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EDITORIAL

In this issue, we will focus wearable technology on two themes. One is sports and fitness, and the other
one is how to provide special protection and mobility aid for vulnerable groups, such as infants, elderlies and
disabled persons.

Two editor board members offered related articles for us. Prof. Paul D. Rosero-Montalvo from Salamanca
University developed the embedded system inside the intelligent textile to realize the early warning and pre-
vention (falls, burns and personal injuries) of accidents for infants in crawling stage. Meanwhile, Prof. Carlos
Alberto Catalina Ortega from Burgos University developed advanced augmented reality (AR) technology and
Internet services and mobile device interfaces specially designed for the elderly to provide autonomy and better
quality of life in their daily activities.

Also, we collected some articles on wearable technology in sports and fitness, including related policies
in different countries, competitive advantage of wearable technology in sports training, great potential of wear-
able skin-interfaced microfluidic systems and so on.

Editor-in-chief

Dr. Zhen Cao
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ORIGINAL RESEARCH ARTICLE
Study on wearable device users’ willingness to continue using

—ECM-IS based on the expansion model
Yansheng Zhao", Zhongjie Wang

School of management, University of Science and Technology of China, Hefei 230026, Anhui, China
E-mail: zhaoys@ustc.edu.cn

ABSTRACT

Based on the Expectation Confirmation Model of Information System(ECM-IS), three personal characteristic fac-
tors of self-efficacy, privacy concerns, and innovation as well as two external environmental factors of subjective refer-
ence and switching costs were introduced to construct a model of factors affecting users’ continuance intention of
wearable devices from the perspective of “technology-individual-environment”. 356 valid samples were collected
through the questionnaire for empirical analysis. The results of the study show that self-efficacy, switching costs, and
perceived usefulness in the ECM-IS model have a significant effect on users’ continuance intention at p<0.001 level
while innovativeness and subjective references affect users’ continuance intention at p<0.05, but privacy concerns have
no effect on continuance intention.

Keywords: wearable devices; continuance intention; expectation confirmation model of information system (ECM-IS)

the same period of last year. Among them, Xiaomi,

1. Introduction Fitbit and apple ranked among the top three in
global market share respectively. Sutu Research
With the strong promotion of information |nstitute predicts that the market scale of wearable

technology and Internet of things industry, wearable  devices will reach 32 billion yuan in 2018 and will
devices, as a new generation of portable electronic continue to expand.

devices, have attracted extensive attention and are

rapidly renovating consumer technology products. At present, the research on wearable devices
Wearable devices take intelligent hardware as the ~ mainly focuses on design and function, and few
carrier, combined with application software and scholars explore it from the user level. A few exist-
data interaction to realize the functions of business ~ ing literatures only consider the initial acceptance
communication, health monitoring, leisure and en- ~ and adoption behavior of users. For example, Yang
tertainment. According to the report of Internet Data €t al. discussed the impact of perceived benefits and
Center (IDC), the total sales volume of the global risks on the perceived value and use intention of
wearable device market in the third quarter of 2017 ~ Wearable device users, and found that perceived
reached 26.3 million units, an increase of 7.5% over ~ Usefulness and entertainment have a greater impact
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on perceived value than perceived risk™; Gu et al.
discussed the initial trust of consumers in pervasive
commerce from the perspective of wearable devic-
es based on UTAUT 2 model, and stressed the need
to focus on improving the entertainment, conven-
ience and privacy of wearable commerce?; Wu
Jiang et al. used meta-analysis to explore the impact
of ten factors on wearable device users’ attitude and
adoption intention, and found that perceived use-
fulness had the most significant impact on users’
adoption behaviort®l. Although the current wearable
devices have a good prospect, there are still some
problems such as serious homogenization, low user
stickiness and high loss rate. According to Gartner’s
survey, although wearable devices initially attracted
a large number of consumers due to their fashiona-
ble appearance and novel functions, about 1/3 of
wearable device users will choose to give up after a
period of time. Therefore, in today’s highly compet-
itive market environment, grasping the initial inten-
tion of users is only the first step to success. How to
retain users and promote their sustainable use is the
way to win for a long time.

Bhattacherjee proposed the famous infor-
mation system continuous use model (ECM-IS)H!
on the basis of Expectation Confirmation Theory
(ECT), which is used to explain the behavior of us-
ers who continue to use or give up using a certain
information system. After reviewing the relevant
literature, it is found that there are still many gaps
in the research of applying ECM-IS model to the
wearable field. In addition, the extended models of
ECM-IS are mostly from the perspective of tech-
nical characteristics or a single perspective. With
the socialization and application of wearable tech-
nology, internal personal factors and external envi-
ronmental factors are also very important for
emerging information technologies focusing on user
experience such as intelligent wearable.

Therefore, according to the special situation of
wearable devices, this paper expands the ECM-IS
model, introduces self-efficacy, privacy concern and
innovation to explore the user’s perception of per-
sonal characteristics, subjective reference and

transformation into the user’s perception of external
environmental factors, so as to adapt to the contin-
uous use situation of wearable devices, and con-
structs the research model from the comprehensive
perspective of “technology individual environment”,
explore what factors will affect the sustainable use
intention of wearable device users, so as to provide
sustainability suggestions for device providers in
excavating product R & D and design priorities and
improving operation and marketing strategies.

2. Literature review and research
hypothesis

2.1. Technical characteristic factors in the
context of wearable devices

The ECM model has been widely used in the
field of marketing. The model shows that the con-
tinuous use intention of is users is determined by two
post adoption variables, namely perceived useful-
ness and satisfaction, which in turn depend on the
expected confirmation, as shown in Figure 1.

[Willingness- to

Perceived-

+

Figure 1. Information system continuous use model (ECM-IS).

The author believes that the relationship be-
tween expected confirmation and perceived useful-
ness, satisfaction and sustainability intention can be
further applicable to the situation of sustainable use
of wearable devices. Therefore, hypothesis H1: Us-
ers’ expected confirmation of wearable devices is
positively correlated with perceived usefulness. H2:
Users’ expectation confirmation of wearable devic-
es is positively correlated with satisfaction. H3: Us-
ers’ perceived usefulness of wearable devices is
positively correlated with satisfaction. H4: Users’
perceived usefulness of wearable devices is posi-
tively correlated with their willingness to continue
using them. H5: Users’ satisfaction with wearable
devices is positively correlated with their willing-
ness to continue using them.
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After the ECM-IS model was proposed, schol-
ars improved and expanded it in different situations,
integrated it with other theoretical models or intro-
duced different variables into the model to explore
the continuous use intention of is users. At present,
the expansion of ECM-IS model is mostly from the
perspective of technical characteristics. For exam-
ple, Larsen and others combine ECM-IS model and
task technology matching theory (TTF) to explore
the continuous use decision of college teachers on
e-learning tools. The results show that the variables
from ECM-IS and TTF can explain the continuous
use intention of is users®l; Cho conducted path
analysis on the integration model of ECM-IS and
TAM, and found that the continuous use intention
of mobile health applications was positively corre-
lated with perceived ease of use!®; Taking health
app as an example, Yin Meng and Li Qi verified the
impact of system quality, information quality and
service quality on continuous use intention through
expected confirmation and perceived usefulness by
integrating ECM-IS and is success model. A few
studies expand ECM-1S model from other perspec-
tives. For example, Steelman & Soror explores the
driving mechanism of mobile phone users’ willing-
ness to continue to use based on ECM-IS model and
cognitive dissonance theory. The research results
show that psychological states such as technology
addiction and excessive technology pressure will
affect user experience, and then affect post use
feeling and decision-making at cognitive and emo-
tional levels(®; According to the characteristics of
the elderly using the Internet, Liu Q and others
added two factors of computer anxiety and physical
function decline into the ECM is model. The results
showed that the decline of physical function did not
have an important impact on the continuous appli-
cation of the Internet by the elderly®.

Based on the existing research, it can be seen
that the current expansion model of ECM-IS mainly
focuses on the technical perspective or a single oth-
er perspective, and rarely involves two or more
perspectives. With the social popularization and
application of wearable devices and the continuous

expansion of audience groups, users’ willingness to
continue to use will be affected by mul-
ti-dimensional factors, so it needs to be discussed
from a more comprehensive perspective.

2.2. Personal characteristic factors in the
context of wearable devices

Self-efficacy originates from social cognitive
theory. It refers to an individual’s belief in whether
he is able to perform a specific task. It is an im-
portant basis for action. A prominent feature of
wearable devices in the stage of rapid growth is the
continuous influx of new functions. Although it is
very attractive to users, users also need to have the
corresponding ability to keep up with the pace of
upgrading. HSU & Chiu applied the theory of
planned behavior (TPB) to the context of is sus-
tainable use and theoretically deduced the model of
e-service sustainable use. The results show that users’
willingness to continue to use is determined by In-
ternet self-efficacy and satisfaction®. Cao et al.
constructed the influencing factor model of cus-
tomers’ continuous use of self-service technology
(SST) based on attribution theory and expectation
inconsistency theory, and found that self-efficacy
and satisfaction will significantly affect the will-
ingness to continue to use SSTIY, Zhou took social
commerce as the research background and estab-
lished an empirical model based on content analysis.
It was found that cognitive factors such as
self-efficacy have a significant positive impact on
user stickiness of social media?. According to the
above research, the author believes that users per-
ceived self-efficacy in the process of using wearable
devices will positively affect their willingness to
continue to use. Therefore, hypothesis H6: users’
self-efficacy of wearable devices is positively cor-
related with their willingness to continue to use.

Paying attention to users’ privacy and security
is the basis for the success of emerging Internet
technologies. Dong et al. found that privacy protec-
tion services have a significant impact on user sat-
isfaction and continuous use intention of social in-
teraction based on social networks!*®l. Chen et al.



Zhao, et al.

explored the influence path of cognitive and emo-
tional factors on the willingness of social media
service users to continue to use within the frame-
work of “cognition emotion willingness”. The re-
sults showed that the negative emotion brought by
privacy risk had a stronger effect on the willingness
to continue to use than the positive emotion!*4l. In the
context of wearable devices, while collecting the
user’s regular personal information, the device pro-
vider can also collect the wearer’s action track in-
formation and vital sign data in real time, such as
steps, mileage, calorie consumption, heart rate and
sleep data. Although this brings great convenience to
users, it will also cause users’ concerns about per-
sonal privacy disclosure, which will affect their ex-
perience of wearable devices and their motivation to
continue to use them. Therefore, this paper proposes
the hypothesis H7: Users’ privacy concerns about
wearable devices are negatively related to their
willingness to continue to use.

Innovation refers to people’s willingness to
adopt an innovative technology, which reflects the
individual’s interest in new things such as innovative
products or services. In other words, individuals
with a high level of innovation are more likely
to become innovators or early users of new tech-
nologies. Previous empirical research results have
confirmed the important role of innovation in new
technology adoption and post adoption behavior. For
example, Lassar et al. tested the impact of consumers’
personality traits on the acceptance of online bank-
ing based on TAM model and innovation framework.
The results confirmed that consumers’ innovation
has a significant positive impact on the use intention
of online banking™®®; Lu conducted a survey among
undergraduate and graduate students in American
universities and found that among well-educated
mobile e-commerce users, innovation at the level of
information technology is a powerful factor affect-
ing users’ willingness to continue to usel*®!; Lin &
Filieri integrated the individual psychological
structure into the TAM model and constructed the
continuous use intention model of air passengers’
online flight boarding service. The results showed
that the innovation of Chinese airline passengers

S

who have experienced online registration service can
directly affect their continuous use intention®,
Researchers in the field of is usually believe that
users can continue to discover and use their new
functions after adopting the system, which gives
users the opportunity to demonstrate their innovation
ability in their post adoption behavior. A typical
intelligent wearable device is a new type of terminal
hardware driven by mobile wearable technology,
which has the characteristics of continuous innova-
tion and upgrading at the technical and business
levels. In view of the persistence and universality of
innovation in trying and accepting a variety of in-
novative technologies™, the sustainable use of
wearable devices should be affected by user inno-
vation. Therefore, this paper puts forward the hy-
pothesis H8: the innovation of users is positively
related to the continuous use intention of wearable
devices.

2.3. External environmental factors in the
context of wearable devices

Subjective reference is usually defined as the
social pressure perceived by individuals to perform
or not perform a certain behavior. It is related to the
normative beliefs expected from others, also known
as subjective norms. Subjective reference reflects
the degree to which an individual’s attitude, belief
and behavior are influenced by others. Lee estab-
lished a theoretical model for the “acceptance ter-
mination” phenomenon among e-learning users to
explain and predict users’ willingness to continue
using e-learning system. The results show that the
willingness to continue using e-learning system is
significantly affected by subjective norms!*él. Chen
et al. explored the mechanism of social factors on
Web 2.0 users’ satisfaction and willingness to con-
tinue to use. The results show that four social fac-
tors, including subjective reference, have a direct
impact on willingness to continue to use*®l. Many
users choose wearable devices because they see the
use of their surrounding colleagues, friends or rela-
tives and are recommended. In order to meet the
expectations or recognition of the people around
them, individuals are usually willing to follow their
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opinions. Therefore, the author puts forward the
hypothesis that H9: subjective reference is posi-
tively correlated with users’ willingness to continue
to use wearable devices.

Conversion costs refer to the potential costs
incurred by users in the process of switching from
one service provider to another, including monetary
and non-monetary costs (time and energy). For en-
terprises, the main function of switching cost is to
cause customers’ active or passive loyalty. Oyeniyi
& Abiodun found that the increase of switching
costs will increase users’ dependence on service
providers, which is an important reason for users’
retention, according to a questionnaire survey of

customers in the mobile communication industry 271,

Deng et al. constructed the influencing factor model
of customer loyalty in the context of online shop-
ping. The results show that the switching cost and
satisfaction in the online environment significantly
affect customer loyalty?!l, In the case of low con-
version cost, users will have high conversion moti-
vation due to low conversion barriers. When users’
switching power is hindered by high switching cost,
the switching cost will not only reduce the switch-
ing intention, but also cause users to stay in the
hands of existing product or service providers, be-
cause changing providers will not benefit users. In
the specific context of wearable devices, users’ un-
derstanding of new devices, the search and evalua-
tion costs to be paid in the conversion process, and
the economic risks associated with trying new de-
vices will affect their conversion intention. The
higher the perceived transfer cost, the lower the
conversion intention, and the stronger the continu-
ous use intention of the original device. Therefore,
this paper proposes the hypothesis that H10: con-
version cost is positively correlated with users’
willingness to continue to use wearable devices.

To sum up, this paper will expand the ECM-IS
model from the perspectives of technical character-
istics, personal characteristics and external envi-
ronment to explore the influencing factors of wear-
able device users’ willingness to continue to use.
The research framework is shown in Figure 2.

N L T oo -
'

: xpected H2 __ Satisfaction
1 H1J confirmation i ; H5
' v/ H3

Perceived ; H4 \M'mmgness to
L -~ - -usefulness Sl e SRR AR SR SRR continue to use
iPersonal characteristic :+ HO

‘factors

) Privacy concerns

Innovation

Subjective
raference

Conversion cost

Figure 2. Sustainable use intention model of wearable device
users.

3. Research design

This study uses the questionnaire to empirically
test the wearable device user’s continuous use in-
tention model proposed above. The questionnaire is
distributed in the form of a combination of online
survey and offline distribution, and the target popu-
lation is users who have used wearable devices. A
screening item is set on the front page of the ques-
tionnaire. If participants have never used wearable
devices, they will end the answer directly. This study
finally collected 453 questionnaires, including 286
online questionnaires and 167 paper questionnaires.
After deleting the abnormal answers by SPSS 22.0,
the total number of valid questionnaires was 356,
with an effective rate of 78.55%.

The questionnaire consists of two main parts.
The first part is demographic issues, which aims to
collect information on participants’ gender, age,
occupation and region. In the sample, there are 254
males, accounting for 71.35%, and 102 females,
accounting for 28.65%; There are 11 people under
the age of 18, accounting for 3.09%, 103 people
from 18 to 24, accounting for 28.93%, 148 people
from 25 to 30, accounting for 41.57%, 76 people
from 31 to 40, accounting for 21.35%, and 18 people
over 40, accounting for 5.06%; There are 162 stu-
dents, accounting for 45.51%, 97 employees, ac-
counting for 27.25%, 58 employees, accounting for
16.29%, 27 self-employed, accounting for 7.58%,
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and 12 employees in other occupations, accounting
for 3.37%. There are 78 people in the first-tier cities,
accounting for 21.91%. There are 121 people in
second tier cities, accounting for 33.99%, and 157
people in third tier and below cities, accounting for
44.10%. According to the 2016 intelligent hardware
industry insight report released by talking data, the
proportion of men and women of wearable device
users in 2016 was 75%: 25%. Young users under the
age of 35 are the main user group of wearable de-
vices, accounting for 76.5% of all age groups; The
occupations with the highest proportion of users are
college students and office workers. The proportion
of users in first tier cities, second tier cities, third tier
cities and below is 16.1%, 36.5%, 47.4%. There-
fore, by comparing with the user portrait in the report,
the sample data used in this study is in line with the
user characteristics of China’s current wearable de-
vice market.

The second part consists of the items of each
variable in the research framework of this paper. The
design of the topic draws lessons from the maturity
scale widely adopted in the current foreign research,
and makes targeted adjustments according to the
recommendations of the expert group and the char-
acteristics of wearable devices, so as to ensure the
reliability and validity of the measurement results.

The final scale includes 9 variables and 30
items. Among them, expectation Confirmation (EC),
perceived usefulness (PU), satisfaction (SA) and
willingness to continue use (CI) refer to the scale of
Bhattacherjeel, self-efficacy (SE) and subjective
reference (SN) refer to the scale of HSU & Chiu
(2004)1, privacy concern (PC) refer to the scale of
son & Kim (2008)%2, innovation (in) refer to the
scale of Lassar et al.l*® and switching cost (SC)
refer to the scale of Jones et al.®l. The option is
scored with Likert 7 scale, reminding participants to
answer according to their actual feelings. A score of
1~7 means from “very agree” to “very disagree”.

4. Research results

4.1. Reliability and validity test

Firstly, this paper uses SPSS 22.0 to carry out
KMO and Bartlett test on the data. The results show
that the KMO value of the sample is 0.901, the chi
square of Bartlett sphericity test is 4700.081, and
the significance level is 0.000, indicating that this
scale is suitable for factor analysis. Confirmatory
factor analysis (CFA) can be used to test the relia-
bility and validity of the scale. The results are
shown in Table 1 and Table 2.

Table 1. Analysis of reliability and convergent validity of
measurement model
Factor Item Factorload Cronbach’s a CR AVE

ECl  0.716

EC EC2  0.802 0.878 0.820 0.603
EC3  0.808
PUL  0.750

PU PUz 0785 0.868 0.862 0.610
PU3  0.790
PU4  0.797
SAL  0.729

SA Az 0762 0.854 0.835 0.559
SA3  0.729
SA4  0.770
SE1  0.802

SE SE2 0818 0.856 0.822 0.606
SE3  0.712
PC1 0812

PC PC2  0.899 0.841 0.896 0.742
PC3 0871
INL 0.797

IN  IN2 0.876 0.812 0.889 0.727
IN3  0.882
SN1  0.751

SN SN2 0.864 0.770 0.864 0.680
SN3  0.854
sc1  0.813

SC sC2 0794 0.756 0.846 0.647
SC3  0.806
Cl1 0.751

Cl clz 0840 0.903 0.878 0.644
cI3 0.794
Cl4 0.822
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Table 2. Discriminant validity analysis of measurement model

Factor EC PU SA SE PC IN SN SC Cl
EC 0.777

PU 0.642 0.781

SA 0.585 0.574 0.748

SE 0.328 0.317 0.321 0.778

PC -0.121 -0.163 -0.199 -0.153 0.861

IN 0.234 0.286 0.290 0.257 -0.106 0.853

SN 0.166 0.230 0.178 0.107 -0.048 0.244 0.825

SC 0.235 0.216 0.280 0.225 -0.047 0.102 0.135 0.804

Cl 0.306 0.600 0.597 0.580 -0.205 0.353 0.335 0.556 0.809

4.2. Hypothesis test

Amos24 was used in this study O software to
test the hypothesis of the model. The results of
goodness of fit index are shown in Table 3, y 2.
RMSEA (root mean square of approximate error),
CFl (Comparative fitting index), IFI (incremental

fitting index), GFI (goodness of fit index), AGFI
(adjusted goodness of fit index), NFI (benchmark
fitting index), NNFI (non-standard fitting index)
and SRMR (root mean square of standardized re-
sidual error) are all within the recommended value
range, indicating that the fitting degree of the re-
search model and sample data is good.

Table 3. Fitting index results of research model

Fitting index y Adf RMSEA CFI IFI GFI AGFI NFI NNFI
Recommended value <2 <0.1 >0.9 >0.9 >0.9 >0.8 >0.9 >0.9
Model fitting value 1.731 0.045 0.972 0.972 0.923 0.899 0.937 0.967

The hypothesis test results of structural equa-
tion model are shown in Table 4 and Figure 3.
Among the 10 hypotheses, only one hypothesis is
not supported, that is, the negative impact of priva-
cy concerns on sustainable use intention is not sig-
nificant. The innovation of the perspective of per-
sonal characteristics and the subjective reference of

the perspective of external environment have a sig-
nificant impact on the willingness to continue to use
at the level of P less than 0.05, and the other paths
are significant at the level of P less than 0.001. The
variance explained by perceived usefulness, user
satisfaction and continuous use intention were 44%,
40% and 54%, respectively.

Table 4. Hypothesis test results of research model

Hypothesis  route Path coefficient Pvalue conclusion
H1 Expected confirmation — perceived usefulness 0.645 Fkx support

H2 Expectation Confirmation — satisfaction 0.351 Fkk support

H3 Perceived usefulness — satisfaction 0.327 ikl support

H4 Perceived usefulness — willingness to continue to use  0.461 Fkk support

H5 Satisfaction — willingness to continue to use 0.384 il support

H6 Self-efficacy — willingness to continue to use 0.344 Fkk support

H7 Privacy concerns — willingness to continue to use -0.080 0.113 I won’t support it
H8 Innovation — willingness to continue to use 0.170 0.021 support
H9 Subjective reference — willingness to continue to use ~ 0.164 0.032 support
H10 Conversion cost — willingness to continue to use 0.313 Fkk support

Note: *** ** and * are significant at the levels of 0.001, 0.01 and 0.05 respectively

8
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Conversion-

Figure 3. Analysis results of research model.

As shown in the chart, expected confirmation
has a significant impact on perceived usefulness
(0.645), expected confirmation (0.351) and per-
ceived usefulness (0.327) have a positive impact on
user satisfaction, and perceived usefulness (0.461)
and user satisfaction (0.384) have a positive impact
on users’ willingness to continue to use; Users’
self-efficacy (0.344), innovation (0.170), subjective
reference (0.164) and conversion cost (0.313) sig-
nificantly affect their willingness to continue to use;
The impact of privacy concerns (-0.080) on contin-
ued use intention is not supported. In conclusion,
perceived usefulness, self-efficacy and switching
cost have the strongest positive impact on wearable
device users’ willingness to continue to use, fol-
lowed by switching cost and innovation, and priva-
cy concerns have no negative impact on wearable
device users’ willingness to continue to use.

5. Conclusions

On the basis of summarizing and sorting out
the existing relevant literature at home and abroad,
this paper establishes a research model for the sus-
tainable use intention of wearable device users, ex-
pands the ECM-IS model from the comprehensive
perspective of “technology personal environment”,
and explores the impact of technical characteristics,
personal characteristics and external environmental
factors on users’ sustainable use intention to varying
degrees. Through empirical test, all hypotheses ex-
cept H7 are supported. The specific analysis of the
research results is as follows.

(1) This study confirms the basic assumptions

of ECM-IS model and shows that it is applicable in
the context of wearable devices. Therefore, at the
level of technical characteristics, efforts to improve
users’ useful perception of wearable devices can
enhance their willingness to continue to use. This
means that the developers and designers of weara-
ble devices should focus on the practical value of
the device, constantly optimize the functional de-
sign and operation interface, improve the quality of
hardware and information system, make it meet the
multi-directional needs of users, and finally retain
users.

(2) The factors of personal characteristics and
external environment are not often considered in the
previous literature. From the perspective of person-
al characteristics, firstly, the results of this study
show that users’ perception of the ability to freely
use wearable devices has a significant impact on
their willingness to continue to use. Since the per-
ceived self-efficacy of users will change with the
accumulation of experience, device operators can
try to enhance users’ confidence in self-ability by
means of easy to understand operation instructions,
or use intuitive publicity means to enable users to
obtain reliable information, so as to improve their
sense of self-efficacy and the possibility of contin-
uous use of wearable devices. Secondly, the rela-
tionship between privacy concerns and willingness
to continue to use has not been confirmed. This
may be because, on the one hand, the current pri-
vacy protection measures for wearable devices are
relatively perfect, making users less worried about
the leakage of private information; on the other
hand, the purpose of tracking and collecting users’
personal privacy by wearable devices is mostly to
provide users with more accurate personalized ser-
vices. The positive benefits obtained by users from
wearable devices exceed the negative losses
caused by submitting privacy information, so it has
no negative impact on their willingness to continue
to use. Thirdly, this paper confirms the positive im-
pact of innovation on sustainable use intention.
Equipment providers can adopt differentiated mar-
keting methods according to users’ innovation abil-
ity. Highly innovative individuals tend to have
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strong curiosity about emerging technologies and
new things, and will attract the attention of people
around them when using wearable devices, which is
conducive to promoting the promotion of wearable
devices. Therefore, when carrying out marketing
activities to such user groups, we should focus on
the innovation of wearable technology. At the same
time, when releasing new functions, we should pay
attention to the guidance of individuals with high
innovation, so as to drive individuals with relatively
low innovation. Individuals with relatively low in-
novation tend to have low acceptance of new prod-
ucts and conservative ideas. Therefore, we should
focus on the security measures of wearable devices
to these users and reduce users’ anxiety.

(3) From the perspective of external environ-
ment, the continuous use intention of wearable de-
vice users is directly affected by subjective refer-
ence. Wearable users will change their beliefs
and behaviors according to the expectations of im-
portant people in the life circle or work circle.
When users obey the opinions of others under
pressure, it will directly affect their willingness to
continue to use wearable devices. Therefore, it is
suggested that operators adopt a variety of incen-
tives to encourage them to share information about
equipment with others, do a good job in
word-of-mouth marketing and improve the reputa-
tion of enterprises. In addition, switching cost has a
significant positive impact on users’ retention inten-
tion. Therefore, enterprises should use resources to
increase the conversion cost, make users feel that
the conversion will face higher risks, and then be-
come a barrier that prevents users from leaving.
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ABSTRACT

Objective: A new wearable upper limb rehabilitation robot is designed to address the disadvantages of the current
desktop upper limb rehabilitation robot, which is bulky and inconvenient to move, and the rationality of the design is
verified through the analysis of its motion characteristics and the calculation of joint moments. Methods: Firstly, ac-
cording to the principle of modular design, the overall structure was designed. Secondly, the SOILDWORKS is used for
three-dimensional modeling, and the SOILDWORKS Motion is used to simulate the elbow flexion/extension movement,
shoulder flexion/extension movement and shoulder-elbow joint linkage movement of the robot. Finally, the dynamic
equation of the system is established based on Lagrange method, and the change curve of the joint torque of the manip-
ulator is calculated by MATLAB software. Results: The simulation results confirmed that the motion simulation curves
of shoulder joint, elbow joint and wrist joint were smooth. The dynamic analysis confirmed that the joint torque varia-
tion curve was smooth and the maximum joint torque was less than the rated torque of the motor after deceleration.
Conclusion: The design of wearable upper limb rehabilitation robot is reasonable, which lays a theoretical foundation
for the subsequent research on upper limb rehabilitation robot.

Keywords: upper limb rehabilitation robot; kinematics; simulation; dynamics analysis; MATLAB

about 15% of China’s population over 40 years old

1. Introduction are at high risk of stroke. After 55 years of age, the
relative incidence rate of stroke increased 1 time[

Stroke is one of the major diseases threatening  every 10 years. There are many sequelae after stroke.
human health and safety. With the increasing aging,  About 85% of stroke patients are accompanied by
incidence rate of cerebrovascular accident or stroke upper limb dysfunction in the early stage of onset(?,
secondary diseases is increasing. According to the 55%-75% are still accompanied by upper limb
Report on the Chinese Stroke Prevention (2015),  dysfunction 3-6 months after onset®4, about 2/3 of
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stroke patients still regard the loss of upper limb
function as the main problem 4 years after onset®],
and about 25% are still accompanied by severe pa-
ralysis of upper limb 5 years after stroke®. There-
fore, it is particularly necessary to study the upper
limb functional rehabilitation of stroke patients and
its robot.

At present, most of the upper limb rehabilita-
tion training equipment at home and abroad are
desktop, such as the ARMin series exoskeleton up-
per limb rehabilitation robot!"® developed by the
University of Zurich, Switzerland. Among them,
ARMIin 1l has 7 degrees of freedom!*®, and ARMin
I11 is the latest generation. ARMin 1l can assist pa-
tients with 3 degrees of freedom of shoulder joint, 1
degree of freedom of elbow joint, forward/backward
rotation of the forearm, and wrist flexion/extension
training, and the exchange function of left and right
hands is added on the basis of Armin 111; CA-
DEN-7 has been developed by the University of
Washington in the United States, which uses rope for
transmission to reduce the moment of inertia of the
mechanism™?, The Swiss company Hocoma has
developed Armeo series upper limb rehabilitation
training system, in which Armeo spring uses spring
weight reduction mechanism to balance the weight
of the arm, but it can only carry out active movement,
which makes the application scope of the device
small® Armeo power has comprehensive func-
tions, but due to the use of more motors, the shape is
complex and hugel*®l. Shanghai Jiao Tong Univer-
sity has developed a 6-DOF unpowered upper limb
exoskeleton rehabilitation training equipment with
gravity compensation function®*®l. This upper limb
rehabilitation training equipment have the problems
of complex structure, huge volume and inconvenient
movement. Therefore, this paper proposes the design
of a wearable upper limb rehabilitation robot, which
aims to design an upper limb rehabilitation training
equipment with simple structure, lightweight and
suitable for patients’ home. At present, there are few
mature products related to wearable upper limb re-
habilitation robots in the market. Compared with the
representative American emerging technology
company Mypower 10001 and the University of
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Pennsylvania TitanArm!® driven by ratchet and
flexible cable. Their exoskeleton power is concen-
trated in the elbow joint, but the actual situation is
that the shoulder and elbow joints of paralyzed pa-
tients have partial or total loss of motor function,
Single joint drive cannot meet the needs of patients.

In view of the above problems, this paper
adopts the modular design principle, through the
reasonable choice of the degree of freedom of the
manipulator and the selection of light materials,
designs a new 4-DOF wearable upper limb exo-
skeleton rehabilitation robot with simple structure
and light weight. In addition, this paper also estab-
lishes the theoretical basis for the motion simulation
of human elbow/extension machine, and verifies the
rationality of the motion of elbow/extension ma-
chine.

