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There are many problems in the current process product design, such as poor interaction and low overall efficiency, so a process
product design method based on multimode interaction design is proposed. Based on the relationship model, environment model,
and object-oriented model of process product design, the process of process product development and design is analyzed. On this
basis, the finite state machine is used to analyze the state of the designer to complete the task sequence, as well as the related design
task planning, constructing craft products multimodal interaction mechanism, with the improved fuzzy analytic hierarchy process
to evaluate the quality of the products, according to the evaluation results of technology of product design optimization. The
experimental results show that both experts and ordinary users give a high evaluation of the product designed in this paper, and
the design cycle of the product is significantly shortened, indicating that this method can fully save the design time and improve

the overall efficiency.

1. Introduction

Human society has entered the information age, knowledge
economy is the economic form of information society, and
whether the manufacturing industry is strong or not is an
important indicator to measure the economic strength of a
country [1]. The rapid development of IT technology and
communication technology has greatly expanded the depth
and breadth of manufacturing industry and promoted the
development and innovation of manufacturing technology.
With the initial formation of economic globalization and in-
tegration pattern, how to make more extensive use of global
resources, improve the ability to respond quickly to the market,
and design excellent process products has become a key issue
for relevant manufacturing enterprises to consider [2, 3].

In the process of product design, it is necessary to an-
alyze the structure, material, and precision requirements of
the parts of the new product to determine the manu-
facturability and assemblability of the product. At present,
the design of craft products is carried out by craft personnel
based on their personal technical experience, which is rel-
atively poor in standardization and low in efficiency.
Therefore, it is necessary to conduct multimode interaction
design for process products to improve the design quality

and overall efficiency of process products [4]. Product design
process is crucial to satisfy customers’ needs and expecta-
tions. The product design planning and decisions are made
by different divisions and departments, which causes ex-
cessive cost of the process [5]. The industrial revolutions are
associated with how the operations of an enterprise affect its
manufacturing system and affect the value chain from
product design to its marketing and disposal. It needs to be
ensured that the designed product will help the company
fully benefit from the industrial revolution [6]. Small- and
medium-sized enterprises rely on skilled and technical
workforce to increase productivity. Crowdsourcing offers
the opportunity for these enterprises to get access to the
online communities that provide these services. There are
numerous problems with crowdsourcing that include in-
formation sharing, collaborative product design in virtual
environment, design evaluation, and feedback generation
[7]. The use of design innovation processes and the tools
used for this are perceived by technology-driven enterprises
to enable the enterprises to reframe their approach to
product and business model offerings, new solutions, and
innovative products. This enables the companies to rapidly
test viability of the new products and business models using
prototyping and end-user engagement [8].
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According to the above analysis, this paper proposes a
process product design method based on multimode in-
teraction design, and the effectiveness of the method is
verified by experiments. The key contributions of the paper
include the following:

(1) We define the detailed process of product design, the
environment model, and the object-oriented model
of the process. The object-oriented method of design
decomposes the process into the design of several
parts and entities.

(2) We adopt multimode interactive way of the design
process to improve the design efficiency, quality, and
user experience. The multimode interaction design
process is composed of the planning layer and the
behavior perception layer.

(3) We define a detailed evaluation index system to
ensure the quality of the process product design,
which is the basis of the comprehensive evaluation of
the design quality.

(4) At the end, we set up an experimental environment
that consists of the product design environment and
the production environment and design 10 products
to evaluate the effectiveness of the approach.

2. Process Product Design Method

2.1. Theoretical Basis of Product Design. In essence, the
process product design method based on multimode in-
teraction design is a process with strong sequence, inter-
action, and iteration. Technology product design
requirements through the whole process of product life cycle
information sharing between the designers from the start
consider all factors about the process of product design, so as
to improve quality, shorten the development cycle, reduce
cost and environmental protection, and so on. The purpose
of comprehensive optimization is a kind of integration,
parallel  processing method of product design,
manufacturing, and related process [9].

The process of technological product design is a process
of overlapping and compression of each activity link, as
shown in Figure 1.

The above process product design process not only reflects
the serial characteristic of general product design but also
highlights the interactive and iterative characteristic of process
product design. The designer considers factors such as product
technology while ensuring product performance. In the process
of product design, each subprocess can be carried out se-
quentially, but some subprocesses are sometimes parallel,
intersecting, and even repeated [10].

