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The sharing and reuse of product design experience knowledge is beneficial to shorten the product development cycle and
improve product quality. The intelligent microprocessor has greatly changed the way of interaction between people and
computers. This article mainly studies the usability analysis in the product design process based on the intelligent
microprocessor. The experiment must first perform initial finite element calculations, and the purpose is to complete the data
collection. The collection of evaluation indicators is carried out with the help of perceptual vocabulary classification, and the
hierarchical inference method is used to build a tree-like analysis chart. After the indicator collection is completed, the Likert
scale method is used to screen the indicators, and the evaluators will rate the selected indicators according to their importance.
The Petri net modeling method is used to model the product design process, which mainly includes task element definition,
task module division, task planning, and task allocation. Finally, the usability test of the product is carried out. Experimental
data shows that the probability of completing the design task within 30 days is 27.74%. The results show that the intelligent
microprocessor shortens the time-consuming process of product design and at the same time enhances product usability.

1. Introduction

The transformation of social economy, the increasingly
intensified market competition, and the diversified develop-
ment of science and technology have made consumers’
demands and expectations increasingly expand, and the
positioning and role of products have also changed. In our
country, the research and application of product usability
and user experience are rising rapidly, arousing widespread
interest in the research field, and also major well-known
enterprises and emerging technological innovation enter-
prises have also increased their investment in usability engi-
neering. Therefore, studying UCD methodology in the
product development life cycle is of great significance to
both theory and practice.

In this paper, the intelligent microprocessor is applied to
the field of product design evaluation, which expands and
complements the methods of product design evaluation,
provides new ideas for the development direction of product
design evaluation under the background of science and tech-
nology and information, and provides a new platform for

the communication among users, designers, engineers, and
evaluators. At the same time, it provides an effective basis
for the simulation verification of new products before they
are put into the market. Through the quantitative processing
of subjective design evaluation, it can better grasp the needs
of consumers and control the design direction, which is of
great significance to improve the success rate and efficiency
of design.

Product design is a very complex process. Xia believes
that product design and manufacturing simulation is a
promising research and application field of tactile. Through
natural human-computer interaction and realistic torque
feedback, tactile can change the traditional design and
manufacturing methods. He has conducted a detailed and
comprehensive survey of the haptics used in product design
and manufacturing simulation over the past 10 years,
including tactile for product design and shape modeling,
for machining simulation, and for virtual assembly and
maintenance simulation. He introduced new tactile devices
and rendering algorithms and discussed the main research
work and typical systems. His research content is too limited
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[1]. The NURBS surface is the same as the NURBS curve in
the shape project column, which forms the final shape to be
created through the combination of multiple surfaces. There
are two types of adjustment points on NURBS curves and
surfaces: points edit points and CV control points. Pernot
et al. believe that the use of free shapes has become the main-
stream for designing complex products that must meet engi-
neering requirements and aesthetic standards. Even though
the CAD system can easily express free shapes through
NURBS surfaces, its definition and modification still require
deep knowledge and superb skills in operating the basic
mathematical model. The implementation of free-form
designers is time-consuming and cannot be quickly modi-
fied. In order to overcome these limitations, they have car-
ried out some research to try to adapt to the characteristic
concepts successfully used for regular shape design in the
field of free concepts. They described and compared various
methods. Their research lacks innovation [2]. Du et al. pro-
vide an overview of the latest technology on LFJO problems
based on the typical decision chain of engineering optimiza-
tion, including successive stages of problem formation, opti-
mization modeling, model solution, and optimization
evaluation. They also reviewed the current status of two-
level programming (BLP) models for LFJO problems, focus-
ing on their engineering implications for PDD. They also
reviewed popular algorithms used to solve BLP mathemati-
cal models, as well as common practices for LFJO model
evaluation in the PDD literature. Finally, they discussed
the key issues of the LFJO problem and the prospects for fur-
ther research. The factors considered in his research are not
comprehensive [3]. For example, there is insufficient
research on the development conditions, development costs,
and maintenance costs of the technology. Tiwari et al.
believe that design concept evaluation is one of the most
important stages in the early stages of the design process
because it not only affects the later stages of the design pro-
cess but also affects the success of the final design solution.
Their main purpose is to reduce inaccurate content in the
customer evaluation process, thereby improving the effec-
tiveness and objectivity of product design. They proposed a
novel method for performing design concept evaluation.
This method does not need to consider the cost and benefit
characteristics of design standards but instead determines
the best concept that can meet the constraints imposed by
the designer team on the design standards and meet the
preferences of the largest customer. In this work, they devel-
oped an improved VIKOR method for rough numbers by
modifying the extended VIKOR method by using interval
numbers for design concept evaluation. Their research lacks
necessary experimental data [4]. The VIKOR decision-
making method they mentioned is a compromise ranking
method, which compromises and ranks limited decision-
making schemes by maximizing group utility and minimiz-
ing individual regret values. The VIKOR method is an effec-
tive tool for multicriteria decision-making (MCDM). It is
used in the following situations: (1) the decision-maker can-
not or does not know how to accurately express his prefer-
ences; (2) there are conflicts and incommensurability
between evaluation criteria (different measurement units);

and (3) decision-makers dealing with conflict issues can
accept compromise solutions.