2. Overall mechanical structure

The mechanical structure of the wearable upper
limb exoskeleton rehabilitation robot designed in
this paper is based on the portable wearing design of
the whole mechanism. On the premise of meeting
the patients’ normal wearing of the mechanism and
considering the needs of patients’ rehabilitation
training, the mechanism is simplified as much as
possible. Three degrees of freedom of shoulder joint
and one degree of freedom of elbow joint are se-
lected as the degrees of freedom of the manipulator
from the seven degrees of freedom of human upper
limb. Only one driving motor is installed at the
shoulder joint and elbow joint, and light materials
are selected to reduce the weight borne by the patient
when wearing the mechanism and reduce the possi-
ble secondary injury to the patient’s shoulder
caused by the device. This design can not only en-
sure that patients can carry out passive training of
shoulder and elbow joints when the muscle strength
of upper limbs is relatively weak, but also add active
training according to their own situation when pa-
tients recover to a certain extent. In the design, the
modular design principle is adopted for the overall
structure design, which can be divided into three
modules, including shoulder module, shoulder
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module and elbow module. The whole mechanical
mechanism is shown in Figure 1 (3D modeling in
SOLIDWORKS).

Shoulder

. QE

0 Backpack

A

.
.

i/

4

Elbow

Figure 1. Overall structure of the wearable upper-limb rehabil-
itation robot.

The backpack module is mainly composed
of back support frame and waist rod, which mainly
plays the following roles:

(1) As an installation platform for installing
motor drive, control board, battery and other hard-
ware equipment; (2) As the mounting base con-
necting the shoulder module, it provides support for
the shoulder module; (3) The mounting frame as a
wearing mechanism is connected with a wearing
mechanism for users to wear.

The shoulder module is composed of a shoul-
der back bracket, a shoulder blade frame and a
shoulder motor base. The connection between the
shoulder back bracket and the back support frame
and between the shoulder back bracket and the
shoulder blade frame provides two non-motor driven
degrees of freedom: horizontal adduction/abduction
and coronal adduction/abduction. A brushless DC
motor and a harmonic reducer are installed on the
shoulder motor base to form the shoulder power
source to drive the shoulder joint to complete the
forward flexion backward extension in the sagittal
plane. Through this mechanism, the bionic restora-
tion of three-dimensional spatial degrees of freedom
of human shoulder joint (ball axis joint) is com-

1%

pleted.

The elbow module is mainly composed of
forearm support, elbow motor fixing ring, etc. a
power source composed of DC brushless motor and
harmonic reducer is installed to drive the elbow joint
to flexion/extension movement. In addition, in order
to reduce the power consumption of the motor
driving mechanism and enhance the service life and
endurance of the battery, a coil spring balance
mechanism is designed at the elbow of the exoskel-
eton robot, and a tension spring balance mechanism
is used at the shoulder mechanism. Through
these balance mechanisms, the self-weight of the
mechanical structure is balanced and the movement
of the mechanism is smoother.

Therefore, the design of the wearable mecha-
nism and the wearable upper limb of the patient is a
key issue in the design of the wearable mechanism.
The weight of the mechanism is evenly distributed in
all parts of the body, and the back weight is arranged
from top to bottom to maintain the stability of the
center of gravity of the mechanism.

In order to adapt to the body size difference of
different users and achieve better wearing effect, the
overall mechanism is designed to adjust shoulder
width, upper arm and forearm length, which can
adapt to the average body size (18-60 years old) of
10%-99% of the human body in Human Dimensions
of Chinese Adults (GB/T 10000-1988). IT meets the
use needs of most people, and has good applicability.

3. Kinematics simulation of robot

In order to verify the effect of motor driven
motion at each joint of the wearable upper limb ex-
oskeleton rehabilitation robot, the established 3D
mechanism model is analyzed in the motion simula-
tion module motion of SOLIDWORKS. The motion
analysis solver of motion adopts the solver of the
mechanical system dynamics self analysis software
ADAMSIS.20,
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3.1. Kinematics simulation of elbow joint

In consideration of the requirements of reha-
bilitation training, the movement of the affected limb
should be gentle and slow, and the movement pro-
cess should be gentle (there should be no sudden
change of movement, etc.) to prevent secondary
injury. In the Motion simulation module of
SOLIDWORKS, take the elbow joint as the coor-
dinate origin, add a motor at the elbow joint, set the
motor motion mode as oscillation, the oscillation
frequency as 0.25 Hz, and set the maximum motion
angle as 120°(i.e. the average speed of the elbow
joint is 10 R/min and the motion cycle is 4 s). In
motion, conduct a flexion / extension of the forearm
in the sagittal plane driven by the motor for motion
simulation. The flexion process is shown in Figure 2
(the extension is the inverse process in the figure).

Figure 2. Motion simulation of flexion and extension in elbow
joint.

In the process of forearm movement, the fore-
arm can be simplified as a connecting rod rotating
around the elbow joint, while the wrist joint (forearm
support end) can be regarded as another end point of
the simplified connecting rod, and its displacement
data can reflect the overall situation of forearm
movement (whether the displacement is smooth or
not). After the motion simulation, the required an-
gular displacement curve of elbow joint and linear
displacement curve of wrist joint can be generat-
ed by using the “results and diagrams” in SOLID-
WORKS Motion. The system will automatically
generate the corresponding curve, and the user can
modify and set the relevant attributes of the curve. It
can also generate the corresponding Excel spread-
sheet recording the relevant motion data in the whole
motion process, and use these data to draw the curve
through Excel. In this way, the specific value of each
data point can be seen intuitively, and it is more
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convenient for users to edit and process the curve.
Therefore, this paper uses this method to generate
the angular displacement curve of elbow joint and
the linear displacement curve of wrist joint in this
motion cycle (Figure 3).

Time/s

(a) (b)

Figure 3. Angular displacement of elbow joint (a) and linear
displacement of wrist joint (b).

As shown in Figure 3, the change curve of
angular displacement and linear displacement of the
exoskeleton mechanism driven by the motor is
smooth, indicating that the whole movement transi-
tion is smooth and close to the normal movement of
human movement, which proves that the design of
the exoskeleton elbow mechanism is reasonable and
in line with the law of human movement, which can
effectively assist the user in training and prevent
secondary injury.

3.2. Kinematics simulation of shoulder joint

According to the established 3D model, the
kinematics simulation analysis of the independent
training process of the shoulder joint is carried out in
the motion simulation module of SOLIDWORKS.
The motion mode of the shoulder joint is set as o0s-
cillation, the oscillation frequency is 0.25 Hz, and
the maximum motion angle is set as 90° (i.e. the
average speed of the shoulder joint is 7.5 R/min and
the motion cycle is 4 s). The motion simulation of
the flexion/extension of the whole arm in the sagittal
plane driven by the motor is carried out in motion. Its
movement process is shown in Figure 4.

Figure 4. Motion simulation of flexion and extension in shoul-
der joint.
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Considering that in the whole arm movement
process, the elbow joint and wrist joint are the two
most important joints of the upper limb except the
shoulder joint (the simplified motion model of the
human upper limb also simplifies the upper arm and
forearm into two connecting rods and the two joints
into hinges). The displacement of the two joints in a
movement can approximately reflect the specific
situation of an upper arm movement. Therefore, after
the motion simulation analysis, use the “results and
diagrams” in motion to generate an Excel spread-
sheet that records the angular displacement data of
shoulder joint and the linear displacement data of
elbow joint and wrist joint in the whole motion
process, and draw the angular displacement curve of
shoulder joint and the linear displacement curve of
elbow joint and wrist joint in this motion cycle
through Excel (Figure 5).

100.0 900.0

90.0 800.0
80.0 = 7000
< 700 £ 6000
500.0
100.0
300.0

200.0

Joint line displacement

05 10 15 20 25 30 35 40

displacement of = w = displacement of
ist joi

elbow joint
elbow joint wrist joint

Figure 5. Angular displacement of shoulder joint (a) and linear
displacement of elbow joint and wrist joint (b).

As shown in Figure 5, the angular displacement
curve of the shoulder joint and the linear displace-
ment curves of the elbow and wrist joints change
smoothly during the whole arm flexion/extension
movement of the exoskeleton shoulder mechanism
driven by the motor. This indicates that the smooth
movement speed and smooth movement curve dur-
ing the whole arm movement are in line with the
normal human movement pattern, which has
good bionic properties and meets the relevant re-
quirements for rehabilitation training.

3.3. Kinematics simulation of joint training
of shoulder and elbow

The planned training modes of wearable upper
limb exoskeleton rehabilitation robot include inde-
pendent training of elbow joint, independent training
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of shoulder joint and joint training of shoulder and
elbow joint. Considering this situation, after the
motion simulation analysis of elbow independent
training and shoulder joint independent training, the
simulation analysis of shoulder and elbow joint
linkage training mode is added to verify the motion
effect of this training mode.

In the previously established model, the
shoulder joint motion was set to oscillate with an
oscillation frequency of 0.25 Hz, and the maximum
angle of shoulder joint motion was 90° (i.e., the
average rotational speed of the shoulder joint
was 7.5 r/min, and the motion period was 4 s). The
elbow joint motion was set to oscillate with an os-
cillation frequency of 0.25 Hz, and the maximum
angle of elbow joint motion was 120<(i.e., the av-
erage rotational speed of the elbow joint was 10
r/min, and the motion period was 4 s). Run the
shoulder elbow joint in the software environment,
and conduct the shoulder elbow joint linkage train-
ing of flexion / extension in the sagittal plane. The
movement process is shown in Figure 6.

Figure 6. Motion simulation of flexion and extension in shoul-
der-elbow.

The process of simulation results is analyzed
and processed, and the position data of elbow and
wrist in the whole simulation process are extracted.
Through these position data, the displacement curves
of wrist and elbow in a joint training of shoulder and
elbow are generated (Figure 7).

The movement curves of the wrist and elbow
joints of the shoulder-elbow linkage training show
that the displacement curves of the elbow and wrist
joints of the exoskeleton robot in the shoulder-elbow
linkage training are gentle (the concave curve of the
wrist joint is because the limit angle of the elbow
joint is 120< and the position of the elbow joint
converges to the shoulder joint as the origin of the
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simulation system after exceeding 90< The results
show that it does not produce sudden changes in
position that may cause secondary injury to the pa-
tient), which proves the reasonableness and safety of
the mechanism.
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Figure 7. Linear displacement of wrist joint and elbow joint.

4. Dynamic analysis of robot

In order to verify whether the mechanical
properties of the selected motor of the wearable
upper limb exoskeleton robot can meet the re-
quirements of shoulder elbow joint training, the
motion of shoulder and elbow joints is analyzed and
calculated.

Through the simplified analysis of the whole
arm module driven by the two motors of the shoulder
and elbow, it can be simplified into a two link
mechanism with fixed base as shown in Figure 8, in
which the upper arm is l;and the forearm is I,.

XA

Figure 8. The robotic arm mechanism.

As shown in Figure 8, it is assumed that the
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joint variables of link 1 and link 2 are rotation angles
61 and 6, respectively. The corresponding torques of
link 1 and link 2 are 71 and 2, respectively. The mass
of the two links are m; and m;, respectively. The
lengths of the two links are 11 and Iy, respectively.
The centroids are ki and k», respectively. The dis-
tances between the centroid and the rotation center
of the joint are p; and pz, respectively. The rotational
inertias of the two links around the centroid are I
and lc.

Select 61 and 6, as the generalized coordinates
describing the position of the connecting rod, then
the position coordinates ki of the centroid of rod 1
are:

X, =p1Sinb;

€y
(2)

The position coordinates of the k; center of
mass of rod 2 are:

Y1 = —PpqC0s 04

@)
(4)

By deriving the time respectively, it is obtained
that the velocity square of the k; center of mass of
rod 1is:

x2 = l1 Sin 91 + pz SiTL(@l + 92)
vy, = =l cos 8, — p, cos(6, + 6,)

. . N2
vi = %%+ yf = (p161) ®)

The velocity square of the k2 center of mass of
rod 2 is:

. . . . N
vi=x5+y2 =002 +p5(6,+6,) +

21, (0% + 6,0,) cos 6, (6)

The rotational angular speeds of the two con-
necting rods are:

W1=91

()
(8)

Moreover, the plane motion kinetic energy of
the rigid body can be expressed as the sum of the
translational kinetic energy of the center of mass and
the rotational Kkinetic energy around the center of
mass. Therefore, the kinetic energy of the two rods

W2=é1+é2
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can be obtained as follows:

i) ©

1 . . .
=5 [136; + p3(61 + 0,)* +

) .. 1 ) .2
21,p,(03 + 6,0,) cos B,] + 5162(91 +6,)

1 2 2 2
=5 [m, (12 + p3 + 21yp, cos 0,) + 1,107 +

1 2 12

E(mzpz +1:5)05 +

(myp3 + mylyp; cos 0, + 1,,)016, (10)
Then the total kinetic energy of the system is:

Ey = Exq + Ej;

1
=5 [myp? + Ic1 + my(12 + p +21;p, cos 6;)

. 1 .
+213p, cos 0;) + 1,167 + E(mng +1:5)65
+(myp3 + mylip; cos 6, + 1:,)646, (11)
Taking the coordinate origin fixed at the base as

the potential energy zero point, the total potential
energy of the simplified two link system is:

Ep = —m,gp; cos 8, —m,gl, cos 6,
—m,gp, cos(6y + 6;) (12)
Establish the Lagrange function of the system:
L=E.-E, (13)
According to Lagrange equation:

d oL JaL

Fi :Ea—qi—a—qi(l’= 1,2,3"',71) (14)
The moment of each joint is solved as follows.

oL 241 +my( +

— =m m

26, 1br T 1 AU

p3 + 2l,p, c0s6,) + 1,160, +

(myp3 + mylyp, cos 0, + 12)6; (15)

d [ dL ) ) )
IT: 6_91 = [mypi + Iy + my(lf +p3 + 211,

cos ;) + 1,16, — (2mylip, sin 6,)6,6,
+ mylypycos O, + 1:5)0, (16)

oL

— = —my gp, SinB; —m,gl, sin 6,
00,

—m,gp, sin(6; + 6,) (17)

The joint torque of joint 1 can be obtained as
follows:

= [mipf + my(1f + p5 + 211p, cos 6,) +
Iey + 1216, — (2myLip, 5in 6,)6,6, +
(myp5 + mylyp; cos 0, + 105)6, —
(mylyp, sin 6,)63 + (myp; + m,l;)gsin 6,
+m,gp, sin(6; + 65) (18)
By:
oL L
6_92 = (mgp3 +1:2)0; +
(m,p3 + mylyp, cos 6, +1.,)6, (19)

a (oL (m,p3 + myl 0, + 1,,)6, +
—|l—]=0m m cos
dt \ a6, 2D2 24D2 2 T 1z2)0q

(mzp% + Icz)éz — (mylyp; sin 92)9192(20)

daL

- = —mzllpz(glz + 9192) sin 02
00,
—m,gp, sin(6; + 6,) (21)

The joint torque of joint 2 can be obtained as
follows:

d oL oL

" dtod, o6,
2 2
= (myp3 + mylyp, cos 0, + 1,)6; +
(m,p? + 1.,)8, + (mylyp, sin 6,)0% +
m,gp, sin(6; + 6,) (22)

In the SOLIDWORKS software environment,
using the “quality attribute” function to analyze the
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simulation human wearable upper limb robot model,
11=0.325 m, 1,=0.273 m, p:=0.164 m, p,=0.131 m,
m1=2.939 kg, m,=2.112kg, g=9.8 m/s?, 1,4=0.033
kg m?, 1,=0.017 kg m?2.

Bring the values into equations (18) and (22),
and solve the two equations in the MATLAB soft-
ware environment: Set the training time as 4 s and
select the working state of two joints moving con-
tinuously for one cycle under the shoulder elbow
linkage training mode as the analysis object.

After the solution, the results are processed, and
the driving torque acting on the two joints in the
whole process of shoulder elbow joint training
can be obtained 11, T2 Size change curve (Figure 9).
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X0.8831
Y287
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20 25
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1S

05 1.0

(b) elbow joint

Figure 9. Torque curves of shoulder joint and elbow joint.

According to the calculation results:

(1) The maximum torque t: of shoulder joint is
10.79 N m<18 N m (rated torque output by shoulder
motor after reducer deceleration). (2) The maximum
torque 12 of elbow joint is 2.87 N m<7.8 N m (rated
torque of elbow motor after reducer deceleration).

Therefore, it can be seen that the motor selected
on the two joints of the wearable upper limb reha-
bilitation robot is reasonable, and its mechanical

19

properties can meet the ultimate mechanical re-
quirements of the robot’s shoulder and elbow joint
training. In addition, it can be seen from the figure
that the change curve of joint torque is also smooth,
and there is no sudden change of joint torque, which
can also ensure the safety of patients to a certain
extent.

5. Discussion and conclusions

At present, most of the upper limb rehabilita-
tion robots at home and abroad are complex desktop
training equipment, which is expensive, and most of
them need a large space for placement, which greatly
restricts the possibility of upper limb rehabilitation
training equipment entering the community or even
the family. With the accelerating aging process and
the increasing number of stroke patients with hemi-
plegia in China, the demand for rehabilitation robots
will be greater and greater. The personalization,
familization and popularization of rehabilitation
medical products are the inevitable trend of future
development. In this case, the wearable upper limb
exoskeleton rehabilitation robot designed in this
paper meets the needs of the current society. After
completing the overall mechanical structure design
of the wearable upper limb exoskeleton rehabilita-
tion robot, the kinematics simulation of elbow flex-
ion/extension movement, shoulder flexion/extension
movement and shoulder elbow joint linkage is car-
ried out in this paper. The simulation results confirm
that the motion simulation curve is smooth. At the
same time, the dynamic equation is estab-
lished based on the Lagrange method. The joint
torque change curve in the process of shoulder el-
bow joint linkage training meets the requirements of
the optional motor, it is proved that the design of the
wearable upper limb rehabilitation robot is reasona-
ble, which lays a theoretical foundation for the fol-
low-up research of upper limb rehabilitation robot.

The wearable upper limb rehabilitation robot
designed in this paper adopts a novel knapsack me-
chanical structure design, which is simple and
lightweight, and can be easily worn by patients. It
changes the traditional physical therapy of upper
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limb rehabilitation and the fixed desktop training
mode of upper limb robot, so that the rehabilitation
training is no longer limited by the site, and has good
clinical application and popularization. At the same
time, because it can be carried with you, it can also
assist the daily life of patients to a certain extent, so
as to combine rehabilitation training with daily life
assistance. This training mode is also a new trend of
the development of rehabilitation training.
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ABSTRACT

According to the special characteristics of children’s body and mind and the concept of human—computer interac-
tion, the research and development model of children’s intelligent safety clothing is explored and a A practical research
model. Based on the multi-dimensional needs of consumers for children’s clothing and the performance of smart com-
ponents, we explore the combination of smart wearable equipment and children’s safety clothing, and propose a design
process architecture that takes into account function and aesthetics. Through the analysis of the connection technolo-
gy between smart clothing and mobile terminals, we propose the idea from single interaction to multi-device
co—connection, and establish a multi—interaction smart clothing based on the optimal allocation of energy and high.
Through the analysis of the connection technology between smart clothing and mobile terminals, we propose the idea of
moving from single interaction to multi—-device co—connection, and establish the R&D process of multi—interaction
smart wearable devices based on optimal energy allocation and efficient information transmission.

Keywords: childrens safety; smart clothing; multi-dimensional need analysis; intelligent interaction

ever, no intelligent wearable device can be omnipo-

1. Introduction tent. At present, researchers mainly develop prod-
ucts that can solve specific problems for specific

In recent years, there has been an upsurge of  groups of people. Children’s safety has always been
intelligent wearable devices in the field of industrial the focus of the whole society, but the physiological
design. Intelligent wearable device is the general  \yeakness of children determines that any traditional
name of wearable devices developed by applying  safety equipment for mature limbs is difficult to
wearable technology to intelligently design products  meet the needs of children. How to provide proper
that people wear and carry daily, such as various  sypervision for children on the one hand and not
popular glasses, gloves, watches, clothes with intel-  affect the comfort necessary for children’s healthy
ligent concepts and functions. With the help of var- growth and daily life on the other hand is an im-
ious intelligent devices, consumers have obtained portant topic of children’s safety clothing design.
unprecedented convenience in life and work. How- The upsurge of research and development of intel-
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ligent wearable devices provides a broader space for
the design of children’s safety clothing.

By analyzing and summarizing the research
results of multi-dimensional requirements of
man-—machine interactive wearable equipment, the
combination mode of intelligent wearable equipment
and children’s clothing, and the multi interac-
tion between intelligent wearable equipment and
mobile terminal, this paper attempts to put forward
the system R&D mode of the combination of intel-
ligent wearable equipment and children’s safety
clothing, hoping to provide practical and effective
theoretical guidance for the design and production of
children’s safety clothing in the Internet era.

2. Key technologies and develop-
ment status of intelligent wearable
research

The development of intelligent wearable re-
search is inseparable from the progress of fiber and
material science. In recent years, various smart tex-
tile materials developed by new fibers through spe-
cial weaving technology have become the main force
in the field of intelligent wearable (especially in the
field of intelligent clothing)®. Mondal’s®! uses
phase change materials and microcapsule technol-
ogy to produce intelligent textiles with heat storage
and regulation performance, which can greatly im-
prove the wearing comfort. The intelligent nano
textiles developed by Coyle’s and others expand
the functionality and potential of environment,
clothing and fabrics. The smart textile developed
through nanofibers has the functions of automatic
cleaning, sensing, driving and communication, and
the wearer can communicate with the surrounding
environment in a harmless way; at the same time, the
system can constantly update personal health status
or resist environmental hazards. Shim BS et al.[!
used polyelectrolyte to coat carbon nanotube
adult biological monitoring intelligent electronic
yarn wear—resistant fabric. The combination of this
material and intelligent wearable devices can be used
for the monitoring of hemoglobin and the transmis-
sion of remote information. Lymberis A et al.[®
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discovered the fibrous structure of intelligent fabrics
and interactive textiles, which are used for sensing,
driving, power generation, energy storage and in-
teraction. Radetic M1 proposed that silver nano-
particles and textile fibers are blended into textiles,
and the current can be connected with wearable de-
vices through specific fiber lines. Park S et al.l
proposed a wearable biomedical system based on
intelligent textile design to improve personal quality
of life by enhancing the effect of real-time biomed-
ical monitoring.

In addition to combining conductive elements
with fibers and weaving them into intelligent textile
materials, a more typical intelligent textile technol-
ogy is to organically combine the formed clothing as
a carrier with intelligent modules, cooperate with
specific communication technologies, and establish
the information exchange between the human body
and the outside world, so as to realize the corre-
sponding human auxiliary functionst®. This kind of
research mainly involves intelligent clothing tech-
nology. A complete intelligent clothing system usu-
ally includes three components: intelligent module
(including intelligent sensing elements, signal
transmission system, energy module, etc.), function
carrier clothing and information processing mod-
ulet®®, The intelligent module can be used to obtain
human body data and transmit external signals to the
human body to realize the two—way feedback be-
tween the human body and the external environment.
It is the key module for intelligent clothing to per-
form its specific functions. Clothing is the carrier of
intelligent wearable technology. Because of its in-
separable relationship with human body, intelligent
clothing has incomparable advantages in human
machine interaction. Information processing termi-
nal is the brain of intelligent clothing, which under-
takes the task of collecting, analyzing and making
decisions on the transmission data of intelligent
originals.

In recent years, intelligent clothing technology
has developed very rapidly. Park S et al.[*!! proposed
implanting micro monitoring equipment and sensors
into ordinary shirts to make telemedicine monitoring
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possible. The research methods of wearable intelli-
gent device?? are discussed. Radetic M*¥ proposed
the design of wearable antenna to provide all-round
monitoring and communication for the wearer.
D-shirt sports wear™ is a high-tech sportswear de-
veloped by French citizen sciences. Its fabric em-
bedded sensor is connected with Bluetooth trans-
ceiver to track user activities and transmit the
collected data to smart phones. After the transceiver
is taken out, it can be washed and ironed. The quality
of sportswear is no different from that of ordinary
T-shirts. Many companies have launched smart
clothing for the elderly, which combines smart
phones, sensors and positioning elements to store
and process information through wireless commu-
nication means (such as Bluetooth), so as to provide
real-time security protection for the elderly™l, Li H
et al.*® studied a wearable sensor of new intelligent
clothing for human body temperature measurement.
Intel has teamed up with clothing designer chromate
to launch so-called “responsive clothing™ that can be
deformed according to users’ questions, adrenaline
or stress levelsi*l. Ohmatex, a Danish design com-
pany, has designed a smart sock that can detect leg
edema and predict heart failure and epileptic aura in
advancel*®l,

Because of their physical and mental particu-
larity, children belong to relatively wvulnerable
groups and are important service objects of intelli-
gent wearable devices. At present, the intelligent
equipment for children seen in the market is mainly
from the perspective of safety monitoring, such as
smart schoolbags, shoes, foot rings, watches, tele-
phones, urine humidity sensing shorts, infant vital
signs monitoring underwear and pajamas with posi-
tioning function (i. e. anti-loss function)*?l. Other
smart wearable devices focus on children’s psycho-
logical growth, such as storytelling T-shirts, lumi-
nous skirts, singing pajamas, etc.?%l. The successive
emergence of all kinds of children’s wearable
products reflects the care and attention of the whole
society to children’s physical and mental health.
However, most of the children’s wearable products
currently on the market have single function and
uneven quality®®!. Other slightly forward-looking

products can not reflect their due value because the
technology is not mature or cannot meet the actual
needs of children. In addition, the market share of
intelligent accessories far exceeds that of intelligent
services pack.

This also reveals the technical bottleneck of
today’s intelligent wearable products to some extent.
Because, compared with intelligent accessories
(such as watches, shoes and socks, accessories, etc.),
the compatibility between technology and clothing
needs to be considered in the development process of
intelligent clothing. On the premise of meeting spe-
cific functions, it is necessary to ensure the basic
wearing performance of clothing (which is difficult
to achieve), which is particularly important for
children’s intelligent clothing. Due to the immature
physical and mental development of infants and
young children, compared with adults, they have
higher requirements for clothing comfort and safety,
which undoubtedly increases the difficulty of intel-
ligent clothing development. So far, there is no sys-
tematic and feasible research and development mode
(or idea) in the field of children’s intelligent safety,
which provides guidance for the good combination
of intelligent wearable technology and children’s
clothing safety research.

3. Research and development mode
of smart clothing based on chil-
dren’s safety

On the basis of extensive market research and
in-depth analysis of previous and existing relevant
research, this paper puts forward three main aspects
involved in the research and development of chil-
dren’s intelligent safety clothing, namely, the de-
mand of children’s intelligent safety clothing, the
combination mode of intelligent wearable compo-
nents and children’s clothing, and the information
interaction mode of intelligent children’s safety
clothing.

3. 1. Demand for children’s intelligent safety
clothing

The research and development of smart cloth-
ing is a typical human centered product designt?>2l,
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A very important link in its R&D process is to con-
duct in-depth investigation and analysis on the mul-
ti-dimensional needs of product users (i.e. smart
clothing wearers), i.e. human factors. Only by ac-
curately grasping the needs of users can we design
and develop satisfactory products. The research and
development of children’s intelligent safety clothing
needs to take into account the needs of users (chil-
dren themselves), their guardians (parents) and the
society for the wearability, functionality, safety,
aesthetics, social acceptance and so on.

Specifically, as a special kind of functional
clothing, intelligent clothing first needs to meet the
designer’s requirements for its preset functions, and
ensure the stability of intelligent component instal-
lation, the convenience of interaction, the effec-
tiveness of information transmission, the accuracy of
data acquisition, the durability of energy consump-
tion, etc. Secondly, due to the tightness of the com-
bination of smart clothing and human body, the de-
sign of smart clothing also needs to meet the basic
characteristics that it should have as clothing itself,
such as comfort, aesthetics, safety, durability (such
as washability)?, and sometimes even consider the
social acceptance of smart clothing and its use be-
havior.

The research and development of children’s
intelligent wearable products often starts from the
perspective of safety monitoring. The so-called
safety monitoring not only covers the monitoring of
life safety, but also includes the attention to chil-
dren’s mental health and growth. The former in-
cludes various intelligent wearable products that
help prevent children from getting lost, injured and
ill, while the latter includes wvarious products
that bring psychological comfort and intellectual
interest guidance to children. Therefore, based on the
particularity of children’s body and mind, the re-
search and development of children’s intelligent
clothing should also consider a series of special re-
quirements, such as the visualization of information
interaction and the safety level of electronic com-
ponents (higher than that of adults), in addition to
meeting its functional and wearability requirements.

In terms of research methods, demand research
is divided into two aspects: demand acquisition and
demand analysis. In addition to literature study, the
most commonly used methods to obtain needs are
some psychological research methods, such as
guestionnaire, personal interview, expert discussion
and so on. On this basis, demand analysis is to study
the obtained qualitative or quantitative demand data
through analysis and summary or data mining
methods, and finally extract a series of research basis
with guiding significance for follow-up work[?261,

3. 2. Combination mode of intelligent wear-
able elements and children’s clothing

Intelligent wearable devices can be divided
into four categories according to the wearing mode:
headwear, wristband, portable and wearing?”. No
matter what kind of device, the research goal is to
improve the portability, wearability (to some extent,
comfort) and wearing performance of the product
on the premise of meeting the preset functions of
components and according to the particularity of
children’s physiological, psychological and life sit-
uation.

Smart clothing belongs to category 4 of the
above intelligent wearable devices, which is also a
kind of intelligent wearable devices with higher
difficulty in implementation. At present, most smart
clothing is based on sensors. With the improvement
of sensor integration, functionality and intelligence,
the location of wearable components is not limited
to a certain part of the human body, but is being laid
out all over the body, making them have medical
significance in addition to information interaction
and communication, and even have the functions of
data collection, monitoring and transmission of ex-
ternal environment, buildings and other data!,

How to reasonably combine intelligent weara-
ble components with clothing, so as to give full play
to specific functions and make the wearer feel
physically and mentally comfortable, is the key and
difficulty of intelligent clothing research and de-
velopment. This paper puts forward the research
idea as shown in Figure 1. In short, the starting
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point of intelligent children’s safety clothing re-
search is to meet the multi— dimensional needs of
children for clothing in specific safety situations.
After analysis and summary, in addition to the func-
tion of the component itself, this study puts forward
six indicators of the compatibility between intelli-
gent components and children’s safety clothing,
namely, appearance acceptance, physiological fit,
physiological harm, wearing comfort, obstruction to
activities, and consideration of the safety and relia-
bility of the component. Therefore, the key to the
research and development of intelligent children’s
safety clothing is to select appropriate intelligent
wearable components (function type, performance
parameters, shape, size, etc. ) according to the func-
tions to be realized, that is, the research and devel-
opment concept, reasonably transform the compo-
nents if necessary, and then explore the specific
combination parts and forms of the components and
children’s clothing.

Function (safetv)
definition+

}

Selection-and-

Children's-safety-
clothing (carrier)~

transformation -of-

Y

Combination -of-

element -and -camrier

Does it meet the:
multi-scale needs

Figure 1. Basic process of the research on the combination of
smart devices and children’s safety clothing

Intelligent clothing system takes clothing as
the carrier and intelligent wearable components as
the function realization module. In order to organi-
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cally combine functional modules with carriers,
researchers need to apply multi—disciplinary
knowledge such as clothing aesthetics, physiology,
psychology, ergonomics, electronic informatics and
SO on.

The research on the combination of intelligent
components and clothing is the central link of intel-
ligent clothing design, which plays a connecting
role in the whole research and development mode.