Process product design requires designers to consider
function, manufacturing, assembly, inspection, materials,
and other factors related to the process and inevitably in-
volves maintenance, environment, sales, recycling, and other
subsequent process factors, and the relationship between
various factors is difficult to determine. The relationship
model of process product design is shown in Figure 2.
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FIGURE 1: Product design process.

FIGURE 2: Relationship model of process product design.

Process product design is to achieve the overall opti-
mization of product process by comprehensively consid-
ering the process factors of each manufacturer in the
decentralized network production environment. Product
development in the networked environment has been
transformed from a single designer to multiple designers
[11]. The process product designer faces a more complex
environment, as shown in Figure 3.

In an independent enterprise, designers can quickly
familiarize themselves with the production environment and
design products with better technology according to their
experience. But in the environment of the network alliance
enterprise production pattern, the number of the enterprises
also changes frequently; the designer cannot please everyone
personally familiar with the production environment. Ex-
perience alone is not enough; this requires the designer to
timely access the actual production data and design the
excellent craft products [12].

According to the process product design process and
object-oriented methodology, the process product design is
decomposed into the design of several parts, and each part is
divided into several entities according to the process factor,
as shown in Figure 4.

As an important part of product development process,
product design process consists of reloading, compression,
and integration of each activity link, as shown in Figure 5.

The product model repository stores existing product in-
formation. Since most of the current industrial product design is
conventional design, the existing data and structure of similar
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FIGURE 4: Object-oriented model of process product design.

products can be referenced to the current product design.
Moreover, these data and structure have already passed the
actual test and have better technology. With the process of
product design, the content of product model library will be-
come more and more rich, and more and more available
structures will also be available [13, 14]. Process database in-
cludes enterprise resources, various product process specifica-
tions, and process data. The basic process data can guide the
product design to meet the basic process requirements, and each
enterprise’s existing product process reflects the production
characteristics and production capacity of the enterprise and can
give designers a lot of hints. Enterprise resource library is a
collection of manufacturing resources of an enterprise, reflecting
the production personnel, equipment, technology, management,
and other aspects of each enterprise and centrally reflecting the
production capacity of each enterprise [15]. Whether the pro-
duction of products can be successfully completed by the
existing resources, or the training of personnel, the update of
equipment and the introduction of new technology can be
completed, reflecting whether the overall performance of the
process product is good or not.

2.2. Multimode Interaction Design of Process Products. At
present, with the continuous improvement of the devel-
opment level of science and technology, it is required that

multimode interaction can be realized in the design process
of technological products, so as to improve the design ef-
ficiency of products, product quality and user experience.
Therefore, this paper carries out multimode interactive
design of process products according to the design re-
quirements of process products [16].

In order to realize distributed cooperation, the control
structure and the information interaction channel between
designers should be established first. The hybrid coordina-
tion structure between the designers is shown in Figure 6.

In the process of multimode interaction design of
technological products, the hybrid coordination structure is
mainly composed of the planning layer and the behavior
perception layer, and the results can be used to achieve in-
depth analysis of the relationship between tasks, designers,
and behaviors [17]. Task planning includes the assignment of
tasks among designers and the decomposition and refine-
ment of each designer’s respective tasks; thus generating a
series of subtasks, then dividing the completion process of
each subtask in detail, and using finite state machine (FSM)
for designers in the process of technology products multi-
modal interaction design to complete the task by the state
sequence were analyzed, and the related design task planning
is by a series of discrete states in a certain sequence, and each
state contains several basic behaviors. A collection of these
behaviors described the characteristics of the current state.
The transition between states is realized by the change of
designer’s behavior time series, so the execution process of a
task can be described as a process with state as node and
behavior time series as transition.

The interaction between designers can significantly
promote the design level of craft products. First, it can obtain
information about design tasks and other designers to make
up for the lack of their own ability. Second, frequent in-
formation exchange and consultation are used to achieve
close cooperation [18, 19].

In the process of multimode interaction design of
process products, the efficiency of information interaction
has obvious benefits for some specific types of tasks. In many
cases, even a small amount of information interaction can
play a big role. In human society, designers’ cooperation
mainly relies on two information media: language and
observation. Therefore, this paper designs the multimode
interaction mechanism of process products, as shown in
Figure 7.