This paper applies the intelligent microprocessor to
product design evaluation and builds a model framework
of the product design evaluation system that applies the
intelligent microprocessor. At the same time, the sharing
technology of product design knowledge can effectively inte-
grate the existing design resources and design results, share
the design process through the network, accelerate the prod-
uct design speed, and shorten the product development
design cycle. This paper takes users as the center, evaluates
the usability of the product design process and design qual-
ity, tries to apply it to different types of products and differ-
ent design processes, and finally forms the usability
evaluation standard of product design, which is the evalua-
tion of design results, and also the user participation in the
design process solves the problem of too subjective design
evaluation.

2. Intelligent Microprocessor in Product Design

2.1. Intelligent Microprocessor. The intelligent microproces-
sor in product design has changed the previous two-
dimensional or three-dimensional rendering design, which
digitizes the three-dimensional model, accurately and intui-
tively, and can provide a real design object so that con-
sumers or designers can experience products, evaluate
products, and validate products on the same platform. They
can be in or in front of the evaluation object and evaluate the
scale, space, structure, proportion, color, and texture
through simulation [5, 6].

Since the introduction of microprocessors, microproces-
sors have been quickly introduced into various industries
and have completely changed the design ideas of products.
For example, common smart products such as computers,
scientific calculators, tablets, smart phones, smart watches,
and smart switches all use smart microprocessors. Take a
smart phone as an example. The processor is the core com-
ponent of the mobile phone. It is the control center system
of the entire mobile phone and the control core of the logic
part. The microprocessor achieves the purpose of overall
monitoring of the mobile phone by running the software
in the memory and calling the database in the memory.
With the continuous improvement of the integrated circuit
production technology and process level, the functions of
the microprocessor in the mobile phone are becoming more
and more powerful, such as the integration of advanced dig-
ital signal processors in the microprocessor. The perfor-
mance of the processor determines the performance of the
entire phone. Through the digital conversion of analog sig-
nals, information can be stored conveniently, measured
values can be analyzed in real time, and various syntheses
and processing can be performed. And this pushes product
design to a new era of computerization and intelligence.
The intelligent microprocessor makes the product scheme
from two-dimensional drawings and three-dimensional
models and imitates the product’s shape, color, material,
size, and other attributes, providing a virtual viewing and
using the digital product for evaluation and verification by
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evaluators. The intelligent microprocessor can simulate the
appearance of the product in all directions and with high
precision. The intelligent microprocessor first accepts pro-
cessing instructions, which must be executed in strict accor-
dance with the order specified by the program to ensure the
correctness of the computer system. Secondly, the corre-
sponding operation control signals are sent to the corre-
sponding components so as to control these components
to perform corresponding operations according to the
requirements of the instructions. During the operation of
the instruction, strictly follow the time specified in the
instruction. After all program operations are completed, per-
form arithmetic and logical operations on the data or per-
form other information processing. After all data
processing is completed, the entire product can be simu-
lated. In addition, the intelligent microprocessor can also
build a product use environment to simulate the use process
of the product. Through strong technical support, the evalu-
ators can observe and use the products in a realistic natural
and reasonable use environment and make the evaluation
results more reasonable [7]. The specific processor chip
structure is shown in Figure 1.

It can be seen from Figure 1 that more and more hetero-
geneous multicores have appeared in recent years. Heteroge-
neous multicore hardware is different in architecture. The
CPU is mainly responsible for executing serial tasks and
logic control. GPU has great advantages in parallel comput-
ing due to its thread-level parallelism. CPU and GPU hetero-
geneous multicores can give full play to the performance
advantages of CPU and GPU in their respective application
scenarios. The principle is to integrate cores of different sizes
into the same chip according to specific needs—application

computing requirements. At the same time, the multi-
threaded microprocessor structure provides multiple hard-
ware sites, that is, the program execution context
environment, so that the CPU can run in accordance with
multiple control threads at the same time, and each execu-
tion site saves the running state of a currently running
thread, including general register files and the program
counter. These hardware sites save the thread state of the
same address space on site and can execute lightweight
threads. The model is shown in Figure 2.

As shown in Figure 2, from an architectural point of
view, simultaneous multithreaded processor technology
implements multiple relatively independent logical proces-
sors on a physical processor core. Each logical processor
has its own architecture description. During operation, each
logical processor can independently suspend, interrupt, and
directly execute a specific thread without being affected by
the state of another logical processor. At the same time,
due to the use of the largest hardware support, the thread
switching efficiency is relatively high.

