
Research Article
Design and Implementation of ADL Content with VR Sensor at a
Smart Human-Care Service

Sung-Jong Eun1 and Jung Yoon Kim 2

1Health IT Research Center, Gil Medical Center, Gachon University College of Medicine, Incheon, Republic of Korea
2Graduate School of Game, Gachon University, 1342 Seongnam Daero, Sujeong-Gu, Seongnam-Si,
Gyeonggi-Do 461-701, Republic of Korea

Correspondence should be addressed to Jung Yoon Kim; kjyoon79@gmail.com

Received 31 March 2020; Revised 6 May 2020; Accepted 26 May 2020; Published 22 July 2020

Academic Editor: Mucheol Kim

Copyright © 2020 Sung-Jong Eun and Jung Yoon Kim. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited.

This paper deals with the development of the content of Activity of Daily Life (ADL) based on VR (virtual reality) for cognitive
function training for the elderly. The proposed ADL content has been developed focusing on a feedback technique based on
performance analysis unlike in the existing VR-based cognitive training content wherein the customized training management
based on performance evaluation was difficult. Experiments were conducted with 30 elderly people in the welfare center for 3
months. As a result of the effectiveness evaluation, the proposed ADL content showed higher results in all aspects of immersion,
satisfaction, and performance. It is expected that user departure from existing ADL content will be prevented, and various
artificial intelligence researches will be carried out to improve the technology accuracy to provide customized difficulty which is
an important factor.

1. Introduction

As the average life span of people has been significantly pro-
longed, the incidence of geriatric diseases is rapidly increas-
ing. In a keen competition environment, the reaction to
excessive stress and anxiety felt by modern people stimulates
and abuses the brain, causing a cognitive decline like the ini-
tial symptoms of dementia [1–4]. Modern medicine suggests
coordinated motions based on exercise in a way that is effec-
tive for improving cognitive function which leads to the
development of game content. Thus, it is necessarily impor-
tant to develop game content which includes cooperative
motions based on judgment, memory, reaction, and concen-
tration which are representative cognitive functions related
to dementia. Of the geriatric diseases associated with cogni-
tive functions, degenerative brain diseases such as Alzhei-
mer’s disease lead to the destruction of human nature
unlike other physical diseases, and they are also considered
as chronic diseases resulting in serious problems. Despite
many studies, identifying the causes of such diseases can be

difficult due to the complexity of the brain; hence, there are
no clear treatments [5].

Thus, many patients and their families suffer severe pain
after the onset of degenerative diseases, and the annual social
and economic losses are enormous.

In Korea (according to National Health Insurance
Corporation), an analysis of the expenditure on dementia
patients showed that the number of patients with dementia
in 2006 was 105,000 and increased to nearly triple in 2011
with 312,000. In other words, the number of patients with
dementia increased by an annual average of 24.4% [6]. In
2025, the number of domestic dementia patients is expected
to exceed 1 million [7]. In the past, the elderly with dementia
were taken care of at home. However, due to social changes
such as individualization and industrialization, the number
of elderly people with dementia being taken care of at home
is decreasing, and the number of elderly people requiring
long-term care increases sharply as the elderly population
continues to increase. That is, the number of elderly people
with dementia entering long-term healthcare facilities will
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continue to increase. In addition, due to the nature of demen-
tia, families have to suffer great pain as well [8, 9].

Recently, the cognitive and physical activities related to
dementia are described in terms of Activity of Daily Life
(ADL). As society ages more and more, the life of old age is
changing into a trend on improving the quality of life. ADL
is proposed as a concept of life activities, and it is necessary
to develop ADL content that can enhance the quality of life.
ADL content is mainly developed for the promotion of phys-
ical and cognitive functions and is being actively studied to
maintain health in various life styles. In addition, ADL con-
tent improves the cognitive functions by raising judgment,
memory, quickness, and concentration which are representa-
tive cognitive functions related to dementia [10, 11]. Func-
tional dementia prevention games that allow elderly people
to have fun and voluntary dementia-preventive training
through the incorporation of fun elements of games are
emerging as ADL content. However, because human cogni-
tive, physical, and emotional characteristics do not develop
independently, but they develop dependent on each other,
the body’s motor skill and brain function should be improved
altogether to help cognitive enhancement [12–15].

This paper provides a development of a program for
improving cognitive functions and consisting of ADL con-
tent which is capable of increasing judgment, memory, and
reaction for the elderly. The arm and finger movements were
included to reflect as program input values. In addition,
unlike the existing two-dimensional functional games, ADL
content was developed under the VR (virtual reality) envi-
ronment as a factor to enhance the user’s immersion feeling.
The effectiveness of the ADL content was verified by contin-
uous testing with 30 elderly persons in an elderly welfare cen-
ter for 3 months. As a result, an improvement of the cognitive

functions and satisfaction were derived and the validity of
ADL content development was verified.