The characteristics of multimode interaction mechanism
of process products are as follows.

2.2.1. Grouping Mechanism. The N designers are divided
into K groups, and the number of members in the group is
m; and i — 1,2,..., k. Designers in each group can execute
tasks independently through cooperation, so there are K
groups of designers performing tasks in parallel. The rele-
vant research shows that appropriate grouping can reduce
the amount of data needed to be transmitted in the process
of designers’ interaction, simplify the coordination strategy,
and effectively avoid the bottleneck of information inter-
action and difficult information transmission.
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2.2.2. Explicit Information Interaction within the Group.
The explicit information interaction between designers only
occurs within the group, and only when each subsequent
state is reached, the message flag describing the start of the
current state is sent to the partner within the group once.
This short messaging mechanism is based on the premise
that designers know each other’s internal state model. Due to
the small number of designers’ internal states, the amount of

information interaction data between designers is very small,
but the amount of information expressed is not reduced.

2.2.3. Intragroup Local Perception. Since the cooperation
behaviors between designers in the group must depend on
the perception results of related tasks and such perception
information can effectively supplement the content of ex-
plicit information interaction, it can be said that the content
of explicit information interaction is coarsely grained and
the observation information is fine-grained.

2.2.4. Intergroup Local Perception. In order to realize in-
tergroup coordination (regional division of labor, etc.), the
designer’s intergroup observation is also necessary.

The multimode interaction mechanism of process
products has the following advantages:

(1) Information complementarity: two information in-
teraction channels can provide information that is
difficult for each other to obtain.

(2) Efficiency of information interaction: information
interaction occurs at the planning level, with concise
content, discrete time, and high information
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utilization rate. Under the condition of detailed task
planning, more designers can be accommodative to
carry out process and product tasks at the same time.

(3) Real-time: the coordination among designers based
on perception can make full use of the processing
ability of designers to realize fast and real-time be-
havior prediction and perception, thus laying a firm
foundation for the good completion of subsequent
process product design tasks.

(4) Reliability: the combination of the two reduces the
number of communication between designers in the
process of product design, reduces unnecessary time
overhead, improves the coordination and efficiency
in the process of product design, and can design
more high-quality process products.

2.3. Process Product Design Quality Evaluation. The selection
and establishment of evaluation index system are the im-
portant bases of comprehensive evaluation and the guar-
antee of effective evaluation of product design quality.
Indicators are the parameters used to evaluate a system. For
example, generally speaking, any indicator reflects and de-
picts one aspect of something. The most ideal method to
evaluate the quality of product design is to directly test the
function and performance of the product during its use,
because while the use of major problems causes significant
losses to the user, it also causes a bad impact on the rep-
utation of the enterprise. Therefore, it is necessary to
evaluate the quality of product design after the completion of
product design. But until now, the relevant technical liter-
ature has not introduced a more perfect evaluation method
of product design quality, which brings a greater random-
ness to the product design work, the product design quality
cannot be strictly controlled. Therefore, it is of great value
not only in theory but also in practice to study and put
forward the evaluation criteria and evaluation system of
product design quality. Based on the connotation of product
design quality, the evaluation index system of product design
quality is determined. Evaluation index system of process
product design quality is shown in Table 1.

In the comprehensive evaluation system, the unit and
magnitude of each index value are generally different.
Therefore, there are differences among the indexes, which
brings inconvenience to the comprehensive evaluation. In
order to reflect the actual situation as much as possible, we
eliminate the influence caused by the different units of each
indicator and the great difference between their numerical
orders of magnitude and avoid the occurrence of unrea-
sonable phenomenon; it is necessary to carry out the di-
mensionless treatment of evaluation indicators. The indexes
of the evaluation system are standardized, including the
consistent treatment and the dimensionless treatment.

That is, according to the principle of statistics, the actual
indicators are standardized and

X=X

Vi > (1)

N

where y; is the evaluation value of the index, x; is the actual
index value, X is the average value of the actual index value,
and s is the mean square error of the actual index value. The
calculation formula of X is as follows:

(2)

(3)

In order to reasonably determine the weight of each
indicator in the index system, the following principles
should be followed:

(1) The objectivity principle means that the weight of the
index should fully reflect the characteristics of the
evaluated object and its environment.

(2) Reflecting the intention and strategy of the
evaluation subject is the principle to reflect the
preference of evaluation subjects as much as
possible when determining the weight of
indicators.

