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ABSTRACT As the issues of social sustainability and the aging of population becomes increasingly severe,
Autonomous Driving technology is increasingly being seen as an important issue for future travel. At present,
the HumanMachine Interface (HMI) of Autonomous Driving system has certain difficulties for middle-aged
and elderly users, which further affects their perception of cars status and operation experience. Therefore,
in order to design an elderly-oriented HMI design of Autonomous Driving cars that meets the Kansei
needs of middle-aged and elderly users, a design flow based on Kansei Engineering/ Rough Set Theory/
Backpropagation Neural Network is proposed. The HMI of Autonomous Driving cars is taken as an example
in this paper. Under the framework of Kansei Engineering research, Kansei intention analysis is carried
out. Factor Analysis is used to reduce dimension and cluster the collected Kansei words. By using the
morphological analysis method, the HMI samples are deconstructed into 14 different design features. The
attribute reduction algorithm in Rough Set Theory is used to identify the key design features of HMI
that have important influence on the elderly-oriented level. Backpropagation Neural Network is used to
establish the mapping model between the Kansei intention of middle-aged and elderly users and the key
design features of HMI. The mapping model demonstrates good fit as the errors between the predicted
and actual values in the 4 types of kansei semantic evaluation tests are all less than 5%. So that it could
meet the needs of middle-aged and elderly users and obtain the design combination with the highest Kansei
average value. Based on the experimental results, it is found that the optimal emotion of middle-aged and
elderly users could be obtained by overall color type three, mode of speed display type three, font display
of rotate speed type three, reminding color of turning type four and mode of fuel indicator display one in
the morphological deconstruction table. The research results show that the elderly-oriented HMI design
constructed by Kansei Engineering/ Rough Set Theory/ Backpropagation Neural Network can meet the
sentimental needs of middle-aged and elderly users and can provide a reference example for relevant elderly-
oriented design.

INDEX TERMS Elderly-oriented design, kansei engineering, rough set theory, backpropagation neural
network, human machine interface, autonomous driving.
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I. INTRODUCTION
Long-term driving has a negative impact on human’s phys-
ical health, driving safety, social and mental health. The
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innovation of science and technology and the development
of Autonomous Driving (AD) technology have brought effi-
cient and convenient means of transportation to mankind,
and also brought important opportunities and challenges
to the sustainable development of human society. Humans
begin to think about how AD technology can be com-
bined with sustainable development, working to promote the
development of more intelligent, more efficient and safer
autonomous driving solutions. The three main principles of
sustainable development are: environ-mental sustainability,
economic sustainability and social sustainability [1]. With
the increasingly serious problem of global population aging,
governments and relevant institutions have sought ways to
solve the problem of elderly travel. Under such a back-
ground, AD technology is considered as a potential solution
to the challenges of an aging population. With the in-depth
exploration of the perception mechanism, decision making
mechanism and cybernetics of autonomous vehicles [2], [3],
[4], scholars begin to combine machine learning and com-
puter vision technology to promote the frontier development
of interdisciplinary research in autonomous driving [5]. The
integration of these technologies and approaches will play a
crucial role in advancing the innovation and practical deploy-
ment of autonomous vehicle technology. Cars with different
levels of automation are expected to play a major role in
the future traffic system [6], and its AD system has attracted
more and more attention from academic and industrial circles
[7], [8]. With the maturity of AD automotive technology.
AD technology provides better solutions for the elder’s travel,
thusmeeting their diverse transportation needs and promoting
sustainable social development.

With the continuous increase of the world’s aging popula-
tion, middle-ages and elderly customers occupy an important
part of the customer group. They pay more attention to
product functionality, quality, safety and comfort. An elderly-
oriented design promotes the society’s attention to the needs
of the aging population, which can prompt manufacturers and
governments to change the production process and business
structure to practice social responsibility. With the United
Nations’ calling on countries to fully consider the impact and
needs of aging in their development policies, the problem
of global population aging becomes an important issue of
concern to the international community in the 21st century
in 1994 [9]. At the same time, previous studies have shown
that optimizing the life quality of elderly people can be a
solid foundation for the nation’s sustainable development
[10]. The progress of AD technology has changed the appear-
ance and layout functions of the human-computer interaction
interface in the automotive interior, especially the arrival of
the era of sentimental consumption, and the communication
and interaction between drivers and cars need to adapt to
different levels of automation and the needs of user groups.
Therefore, AD auto-motive HMI design should meet the
sentimental needs of middle-aged and elderly users; mean-
while, expanding middle-aged and elderly customer groups

will help promote the development and popularization of AD
technology, solve the travel problems of middle-aged and
elderly users, and pro-mote the sustainable development of
society.

In the study of users’ perception, Kansei Engineering (KE)
is a translation technology that translate users’ perception
and intention into products’ design specifications [11]. In the
past 50 years of development, the practical ap-plication of
KE and the production of the first ‘‘sentimental products’’
began in the automotive industry and achieved great suc-
cess [12]. Since then, Kansei engineering, as an important
method of design and development, has been widely used
in product de-sign [13], [14] and service design [15], such
as automobile [16], mobile phone appearance [17], logistics
service [18] and other fields. The sentimental needs of users
are expressed in the form of data with varying degrees and
imprecision [19]. Therefore, the two main steps of imple-
menting KE are: (1) Determining the key design features
of the sample; (2) Establishing a mapping mod-el between
users’ perception and key design features. Identifying key
patterns can re-duce computation time and help de-signers
improve design efficiency. Lai et al. [20], Zerti et al. [21],
Lin andWei [22] applied Grey Relation-al Analysis (GRA) to
identify the most influential design features in product form.
Liu and Yu [23] used Exploratory Factor Analysis (EFA) to
identify users’ main preferences for smart phones. On the
other hand, establishing the functional relationship be-tween
customer feelings and design elements through a comprehen-
sive approach is the core of KE. Traditional statistical analysis
(such as correlation coefficient analysis, factor analysis, mul-
tiple regression analysis, etc.) can only express the length,
height and low-level linear relationship and it is difficult to
accurately describe the nonlinear relationship of image text
curve characteristics, such as beauty or ugliness. Therefore,
AI techniques such as Genetic Algorithm (GA) [24], Grey
System Theory (GST) [25], Energy-Based Curriculum [26]
and Support Vector Regression (SVR) [27] are widely used
to build databases and inference mechanisms.With the devel-
opment of artificial intelligence technology, it repeatedly
simulates human thinking with simple computational rules,
which has the advantage of fewer errors and faster speed
[28]. Rough Set Theory (RST) is a mathematical method for
dealing with fuzzy, imprecise and uncertain data problems
proposed by Polish scholar, Pawlak in 1982 [29]. Its greatest
ad-vantage is that attribute reduction can be performed with-
out relying on any additional knowledge. Backpropagation
Neural Network (BPNN) has powerful capabilities to perform
efficient classification and regression tasks.

Therefore, a design process in combination of KE, RST
and BPNN is proposed in this paper, which is devoted to
designing an elderly-oriented HMI design of AD cars in
line with the sentimental needs of middle-aged and elderly
users. According to the literature survey, there is no literature
based on KE’s perspective on elderly-oriented HMI design
of AD. On the one hand, HIM elderly-oriented design of AD
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cars can pro-vide theoretical guidance for automobile com-
panies and designers, reduce the development time and risk
of suitable for aging products, and help enterprises to expand
middle-aged and elderly consumer groups and increase mar-
ket share. On the other hand, it can maximize the sentimental
needs of middle-aged and elderly users, promote the devel-
opment of autonomous driving technology, solve the travel
problems of middle-aged and elderly users, thus achieving
the ultimate goal of elderly-oriented design and sustainable
social development. The main contributions of this paper can
be summarized as follows:

a) In the previous KE research, there is no design study
combining RST and BPNN methods.

b) At present, there are few studies on elderly-oriented HMI
of AD cars.

c) RST attribute reduction algorithm is used to simplify HMI
design features and improve design efficiency.

d) BPNN is used to replace the traditional linear analysis
method to establish the mapping relationship between
users’ perception and key design.