2. Related Works

2.1. Definition of Cognitive Function for ADL of the Elderly.
The improvement of typical cognitive functions related to
ADL for the elderly such as judgment, memory, reaction,
and concentration is very helpful for the enhancement of
cognition. The ADL content for the elderly must include
elements that can improve such judgment, memory, reaction,
and concentration. This ADL content evaluates the user’s
brain functions and improves the cognitive functions
through training and treatment as shown in Figure 1 [16–19].

The cognitive domain can be classified into 4 sections
which includes memory, logical, attention, and reaction
speed by mapping with the typical elements of the above-
mentioned cognitive functions. All training content can be
classified into subclasses based on the evaluation content.
That is, attention is classified into “two-dimensional image
rotation operation” and “attention and concentration,” while
logical is classified into “logical solution” and “space-time
location.” The reaction speed is classified into “reaction”
and “boundary judgment,” while memory is classified into
“impression memory” and “phase memory.” The cognitive,
physical, and emotional characteristics of humans are not
independent and they affect each other. In addition, using a
game which merges the motions based on cognition and
physical functions instead of mouse click or touch-based
cognitive functions is more helpful in cognitive enhancement
in order to prevent dementia more effectively. This paper
deals with the development of ADL content using hand
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Figure 1: Typical elements related to cognitive function.
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recognition in VR environment as an input value. The types
of content are shown in Table 1 [20, 21].

2.2. Domestic and Overseas Trends of VR Content
Development. There are various cases on the use of cognitive
content both domestic and overseas. OMNI C&S, a smart
healthcare-specialized company in Korea, introduced
“OMNIFIT MindCare” and “OMNIFIT Ring” which are
the first smart healthcare solutions that tend to the mental
health in Korea. OMNIFIT MindCare provides a smart
healthcare solution that can evaluate stress and brain mental
conditions at a glance by measuring pulse and brain waves. In
addition, A1 Future Technology plans to develop a “VR-
based mild cognitive disorder awareness training system”
that helps brain activation by using VR technology for med-
ical use. The VR content enhances the training effectiveness
by searching for things or ways in both indoor and outdoor
environments. The game consists of shopping at the mart,
finding items in the refrigerator, and cooking given disor-
dered stages.

Oxford University researchers have used virtual reality
(VR) to treat severe paranoia and made patients use the sub-
way and elevator in a VR environment to demonstrate that
VR is very effective in evaluating and treating mental health
problems, showing applicability for major psychiatric prob-
lems. In addition, as shown in Figure 2, University College
London (UCL) conducted an experiment to treat depression
using VR in early 2016 by making the patients find out its

causes and how to reduce depression symptoms such as
self-accusation. Through this process, 9 out of 15 patients
were able to treat depressive symptoms. In this regard,
OMNI C&S has also provided content for promoting cogni-
tive functions called OMNIFIT in Korea.

Although various types of cognitive training VR content
have been researched and developed in Korea and overseas,
they still lack factors such as minimum input and rules, con-
tinuous performance evaluation, and customized difficulty.
In addition of course, most of the content may not be reliable
because they lack clinical validation, which is an effectiveness
evaluation. Motivation is the most essential element in
healthcare. Neglecting the motivation element results in user
departure and relevant content can become useless. Thus, a
customized element is needed that becomes an important
element that has been continuously studied in the field of
cognitive training VR content. The proposed ADL content
includes these elements and consists of appropriate cognitive
training elements to enhance its effectiveness. In the next sec-
tion, the step-by-step development of the content of the
proposed ADL content will be discussed.

3. Development of VR-Based ADL Content to
Improve the Cognitive Function of
the Elderly

The purpose of this paper is to develop ADL content for the
elderly and to improve the immersion of content usage and

Table 1: Training elements of cognitive function-promoting content.

Category Definition Functions incorporated Related domain of the brain

Attention
Function to select specific item from a

lot of information for deeper
processing

Partial attention, attention, concentration, and
spatiotemporal processing ability

Posterior parietal lobe,
frontal lobe

Logical
Function to guide thinking or
inference in accordance with

reasoning

Spatial analysis function, problem solving function,
decision-making thinking function, and visual

calculation function
Frontal lobe

Reaction
speed

Function to respond to a series of
exercises

Function to perform, vision-movement cooperation
function, and reaction function

Whole area of prefrontal
lobe, specific area of

prefrontal lobe

Memory
Function to recall minor things of

daily life
Long-term memory, position memory, short-term

memory, and learning function
Hippocampus area, central

interbrain area

(a) OMNIFIT MindCare (OMNI C&S) (b) VR content of the University College London

Figure 2: Examples of domestic and foreign VR content development.
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the effectiveness of cognitive learning in the VR-based envi-
ronment. The whole content consists of cognitive games
which can help improve cognitive functions such as reaction,
judgment, and memory. The ADL content mainly consists of
three mini games that can enhance the memory, reaction,
and judgment. Each game is composed of the training ele-
ments of the cognitive enhancement content that suggest
intelligence, learning, memory, thinking, and problem solv-
ing abilities for the cognitive characteristics of the elderly.
In order to improve the cognitive function of the users, each
game reflected these elements and made use of the content
with hand gestures as input values to evaluate the cognition.
Figure 3 shows the gameplay flowchart of the ADL content.