3. 3. Information interaction mode of intelli-
gent children’s safety clothing

With the popularity of mobile terminals such as
smart phones and tablets (pads), most wearable
smart devices rely on mobile terminals for data
transmission and analysis. Sensor detection nodes
and mobile terminals generally communicate data
through short-range wireless transmission, such as
low—power bluetooth, zigbee, WiFi, etc. The inter-
action mode between intelligent wearable devices
and mobile terminals is usually single, that is, they
only tend to establish a single connection between
devices and mobile terminals, and the degree of
information sharing is low (which directly leads to
low information utilization), which affects the func-
tion maximization of intelligent products. Therefore,
in order to better realize the efficiency of intelligent
information processing and serve specific people
(device wearers) to the greatest extent, it is necessary
to conduct diversified research on the transmission
and interaction modes of information between intel-
ligent devices and between intelligent devices and
mobile terminals, that is, the research on multi in-
teraction. Therefore, this paper puts forward the
research framework of intelligent clothing as shown
in Figure 2.

In Figure 2, the whole framework consists of
three parts: function end, analysis end and sharing
end. The function end is the combination end of
intelligent components and clothing.
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Figure 2. Framework of multi— interactive information sharing

It is the function realization unit of the whole intel-
ligent clothing and is responsible for information
detection and feedback. Among them, all kinds of
sensors have become an important part of the func-
tional end, and they are also one of the core com-
ponents of the whole intelligent clothing system.
The analysis terminal is the information terminal,
which is the unit that reads and analyzes the data
information transmitted by intelligent components.
If the smart clothing system is regarded as the hu-
man nervous system, the functional end is the sen-
sory organ (sensor, i.e. receptor), and the analysis
end is the nerve center (brain). The information ex-
change between the functional end and the analysis
end is realized through various wired and wireless
communication technologies, such as the commonly
used near-field (NFC, iBeacon technology, etc.) and
far-field communication methods (Bluetooth, FM
technology, etc.). Information is transmitted from
intelligent components (sensors, etc.) to the analysis
end through the communication network, just as
sensory information is transmitted from the sensor

to the brain through the sensory pathway. Common
information terminals in the market include mobile
phones, watches, bracelets, mobile PC terminals,
tablet computers, etc. At present, most intelligent
wearable devices are composed of function end and
analysis end.

On this basis, this paper puts forward the third
important module of intelligent clothing system,
namely sharing end. Generally, the one-to-one (i.e.
one functional end and one analytical end) infor-
mation interaction mode leads to low information
utilization. The shared end can be a remote server
or a virtual data center. The role of the sharing end
includes two aspects: a. By means of communica-
tion, multiple data terminals are interconnected to
form a multi interactive network to maximize in-
formation exchange and improve information utili-
zation. Specifically, the mobile terminal makes ap-
propriate decisions and feedback on information
through the role of internal decision-making mod-
ules (such as app applications with various func-
tions installed in smart phones). The feedback in-
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formation will be shared to the pre associated net-
work community in the wireless network through
the preset mode, that is, different types of mobile
terminals, or shared by multiple devices to realize
information sharing. Through the sharing end, the
information obtained by smart devices can be easily

shared with friends, family, medical institutions, etc.

The significance of information sharing is not only
to improve the utilization of information, but also to
improve the controllability and security of intelli-
gent clothing. b. The existence of sharing end also
means that the analysis end of smart clothing can be
expanded. The sharing network can not only share
the information of the analysis end to different us-
ers, but also interconnect different intelligent sys-
tems to maximize the function of intelligent cloth-
ing. The data of different analysis ends are
summarized in the remote data center through in-
teractive technology to form a massive database.
According to the principle of statistics, to a certain
extent, the larger the sample size, the higher the
accuracy and reliability of the analysis results. The
expanded analysis end can improve the decision
precision of the intelligent clothing system to a
greater extent. In today’s big data era, massive data
storage and analysis technologies such as cloud
computing are ideal means to establish the sharing
end of intelligent clothing system[2%:30,

The above framework is applicable to the re-
search and development of different types of smart
clothing and smart wearable devices. Based on the
physical and mental particularity of the wearer, the
R&D personnel should also consider the following
factors in the design of intelligent interaction mode:
a. Limited to children’s poor situational judgment
ability and perceptual expression ability, children’s
intelligent clothing should strengthen the design of
auxiliary decision-making, real-time monitoring,
automatic response and other functions. b. Smart
clothing is usually equipped with various electronic
components, which is easy to produce sound, light
and electric pollution in the process of operation,
thus causing harm to human body. Children are
physically and mentally fragile and particularly
vulnerable. Therefore, the research and develop-
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ment of children’s intelligent clothing should put
forward higher requirements for the safety of com-
ponents, especially in the design of information in-
teraction mode, the components with low power
consumption and low radiation should be consid-
ered. c. According to children’s psychological needs,
smart clothing should follow the principles of sim-
plicity, beauty and children’s interest in the design
of human “clothing” interaction mode and interac-
tion interface.

3. 4. Construction of R&D mode of intelli-
gent children’s safety clothing

This paper puts forward the R&D mode of
children’s intelligent safety clothing as shown in

Figure 3.

Demand research

—1—

Wearer's multi-scale

Functional indicators
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Study on the
combination mode of

Selection and
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Information

Information sharing
transmission and

( SR e ALt o

Evaluate and realize R

& D vision?

Figure 3. Research model of intelligent safety clothing for

children
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The pattern in Figure 3 follows the basic prin-
ciples of “needs determine design”. Firstly, accord-
ing to the functional requirements of smart chil-
dren’s clothing, comprehensively consider the
multi-dimensional needs of children wearing smart
safety clothing, that is, demand research. On
the basis of demand analysis, formulate the technical
(Design) indicators for the research and develop-
ment of children’s intelligent safety clothing, and
explore the combination mode of intelligent com-
ponents and children’s clothing, that is, determine
the specific design parameters such as the form and
position of the combination of the two. Organically
integrate functionality, design aesthetics and comfort,
and design and develop smart clothes that meet
children’s physical and mental particularity and
wearing needs. The third part of the research model
involves the study of interaction mode. The intelli-
gent components of children’s clothing are inter-
connected with the analysis end of the intelligent
clothing system through various communication
technologies (near-field or long-distance transmis-
sion technology) to realize information interaction
and complete the preset function. At the same time,
set a sharing end for the smart clothing system, share
the analysis end data to a wider community through
the communication network, realize the common
connection of different information terminals, im-
prove the utilization rate of information, increase the
controllability and security of the smart clothing
system, and realize the common connection of dif-
ferent smart clothing systems. The establishment of
massive information center and big data analysis
means will greatly improve the decision-making
effectiveness and functionality of intelligent clothing

system.

The last link of the whole R&D model is very
important, that is, to evaluate the efficiency of the
children’s intelligent safety clothing, and verify
whether it meets the indicators and ideas formulated
in the early stage of R&D. The evaluation link in-
cludes two parts: a. Functional evaluation of clothing.
Researchers need to test and evaluate the functional
indicators of products from an objective and me-
chanical point of view, that is, the test method is
determined by the nature and function of each func-
tional module of intelligent clothing system. If the
preset function of the intelligent system is to detect
the vital signs of the wearer, this evaluation link
needs to evaluate the working state of each sensor
(such as temperature, heartbeat, blood pressure
sensor, etc.), the accuracy of the data at the analysis
end, and the efficiency and accuracy of the infor-
mation feedback system under the condition that the
real person (or simulated real person) is dressed. b.
Comfort evaluation. Smart clothing system takes
clothing as the basic carrier, so it needs to meet the
requirements of wearers for their physical and
mental comfort. Sensory evaluation is a commonly
used method for comfort evaluation®®-*2. Partici-
pants in sensory experiments usually include experts
in textile (clothing) design and production, as well as
ordinary wearers. The former evaluates the rational-
ity of fashion design and production from a profes-
sional perspective (such as physiology, psychology
and ergonomics). The latter evaluates the beauty and
comfort of clothing from the perspective of their
own needs. The research object in this paper is
children, who usually do not have mature perceptual
expression ability, so it is necessary to design a set of
sensory experimental methods suitable for children.

At the same time, according to the physical and
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mental particularity of children, it is also necessary
to combine children’s perception with parental in-
tervention to obtain the wearer’s perceptual evalua-

tion of the beauty and comfort of clothing.

If the product meets the R&D concept, the
R&D ends. If the product fails to pass the evaluation,
the researcher must analyze the specific links and
causes of the problem, and redesign the specific
technical indicators of the problem until the indica-

tors meet the requirements.

4. Conclusions

Based on the grasp of the development status
and trend of intelligent wearable devices, this paper
puts forward the general mode of children’s intelli-
gent safety clothing research and development.
The whole model follows the basic concept of “de-
mand determines design”.

(1) Take the needs of smart clothing wearers
(here children) as the driving force of R&D. Grasp
the multi-dimensional needs of children’s dressers
and translate them into key technical parameters. (2)
Design smart clothing. Select and reasonably trans-
form the intelligent components according to the
functional indicators, and explore the combination
mode of components and carriers (i. e. safety cloth-
ing), so as to make the products have “functionali-
ty, beauty and comfort”. (3) The information inter-
action mode of intelligent clothing system is
designed. It includes one—to—one information inter-
action design (information transmission and analy-
sis feedback) of function end (smart clothing) and
analysis end, and multi device joint design to real-
ize the multi interactive control of smart clothing
system. On the basis of improving the controllabil-
ity, security and utilization of information, the deci-
sion— making accuracy and efficiency of smart
clothing system are improved through massive data
storage and operation technology. (4) Verify the
functionality and comfort of the smart clothing.
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ABSTRACT

Quantitative analysis of sports is an important development direction of scientific skiing training, and the digital
expression of human movement patterns during skiing is the basis for scientific quantitative analysis. A human motion
capture and attitude reconstruction system based on a wearable BSBD inertial measurement unit was designed and built,
combined with the human multi-rigid body motion model to realize the human body reconstruction during the skiing,
and applied to the auxiliary training of slewing movements in alpine skiing. At the same time, for the indoor training
scene based on the multi-degree-of-freedom simulated ski training platform, a digital evaluation method suitable for ski
slalom is proposed. The method uses motion capture system and posture reconstruction system to extract five kinds of
sliding characteristic data of skiers, and realizes the evaluation of skiers’ technical parameters through similarity meas-
urement and linear fitting with high-level athletes’ motion parameters, so as to assist scientific training. Finally, experi-
ments are carried out on the indoor Olymp simulated ski training bench to verify the effectiveness of the method.
Keywords: motion capture; micro-inertial measurement unit; wearable sensor; assisted training

system provides a powerful tool for the scientific
1. Introduction training of ski trainers.

When skiing, the ability to control body posture After decades of development, motion capture
is a special specialty ability, which has an important ~ technology is mainly divided into two categories:
impact on skiing performance. A motion captureand ~ Video  device-based ~ motion  capture  and
reconstruction system suitable for ski training can  Sensor-based motion capture. The motion capture
not only capture the body posture of skiers in real ~ System based on video equipment has high cost,
time, but also help ski trainers find the gap between  low portability, and is susceptible to interferencel™.
themselves and high-level athletes with digital With the lower and lower cost of inertial sensors,
evaluation methods, find their own lack of action, ~ Sensor-based motion capture systems are gradually
correct the error of force, while popularizing skiing, ~ developed. At present, some companies in foreign
increase the public’s enthusiasm for skiing. In markets have launched relatively mature motion

addition, a reliable motion capture and scoring ~ capture products: Such as the MVN products
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launched by the Dutch company Xsensf, the
3DSuit products launched by the American
company Innalabst®! and the Vicon Motion System
launched by the British company Vicon. There is
also a certain development of motion capture in
China. For example, Noitom, developed and
designed by the Dai Ruoli team launched by Beijing
company Noi Teng™ and MMocap developed by
Professor Wu coming from Research Center of
Sensor Networks and Applications of Chinese
Academy of Sciences®®l,

At present, motion capture systems are widely
used in the field of sports training. Ghasemzadeh et
al. applied the wearable posture detection device to
golf training, and collected the rotation angle of the
wrist during the golf swing!. Sharma et al. applied
the wearable posture detection device to tennis, and
analyzed the action standard of each stagel'%. Samir
et al. installed a wearable detection device on the
athlete’s arm to identify whether the athlete is
throwing in baseball or hitting in volleyball™,
Chan et al. applied wearable posture detection
equipment to dance training, which is convenient
for teachers to guide students to improve their
skills™*?, However, at present, there are few motions
capture and reconstruction systems suitable for
skiing, and there is a lack of quantitative analysis of
skiing, which is an important development direction
for scientific skiing training. The digital
representation of movement patterns during human
skiing is a key step in scientific quantitative
analysis.

In this paper, a wearable motion capture and
reconstruction system based on inertial sensors is
designed for alpine skiing, which captures and
reconstructs the motion data of 11 nodes of the
human body in real time. The device can be
used both outdoors and indoors. The device can be
used both outdoors and indoors. At the same time,
combined with the multi-rigid body motion model
of the human body, the human body reconstruction
during the skiing process is realized. Finally, in
view of the lack of quantitative analysis and
evaluation research on skiing, a digital evaluation

method for slalom in alpine skiing is proposed,
which can be used for ski trainers to analyze sliding
characteristics and assist training.

2. Wearable human posture detec-
tion device

This motion capture and reconstruction system
is an independent research and development system,
and its work flow chart is shown in Figure 1.

Attitude data acquisition

v
Data tr.ansfer
W
Central controller
N
v

Data transfer

Servers

M
aLe

Data parsing and processing

[\

Attitude recontiguration

Figure 1. System flow chart.

The parameters of this motion capture and re-
construction system are shown in Table 1.

Table 1. Motion capture device parameters

Parameter Type Parameter

number of nodes 11

Power supply Wired connection /

power bank
Supply voltage/V 335
Current/mA <25
Sizelcm 2.4.4x1
Output angle range/ (9 +180
Attitude measurement stability/( 0.01
120

Data output frequency/Hz

Data transmission method Wireless transmission
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The 11 attitude acquisition modules are re-
spectively worn on the 11 main nodes of the hu-
man body, and the wearing positions are shown in
Figure 2. The hip also wears a central controller,
which is responsible for receiving the posture data
of 11 nodes and sending it to the server.

3. Human body modeling and pose
reproduction

Human motion modeling based on inertial
sensors is divided into skeleton model establishment
and human kinematics model establishment. Due to
the complex structure of the human body, the fol-
lowing modeling assumptions are made for the hu-
man body model:

Figure 2. Posture detection module wearing position.

(1) Ignore the influence of skin deformation on
human movement. (2) The human skeleton is ab-
stracted as a rigid body, and each joint defines the
joint axis. (3) The joint coordinate system, the sen-
sor coordinates system and the bone coordinate
system are regarded as the same coordinate system.

Build a skeleton model containing 11 nodes
and 5 parent-child inheritance relationship lines.
The 5 parent-child relationship lines are:

(1) Pelvis—Chest cavity—Head. (2) Pel-
vis—Chest cavity—Left upper arm—Left forearm.
(3) Pelvis—Chest cavity—Right upper arm—Right
forearm. (4) Pelvis—Left thigh—Left calf. (5) Pel-
vis—Right thigh—Right calf.
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The skeleton model is shown in Figure 3.

Head bone

A

Lett major arm skeleton Thoracic skeleton

]

Left small arm skeleton

Right major arm skeleton

¥

Right small arm skeleton

T
Pelvic bones

P

Left thigh bone
L'
Left calf bone

Right thigh bone
Y

Right calf bone

Figure 3. Skeletal model diagram.

Two coordinate systems are defined, namely
the world coordinate system and the sensor coordi-
nate system. In the world coordinate system, the X
axis is the horizontal direction, the Y axis is the ver-
tical direction, and the Z axis is vertical to the XY
plane. For the Y axis, counterclockwise is positive
and clockwise is negative.

After the initial posture of the human body is
calibrated, the solution of the posture is mainly
composed of the rotation matrix and the position
matrix. The rotation matrix is expressed as:

cosa sina 0
Ry =|-sina cosa 0 M
0 0 1
1 0 0
R, =10 cosff sinf (2)
[0 —sinf cosp
[ cosy siny O
R, =|-siny cosy 0 3)
0 0 1

Among them, a, £, y are respectively the rota-
tion angles of the three-dimensional vector around
the X, Y, and Z axes; Ry, Ry, and R; are the rotation
matrices obtained by rotating the three-dimensional
vector around the X, Y, and Z axes, respectively.
The total rotation matrix is expressed as:

R = R.R,R, 4)

The total rotation matrix is obtained from
equations (1)—(4).
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cosacosy —cosfsinasiny sinacosy+cosfcosasiny  sinfsiny
R =|—cosasiny —cosfsinacosy —sinasiny+cosfcosacosy sinficosy 5)
sinfsina —sinfcosa cos f

When the attitude is translated, the position
matrix P is expressed as:

P=[Ph P, PJT (6)

Among them, Py, Py, P; are the translations of
the three-dimensional vector in the X, Y, and Z axes,
respectively.

According to the actual motion of the posture,
the transformation of the posture and position of the
limb segment j in the joint j-1 coordinate system is
represented by a homogeneous transformation ma-

iy, J—1m,
trix jT.

. j1p -1
s [T RGP 7)
]

0o 1

Among them, j_}T is the rotation matrix of
the limb segment j in the parent joint j-1 coordinate
system; /7IT is the position matrix of the limb
segment j in the parent joint j-1 coordinate system.

Through the above analysis, it can be obtained
that the homogeneous transformation matrix of joint
system j in joint system i is:

R ey R (8)

According to equation (8), the expression and
conversion of the attitude in the specified coordi-
nate system is completed.

In the specific implementation of human body
motion 3D display, Unity 3D is selected as the de-
velopment tool, and the motion reconstruction dia-
gram based on inertial data is shown in Figure 4.

e

Figure 4. Motion reconstruction images based on internal data.

3%

4. Ski aid training

The motion capture system described in this
paper can be used not only in outdoor skiing envi-
ronment, but also in indoor simulated ski training
platform, providing skiers with analysis of key ski-
ing techniques, and with digital scoring methods.
The method can be used for the analysis of sliding
characteristics and auxiliary training of ski trainers.

Taking an indoor simulated ski training plat-
form as an example, this paper provides a digital ski
level scoring method based on a motion capture
system and suitable for slewing motion. The Olym-
pic simulation ski training platform of SkyTech-
Sport Company is used for the experiment, and its
appearance is shown in Figure 5.

Figure 5. Top view of simulated ski training platform.

The trainer wears the motion capture system to
perform rotary motion on the simulated ski training
platform, and the motion capture system captures
the trainer’s posture and will be displayed in real
time.

4.1. Analysis of key skiing technologies

In this paper, the process of the skier from the
middle position of the simulated training platform
to the leftmost end to the middle position to the
rightmost end and then to the middle position is
defined as a slewing movement, and the slewing
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speed is defined as:

_ Ry +R;
Tt

% 9

Among them, R is the distance from the mid-
dle position of the simulated training platform to the
leftmost position of the skier in a slewing move-
ment; R, is the distance from the middle position of
the simulated training platform to the rightmost po-
sition of the skier in a slewing movement; t is the
time required for the trainer to complete a slewing
movement.

The three datum planes of the human body are
sagittal plane, frontal plane and horizontal plane, as
shown in Figure 6.

Vertical axis

Down
Figure 6. Human datum level.

In the experiment, the posture data of skiers
with three levels of skiing, including ski instructors,
intermediate skiers, and inexperienced skiers, were
collected on the training platform, and the average
speed of each slewing exercise was recorded.

Five characteristics that can reflect the physi-
cal fitness and skiing ability of skiers are extracted,
as shown in Table 2.
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Table 2. Table of ski features parameters

Characteristic Corresponding
Number
parameters physical fitness
Whole body coordination(!?]
. Lower body
1 Swing speed

Explosiveness( ]
Knee extensionl!’]
Maximum inclination
angle of the left

swivel slide plate

Lower body strength(!]

] Whole body coordination™*!
(vertical edge angle)

Maximum inclination
angle of the right

swivel slide plate

Lower body strength(!]

] Whole body coordination(!4]
(vertical edge angle)

Average angle between
the back and the

vertical axis in the

Upper body stabilityl!’]

Core powerl"]
sagittal plane
Maximum angle U bod 19
er body stren,
between the back and kP v

the vertical axis in the
Core powerl!¢]
frontal plane

Among them, the angle between the back of
the sagittal plane and the vertical axis is shown in
Figure 7.

Figure 7. Angle between dorsal and vertical axis in sagittal plan.

The angle between the back of the frontal
plane and the vertical axis is shown in Figure 8.

A
g
Vi

Figure 8. Angle between dorsal and vertical axis of coronal
plane.
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The maximum inclination angle of the skate-
board, the angle between the back and the vertical
axis on the sagittal plane, and the angle between

the back and the vertical axis on the frontal plane

/

— Ski instructor
Moderate skier

(]
=]

are shown in Figure 9.
Inexperienced skier
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Figure 9. Skiing features of skiers at different levels.

From the data analysis, it can be seen that ski-

ers with higher levels have better body coordination,

greater explosive power of lower limbs, and greater
range of motion of lower limbs, The higher the ski-

s level, the more stable the upper body is, the
upper body leans forward and the center of gravity
is pressed down, and the average angle between
the back and the vertical axis on the sagittal plane is
larger; The higher the skier’s level, the greater the
core strength of the body, the greater the left and
right shaking of the upper body, and the greater the
angle between the back and the vertical axis on the
frontal surface.

4.2. Technologies ski level rating

This paper proposes a digital ski level scoring
method suitable for slalom movements in alpine
skiing.

Extract the five standard sliding features of ski
instructors, and record them as ya, Y2, Vs, Y4, and ys
in the order of Table 2, and extract the sliding
characteristics of any skier, and record them as xi,
X2, X3, X4, X5, the Euclidean distance method is

5
dxXN=0 @
i=1 )
—y)?)? (10)
According to the above similarity measure-
ment results, the characteristics of the collected ski-
ers are linearly fitted, in which the high-level
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coaches are scored 100 points, the intermedi-
ate-level skiers are 80 points, and the inexperienced
skiers are 40 points. According to the fitting results,
the final comprehensive scoring equation is ob-
tained.

Taking the data collected in this experiment as
an example, the fitting equation obtained according
to the above evaluation method is:

S=-1.2d + 100 (11)

Among them, S is the comprehensive score; d
is the similarity measurement result.

According to this scoring method, every time
the skier performs a slalom on the training platform,
the system will give a real-time evaluation of the
slalom. The higher the score, the closer the action is
to the ski instructor.

In order to verify the feasibility of the scoring
method, the experiment called 9 people to slide on
the simulated training platform. Among them, 3
people were ski instructors, 3 people were interme-
diate level skiers, and 3 people were inexperienced
skiers. Before skiing, 9 people were given subjec-
tive evaluations according to their skiing experience
and level. The objective score is given by the scor-
ing system when taxiing, as shown in Table 3.

It can be seen from Table 3 that the system
scoring results are all within the subjective scoring
range, and the scoring method is feasible.
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Table 3. Table of skiers’ scores

Subjective System
Skater Ski level
scoring Score
1 high level coach 90 ~100 96
2 high level coach 90 ~100 94
3 high level coach 90 ~100 96
4 Intermediate skiers 75~ 90 83
5 Intermediate skiers 75~ 90 80
6 Intermediate skiers 75~ 90 79
7 inexperienced skier 30~ 60 48
8 inexperienced skier 30~ 60 44
9 inexperienced skier 30~ 60 56

4.3. SKi training advice

For alpine ski trainers, this article makes the
following recommendations: (1) For skiers with a
slow average turning speed, strengthen knee exten-
sion exercises and lower body explosive power ex-
ercises. (2) For skiers with a small inclination angle
and poor upper body stability, strengthening the
muscle group strength training of the core
(waist-pelvis-hip joint) can improve body stability
and control through suspension training and
Swiss ball training. (3) For skiers with a small range
of upper limb movements during slewing,
strengthen the strength exercises of the upper limbs
and the waist and abdomen, and enhance the ability
of the upper limbs to drive the movement of the
lower limbs through exercises such as pull-ups and
push-ups.

5. Conclusions

This paper designs and builds a motion cap-
ture and reconstruction system for alpine skiing.
The main contributions and significance are as fol-
lows:

(1) Design and build a human motion capture

37

and attitude reconstruction system based on weara-
ble MEMS inertial measurement unit, and com-
bining the multi-rigid body motion model of the
human body, the human body reconstruction in the
skiing process is realized, which provides a da-
ta basis for the in-depth analysis of the perfor-
mance of alpine skiing. (2) Innovatively propose a
quantitative extraction algorithm of key technical
indicators for the analysis of the slewing action
level in alpine skiing and a digital evaluation
method based on key technical indicators to pro-
vide data support for scientific analysis of sports
level and auxiliary guidance of sports training. In
the future, on the basis of the motion capture sys-
tem, data collection and processing technology
can be further studied to deepen the refined train-
ing guidance of high-level players. (3) According
to the different characteristics of ski trainers, put
forward targeted training suggestions to help train-
ers improve their special abilities.
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ABSTRACT

The feasibility of using transfemoral prosthesis Otto bock with 3R80 knee and articulated ankle1C30 “Trias” was
analyzed from the perspective of dynamics and clinic. The kinematic and kinetic study of gait were performed on 5
amputated volunteers and 5 controls using videography techniques and force platform. Kinetic asymmetry gait is one of
the main causes of hip joint degeneration. Combining kinematic and kinetic variables, we can draw important conclu-
sions related to the dynamic imbalance of the main causes of hip degenerative diseases through the clinical trials of ra-
diography film and density measurement, which has become an important tool to evaluate the feasibility of prosthetic
design.

Keywords: transfemoral prosthesis; kinetics; osteoporosis; osteoarthritis

related to the altruistic purpose of designing these

1. Introduction devices® 813, The ideal solution of this method is to
study these design skills and methods. No wonder

In patients with transfemoral amputation, the  some researchers®®417 have linked traditional terms

use of prosthetics will significantly change  sych as comfort, mobility, mechanical strength and
the biomechanics of their musculoskeletal system,  guyrability to comprehensive criteria to evaluate the

consisting of its tendency during daily activities to  syijtability of prosthetic design. The authors believe
recharge their intact limb, all of which can determine  that the functionality of lower limb prosthesis is

the occurrence of related diseases, such as knee and usually related to the functional and well-being

hip osteoarthritis of healthy limbst™l. In most cases,  needs of amputees. This kind of well-being is mainly
insufficient mechanical stimulation associated with related to the gait pattern as close to the healthy limb
the bone remodeling process of amputated a5 possible. with a minimal energy consumption and
long bones can lead to osteoporosis and subsequent  jth the absence of disease in the residual joints
osteoporosist®*®7. caused by the prosthesis during the gait regimen.
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OTTO BOCK transfemoral prosthesis, which com-
bines kinematic and dynamic gait studies of ampu-
tated volunteers and control group; combined with
clinical Radiography and density measurement,
important conclusions related to prosthesis function
were obtained. For this purpose, the temporal and
spatial variables of gait, kinematic and kinetic pat-
terns (moments, forces and joint energy consump-
tion), limbs (amputated and non-amputated) and the
same number of pattern subjects of 5 amputated
patients were measured and deduced. Finally, these
results are clinically treated by Radiography tech-
nology to find signs of limb osteoarthritis that
may be related to amputation and ambulation of
amputees™€l and densitometry, a technique that
allows mineral density to be measured (Bone min-
eral density, BMD)],

2. Materials and methods

2.1. Subjects

In the two groups of subjects, the amputated
volunteers and the control group were character-
ized by gait. The transfemoral amputated patients
used Otto Bock prostheses, with keen modal 3R80
and flexible foot modal 1C30 “Trias”, were 5 men
with an average age of 32 £2 years, height of 1.75 £+
0.09 meters, weight 80 + 10.97 kg. The control
group consisted of five men whose age, weight,
height and eating habits were similar to those of
amputees. None of the subjects (patterns and am-
putees) had orthopaedic, neurological, cardiovascu-
lar or respiratory problems prior to the study. Before
the test, all prostheses were thoroughly inspected,
and the adjustment of each joint and the correct
alignment of the prosthesis were checked. None of
the subjects had any discomfort with their health and
residual limbs, such as joint pain, motor stiffness,
ligament instability, etc. The characteristics of vol-
unteers are shown in Table 1.

2.2. Protocol

During the study, the subjects wore dark tight
clothes and fixed reflective markers (0.02 m in di-

ameter) affixed to the left and right iliac crest,
greater trochanter, femoral epicondyle and lateral
malleolus and L5-S1. For patients on the amputated
side, according to Helen Hayes’s labeling
scheme®22 (see Figure 1), the reflection point of
the preset area (center of gravity, joint or other signal
to obtain the required characteristics) is estimated
according to the corresponding position on the
healthy limb. Each volunteer developed a walk of
about 6 meters for the measurement, with a free
cadence of 20 repetitions.

Table 1. Characteristics of the amputation volunteers included in
the study

Age Amputation Daily Dimension Weight

Volunteer
(years) year (hours) (m) (kg)
1(1) 28 8 10 1.72 80
2 32 14 8 1.79 82.5
3(D) 30 14 10 1.83 72
4 (D) 47 16 6 1.73 81
5 (D) 65 15 8 1.78 87
Average 5o 13 7 177 80
value

I: Left leg amputated
D: Right leg amputated

3

Figure 1. Location of reflective markers for gait analysis based
on Helen Hayes marking protocol(?-22,

2.3. Material

These studies were conducted at the Gait
Analysis Laboratory at the University of Brasilia
(UNB) (see Figure 2a). The gait cycle is recorded
through the professional software package Qualisys
Motion Capture System in Gothenburg, Sweden, and
then the data is transmitted to the computer. The
processing of mark identification gear is carried out
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through the Qualisys Track Manager package, QTM,
Gothenburg, Sweden?®, It is an analysis software
tool for managing and reporting video data. Together
with high-speed motion video, QTM provides an
advanced and accurate solution for biomechanical
motion analysis (Figure 2b).

Figure 2. (a) Gait Analysis Laboratory at the University of
Brasilia. (b) QTM software environment. (c) Conventional
model of the lower limbs in visual 3D software (C-Motion).

After preprocessing, the data is exported to
visual 3D v4 (C-Motion Inc., Germantown, MD,
USA) for analysis and remaining gait processing. In
visual3D, the traditional lower limb model is recon-
structed (see Figure 2c), from which the reverse
dynamics analysis is carried out to determine the
angular displacements, torques and forces of the
joints.

The data collections of amputees and healthy
people were based on sagittal and frontal planes,
which show the maximum displacement[?*2¢l  as
well as the values the components of the reaction

force of the floor (vertical and anteroposterior) to
facilitate the comparison between both limbs and the
asymmetry of gait cycle.

2.4. Clinical trials of densitometry and radi-
ograph

The bone densitometry results report provides
the average bone mass values for each scan and
measurement area, and uses digital and color images
to link these average values with normal val-
ues based on the patient’s age and gender. It is the
main diagnostic tool for osteoporosis, so the risk of
fracture can be determined.

Test results are usually reported as “T-scores”.

The prevalence of osteoporosis and osteoporo-
sis is estimated according to WHO classification.
The test results are usually reported as “T-score”
using the database referring to young peoplel?”
(normal: T-score >1, bone mass reduction —1 to —2.5,
and T score lower than —2.5 indicates osteoporosis.

According to clinical practice, the routine ra-
diography examination was carried out for these
cases, and all patients were examined. The technique
used was to compare the anterior hip with the lateral
femoral neck?®l,

3. Results

3.1. Gait analysis

Table 2 shows the spatiotemporal variables
generated by gait analysis of non-amputees and
amputated subjects.