The paper is organized as follows: in the second part, the
author briefly reviews the concepts of related methods. In the
third part, the author describes the proposed research frame-
work for AD elderly-oriented HMI design. The fourth part is
the analysis and discussion of the research results. Finally,
in the fifth part, the author summarizes the constructions
of this study and puts forward some suggestions for future
research.

II. RELATIVE METHODS
A. THE APPLICATION OF KE IN HMI DESIGN
With the continuous improvement of the life quality, cus-
tomers begin to pursue spiritual values beyond the basic
functions of products, emphasizing the sentimental commu-
nication between people and things [30]. Kansei engineering
and Kansei Ergonomics were founded at Hiroshima Univer-
sity about 30 years ago. Covering a wide range of disciplines
from ergonomics to psychology, KE is a theory of engineer-
ing techniques to explore the relationship between intangible
human perception, sexual needs, mental imagery and tan-
gible products’ design norms [31]. In the existing research
in academic circle, François et al. [32] and other schol-
ars’ framework based on cognitive ergonomics verifies the
potential benefits of drivers’ participation in automotive HMI
design. In addition, Gkouskos and Chen [33] found that
sentimental design has not been fully applied to the filed of
HMI design through expert interviews. At the same time, with
the emergency of applications programs and new features in
HMI, the increase of information has a significantly negative
impact on drivers’ safety [34]. In order to evaluate automotive
HMI design, situation awareness [35] and font size tests [36]
are also applied into existing studies, but these studies tend
to focus on users’ preferences or sensory imagery, ignoring
the combined effects of the two. Therefore, the AD cars
HMI as the study case is chosen in this paper, which takes

FIGURE 1. Fundamental concepts of RST.

middle-aged and elderly users as the users group. It is com-
mitted to developing a elderly-oriented HMI design of AD
cars, promoting the development and popularization of AD
technology, strengthening the social attention to middle-aged
and elderly users, and thus promoting the sustainable devel-
opment of society.

B. ROUGH SET THEORY
Feature selection based on RST belongs to filtering method
[37], which was firstly proposed by Polish scientist, Pawlak
in 1982 [38]. RST is a newmathematical tool for dealing with
uncertain [39], inconsistent and incomplete data to identify a
reduced set of all attribute sets in a decision system [40]. RST
is capable of processing data of any linear or non-linear fea-
ture type, which can cope with imprecise, non-linear human
perception [41]. RST can effectively deal with the uncertain
and fuzzy data of sentimental needs and it is used to study
the interaction between consumers’ sentimental needs and
products’ features in product design [42], thus discovering
the rules and knowledge hidden in the data and deducing
the decision or classification rules of the problem through
knowledge reduction. Zhai et al. [43] built a KE system
based on RST that can extract sentimental knowledge from
imprecise design information and integrate it into a product
development system. Shieh et al. [44] combined KE and PST
in the visual design of tooth-brushes to explore the relation-
ship between products’ shape and color. Li et al. [45] used
variable precision rough set and KE to reduce the knowledge
database, thus forming a condensed and high-frequency rule
base. Kang [46] combines RSTwith KE to reduce nine design
features to five key design features for 60 study objects so as
to improve computational efficiency and predict the hybrid
cars’ body styling in the future.

At the same time, RST attribute reduction algorithm can
effectively extract the key design features that have impor-
tant influences on the elderly-oriented level when facing the
multi-attribute decision making problem composed of mor-
phological analysis table. Therefore, based on this method,
the redundant design features are reduced in this paper and the
key design features that have an important impact on the HMI
elderly-oriented level of AD cars design are retained so as to
save the time and cost of products’ development. In the RST
attribute reduction algorithm, the weight of the conditional
attribute index is 0, indicating that the conditional attribute
does not play a role in the reduction process or has no ability
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to distinguish the decision attribute. From the perspective of
reduction, the conditional attribute with a weight of 0 can be
removed from the decision table to simplify the decision table
and reduce the complexity of the calculation, thus improving
the efficiency and accuracy of the algorithm. The following
contents briefly explain the fundamentals of RST (Figure 1)
and the attribute reduction algorithm:
Definition 1: S = (U , A, V , f) is an information system in

which U represents non-airspace of all evaluation records; A
is nonempty finite attribute set andA = C∪D,A = C∩D̸= ∅;
C is a set of conditional attributes (design features); D is the
decision attribute set (elderly-oriented degree); V indicates
the value range of the attribute; f is a relation set of U and
A, which is also known as a set of information functions.
If D̸= ∅, the information system S is called a data table and
conversely, it is called a decision information system, or a
decision table for short.
Definition 2: Let R be the equivalence relation on

U , which is shown in formula (1); therefore, conditional
attributes (design features) equivalence classes, namely
U /IND(C);decision attribute (elderly-oriented satisfaction)
equivalence class, namely U /IND(D); without considering
specific conditional attributes or fields, equivalence classes
are divided according to the original feature set as follows:
U /IND(C-{ce}).

IND(R) = {(x, y) ∈U×U |∀a∈A, f (x, a) = f (y, a)} (1)

Definition 3: In RST feature selection and data analysis,
in order to define the approximation degree of knowledge,
RST refers to two exact set concepts: lower approximate
set and upper approximate set. R (X) is the approximate set
under R, which is shown in formula (2); R (X) is the upper
approximation set of R, which is shown in formula (3) and is
also know as the positive field of X indicated as POSR (X).
X is exact set of R; when R (X) ̸= R (X), X is R rough set;
therefore, the positive field of the set of conditional attributes
(design features) is represented as pos(D), posc−|ce| (D).The
cardinality of the conditional attribute set is expressed as
card[posc(D)], card[posc−|ce|(D)].

R(X ) = {x ∈ U |IND (R) ⊆X} (2)

R(X ) = {x ∈ U |IND (R) ⊆X} (3)

Definition 4: If IND(B) = IND(B-{r}), then r is called a
knowledge that can be approximated in B. If K = B-{r} is
independent, then K is a knowledge reduction of B.
Definition 5: The degree of dependence of decision

attribute D (elderly-oriented satisfaction) on conditional
attribute (design feature) is namely rc (D); the dependence
degree of decision attribute D on knowledge C-{ce} is
namely rc−|ce| (D); the importance of conditional attributes
to decision attributes is namely σ (ce), which is shown in
formula (4).

σ (ce) = rc (D) − rc−|ce| (D) (4)

FIGURE 2. BPNN model structure.

Definition 6: The conditional attribute indicator weight is
namely we, which is shown in formula (5).

we =
σ (ce)∑n

λ=1 σ (cλ )
(5)

C. BACKPROPAGATION NEURAL NETWORK
Artificial neural network model is the most typical in non-
linear regression analysis, and BPNN is widely used in
product optimization design because it can learn and store a
large number of input and output mapping relationships [47].
BPNN is a multilayer feedforward neural network trained
by error backpropagation algorithm. The structure of BPNN
model is shown in figure 2. It is very suitable for establishing
the mapping relationship between users’ sentimental needs
and products design. Fan et al. [48] applied KE and BPNN
methods to know consumers’ preferences for 3D printing
cloud service platforms. Guo et al. [49] built a BPNN model
between mobile phone de-sign variables and users’ prefer-
ences to optimizemobile phone design. Hsiao andHuang [50]
used BPNN to analyze the relationship between configuration
parameters and image perception. Chen and Cheng [51] built
a mapping relationship image between users’ perception and
pattern design elements through BPNN, thus providing a
more scientific and intelligent pattern design method; Misaka
and Aoyama [52] applied NN to develop a cup’s crack pattern
design system based on KE. Therefore, BPNN is used in this
paper to construct the mapping relationship between the Kan-
sei intention of middle-aged and elderly users and the HMI
design features of AD system. The training process includes
two forms: forward propagation and back propagation.