Firstly, the importance degree of n evaluation indexes
about an evaluation target was compared and judged pairby-
pairby the scale listed in the table to obtain matrix A.
Relative importance of evaluation indexes is shown in
Table 2.

This method compares the importance of goals; if there is
n goal, a total of C2 = n(n — 2)/2 times. Estimate the relative
importance of the ith objective relative to the jth objective as
a;;, and approximate this to be the ratio of w;/w; of the

P J

weight of attribute i, w;, to attribute j, w;. The results of

paired comparison of n targets are expressed by matrix A,
and the following results can be obtained:

L w
w, W w,
a;; G, a3 - a
1 %12 413 1n w, w, w,
-2 222
w w w
ay1 Gy A3 Ao ! 3 "
A=| a3 ax az az, |=| Ws W W
w, w, w,
An Gyp Apz " Ay
W, w,
W) Wy ws
(4)
If the decision maker’s estimate ofaij (4,j=12,...,n)is

consistent, then there is
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TaBLE 1: Evaluation index system of process product design quality.

Level indicators

The secondary indicators

Main and auxiliary functions of the product

The main function
Auxiliary function

The structure and performance of the product

Man-machine safety
System reliability
Compactness of construction
Material adaptability
Working durability
Environmental harmlessness
Artistic modelling
Design economy

Product performance

Ergonomic availability
Index superiority
Working stability
System testability

System controllability

Fault diagnosability
Operational agreeableness
Economy of use

Product process performance

Structural manufacturability
Part specification
Production timeliness
Tolerance rationality
Maintenance convenience
Shipping feasibility
Scrap recyclability
Manufacturing economy

TaBLE 2: Relative importance of evaluation indexes.

Scale Meaning
1 Indicates that the two indexes X; and X; have the same importance
3 Indicates that X; is slightly more important than X; when compared with two indexes X;
5 Indicates that X; is significantly more important than X; when comparing two indexes X; with X;
7 Represents the comparison of two indexes X; and Xj, X; is strongly more important than X;
9 Represents the two indexes X; compared with Xj, X; is extremely important than X;
2,4,6,8 The scale value between the above two adjacent conditions
The bottom The two indexes X; are compared with Xj; then, X; is slightly important compared with X; to judge that a;;=1/a;
n n 2
; min{ z = 2. (aijw]- —wi) , (7)
aij = . ( 5) i=1 i=1
a0 where Y w; =1, w;>0,(i=1,2,...,n).
The constrained scalar optimization problem is solved by
Moreover, decision-makers always estimate ~ Lagrange multiplier method, and the Lagrange function is
a;=1(,=1,2,...,n). If the decision-maker’s estimates - ;
of these values @ (i,j=1,2,...,n) are inconsistent, then L= Z Z(aijwj _ w,-)z £ 21 Zwi ~1 ) (8)
only n j=1 i=1
a. i () The above equation is differentiated against w to obtain
1
w

J
Therefore, in general, the value of a;;w; — w; is not 0, but

we can choose a set of weights {w,,w,, ..., w,} to minimize
the sum of squares of error, namely,

the following results:

% = Z(uﬂwi - wj)aﬂ - Z(aljwj - w,) +1=0,(1=123,..n).

(9)

=1 j=1
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The above two equations constitute n + 1 nonhomoge-
neous linear equations, and #n+1 unknowns A and
wy, W,,...,Ww, can obtain a unique solution, which is the
calculation result of evaluation index weight.

Results of the weight of industrial product design quality
evaluation index were calculated, and the improved fuzzy
analytic hierarchy process was used for industrial product
design quality evaluation. The first advantage of the im-
proved fuzzy analytic hierarchy process is that the three-
scale method belongs to complementary scale, which is in
line with people’s thinking logic, and its form is relatively
simple. In terms of its quality, there is no possibility of
inaccurate measurement. Although the priority judgment
matrix is rough, it is very easy to establish. The fuzzy

wO = (w,wy,.ow,)" =

Z?:l 1j

consistency matrix transformed from the priority judgment
matrix meets the consistency condition. The improved fuzzy
analytic hierarchy process is used to evaluate the design
quality of industrial products. The process is as follows.

The complementary fuzzy judgment matrices F and F =
(f)nxm are established by using the three-scale method,
which is called the priority judgment matrix.