The entity and virtual body are inseparable. The dialecti-
cal relationship between them constitutes products and
determines the grade of products. On the one hand, the
two are interrelated. The virtual body belongs to ideology.
It cannot exist in isolation but must rely on the entity. In
other words, in the process of design, we must consider
whether the materials, design tools, and related processing
equipment can support the completion of the product
manufacturing. Moreover, the perceptual elements of prod-
ucts need to be externalized with the help of product entities
[8]. In addition, human beings live in the real environment,
which is full of objective entities. The objective entities are
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Figure 1: Structure of the heterogeneous SMP processor.
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the necessities of human life, and the real sense of human
existence also needs to be reflected by product entities [9].
On the other hand, the two restrict each other. The perfec-
tion of the entity elements directly restricts the embodiment
of the virtual elements. Without the support of the entity, no
matter how unique the creativity is, no better idea can be
realized, and then the excellent products cannot be used by
people. At the same time, virtual elements have initiative,
and appropriate virtual elements will promote the develop-
ment of physical elements and then create high-level prod-
ucts [10]. On the contrary, it will produce low-grade
products. Therefore, in the process of product design, the
construction of virtual elements is to give product emotion
and then use reasonable methods to pass the emotional state
of the product to consumers, thus affecting the evaluation of
product formation by consumers. The construction process
of emotional experience is to automatically store the con-
sumer’s experience and feelings about a certain product in
memory, and then the short-term memory is strengthened
to form some unconscious tendency or prejudice, which will
unconsciously affect consumers’ cognition of a certain prod-
uct [11, 12].

The virtual design principle is shown in Figure 3. In the
virtual design environment, the digital model of mechanical
products is used to build a computable digital prototype. On
this basis, it simulates the physical prototype in the real
world for operation and analysis. A virtual prototype is an
integrated design of computer-supported mechanical prod-
uct modeling, simulation, and product description, simulat-
ing all necessary product data and manufacturing processes.

The interaction between the design world and the virtual
world includes the virtual design environment, which inte-
grates mechanical product definition, design engineering,
and manufacturing [13, 14].

2.2. Product Design. The product platform is of great signif-
icance for the future development of enterprises. When
planning the product platform, on the one hand, it is neces-
sary to meet the individual needs of market segments and
customers. On the other hand, it is necessary to develop an
appropriate product platform according to the situation of
the product itself and the operation status of the enterprise
to ensure the low cost and high efficiency of design and pro-
duction. Therefore, when enterprises adopt a platform strat-
egy for product design, they should first determine the type
of product platform that conforms to their own situation
and has stability [15]. The design task module division pro-
cess is shown in Figure 4. The product design project obtains
the final task element through the task decomposition and
the related task element adjustment rule, carries on the cor-
relation analysis to the task element, establishes the compre-
hensive correlation matrix between the task elements, lays
the foundation for the subsequent module division, then
uses the method of the clustering analysis and genetic opti-
mization algorithm to divide the task element module, and
realizes the process solution through MATLAB. Finally, the
optimal module partition scheme under the given conditions
is obtained [16].

On the basis of module partition, for the parallel execution
module, the Petri net model under parallel relation can be
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directly selected. It can express the dynamic and sequential
requirements of the process, support the dynamic simulation
of a product system, have a strict formalization mechanism,
have precise semantics and a strict mathematical basis to ver-
ify the correctness of the process model, support process con-

currency, solve the synchronous competition problem of the
advanced Petri net, and improve the modeling and analysis
function of the Petri net from different angles [17].

Assuming that the i-th task element belongs to the k-th
module, set xik = 1; otherwise, set xik = 0. Define the task
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meta-aggregation index in the k-th module as follows:

MIk =
∑n−1

i=1 ∑
n
j=i+1 rij ⋅ xik ⋅ xjk

� �
/rmax

∑n−1
i=1 ∑

n
j=i+1rmax ⋅ xik ⋅ xjk

, ð1Þ

where rmax is the maximum value of rij in the incidence
matrix, n is the number of task elements, and k is the num-
ber of modules. Then, all the aggregation degrees of the
entire product are as follows:

M0 =
∑k

p=1 ∑n−1
i=1 ∑

n
j=i+1rij ⋅ xik ⋅ xjk ⋅MIk

h i

∑k
k=1 ∑n−1

i=1 ∑
n
j=i+1rmax ⋅ xik ⋅ xjk

� � : ð2Þ

Define the coupling index between module α and mod-
ule β as follows:

MOαβ =
∑n

i=1∑
n
j=1 rij ⋅ xiα ⋅ xjβ
� �

/rmax
∑n

i=1∑
n
j=1rmax ⋅ xiα ⋅ xjβ

: ð3Þ

The coupling degree between product modules is as fol-
lows:

MS =
∑k−1

α=1∑
k
β=α+1 ∑n

i=1∑
n
j=1rij ⋅ xiα ⋅ xjβ ⋅MOαβ

h i

∑k−1
α=1∑

k
β=α+1 ∑n

i=1∑
n
j=1rmax ⋅ xiα ⋅ xjβ

� � : ð4Þ

The calculation process of the data interface complexity
is as follows:

Ha = −
1
k
〠
k

j=1

∑
naj
q=1ajq
∑n

i=1ai

 !
ln

∑
naj
q=1ajq
∑n

i=1ai

 !
: ð5Þ

In the formula, naj represents the number of task ele-
ments constituting the j-th module.