The following contents briefly describes the basic princi-
ples and calculation methods of BPNN.
Definition 7: BPNN includes input layer, output layer and

hidden layer. N is the number of nodes in the input layer
(number of design features), K is the number of nodes in the
output layer (number of Kansei terms), and M is the number
of nodes in the hidden layer, as shown in formula (6).

M =
N + K

2
(6)

Definition 8: BPNN is trained by Trainlm gradient descent
algorithm. The output parameters are limited to [0,1], and the
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FIGURE 3. The proposed research framework.

Kansei evaluation needs to be normalized. In this study, min-
imax method is used to normalize input and output variables
so that xmax is the maximum value, and xmin is the minimum
value; Xα is the data after the normalization of input and
output variables, which is shown in formula (7).

Xα =
xα − xmin
xmax − xmin

(7)

The output parameters can be input into the BPNN model
for training.
Definition 9: The activation function of the hidden layer is

expressed as follows using the logarithmic sigmoid transfer
function, as shown in formula (8).

f (x) =
1

1 + e−x
(0 <f (x) < 1)] (8)

Definition 10: The output layer uses the linear function
purelin. By testing the predicted value and the true value of
the root mean square error (RMSE), themethod of calculating
standard deviation is used to evaluate the performance of the
model. The common-used RMSE is expressed as follows,
which is shown in equation (9).

RMSE =

√∑n
i=1 (xi − x0)2

n
(9)

In this equation, xi is the output value of No i; x0 is the
expected value assessed by the subjects in the experiment.
If there is no difference or error between the output value
and the expected value, the RMSE is 0. When the RMSE
of the neural network is small, it means that the neural net-
work architecture can be used for prediction, judgment and
reasoning.

III. THE PROPOSED RESEARCH FRAMEWORK
The purpose of this paper is to develop aHMI elderly-oriented
design of AD cars with the combination of artificial intelli-
gence technology under the background of global population
aging. The research method is qualitative and quantita-
tive modeling. On the basis of HMI questionnaire, 22

Kansei words are obtained by using Python natural language
processing tools, and 4 Kansei words which represent elder-
ly-oriented are identified by FA reduction and clustering.
The 14 design features obtained by morphological anal-
ysis are reduced by RST, and 5 key design features are
obtained. BPNN is used to build a mapping model between
the sentimental intention of middle-aged and elderly users
and the key design features of HMI, thus obtaining the
HMI elderly-oriented design of AD cars. Based on the
experimental results, the de-sign practice is completed, and
200 middle-aged and elderly subjects evaluate the satis-
faction of the elderly-oriented design results to verify the
feasibility of design process. Specific research steps are as
follows:

Firstly, FA are used to cluster the representative Kansei
words of middle-aged and elderly users for HMI design. Sec-
ondly, morphological analysis method is used to deconstruct
the design features of HMI. Thirdly, the RST attribute reduc-
tion algorithm is used to obtain the key features that have
important influences on the elderly-oriented level. Finally, the
Kansei evaluations of middle-aged and elderly users are col-
lected through questionnaires, thus establishing the matrix of
Kansei evaluation value and key design features. Moreover,
BPNN is used to establish the best mapping model corre-
sponding to different Kansei words. The specific research
framework is shown in figure 3.

A. DETERMINATION OF REPRESENTATIVE PRODUCTS
The front view ofAD cars HMI design is chosen as the sample
angle in this paper. 100 interface samples that fit the research
scope are extensively collected through automotive maga-
zines and design websites in this paper. In order to avoid the
bias of the final result caused by the users’ fixed preference
for automobile brands affecting their Kansei evaluation, the
fuzzy, occlusions and highly familiar images are eliminated
through focus group discussion to reduce the impact on the
visual sense of the subjects. A total of 60 representative
HMIs are screened out and the AD cars’ HMI database is
established (figure 4) for further analysis.
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FIGURE 4. 60 representative HMIs.

TABLE 1. Nine representative elderly-oriented Kansei words.

B. FA TO CLUSTER ELDERLY-ORIENTED KANSEI WORDS
IN HMI
Focus groups are used to evaluate the Kansei words of the
mass-produced auto-motive HMI design samples in the sam-
ple bank. Meanwhile, the sentimental intention evaluation
questionnaire for conceptual HMI design samples is released,
and a total of 817 Kansei words are obtained. Through
Python web scraping technology, 9 Kansei words are initially

selected (Table 1). Then, a questionnaire survey is conducted
on 25 graduate students and 25 designers. For 60 samples,
9 kinds of Kansei intention evaluation are carried out on each
sample (scoring method is 5-scale Likert scale, 5 sores refers
to ‘‘very suitable’’, 3 scores refers to ‘‘suitable’’, 1 score
refers to unsuitable). A total of 50 valid questionnaires are
collected and the mean value of the collected results is calcu-
lated, as shown in table 2.
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TABLE 2. Kansei semantic evaluation matrix data.

In this paper, FA is used for dimensionality reduction of
Kansei words, and the data results are imported into the
Statistical Package for the Social Sciences (SPSS) software

for dimensionality reduction analysis. KMO and Bartlett tests
are required for factor analysis. In this way, the structural
validity and interrelationship of factor analysis are verified.
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TABLE 3. KMO and bartlett’s test.

TABLE 4. Total variance explained.

TABLE 5. Rotated component matrix.

TABLE 6. Component score coefficient matrix.

The experimental results are shown in table 3. KMO value is
0.863 (when KMO value>0.8, the experimental data is suit-
able for factor analysis); the ap-proximate value is 317.567;
the degree of freedom is 36, and the Bartlett spherical experi-
mental disinfection paper is 0.000<0.05, showing significant
differences. In summary, KMO and Bartlett sphericity tests
prove that this data is suitable for factor analysis. In the total
variance interpretation of the users’ perception measurement
scale, the cumulative contribution rate of the first four indica-
tors is 84.440, close to 85%, which proves that the nine terms
can be reduced into four main factors. The results are shown
in table 4.
The sensibility factors in the users’ sensibility image

measurement scale are orthogonally rotated by using the

TABLE 7. Interview content.

TABLE 8. Bivariate correlation analysis parameter results.

Caesar normalized maximum variance method. The compo-
nent matrix after rotation is shown in table 5. In order to
reduce visual interference, the factors whose absolute value
is less than 0.5 are represented by blank space.

Principal component analysis is used to obtain the compo-
nent score coefficient matrix, as shown in table 6. A total of
4 factors are extracted from the users’ sensibility vocabulary
of the elderly-oriented HMI for AD cars. The naming and
index selection of the factors are all based on the comprehen-
sive consideration and understanding of the elderly-oriented
sentimental needs and characteristics. The first factor is com-
posed of four indicators: simplicity, intuition, comfort and
focus, which is named as the simplicity factor. The second
factor is composed of intelligence and innovation, which is
named intelligence factor. The third factor, which is com-
posed of two indexes of beauty and friendliness, is named
the affinity factor. The fourth factor is named as the clarity
factor.

In order to verify that the four factors after clustering
meet the Kansei needs and characteristics of elderly users,
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FIGURE 5. From deconstruction table.

we conduct face-to-face interviews with 20 elderly users
over 45 years old (interview contents are shown in the
table 7). Variable A: through interview results, the occurrence
frequency of words highly correlated with the four after
clustering in the interview is counted respectively. Variable
B: elderly users evaluate the emotional needs of four factors
in line with the HMI elderly-oriented design (using a 7-order
Likert scale). The above two variables are imported into the
software of SPSS26 for bivariate correlation analysis. The
Pearson coefficient between each factor and the emotional
needs of elderly users is greater than 0.7, and the significance
is 0. The results are shown in Table 8. The above results
indicate that the four representative elderly-oriented Kansei
words after clustering have a strong correlation with the
elderly users’ emotional needs for HMI, which can be used
to establish a deep emotional connection between HMI and
elderly users.