The row sum r; = Z;’zl fij is obtained, and the fuzzy
judgment matrix F = (fj),., is transformed into fuzzy
consistency judgment matrix R = (rj),y, by using the
conversion formula r;; = r; —r;/2n + 0.5.

The sorting vector is obtained by the sum row nor-
malization method. The specific calculation formula is as
follows:

T
n n
Zj:l 2j Zj:l Tnj (10)

Using the conversion formula e; = ry/ej;, the comple-
mentary judgment matrix R = (r is changed into a
reciprocal matrix E = (),

Take the sorting vector W (%) as the iterative initial value
V, of the eigenvalue method to further obtain the sorting
vector W® with high accuracy. The specific process is as

follows:

ij )n><m

(1) Determine the input comparison matrix E,,,, ac-
curacy € and maximum number of iterations N.

(2) Find the infinite norm [V l|, of the initial value V,

of the eigenvector, [V llo, = max{vy;, v, - - - Vou}-
(3) The eigenvector V,, is solved by iterative formula
i = VillVolso
Vi =Eye

@) I Vil = IVillool <& Vi llo is the maximum
eigenvalue. Normalizing V., can obtain the fol-
lowing results:

Vit1,2 Vi+Ln

T
Vit1,1
V:( ) ) (1)
i Vi+1i Y1 Vi+Li i Vi1

The calculation result of the above formula is the target
sorting vector, and the iteration ends. Otherwise, take V, as
the new initial value to iterate again until the maximum
number of iterations N is completed. The ranking vector
W &) obtained this time is the process product design quality
evaluation result determined by the improved analytic hi-
erarchy process. The calculation formula of V| is as follows:

L= Vk+1 =( Vk+1,1 Vk+1,2 Vk+1,n >T.
Vialeo \IViatloo WVietleo ™ [Vin oo
(12)

v

According to the evaluation results, the process product
design is optimized, so as to complete the research on the

X Z;l=1 rij, X Z;'l=1 rij, Y Z;‘l=1 T

process product design method based on multimode in-
teractive design.

3. Experimental Design and Result Analysis

3.1. Experimental Preparation. In order to verify the effec-
tiveness of the process product design method based on
multimode interactive design, experiments were carried out.
This experiment takes 10 kinds of process products as the
research object, uses the design method of this paper to
design these 10 kinds of process products, and obtains
relevant evaluation data by scoring them, respectively, by
experts and users, so as to verify the practical application
effect of this method. The specific experimental environment
is shown in Figure 8.

After 10 products are designed by using the process
product design method based on multimode interactive
design, the specific results are shown in Figure 9.

Any process product design cannot let everyone who has
used it be satisfied, but the product design must make the
product as much as possible to meet the needs of most users.
Therefore, this paper adopts various methods to obtain the
specific evaluation data of experts and ordinary users on the
10 products, including the following data collection
methods.

3.1.1. Questionnaire Method. According to the structure of
questions and responses, questionnaires can be divided into
two categories: free answers (unstructured) and selective
answers (structured). The free-answer questionnaire is
usually called an open questionnaire, while the latter is called
a closed or fixed choice questionnaire. In the research
process of this paper, the questionnaire method is mainly
used to complete the preliminary basic user experience data
collection work. Developing the questionnaire includes the
following steps:
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FIGURE 9: Process product design results based on multimode interactive design.

(1) Clarifying the purpose of research

(2) The assumption of questionnaire form
(3) Drafting a questionnaire

(4) Editing the questionnaire

(5) Compiling  guidelines  for  questionnaire

implementation
(6) Questionnaire prediction
(7) Modifying the questionnaire

(8) Developing a sample plan for questionnaire
implementation

(9) Conducting investigation/data collection
(10) Analysis of data
(11) Reporting the results