Table 2. Spatiotemporal variables of non-amputated and amputated subjects

Non-amputated subjects

Amputated objects

Variable Complete state Otto bock prosthesis
Average value From Average value From Average value  From

Operating speed (M/s) 1.177 0.319 0.986 0.281 0.986 0.272
Cycle length (m) 1.327 0.027 1.049 0.318 1.013 0.319
Step length (m) 0.670 0.023 0.579 0.021 0.653 0.039
Support time (s) 0.872 0.024 0.829 0.024 0.752 0.021
Rolling time (s) 0.455 0.022 0.418 0.013 0.501 0.012
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From the spatiotemporal variables of the sub-
ject patterns of the two prosthesis types, it can be
seen that there are significant differences in the spa-
tiotemporal variables of the subject patterns of the
two prosthesis types compared with the intact and
amputated limbs of patients with transfemoral
prosthesis. From the results obtained, it can be con-
cluded that the speed and length of gait cycle of
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intact and amputated limb of the transfemoral amputees. (a) Angular

displacement of hip, knee and ankle. (b) Joint moments. (c) Energy expenditure.

The angular displacement of ankle joint has a
pattern composed of an initial peak for normal peo-
ple. In the standard subjects, the plantar flexion
reaches about 10< passing to dorsiflexion of about
15<at 53% of the cycle; finally, during the swing
phase, the new plantar flexion of about 16 °(68% of
the gait cycle). In the intact limb of the amputee, the
plantar bending is slightly smaller (59, and then
passes to dorsiflexion with a peak of about 7-8<
which has a certain delay compared with the control
group. In the swing stage, there is a certain delay
compared with the control group, experiencing a
new plantar flexion, with a peak of 20<over 72% of

the gait cycle.

In the amputated limb, the general spatiotem-
poral pattern includes a behavior of plantar flexion
(=59 that is very similar to the that of the intact limb,
and the posterior dorsiflexion also of the same am-
plitude as the intact limb, but that occurs only at 50%
of the cycle, immediately transitioning to plantar
flexion with a constant amplitude of only about 5°
throughout the swing phase.

The angular displacement of the keen both for
the standard subjects and for the intact limb of the
amputees showed two important peaks. In pattern
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subjects, the first peak appeared in the support phase,
accounting for 15% of the gait cycle, with an am-
plitude close to 20< and the second peak appeared in
the swing phase, accounting for 57<at 72% of the
cycle. The intact limbs of amputees have simi-
lar behavior to some extent, with a certain delay and
a slightly smaller amplitude.

However, the amputee’s knee remained ex-
tended for almost the whole support phase, and then
flexes at the same amplitude as the intact limb in the
swing phase, but at 65% of the cycle, confirming that
the amputee relied on the healthy limb for the long-
est time during walking. Without this slight knee
flexion, dynamic shock increases.

As for the standard subject’s hip joint, it
showed initial flexion during the support of about
20< and then extended for a long time for the rest of
the support phase, with a peak extension of about 15<
and then was in a flexion state during the swing at
the end of the cycle (80%). The amputee’s intact
limbs have similar behavior.

However, there are some differences in
the behavior of the patterns and the healthy limbs of
amputated hips. Although the initial flexion is no
different from these, it maintains a longer support
period during flexion and then extends to 8< The
time lag (top 10% of Health) confirms the argument
that these patients rely on healthy limbs most of the
time. The angular range of the displacement of the
amputated hip joint relative to the healthy hip joint is
significantly reduced, which is related to the tem-
porary compensation mode due to the amputated
valgus in the swing stage, so as to avoid rubbing the
floor with the foot in the middle of the stage. The low
angle motion of the hip joint is related to this and to
the greater lateral swing of the trunk.

With regard to joint moment, for the ankle
joints of standard subjects, they showed a small
dorsiflexion moment at the beginning of support,
which lasted for a short time, about 0.1 N.m/kg, and
quickly transformed into a plantar flexion moment
with a peak value of 1.6 N.m/kg (50% cycle), which
gradually decreased to zero at 60% of the cycle.

The joint moment of healthy limbs of amputees
showed a very similar pattern, except that the peak
plantar moment with the same amplitude as that of
standard subjects appeared at 60% of the cycle, that
is, there was a certain delay compared with standard
subjects. In contrast, the amplitude of the prosthetic
limb was low (1.4 N.m/kg), with a delay of about 18%
compared with the healthy limb.

The behavior pattern of knee moments showed
that the extensor moment of the healthy subjects was
0.5 N.m/kg, which was slightly higher than that of
amputated patients with intact limbs (0.2 N.m/kg),
which showed a certain delay. The next peak, this
time, was more pronounced for the amputated intact
limb than for the control volunteers (0.65 N.m/kg
and 0.2 N.m/kg, respectively). In both cases, the
subsequent extended behavior has very similar be-
havior, gradually approaching zero.

However, the amputated limb shows a behavior
different from the standard and intact limb, which is
easy to understand from the angular displacement of
the prosthetic knee joint. As observed, the flexor
moment generated by knee hyperextension is logical,
and then the flexor moment is increased to 0.3
N.m/kg, which is higher than that recorded by
standard subjects, but much lower than that gener-
ated by the intact limb (0.653 N.m/kg), which is an
important reason for the gait asymmetry of ampu-
tees.

With regard to the pattern of hip moment, the
extensor moment was 0.3 N.m/kg in 16% of the
cycle, then became the flexor moment with a peak of
0.7 N.m/kg (50% of the cycle), then gradually de-
creased, and the pattern was repeated at the next heel
strike. At the beginning of the support, the intact
limb has an extension peak of 1.2 N.m/kg, which
gradually becomes a flexion moment at the end of
the support phase (maintaining the extension for
most of the support phase) with an amplitude peak of
only 0.3 N.m/kg.

During heel support, the hip joint of the ampu-
tee is stable at about 0.3 N.m/kg, and is transformed
into a flexor moment with a peak of 0.9 N.m/kg at
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the end of the support stage to gradually reduce.

The uneven kinematic and Kkinetic behav-
iors between the amputated and non-amputated
limbs reflect the compensation process in the pro-
cess of amputated walking, showing obvious
asymmetry.

In terms of energy consumption, the results
show that the mode of ankle joint is different in peak
amplitude and development time, which is consistent
with the above kinematic and dynamic behavior
explained. The peak energy absorption of intact
limbs of standard subjects and amputees corresponds
to the value of 0.7 W/kg. The only difference is that
the latter occurs in 50% of the cycle, that is, there is a
certain delay compared with standard subjects.
This behavior has similar characteristics at the end of
support, because they produce a peak of 2.2 W/kg,
and the delay of intact limbs of amputees is 10 (=~ 60%
of the cycle). At the end of the support phase, the
amputated ankle produces a peak of only 1Wi/kg,
corresponding to the smallest plantar flexion.

For the knee joint, the resulting energy con-
sumption showed a very similar pattern for the
standard subject and the intact limb of the amputee

with peak value very similar to heel shock and de-
layed -off for the intact limb in about 0.3 W/kg and
0.8 W/Kkg. For the amputated limb, when supporting,
taking off and swinging, the power generation is low
and the consumption is large.

As for the energy consumption of the hip joint,
it is characterized in that the subjects control the two
power generation peaks corresponding to heel sup-
port and take-off. For the intact limb of the amputee,
during the heel support process, the peak is con-
sistent with the pre-formed pattern of the subject
within a certain period, and is delayed with the
take-off of the foot. For the hip joint of amputated
patients, the absorption and energy production levels
are always much higher than those of standard sub-
jects and intact limbs of amputated patients, with
peaks of 1 and 2 W/kg.

3.2. Clinical study of bone mineral density
measurement and radiography examination

The study was conducted in amputated volun-
teers (see Figure 4). Only 2 of them developed os-
teoporosis during amputation, and in no case did
they find clear joint damaging osteoarthritis in
healthy limbs.

Reference: Total
BMD (g/cm?)

Right Hip Bone Density

\
\

20 30 40 50 60 70 80 90 100
Age (years)

YA T-Score

-5

BMD ¥ Young Adult? Age-Matched?
Region (g/cm2) T-Score Z-Score
Rectangle  0.777 =23 -2.1
Slice 0.504 -39 -3.7
Total 0.643 =32 -3.0

Figure 4. (a) The density measurement of a 30-year-old and 14-year-old amputee showed that the amputee had obvious osteoporosis.
(b) The radiography of the patient’s non-amputated limb showed a significant lack of joint injury.

4. Discussion

The recording results of support and balance
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time show that during walking, amputee volunteers
support their intact limbs longer than amputee vol-
unteers, which has been reflected by other research
work[®121329 - and which is a clear sign of gait
asymmetry and affects the pathological detection of
amputee volunteers’ intact limbs and stumps(*6:0]

In general, all joints of the intact limbs of am-
putated volunteers describe trajectories similar to
those of control volunteers, although at some peaks,
the delay time is longer and the amplitude is lower,
which has been reported by the authors®3132l and
other researchers*-%,

The prosthetic knee remains extended
throughout the support phase to bend during
swing, but with10 degrees advance to the healthy
one, which confirms the shortening of support time.
Without this slight knee flexion, the dynamic shock
increase.

As shown in the figure, the results of densi-
tometry and radiography examination show that the
asymmetry of transfemoral prosthesis is largely the
cause of premature lesions in both limbs. However,
in some amputated volunteers, the occurrence of
osteoporosis and osteoarthritis depends on dynamic
factors affecting the process of bone reconstruction,
such as gait speed, step length, especially during
support and swing time.

Although the literature®®! mentioned the
presence of osteoarthritis in non-amputated limbs,
no conclusion has been drawn in this study because
the amputated patients studied did not have this pa-
thology. A study involving more patients will help
determine the extent to which the prosthesis is in-
volved in these diseases.

5. Conclusions

The gait analysis of amputees showed that there
were significant differences in gait patterns between
healthy limbs and amputees compared with healthy
patterns, and only prosthetic volunteers related to
support and swing time had significant differences,
which confirmed that amputees leans longer on

healthy limbs than on the amputee during walking.

Gait research provides a very important detail
for amputees using 3R80 knee joint, that is, the sig-
nificant abduction of the amputated limb and the
corresponding pelvic inclination.

The results of densitometry and radiography
examination can determine the changes of mechan-
ical stimulation in different areas of the two limbs
and estimate the presence of osteoporotic areas in the
absence of mechanical stimulation. However, in
these dynamic stimuli, the effects of variables such
as support and swing time and walking speed need
to be considered. Combined with the methods used
here, we can establish a standard of prosthetic func-
tion, which is considered to be a method of artifi-
cially designing close to healthy limb function
without involving the occurrence of corresponding
diseases.
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ABSTRACT

This document outlines wearable technology and the sources, related topics and authors of major publications on this
subject in recent years. It is worth mentioning that wearable or wearable technology is also called “wearables” in English.
It refers to theincorporationation of microprocessors, sensors and transducersthat we wear daily, which acts as a computer
that always works with users, and can be used in a defined space for continuous interaction with users, wearable tech-
nology can be defined as an electronic device that can be embedded into human body to continuously obtain information.
The purpose of this paper is to understand the development and current situation of this new technology, and apply it to
new research findings and the development of wearable devices. The disciplinary connection between different
knowledge fields provides a clear starting point for the development of research topics. In specific case of interest, the
research focuses on the devices applied to sports, which are used to analyze the strength, flexibility and speed of athletes’
lower limbs, and generate sports evidence related to numerical data, so as to further analyze, explain and produce con-
clusive results. Electronic engineering performs all data processing similar to electricity, thus defining a part of wearable
design for adaptation during physical activity. In the field of programming, system engineering is very important for the
data conversion of sensors and the representation of these data in a way that people can understand. This new technology
allows the generation of a wide variety of data, but integrates multiple disciplines at the same time. With the under-
standing of sports, people will test the complex problems around the human body and how to correctly explain the results
of clothing elements that can be designed technically.

Keywords: Internet of Things; wearable; electronic devices; microprocessor; multitasking; smart watch; health monitor-
ing wristband; wearable; wearable technology; GPS sneakers

from these new technologies which are considered
to be portable electronic devices embedded in some

The techno|ogy in wearable components is part of an individual’s bOdy These devices have
gradually increasing, enabling us to take actions  sensors that can calculate data, such as meas-
thatdecades ago or even in recent years could not ~ ure brain waves or the number of daily walks, a
have been imagined. Wearable devices are generated ~ Person’s sleep. Wearable technology mainly focuses

1. Introduction

ARTICLE INFO
Received: January 4, 2022 | Accepted: February 20, 2022 | Available online: March 11, 2022

CITATION
Herné&ndez AL, Barrera Corté& MC, Avila Baréa A, et al. Competitive advantage of wearable technology in sports training. Wearable
Technology 2022; 3(1): 47-55.

COPYRIGHT
Copyright © 2022 by author(s). This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), permitting distribution and reproduction in any medium, provided the original work is cited.

347



Competitive advantage of wearable technology in sports training

on monitoring a person’s physical activity for med-
ical care, but there are several wearable electronic
devices with various functions on the market, some
of these are: Pebble, Fixbit, Google for android wear,
Jawbone. Among the different types of wearable
devices that may exist, the most used are:

-Wearables for sports: They measure biological
variables, most commonly heart rate and calories
consumed.

-Wearables for health: They are the ones thatmonitor
medical variables such as glucose, blood pressure
and cholesterol.

-Wearables for daily use: They speed up daily activ-
ities, allowingvarious functions such as voioce
recognition.

2. Current situation of wearable
technology

The emergence of internet and the development
of new technology make it possible for clothing
elements to establish communication with public or
private databases, which is an important way to es-
tablish man-machine relationship; allowing tohave
different devices in our daily life to promote differ-
ent tasks and improve the quality of life. Therefore,
the Internet of Things (loT) has consolidated the
technological progress for the monitoring of mi-
cro-integrationwearable devices, miniaturized digi-
tal components that can be carried without being
perceived, and at the same time contain communi-
cation interfaces.

The technology began with abacus rings made
in China in the 17" century. In 1961, a group of MIT
students built a computer inside a shoe in order to
cheat in a roulette wheelinLas \Vegas casinos. Fol-
lowingto this appears Steve Mann, the predecessor
of Google Glass. He is recognized as one of the
leaders in the field of wearable computing™.

At present, wearable devices can be found in
different fields such as health, safety and sports in
the global market. Google has launched a new in-

novative product on the market, called Google
Glasses, which is controlled by voice commands and
provides a screen that displays the information re-
quired by users. The tool also allows you to capture
images and record video in high definition.

In the medical field, wearable elements with
sensors are being developed to monitor the glucose
level of diabetic patients and control diabetes by
automatically injecting the required amount of insu-
lin, so as to obtain the general health data of patients.

2.1. Projectionof wearable technology in
Colombia

The internet and other information and com-
munication technologies have contributed to social
growth and connectivity between cites in the country.
Although government agencies such as Colciencias
try to promote the implementation of technology
projects, the investment impact of encouraging re-
searchers to develop projects that directly combine
engineering and health is not extensive. However,
the application of wearable technology in colombia
has begun, as described in search on the Publinde
platform[@. The competition of large international
research groups in providing wearable technology
devices is obvious. This statement is based on rele-
vant publications, and then the feasibility of putting
the theoretical model into practice and commercial-
ization. Some previous theoretical suggestions are
now easily related to early entertainment applica-
tions, which are realized through bracelets or mon-
itoringwatches called “smartwatch”.

By searching on the Publindexplatform 21, with
the search formula: Wearable Technology, the fol-
lowing is related publication:

Magazine: Electronic Vision, publication title:
Wearable device with frozen gait of parkinson’s
disease in 2019. According to Publidex, in Colombia,
the proportion of articles published under the con-
cept of wearable technology is very low, because
some categories are related to other similar search
criteria and belong to the scope of engineering and
health science keywords. Although the Publindex
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database does not provide information with biblio-
graphic analyzer functions such as SCOPUS or Web
of Science, it allows us to observe some topics re-
lated to the proposed topics, which focus on the
regional background.

3. General query in database for
wearable technology

Quering in SCOPUSE4 by searching for
wearable and technology, we found that China and

the United States are the countries that have most
publishedon wearable technologies, followed by the
United Kingdom, there have been a total of 28,874
articles related to this topic.

With regard to the number of publications and
their publication dates, we can note that the number
of publications increased between 2012 and 2014.
As a background, it can also be said that this is the
result of the rapid development of technology and
the increasing number of researches.

1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020

Year Documents Documents by year
R 5K
2020 1622 i
2019 4295 i
2018 3997
% 3K
2017 4224 z
(=)
Q0
o
2016 3250 K
2015 2760
1K
2014 1067
2013 597 0
2012 409

Year

Figure 1. Matching search of wearable technology.

Source: SCOPUS

It can be seen from Figure 2 that the relation-
ship by the type of topics is also growing, that’s to
say that, if we talk about health technologies in 2011
and 2012, an ascending curve begins that identifies
the starting point of the interest of researchers, for
they show their results with the publication that re-
late each line and work theme. We can also discuss
topics related to wearable technology, such as arti-
ficial intelligence and computing science applied
for bioengineering.

From the author’s relevant search, we can find
that Wang ZL in China is the most published author
on wearable technology, followed by BeniniL. From
the origin of the authors in Figure 3, some of them
are of oriental origin, which leaves a picture and
imagination for the readers of this article, that is,
where may be the largest production place of wear-
able technology now and in the future.
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Source: SCOPUS

means you can wear it. Wearable technology is de-
4. Wear_-able teChnOIOQy and weara- fined as an electronic device designed to be wearable
ble devices as any supplementary element in clothing or acces-

sories.
The concept of “wearable” can be translated

into “wearable”, “dressable” or “usable”. That
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At present, the abbreviation WT is used for
“Wearable Technology”, and relevant devices WD is
used for “Wearable Device !,

Wearable technology can perform various tasks
performed by computers and mobile devices, but this
technology is more complex because it uses sensors
that can interact with users and their environment.

An important feature of wearable technology
and wearable devices is their wireless connection
ability, which enables users to always obtain re-
al-time information.

The purpose of wearable technology is to ac-
cess electronic devices in a stable, easy to access,
transparent and innovative way in people’s daily life.

4.1. Terms related to wear resistance tech-
nology

The following is a list of terms related to WT
and WD and other terms that refer to other concepts.

Tech togs: Refers to clothing elements
with built-in technology, allowing connection.

Fashionable technology: Technology of fashion,
which is considered to be an element of tech-
nical clothing, but is more inclined to design
and appearance.

Fashion electronics: Electronics of fashion,
which is similar to the above concept.

Soft circuit: Refers to the use of soft materials,
such as conductive fibers, using circuits and
sensors as clothes.

E-sewing: Electronic sewing, which refers to
the concept similar to the above, that is, using
conductive wire instead of textile thread to
manufacture clothing.

E-textile: Electronic clothing. This term refers
to clothing with embedded electronic devices.

Ubiquos computing: Ubiquitous computing,
refers to the operation of executing wearable

o7

technology to obtain the basic functions of the
computer, no matter where or when the com-
puter is located.

DIY wearables: Homemade devices. This term
refers to devices specially designed to load
them and perform functions during data collec-
tion, connection and other operations.

4.2. Wearable technology attributes

In his article® in 1997, Steve Mann proposed
eight basic attributes that a specific device must have
in order to be regarded as wearable technology:

Constant: It may have some kind ofsleep
mode, but the device must be awake.

No restrication for the users: Users may be
performing different activities, and the he
himself should not interfere.

They do not monopolize users’ attention: Using
it should not isolate users from the outside
world.

User observation: can be configured to generate
notifications or alerts.

User controllable: the user can fully control the
equipment at any time.

Pay attention to the environment: Environ-
mently friendly.

Communicating with others: It can be used as a
medium of communication or expression at any
time of need.

Personnel: It can only be controlled by someone
other than the owner. If the owner authorizes it,
it must be inseparable from the body.

4.3. Advantages and disadvantages of
wear-able technology

Wearable technology aims to make full use of
all the advantages of technological progress in recent
years.
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Wearable technology aims to improve the
quality of life of anyone who decides to use
it, because it is not only suitable for the con-
sumer market, but also focuses on the fields of
medical treatment and nutrition.

Using wearable devices to store information, in
addition to transmitting and processing infor-
mation, it also allows to store local information
or perform real-time synchronization on the
network and other devices.

Low radiation because these devices are char-
acterized by very small size and produce less
radiation than other portable devices.

It has multiple application fields, because
wearable technology uses the latest technolog-
ical innovation, which helps it occupy a lot of
space in the market and generate competition,
thus contributing to the improvement of prod-
ucts.

Multi-sensor devices, such as the well-known
wearable technology, are also characterized by
obtaining real-time data to produce continuous
measurement of measured parameters.

It is transparent to users. Because wearable
technology has the great advantage of interac-
tion between users and real-time environment,
the system will act as a hands-free device.

Compared with mobile phones or tablets,
wearable devices have lower weight and have
no weight problem.

Combined with fashion, wearable technology is
characterized by the combination of fabrics and
fashion items designed for wearing, so that this
technology can be combined with our clothes.

Wearable devices with high configuration level
have the advantage of high configurability, al-
lowing users to change various parameters by
enabling or disabling functions, so as to allow
the presentation of data.

—  The exclusion of technology and the ignorance
of society about this new technology show the
natural exclusion of change.

—  Privacy, information that users don’t know what
they do with is unsafe.

—  Due to technology dependence, users may re-
fuse to use these devices for fear of technology
addiction.

— Distrust. If you use any of these devices to
provide users with incorrect or incomplete in-
formation, you will have distrust when you use
the device again.

—  Due to the lack of practicability, users may not
see the functions of these devices because they
find that this new technology has nothing to do
with their daily life.

—  Lack of consistency, if users intend to use this
device occasionally, rather than as a necessary
use in daily life, they will find how useless it is.

— High prices, the high prices of these devic-
es, because of their innovation, make the public
see that it is too expensive to reach their market
consumption.

—  Battery duration and charge, these devices show
good charging duration, although they are small,
and considering that they need a continuously
activated interface.

— Due to the problem of heat dissipation, many
devices are heated due to long-term use, which
limits their durability and practicability.

4.4. Application of wearable technology

Accessories and complements: Watches, rings
and bracelets that are activated by identifying fin-
gerprints. These devices store information in peo-
ple’s daily lifel®, as shown in Figure 4: Heart rate,
mileage, sleep time, accelerometer and gyroscope
information.
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Figure 4. Accessories and complements.

Source: author

Safety: Wearable technology aims to greatly
improve work safety. At present, a fire helmet
is being designed to monitor oxygen level and tem-
perature so that the users capable of withstanding in
the event of a fire. In addition, it is equipped with
GPS to locate users in the user’s location.

hybrid tracker

Figure 5. Security.

Source. website: https://blue2310.tistory.com/1462

Textile industry: Clothes that can measure
the baby’s body temperature and send an emergency
message when it exceeds normal body temperature.
The utility model relates to a sportswear, which
provides support for users to perform the appropriate
movement for a certain sport
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6. Textile industry.

Source: website. https://url2.cl/Ifsnb

Fashion: Design clothes that can shrink or
move to avoid users’ replacement, so as to save time;
discolored clothes, built-in energy-saving solar
panels to ensure that smartphones will not run out
of batteries.

> 400

Figure 7. Fashion.
Source: author

Drugs: Although more research is under way in
this field and many devices have not been imple-
mented, wearable technology has completely
changed this field. For example, a sensor capable of
controlling the glucose of diabetic patients has been
developed so that the electronic distributor can inject
the precise amount of insulin required by patients.

4
Ly

Figure 8. Drugs.

Source: https://lwww.dispositivoswearables.net/

5. Discussion

According to the number of papers published so
far, it is worth noting that the publication rate of
papers has increased since 2012, but the papers di-
rectly related to computer science, artificial intelli-
gence and electronic progress reached the highest
level in 2015. Since then, the number of publications
has increased. In the past five years, the output has
increased, showing an exponential curve in some
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cases, in 2019 and 2020. It has been published the
most in recent years.

Through the investigation of the current situa-
tion of wearable technology in the world and con-
sidering the different applications provided by
wearable technology, this is the starting point for
starting the theme that has not been fully explored.
Therefore, the theme is to implement devices ori-
ented towards monitoring in the human body
through wearable technology, which allow to un-
derstand the movement of lower limb joints, gener-
ate physical activity records, and analyze flexibility,
strength and speed variables®°l,

Through the exploration of this paper, the im-
portance of the contribution of the field of health and
engineering to the development of new equipment is
explained. Based on this observation, the strategic
need to combine three different knowledge sectors
was identified, namely: System engineering, elec-
tronic engineering and sportsf*'l. Now the discipline
of Santo Thomas University focuses on the research
and development of new wearable technology de-
vices.

6. Conclusions

The research carried out enables people to un-
know and understand the progress made by wearable
technology over time and its important applicability
in the daily life of a new generation, so as to build a
productive and integrated society. On the other hand,
it was pointed out that despite the wide range of
applications of these technologies, many innovations
had not been carried out as expected due to the ad-
vantages and disadvantages of their implementa-
tion, but the implementation of these technologies
was being sought to expand career and job opportu-
nities and promote activities in the health sector.

The research scope of wearable technology is
very wide, which has been proved by many publi-
cations in recent years. Most publications are inter-
ested in business trends, which open the door for
research and publication in the field with more ac-

o4

ademic background and more in line with human life
needs. If social methods can be adopted in this field,
they can improve people’s quality of life.

Physical culture and sports are the areas where
wearable technologies are applied and used most.
Despite this reality, there are still a large number of
publications dealing with applications in use and
commercial applications. The research group has a
lot of room for work. They hope to continue to make
new suggestions related to such technologies and
establish new publications with different focuses on
this subject.
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ABSTRACT

Infant crawling is a method to discover and learn its motor, cognitive, social and emotional functions. Therefore,
infants face different risks, such as falls, burns and personal injuries. The most common is that the family is the place
where the main event occurs. Therefore, the focus of this research is to develop the embedded system inside the intelli-
gent textile to realize the early warning and prevention of accidents. The system is located in a clothing harness with a
crawling knee pad connection including a magnetic sensor. These devices are responsible for detecting security tapes
previously placed in the most dangerous location in the home. Therefore, the system gives an alarm with a response
time of 7.6 seconds after activation.

Keywords: intelligent textile; magnetic sensor; Internet of Things; infant accidents; Arduino

The World Health Organization (WHO) defines
1. Introduction an accident as: “Accidents, usually unfortunate or
harmful, independent of human’s will, are caused by
Crawling is the displacement of infants through  external forces acting quickly, manifested as organ
quadruped posturest. This exercise enables infants  gamage or mental disorder”™8. According to
to gain experience of motor maturityl. As a stage Mizhquero and Mindal™®, 54% of accidents of
of exploring and learning spatial concepts, they  children under 5 years old occur at home. The most
cause changes in infants’ perception, cognition,  common accidents include drowning, falling, poi-
language, society and emotion™. In this way, infants  soning, burns, physical injury, ingestion of for-
can experience their own movement to begin inde-  gjgn bodies, toxic substances”, etc. The kitch-
pendence®. According to Garc®, et al, in-  en, bathroom, bedroom, living room and garden are
fants begin the crawling phase at 5 months, while  the most accident prone places®o.
Oldak-Kovalsky, et al.*%! takes 7 to 10 months as

their initial phase. Therefore, from this stage, the In 2010, the Saint Vicente de Paul Hospital in
possibility of accidents is greaterf!. Ibara, Ecuador recorded 5,166 family accidents, of
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which 494 involved children under the age of 5.
Among them, 422 cases were aged between 1-4
years and 72 cases were aged between 0-1 yearsl’],
Documented care and hospitalization included
fractures, falls, burns and poisoning, mainly men.
These accidents are common among children be-
cause they are curious about the world around them.
Therefore, risk prevention is very important to re-
duce such accidents.

Generally, there are various electronic security
systems, which are mainly responsible for prevent-
ing or combating accidents such as home theft and
fire, but it is not common to focus on protecting the
safety of infants in the crawling stage, but there are
various basic auxiliary devices on the market to help
to take care of infants at home, including safe-
ty barriers, plug covers, sliding door guards, among
other things, but in many cases, they are insufficient
in the face of many dangers and lack other supple-
mentary functions.

In view of the above, the purpose of this study
is to provide input for the prevention and reduction
of accidents of crawling infants, and it is suggested
to develop an electronic security system on Arduino
platform to warn the responsible person of infants by
triggering an alarm reaching the mobile device.
Similar work, Godoy, et al. and Rosero, et al.[?4
provides electronic system solutions, but not for
infants.

The second section introduces the methods
and materials used in this study, and the third section
introduces the results achieved. The fourth section
analyzes and discusses the main contents. The fifth
section puts forward the conclusions and suggestions
of this study.

2. Materials and methods

This section describes the hardware and
software resources used in this study and the corre-
sponding process of designing and building a pro-
totype safety system for preventing child accidents
in the crawling stage.

o7

These requirements are considered to ensure
operation and efficiency in protecting the lives of
young children, as follows: The response time for
immediate reporting of hazards is very short; The
coverage of the WiFi modem to be used; Proper
power performance, beautiful, easy to place, does
not interfere with the baby’s motor activities, except
as an independent and easy-to-use system.

2.1. Hardware components

All Smart clothing is a safety mechanism for
children under 18 months of age and consists of the
following components™:

—Lilypad Arduino control board: It main-
tains communication with sensors and usually un-
dertakes the control of system functions.

—NMagnetic spring sensor: It is connected to
the control board and starts as soon as it detects the
proximity of the tape that constitutes an obstacle to
the exit to the dangerous area.

—Magnetic tape: It is coupled to magnetic
spring sensors and has similar characteristics to
magnets. It is very suitable for changing the state of
the above sensors when approaching these tapes.

—ESP8266 WiFi module: Allow communica-
tion between the home wireless network and the
Internet of Things platform, so as to give an alarm
when the baby is in danger. It is configured as sta-
tion mode, allowing communication with any de-
vice from the Internet.

—IloT platform: Receive and store infor-
mation about all danger alarm messages provid-
ed by the communication block. The project coop-
erates with the open source thing speak platform],
which not only analyzes and displays Arduino,
rasperry and other components, but also promotes
cloud storage.

—IFTTT (If This Then That) notification
platform: It is installed on smart phones on An-
droid and 10S operating systems, promotes com-
munication with the Internet of Things platform
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according to received requests, and generates alarm
notifications when necessary or dangerous.

—System power supply: It includes a re-
chargeable battery to provide power for the whole
system. After proper design, it can provide system
operation within 10 hours.

2.2. System programming

The control board programming uses Ar-
duino’s own IDE (English integrated development
environment) and C language as the programming
language. Figure 1 shows the process of the con-

trol block performing different activities of system
operation, starting with initialization variables, li-
braries, serial communication and ESP-01 module.
If there is a connection error in the home WiFi net-
work, the system will report the error by activating
the buzzer. Otherwise, it will continue the process
of sending notifications and initiating data to de-
vices and applications that allow scanning the status
of magnetic reed sensors to immediately detect
proximity to tapes through the Internet of Things
platform, thereby alerting parents or childcare
workers to potential hazards.

Serial port initialization of
Cx serial port initialization

module ESP-01

}

Configure the connection between
ESP-01 module and WiFi network

Send notifications and system startup data
to configured devices and applications

ke

)

spring sensor

Scanning status of magnetic

J

h 4
Send alerts and data

notifications to the platform|

[

Activate network
error warning buzzer

YES ’

End

Figure 1. Process control board.