C. RST TO IDENTIFY THE KEY DESIGN FEATURES OF HMI
The appearance forms of 60 AD cars’ HMI samples in the
sample database are decomposed; the corresponding relation-
ship between HMI design and the elderly-oriented degree
is explored; the key features that have an important impact
on the elderly-oriented degree are extracted. Morphological
analysis decomposes the HMI into 14 design features, which
are respectively the overall color, the overall layout style,

the position of displaying speed number, the speed display
mode, the color of speed icon, the font of speed display,
the position of displaying rotate speed, the mode of dis-
playing rotate speed, the font of displaying rotate speed,
the display color of rotate speed icon, the color of turning
prompt, the dynamic display of auxiliary driving, the dis-
play mode of fuel indicator and the display color of fuel
indicator. Each design feature is further subdivided into mul-
tiple design types with a total number of 78, as shown in
figure 5.

Due to the different importance of each design feature of
HMI to the elderly-oriented degree, design features that have
no effect on the elderly-oriented degree of HMI may lead to
inaccurate conclusions. Therefore, RST attribute reduction
algorithm is used to reduce the data dimension to obtain
high precision recognition. Firstly, the focus group eval-
uates the elderly-oriented satisfaction of 78 design types
subdivided by 14 design features (1 score is defined as the
low elderly-oriented satisfaction, 3 scores is defined as high
elderly-oriented satisfaction), and an evaluation matrix of
design types’ elderly-oriented satisfaction degree is formed;
the results are shown in table 9. Secondly, 60 AD cars’
HMI design samples are mapped to the design features
in the morphological analysis table; 100 subjects (half of
them are male and half of them are female, with more than
three years’ driving experience) are selected to evaluate the
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TABLE 9. Elderly-oriented levels evaluation matrix of HMI design types.

TABLE 10. Elderly-oriented levels evaluation matrix of 60 representative HMIs.

elderly-oriented satisfaction of 60 AD cars HMI and make
a score on the results, as shown in table 10. Due to the
strong continuity of the original data, the author uses the
expert evaluation method to convert the original data of AD
automotive HMI ’s elderly-oriented satisfaction score into
type data. After making score on the elderly-oriented satis-
faction and comprehensive consideration, the expert group
carries ou t the discretization to the original data (defined as
discrete value 1 for low elderly-oriented satisfaction; discrete
value 2 for middle-level elderly-oriented satisfaction and
discrete value 3 for high elderly-oriented satisfaction). RST
condition attribute the overall color, the overall layout style,
the position of displaying speed number, the speed display
mode, the color of speed icon, the font of speed display, the
position of displaying rotate speed, the mode of displaying
rotate speed, the font of displaying rotate speed, the display
color of rotate speed icon, the color of turning prompt, the
dynamic display of auxiliary driving, the displaymode of fuel
indicator and the display color of fuel indicator is set as the
set C. The elderly-oriented degree of AD cars HMI is set as
decision attribute D; the converted discrete values are shown
in table 11.
Matlab2023b software is applied to RST attribute reduc-

tion algorithm to identify the key design features that have an
important impact on uses’ elderly-oriented satisfaction. The
results are as follows:

Firstly, the data in the table are divided into equivalence
classes according to conditional attributes (design character-
istics) and decision attributes (elderly-oriented satisfaction).
U /IND(D) = {(1, 3, 13, 15, 19, 21, 23, 24, 31, 33, 39, 43,

45, 49, 53, 54, 55, 58, 59), (2, 4, 5, 6, 8, 10, 14, 17, 20, 22,

26, 28, 29, 30, 32, 34, 35, 36, 37, 38, 42, 46, 50, 51, 52, 56,
57), (7, 9, 11, 12, 16, 18, 25, 27, 40, 41, 44, 47, 48)}
U /IND(C) = {(1), (2), (3), (4), (5), (6), (7), (8), (9), (10),

(11), (12), (13), (14), (15), (16), (17), (18), (19), (20), (21),
(22), (23), (24), (25), (26), (27), (28), (29), (30), (31), (32),
(33), (34), (35), (36), (37), (38), (39), (40), (41), (42), (43),
(44), (45), (46), (47), (48), (49), (50), (51), (52), (53), (54),
(55), (56), (57), (58), (59), (60)}

Remove the conditional attributes (design features) respec-
tively, and the equivalence classes of the fields are divided as
follows:
U /IND(C-{c1})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16, 34), (17), (18), (19), (20),
(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (35), (36), (37), (38), (39), (40), (41), (42), (43),
(44), (45), (46), (47), (48), (49), (50), (51), (52), (53), (54),
(55), (56), (57), (58), (59), (60)}
U /IND(C-{c2})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16), (17), (18), (19), (20),
(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (46), (47), (48), (49), (50), (51), (52), (53),
(54), (55), (56), (57), (58), (59), (60)}
U /IND(C-{c3})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16), (17), (18), (19), (20),
(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (46), (47), (48), (49), (50), (51), (52), (53),
(54), (55), (56), (57), (58), (59), (60)}
U /IND(C-{c4})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16, 17), (18), (19), (20), (21),
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TABLE 11. Discrete decision table.

(22), (23), (24), (25), (26), (27), (28), (29), (30), (31), (32),
(33), (34), (35), (36), (37), (38), (39), (40), (41), (42), (43),
(44), (45), (46), (47), (48), (49), (50), (51), (52), (53), (54),
(55), (56), (57), (58), (59), (60)}
U /IND(C-{c5})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16), (17), (18), (19), (20),

(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (46), (47), (48), (49), (50), (51), (52), (53),
(54), (55), (56), (57), (58), (59), (60)}
U /IND(C-{c6})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16), (17), (18), (19), (20),
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TABLE 12. Kansei semantic evaluation matrix.

(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (46), (47), (48), (49, 54), (50), (51), (52), (53),
(55), (56), (57), (58), (59), (60)}
U /IND(C-{c7})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16), (17), (18), (19), (20),

(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (46), (47), (48), (49), (50), (51), (52), (53),
(54), (55), (56), (57), (58), (59), (60)}
U /IND(C-{c8})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16), (17), (18), (19), (20),
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FIGURE 6. Fitting graph of training set and test set.

FIGURE 7. The error in the test set.

(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (46), (47), (48), (49), (50), (51), (52), (53),
(54), (55), (56), (57), (58), (59), (60)}
U /IND(C-{c9})={(1, 56), (2), (3), (4), (5), (6), (7), (8),

(9), (10), (11), (12), (13), (14), (15), (16), (17), (18), (19),
(20), (21), (22), (23), (24), (25), (26), (27), (28), (29), (30),
(31), (32), (33), (34), (35), (36), (37), (38), (39), (40), (41),
(42), (43), (44), (45), (46), (47), (48), (49), (50), (51), (52),
(53), (54), (55), (57), (58), (59), (60)}
U /IND(C-{c10})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16), (17), (18), (19), (20),

(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (46), (47), (48), (49), (50), (51), (52), (53),
(54), (55), (56), (57), (58), (59), (60)}
U /IND(C-{c11})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16), (17), (18), (19), (20),
(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33, 46), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (47), (48), (49), (50), (51), (52), (53), (54),
(55), (56), (57), (58), (59), (60)}
U /IND(C-{c12})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16), (17), (18), (19), (20),
(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (46, 60), (47), (48), (49), (50), (51), (52), (53),
(54), (55), (56), (57), (58), (59)}
U /IND(C-{c13})={(1), (2), (3, 11), (4), (5), (6), (7), (8),

(9), (10), (12), (13), (14), (15), (16), (17), (18), (19), (20),
(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (46), (47), (48), (49), (50), (51), (52), (53),
(54), (55), (56), (57), (58), (59), (60)}
U /IND(C-{c14})={(1), (2), (3), (4), (5), (6), (7), (8), (9),

(10), (11), (12), (13), (14), (15), (16), (17), (18), (19), (20),
(21), (22), (23), (24), (25), (26), (27), (28), (29), (30), (31),
(32), (33), (34), (35), (36), (37), (38), (39), (40), (41), (42),
(43), (44), (45), (46), (47), (48), (49), (50), (51), (52), (53),
(54), (55), (56), (57), (58), (59), (60)}