The calculation engineering of cost complexity is as fol-
lows:

Hc = −
1
k
〠
n

i=1
cri ⋅ ln cri + 1 − crið Þ ln 1 − crið Þ½ �: ð6Þ

In the formula, cri represents the relative cost of the
entity corresponding to the i-th (i = 1, 2,⋯, n) design task.

The expression for normalization is as follows:

X = X − Xmin
Xmax − Xmin

: ð7Þ

The fitness function is constructed as follows:

Fitness =

1
c + F

,

1
c + F + T

,

8>><
>>:

ð8Þ

where F is the objective function and c is the conservative
estimate of the objective function, which is a nonnegative
number.

Compared with the knowledge process, the product
design process is much more complicated, and it is necessary
to define and maintain the relevant information of all design
activities. At the same time, the definition of the product
design process mainly relies on the definition of the product
structure, while taking into account the dynamics of the
design process, managing and coordinating user execution,
and dynamically controlling the human, resource, and time
factors of the design process [18].

According to the rough set theory, assuming that R = f
C1, C2,⋯, Cng is the evaluation result set of n persons, then

AprCi
= ∪ Ck ≤ Cif g, k = 1, 2,⋯, n, ð9Þ

AprCi
= ∪ Ck ≥ Cif g, k = 1, 2,⋯, n: ð10Þ

The fuzzy number of Ci is as follows:

RNCi
= CL

i , CU
i

� �
, ð11Þ

CL
i =

∑AprCi

ML
, ð12Þ

CU
i =

∑AprCi

MU
: ð13Þ

Among them, ML represents the number of the lower
limit of Ci, andMU represents the number of the upper limit
of Ci. The evaluation set R is transformed into a fuzzy num-
ber:

RNR = RL, RU� �
, ð14Þ

RL = 1
n
〠
n

i=1
CL
i , ð15Þ

RU = 1
n
〠
n

i=1
CU
i : ð16Þ

Design evaluation refers to the method of comparing
and selecting schemes and clarifying the design value and
advantages and disadvantages of each scheme in the product
design process so as to screen out the best scheme. Accord-
ing to the above algorithm model, the scores in the design
scheme scoring table can be converted into evaluation coef-
ficients. The conversion formula is as follows:

o11 = 〠
5

u=1
l1 wukð Þou = l1 w11ð Þo1 + l1 w12ð Þo2 + l1 w13ð Þo3:

ð17Þ

Among them, o11 is the evaluation coefficient of the first
row of the gray evaluation sample matrix W in evaluating
the gray category “excellent”; according to the above
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method, the evaluation coefficient of each evaluation index
and the total evaluation coefficient can be calculated. The
proportion of the evaluation coefficient of a certain evalua-
tion index belonging to each gray class in the total evaluation
coefficient is called the gray class weight coefficient.

euk =
ouk
ok

+ o1 + 〠
n

u=1
ouk, ð18Þ

e1 =

0:22 0:49 0:1
0:4 0:43 0:1
0:33 0:41 0:16
0:51 0:16 0:24
0:4 0:43 0:08
0:41 0:49 0:01

2
666666666664

3
777777777775

,

e2 =

0:32 0:53 0:06
0:03 0:47 0:47
0:01 0:42 0:12
0:31 0:54 0:07
0:23 0:54 0:15
0:21 0:52 0:18

2
666666666664

3
777777777775

:

ð19Þ

Setting the indicators “excellent” and “good” as the out-
put indicators of the evaluation system and the indicator
“poor” as the input indicators of the system, the following
forms of the DEA evaluation model can be established:

min c = vsbnpt:s

msan − vsbn ≥ 0,
msan0 = 1,
v ≥ 0 ;m ≥ 0:

8>><
>>:

 n = 0, 1, 2,⋯, o,

ð20Þ

Among them, an0 and bn0 are the input and output vec-
tors of the n-th evaluation index of the product being evalu-
ated, the following is a model evaluation of the above two
product design schemes, and the quality cost evaluation of
design scheme 1 is selected as an example, and the evalua-
tion equation is expressed as follows:

min c11 = 0:25v1 + 0:51v2, m1 ≥ 0, v1 ≥ o, v2 ≥ 0: ð21Þ

This paragraph extends the usability research to the
stage of design evaluation and usability testing, extracts the
different needs of users, producers, and designers, and ana-
lyzes usability evaluation methods.