2.3. Construction of intelligent clothing

An important prerequisite for the proper op-
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eration of smart clothing is that the personnel re-
sponsible for crawling baby care determine the
dangerous area, because it depends on the location of
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the tape. If the baby is close to the tape, the tape will
produce activator when detected by the sensor. The
sensor is part of the knee pad and is connected to the
control board.

With regard to the communication of alarm
prevention, the system uses WiFi module through
serial communication with Arduino board to make
the system part of home and internet wireless net-
work, and stores data and alarms on the Internet of

Things website, which interacts with the push noti-
fication application installed on smart phone. The
construction process of smart clothing is described
in detail below:

Complete system connection circuit

Figure 2 shows the electrical connection dia-
gram of the control block, sensor, communication
and power supply of the whole system.

Power button

L]

Lipad aduino
board of directors

I
|
Lilypad Badge

Lithium battery

ESP8266
WiFi

Module

Buzzer

L.
-
=

@ @ @Sensores

Figure 2. Schematic connection of hardware components.

Integrated WiFi module and power module

Initially, a badge was made with Eagle software,
and its pin is similar to the LilyPad badge (Figure 3)
to sew it on the fabric through wires. The compo-
nents of the new board include: WiFi module, buzzer,

micro USB connector for charging, jumper con-
necting battery, switch button, resistance, led
charging indicator and rectifier diode of charging
circuit. The needles to be stitched are: RX and TX of
WiFi module, power supply (positive and negative)
and pin of buzzer.

Positive

Figure 3. Integrated board of WiFi and power module.
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Integrate components into fabric

All hardware (detachable parts) are made of
conductive materials. The buttons are integrated into
the garment nylon harness and extend the conductive

Cx Serial

1
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wire to the crawling knee pad where the sensor is
located, so as to trigger the alarm in case of danger.
In addition, it has an additional pocket behind the
removable part, that is, the back of the motherboard

(LilyPad and WiFi module), as shown in Figure 4.

"

Cinta
velcro

Extensiones:

Figure 4. Integrate components into garment harness.

Sensor installation

Sensors fixed to knee pads with elastic features
are placed in the lateral areas of the legs below the
knee because these areas are close to the ground
when the baby crawls, and this area helps to avoid
damaging the sensor when the baby moves.

Tape installation

As mentioned above, the tape is placed near
the dangerous area and kept at a careful distance so
that the baby caregiver has time to respond and ar-
rive at the scene. In order to determine the dis-
tance between the tape and the dangerous area, the
data in the climbing Evaluation Dynamic Model
were used to obtain the average climbing speed of
infants aged 8 to 13 months, which is 0.21 m/s. In
addition, the average time between triggering the
sensor and establishing communication with the
Internet of Things platform to send a notification
is 7.36 seconds. According to these data, the safety
distance is given by the principle of x = v * t, i.e.
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1.54 m.

Optimized storage of data in Internet of
Things network platform

The Internet of Things platform to use is thing
speak, which needs to create an account on your
official website to enable it. When working with the
security system, the platform will receive data and
store data when the sensor is started(*?l. The data is
sent to ESP-01 module (WiFi module) through
HTTP request. The information to be received
could be a value of 100 indicating that an alarm
has been activated and a value of zero as well as the
start of the system.

Notice

When the baby is close to the dangerous area, it
is alerted through the caregiver’s smartphone, which
corresponds to the alarm mechanism. Applications
used in mobile IFTTT work through links to the
Internet of Things platform. To access IFTTT ser-
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vices, you need to register from an official page or
even an application.

3. Result

The During the implementation, corresponding
tests were carried out to verify its function, including
the minimum safe distance for tape installation is
1.54 meters, away from the dangerous area.

The average system startup time of system
startup test with network speed of 2Mbps is 18.7
seconds, and the estimated alarm notification time
on tapes installed at different distances is 7.49 sec-
onds: It is 4 meters away from the router (stairs),
another 2 meters (bathroom), and the last 3 meters
(kitchen). It is further away. It successfully attempts
to send notifications at 13 meters in 6.8 to 7.8 sec-
onds. The notification text sent when the sensor is
activated is “alarm! Your child is in danger.”

The battery life is 12 hours and 10 minutes. It is
recommended to charge the battery 1 hour before
use.

The data is collected on the Thing Speak plat-
form, the system sends a O (zero) when the system is
started and 100 (one hundred) as an indicator that an
alarm has been triggered which immediately com-
municates to the caregivers’ cell phone via the
IFTTT platform.

4. Discussion

The intelligent system was evaluated in a con-
trolled environment and then in the actual situation.
The results showed that the average response time
was 7.36 seconds within 1.54 meters from the dan-
gerous area, which was initially considered prudent
so that the baby caregiver could reach the scene and
help the baby. It should be noted that the average
response time of the system depends on the Internet
connection speed, access point distance and wire-
less signal quality.

With regard to the possibility of affecting chil-
dren’s daily and normal activities, a flexible system
was considered in the construction process. The
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system consists of a standard seat belt that can be
adjusted to the average weight of infants aged 6 to
18 months, minimizing the possibility of affecting
children’s motor ability.

With the future work, it is expected that the
system will be able to expand its coverage through
machine to machine platform. In this way, the mo-
bile communication antenna can be used more
flexibly for communication.

5_. Conclusions and recommenda-
tions

Crawling is one of the most important stages
of infant development. It enables them to explore
and develop the abilities of movement, balance and
touch. Therefore, it is inevitable to restrict infants
from using this movement mechanism between the
ages of 8 and 13 months. However, there may be
dangerous environments or places at home, such as
stairs, bathrooms, kitchens, etc., which may become
dangerous. Therefore, the purpose of this study is to
help reduce the number of infant accidents by
warning and reporting that minors are approaching
an area defined as dangerous, and combining em-
bedded systems with textiles with the help of soft-
ware and hardware technical tools, Internet of
Things and reporting platform.

Hardware and software components are se-
lected from a set of similar tools, so the construc-
tion of the system needs to be evaluated and com-
pared in advance to ensure the performance and
efficiency of the system. However, for further work,
it is recommended to optimize battery consumption
and improve system response and communication
time.
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ABSTRACT

Technology offers many possibilities, but older people often do not fully enjoy these opportunities and are frus-
trated or afraid of these new devices. This has led to their gradual isolation in a society where different forms of com-
munication through the Internet and ICT are essential. In this article, we describe a study conducted during the anconeal
project, which aims to provide technical solutions for the elderly to provide autonomy and better quality of life in their
daily activities by integrating information and communication technologies. In order to achieve this goal, advanced
augmented reality (RA) technology and Internet services and mobile device interfaces specially designed for the elderly
have been developed. These technologies use the underlying structure of most home and geriatric care centers. We pro-
pose a prototype system composed of tablet computers and portable RA devices, and analyze the impact of society on
user interaction, as well as the evaluation of acceptability and usability. The assessment was conducted through focus
groups and individual pilot tests with 48 participants: The elderly, caregivers and experts. His comments concluded that
older people have a strong interest and interest in RA based nursing information and communication technologies, es-
pecially those related to communication and autonomy.

Keywords: assisted living; augmented reality; information and communication technology; media literacy; cognitive
stimulation; the elderly; learning

involves the cost of adapting to all these new habits

1. Introduction and practices (time, effort, etc.). In many ways, the
growth rate and the breadth of this change have led

Today, everyone agrees that we live in a de-  to the widening gap between social members, which
veloping society and rely more and more on new s difficult to adapt. Citizens aged 65 or over, that is,
technologies to promote this change. This continu-  the elderly, suffer because of the inherent limita-

ous change affects members of society because it tjons of the aging process. Stereotypes that link age
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to resistance to change and inability to learn new
strategies undermine their integration and quality of
life in a growing digital society. This raises a seri-
ous social problem, exacerbated by the trend to-
wards marketing to young audiences™ or focusing
on technically experienced users?l, and further ex-
acerbated by increased social isolation due to age.

According to the 2014 report of Eurostat®], the
number of elderly people in the EU has accounted
for 18.2% of the current population and is expected
to increase to 31.3% within 20 years. In particular,
Italy is the European country most affected by this
problem: About 250,000 Italians are affected by
Alzheimer’s disease and a considerable number of
dementia®, which highlights the need for continu-
ous assistance from nursing staff and ICT equip-
ment to such patients.

Contrary to some common beliefs, older per-
sons are aware of the importance and benefits of
ICT, regardless of gender or level of learning, as
shown by the studies of Agudo, Fombona and Pas-
cual. It was noted that ICT was mainly used for so-
cial and entertainment, such as connecting with
friends and family, or creating multimedia content.
In particular, older people are easy to accept multi-
media applications, such as video conferencing and
online video, to supplement their daily activities.

A new method of providing multimedia and
interactive assistive technology content is aug-
mented reality (AR). This method includes super-
imposing animation or image on the image taken by
digital camera. This technology is considered by
educational researchers as a very powerful interac-
tive tool® for visualizing complex structures(®, ed-
ucational games!” and design-based learning'®, thus
improving students’ learning motivation. Usually,
these contents are provided through subscription
stand-alone, tablet or mobile phone, and this func-
tion is integrated into some assistance systemsfl,
However, these technologies are accepted, as
shown by Hernandez et all*”, this is not a simple
usability or design issue: They should not be just
tools to replace lost things, but tools for personal

development.

An important observation in his work is that
the conclusion is that the adaptation of ICT to older
persons may be necessary, but this does not mean
that it is a sufficient condition to ensure their use of
technology. The device must be customizable,
modular and scalable, especially for the elderly
population with increasing individual differences.

Therefore, this flexibility to the personal needs
of the elderly is an important part of the design of
new technologies.

Computers and tablets require constant inter-
action and operation, which may not be enough to
provide convenience for the elderly™. The
six-sense project shows that using AR and a set of
camcorders and picoprojectors, realistic visual
tracks can be added to the user’s environment,
which is possible to interact with users. Advances in
AR and simultaneous localization and mapping
(SLAM) methods(*?! eliminate the need to introduce
AR markers and adapt the environment for their
use.

The purpose of the Nacodeal project ((Natural
Communication Device for Assisted Living) is to
develop a new elderly care system aimed at pro-
moting social integration through information and
communication technologies. It provides a boot and
communication service using two devices. The first
is tablet computer, which contains a specially de-
veloped software to meet the needs and require-
ments of end users. It can be customized and ac-
cessed by different types of users. The second is a
new type of Augmented Reality Technology™: A
portable device with picoprojector and built-in
camera, which uses the three-dimensional map of
the environment to locate and locate users and truly
project information (Figure 1).

Figure 1. Traditional AR (left) information is displayed on the
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screen. In fact, on the website (right), information is projected
and observed in the environment.

Using this technology, it is possible to create us-
er-friendly guides, so that your users can perform their
daily activities and access online services that are rele-
vant to them. In order to meet these conditions, the fol-
lowing requirements are formulated:

» The system needs to determine the user location and
equipment direction of AR in real time and automatically
display the content.

» It must be suitable for care and rehabilitation centers
without the need for complex infrastructure or expensive
equipment.

» Users will interact with the system through a mobile
interface (tablet) suitable for their cognitive level.

* It must be a bridge between ICT, end-users and their
families and caregivers without changing their daily lives
or reducing their mobility.

* You should change as few elements as possible.

These requirements cannot be achieved by WIFI or
RFID triangulation because they cannot provide precise
location and direction for portable devices, and the infra-
structure required in this case is complex and expensive
for most people.

* The visual slam/AR approach can meet these require-
ments by using components such as webcams and com-
puters.

In order to assess the effectiveness of the pro-
posed system, a study was conducted on voluntary
older persons, caregivers and experts in Italian care
centers to determine the benefits of social interaction
and desirable features in terms of content, function
and availability. The next section will outline the
auxiliary system and its details in the verification
process.

2. Design and verification methods

2.1. Auxiliary system

The system aims to take advantage of the re-
sources available in most homes and public places:
An open Internet access point. Its components are
divided into two categories: Remote infrastructure,
a web-based service used to manage the content of
the display system; local infrastructure, a device
installed in a medical center or home, and an inter-
face device that interacts with end users (Figure 2).

)
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Access pomnt l
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AR PC
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Figure 2. Design the experiment assistant system.

Content creator

(fanuly Doctoricaregiver)

The design of the system considers two main
roles: Content creator and end user. The content
creator is responsible for the creation and pro-
gramming of multimedia content, which must be
displayed by the auxiliary system. This person (or
group of people) can be a caregiver, doctor, family
member or behavioral specialist, and interacts with
the system via a web interface accessible through a
computer or smartphone. The end-user is the older
person, who is provided with the content via the
tablet and the portable AR device, called DC-PAR
(device with a pico-projector for augmented reality)
(Figure 3).

Figure 3. Interface devices: Tablet (left) and dcpar prototype
(right).

A key concept of this design is that neither
participant needs more knowledge than is required
to use other common household appliances. Content
creators must know how to navigate on ordinary
websites, how to create or edit digital photos,
presentations and movies, or at least how to play
existing content. End-users only need to have
a basic understanding of how to use the functions of
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tablets, and they can receive content through AR
without professional knowledge. In addition, due to
the capability of wireless devices, users should not
stay in a fixed place because of the requirements of
desktop computers. This allows you to complete
your daily life with minimal interference.

» Web interface and database. The main purpose of

the web interface is to make it easier for authorized
content creators to include multimedia content and
to determine where and under what conditions AR
content should be displayed. This information
will be stored in a remote database that will be ac-
cessed by local infrastructure components. Possible
services include: Personal agenda and timetable;
SMS, telephone, IP voice and online chat; newspa-
pers and magazines; memory practice and treatment
information; educational videos related to topics of
interest (cooking, handicrafts, etc.); maps, including
potentially dangerous advertising spots; content
generated by family members: Videos, photos, or
music.

Content creators can customize services ac-
cording to users’ needs and habits. In addition, each
field and its related services are designed according
to the user needs collected in the specific content
analysis*41l,

* Personal computer. The augmented reality PC is
a dedicated server connected to a wireless connec-
tion point. As the processing center of the system, it
is not affected by the weight, power consumption or
ergonomics of handheld devices. AR PC automati-
cally distributes video and audio content transmitted
to tablets and dcpar in real time, and monitors the
database at specific time intervals to collect planned
changes. It is also responsible for implementing
augmented reality algorithms, environment recogni-
tion and determining the direction of dcpar by pro-
cessing the data transmitted by the camera. Other
services, such as facial recognition or behavioral
analysis, can be included as software updates to
avoid hardware changes. The component is de-
signed to be highly automated and, like any other
household appliance, displays content when the
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power is turned on. In an environment with multiple
end users, such as a nursing center, the system
must be managed by an operator (such as a nurse or
geriatrician).

- Tablet PC. This is a commercial tablet with intui-

tive software and guidance assistance system,
which is built according to the guidance and treat-
ment standards in reality to help people with cogni-
tive problems. Treatment allows users to stimulate
them throughout the day through a continuous flow
of information related to their personal data, time
and space. It helps older people establish coherent
cognitive representations to better understand their
surroundings and their role in them[¢l, The software
interface is designed to simplify users’ navigation in
services and applications and constantly stimulate
users’ memory. Tablets contain four main applica-
tions: Calendar, conversation, games and enter-
tainment. Each area represents a specialized service
that promotes brain activity during use and helps
remember daily appointments and to-do items.

- DCPAR. The prototype is a portable device, in-
cluding an integrated camera, a pico-projector and a
transmitter. It is contained in a 10 <14 %3 cm shell
with a belt at the neck. Although this is a special-
ized hardware, low-cost components are used to
make it affordable. As a video input and output de-
vice, it transmits the environment displayed by the
camera, processes AR by PC, and preprocesses the
generated image. This allows the automatic display
of multimedia prompts related to the website. For
example, when the user approaches the stove, he
will issue a warning of potential risks. More practi-
cal content can be programmed, such as arrow
guidance mode, which can be adjusted in real time
according to the user’s position.

- Installation. The wireless access point and the AR
PC use the network available at the installation site,
and are placed in a position with good wireless
coverage. In order to make the recognition and lo-
cation algorithm of augmented reality work cor-
rectly, the three-dimensional map of the environ-
ment must be prepared in advance. This step is
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performed using specialized softwarel*3], which runs
on a laptop connected to a depth sensor (such as
Microsoft Kinect), which scans the points of inter-
est. The generated 3D map is stored in the database,
and the content creator can configure the program-
ming of RA according to the needs of users. Ac-
cording to the size of the scanning area, the scan-
ning process shall not exceed two hours. Once
completed, the attendance system can be used. Any
significant changes in the environment, such as
painting walls, moving or changing furniture, may
require rescanning because the positioning system
is based on visual reference.

2.2. User authentication

In order to correctly evaluate the proposed de-
sign, it is necessary to analyze its use in the elderly,
identify defects and deficiencies according to the
needs of the elderly, and determine its specific ben-
efits to daily life. Most importantly, in this regard,
one of the key contributions that needs to be ana-
lyzed is to reduce social isolation and improve so-
cialization, integration and interaction with older
persons affected by temporary memory loss. Taking
these factors into account, the trial was conducted
in group meetings and pilot individuals, nursing
homes for the elderly and health centres in the
province of Ancona, Italy.

The system verification phase with users is di-
vided into two phases: A focus group composed of
the elderly, nursing staff and experts (performance
test phase 1) and a conversation with the pilot indi-
vidual in the actual scene (performance test phase
2).

The first part of the test—A group meet-
ing—attempts to understand the views of older
people on the two components of the care system
through a focus group at each facility. The purpose
is to help older people access this new technology
and help them understand the services and applica-
tions included. These meetings can explain the
functions and characteristics of the equipment and
collect preliminary opinions. An expert group was
requested to assess these devices and their interac-

tion with older persons. As a non-medical preven-
tive measure, the system is not suitable for patients
with serious cognitive problems. In addition, the
clinical dementia score (CDR) scalel*” is used as a
reference in the participant selection process. These
tests were conducted for people with CDR 0 to
CDR1 (Table 1).

Table 1. CDR scale and related cognitive status

CDR scale Cognitive Definition
state
Normal memory, no memory loss or slight
No coanitive and inconsistent forgetting. People are com-
CDRO Y0 c0g pletely people-oriented and live inde-
impairment

pendently. Able to maintain social relations,
as well as intellectual interests and hobbies.

Mild forgetting, partial retention events, but
Suspicious  with good guidance ability. Slight difficul-

CDR 0.5 cognitive im- ties in solving problems and social relations.

pairment  Slightly affected and in need of help in fam-
ily activities and personal care.

Moderate memory loss, more sensitive to

recent events and interfering with the de-
velopment of daily activities. Moderate time

Mild cognitive  orientation difficulties and certain geo-

impairment  graphical orientation obstacles. Unable to
carry out daily activities independently. He

needs help with dressing and personal hy-

giene.

CDR 1
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Together with the focus groups, the experts
assessed the impact of the devices on social interac-
tion, and how each of the individual applications of
the system offered autonomy, well-being and hap-
piness. They also assessed which apps end users
liked best and how the use of social networks gen-
erated new interest among older people. Finally,
other aspects are evaluated, such as tablet availabil-
ity and the functions required in dcpar. The first
coordination group was established in chiaravalle,
located in La Ginestra nursing home, with 12 par-
ticipants, including the elderly, caregivers and ex-
perts. Seven volunteers participated as pilots and
two volunteers as observers. The expert group con-
sists of asylum coordinators, Alzheimer’s specialists
and operators responsible for recreational activities.

The second group is in Jesus, in Victor Eman-
uel Il sanatorium. The group consists of a larger
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group of participants, most of whom are simple ob-
servers (4 pilots and 8 observers). The care coordi-
nator, a member of the Alzheimer’s Marche Associ-
ation, a social health worker, two operators
responsible for recreational activities and a family
member of an elderly person assessed these devices
and their use.

The third focus group is located in the Visintini
care center in Falconara Marittima, which is dedi-
cated to patients with Alzheimer’s disease and Alz-
heimer’s disease. The focus of this group was to
assess the interaction of older people with more
serious cognitive problems, which was significantly
lower than that of the previous group. The team was
supported by the day center coordinator, psycholo-
gists specializing in cognitive impairment and cen-
ter volunteers.

The second test involved 13 pilots: 10 women
and 3 men, with an average age of 80.3 years. Their
physical and cognitive status varied: six of them
were in wheelchairs due to physical pain or illness;
There were 2 cases of mild cognitive impairment
(CDR 0.5 and 1), and 5 cases of physical and men-
tal health. All but three participants lived in the test
facility: One lived in his own house, and two lived
in the city center during the day, but returned to
their families at night (Tables 2 and 3).

Table 2. Phase 1 performance test—Focus group sessions

. La Emanuel Visintini Total
ginestra

Nursing Nursing Health

Install center  center  center
Total number of partici- 12 18 5 35
pants
-The elderly in the sec- 7 4 2 13
ond test
-Observers 2 8 0 10
-Expert 3 S 2 10
-Technician/Researcher 0 1 1 2

Table 3. Phase 2 performance test—Pilot individuals and CDR
status
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Laginestra Emanuel  Visintini  Total
Main users 7 4 5 13
involved
CDRO 2 2 0 4
CDR 0.5 3 2 1 6
CDR1 2 0 1 3
3. Results

3.1. End user response

Among the elderly who participated in the in-
dividual pill test, 30.8% completely relaxed during
the test and 30.8% fully relaxed, which means that
61.6% had a positive opinion. The rest (30.4%) felt
uncomfortable, although no one completely rejected
the device. This response is considered normal be-
cause this target group is unfamiliar and has a certain
degree of resistance to its use (Figure 4).

Comfortless
30.8%

308% Rest assured
'

* Comfortable enough

Figure 4. Focus group acceptance of equipment.

Most of the opinions collected after the tablet
test were positive. Almost all the elderly inter-
viewed felt ashamed and unsafe at first, followed by
curiosity and enthusiasm. Older people believe that
tablets are “a good tool to keep in touch with family
and friends” and that having a “simple visit” can
promote their “healthy and not lonely thoughts...”
Many of them, after initial resistance and fear of
novelty, learned to easily operate tablets and
DCPAR. Once you understand its functions, you
will show enthusiasm and willingness to learn more
about the functions it contains. This gradual partic-
ipation has led to positive cooperation, but it has
also produced two key problems: The problem of
equipment dependence and the treatment of nega-
tive reactions of the elderly, as well as the disap-
pointment after the test. Experts believe that the
problem of “addiction” is normal in this target
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group. They are usually lonely, have few social op-
portunities, or live in a monotonous life with few
cognitive stimuli, so they appreciate any form of
hint to exercise their memory.

« Tablet PC. According to the survey results, the
favorite service for the elderly is photo library
(46.2%), followed by video and television (23.1%).
The proportion of phones and Mensa Jeria and mu-
sic players is similar (15.4%). Participants are not
interested in other applications. In fact, they mainly
focus on content related to family and friends. Spe-
cifically, participants with cognitive problems felt
that the agenda was too difficult to use.

Participants wanted to improve photo albums
and music applications, especially in terms of music
volume (hearing problems) and image size (vision
problems). Tam Bién said they wanted more multi-
media content and a more intuitive interface in their
era (Figure 5).

Map Center 0
Chatonline ¢
Photos of relatives and friends

46,2
Newspapersand RSS 0
TV and video player "—_—————— 23,1
Music player FE—————— 154
Telephone and information ee=———15 4
Agenda 0

0

Figure 5. The preferred service among the services provided by
tablets.

10 20 30 40 S0

« DCPAR. In general, they find DCPAR bulky and
sometimes difficult to correctly understand its pur-
pose. Nevertheless, most of them can still use the
functions of tablet and AR with a high degree of
autonomy. In terms of its function, users are very
satisfied with the ability to show pictures and films
on topics of interest such as relatives or sports or
religion. The responsiveness of the device is con-
sidered to be sufficient by properly adjusting the
geometric environment of the projected image.
Compared with the difficulties encountered on tab-
lets, the most expected function of dcpar is that
family members actively view the content they
produce and use it as an agenda (Figure 6).
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= % Frequency

Games to improve memory FE_————————————— 478

Photos and videos of family members
On site guidance pumy 36

$6,5

Warning of potential hazards WES————— 21,7

Doctor app

Remember task and object location 521

IV
Weather forecast 39,1

0 20 40 60

Figure 6. Function frequency requested by DCPAR user.

An important problem related to equipment
ergonomics was found: The image quality was low-
er than expected due to the user’s posture and the
tilt of Pico projector. In addition, it is considered
uncomfortable because it is worn around the neck
and may increase the problems caused by osteoar-
thritis common in the elderly.

3.2. Caregiver response

Caregivers believe that the nursing system is a
good support tool, but it is still too complex to be
used independently by the elderly, especially if the
elderly have any physical or cognitive problems.
This view was supported by the subjects and their
families, who suggested improving some user in-
terface details, such as “keyboard size” and the full
participation of caregivers, “they must play a cen-
tral role in approaching the elderly and training in
the use of new technologies”. They also noted the
addition of exercises to promote partnerships be-
tween places and images as a means of stimulating
spatial perception in a facility or home environment,
and introduced the possibility of video chat with
friends and family.

Caregivers believe that the use of the proposed
system may vary depending on the use environment.
In the homes of the elderly, it helps to remember
appointments and events, as a barrier warning sys-
tem, as a reminder of the correct medication, as a
television system with its own social network, and
as a means of stimulating short-term memory and
user interest. In a care center, the system is im-
portant to improve the relationship between users
who use it as an entertainment device, remember
daily plans and time and activities, and it can also
help identify objects on the scene by associating the
names of RA projections.
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Nurses observed how users and nearby elderly
people appreciated DCPAR images. It was also
used as a tool to stimulate mobility in the elderly:
Subjects were pushed to the room of the scene for
investigation and often walked during the pilot test.
Due to the perspective, it is difficult to be used for
people with physical problems (such as the elderly
in wheelchairs) and it is difficult to wear it for a
long time. These are the weaknesses of the system.
In addition, it is recommended to rearrange the help
of caregivers or family members to manage ap-
pointments and user personal data in the online da-
tabase.

Finally, caregivers have found that the best
way to encourage the use of ICT equipment is to
approach gradually at an early stage with the con-
tinuous help of “coaches” (such as caregivers or
family members). This new technology approach
requires the participation of people in the user’s
circle because they are more willing to cooperate
with them than strangers. Another way to expose
the elderly to the system may be through recrea-
tional activities, such as educational games. Experts
involved in system validation believe that the el-
derly must participate from an early stage to avoid
their tendency to isolate themselves. It may be an
excellent tool for patients with Alzheimer’s disease
and contribute to non-drug treatment, although in
this case, the user needs the support of the operator.

4. Conclusions

The analysis of users’ needs and their ac-
ceptance of Pro technology solutions show how
important it is for the elderly to keep in touch with
others in order to actively stimulate their cognitive
function and avoid social isolation. In the prototype
verification phase, relational components have been
carefully considered to understand the actual value
of the technology under test and its ability to effec-
tively affect the market. The results show that most
elderly people want to participate in the digital pro-
cess, but pay special attention to their prior
knowledge and experience, which requires a deep
understanding of their learning time. Most of the
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difficulties encountered are related to the level of
internality and usability of the interface, rather than
people’s interest or understanding of ICT. This re-
inforces the view that “these older people need and
desire to learn, and they see this moment in their
lives, the moment when they are close to ICT.

Augmented reality technology provides auto-
matic context detection and real environment in-
formation input, which plays an important role in
the auxiliary system. Compared with tablet com-
puters, the system can interact with users autono-
mously and provides the concept of “personal sup-
port” to help users complete tasks, rather than
deviating from normal procedures when they want
to enjoy the benefits of ICT. This feature may im-
prove their mobility, and the information provided
to the elderly who temporarily lose the memo
will become an added value, or better “added” val-
ue, expressed in the most accessible channel for the
target group: The link between experience and im-
age. According to cognitive neuropsychologists, the
matching of auditory or written images and infor-
mation can promote and stimulate brain activity and
help the elderly maintain good memory for as long
as possible18l The analysis conducted in this
study produced some valuable information, which
is valuable for the design of AR devices for the el-
derly. Due to the participation of users and experts,
the prototype is too large and cumbersome. The de-
vice should be designed in a more ergonomic way,
and if it is expected to be used continuously and
continuously in the user’s life, it should have mini-
mal difficulty in projecting the image into the field
of view. In order to achieve this goal, the miniatur-
ization and ergonomics of portable electronic de-
vices should be further studied.

More tests are needed for older people living
alone. Their needs and views may be very different
from those of other people who often contact nurs-
ing staff, which is not included in our survey. At
present, we are conducting research with volunteers
in this situation to measure the possible impact of
the proposed system.
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It can be concluded that supportive technology
solutions are a step towards the introduction of ICT
to older persons and have a potentially beneficial
impact on their lives. Tablets and depart have the
potential to promote social interaction, virtually
stimulate cognitive processes, and improve their
self-sufficiency and quality of life. The system re-
fuses to become a simple tool to compensate for the
impact of information and communication technol-
ogies deemed unnecessary by older persons*%. On
the contrary, this technology has the potential to
complement the current stage of personal growth,
provide access to educational and entertainment
content, and enable older persons to avoid the im-
pact of social isolation by maintaining contact with
family, friends and society. Future research will
consider improving this technology to achieve the
following objectives:

* Ensure that elderly people living alone can keep
in touch with friends and family.

» Promote the autonomy of older persons through
educational content and assistance.

« By implementing a special care center in the sys-
tem to improve the sense of security and tranquility,
the center can provide rapid care.

With the “increase” of the elderly, it is ex-
pected that the integration of AR technology into
mobile devices will make their contact with ICT
and digital tools more natural and pleasant.
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ABSTRACT

In order to rapidly promote the application of wearable plantar pressure monitoring system, the physiological
structure of human foot, the source of plantar pressure and exercise step frequency are introduced. Based on the current
research status of wearable plantar pressure monitoring systems, the fabrication materials and response principles of the
fabric sensor-based integrated pressure monitoring socks are explored, the principle of selecting the features of the
wearable plantar pressure monitoring system and its application in the field of the pressure monitoring system is ex-
plained. The principle of selecting the features of wearable plantar pressure monitoring system and its application in fall
detection, foot disease diagnosis, and plantar pressure database are explained. Finally, we discussed the problems in the
industrialization of wearable plantar pressure monitoring system at this stage. The problems of poor material perfor-
mance and short wireless transmission distance in the industrialization of wearable plantar pressure monitoring systems
are discussed, and a better integrated system based on biomechanics, textile materials and electronic communication is
proposed. A better application prospect based on the cross-fusion integration of biomechanics, textile materials and
electronic communication is proposed.

Keywords: wearable; plantar pressure; pressure monitoring; flexible pressure sensors

disease assessment, disease severity determination

1. Introduction and other fields!'?. Plantar pressure measurement
systems such as pressure test plates and test benches,

Plantar pressure refers to the human body where the collected plantar pressure data are often
standing or in motion, the body weight acting onthe  yged in motion measurements and disease diagno-
ground through the foot, the ground will simulta- i34 These traditional pressure measurement de-
neously produce a force of equal size and opposite vices are large and inflexible and cannot meet the
direction on the sole of the foot, this force can be demand for real-time monitoring of plantar pressure.
used to assess the function and fatigue of the human On the contrary, pressure monitoring socks and

lower limbs, often applied in medical diagnosis, foot shoes are highly adaptable and have little space
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limitation, which can collect and analyze human
plantar pressure information in real time and provide
reliable data for gait research, footwear manufac-
turing, simulation robotics, and other fields. The
development of such wearable plantar pressure
monitoring systems covers several fields and re-
quires research and analysis based on biomechanics,
textiles, electronics, wireless transmission and other
disciplines.