Calculate the cardinality of each attribute set:

card[posc(D)] = 60, card[posc−|c1|(D)] = 58,

card[posc−|c2|(D)] = 60,

card[posc−|c3|(D)] = 60, card[posc−|c4|(D)] = 58,

card[posc−|c5|(D)]60,

card[posc−|c6|(D)]60, card[posc−|c7|(D)]60,

card[posc−|c8|(D)] = 60,

card[posc−|c9|(D)] = 58, card[posc−|c10|(D)] = 60,

card[posc−|c11|(D)] = 58,

card[posc−|c12|(D)] = 60, card[posc−|c13|(D)] = 58,

card[posc−|c14|(D)] = 60

Therefore:

rC (D) = 60/60, rC−c1 (D) = 58/60, rC−c2 (D) = 60/60,

rC−c3 (D) = 60/60,

rC−c4 (D) = 58/60, rC−c5 (D) = 60/60, rC−c6 (D) = 60/60,

rC−c7 (D) = 60/60,

rC−c8 (D) = 60/60, rC−c9 (D) = 58/60, rC−c10 (D) = 60/60,

rC−c11 (D) = 58/60,

rC−c12 (D) = 60/60, rC−c13 (D) = 58/60, rC−c14(D) = 60/60

According to the formula (4):

σ (c1) = 2/60, σ (c2) = 0, σ (c3) = 60/60,
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TABLE 13. BPNN training parameters.

TABLE 14. System configuration.

TABLE 15. The parameter results.

σ (c4) = 2/60, σ (c5) = 0, σ (c6) = 0,

σ (c7) = 0, σ (c8) = 0, σ (c9) = 2/60,

σ (c10) = 0, σ (c11) = 2/60, σ (c12) = 0,

σ (c13) = 2/60, σ (c14) = 0

Calculate the weight coefficient according to the
formula (5):

w1 = 0.2,w2 = 0,w3 = 0,w4 = 0.2,w5 = 0,

w6 = 0,w7 = 0,

w8 = 0,w9 = 0.2,w10 = 0,w11 = 0.2,w12 = 0,

w13 = 0.2,w14 = 0

Therefore, through the reduction of RST attributes, the
key design features that have an important impact on the
elderly-oriented satisfaction of cars’ HMI are identified,
namely the overall color, the mode of speed display, the
display font of rotate speed, the reminding color of turning
and the display mode of fuel indicator.

D. BPNN TO BUILD MAPPING MODEL BETWEEN KANSEI
SEMANTICS AND KEY FEATURES OF HMI
After the first-stage of clustering, the four most repre-
sentative elderly-oriented Kansei words are combined with

60 HMI samples, constructing a 5-order Likert scale. A total
of 100 subjects with half of males and half of females, aged
between 25 and 55, are invited to participate in the Kansei
evaluation experiment. The subjects include a small number
of interaction designers and a large number of middle-aged
and older users. Thematrix between design features of Kansei
words samples and Kansei evaluation value is constructed,
as shown in table 12.

Based on Matlab2023b software platform, BPNN is used
to learn the matrix data in table 12. The BPNNmodel training
parameters are shown in Table 13. All data analysis work in
this study is completed on a high-performance workstation.
The specific configuration is shown in Table 14. The Kansei
word ‘‘affinity’’ is taken as an example. In this study, the
number of nodes in the input layer is 5 key design features
after reduction, and the number of nodes in the output layer
is 1 from the selected representative Kansei term ‘‘affin-
ity’’. Therefore, the number of nodes in the hidden layer is
3 according to the formula. The first 55 samples are input
into the network as a training set and the learning times are
set to be 500 times with a learning rate of 0.01. The functions
of logsig and purelin are used for the hidden layer and output
layer respectively. The model is trained by Trainlm gradient
descent function. After many times’ training, convergence
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FIGURE 8. Elderly-oriented HMI Design for AD Cars.

FIGURE 9. The design effect of elderly-oriented HMI Design for AD Cars.

turns to be a better prediction result of training set. TheKansei
word ‘‘affinity’’ is taken as an example, which converges to
a good parameter result (RMSE=0.070103, R2

= 0.94017,
MSE=0.0049144, PRD=3.8917) indicating that themodel in
this study has good prediction ability, high degree of fitting
and little difference between the predicted result and the true
value. The curve graph is shown as figure 6. The last five sam-
ples in table 12 are used to verify the reliability of the trained
network, and the comparison between the actual perceived

evaluation value of the test set and the perceived evaluation
value predicted by the network is shown in figure 6. The
parameter result (R2

= 0.9966) is shown in table 15. The
results show that the evaluation effect of this model is good
and the accuracy is high. The error (e∈0.01, −0.03) between
the predicted value and the actual value of the test set is in
line with the experimental expectation, as shown in table 15.
The experimental results show that the constructed BPNN
has high prediction accuracy and can be used to establish
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the mapping relationship between users’ Kansei semantics
and elderly-oriented HMI design features. Similarly, the pre-
diction results’ comparison of the training set (figure 6), the
error between the predicted value and the actual value of the
test set (figure 7) and the parameter results (table 15) for
the remaining three Kansei words can be obtained.

Finally, in order to obtain the HMI design features’ com-
bination with the highest elderly-oriented degree, namely the
AD cars HMI design features’ combinations with the highest
average value of Kansei words evaluation, there are 5 key fea-
tures reduced by rough set attributes and each design feature
has 6,4,3,6 and 4 categories respectively. Therefore, there are
a total of 6 × 5×3 × 6×3=1620 combined design schemes.
Through computer coding all combinations and taking them
as input layer parameters of BPNN model, the perceived
value corresponding to each combination design scheme is
calculated. For each sample, the evaluation value of four Kan-
sei words is averaged and the maximum value is selected as
the basis for evaluating the elderly-oriented degree. The max-
imum mean value of perception evaluation is 4.28175, and
the corresponding design features’ combination is the optimal
combination of AD cars HMI elderly-oriented design. The
number of corresponding design groups us 3,3,3,4,1. This
method will take the evaluation value of each Kansei words
with a balanced way. It is believed that only when all aspects
reach a relatively high elderly-oriented level will the overall
design be more suitable for middle-aged and elderly users.

In order to verify the effectiveness of the proposed method
more clearly and truly, the author takes the experimental
results as a reference. Namely, in the morphological analysis
table, the overall color (3), the mode of speed display(3)
and the font display of rotate speed (3), the reminding color
of turning(4) and the mode of fuel indicator display(1) are
selected. For other design features, the design categories
with higher elderly-oriented degree are selected in table 7.
By using graphic design software such as Figma andAI and in
combination with designers’ subjective beauty and creativity,
the elderly-oriented HMI design of AD cars is obtained,
as shown in figure 8. The usage scene is built by using Cinema
4D, as shown in figure 9. A total of 210 subjects (113 persons
are from 35 to 45 years old; 97 persons are over 45 years old,
with 3 years or more than 3 years’ driving experience) make
a score on the HMI design of AD cars in figure 6 by using
a 7-step Likert scale; the average score is 5.68, which is sig-
nificantly higher than the average score of 3.5, fully proving
the effectiveness and feasibility of the proposed combination
method. Designers can use this important reference to guide
the early stages of elderly-oriented design development, thus
meeting the sentimental needs ofmiddle-ages and elder users.