3.1.2. Interview Method. Interview method is a method for
analysts to collect information through face-to-face
conversation with analysis objects. It is a general method
for obtaining job analysis information and has good
flexibility and adaptability. Interview is not only the
investigation of facts, but also the consultation of
opinions. It is more used for personality and individual
research. The interview method is usually used in the case
of a small number of respondents and is often used in
combination with questionnaires and tests. The interview
method is suitable for experts and scholars in related
fields, such as developers, designers, and senior man-
agers. In this study, the interview method is mainly used
to collect in-depth evaluation data, so as to lay a solid
foundation for the later evaluation of process product
design quality satisfaction.
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3.1.3. Product Research and User Site. Product and user field
studies are based on questionnaires and interviews. Product
research mainly refers to the market research of the process
products themselves, including the types of existing prod-
ucts, materials, prices, and use methods. Through product
research to understand the relevant information of existing
process products in the current market, it can help designers
and researchers to understand the use habits of existing
consumers and avoid unnecessary design ideas. This process
has important guiding significance for the later design. You
can find relevant information through the advantages of
online resources and cooperate with the investigation of
stores at the same time. The user field study is a field study of
the user’s use of the process product conducted by re-
searchers entering the user’s home or inviting the user to the
process product use site. Its purpose is to further understand
the information of the user in the real process of using the
product. Specifically, designers or researchers enter users’
homes, interview users, record users’ process of using
products, and use questionnaires to trace, so as to have a
detailed understanding of the information of users’ inter-
action with products. The detailed experience information of
users using products can help designers and researchers to
have a deep understanding of users’ functional needs and
emotional needs and use habits of products through on-site
research.

3.2. Result Analysis. In this paper, industrial products are
evaluated with a full score of 10, and the average value of
expert evaluation results and common user evaluation re-
sults is taken as the final evaluation result of process product
design satisfaction, as shown in Table 3.

According to the analysis of data in Table 3, both
experts and ordinary users gave high evaluations to the 10
process products. Experts gave 9.7 to the gprocess
product, which was the highest among the 10 products,
while experts gave the h process product the lowest. The
average user’s g-score for craft products is 9.7, which is
the highest among the 10 products. Experts give the lowest
grade for the first c-type craft product. For the first g-type
craft product evaluation, the result of the expert and
ordinary user’s evaluation is consistent. The evaluation
results with other types of technology products have
certain difference. The main reason is that experts pay
more attention to the artistry of the products in the
process of evaluation, while ordinary users pay more
attention to the usability of the products. But generally
speaking, both experts and users give a high evaluation of
the products designed by using the method in this paper,
which verifies the superiority of this method.

On the basis of the above experiments, the designers who
adopted the method described in this paper and those who
did not were divided into two groups on average, denoted as
experiment group A and experiment group B. The product
design cycle of the two groups was analyzed by providing the
same product design requirements for the designers of the
two groups. The specific comparison results are shown in
Table 4.

TABLE 3: Satisfaction evaluation results.

Product Expert evaluation General user

number results evaluation

a 9.5 9.3

b 9.4 9.2

c 9.3 9.0

d 9.3 9.5

e 9.5 9.8

f 9.4 9.1

g 9.7 9.7

h 9.2 9.6

i 9.3 9.7

j 9.4 9.5
TaBLE 4: Product design cycle (days).

Product The experimental group ~ The experimental

number group B

a 15 25

b 14 21

c 17 26

d 21 28

e 18 32

f 13 35

g 12 28

h 15 36

i 16 27

j 13 31

By analyzing the data in Table 4, it can be seen that the
design cycle of process d in experimental group A is 20 days,
which is the longest among the 10 products, and the design
cycle of process g is 12 days, which is the shortest among the
10 products. In experimental group B, the design cycle of the
h-type product is 36 days, which is the longest among the 10
products, while the design cycle of the b-type product is 21
days, which is the shortest among the 10 products. On this
basis, compared with the same type of process product
design cycle, the design cycle of this method is shorter,
indicating that this method can fully save the design time
and improve the overall efficiency of process product design.

4. Conclusion

With the rapid development of market economy today, the
focus of market competition has been focused on the
competition of technological product quality. It has been
widely accepted that the quality of craft products is first
designed and then manufactured. The design quality of craft
products and the interactive design method have increas-
ingly become the focus of enterprises. In order to improve
the interaction of the whole design process, this paper puts
forward a process product design method based on multi-
mode interaction design and realizes the process product
design and its improvement by discussing the theoretical
basis of product design, multimode interaction design of
process product, quality evaluation of process product de-
sign, and so on. Experimental results show that both experts
and ordinary users to products designed by this article gave a
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high evaluation, and the method, the design of the product
cycle shortened obviously, shows that the method can fully
save design time, improve the whole efficiency of process of
product design, and fully verify the effectiveness of the
method. [20].
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