2.3. Usability Research. Usability is an inherent attribute of
the product. When the product is determined, the usability
of the product will be determined like its other attributes.
That is to say, the usability of a product is completely deter-
mined by the product design. Under normal circumstances,

two products with the same function do not mean that they
are equally easy to use. This is the difference in the usability
design of different products, so product usability determines
the competitiveness of products. Usability analysis indica-
tors are data sources and related information that we use
to measure the level of product usability and discover usabil-
ity problems [19]. The topic of knowledge points should use
the concepts in the domain ontology as much as possible to
ensure that knowledge points can be created and managed
according to the semantic relationship between domain
ontology concepts. Domain ontology is a common method
for enterprises to express the semantic relationship between
common professional terms and professional terms. In the
knowledge distribution service system, the domain ontology
needs to be constructed first as the basic data for creating
knowledge points and acquiring knowledge [20].

Usability research is user-centered and has practical sig-
nificance in various industries. Some industries and all ser-
vice industries are based on customers. In the knowledge
service system, knowledge points can be used to represent
all kinds of product-aided design knowledge, such as the
design method, design principle, design experience, design
rules, fact knowledge, product model, process knowledge,
and design example, and then stored in the knowledge base
in the form of knowledge points. With the global allocation
of resources and the developed and convenient sales net-
work, the price war is becoming more and more difficult
[21]. In order to maintain a huge production machine, the
quality is getting lower and lower. In order to attract cus-
tomers, businesses are not only constantly reducing prices
but also belittling the image of products. Consumers cannot
get high-quality products. Price competition is important for
enterprises, but it is not a long-term strategy. Large enter-
prises invest more money to seek breakthrough points to
meet consumer demand through usability research, and
small- and medium-sized enterprises also make new
attempts on individual products [22]. Some basic character-
istics of a product system with good usability are shown in
Figure 5.

It can be seen from Figure 5 that, to sum up, products
with good usability mainly perform well in the “5 E”
dimensions.

3. Model Simulation Experiment of the Product
Design Process

3.1. Experimental Environment. The authenticity of the VR
system is closely related to two factors: the corresponding
time delay of the system and the number of polygons used
to construct the graphics. The delay time is less than
10ms; its authenticity is stronger; the longer the delay, the
longer the user’s waiting time, the worse the authenticity.
It is an important task of the software to generate a realistic
view. Constructing polygons into visual graphics is the most
commonly used method [23].

3.2. Data Collection. The data obtained in the CAD process
can be used to check the calculation results and functions
synchronously, and the knowledge obtained from this can
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be fed back to the design process. The complete geometric
description of the product can be used for initial finite ele-
ment calculations. The intelligent microprocessor can test
and evaluate the product and track and collect the evalua-
tion data of the operator through related equipment. The
data composed of data obtained through testing and eval-
uation has changed the complicated and cumbersome
methods of traditional prototype testing and market test-
ing and is in line with the testing requirements of devel-
oped products [24].

3.3. Establishment of the Evaluation System. After the evalu-
ation object is determined, the evaluation indicators are col-
lected, and the evaluation indicators are screened and
classified by reasonable methods, and the evaluation index
model is constructed [25].

(1) The evaluation indicators are collected and
expanded with the help of the perceptual vocabulary
classification method, and the tree analysis chart is
established by the hierarchical inference method,
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and the details are obtained gradually. Through the
evaluation, personnel experience the product use
environment, and it carries on the full discussion
and obtains the analysis chart

(2) After the completion of index collection, it is neces-
sary to simplify and screen the collected indicators,
exclude unnecessary indicators, classify and sort
out the indicators, and establish the evaluation index
model. 40 evaluators scored the importance of the
collected perceptual indicators by using the Likert
scale. For each index, the evaluators choose a grade
to express the attitude of the index as the importance
of product evaluation [26]

(3) A quantitative statistical method is adopted to calcu-
late the weight of indicators. The importance of N
selected evaluation indicators is investigated and
divided into five grades: unimportant, less impor-
tant, important, more important, and very important

3.4. Product Design Process Modeling. The workflow of the
product design process is modeled by the Petri net modeling
method. For the large complex product design process,

workflow modeling needs to complete the following work:
task element definition, task module division, task planning,
and task allocation [27].

(1) Design Preparation Process. After the task arrives, the
task module is formed through the preparation process, and
the process is modeled by the Petri net.

(2) Execution Process between Modules. According to the
planning results, the task modules are independent of each
other, so they are executed in parallel.

(3) Task Element Preparation Process. Before opening the
design process, the decomposed task element needs some
design information input.

(4) Block Execution. The module execution process is the
process of concreting the task elements in each module, and
it is the subprocess of module design.

3.5. Usability Testing. Usability testing is a process of evalu-
ating the usability level. It can evaluate the efficiency and
effectiveness of users in achieving tasks. It is a standardized
method so that every aspect of each application can satisfy
user-friendliness, functionality, and artistry.