IV. RESULT ANALYSIS AND DISCUSSION
A. DESIGN RESULTS
With the global aging problem becoming more and more
prominent, elderly-oriented design has become an important
issue in the design field. Various industries are striving to
provide more convenient, comfortable and safe products and

services for the elderly. However, most of the previous litera-
tures used qualitative analysis to evaluate the elderly-oriented
design, which lacks a complete quantitative analysis method.
The key of elderly-oriented design is to meet the needs of
elderly while adjusting the design parameters to meet their
sentimental needs. Therefore, factors such as the physio-
logical characteristics and cognitive ability of the elderly
should be fully considered in the design process to ensure
the perfection and applicability of HMI function and realize
the sustainable development of society. At present, there is
no systematic researches on the combination of design fea-
tures for elderly-oriented HMI. In view of this, in the early
stage, combining KE/RST/BPNN is used in this paper to
determine the optimal combination of AD cars’ HMI elderly-
oriented design. AD cars’ HMI is taken as the research
object; four representative elderly-oriented Kansei words are
obtained through Python and FA dimensionality reduction,
which are respectively simplicity, wisdom, affinity and intu-
ition. Through morphological analysis, 14 design features
and 78 corresponding types of HMI are obtained. Due to its
wide variety, it is easy to increase the burden of subjects and
designers. The RST attribute reduction algorithm is used to
obtain the key design features that have an important influ-
ence on the elderly-oriented degree, namely the overall color,
the model of speed display, the display font of rotate speed,
the reminding color of turning and the model of fuel indi-
cator display. The results show that middle-aged and elderly
users are very concerned about the color, font and display
mode of key design features when viewing HMI. Finally,
the four Kansei words are brought into BPNN respectively
and the design combination with the highest Kansei average
is predicted to obtain the best HMI elderly-oriented design
combination. It is found that in the morphological analysis
table, the overall color, display mode of speed, display font
of rotate speed, reminding color of turning and display mode
of fuel indicator are selected as type 3,3,3,4,1, which can
meet the sentimental experience of middle-aged and elderly
users to the maximum extent. Based on the experimental data
obtained, I optimize the HMI design of AD cars specially
for the group of elderly users, focusing on the simplicity of
interface and the emotional needs of elderly users so as to
better meet the specific usage habits and needs of elderly
users. In addition, I believe that the simple and intuitive
elderly- oriented design principles also have good adaptabil-
ity for young users who use the vehicle interaction system
for the first time. To test this hypothesis, I recruit a group of
young car owners who just purchased this car to evaluate their
satisfaction with the elderly-oriented design of HMI in AD
cars in this research. A total of 112 subjects make a score on
the HMI design of AD cars in figure 6 by using a 7-step Likert
scale; the average score is 5.24, which is significantly higher
than the average score of 3.5. The test results show that the
interface I design can not onlymeet the needs of elderly users,
but also be welcomed by young users, which proves that the
wide applicability of the elderly-oriented interface I designed
in different groups of people. Furthermore, the evaluation
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TABLE 16. Comparison of different sentimental mapping algorithms.

results show that the design method proposed in the paper can
effectively meet the different needs of different users. And
the HMI design of AD cars by me is the fuzzy front end of
the product, and the subsequent optimization design will be
continued. At present, we are conducting preliminary negoti-
ations and cooperation with BYD auto company to consider
applying this interface design and design method to vehicles’
interactive interface design in BYDbrand’s autonomous vehi-
cle models in the future. In this paper, RST and BPNN in
artificial intelligence technology are used to accurately calcu-
late the mapping function of sentimental intention and design
features of middle-aged and elder users in KE. Therefore,
designers can directly refer to these optimal combinations to
help enterprises expand middle-aged and elderly consumer
groups, obtain middle-aged and elderly users’ satisfaction
and significantly improve product sales and market value of
enterprises.

B. BPNN AND ARTIFICIAL INTELLIGENCE TECHNOLOGY
IN KANSEI MAPPING PROCESS
In KE, the weight of Kansei index and the weight of design
feature index need to be determined first so as to provide
data references for the subsequent design process. In previ-
ous studies, Xue et al. [53] obtained the partial correlation
coefficient of product elements through quantitative theory
type I to get the priority ranking of product design ele-
ments that affect Kansei images. Hartono [54]discovered the
performance of each service attribute based on customers’
perception through Kano model and screened out the most
critical service attribute. Michele STAIANO and other schol-
ars analyzed the results of all evaluators through AHP to
get their preference direction for the most attractive Seat
Concept. Gan et al. [55] used social robots as carriers to
determine the key features of their appearance aesthetics and
emotional preferences through linear regression analysis. The
above methods have disadvantages such as subjectivity, com-
putational complexity and lack of data support. Therefore,
in order to distinguish the design features’ influence degree
on Kansei factors, previous method is replaced by artificial
intelligence technology RST attribute reduction algorithm.
The core of KE is to build a mapping model between users’
sentimental intentions and design features. The linear statis-
tical methods used in the past, such as quantitative theory
type I (QT-I) and principal component analysis (PCA), cannot
directly measure and quantify the subjective and uncertain
information of users’ emotions. With the development of
artificial intelligence technology, such as Support Vector

Machine (SVM) [56], Genetic Algorithm (GA) [57], Deep
Convolutional Neural Network (DCNN) [58] and others have
been applied to construct the mapping relationship between
products’ design features and users’ emotions [59]. To com-
pare, the computational complexity of SVM is high and the
processing ability of high-dimensional data is weak; while
DCNN has high requirements on image size and input data is
relatively weak in non-image data processing. GA has been
widely and successfully used in engineering optimization
problems, but it can only calculate a small number of optimal
solutions. Compared with the traditional parameter statistics
and NN method, BPNN has strong data adaptability and
model fitting ability. BPNN can directly learn from known
data and make accurate predictions, and it is more suit-able
for various types of data when constructing mapping models.
Table 16 shows the comparison between BPNN and other
methods in terms of Kansei mapping. In combination with
the HMI design of this study case, there are multiple types of
data such as images and texts. Therefore, an elderly-oriented
HMI design process based on KE/RST/BPNN is proposed
in this paper. Compared with the traditional KE method, the
combination of RST and BPNN can deal with a large scale of
Kansei data, which uses RST attribute reduction algorithm
to exact key design features and uses BPNN to establish
nonlinear mapping structure between key design features and
Kansei data. This design process solves the problems of
computational complexity and lack of linear model fitting
ability, which can quickly provide effective and accurate
Kansei analysis results.

V. CONCLUSION
Based on KE, RST and BPNN in artificial intelligence tech-
nology are combined in this study to develop AD cars’
HMI elderly-oriented design. Under the framework of KE
research, the Kansei intention evaluation of middle-aged and
elderly users on HMI design is obtained, and the factor analy-
sis method is used to extract 4 representative elderly-oriented
Kansei words. After obtaining the HMI form deconstruc-
tion table, RET selects the key design features that have an
important impact on the elderly-oriented degree and uses
BPNN to build a mapping model between the users’ repre-
sentative sentimental preference and the key design features,
thus obtaining the optimal combination of AD cars’ HMI
elderly-oriented design that meets the sentimental preference
of middle-aged and elderly people. The main contributions of
this paper include:
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a) Under the framework of KE research, a design process
based on the combination of KE/RST/BPNN is proposed.

b) The RST attribute reduction algorithm is used to identity
the key design features of HMI that have important influ-
ences on the elderly-oriented degree.

c) Instead of the traditional linear analysis method, BPNN
establishes the mapping relationship between the Kansei
of middle-aged and elderly users and the key design fea-
tures of HMI, thus obtaining the optimal combination of
AD cars HMI elderly-oriented design that meets the sen-
timental preferences of middle-aged and elderly people.

This paper still has several limitations that need to be
improved:

a) Taking the strong uncertainty and variability of emo-
tion into account, I consider introducing physiological
signal recognition and combining dynamic feedback in
future research to improve the accuracy and reliability of
emotion recognition.

b) The Elderly-oriented HMI design should not only con-
sider the appearance of HMI design. Further improve-
ments can be made in terms of functionality, navigation,
error handling, feedback and validation, tutorials and
other aspects.

c) In this paper, only BPNN is used to construct Kansei
mapping model. In the future, a variety of methods can
be used to construct Kansei mapping models.

REFERENCES
[1] K.-H. Robèrt, ‘‘Tools and concepts for sustainable development, how do

they relate to a general framework for sustainable development, and to each
other?’’ J. Cleaner Prod., vol. 8, no. 3, pp. 243–254, Jun. 2000.