In this paper, we analyze the physiological
structure of the human foot and the motion charac-
teristics of the foot from the perspective of biome-
chanics, and explore the sensing elements and
working principles related to plantar pressure mon-
itoring socks and plantar pressure monitoring shoes.
Finally, the research and application of wearable
plantar pressure monitoring system is discussed, as
well as the problems and development trend at this
stage.

2. Human foot movement mechan-
ics

2.1. Physiological structure of the human foot

The human foot consists of 28 bones with dif-
ferent functions, 33 joints, and more than 130 liga-
ments, muscle groups, and the nervous system,
making it a complex and independent physiological
systemP). According to the structure and function,
the bones can be divided into heel, tarsus, metatarsus,
phalanges, and arch, as shown in Figure 1. The
heel bone is large and is the main pres-
sure-bearing bone in the human body; the tarsus is
short and controls the turning and twisting of the foot;
the metatarsus is the main pressure-bearing bone and
absorbs and cushions the impact of the ground on
the bottom of the foot during movement; and the
toe bone is short and flexible and is the key to reg-
ulating the body’s balance!®. The arch struc-
ture between the metatarsal and tarsal bones is the
arch of the foot, which regulates body balance and
has three major functions: cushioning, transition,

and stirruping!”.
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Figure 1. Skeletal structure of human feet.

2.2. Plantar pressure comes

From the perspective of biomechanics, the
force situation and movement law of the organism
under the action of external and internal muscle
forces can be explored to better analyze the causes
and mechanisms of human plantar pressure. When
standing, in the vertical direction, the ground exerts
an upward reaction force on the sole of the foot, at
which time the plantar pressure is uniformly dis-
tributed on the sole of the foot, as shown in Figure
2(a). When walking, the body naturally leans for-
ward, the contact between the sole of the foot and the
ground is periodic, in addition to the vertical reaction
force, there is a horizontal force and friction, to-
gether to assist the body forward, at this time the
peak plantar pressure is concentrated in the meta-
tarsal region, as shown in Figure 2(b). When run-
ning, the feet alternately land on the ground, the
plantar and toe bone area when the sole of the foot
touches the ground pressure is the largest, as shown
in Figure 2(c). Regardless of the movement state of
the human body, by measuring and analyzing the
magnitude and distribution characteristics of plantar
pressure, the function of the skeletal and muscular
groups of the lower limbs can be assessed for the
purpose of preventing lower limb strain injury.
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Figure 2. Analysis diagram of human foot of force from dif-
ferent motion state.

2.3. Foot movement gait analysis

Gait frequency is the number of circulatory
exchanges between the left and right legs per unit of
time, and is an important object of study in the field
of bio motor mechanics, which affects the circula-
tory changes in plantar pressure. Jinman'® pointed
out that the frequency of human standing is 0 Hz, the
frequency of natural walking is 1. 7 to 2. 0 Hz, and
the ultimate gait frequency can reach 5.0 Hz. When a
person walks, the ground reaction force compresses
the plantar regularly, and the sensor of wearable
pressure monitoring system can receive the cyclic
stress of the plantar and output the pressure signal at
a certain frequency. The resilience of the material
can directly affect the accuracy of the pressure data,
therefore, when developing the wearable pressure
monitoring system, the matching between the re-
sponse frequency of the material and the human step
frequency must be considered to ensure that the
monitoring system can accurately collect the plantar
pressure signal and avoid the signal hysteresis phe-
nomenon.

3. Wearable plantar pressure mon-
itoring system

The early plantar pressure measurement
method is the footprint method, i.e., a person stands
on rubber, sand and other materials and leaves a
footprint, and the plantar pressure information is
analyzed by the morphological characteristics of the
footprint’®’. Currently, pressure monitoring socks
and pressure monitoring shoes have realized the
collection, processing and wireless transmission of
plantar pressure data. Their signal acquisition mod-
ules are all composed of pressure sensors, and the

7%

plantar pressure sensor is compressed by the foot
when walking, so that the electrical signal is gener-
ated instantaneously, and the electrical signal rapidly
decreases and tends to zero when the foot is raised.
The electrical signal generated by the sensor is pro-
cessed by noise reduction and other processes, and
sent by the wireless transmission module to the
terminal for visualization and numerical conversion
processing! %,

The main difference between pressure moni-
toring socks and pressure monitoring shoes is that
the former is knitted using a one-piece forming
process in which conductive yarns are interwoven
with ordinary yarns to form an intelligent wearable
monitoring system containing several pressure sen-
sor modules. In the latter, the flexible pressure sen-
sors are placed directly into the insole, and the signal
acquisition module and signal processing and output
module are connected through thin wires to make an
integrated intelligent monitoring system. The pres-
sure monitoring sock has a high accuracy of meas-
urement and can respond quickly to changes in
plantar pressure due to its better wrapping of the foot,
while the pressure monitoring shoe is more func-
tional and can be loaded with subsequent data pro-
cessing and output modules without affecting
wearing comfort, while achieving efficient data ac-
quisition and transmission.

3.1. Pressure monitoring socks

Pressure monitoring socks are wearable pres-
sure monitoring systems with certain mechanical
properties and pressure response performance by
integrating pressure sensor modules made of con-
ductive fibers or yarns into the characteristic loca-
tions of the socks, combined with signal processing
technology and wireless transmission technology.
The fabric sensor is the key part of the pressure
monitoring sock, which is woven by conductive
fibers or yarns according to certain laws, including
knitted fabric sensor and woven fabric sensor. Its
sensitivity is related to the type of conductive fibers,
the compounding method and the structure of the
fabric.
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Conductive fibers for textiles

Conductive fibers are fibers with resistivity less
than 1 x 107 Q-cm under standard conditions (tem-
perature of 20 ‘C, relative humidity of 65%)"".
According to the different conductive components,
they can be divided into metal conductive fibers,
carbon black conductive fibers and organic conduc-
tive fibers. Metal conductive fibers are made from
metal directly drawn into fine wires or metal parti-
cles coated on the surface of polyester fibers, such as
stainless-steel fibers,
Drawing method of metal conductive fibers pre-
pared by large mass, spinnability and poor dyeing;
coating method to prepare the fiber softness, spin-
nability is good, but the coating fastness is poor, not
resistant to friction and washing, so not widely used
in the textile field!'?l. Carbon black conductive fibers,
including carbon fibers, carbon black coated fibers
and carbon black composite fibers, have the ad-
vantages of high strength, good heat resistance, its
electrical conductivity is better than stainless steel
fibers, and can quickly dissipate the charge gener-
ated by mutual friction between yarns; however, due
to its dark color, poor dispersion ability and other
disadvantages, limiting its application in the field of

silver-plated fibers, etc.

textiles. Organic conductive fibers from conductive
polymers directly spun into filaments or composite
processing, common conductive polymers are pol-
yacetylene, polyaniline, polypyrrole, etc. Conduc-
tive polymers are coated onto the surface of ordinary
polyester fibers and made of composite conductive
fibers with good electrical conductivity, excellent
mechanical properties and stable chemical properties,
which have good prospects for application in the
field of functional textiles!'.

Fabric sensors

Fabric sensor is a sensing element that weaves
conductive fibers directly into a knitted or woven
fabric, using the resilience of the fabric to respond to
cyclic stress in different parts of the foot. When it is
subjected to plantar compression, the relative posi-
tion of the yarn is shifted, causing a change in sensor
resistance or capacitance as a response to external
stresses. The signal processing module converts,
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reduces noise and amplifies the data collected by the
sensor, and finally outputs the data to the PC for
storage and display in combination with wireless
transmission technology. Considering the conduc-
tive yarn as a wire, the conductive knitted fabric is
like a complex parallel circuit, and when the coil in
the fabric is deflected by the force, it causes a change
in the resistance of the circuit, as shown in Figure
311, Knitted fabric sensor resistance is calculated as:

Where: R is the resistance of the conductive
yarn, Q; p is the resistivity of the conductive yarn
(conductivity), Q-m; 1 is the length of the conductive
yarn, m; A is the cross-sectional area of the conduc-
tive yarn, m2. conductive yarn resistivity is certain,
its resistance is proportional to its length, and its
cross-sectional area is inversely proportional.

Figure 3. Equivalent circuit diagram of knitted fabric unit coil

The pressure response principle of the woven
fabric sensor differs from that of the knitted fabric
sensor in that it is based on the capacitor principle to
respond to changes in external stress, as shown in
Figure 4. In the woven fabric sensor, the 2 opposing
electrodes are composed of yarn, and the dielectric
tissue between the 2 electrodes is composed of an
outer insulating coating. When the fabric sensor is
compressed by an external force, the spacing and
relative area of the 2 electrodes change, causing a
change in capacitance. The calculation formula for
the capacitance of this type of sensor is:

Where: C is the capacitance of the woven fabric
sensor, F; ¢ is the dielectric constant of the dielectric
tissue; S is the relative area between the 2 electrodes,
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m2; d is the distance between the 2 electrodes, m.
When the dielectric constant of the dielectric tissue
is certain, the capacitance of the woven fabric sensor
is proportional to the relative area between the 2
electrodes and inversely proportional to the dis-
tance between the 2 electrodes.

Figure 4. Schematic illustration of woven fabric pressure sensor.

Li et al.l" prepared a pressure monitoring sock
containing three knitted fabric sensors by one-piece
forming process by using viscose conductive fibers

containing stainless steel particles and nylon, and
connected each sensor to the data processing
equipment by conductive fibers. When the fabric
sensor is subjected to a force, the fabric structure
deflects and springs back, which in turn causes a
change in the signal. On the contrary, woven fabric
sensors have less resilience, are less sensitive than
knitted fabric sensors, and suffer from signal hyste-
resis, making them unsuitable for application in
pressure monitoring socks.

In addition, polymeric optical fibers can also be
embedded into the characteristic parts of socks,
combined with acceleration sensors to collect sub-
jects’ motion information and gait!!®!, as shown in
Figure 5. Although the fiber optic sensor is small in
mass and responsive, it is difficult to control the
response to external environmental factors such as
temperature, pressure, and magnetic field during
human movement, so the fiber optic sensor is still
difficult to control in practical applications.

Figure 5. Pressure monitoring socks and pressure data.

3.2. Plantar pressure monitoring shoes

A plantar pressure monitoring shoe is a weara-
ble monitoring system that integrates information
acquisition module, signal processing and output
module into the shoe body. It can rapidly collect and
analyze the pressure data of human foot, and convert
the pressure data into visual images or curves
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through the digital-to-analog conversion program, so
as to analyze and evaluate the functions and force
characteristics of human foot, and finally achieve the
purpose of real-time collection and feedback of
human gait information. The structure schematic and
working principle of the foot pressure monitoring
shoe are shown in Figure 6.
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Figure 6. Structure diagram

Information acquisition module

The information acquisition module realizes the
acquisition of human plantar pressure signal by
embedding the flexible pressure sensor into the in-
sole. It is the key part of the wearable plantar pres-
sure measurement system, and the sensors used
should have good flexibility, ductility, repeatability
and stability, and should not hinder human move-
ment. Commonly used sensors include pie-
zo-resistive flexible sensors, capacitive flexible
sensors, and piezoelectric flexible sensors, which
convert pressure signals into output electrical signals
according to certain mathematical laws in response
to changes in plantar pressure!'®), and the response

principle of the sensors is shown in Figure 7.

Figure 7. Schematic diagram of three flexible pressure sensors.

Piezo-resistive flexible sensors under force, the
distance between the conductive particles in the
elastic matrix becomes shorter and charge transfer
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occurs, causing a change in material resistance, the
resistance changes with the magnitude of the exter-
nal forcel!”). The piezoresistive material used in pi-
ezoresistive flexible sensors can be fibers, yarns or
fabrics, so this type of sensor can be widely used in
the field of wearable technology. However, these
sensors need to be used in combination with signal
conversion circuits to convert resistance into voltage,
so they require high data processing equipment and
the circuit design of the system is more complex.
The composition of capacitive flexible sensors is
like that of woven fabric sensors, both containing
two opposing electrodes and a dielectric layer, the
electrodes can be yarn, fabric, metal sheet or con-
ductive film. Capacitive flexible sensor response
speed, high sensitivity, is widely used in clothing
touch technology (fabric keyboard); when the finger
in the “fabric keyboard” on the tap, slide, the fabric
sensor will generate an electrical signal in response

181 Piezoelectric flexible

to the “touch command’
sensors subjected to force deformation, will instantly
generate an electrical charge in response to external
stress, the typical piezoelectric material is polyvi-
nylidene fluoride (PVDF), the PVDF piezoelectric
sensor embedded in the insole, can respond to
changes in human movement underfoot pressure!'”.,
The piezoelectric flexible sensor has high sensitivity
and wide response range, and it is also widely used
in the field of cardiopulmonary detection, but its
charge is proportional to the sensing area, and when
the area is small, the electrical signal is weak, and a
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circuit amplifier needs to be constructed to process
it.

Signal processing and output module

The signal processing and output module is the
key to obtain stable and accurate pressure digital
signal for the plantar pressure monitoring system,
which consists of three programs: signal processing,
wireless transmission and data display.

The signal processing program includes signal
conversion circuit, filter circuit and signal amplifier.
Among them, the signal conversion circuit is appli-
cable to the plantar pressure monitoring system of
piezoresistive flexible sensor, which converts the
resistance signal into voltage signal according to a
certain law. The adjusted voltage signal is transmit-
ted to the filter circuit, which suppresses the signal of
high frequency by low-pass filtering and removes
the noise and clutter in the data. The noise-reduced
voltage signal is transmitted to the circuit amplifier
with the purpose of amplifying the weak voltage
signal in the same proportion according to a certain
rule for subsequent analysis?”. The multi-processed
signal is transmitted to the microprocessor for nu-
merical conversion, temporary storage and packing.

The wireless transmission procedure is imple-
mented by wireless Bluetooth or Wi-Fi, and the
wireless transmitting terminal sends the packaged
data to the wireless receiving module of the host
computer to complete the information transfer. The
data received by the host computer is stored in a
common database such as Microsoft Access or Mi-
crosoft SQL Server, and the data is uploaded and
updated in real time through the wireless receiving
module. Finally, the data display program visualizes
the data stored in the database. Firstly, the data
reading and writing program and the digi-
tal-to-analog conversion program are pre-designed
in the LabVIEW platform, so that the data in the
database can be transferred to the platform in real
timel?!, Then the data is visualized by the digi-
tal-to-analog conversion program and presented in
the form of graphs to achieve the purpose of re-
al-time monitoring of plantar pressure.
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However, there are still some problems in the
actual use of pressure monitoring shoes at this stage,
such as the small range of pressure that can be re-
sponded to and the short wireless transmission dis-
tance of data; at the same time, because the hu-
man body presents complexity in the process of
movement, the sensing module is not yet able to
collect the irregular movements of sudden changes
in plantar pressure such as bouncing and dancing, so
the improvement of the performance of the pressure
acquisition module and the realization of remote
transmission of data are problem that needs to be
solved.

4. Selection of feature locations for
foot pressure measurement

The pressure-bearing bones of the human foot
vary under different sports conditions, therefore,
when measuring plantar pressure, the plantar area
should be divided to facilitate the selection of ap-
propriate feature locations for the placement of
pressure sensors. The number and location of sen-
sors affect the accuracy of the data, such as the
F-Scan and Pedar pressure test insoles, which have
nearly 1,000 sensors embedded in each insole and
collect accurate pressure data. However, when the
number of sensors in a pressure monitoring system is
too large, the system load is too high, leading to
increased experimental costs and data redundancy.
Therefore, it is important to explore the principles of
selecting the location of plantar pressure features and
using the least number of feature locations to obtain
more comprehensive and accurate information.

In existing studies, the selection of plantar
pressure feature locations is usually based on phys-
iological anatomy or experimental experience, such
as selecting multiple feature locations in the insole to
place flexible pressure sensors, which are used to
identify the human body for normal walking or
weight loss walking; or dividing the plantar into
several regions to investigate the gait characteristics
of different people, such as patients with flat feet!?>
21 In daily life, foot movements are complex, and
the changes of plantar pressure under different
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movements must be considered when exploring
human gait information. Lin et al.**! put on plantar
pressure measurement shoes and used the “inverted
pendulum model” (under standing conditions,
the body swings back and forth to the limit position)
to measure the distribution of plantar pressure in
subjects, as shown in Figure 8. The experiments
showed that the main pressure-bearing areas were
the midfoot, metatarsal, and the limit areas (bunion
and heel); secondly, mathematical statistics and su-
perposition were performed to select the character-
istic locations of plantar pressure in existing studies,
and the five areas with the highest correlation were:
the bunion, the first metatarsal, the fifth metatarsal,
the lateral midfoot, and the heel. Therefore, when
measuring plantar pressure distribution, the bunion,
metatarsal, mid-lateral, and heel regions are set as
the characteristic locations to ensure the accuracy of
the data and to obtain effective gait information with
fewer characteristic locations.

Figure 8. Selection method and superposition processing of
feature position.

Currently, there are few studies on the selection
of plantar pressure characteristics, and there are two
main problems in these studies: (1) the distribution
of plantar pressure in different postures when the
subject is standing only, without considering the
complexity of human motion; (2) in the “inverted
the
and backward tilting movements are difficult to

pendulum model” experiment, forward

reach the experimental results were not accurate
enough.

5. Application of plantar pressure
monitoring system

5.1. Fall detection system
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A study showed that 30% of elderly people (65
years old and above) in the United States have one
fall per year, and 11. 6% of the total accidents in
Japan when elderly people are working in agricul-
turel?>2¢), therefore, monitoring the behavior of el-
derly people can provide timely rescue for fall ac-
cidents and effectively reduce the casualty rate. By
integrating flexible pressure sensors, axial accel-
erometers and other components into the sports
shoe body, a wearable fall monitoring system that
monitors the subject’s movement status in real time
can be made. The monitoring system initiates an
alarm when there is a sudden change in plantar
pressure and acceleration, and if the wearer does not
cancel the alarm within the specified time, the sys-
tem will automatically request a third-party platform
for timely rescue of the wearer!?”). Wearable moni-
toring system is a key research direction in the field
of sports monitoring, but due to the complexity and
variability of the wearing environment, the current
functions such as wireless monitoring and data re-
mote transmission can only be achieved in the la-
boratory with good results.

5.2. Diagnosis and treatment of foot disease

The prevalence of diabetes in the elderly con-
tinues to rise worldwide, with a prevalence of up to
20% in those aged 65-76 years or older, and 2011
data from the U.S. Department of Disease Control
and Prevention show that about 8.3% of Americans

have diabetes*%°

1. The plantar pressure distribution
characteristics can effectively reflect the degree of
foot ulcers in diabetic patients, and the use of pres-
sure monitoring systems to determine the plantar
pressure data of diabetic patients can provide scien-
tific assessment of their stress conditions, which can
provide reasonable treatment plans and take scien-
tific and effective protective measures. The plantar
pressure distribution characteristics of diabetic pa-
tients and healthy people when walking are different,
and the main pressure-bearing area of the plantar of
the former gradually shifts from the heel to the
metatarsal, increasing the probability of ulcers in the
metatarsal region®”; therefore, pressure-relief in-
soles can be developed according to the plantar
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pressure characteristics of diabetic patients to reduce
the peak pressure and the incidence of plantar ul-
cersPl,

5.3. Plantar pressure distribution character-
istics database

Gait is an individual-specific behavior and a
highly distinguishable biological characteristic(*?],
and its main parameter is the plantar pressure dis-
tribution characteristics, which can give feedback on
the force characteristics and personalized features of
the human foot?®*¥. A plantar pressure distribution
characteristics database is a data processing method
that collects a large amount of plantar pressure data,
and stores and manages them. The wearable plantar
pressure monitoring system can collect a large
amount of plantar pressure information and establish
a feature database to solve the problems of lack of
pressure data, regional variability in pressure dis-
tribution features, and difficulties in sharing data
resources. Gait feature recognition, as a biometric
technology, can be applied in criminal investigation,
where the unknown footprints are compared with the
data in the database to analyze the individual char-
acteristics of foot printers, which can improve the
efficiency of investigation®*. In addition, plantar
pressure data can be applied in the research of hu-
man body posture correction!**, disease treatment*®
37, intelligent prosthesis®®, and other fields.

6. Conclusions

The wearable plantar pressure monitoring sys-
tem is a fusion of plantar pressure measurement
technology and textile and apparel field, which col-
lects plantar pressure information through sensing
elements and sends it to the host computer by com-
bining signal processing technology and wireless
transmission technology, and can provide real-time
feedback on plantar pressure information. Therefore,
wearable plantar pressure monitoring systems are
widely used in human motion research, footwear
manufacturing, intelligent robotics, disease moni-
toring and diagnosis. At the present stage, wearable
plantar pressure monitoring system still has prob-

lems such as signal response lag, short material life,
small pressure response range, and short wireless
transmission distance, etc. Therefore, at this stage,
the wearable plantar pressure monitoring system
needs to be solved by enhancing the material per-
formance and wireless transmission technology in
order to promote its development in the direction of
industrialization.

With the development of wearable technology,
wearable pressure monitoring system can be applied
not only in manufacturing and medical fields in the
future, but also help the process of artificial intelli-
gence and digitization of human body information,
which has good application prospects.
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ABSTRACT

This article describes the research that leads to the development of a wireless optical device capable of generating
vibrotactile mechanical stimuli at different points on the skin and at desired frequencies by means of sixteen actuators
contained in a portable bracelet designed for any extremity of the human body. This prototype allows control over each
actuator used as a stimulation point, actuated independently by wirelessly transmitted commands to a rechargeable stand-
alone control system in the bracelet. Usability tests were carried out, with respect to tactile perception, which proved the
correct functioning of the device. In perspective, the development, after a variety of validation tests with a large sample
of patients with and without neuropathy, aims at creating a database to be used as set point values in front of these patients
with the expectation that the system will also be used in patients with movement deficits, and employing tactile perception
as a psychomotor stimulant in the execution of motor activities.

Keywords: motion deficit; tactile perception; tactile feedback.

it is necessary to initiate a rehabilitation phase which
1. Introduction requires different stages and methodologies with
long assistance times, so that patients tend to aban-

Owing A motor disability in a person can be don the procedures, leaving the recovery treatment
caused by different reasons, mainly by accidents of  ypfinished.

different types or by diseases or neuronal lesions that,

in one way or another, partially or totally paralyze In addition, there is a continuous worldwide
the movement of the upper and lower extremities of ~ growth in the number of patients in need of rehabili-
the human body. When this type of disability arises, tation therapies, which has increased the pressure on
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health systems and, consequently, the reduction of
time and resources available for treatment.

Regarding rehabilitation, it is often a tedious
and lengthy process that can even last for months,
even if several sessions are performed per week; it is
carried out through recurrent visits to rehabilitation
and physiotherapy centers at home, involving valua-
ble human resources!t'). Under these considerations,
it is essential to investigate more effective ways of
performing therapies, so following a technological
approach is very promising. In the above sense, tech-
nology and robotics currently offer users a multitude
of advanced devices oriented to research, science, in-
dustry or entertainment, capable of simulating with
great realism different haptic sensations (propriocep-
tive, tactile and vestibular). Such devices are charac-
terized by providing physical contact between the
computer and the user, as well as force and tactile
feedback to the subject interacting with virtual or re-

1231 These advanced devices are

mote environments
able to make the user believe that they touch or col-
lide with virtual, solid or deformable objects, they
are also able to provide different haptic textures de-
pending on the type of surface of the object (rough,
smooth, frictionless, sticky, penetrable, among oth-

ers).

On the other hand, research on the use of robotic
and virtual reality technologies in patients with neu-
romotor deficits has been widespread in recent
years*31. Although the results reported in the litera-
ture seem promising, and their potential benefits ex-
tend to diverse patient populations, their application
is strongly restricted to large-scale regional hospi-
tals, but very limited to local physical therapy clinics,
and they are practically unavailable for home train-
ing programs!®l.

This has motivated the recent growth of virtual
reality applied to serious video games for rehabilita-
tion; such games have a potentially high impact due
to their easy distribution, their applicability to a
wider range of motor disabilities, and their potential
for assigning “high-dose” and “high-intensity” train-
ing protocols!”*. However, despite the extraordinary

technological improvements in this field, much re-
search remains to be done. Among the problems to be
addressed are: (a) the absence or limited possibility
of sensorimotor feedback in the form of tactile con-
tact; (b) limited interaction schemes, mainly oriented
to very generic tasks involving reaching and hitting
mobile virtual objects, which are still far from pa-
tients' real-life situations; (c) limited realism, gener-
ally focused only on visual aspects, but without con-
vincing physical realism, which limits the possibility
of assigning progressively more complex functional
motor tasks requiring greater fine dexterity; (d) many
systems are generic, but not focused on specific
drugs; (e) poor understanding of the role in recovery
of assigning different levels of therapy difficulty and
especially how to assign the optimal dose, according
to the clinical and personal conditions of the patients;
(f) the reduced validation and extensive clinical eval-
uation in controlled studies of many systems; (g) the
need to understand the relationship between the char-
acteristics of these types of systems and their impact
on patient recovery.

The use of virtual reality and mobile computing
technologies in rehabilitation systems, affordable in
local or home environments, is also currently feasi-
ble; however, such systems have the important limi-
tation of lacking motor actuation and control capa-
bilities because they are not integrated with any
robotic system. In order to provide feedback to the
patient on their performance/errors, it would be ben-
eficial to provide haptic feedback in such virtual re-
ality systems during training by introducing the
sense of touch into the multisensory feedback loop
and augmenting the visual and auditory channels®.
Furthermore, having the tactile sensation of touching
virtual objects-in addition to audio and vision-could
play a major role in assisting in the process of re-
learning manual movement control skills in patients;
Therefore, the integration of portable devices capa-
ble of providing haptic feedback is important, alt-
hough this has received little attention from the sci-
entific community - resulting in a precarious
literature—but it has gradually begun to arouse more
and more interest.
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The paper is structured as follows: first, the ma-
terials and methods for the development of the wire-
less vibrotactile haptic feedback system (DRHVI)
are established; then, the proposed DRHVI is de-
scribed in detail; subsequently, the usability tests of
the device in three types of experiments with a
healthy person without motor disability or sensory
deficit are exhibited; then, the results of the valida-
tion of the DRHVI are shown and discussed; and, fi-
nally, the conclusions of the research are shown.

2. Methodology and materials

In accordance with the above motivation, a
DRHVI was developed that, when used together with
complementary systems, could serve as a basis for
future research in the area of assistance in the execu-
tion of motor rehabilitation activities. The DRHVI
prototype is composed of three systems: mechanical,
electronic and user interface. Six phases were estab-
lished for its design and development: (a) character-
ization of the actuators; (b) selection of the electronic
control device; (c) selection of the type of communi-
cation; (d) design of the power supply system; (e) in-
tegration of the system to perform sensory validation;
(f) validation of the vibrotactile flow.

As aresult, it was established that the hydraulic
feedback system consists of sixteen vibrotactile ac-
tuators (minivibromotors), which can be driven ran-
domly or precisely; also controlling the number of
motors to be operated and their different frequencies
independently.

The control is performed remotely with a sys-
tem that establishes the communication through two
Xbee modules, where one module works as a trans-
mitter (Tx) connected to the central control equip-
ment, equipped with a graphic user interface able to
send commands wirelessly to the other receiver mod-
ule (Rx), connected to a control system that inter-
prets this command to generate PWM signals to the
different actuators, regulating the vibration levels by
increasing or decreasing the pulse width. Subse-
quently, all the elements that make up the system (ac-
tuators, communication devices, control and power

supply) are coupled in a portable bracelet.

As a method of validation of the DRHVI, psy-
chophysical and sensory usability tests were applied.

3. Development of wireless vi-
brotactile optical feedback system

For the purpose of the research, a profile of use
was established in men and women between 16 and
65 years of age (age of labor productivity) belonging
to any socioeconomic stratum, with a neuromotor
disability (stroke) or musculoskeletal (rheumatism),
or with sensory deficit due to neuropathy (diabetes),
may present a transient disability condition that af-
fects their quality of life due to the impossibility of
performing daily life activities normally. This infor-
mation suggested the definition of size, shape and
frequency variables necessary for the design of the
support structure at the interface of the device, in or-
der to make it comfortable for the patient.

3.1. Device design features

To control the behavior of each of the actuators,
a wireless communication and control device was
designed (Figure 1), in which an Arduino NANO
microcontroller was implemented as a base that al-
lows the sixteen actuators to be operated simultane-
ously by means of PWM signals, while transmitting
and receiving control commands wirelessly through
an Xbee communication module.

The function of the Arduino Nano is to interpret
the command received from the Xbee, a receiver that
operates under the 802.15.4 specifications. This
command contains the information of the motor to be
activated, specifying motor number, vibration fre-
quency and the time to be driven. The module allows
point-to-point or point-to-multipoint data transmis-
sion with a speed of up to 250 Kbits/s and operates
in the ISM (Industrial, Scientific and Medica) fre-
quency band.
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Figure 1. Schematic design of the coupling between the control
system and the communication system made with Proteus 8.

Source: own elaboration.

Since two Xbee modules were used, one con-
nected to the interface (Rx) and the other connected
to the computer (Tx), it was possible to interact re-
motely with the actuators that generate optical sen-
sations.

Then the double layer electronic board was ob-
tained with the pads and metallized surfaces on
which the components were mounted (Figure 2).
This interface has a smaller size than expected, with
a low power consumption that provides an optimal
performance for the optical feedback system, its
characteristics are specified in Table 1.

The power supply of the electronic board
must be sufficient for it to perform its main functions
efficiently, so a suitable power supply system was
sought to provide energy for the continuous opera-
tion (several hours or days) of the wireless control
system together with the vibrotactile actuators.

Figure 2. Printed circuit board design.
Source: own elaboration.

Table 1. Features of the wireless control system

Characteristics Description
Speed 8 MHz
Flash 64Kb
. Wireless connection
Communication
XBee
. 50 mA active status
Consumption . .
2 mA inactive status
Size 7.5ecmx 3.5cmx lecm

Source: own elaboration.

After choosing the power supply system, all the
systems were coupled and durability tests were car-
ried out, in which satisfactory results were obtained,
activating the sixteen actuators while transmitting
control commands wirelessly, achieving a duration
of more than two days of continuous use. The system
is capable of lasting sixteen times longer if one opti-
cal actuator is activated at a time, and by not trans-
mitting data wirelessly on a constant basis increases
the power efficiency of the device; it is estimated that
the device can have an average autonomy of four or
five days. The final industrial design that connects
the whole device consists of an insulating box con-
taining the development board, a cylinder where the
power supply system is fitted and a bracelet to hold
the sixteen vibromotors and the points to be stimu-
lated; these actuators were positioned equidistantly
(2 cm) in two parallel columns, each one with eight
vibromotors to cover a distance of 14 cm (Figure 3).

Figure 3. Final design of the vibrotactile handheld device. (a)
Electronic control system; (b) final handheld interface mounted
on an individual; (c) array of vibromotors of the device.

Source: own elaboration

Finally, to have complete control of the device
and to be able to interact with the portable system, a
graphic user interface was created that consists of
two parts, the first is the control part that serves to
characterize the actuators by sending commands
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through the Xbee module connected to the computer,
it also allowed to generate haptic sensations in dif-
ferent points of the skin by selecting the vibromotors
and the desired frequencies. The second part is a tool
that allows to experiment the vibrotactile flow of a
person, generating haptic sensations in a sequential
and random way with different intensities, which can
help to identify the discrimination capacity between
different stimuli in a person.