(1) One-to-One User Test. In the user experiment opera-
tion, we understand the user’s operation and thinking, and
professional evaluators come to discover the problem data
in detail.

(2) Heuristic Evaluation. Users find problems based on
usability principles, and users prioritize the problems [28].

3.6. Data Processing. The design parameters of product
design evaluation in the intelligent microprocessor are taken
as the input of the network, and the result of product design
evaluation is the output of the network, and the hidden layer
is in the middle. The product evaluation data and results
obtained in the network environment are used as network
training samples for model training. After training, click
the evaluation to obtain the relevant evaluation data
value [29].

4. Usability Analysis of the Product
Design Process

4.1. Impact of the Intelligent Microprocessor on Product
Design. Through iteration, the product design scheme
becomes more and more specific, but at the same time, it
also increases the difficulty of defining the logical relation-
ship between activities, which makes the design cycle and
design cost difficult to estimate, and brings great pressure
to the optimization and management of the product design
process. A reasonable iterative model is the basis of effective

Table 1: Standardized task time.

Time Average task time Standard deviation Maximum acceptable time Z value Z value normalization

Task 1 13 4.82 7 -1.24 10.75%

Task 2 26.75 2.86 30 0.44 67%

Task 3 2.19 0.28 2.5 1.11 86.7%

Task 4 14.03 1.61 13.93 -0.06 47%

Task 5 9.83 1.64 9.5 -0.20 42%

Table 2: Summary of behavior indicator data.

Participant ID Cuboid Pyramid Cylinder Cone Sphere

Number 1

A 10 12 8 7 5

B 2 1 0 0 0

C 0 1 0 0 0

D 11 11 9 9 7

Number 2

A 9 11 8 8 6

B 1 0 1 0 0

C 0 1 0 0 0

D 11 10 8 8 6

Number 3

A 10 13 9 6 5

B 0 2 0 0 0

C 0 1 0 0 0

D 9 12 9 6 6

Table 3: Number of fixations in the three layouts.

Numbering 1 2 3 4 5 6 7 8 9 10 11 12

Layout 1 41 21 52 48 70 35 28 32 44 32 49 27

Layout 2 51 27 90 90 76 19 20 20 26 32 64 38

Layout 3 49 22 91 66 81 16 23 18 27 42 67 42
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simulation and analysis of the design process. The change
rule of process cost is shown in Figure 6. The expected pro-
cess cost is the same as the unfinished expected process cost
at the beginning of the process. Generally speaking, the
expected cost of the unfinished process will decrease while
the actual cost will gradually increase with the progress of
the process. The sum of the two is the expected process cost
at a certain time. The expected cost of the process should be
used when optimizing the process before it starts. The
expected cost of the uncompleted process should be consid-
ered the optimization objective when the process is opti-
mized. It can be seen from the figure that the change
modes of the three costs are similar, and the change of the
expected process value is affected by the parameters such
as the learning coefficient and information evolution coeffi-
cient, especially when the learning coefficient and informa-
tion evolution coefficient are small, and the influence is
more obvious.

The foundation of the realization of natural interaction
is the support of technology. In the traditional interaction,
due to the single form of interaction, the realization of tech-
nology relies more on traditional computer technology, such
as image display and instruction processing. However, in a

natural interaction scene, because the behavior becomes
richer and the senses are more diversified, the natural inter-
action scene is often supported by a variety of technologies,
such as sensor technology for capturing user behavior, neu-
ral network technology for intelligent understanding and
processing of user behavior, and machine learning for deep
learning of the scene. The standardized task time is shown
in Table 1. According to the results in the table, the opera-
tion time of task 1 is relatively long, and that of task 2 and
task 3 is relatively short.

Product display design is not only timely but also inter-
active. Behavior data index analysis is to analyze the user
behavior index data obtained in the process of in-depth
observation of the subjects so as to have a more accurate
understanding of the behavior rules and habits of the sub-
jects in the modeling process with objective data. The sum-
mary of behavior index data is shown in Table 2. Through
the data in the table, we can find that the tested subjects tend
to be consistent in the overall data; that is, each subject tends
to be consistent in the modeling process of the same geom-
etry, and there is no significant difference change. Therefore,
it shows that the subjects have similar cognition and opera-
tion habits to the modeling task under the guidance of the
interactive behavior of modeling software, which is consis-
tent with the actual situation in the observation. Therefore,
there is almost no difference in cognition and understanding
in the traditional modeling software based on GUI. Users
can quickly master the interaction mode after corresponding
training.

4.2. User Needs in the Product Design Process. The number of
fixation points under the three layouts is shown in Table 3
and Figure 7. The number of fixation points in layout 1
was significantly lower than that in layout 2 and layout 3,
which was due to the fact that layout 1 could provide infor-
mation more clearly and more in line with the subjects’ cog-
nition and was more effective in the process of observing the
three interfaces in order to obtain task information.