[2] A. Eriksson and N. Stanton, ‘‘Takeover time in highly automated vehicles:
Noncritical transitions to and from manual control,’’ Human Factors,
vol. 59, no. 4, pp. 689–705, Jun. 2017.

[3] A. Broggi, M. Buzzoni, S. Debattisti, P. Grisleri, M. C. Laghi, P. Medici,
and P. Versari, ‘‘Extensive tests of autonomous driving technologies,’’
IEEE Trans. Intell. Transp. Syst., vol. 14, no. 3, pp. 1403–1415, Sep. 2013.

[4] E. Yurtsever, J. Lambert, A. Carballo, and K. Takeda, ‘‘A survey of
autonomous driving: Common practices and emerging technologies,’’
IEEE Access, vol. 8, pp. 58443–58469, 2020.

[5] A. Amirkhani, A. Khosravian, M. Masih-Tehrani, and H. Kashiani,
‘‘Robust semantic segmentation with multi-teacher knowledge
distillation,’’ IEEE Access, vol. 9, pp. 119049–119066, 2021, doi:
10.1109/ACCESS.2021.3107841.

[6] D. J. Yeong, G. Velasco-Hernandez, J. Barry, and J. Walsh, ‘‘Sensor and
sensor fusion technology in autonomous vehicles: A review,’’ Sensors,
vol. 21, no. 6, p. 2140, Mar. 2021.

[7] A. Petrovskaya and S. Thrun, ‘‘Model based vehicle detection and track-
ing for autonomous urban driving,’’ Auto. Robots, vol. 26, nos. 2–3,
pp. 123–139, Apr. 2009.

[8] C. Lv, X. Hu, A. Sangiovanni-Vincentelli, Y. Li, C. M. Martinez, and
D. Cao, ‘‘Driving-style-based codesign optimization of an automated
electric vehicle: A cyber-physical system approach,’’ IEEE Trans. Ind.
Electron., vol. 66, no. 4, pp. 2965–2975, Apr. 2019.

[9] S. Harper, ‘‘Economic and social implications of aging societies,’’ Science,
vol. 346, no. 6209, pp. 587–591, Oct. 2014.

[10] A. S. Shcheglova, ‘‘Research on the features of innovative social services
aimed at improving the quality of life of modern elderly people as the
basis for sustainable social development of the country,’’ E3S Web Conf.,
vol. 208, p. 04018, Nov. 2020.

[11] Y. Matsubara and M. Nagamachi, ‘‘Hybrid kansei engineering system and
design support,’’ Int. J. Ind. Ergonom., vol. 19, no. 2, pp. 81–92, Feb. 1997.

[12] M. Nagamachi, ‘‘An image technology expert system and its application
to design consultation,’’ Int. J. Human-Comput. Interact., vol. 3, no. 3,
pp. 267–279, Jul. 1991.

[13] M. Nagamachi, ‘‘Kansei engineering as a powerful consumer-oriented
technology for product development,’’ Appl. Ergonom., vol. 33, no. 3,
pp. 289–294, May 2002.

[14] X. Gong, Z. Guo, and Z. Xie, ‘‘Using kansei engineering for the design
thinking framework: Bamboo pen holder product design,’’ Sustainability,
vol. 14, no. 17, p. 10556, Aug. 2022.

[15] Y.-H. Hsiao, M.-C. Chen, and W.-C. Liao, ‘‘Logistics service design
for cross-border e-commerce using Kansei engineering with text-mining-
based online content analysis,’’ Telematics Informat., vol. 34, no. 4,
pp. 284–302, Jul. 2017.

[16] S. Schütte and J. Eklund, ‘‘Design of rocker switches for work-vehicles—
An application of Kansei engineering,’’ Appl. Ergonom., vol. 36, no. 5,
pp. 557–567, Sep. 2005.

[17] Y.-C. Lin, H.-H. Lai, and C.-H. Yeh, ‘‘Consumer-oriented product form
design based on fuzzy logic: A case study of mobile phones,’’ Int. J. Ind.
Ergonom., vol. 37, no. 6, pp. 531–543, Jun. 2007.

[18] M.-C. Chen, C.-L. Hsu, K.-C. Chang, and M.-C. Chou, ‘‘Applying Kansei
engineering to design logistics services—A case of home delivery ser-
vice,’’ Int. J. Ind. Ergonom., vol. 48, pp. 46–59, Jul. 2015.

[19] T. Dereli, A. Baykasoglu, K. Altun, A. Durmusoglu, and I. B. Türksen,
‘‘Industrial applications of type-2 fuzzy sets and systems: A concise
review,’’ Comput. Ind., vol. 62, no. 2, pp. 125–137, Feb. 2011.

[20] H.-H. Lai, Y.-C. Lin, and C.-H. Yeh, ‘‘Form design of product image using
grey relational analysis and neural network models,’’ Comput. Oper. Res.,
vol. 32, no. 10, pp. 2689–2711, Oct. 2005.

[21] O. Zerti, M. A. Yallese, A. Zerti, S. Belhadi, and F. Girardin, ‘‘Simultane-
ous improvement of surface quality and productivity using grey relational
analysis based Taguchi design for turning couple (AISI D3 steel/ mixed
ceramic tool (Al2O3+TiC)),’’ Int. J. Ind. Eng. Computations, vol. 9,
pp. 173–194, Mar. 2018.

[22] Y. Lin and C. Wei, ‘‘A hybrid consumer-oriented model for product affec-
tive design: An aspect of visual ergonomics,’’ Human Factors Ergonom.
Manuf. Service Industries, vol. 27, no. 1, pp. 17–29, Jan. 2017.

[23] N. Liu and R. Yu, ‘‘Identifying design feature factors critical to acceptance
and usage behavior of smartphones,’’ Comput. Hum. Behav., vol. 70,
pp. 131–142, May 2017.

[24] T. Wang and M. Zhou, ‘‘A method for product form design of integrating
interactive genetic algorithm with the interval hesitation time and user
satisfaction,’’ Int. J. Ind. Ergonom., vol. 76, Mar. 2020, Art. no. 102901.

[25] N. Wang, X. Kang, Q. Wang, and C. Shi, ‘‘Using grey-quality function
deployment to construct an aesthetic product design matrix,’’ Concurrent
Eng., vol. 31, nos. 1–2, pp. 49–63, Jun. 2023.

[26] A. Banitalebi-Dehkordi, A. Amirkhani, and A. Mohammadinasab,
‘‘EBCDet: Energy-based curriculum for robust domain adaptive
object detection,’’ IEEE Access, vol. 11, pp. 77810–77825, 2023,
doi: 10.1109/ACCESS.2023.3298369.

[27] K.-C. Wang, ‘‘A hybrid Kansei engineering design expert system based
on grey system theory and support vector regression,’’ Expert Syst. Appl.,
vol. 38, no. 7, pp. 8738–8750, Jul. 2011.

[28] X. Kang, ‘‘Combining grey relationship analysis and neural network to
develop attractive automobile booth design,’’ Comput. Intell. Neurosci.,
vol. 2020, pp. 1–13, Jun. 2020.

[29] Z. Pawlak, ‘‘Decision analysis using rough sets,’’ Int. Trans. Oper. Res.,
vol. 1, no. 1, pp. 107–114, Jan. 1994.

[30] F. Guo, Q.-X. Qu, M. Nagamachi, and V. G. Duffy, ‘‘A proposal of the
event-related potential method to effectively identify kansei words for
assessing product design features in Kansei engineering research,’’ Int.
J. Ind. Ergonom., vol. 76, Mar. 2020, Art. no. 102940.

[31] M. Nagamachi, ‘‘Kansei engineering: A new ergonomic consumer-
oriented technology for product development,’’ Int. J. Ind. Ergonom.,
vol. 15, no. 1, pp. 3–11, Jan. 1995.

[32] M. François, F. Osiurak, A. Fort, P. Crave, and J. Navarro, ‘‘Automotive
HMI design and participatory user involvement: Review and perspectives,’’
Ergonomics, vol. 60, no. 4, pp. 541–552, Apr. 2017.