4. Usability testing

Three types of experiments were performed
with a healthy person without motor disability or
sensory deficit, with the particular purpose of vali-
dating the vibrotactile flow provided by the de-
vice by means of feedbacks. The first experiment
consisted of evaluating the threshold of cutaneous
tactile perception with a series of vibrotactile stimuli
applied with varying intensity; with this experiment
the threshold frequency of perception of the people
could be determined by repeating the experiment
three times for each one and constructing the graph
that allowed to demonstrate this frequency with var-
iations in its voltage. With this method the device
can be useful to evaluate the average sensitivity of a
healthy person, or to generate a sensitivity map by
zones in patients with tactile sensitivity problems.

The second experiment consisted of establish-
ing the discrimination between two different stim-
uli, by limiting the distance at which two stimuli
were activated at the same time and identifying when
they felt like one, which could serve as another met-
ric to evaluate sensory capacity in patients. The third
experiment consisted of evaluating the usefulness of
the instrument to adjust the localization capacity of
variable vibrotactile stimuli that a person has this ex-
periment allowed the validation of the vibrotactile
flow by interacting with a virtual image and the de-
vice in question (Figure 4), the vibrotactile stimulus
had to be located on a reference map, with and with-
out the help of a visual reference.

Figure 4. Experiment on stimulus localization. (a) Virtual im-
age of visual reference of the stimulus; (b) localization map of
the stimulus in different areas of the arm.

Source: own elaboration.

5. Results and discussion

In the case of the first experiment, the partici-
pant was able to detect up to a minimum average vi-
bration of 30 Hz, which corresponds to normal skin
detection frequencies. In the second experiment it
was found that when the frequencies were higher
than ten units (with respect to the level found in the
first experiment) for the vibromotors that had a sep-
aration distance close to the average distance, only
one type of stimulus was felt, so it was determined
that it was not convenient to use frequencies higher
than this; It was also found that in order to feel the
stimulus at the point in question it is necessary to de-
crease the intensity levels provided to the device for
its operation, since at very high frequencies and very
short distances there is a perception of saturation in
the stimulation provided.

For the third experiment, very interesting re-
sults were found. When vibrations were provided at
nearby points and other vibration points were indi-
cated in the virtual image, the person reported having
a positive response (sensation of stimulation at the
indicated point) when the stimulation was not per-
formed at this point, but in a nearby area; This shows
that in many occasions the person can be psycholog-
ically influenced to feel stimuli where they are not
really being stimulated, this happens especially in
people who are presenting a motor deficiency in their
limbs.

In this case it is obtained that the localization
errors were smaller when the participants had the vis-
ual aid, the error value was around one centimeter,
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which is the separation distance between each pair of
motors. It is thought that it would be good to extend
this test in the future with more people and testing
higher intensity levels in order to investigate whether
this is preserved or can change depending on the vi-
bration levels. These tests resulted in the proper
functioning of the feedback system, the validation of
the vibrotactile flow and a final calibration of the ac-
tuators.

6. Conclusions

In this work we have presented the development
of a portable optical device as a method of biofeed-
back in motor activity assistance and rehabilitation
for patients with transient motor disability and, sim-
ilarly, for early diagnosis of patients with neuropathy.

The validity of the system has been justified by
controlled experiments to evaluate the vibrotactile
flow, trying to discriminate or evaluate the possible
influences of external factors such as the noise of the
vibromotors or the use of sight as a distractor when
receiving a tactile stimulus, for this purpose three ex-
periments were conducted with a person without mo-
tor disability or neuropathy. When actuating the ac-
tuators at high frequencies 120 Hz, the ability to
detect a specific point of vibration is lost, since the
vibratory force is very high and makes us think that
the element that generates it is larger than the area it
occupies on the skin, This makes it inefficient for vi-
brotactile flow validations because it does not allow
the discrimination of two or more close stimuli, like-
wise keeping it active for a long time can cause dis-
comfort or injury to the skin due to the high temper-
ature that the actuator takes with that pattern of
operation.

Finally, this device can be integrated into virtual
reality applications or training video games for the
rehabilitation of human upper extremities. The de-
vice could allow to study the validity, efficacy and
efficiency of this type of technology in the haptic
sensory environment; in addition, it could have
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possible applications for sensory evaluation in the
extremities of other types of patients with sensitivity
problems (for example, in diabetics due to the devel-
opment of neuropathies in their extremities). It is
also considered that this device could be valuable as
a preventive, diagnostic and monitoring tool in pa-
tients with other neuropathies.
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ABSTRACT

The wearable body surface microfluidic system has great application potential in the field of sports. The use of the
wearable body surface microfluidic system to monitor the physiological state of athletes can solve problems faced such
as long inspection cycle in sports monitoring, difficulties in continuous monitoring, dependence on laboratory platforms,
athlete resistance and other problems faced in technological integration to promote the development of the sports field.
In recent years, the development of key technologies such as microfluidic chips and microneedle delivery provides an
ideal solution for real-time monitoring and even immediate intervention of physiological states during exercise. This
paper summarizes the latest research progress of wearable body surface microfluidic systems and focuses on eight
wearable body surface microfluidic systems that may be applied in the field of sports, with their application prospects in
sports analyzed and discussed. Finally, the application direction of the wearable body surface microfluidic system that
may achieve breakthroughs is illustrated with the prospect demonstration of the future research and development direc-
tion of wearable sports equipment. This paper aims to focus on technical problems in the development of the sports field,
provide multi-disciplinary solutions and advocate technology integration as well as provide scientific and technological
assistance for the development of the sports field.

Keywords: wearable technology; microfluidics; microneedles; biochemical analysis; motion monitoring

erally used for monitoring physical indicators such

1. Introduction as heart rate and the number of steps. Smart bracelets
and electronic timing vests are typical wearable
The use of wearable equipment for sports per-  equipment. With the gradual development of wear-

formance and physiological state monitoring playsa  aple devices, the monitoring of some physiological
very good role in promoting the scientific training of  and biochemical indicators has also gradually de-

athletes and the improvement of competition per-  veloped into wearable devices. Today, a new gener-
formance. Wearable equipment refers to a monitor-  atjon of wearable devices is used to non-invasively
ing device that can be directly worn or attached o monitor inorganic salts, metabolites, pH and other
the body. Traditionally, wearable equipment is gen- jndicators in human sweat, and to analyze important
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information such as athletes’ exercise energy con-
sumption, exercise fatigue and sports nutrition sup-
plement needs. The use of wearable equipment to
monitor the kinematics™, physiological and bio-
chemical® indicators of athletes has become the
most commonly used method to evaluate their sports
performance and motor function. However, existing
devices are worn in limited positions®*! and as such,
often limits the physical activity of the athlete due to
volumel@, shapeP!, weight!®, and wired data trans-
missiont>?. Furthermore, even some tests can on-
ly be performed in laboratories!”. As a result,
this brings a lot of inconvenience to the assessment
of sports performance testing, sports injuries and
sports rehabilitation progress of athletes.

Wearable equipment developed in recent years
combined with microfluidic chip technology ! can
achieve rapid, minimally invasive or non-invasive
monitoring of body indicators. For example, the
sweat analysis  microfluidic  system  can
non-invasively detect glucose in sweat!!?, lac-
tatel"1112 sodium ion™*3 potassium ion™, chlo-
ridel”1214  creatinine!®, urea concentration [,
sweat pH valuel™?, total sweat volume and sweat
rate".121% while other indicators are monitored, with
physiological and biochemical analyses carried out
without collecting blood samples, thereby providing
convenience to sports practitioners to obtain
high-quality data, while facilitating their timely ad-
justment of athletes’ exercise programs, and promote
the implementation of scientific training. In addition,
the development of microneedle delivery in recent
years'>18l has enabled us to attain real-time inter-
vention of physiological states during exercise in the
near futurel®!, that is, through microfluidics, mi-
cro-sensors, or solid-state micro-monitoring of the
concentration of various substances in athletes’
sweat or inter-tissue fluid, and through a closed-loop
feedback mechanism, the use of soluble micronee-
dles or hollow microneedles percutaneous injection
of the required nutrients or therapeutic drugs. The
development of this new sports medicine system will
trigger a new round of technological revolution in
the field of sports, and promote the development of
sports with the help of technological integration.
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The development of wearable body surface
microfluidic systems can solve multiple challenges
in traditional motion monitoring: (1) Long inspec-
tion cycle: Most of the traditional motion monitoring
adopts the method of sampling and sending it to the
laboratory for analysis during which the results in
the long time intervals can easily cause data inac-
curacy, such as evaporation of water from sweat
during the sending process, causing the concentra-
tion of electrolytes in it to rise. On the contrary,
wearable body surface microfluidic systems can
complete the monitoring on the body surfacel”1014
and can transmit the data through wireless means(’:%!
to achieve real-time monitoring of data. (2) Con-
tinuous monitoring is difficult: Various physiologi-
cal and biochemical indicators of the human body
are often changing rapidly during exercise. However,
traditional blood sample analysis is obtained in
point-like discrete data with usually very long in-
tervals between data points, so it is difficult to reflect
the real state changes of athletes in real-time. The
wearable surface microfluidic system can achieve
continuous monitoring, such as the use of micro-
fluidic chipsf*? to monitor the concentration of lac-
tate and glucose in sweat in real-time. (3) Depend-
ence on laboratory platform: traditional analytical
methods are concentrated in the laboratory”l, which
usually requires expensive equipment and profes-
sional personnel to operate. With the use of body
surface microfluidic system, not only that data ac-
quisition can be performed in situ, but also the test
results can be directly displayed on the mobile
phonel”*2 thereby avoiding the dependence on the
laboratory and do not require the user to master
professional skills. (4) Athlete resistance: Tradition-
al test methods often have problems such as dis-
comfort, trauma, and restriction of physical activity,
such as the lactate threshold test™ which re-
quires blood retrieval through fingertips. The use of
wearable surface microfluidic devices 2 can
analyze sweat in a non-invasive, comfortable, and
unrestricted physical activity method, and achieve
the required physiological state monitoring and
analysis through the correspondence of its results to
the concentration of lactate in the blood™?.
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Based on the above advantages, there are many
research works!®tI demonstrating the great potential
of wearable surface microfluidic systems (Figure 1).
However, most microsystems were seen to be still in
the small-scale testing stage with still many urgent
problems remaining to be solved for commercial
promotion. For example, some microfluidic systems
are expensive to manufacturel” and unable to be
used repeatedlyt102% At the same time, there is also
the need to collect a large amount of first-hand data,
standardize evaluation standards and establish cloud
databases. This paper summarizes the latest research
progress in the field of body surface microfluidic

systems in recent years, focuses on eight wearable
surface microsystems that have been applied or
may be applied in the sports field in the future, and
are classified according to their main technical cat-
egories, covering the cutting-edge research results of
microfluidic systems[*®:20 hybrid microsystems!*?
and microneedle delivery™8l, Finally, the direction
of the most likely breakthrough progress of the mi-
crofluidic system in the sports field is illustrated
along with the analysis of the application prospect
and possibility of the microfluidic system in the
sports monitoring and the prospect of the research
direction of wearable sports equipment.

Figure 1. Recent featured research on wearable skin-interfaced microfluidic systems(®-11,

2. Wearable microfluidic system

The application of wearable body surface mi-
crofluidic systems in sports mainly focuses on sweat
analysis?Y, Sweat is a body fluid secreted by the skin
that is rich in electrolytes?, small molecules?®!, and
proteinst’l. It does not only come from a wide range
of sources and is convenient for collection and
analysis, but sweat may also reflect the levels of
various components in body fluids. Quantitative
analysis of sweat on the body surface has a wide
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range of applications in the monitoring of physio-
logical status (such as hydration statusi) and the
diagnosis of diseases (such as bladder fibro-
sisl1424251) - Sweat analysis based on microfluidics
mainly uses the pressure generated by sweat
glandst*! to push sweat into a series of pre-designed
micro-channels and micro-chambers on the micro-
fluidic chip and then through some color reac-
tions["10121426] followed by image analysis 2% to
measure the concentration of each substance in
sweat.
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In the field of sports, sweat analysis can be ap-

plied to monitor the physiological state of athletes?!!,

During the training process, the measurement of
lactate concentration in sweat can provide a basis for
evaluating the training intensity of athletes®?”! to
formulate a more scientific training plan. In addition,
the measurement of glucose concentration in sweat
is helpful for us to accurately judge the energy
consumption of athletesi?®l, which is also of great
significance for guiding nutritional supplementation
after training. The measurement and analysis of total
sweat volume can be used to assess the physiological
status of athletes, such as hydration statust”! and
thermal regulation statusl”, which is expected to
provide data support for the formulation of individ-
ualized precise hydration strategies in sports.
Therefore, through sweat analysis, sports training
can be optimized, and ultimately the sports perfor-
mance of the athlete can be improved.

To collect and analyze sweat during exercise,
Choi et al.' developed a microfluidic system that
can collect sweat on the body surface in time se-
guences (Figure 2A. a). Sweat first enters the mi-
crochannel from the sweat inlet in the center of the
chip, follows through a serpentine channel con-
necting to 12 sweat reservoirs and is further injected
into 12 sweat reservoirs in chronological order under
the control of a series of valve structures (Figure
2A. b). The circular design of the chip is to be able to
extract the sweat collected in the sweat reservoir by
centrifugation (Figure 2A. ¢). Choi et al.*¥ used this
system to complete the time-sequence-based sweat
collection and the concentration determination of
lactic acid, sodium ions and potassium ions in sweat.
Its test results can be used to assess exercise intensity
and electrolyte balance in athletes. In addition,
Reeder et al.[?% developed a microfluidic system for
water movement monitoring (Figure 2B. a), which
can collect human sweat in a water immersion en-
vironment for biochemical analysis and can also
measure body surface temperature.

The wireframe illustration in Figure 2B. a
shows the sweat inlet and outlet design: The sweat
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outlet is extremely small that can prevent water from
entering during use to ensure accuracy of the test
results; the dye or reactant is stored adjacent to the
sweat inlet in the chamber comprising of red
and blue dyes with different dissolution rates. Due to
the dissolution of the blue dye, a clearly visible color
gradient can be formed in the micro-channels, which
cleverly visualizes the total sweat volume (Figure
2B. b). Total sweat loss can be quantified by ob-
serving the number of cells filled with sweat (1.5 pL.
volume per paperclip). Similarly, if the dye is re-
placed with a suspension of silver chloranilate, a
corresponding color reaction will occur in the mi-
crochannel, and the sweat color of each unit is
compared with the standard colorimetric card in the
central sector of the chip, where then the concentra-
tion of chloride in sweat in the cell can be obtained
(Figure 2B. c). This microfluidic system expands
the scope of application of traditional wearable
equipment and opens up a precedent for monitoring
and analyzing the physiological state of sports in
water or water sports.

The wearable body surface microfluidic system
can not only be used for the determination of chlo-
ride concentration in sweat but also can integrate
multiple chromogenic reactions on one chip to real-
ize the simultaneous determination of multiple in-
dicators.

Zhang et al.l'% developed a body surface mi-
crofluidic system that integrates water-repellent
sweat collection and color reaction (Figure 2C. a).
The system contains a serpentine channel for total
sweat volume and perspiration control. Quantitative
analysis was carried out through the micro-channel
and the aforementioned micro-valvel*!, where the
sweat was also introduced into 3 consecutive
chambers (3 chambers each for pH, creatinine and
urea concentration measurement, 9 chambers in total)
in chronological order. Thanks to the excellent wa-
terproof function of the device, it can be used not
only for sports athletes but also for infants, the el-
derly or sick people who cannot exercise vigorously.
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Figure 2. Wearable skin-interfaced microfluidic systems: (A) a. skin-mounted microfluidic systems for chrono-sampling of sweat;
(A) b. pressure naturally induced by the sweat glands drives sweat through a microchannel to chrono-filling 12 micro-reservoirs under
micro-valves’ control; (A) c. the circular construction is beneficial to use centrifugation for extraction of sampled sweat™]; (B) a.
waterproof skin-interfaced microfluidic system for sweat analysis in aquatic settings (inset: microfluidic inlet and outlet ports); (B) b. a
dye composed of blue and red water-soluble particles that dissolve at different rates results in a volume-dependent color gradient to
visualize total sweat loss as the device fills with sweat; (B) c. a swimmer wearing a skin-interfaced microfluidic system that quantifies
local sweat chloride concentration (inset: optical image of the waterproof microfluidic system)2%: (C) a. skin-interfaced microfluidic
system for colorimetric analysis of biomarkers in sweat; (C) b. a paper-based enzymatic or chemical assay for colorimetric analysis of

creatinine and urea concentrations and pHIl.

The researchers attached the system to the
subject’s body surface and allow the system to un-
dergo a hot water bath of 5-15 minutes (temperature:
38-42 <C). Thereafter, the results were then obtained
through mobile phone image analysis: This system
adopts the import and export mode from Reeder et
al.' study, while the use of blue dye dissolved in
sweat to visualize the total sweat volume and the
method of the enzyme reaction and chemical reac-
tion color development was based on the test paper
used in the study by Koh et al.l’. Through image
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analysis, creatinine, urea concentration, and pH in
the subjects’ sweat were quantified against standard
color charts on the microfluidic chip (Figure 5C. b).
Significance of this study: Firstly, it expands the
applicability of the microfluidic system for surface
sweat analysis; secondly, the sweat analysis results
of this system can be used to evaluate the user’s renal
function (when kidney function is abnormal, espe-
cially when glomerular filtration function is abnor-
mal, the concentration of creatinine and urea
in blood and sweat will increase, and pH value will



Bian, et al.

also be affected).

3. Wearable hybrid micro-system

In recent years, some scholars have proposed
the concept of a hybrid system, which refers to the
combination of two quantitative analysis systems;
microfluidics and micro-sensors and exert their re-
spective advantages. Bandodkar et al.*? developed a
hybrid microsystem that can simultaneously perform
electrochemical, chromogenic, and volumetric
guantitative analysis of sweat. The system consists
of a disposable microfluidic subsystem (Figure 3A.
a) and a near field communication (NFC) subsystem
(Figure 3A. b). In the microfluidic subsystem, one
ring-shaped channel with soluble blue dye produces
the visualization and quantification of total sweat
volume and sweat rate, while two channels con-
nected with six color reaction chambers combined
with micro-valves were used to introduce sweat into
the reaction chamber in chronological order (a
standard colorimetric card is attached to the side of
the chamber) to produce the quantitative analysis of
the color reaction of pH value and chloride concen-
tration. Additionally, two slightly larger sweat inlets
were used to embed micro-sensors to achieve re-

al-time monitoring of glucose and lactic acid con-
centrations. The NFC subsystem is tightly coupled
with the microfluidic subsystem through a magnetic
force, which not only provides enough magnetism to
keep it from falling off during vigorous exercise but
also makes it easy to remove for next use, saving
testing costs. Figure 3A.c shows the process of
sweat analysis by the system. The results of the color
reaction can be obtained through mobile phone im-
age analysis, and the power supply and data trans-
mission of the electrochemical analysis was com-
pleted through the NFC subsystem connected to
external devices (Figure 3A. d). The experimenters
also conducted the analysis on the trend variation of
glucose and lactate concentrations in sweat ob-
tained by micro-sensor analysis (represented by
the black dashed line in the figure), and the variation
trend of glucose and lactate concentrations in
the blood obtained by the blood test (represented by
the red dashed line in the figure). For comparison
(Figure 3B), it was found that the data were close in
most cases with the results consistent with previous
studies*625282° - demonstrating the feasibility of
sweat analysis to obtain semi-quantitative data and
its application prospect in non-invasive exercise
monitoring and analysis.

Figure 3. Hybrid microsystem integrating microfluidics and micro-sensors: human trials that compare concentrations of glucose and
lactate in sweat and blood; (A) a. microfluidic subsystem with embedded sensors’ anodes and cathodes; (A) b. NFC subsystem; (A) c.
hybrid microsystem for electrochemical, colorimetric and volumetric analysis during sweating; (A) d. wireless power supply and data
transmission via external devices; (B) correlation of data acquired from glucose and lactate sweat sensors (black line) with that acquired

from blood glucose and lactate meters (red line), respectively2,
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In summary, the wearable body surface micro-
fluidic system provides a platform for accurate
guantification and real-time monitoring of sweat
analysis, and at the same time, it can achieve targeted
physiological and biochemical analysis through
technology accumulation and the combination of
micro-sensors and other technologies. This system
not only can be used for the formulation of tradi-
tional energy supply schemes for athletes in sports
and to promote the innovation of sports technology
analysis methods but also to provide scientific and
technological assistance for real-time physiological
state monitoring of diseased populations in formu-
lating and implementing sports rehabilitation plans.
Taken together, these applications demonstrate that
microfluidic technology has broad development
space and huge market potential in the field of
sports.

4. Wearable microneedle system

Traditional drug delivery methods are mainly
subcutaneous® and intravenous injectionst
Meanwhile, blood tests have become common
means of physical condition detection®?, disease
diagnosist3, and even athlete motor function mon-
itoring[*l,

At present, invasive detection methods such
as blood drawing not only require professional per-
sonnel to operateB?, but the athletes also experience
pain, discomfort or fear of needles®%31341 Therefore,
achieving efficient drug delivery or painless body
fluid collection has become a hot research topic. The
development of wearable microneedle chips pro-
vides new solutions for sports replenishment, motion
monitoring in diseased populations and sports injury
treatment. Accurate, efficient, and safe physiological
condition monitoring and drug delivery can be
achieved through wearable microfluidic chips com-
bined with microneedle arrays or micro-sensorst°36l,

Figure 4A shows the principle of microneedle
delivery: the length of the microneedle is generally
less than 1 mm, and its needle accurately penetrates
the epidermis without touching the blood vessels and
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nerves at the base of the dermis so that exogenous
substances can be introduced into the dermis lay-
er by passive diffusion and other methods without
painBl. Figure 4A also shows four typical mi-
croneedles®: (1) Solid microneedles, which can be
used to penetrate the stratum corneum of the skin
and form microporous channels to increase the
permeability of the skin for subsequent transdermal
drug delivery. (2) Coated microneedles, when at-
tached to the body surface, the drug coating on the
surface of the microneedles can quickly dissolve into
the interstitial fluid. (3) Dissolvable microneedles,
the needles are usually encapsulated with drugs and
can be completely dissolved in the interstitial fluid of
the skin, which can be used for sustained drug re-
leasel*”). (4) Hollow microneedles, the tube in the
center of the microneedle can be used to continu-
ously inject exogenous substances into the dermis
layer. This kind of microneedle usually controls the
injection dose per unit time through pressure and can
freely achieve fast or slow drug delivery. The above
microneedle systems have been widely used in bi-
omedicine and other fields, such as drug delivery%,
interstitial fluid extraction®®-%  disease diagnosis
and treatment*®l, medical cosmetology™® and so on.
The following summarizes the micro-needling
technology that is expected to be applied in the field
of sports.

Gowers et al.*® developed a microneedle ar-
ray-based sensor for antibiotic concentration moni-
toring (Figure 4B). Figure 4C shows the
cross-sectional view of each coating on the surface
of the microneedle array, the real image of the chip,
and the local electron scanning microscope image of
the microneedle array.

Its working principle is as follows: the hydrol-
ysis of the antibiotic B-lactam by the B-lactam en-
zyme plated on the surface of the electrode will
produce a change in the pH value of the interstitial
fluid. The researchers thus established the correla-
tion between the antibiotic concentration and the pH
value, and the pH value is linearly related to the
electrical potential in the sensor circuit(*®],
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Figure 4. Working principle and application of microneedles: (A) common working principle of microneedles for drug delivery and
four types of microneedles(*°3l; (B) Microneedle-based sensor for continuous monitoring antibiotic concentrations; (C) schematic
cross-section of working electrode showing each layer, optical image of the microneedles patch, and the scanned electronic microscopy
(SEM) image of the microneedle array’®; (D) schematic diagram of the graphene-based electrochemical system with ther-
mo-responsive microneedles; (E) the skin-interfaced system with thermo-responsive microneedles under mechanical deformations,

electrochemical sensor array on the human skin with perspiration and therapeutic microneedle array laminated on the skin near the

abdomen of the diabetic mouse; (F) the image of the chip with thermo-responsive microneedles (inset: bioresorbable microneedle array)
[16],
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To put it in another way, the researchers estab-
lished the correlation between the concentration of
interstitial fluid substances and electrical signals
through the combination of microneedle arrays and
electrochemical sensors to monitor the changes in
the concentration of interstitial fluid substances in
real-time through electrical signals and in doing so
enable timely delivery of drugs to reduce their side
effectsl,

In 2016, Lee et al. unified sweat analysis,
micro-sensors, and dissolvable microneedles into a
graphene-based electrochemical microsystem (Fig-
ure 4D), enabling sweat-based diabetes monitoring
and feedback-based accurate drug delivery. Figure
4E shows its ability to resist deformation during
exercise and the sweat analysis module: the mi-
cro-sensor is connected to a portable electrochemical
analyzer that powers the micro-sensor, transmits
data to a smartphone via Bluetooth. It was verified
that the system can efficiently deliver the hypogly-
cemic drug metformin into mice and rapidly reduce
the blood glucose level of mice. Figure 4F is the
physical image of the chip. The microneedles dis-
solve when the temperature exceeds 41-42 <C. In
vitro experiments have shown that the microneedles
can release the drug only when the temperature ex-
ceeds the thermal response temperature, with precise
and controllable drug release being well achieved.

Dissolvable microneedles can be used for pre-
cise drug delivery based on thermal response and for
the slow release of drugs to achieve long-term
therapeutic effects. Li et al.l!”! developed a sus-
tained-release effervescent microneedle chip, using
the effervescent substrate encapsulated citric acid
and sodium bicarbonate (Figure 5A). When the
microneedle is pierced into the skin, the polyvi-
nylpyrrolidone (PVP) in the effervescent rapidly
dissolves in the interstitial fluid, while sodium bi-
carbonate, citric acid and interstitial fluid react to
produce carbon dioxide, resulting in effervescent
substrate rupture, achieving rapid separation of mi-
croneedle needles and chip substrates (separation
efficiency up to 96% 4%). As shown in Figure 5B,
the microneedles encapsulated with purple-red flu-
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orescent dyes were pierced into the porcine skin, and
the microneedles were left in the porcine skin for
sustained drug release. The study also tested the
sustained-release process of effervescent micronee-
dle chips loaded with contraceptives (LNG). The
results showed that the effervescent microneedle
chip that was attached to the mouse body surface for
only 1 minute was able to leave the microneedle
needle in the mouse skin and slowly release the drug
for up to 2 months so that the concentration of LNG
in its interstitial fluid was higher than the concen-
tration of human treatment level for more than 1
month. Additionally, there was no erythema, edema
or other skin irritation observed and histological
analysis also confirmed its good biocompatibility.

Compared with keeping the drug in the body for
slow release, Di et al.[*® developed a stretch-induced
drug delivery microneedle chip that can be attached
to the joint and store a drug in a microgel chamber on
the chip, which releases and delivers the drug into
the skin when needed. Figure 5C shows the princi-
ple of drug storage and release: the microgel drug
compartment is used to load the polymer nano-drug
particles and bind them to the stretchable elastic
membrane. When the elastic membrane is de-
formed by the joint movement, the microgel drug
cartridge releases the nano-drug particles into the
microgel matrix, which is then injected into the skin
on the joint surface by the microneedle array on the
chip (Figure 5D). The microneedle system is ex-
pected to be applied to long-distance events, such as
marathons, where anti-inflammatory drugs(‘é! can be
delivered into interstitial fluid on the surface of the
joint body by using traction caused by joint move-
ment during exercise, alleviating joint inflammation
in athletes in long-distance sports.

In summary, the wearable microneedle system
can achieve painless, minimally invasive and precise
transdermal drug delivery. It can also be combined
with microfluidics and micro-sensor technology to
achieve individualized closed-loop feedback therapy,
which enables it to have broad prospects in the field
of sports and health. The system can monitor the
sports performance of athletes, treat sports injuries
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and provide nutritional supplements in sports and
also facilitate the exercise intervention made by
sports coaches and researchers in the field on disease
populations (such as hypertension, diabetes, arteri-

osclerosis patients). It has greatly promoted the in-
tegration of scientific training and physical medicine,
thus providing technical support for Healthy China
2030.

Figure 5. Two long-acting microneedle patches and their working principle: (A) schematic drawings of the process of microneedle
patch application to the skin to rapidly deliver microneedle tips into the skin by the fast dissolution of the effervescent backing; (B)
images of an effervescent microneedle patch with microneedle tips containing red fluorescent dye (Nile red) and photos took after
microneedle tips separated from the effervescent patches; representative bright-field microscopy images of porcine skin after mi-
croneedle patch insertion and microneedle tip detachment in porcine skin and a corresponding image of a histological section of porcine
skin (bright-field)[*™]; (C) stretch-triggered drug delivery microneedle patch and its working principle of drug storage and release; (D)
stretching of the patch induced by joint movements promotes the drug release and diffuse into the microneedle for transcutaneous drug

deliverylt8l,

5. Conclusions

The wearable body surface microfluidic system
combines the principles of physiological and bio-
chemical analysis, with its in situ, real-time,
non-invasive and other characteristics to continu-
ously collect and analyze various indicators of the
human body and monitor the health status of sports
athletes. Coupled with the promotion of 5G and the
widespread establishment of big data processing
capabilities, a new generation of microfluidic sys-
tems supported by cloud databases is expected to
achieve accurate quantitative analysis based on big
data.
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With the increasing demands of athletes’ kine-
siology monitoring, scientific training, and exercise
intervention for diseased populations, the applica-
tion of wearable body surface microfluidic systems
in sports in the future is expected to achieve break-
throughs in the following aspects. (1) Sweat analysis:
The wearable microfluidic chip can accurately
measure the concentration of glucose, lactate, so-
dium ions and potassium ions in sweat, which can be
used to judge the training intensity, exercise energy
consumption, hydration state and thermal regulation
state of athletes. The microfluidic chip on the body
surface interacts with the mobile phone to display
information such as the intensity of the exercise in
real-time and give scientific nutritional supplement
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suggestions after the exercise.

In addition, with the help of the corresponding
relationship between the concentration of substances
in sweat and the concentration of substances in
the blood, we can also establish the connection be-
tween sweat analysis results and clinical blood
analysis data. Sweat analysis microfluidic chip
gradually replaces blood sample detection and
achieve true non-invasive exercise monitoring and
analysis. (2) Exercise intervention for the diseased
population: the wearable microfluidic system can
also achieve real-time monitoring of the physiolog-
ical indicators of the diseased population while be-
ing able to be combined with the microneedle chip to
enable drug delivery. It is expected that microfluidic
chips can be developed further for people with hy-
pertension, diabetes, hypoglycemia and other popu-
lations in the future so that they can exercise more
scientifically and safely. At the same time, the sys-
tem may also be used to predict exercise-induced
coma and falls, thereby helping to promote a healthy
China. (3) Minimally invasive and precise drug de-
livery: the combination of micro-sensors and dis-
solvable microneedles can monitor the concentration
of substances in sweat and interstitial fluid, thereby
enabling precise, painless, and portable drug deliv-
ery in an individualized manner. By developing such
microneedle chips, we can deliver a wide variety of
drugs, not just diabetes and anti-inflammatory drugs.
The new microneedle chip developed in the future is
expected to solve the problems of needle fear, re-
peated injection, and adverse reactions caused by the
traditional drug delivery injection process. In addi-
tion, such microfluidic and microneedle products are
small in size, which is convenient for storage,
transportation, and distribution, and reduces circu-
lation costs. Athletes or users only need to put them
in their pockets or backpacks before exercising, and
they can be attached to the body surface when they
need to be used, which provides great convenience
to users and facilitates promotion and use.