0

20

40

60

80

100

0 5 10 15

M
ea

n 
va

lu
e

Numbering

Layout 1
Layout 2
Layout 3

0

20

40

60

80

100

0 5 10 15

M
ea

n 
va

lu
e

Numbering

Layout 4
Layout 5
Layout 6

Figure 7: Number of fixations in three layouts.

Table 4: Model simulation results.

Number of
trials

Number of
conditions met

Cumulative
times

Likelihood
value

5000 1389 1389 0.2778

10000 1384 2773 0.2773

15000 1381 4154 0.2769

20000 1392 5546 0.2773

25000 1386 6932 0.2773

30000 1390 8322 0.2774

35000 1391 9713 0.2775

40000 1395 11108 0.2777
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However, layout 2 and layout 3 are not clear enough, and the
subjects’ line of sight needs to turn back repeatedly, which
leads to the increase of fixation points and the decrease of
information acquisition efficiency, which affects the usability
of the interactive interface. According to the fixation paths of
the three subjects, it can be seen that the fixation sequence
path of layout 1 is clearer and simpler than that of layout 2
and layout 3, with fewer detours and lower fixation points.
At the same time, according to the experimental task setting,
the three subjects were able to search information according
to the established logic, and they were relatively fuzzy and
uncertain in layouts 2 and 3. According to the comprehen-
sive evaluation model of intelligent product interaction
interface usability, layout 1 has lower design complexity,
higher interaction efficiency, better user cognition, and bet-
ter usability.

The simulation results of the model are shown in
Table 4. From the result of simulation analysis, the possibil-
ity of the design process to complete the task within 30 days
is still relatively low, and the distribution range of task com-
pletion time is large. Some measures should be taken to
improve the design process within the specified cost range
so as to improve the design quality and shorten the product
development time. With the increase of simulation times,

the simulation accuracy is higher and more stable. The prob-
ability of completing the design task in 30 days is 27.74%.

Under the condition of given task quantity, the corre-
sponding resource demand will also change if the time con-
straint is changed. In the same way, the optimal allocation of
resources can be obtained by changing the proportion of
resources to affect the completion time and resource utiliza-
tion efficiency of the design process. The statistics of times
and probability of completing design tasks within 30 days
before and after optimization are shown in Figure 8. The sin-
gle optimization effect of optimization scheme 1 and optimi-
zation scheme 2 is better than that of optimization scheme 3,
and the optimization effect of three optimization schemes
can be superimposed; after optimization scheme 4 is formed
by three optimization schemes, the possibility of completing
design tasks in 30 days for building product equipment
detailed design process instance is increased to 69.73%, with-
out a significant increase in design cost. Within the specified
design time, the task completion rate is increased by 42%,
and the optimization effect is remarkable.

4.3. Process Planning Results. Although the product principle
structure model is an expression of the actual structure of
the product in principle, it also corresponds to a certain
function. It can express its corresponding different working
states through graph theory. The working state of the prod-
uct principle structure model can be expressed by the cate-
gory of energy, and the corresponding energy conversion
matrix and other transformations are used to determine
the working state corresponding to the product principle
structure model, and then we use the representation method
in graph theory to perform different working states. Expres-
sion provides an object basis for optimizing redundant com-
ponents. For the product principle structure model, different
principle components may correspond to the process of

0%

20%

40%

60%

80%

100%

1 2 3 4 5 6 7 8 9 10

Va
lu

e

Numbering

Optimization 4
Optimization 2

Optimization 3
Optimization 1

Figure 8: Statistics of the number and probability of completing design tasks within 30 days before and after optimization.

Table 5: Comparison results of characteristics.

Group
Number of
observations

Sum Mean Variance

Horizontal
layout

12 74625 6218.75 24335.48

Vertical layout 12 78960 6580 82093.27

Central layout 11 69854 6574 62478.21

Edge layout 10 66857 6614 52142.32
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energy generation, consumption, storage, and conversion,
and they can be combined to realize the effect on energy.
In order to ensure that the system corresponding to the
product principle structure model has input energy and out-
put energy and to prevent the continuous circulation of
energy, it is stipulated that there is no structural loop in
the product principle structure model, and energy can be
output through the system.

The comparison results of the advantages and disadvan-
tages of the features are shown in Table 5. The purpose of
metadata is to clearly describe and present the information
of the design object. In the construction of the metadata
framework in the field of data science, in order to ensure
the consistency and integrity of various standards, metadata
is usually divided into three levels. In the field of design,
three-tier data decomposition can clearly express the infor-
mation of the design object. At the same time, it is easy to
ensure that the metadata information does not deviate from
the information subject of the design object. The probability
between groups is p = 0:000899 < 0:05, and the horizontal
and vertical layout has a significant impact on the task com-
pletion efficiency. According to the current informatization
level of small- and medium-sized enterprises, the data of
design quality information is still mainly based on ordinary

document data, so most of the quality information will be
stored and managed in an unstructured way in the PDM sys-
tem. Some data information that is convenient for structured
management should be managed in a structured way
through data decomposition as much as possible.