[33] D. Gkouskos and F. Chen, ‘‘The use of affective interaction design in car
user interfaces,’’Work, vol. 41, pp. 5057–5061, 2012.

[34] J. Murgoitio, A. Urquiza, M. Larburu, and J. Sanchez, ‘‘A ‘context evalua-
tor’ model for a multimodal user interface in driving activity,’’ in Proc. 3rd
Int. Conf. Agents Artif. Intell., 2011, pp. 617–624.

VOLUME 12, 2024 26817

http://dx.doi.org/10.1109/ACCESS.2021.3107841
http://dx.doi.org/10.1109/ACCESS.2023.3298369


Z. Chen: Elderly-Oriented Design of HMI in Autonomous Driving Cars

[35] L. Skrypchuk, P. M. Langdon, P. J. Clarkson, and A. Mouzakitis, ‘‘Creat-
ing inclusive automotive interfaces using situation awareness as a design
philosophy,’’ in Proc. 10th Int. Conf. Universal Access Human-Comput.
Interact., Users Context Diversity (UAHCI), Toronto, ON, Canada. Cham,
Switzerland: Springer, Jul. 2016, pp. 639–649.

[36] X. Qian andY. Sun, ‘‘A study of simplifiedChinese typeface design applied
to automotive user interface,’’ in Proc. 7th Int. Symp. Chin. CHI, Jun. 2019,
pp. 23–29.

[37] S. Xia, X. Bai, G.Wang, Y. Cheng, D.Meng, X. Gao, Y. Zhai, and E. Giem,
‘‘An efficient and accurate rough set for feature selection, classification,
and knowledge representation,’’ IEEE Trans. Knowl. Data Eng., vol. 35,
no. 8, pp. 7724–7735, Aug. 2023.

[38] Z. Pawlak, ‘‘Rough sets,’’ Int. J. Comput. Inf. Sci., vol. 11, no. 5,
pp. 341–356, Oct. 1982.

[39] Z. Pawlak, J. Grzymala-Busse, R. Slowinski, and W. Ziarko, ‘‘Rough
sets,’’ Commun. ACM, vol. 38, no. 11, pp. 88–95, Nov. 1995, doi:
10.1145/219717.219791.

[40] K. Thangavel and A. Pethalakshmi, ‘‘Dimensionality reduction based on
rough set theory: A review,’’ Appl. Soft Comput., vol. 9, no. 1, pp. 1–12,
Jan. 2009.

[41] Z. Pawlak and A. Skowron, ‘‘Rudiments of rough sets,’’ Inf. Sci., vol. 177,
no. 1, pp. 3–27, Jan. 2007.

[42] L.-Y. Zhai, L.-P. Khoo, and Z.-W. Zhong, ‘‘A rough set based decision
support approach to improving consumer affective satisfaction in product
design,’’ Int. J. Ind. Ergonom., vol. 39, no. 2, pp. 295–302, Mar. 2009.

[43] L.-Y. Zhai, L.-P. Khoo, and Z.-W. Zhong, ‘‘A dominance-based rough set
approach to Kansei engineering in product development,’’ Expert Syst.
Appl., vol. 36, no. 1, pp. 393–402, Jan. 2009.

[44] M.-D. Shieh, Y.-E. Yeh, and C.-L. Huang, ‘‘Eliciting design knowledge
from affective responses using rough sets and Kansei engineering sys-
tem,’’ J. Ambient Intell. Humanized Comput., vol. 7, no. 1, pp. 107–120,
Feb. 2016.

[45] Z. Li, K. Shi, N. Dey, A. S. Ashour, D. Wang, V. E. Balas, P. McCauley,
and F. Shi, ‘‘Rule-based back propagation neural networks for various
precision rough set presentedKANSEI knowledge prediction: A case study
on shoe product form features extraction,’’ Neural Comput. Appl., vol. 28,
no. 3, pp. 613–630, Mar. 2017, doi: 10.1007/s00521-016-2707-8.

[46] X. Kang, ‘‘Combining rough set theory and support vector regression to
the sustainable form design of hybrid electric vehicle,’’ J. Cleaner Prod.,
vol. 304, Jul. 2021, Art. no. 127137.

[47] J.-C. Woo, F. Luo, Z.-H. Lin, and Y.-T. Chen, ‘‘Research on the sensory
feeling of product design for electric toothbrush based on Kansei engineer-
ing and Back propagation neural network,’’ J. Internet Technol., vol. 23,
no. 4, pp. 863–871, 2022.

[48] J. Fan, S. Yu, J. Chu, and F. Cheng, ‘‘A hybrid model of requirement
acquisition based on consumer’s preferenceon for 3D printing cloud ser-
vice platform,’’ in Proc. 10th Int. Conf. Intell. Human-Mach. Syst. Cybern.
(IHMSC), vol. 1, Aug. 2018, pp. 261–264.

[49] F. Guo, Q. Qu, P. Chen, Y. Ding, and W. L. Liu, ‘‘Application of evolu-
tionary neural networks on optimization design of mobile phone based
on user’s emotional needs,’’ Human Factors Ergonom. Manuf. Service
Industries, vol. 26, no. 3, pp. 301–315, May 2016.

[50] S.-W. Hsiao and H. C. Huang, ‘‘A neural network based approach for
product form design,’’ Design Stud., vol. 23, no. 1, pp. 67–84, Jan. 2002.

[51] D. Chen and P. Cheng, ‘‘Development of design system for product pattern
design based on Kansei engineering and BP neural network,’’ Int. J. Cloth-
ing Sci. Technol., vol. 34, no. 3, pp. 335–346, May 2022.

[52] M. Misaka and H. Aoyama, ‘‘Development of design system for crack
patterns on cup surface based onKANSEI,’’ J. Comput. Design Eng., vol. 5,
no. 4, pp. 435–441, Oct. 2018.

[53] L. Xue, X. Yi, and Y. Zhang, ‘‘Research on optimized product image
design integrated decision system based on Kansei engineering,’’ Appl.
Sci., vol. 10, no. 4, p. 1198, Feb. 2020.

[54] M. Hartono, ‘‘The modified kansei engineering-based application for
sustainable service design,’’ Int. J. Ind. Ergonom., vol. 79, Sep. 2020,
Art. no. 102985.

[55] Y. Gan, Y. Ji, S. Jiang, X. Liu, Z. Feng, Y. Li, and Y. Liu, ‘‘Integrating
aesthetic and emotional preferences in social robot design: An affective
design approach with Kansei engineering and deep convolutional gen-
erative adversarial network,’’ Int. J. Ind. Ergonom., vol. 83, May 2021,
Art. no. 103128.

[56] C.-C. Yang, ‘‘A classification-based kansei engineering system for model-
ing consumers’ affective responses and analyzing product form features,’’
Expert Syst. Appl., vol. 38, no. 9, pp. 11382–11393, Sep. 2011.

[57] J. A. Diego-Mas and J. Alcaide-Marzal, ‘‘Single users’ affective responses
models for product form design,’’ Int. J. Ind. Ergonom., vol. 53,
pp. 102–114, May 2016.

[58] T. Wang, Z. Ma, and L. Yang, ‘‘Creativity and sustainable design of wick-
erwork handicraft patterns based on artificial intelligence,’’ Sustainability,
vol. 15, no. 2, p. 1574, Jan. 2023.

[59] S. Lin, T. Shen, and W. Guo, ‘‘Evolution and emerging trends of Kansei
engineering: A visual analysis based on CiteSpace,’’ IEEE Access, vol. 9,
pp. 111181–111202, 2021.

ZIMO CHEN is currently pursuing the master’s
degree with the Nanjing University of Science and
Technology. His research interests include indus-
trial design engineering, kansei engineering, and
neural networks.

26818 VOLUME 12, 2024

http://dx.doi.org/10.1145/219717.219791
http://dx.doi.org/10.1007/s00521-016-2707-8