At the same time, there are still some con-
straints and difficulties in the application of micro-
fluidic technology in sports, such as: (1) To complete
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a series of complex fluid manipulation and bio-
chemical reactions on a microfluidic chip, profes-
sional designers and chip processing equipment are
required. (2) Microfluidic chips are still in the stage
of small-scale application testing in the field of
sports and are gradually being industrialized and
commercialized. Physiological and biochemical
researchers also lack opportunities to collaborate
with medical engineering researchers. (3) At this
stage, the performance of wearable body surface
microfluidic systems is increasingly getting better
with the test data is getting more and more accurate.
However, the golden standard for sweat analysis has
not yet been established.

In summary, wearable microfluidic systems
have broad application space in the field of sports,
whether it is in kinesiology monitoring, exercise
training effect evaluation, or intervention in drug
delivery, in which all of them provide new possibil-
ities. In the future, the research and development of
wearable sports equipment, especially in combina-
tion with microfluidic technology, will introduce a
multi-index, non-invasive or minimally invasive,
real-time data analysis, cloud database support,
feedback drug delivery and high-speed wireless data
transmission functions. The wearable body surface
microsystem provides strong scientific and techno-
logical support for preparing for the Olympic Games
and a healthy China.
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ABSTRACT

Using the literature method and the logical analysis method, the study of “Internet +” to help the national fitness is

conducted. The value of “Internet +” in helping national fitness: helping the government to reform the national fitness

sector in terms of “decentralization, management and service”; helping the national fitness service to match supply and
demand accurately; helping the national fitness sector to develop intelligently. The existing dilemmas: the popularity of
“Internet +” national fitness integration is not high, the platform construction is insufficient, and the supervision ability

is not strong. Accordingly, the development path of “Internet +” to help national fitness is proposed: based on the inte-
gration and popularization, to enhance the ability of the masses to apply online fitness; platform construction as the core,
to strengthen the governance capacity of national fitness; innovation—driven focus, to promote the intelligent empow-
erment of national fitness; rule of law construction as a guarantee, to enhance the ability of national fitness network

supervision.

Keywords: mass sports; national fitness; Internet +; smart sports

1. Introduction

State Council Unveils Internet + Action Plan to
Fuel Growth states that “the integration and devel-
opment of the Internet with various fields has broad
prospects and unlimited potential, and has become
an unstoppable trend of the times. Accelerating the
development of “Internet +” is conducive to re-
shaping the innovation system, stimulating innova-
tion vitality, fostering new business models and in-
novating public service models”. With the rapid
spread of network information technology, the de-
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velopment of national fitness has been given more
possibilities. The Opinions of the General Office of
the State Council on Strengthening the Construction
of National Fitness Facilities and Developing Mass
Sports proposes to promote “Internet + Fitness” and
makes specific requirements for building an Internet
platform to improve the intelligence, information
and digitization of public services for national fit-
ness. Through literature combing, it is found that
promoting “Internet +” to help the development of
national fitness has become a general consensus
among scholars®1, and scholars have already ex-
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plained the specific functions of “Internet +” in the
development of national fitness in terms of data
governance, public service supply, fitness industry
development, and fitness application empowerment
471 “However, the existing research still lacks a
systematic overview of the significance of the value
of “Internet +” in the development of national fitness.
However, the existing research still lacks a system-
atic overview of the significance of “Internet +” in
helping national fitness. These are undoubtedly
important issues that need to be clarified in the cur-
rent development of national fitness. The value and
significance of “Internet +” in helping the whole
nation to get fit

2. The value and significance of
“Internet +”

2.1. Helping the government in the field of
national fitness “put, management, service”
reform

At present, it is difficult to meet the growing
fitness needs of the people by relying solely on a
single government entity to manage national fitness
and provide mass fitness services®l. The government,
market and society should give full play to the re-
source endowment and governance advantages of
multiple actors®®. However, if traditional offline
governance channels are used alone, multiple sub-
jects cannot converge in real time, and information
transfer and subject interaction are limited by “time
and space”, making it difficult to give full play to
collaborative governance capabilities.

The “Internet +” platform can expand the gov-
ernance field of national fitness to online, and all
subjects can access the platform through computers,
mobile phones and other Internet terminals, and
carry out multiple consultations, requests, approvals
and decisions, information release and feedback at
any time, aggregating the input of national fitness
elements and improving the practical effect of col-
laborative governance. Take the abolition of the
approval of commercial mass sports events as an
example, the decentralization of the event has

greatly activated the vitality of private organiz-
ers, but the organization of sports events often re-
quires the coordination and cooperation of many
departments, such as security, fire fighting and
medical care, and the market and social organizers
often face many practical difficulties in mobilizing
the assistance of various departments[*l, In addition,
the increase in the number, diversification and dis-
tribution of tournament organizers has made it more
difficult for government departments to supervise
them after decentralization!*?, By relying on the
“Internet +” platform, the organizers can submit
their requests online and realize the filing, verifica-
tion and approval of multiple departments “simul-
taneously”, and the guidance and services of gov-
ernment departments can be directly delivered to the
organizers through the online platform, thus im-
proving the quality and efficiency of government
services. This will improve the quality and effi-
ciency of government services.

In order to deal with the supervision after the
decentralization, the State General Administration of
Sports proposed in the measures for the management
of Sports Events to give full play to the function of
“Internet + Supervision”, accelerate the sharing and
unified application of supervisory information from
all relevant departments, at all levels and in all fields,
and realize comprehensive supervision, intelligent
supervision and dynamic supervision. With the
deepening of the “decentralization, management and
service” reform, sports administrative departments
to speed up the transformation of their functions, in
giving society and the market more space to partic-
ipate in governance, but also on the decentralization
of services and supervision put forward new re-
quirements. The application of “Internet +” tech-
nology can help government departments to effec-
tively play their regulatory and service functions
after the decentralization of government at the op-
erational level.

2.2. Helping to match supply and demand for
national fitness services with precision

From the demand side, “Internet +” can break
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the information barrier of mass fitness and improve
the matching degree between the access of mass
services and their own needs. Before the advent of
the “Internet +” era, access to fitness information
for the masses was very limited and inefficient.
Through the “Internet +” technology, fitness
equipment, fitness training, fitness venues and other
types of services and products can be aggregated in
a unified platform, integrating the introduction of
merchants, products and services, user reviews and
other information, so that the fitness public can
choose according to their actual needs. With just a
mobile phone, people can retrieve and understand
the service information they need at any time, and
complete various operations such as screen-
ing, booking, payment and evaluation, realizing the
“efficiency” of fitness service acquisition and
avoiding “blindness”.

From the supply side, “Internet +” can promote
the accurate identification of fitness needs. On the
one hand, the application of big data, cloud compu-
ting and other internet technologies can provide
scientific information support for the decision
making and execution of national fitness service
providers. For example, in 2016, the Suzhou Sports
Bureau took a pulse on the fitness demands of the
elderly through the “Su Titong” big data platform
and made targeted adjustments when formulating
the government’s purchase service plan for the next
cycle. 21.8%. On the other hand, “Internet +” tech-
nology can change the traditional “top—down,
one—way” service supply model, which ignores the
needs of the subject, and avoid a mismatch between
supply and demand. For example, Shanghai’s In-
ternet-based “community sports distribution” sys-
tem makes various fitness services available to the
community in the form of online menus, which are
then distributed by the city’s community sports as-
sociation, truly handing over the choice of services
to the public and realizing the precise delivery of
public services for national fitness. Relying on “In-
ternet +” technology, national fitness government
decision—making and service provision
can be based on an accurate grasp of the needs of
the masses, optimize resource allocation, make the

limited available resources play the maximum inte-
gration benefit, and better meet the diversified and
refined fitness needs of the people.

2.3. Contributing to the development of in-
telligence in the field of fitness for all

While there is widespread consensus on the
health—promoting benefits of physical activity, the
lack of scientific exercise not only leads to reduced
fitness benefits, but may also have a negative im-
pact on physical health®™l, In addition, the rapid
development of urbanisation has weakened inter-
personal ties in modern communitiest*¥, making it
difficult to fully exploit the ‘social function’ of fit-
ness. The development and application of “Internet
+” technology can help promote the intelligent de-
velopment of the national fitness sector, broaden the
social field of mass fitness, and improve the safety
and effectiveness of mass fitness.

With the promotion of “Internet +” technology,
fitness APPs such as Keep, Goudong, FitTime, and
Yueting Circle have emerged, allowing users to ac-
cess fitness courses and guidance online according
to their own fitness needs and facilities, thus pro-
moting the further improvement of scientific fitness
guidance. In addition, fitness apps such as Goudong
and Yueting Circle have broken through the spatial
field of fitness interaction through the construction
of an “Internet +” fitness platform. Users can not
only exchange fitness tips and participate in sports
topic discussions online, but can also discover
nearby fitness partners and find fitness organiza-
tions. In addition, sharing their fitness news through
social platforms such as Weibo, WeChat’s moment
of friends and QQ space has become a way of life
for more and more fitness participants, who will be
further motivated to work out during the interaction
process such as likes and comments, and their per-
sonal fitness behaviour will also be consolidated
into a huge social fitness network under the aggre-
gation of “Internet +”, resulting in a positive fitness
demonstration effect. The Internet has also created a
huge social fitness network, creating a positive fit-
ness demonstration effect.
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Currently, many wearable smart products al-
ready have eSIM (virtual smart card, meaning that
the traditional SIM card is directly embedded into
the device chip, so that the device can independent-
ly access the network) function, which can get rid
of the mobile phone and Wi-Fi network, access
various fitness apps anytime and anywhere, record
and analyse fitness data in various fitness scenarios,
and obtain corresponding fitness courses and online
guidance from fitness experts. Based on this, the
GoMore Ai coaching system, jointly developed by
the National Institute of Physical Fitness and the
company, has been installed in some of the weara-
ble products. The system is able to recommend the
right exercise intensity for exercisers based on data
such as individual heart rate, weight and past exer-
cise records, as well as real-time monitoring of
physical condition during exercise, issuing guidance
through voice, allowing exercisers to exercise at
a better pace and giving appropriate recovery ad-
vice after exercise. It also gives advice on how to
recover after exercise. Under the “Internet +” tech-
nology, smart wearable devices have gradually be-
come the terminal interface of the masses’ smart
fitness. Modern technologies such as the Internet of
Things, Al, Big Data and fitness experts can break
the barriers between time, space, things and people
in the past, and monitor the exercise track, exercise
intensity, physiological indicators and other infor-
mation for the exercise individual. On the basis of
the data, we can provide individualized and scien-
tific fitness guidance services for individuals.

3. The existing dilemma of “Internet
+” to help national fitness

3.1. Low penetration of integration

With the latest development and application of
contemporary science and technology, “Internet +”
technology has made breakthroughs and has an
all-round impact on various fields of social lifel*,
However, at present, the popularity of “Internet +”
national fitness integration is low, which hinders the
full application of “Internet +” technology in na-
tional fitness. However, at present, the penetration of

the integration of “Internet +” into national fitness is
relatively low, which hinders the full application of
“Internet +” technology in national fitness.

Firstly, uneven and insufficient access to the
Internet for the masses has led to a weak foundation
for the integration of “Internet +” national fitness.
Statistics from the 46th Statistical Report on the
Development of the Internet in China show that as of
September 2020, China’s Internet penetration rate
was 67% and the number of non—Internet users was
still as large as 463 million, with a large differ-
ence between urban and rural Internet penetration
rates, at 76.4% and 52.3% respectively. In a field
study;, it was found that because cadres and people in
some areas do not know how to use computers,
network information equipment has been shelved in
rural neighbourhood committees for a long time, and
the network platform that could have promoted the
development of rural sports has created an un-
bridgeable gap with the masses™™. An important
significance of the “Internet +” to promote mass
fitness is to effectively aggregate all kinds of human,
material and information resources for national fit-
ness and connect them to the fitness public. There-
fore, Internet users are the physical unit and basic
unit of “Internet +” to promote national fitness, and
the current scale of nearly 500 million non-Internet
users indicates that the foundation of integration of
“Internet +” national fitness has not yet been firmly
established.

Secondly, there is a general lack of mass ap-
plication of “Internet +” national fitness. Smart
wearable devices and sports apps have become im-
portant tools and support for “Internet +” national
fitness, and their functions such as sports guidance,
sports socialization, sports analysis, vital sign de-
tection, emergency call and accurate positioning are
of great significance to ensure the effectiveness and
safety of fitness participation of people of all ages.
According to the analysis data of IDC and Guanyan
Tianxia Information Consulting Company, the total
number of wearable devices shipped in China from
2015 to 2019 is 292.85 million units, and the user
scale of sports app is about 165 million by the fourth

10%



Feng, et al.

quarter of 2019. For China’s total population of over
1.4 billion and the number of over 900 million in-
ternet users, the penetration rate of smart wearable
and sports apps is still at a low level. In terms of
economic threshold, many smart wearable devices
have already entered the 100 yuan price range, and
many fitness app services are free of charge, so the
economic cost is not the main factor preventing the
popularity of “Internet +” national fitness applica-
tions. Combined with the demographic data in the
above survey, the 20-39 age group accounts for 76%
of the total number of people who follow wearable
smart devices, while the 18-39 age group accounts
for 85.9% of the total number of people who follow
sports apps. It can be seen that the lack of attention
and awareness of “Internet +” fitness applications
among the middle-aged and elderly groups is the
main reason why fitness apps and smart wearable
devices have not been widely popularized, which has
restricted the widespread and integrated promotion
of “Internet +” fitness for all.

3.2. Inadequate platform building

With the advent of the “Internet +” era, many
regions have strengthened the construction of na-
tional fitness information technology, and a number
of local national fitness information service plat-
forms, such as “Meng Xiangdong”, “Su Titong” and
“Soprts Jia”, have been launched one after another,
playing an important role in integrating national
fitness resources, strengthening the collaborative
governance of national fitness and connecting to the
masses’ fitness needs. However, in general, the
platform construction of “Internet +” national fit-

ness still needs to be further strengthened.

Firstly, the construction and use of national
fitness information service platforms still needs
to be strengthened. At present, there are still rela-
tively few regions that have built national fitness
information service platforms, and some of the
platforms are not sufficiently developed and main-
tained, so it is difficult for them to play their proper
role continuously. The reason for this is that the
construction of a national fitness information ser-

vice platform requires professional technical talents,
and a lot of time, financial and material resources
are needed for platform construction, resource inte-
gration, publicity and promotion, and maintenance
and operation, so the cost of platform construction
and operation is too high for many regions.

Secondly, the function of the “Internet +” gov-
ernment affairs platform to help national fitness is
not sufficiently explored. A review of the official
websites of regional sports departments reveals that
the application of the Internet platform in many re-
gions remains at the level of “vertical and single
inefficient use” such as the publication of sports
policy documents, event notices and tender an-
nouncements. In a social survey, 960 people had
faced problems with damaged public sports equip-
ment, of which 406 did not report the problem, 182
did not know how to report the problem because
they lacked a channel to do so, and 554 did, but 217
of them did not receive timely repairs after report-
ing the problem®l. It is clear that the “Internet +”
government platform can achieve a lot. The “Inter-
net +” government affairs platform can collect
opinions, give feedback on problems, and supervise
the implementation of multiple functions that have
not yet been widely and effectively used in the ac-
tual work of national fitness. Improving the ability
of government departments to use the “Internet +”
platform is the first and foremost task to achieve
“Internet +” empowered governance of national
fitness.

3.3. Inadequate regulatory capacity

The construction of the “Internet +” platform
has brought new opportunities for the transfor-
mation and upgrading of market players, as well as
a new experience of efficient and convenient fitness
consumption for people. However, due to the lack
of supervisory capacity of “Internet +” national fit-
ness, the phenomenon of network “misconduct” in
the field of national fitness is common, which has
a bad impact on the personal rights and interests of
consumers and the benign development of national
fitness that cannot be ignored.
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Firstly, the network platform provides a chan-
nel for the circulation of inferior products in the
market. CCTV once reported on the quality sam-
pling of household treadmills, among the 9 batches
of samples sampled from the online sales platform,
only 1 batch was qualified, with a failure rate of
88.9%, while 5 out of 21 batches of samples sam-
pled offline were unqualified, with a failure rate of
only 23.8%. The “strange” phenomenon of the
same brand of products in the offline distribution
channel passing the sampling test but the network
sales channel failing the sampling test. Due to the
virtual and non-experiential characteristics of the
network trading process, product descriptions, user
reviews and other information to become a key ref-
erence for consumers to choose the transaction, but
the falsification of information by unscrupu-
lous businesses, information distortion phenomenon
is endless, seriously affecting the choice of the
masses fitness consumption judgment. In addition,
the difficulty and cost of returning and exchanging
fitness equipment, and the difficulty of finding
many quality problems with safety hazards in
short—term use, has further increased the difficulty
of consumer protection, making the network plat-
form the main circulation channel for poor fitness
products.

Secondly, network capital operation has given
rise to financial risks. While the “Internet +”
has brought development opportunities for the fit-
ness industry, it has also provided an easy breeding
ground for financial risks. For example, the “Health
Cat” app, which started as an O20 teaching service
for personal trainers in the fitness industry and was
motivated to “support retired athletes and college
sports graduates to start innovative businesses”,
grew rapidly after it was launched in 2015 and has
established strategic partnerships with many gov-
ernment departments, banks and universities. The
app was launched in 2015 and grew rapidly, estab-
lishing strategic partnerships with government de-
partments, banks, universities and more than
250,000 users, but eventually became a ‘“Ponzi
scheme” involving a total amount of RMB 8.27 bil-
lion. The fundamental objective of an enterprise is

to maximum economic benefits, but if it improperly
profits against the laws of economic development, it
will not only harm the rights and interests of the
public, but also sow huge hidden dangers for its
own development. Due to the lack of regulation of
network behaviour, the “Guangzhou Elephant
Health Technology Co Ltd”, which does not have
any financial license, is driven by the drive of capi-
tal for profit, in the “name” of fitness services and
the “reality” of illegal fund raising. “The “Internet +”
fitness industry has a regulatory gap.

4. The development path of “Inter-
net +” to help national fitness

The “Internet +” has the practical function of
helping to reform the government’s “decentraliza-
tion, management and service” in the field of na-
tional fitness, improving the matching of supply and
demand for national fitness, and promoting the in-
telligent supply of national fitness, which is im-
portant for building a higher level of public service
system for national fitness and meeting the people’s.
This is an important strategic value in building a
higher level of public service system for national
fitness and meeting the growing and diversified fit-
ness needs of the people. At present, due to the un-
balanced and insufficient integration and populari-
zation of “Internet +”, the scope of “Internet +” to
help the development of national fitness is limited;
“Internet +”. The lack of construction of platforms
for national fitness has affected the actual effect of
improving the governance capacity of national fit-
ness, the lack of supervisory capacity of “Internet +”
national fitness has made misconduct of national
fitness supply subjects common, endangering the
rights and interests of the masses in fitness and
negatively affecting the benign development of na-
tional fitness.

It can be seen that the path of promoting “In-
ternet +” to help national fitness must focus on
two basic points, one is around the value and
meaning of “Internet +” to help national fitness, and
the other is to crack the “Internet +” existing di-
lemma. The second is to crack the existing dilemma
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of “Internet +” to help national fitness. The rela-
tionship between the two is that the value and
meaning is the result to be achieved by promoting
“Internet +” to help the national fitness, and crack-
ing the dilemma is the process needed to achieve
this result, that is, the actual dilemma of “Internet +”
to help the national fitness should be the focus
of breaking. In other words, we should focus on
solving the practical dilemmas of “Internet +” for
national fitness, and propose specific and operable
development paths to promote the strategic value of
“Internet +” for national fitness.

4.1. Promoting the use of online fitness for
the masses based on integration and popu-
larization

The first is to give full play to the practical
value of the “Internet +” to promote fitness for all.
Firstly, it is necessary to open up the connection
channels between the people and other subjects, so
that more people can access the Internet and weave
the “Internet +” national fitness integration network
covering both urban and rural areas and sharing the
whole area. According to the survey data of the
China Internet Network Information Center, the
most important reason for non—Internet users not to
access the Internet is “not knowing the comput-
er/Internet”, accounting for 48.9 percent; cultural
restrictions are the next most important reason, ac-
counting for 18.2 percent, and the lack of equip-
ment ranks third, accounting for 14.8 percent.
Therefore, the popularization of the Internet should
focus on enhancing the cultural knowledge and dig-
ital technology usage skills of non—Internet users,
giving full play to the propaganda role of grassroots
governance units such as communities and villages,
and making the general public aware of the Internet,
understand the Internet and master the basic meth-
ods of Internet usage through organizing public ser-
vice lectures, distributing learning and propaganda
materials, and organizing learning and training. At
the same time, it is necessary to further strengthen
the construction of network infrastructure, espe-
cially to expeditiously make up for the shortcom-
ings of broadband network construction in the vast

number of rural and central and western regions,
and to support telecommunication enterprises to
actively assume social responsibility and carry out
free broadband speed-up and price reduction activi-
ties in areas with lower income levels, so as to real-
ize that people in all regions can “use the Internet,
have access to the Internet and can afford to use it”.
To further increase China’s Internet penetration rate
and lay a solid integration foundation for “Internet
+” national fitness.

Secondly, we should further improve the level
of awareness and application of the “Internet +”
national fitness among the people, especially the
middle—aged and elderly groups. On the basis of the
widespread popularity of the Internet, more intelli-
gent and user—friendly products and services will be
developed to meet the fitness needs of various
groups of people in different scenarios, to enhance
the applicability and convenience of “Internet +”
national fitness, and to reduce the learning and us-
age costs of the masses. The “Internet + Fitness
Guidance Guide” will be compiled in terms of the
integration carrier, main functions, routine opera-
tions and precautions of “Internet +” fitness for all,
and will be popularized by social sports organiza-
tions, social sports instructors and sports associa-
tions. Focusing on two aspects: lowering the
threshold of product application and improving the
ability of the masses to use it, so that the results of
the integration of “Internet +” national fitness de-
velopment can benefit the masses.

4.2. Platform building as the core to
strengthen the governance capacity of na-
tional fitness

The “Internet +” platform has become an im-
portant engine to promote the modernization of the
national fitness governance system and governance
capacity, but the “engine kinetic energy” still needs
to be further activated.

The first is to standardize the operation of the
platform and activate the “Internet +” government
platform’s function of national fitness governance.
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At present, all regional government websites
have been opened, and the national integrated gov-
ernment platform has basically taken shape, but the
level of development varies from region to region,
so the concept of “people—centred” construction
should be adhered to, the threshold of platform op-
eration should be lowered, and the ease of use of
the user port should be optimized. On the basis of
the traditional functions of publishing sports policy
documents, event notices and tender notices, the
platform should also set up consultation, reservation,
suggestion, complaint and evaluation sections
to build an interactive bridge between social sub-
jects, market subjects, individual people and gov-
ernment departments, and to realize the online inte-
gration of multiple functions such as the collection
of opinions, feedback on problems, implementation
supervision and democratic evaluation of national
fitness. According to the actual characteristics of the
various levels and types of national fitness govern-
ment projects, guidance standards for platform con-
struction are promulgated, with standards peddling
as a grip to ensure the full play of the governance
functions of the platform in each region. Establish a
top—down vertical supervision system and a mass
feedback mechanism for democratic evaluation to
guarantee the standardized operation of the plat-
form.

Secondly, the construction of a national fitness
information service platform will lead the way in
enhancing the capacity of national fitness infor-
mation services. At present, there is a large gap in
the development capacity of national fitness infor-
mation in various regions of China. It is difficult to
establish and operate regional national fitness in-
formation service platforms in most regions because
it will cost a lot of human and material resources,
and the functional requirements of national fitness
information services are basically the same for most
regions. Therefore, we can focus on relying on the
national fitness information service platform de-
veloped by the State General Administration of
Sports to enhance the capacity of national fitness
information services in each region. It is suggested
that in this platform, administrative regions are used

as the basis for division, accessing the sports ad-
ministrative departments of all regions in the coun-
try, giving corresponding platform authority,
and building a top—down national fitness network
governance system and resource aggregation sys-
tem. It is recommended that administrative regions
at or above the county level integrate their national
fitness service resources into the platform and build
an information service platform that integrates mul-
ti-functional functions such as venue inquiry
and booking, activity competition registration, in-
formation release and problem feedback, so that
people in all regions can obtain convenient and ac-
cessible fitness services through the platform.

Thirdly, the construction of a big data platform
is used to promote scientific governance of national
fitness. In the context of the “Internet +” era, the
collection and application of big data is an im-
portant basis for improving the decision—making
level of national fitness governance. Although re-
gional big data platforms have been built in
Zhejiang, Sichuan and Hebei, and enterprises such
as Jingdong and Alibaba have also established their
own big data centers, the data barriers between re-
gions, industries and levels still. However, data bar-
riers between regions, industries and levels still ex-
ist. Under the coordination and unification of the
central government, a cross-regional and
cross—sectional big data sharing platform should be
established in conjunction with the construction of a
national fitness information platform, so as to pro-
vide data support for researching and judging the
influencing factors and changing trends in the de-
velopment of mass fitness, serve the scientific gov-
ernance of national fitness, and promote the accu-
rate matching of national fitness service supply with
mass fitness demand.

4.3. Focusing on innovation drive to promote
smart empowerment of national fitness

With the advent of the “Internet +” era, the
rapid development of modern information technol-
ogy such as big data, cloud computing and 5G, and
the increasing degree of social information, national
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fitness has been given more possibilities. We should
make full use of the technological changes brought
about by the “Internet +” to promote the transfor-
mation of national fitness from a crude develop-
ment model that relies on resource input to an in-
tensive development model that is led by science
and technology and driven by innovation, so as to
achieve intelligent empowerment of national fit-
ness.

Firstly, strengthen the research of key applica-
tion technologies and products in the field of “In-
ternet +” national fitness. Relying on the “Internet +”
platform, we will narrow the time and space re-
strictions on cross—domain scientific research co-
operation, establish a global platform for recruiting
and cooperating with professionals in sports scien-
tific research, information technology and medical
rehabilitation, and boldly explore the construction
of composite scientific research teams. Strengthen
the construction of the main research force of sports
science and technology, rely on universities and
research institutes to create a group of key laborato-
ries for national fitness, supporting the construction
of scientific training and support mechanisms and
performance evaluation mechanisms. Make use of
the advantages of data storage, analysis and trans-
mission on the “Internet +” platform to implement
collaborative innovation, promote the open sharing
and efficient use of scientific research data, scien-
tific and educational resources and experimental
resources, etc., implement the declaration of the list
of scientific and technological projects for national
fitness and the inclusion of scientific and techno-
logical achievements in the database, and mobilize
the sports administrative departments of provinces,
autonomous regions and municipalities to partici-
pate in scientific and technological assistance for
national fitness The government has also imple-
mented the declaration of the list of scientific and
technological projects and the database of scientific
and technological achievements, and mobilized the
sports administrative departments of provinces, au-
tonomous regions and municipalities to participate
in the work of science and technology for national
fitness.

Secondly, promote the rapid transformation of
scientific and technological achievements in the
field of “Internet +” national fitness. Strengthen the
cooperation between scientific research institutions
and sports enterprises to achieve the iterative up-
grading of intelligent fitness products. Establish a
smart fitness guidance system and exercise risk
warning system with the “Internet +” platform as
the hub, Ai technology, exercise monitoring tech-
nology and fitness and medical experts as the fusion,
and smartphones and smart wearable devices as the
port, and create a non—medical health intervention
system suitable for community residents’ scientific
fitness and chronic disease prevention and control
requirements.

4.4. Building the rule of law as a guarantee
to enhance the regulatory capacity of the na-
tional fitness network

The virtual, dynamic, cross—regional and other
characteristics increase the difficulty of regulation
of the Internet, but the Internet is never a place out-
side the law, relying on the “Internet +” to promote
the healthy, healthy and sustainable development of
national fitness, must firmly establish the concept of
national fitness rule of law, strengthen the legal
system construction.

Firstly, strengthen the legislation in related
fields. At present, the legislation in the field of
sports in China is relatively lagging behind, and
there is a lack of legislation in the field of “Internet
+” sports. In the face of new situations, new contra-
dictions and new problems in the field of national
fitness, such as network trade, network rights, net-
work capital operation and network data manage-
ment, relevant departments should quickly follow
up and clarify the actual problems and areas where
the law is lagging behind the reality. The problem
and the area of belonging, multi—departmental joint
cooperation, strengthen the legislation, to achieve
“Internet +” to help the development of national
fitness has a law to follow.

Secondly, the legal system should be made
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more popular. Governments at all levels should im-
prove the way they teach the legal system and use
the cases that have already occurred as a wake—up
call to raise the awareness of the “bottom line” of
market players in the production of fitness products
and the supply of fitness services, so as to reduce
the incidence of illegal misconduct; through forms
that are popular with the public, the legal system
should be integrated into the daily life of the public,
so that in a subtle way.

Thirdly, strengthen the government’s law en-
forcement capacity. In the face of the increasingly
complex and diverse “misconduct” in the field of
national fitness, the government, as the main body
of law enforcement, must keep pace with the times
and improve its own law enforcement capabilities.
With the help of the “Internet +” government plat-
form, a special window for reporting violations in
the field of national fitness has been opened to
support the processing mechanism and give play to
the role of supervision by the people. The govern-
ment should make full use of artificial intelli-
gence, big data, cloud computing and other modern
information technology to monitor network data
and information in real time, establish a screening
mechanism for abnormal data and information, im-
prove the identification and governance of illegal
acts such as selling substandard fitness products on
the Internet platform, using asymmetric information
on the Internet to mislead the fitness public, and
illegally collecting funds through the “Internet +
fitness” model.
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together multi-industry features of technology, devices and products in industries and fields such as medicine,
sports, apparel, health monitoring and management, and artificial intelligence. It is dedicated to studying the

implementation of technology and analyzing the use of products. The journal provides a good

communication platform for scholars and experts from various industries, and we welcome the submissions
of original research articles, review articles, case reports, commentaries, etc.

The topics of the journal include, but are not limited to:

1. Wearable smart devices 8. E-textiles

2. Sensors/Controllers 9. Intelligent garments

3. Fitness trackers 10. Wearable medical products
4. Head-mounted displays 11. Medical implant products

5. Biomedical engineering 12. Intelligent electronic devices
6. Systems simulation 13. Technology implementation
7. Digital health 14. Mobile Aids

Asia Pacific Academy of Science Pte. Ltd.

Science and technology, an important mainstay for national development strategy all over the time, is the
fountain of innovation and value creation, which helping the society beginning its move to the
knowledge-based economy step by step.

Under this background, Asia Pacific Academy of Science Pte. Ltd has been born. We are a global market
oriented organization serving for scientific research, specializing in scientific research-based services in
medical research, environmental life sciences, pollution study, agriculture, materials and engineering research,
computer and information technology, industrial development analysis. Through cooperation with
universities and research institutions around the world, researches beneficial to human survival, health and
future development have been carried out, which accelerate interdisciplinary and international exchanges
among researchers and deepen international scientific cooperation.

Asia Pacific Academy of Science Pte. Ltd welcomes the valuable advice and guidance of scholars from
around the world, and we look forward to forming a cooperation network of scientific research through such
connections.
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