The design quality feature extraction of the vibrating
screen is shown in Figure 9. According to the user require-
ments for the design quality of the vibrating screen, the
design quality characteristic information of the vibrating
screen are accurately extracted based on the technology of
the house of quality, including the design quality character-
istic elements and their relative importance, which are as fol-
lows: plastic arts (0.036); system reliability (0.064); efficacy
and practicability (0.494); structural manufacturability
(0.136); manufacturing economy (0.023); design economy
(0.075); environmental harmlessness (0.127); maintenance
convenience (0.030); and production time (0.020). Modern
product design methods based on the intelligent micropro-
cessor still pay attention to the expression of product form
semantics. At the same time, the performance of the product
form in the network environment is different from the per-
formance in the real environment. In the network environ-
ment, user experience and testing are carried out through
computers, so it is necessary to highlight the morphological
characteristics of products and highlight the characteristics
of product design.

4.4. Model Analysis of the Product Design Process. In the
serial process, all the design is completed and handed over
to the process, the process is fed back, and the problematic
part is redesigned. Although there is process feedback before
the design is all qualified, there is only design iteration, so it
is a serial process. In addition to the parallel and iterative
characteristics of product parallel design, it also has
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Figure 9: Extraction of design quality features of the vibrating screen.

Table 6: Experimental results of semantic similarity calculation.

Threshold θ 0.3 0.4 0.5 0.6 0.7

Sample 1
Precision 0.79 0.74 0.88 0.81 0.77

Recall rate 0.92 0.90 0.81 0.69 0.66

Sample 2
Precision 0.53 0.55 0.60 0.46 0.41

Recall rate 0.66 0.66 0.58 0.57 0.52
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overlapping characteristics. It is manifested in the process of
upstream product design information from vague to clear
during the specific design and process implementation,
while the downstream process design progresses to a certain
level in the upstream product design. The stage begins
instead of after the design is over.

According to the different distribution of concepts, the
semantic similarity calculation method can be divided into
two different algorithms: the distribution in the local ontol-
ogy and the distribution in the scenario. The distribution
algorithm in the scenario is designed for the existence of
two ontology concepts in different local ontologies, but it
can also be applied to the same local ontology. In order to
make the experimental results comparable, two algorithms
are used to calculate the case that different ontology con-
cepts are in the same local ontology. For training sample 1
and training sample 2, mapping relations based on semantic
similarity were established in domain ontology with decora-
tive materials as the theme and domain ontology with elec-
troplating technology as the theme, respectively. The
experimental results of semantic similarity calculation are
shown in Table 6 and Figure 10. According to the data in
the table, when the threshold value is 0.5, the precision of
sample 1 and sample 2 reaches the maximum value, which
is 0.88 and 0.6, respectively; when the threshold value is
0.3, the recall ratio of sample 1 and sample 2 reaches the
maximum value, which is 0.92 and 0.66, respectively. The
threshold value θ and the sample size have a great influence
on the final calculation results. Taking the appropriate value
of θ, increasing the coverage of samples, and expanding the
number of samples, we can get better results. At the same
time, the calculation of semantic correlation and similarity
between ontologies can be completed in advance and stored
in the database. Therefore, although the amount of calcula-
tion is large, it will not affect the speed of knowledge service
calculation of designers in product design.

5. Conclusions

The core of modern enterprise competition is the ability of
enterprise products and technology innovation. The
response ability of enterprise products to the market is the
key of enterprise management. The product is the main
body of all enterprise activities. Whether the enterprise can
be invincible in the future competition largely depends on
whether the enterprise adopts advanced modern design
means to develop market-oriented products faster and bet-
ter. Usability testing should be organically combined with
the design and development process of products, and the test
results can guide the improvement of the product design
scheme, which can effectively control the design cost,
improve the product quality, and make the product have
stronger market competitiveness.

This paper takes the product in the design process as the
research object, through the relevant theoretical tools, and
the concept design as the concept, and the implementation
of the human-centered design principle, including the use
of the computer intelligent microprocessor, in the product
design process has not yet produced the product usability
evaluation. Through the analysis and research of the main
product design evaluation theory, a new idea and method
of product design evaluation is realized.

Through effective integration with the product design
CAD system, product database system, and remote access
system with other department information of the enterprise,
the integrated management of all information used and gen-
erated in the design process is realized. Evaluators can use
the real-time and accurate intelligent microprocessor to
evaluate the product. The entire evaluation process is not
limited by the time and region and highly simulates the real
use situation of the product so as to maximize the control of
the uncertain factors of consumer demand and make the
results more objective and accurate.
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