtained from the modularization analysis of the real case study 
can be used to create design drawings for two types of new 
dehumidifier products as shown in Figure 3. 

Figure 3. Two types of new dehumidifier products. 

M1-6 

 

M3-6 

 

Conclusions and suggestions 
An approach which integrates different product assessment 
methods was proposed in this study. The main objective of this 
study is to make a complex product assessment system 
structuralized based on user demands. The design of a 
dehumidifier product was investigated in the study so as to 
build a new system for optimal product design. 
The DEMATEL approach with a professional assessment was 
used for investigating the causal relationships between design 

elements and the extent of influence on the final product. the 
DEMATEL assessment contents  After that, The optimal 
weight of each module can be obtained after the ANP method 
was utilized to build the group models. 
The results of this case study successfully built the optimal 
product series based on different requirements by different 
groups and also resolved the modular configuration between 
product series. The systematic method for designing 
dehumidifier products can be implemented on similar product 
family designs so as to not only comply with consumer 
demands but also save cost by the realisation of 
modularization. 
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Abstract

Thin films of lead germanate (Pb5Ge3O11) were synthesized 
by plasma enhanced metalorganic chemical vapor deposition 
(PE-MOCVD). Tetraethyllead and germanium ethoxide were 
used as metalorganic precursors. In all deposition, 
Pt-passivated Si(100) was used as a substrate and in some case 
platinum foil and bare Si(100) substrates were used as well for 
a comparison. 

The reactor pressure and rf (radio frequency) power was 
maintained in 193.0 mtorr and 20W, respectively. The 
deposition temperature was controlled at 600℃. Thin films of 
lead germanate were grown on Pt-passivated Si(100) substrates,
strongly oriented in the {00l} (l=1-8) deposition, and exhibited 
well saturated P-E hysteresis loops with Pr = 3.1 C/cm2, Ps =
4.7 C/cm2, and Ec = 53.6 kV/cm. Those films that were
deposited on platium foil consisted of two phases, whereas an 
amorphous phase formed on bare Si(100).

Key words: lead germanate, PE-MOCVD, thin films

Introduction

In this study, Lead germanate, Pb5Ge3O11 , has attracted 
considerable interest because it is both ferroelectric and 
optically active[1-6]. It is a non-perovskite, uniaxial 
ferroelectric with polar direction parallel to c-axis, belonging to 
the trigonal crystal class system (point group : P3) at room 
temperature. It transforms to a hexagonal paraelectric phase 
(point group : P6) above the curie temperature (Tc = 178℃).

The crystal structure of Pb5Ge3O11 resembles those of apatite 
and nasonite. Combining half the apatite unit cell with half the 
nasonite cell gives the lead germanate structures as shown in 
Figure 1. Germanium is bonded to four oxygen atoms with 
equal numbers of single tetrahedral GeO4 groups and double 
tetrahedral Ge2O7 groups. Lead is found in both 
trigonal-pyramid and trigonal-prism configurations.  

Generally, the ferroelectric domains are randomly oriented 
and demonstrate no net polarization in a pristine state. However, 
if an electric field is applied, the domains align giving a net 
polarization. The ferroelectric materials are distinguished from 
ordinary dielectrics by their behavior in response to an applied 
electric field. The relation between P and E is linear for 
ordinary dielectrics but takes the form of a hysteresis loop in 
the case of ferroelectrics. 

Methods

The pressure regulation block diagram used in deposition 
lead germanate was shown in Figure 2. Control of 
stoichiometry was accomplished through adjustment of carrier 
gas flow rates. The carrier gas flow rates were selected 
according to the mass transport data that was obtained by 
weighing the bubblers of precursor before and after each run. 

Process temperature was measured using a digital 
thermometer before and after each run. Continuous monitoring 
was not possible during plasma operation because of the close 
proximity of the thermocouple to the rf antenna. 

The process was carried out with 20W of rf power. In order 
to evaluate the utility of plasma assistance, one run was made 
with no rf power. The deposition conditions are summarized in 
Table I. 

The crystalline phase identification was made using X-ray 
diffraction (XRD) with Cu K radiation at an incident angle of 
2.0o  relative to plane of the thin film surfaces.  The preferred 
orientation of a Pb5Ge3O11 film was characterized by pole 
figure analysis. Platinum electrodes were deposited onto film 
surfaces by electron beam evaporation. Polarization-field (P-E)
hysteresis loops were characterized using a standard 
Sawyer-Tower circuit in conjunction with an HP function 
generator and a digitizing oscilloscope. 

Results and Discussion 

The x-ray diffraction patterns for films deposited at different 
carried gas flow rates of germanium ethoxide, fGe, are shown in 
Figure 3. Table II summarizes the phases found in the films and 
their relative volume percentages.  The substrates in all cases 
were Pt-passivated Si(100). The phases, Pb5Ge3O11,and 
PbGeO3(I), were found for films deposited at g fGe between 7.0 
and 11.0 sccm. For films deposited at fGe =13.0 sccm, only 
single phase Pb5Ge3O11 was identified. Deposition for strictly 
thermally activated processes performed at fGe =7.0 sccm did 
not produce Pb5Ge3O11 at all but the phases PbGeO3(II)and
PbGe3O7. This demonstrated the influence of plasma in 
overcoming thermodynamic activation barriers in forming the 
ferroelectric phase. Results also indicated that phase of 
Pb5Ge3O11, can be deposited at this temperature only with the 
aid of plasma activation. 

Figure 4 is an expanded view of x-ray diffraction pattern of 