3.1. Development of User’s Gamification Model. The goals,
rules, feedback system, and voluntary participation were
emphasized in the configuration to personalize the ADL
content and develop the customized game elements [22, 23]
for the cognitive enhancement of the elderly. The initial
ADL content was provided selectively at Levels 1, 2, and 3

(high, middle, and low), and Level 2 was set as default. Then,
the degree of difficulty was adjusted through the analysis of
the performance of the content, and the part of the game ele-
ment was reflected on the content’s detailed composition. In
the score evaluation, a differentiated relative scoring system
was introduced to emphasize the elements such as competi-
tion elements and compensation. The user’s motivation was
increased by assigning game points differently according to
the perceived status or the degree of game performance.
The overall content of this is shown in Figure 4, which shows
that the overall ADL content is a customized guide-based ser-
vice delivery.

3.2. Development Environment of Cognition Promotion
ADL Content

3.2.1. Development of VR-Based ADL Content. The develop-
ment of ADL content was carried out using Unity3D. Uni-
ty3D is a programming language that creates a virtual game
environment by applying a physics engine. It models the
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Figure 3: Gameplay flowchart.
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Figure 4: Development of customized gamification model for user motivation.
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game by linking the coordinate values of the user’s hand ges-
tures with a 3D model and by implementing separate game
logic and GUI. OpenNI Unity3DWrapper was used as a plu-
gin used in Unity3D. Therefore, the structure of the ADL
content development system and Unity3D development
structure can be identified by the content of each structure
in Figure 5.

The OpenNI Unity3D Wrapper is a unity package file
loaded into Unity3D for use by the program. OpenNI.Net.dll
helps to use the OpenNI runtime library and supports its
communication with the plugin. The OpenNI setting asset

sets the runtime configuration, the player manager asset is
used to detect or track the user, and the input controller asset
reads the user’s hand gestures and transmits them to the
player manager [24]. The overall system structure is largely
divided into a user interaction, a game content, and user
information layers. The game content layer can play the
game based on the user input, perform the cognition and
the body training, and give feedback on the content. It also
checks if the motion recognition training has been executed
and if the user can carry out the customized cognition
training.

(a) Example of Leap Motion play

LeapHandController

LeapProvider

Controller

HandPool

HandProxy
HandProxy

HandProxy

HandFactory

Hand Representation

Leap Motion Unity control class structure

(b) Leap Motion Unity control class structure

Figure 6: Example and class structure of Leap Motion.
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Figure 5: Development structure of ADL content.
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3.2.2. Development of Leap Motion-Based VR Interface. The
interface module receives user input while using the ADL
content and gives appropriate feedback. The VR interface
applied to this ADL content is based on Leap Motion. Gener-
ally, elderly people who are subjected to ADL content are
very unfamiliar with the input devices such as keyboards
and mouse. NUI (Natural User Interface) is used as an input
device for such low-skilled users, and the Leap Motion device
is used as a supporting device for NUI. The examples and
class structure of Leap Motion are depicted in Figure 6.

The hand gestures such as pinch and grab in the interface
are used as triggers, and the VR interface is designed with the
Unity and Leap Motion interlocking structure. In the virtual
environment, 3D objects related to the actions performed in
the real world are arranged so that the user can perform
familiar actions. Considering that most of the actual users
are elderly, the interface supports user calibration function
which treats the ADL content as completed even when the
user did not complete the operation.

3.2.3. Function to Feedback the Degree of User’s Performance.
The user feedback function analyzes the user’s ADL content
performance and provides the appropriate level of difficulty.
It divides the content into six levels of difficulty according to
the score of the game. Difficulty adjustment enables the
adjustment of cognitive elements provided in the ADL
content. In a memory game, it becomes an increasing factor
of information provided with time. In the reaction game,
difficulty refers to the factor that reduces the speed and ran-
domness of the flying object, while in the judgment game, it
refers to a factor that lowers the difficulty of submitting a
problem provided in the customized content of the user.
The process of user performance feedback for providing such
customized content is depicted in Figure 7. Generally, exist-
ing feedback researches have been using deep-learning-
based methods [25–29]. In this paper, the method of setting

the final difficulty level based on several conditions such as
frequency has been applied.

It starts with the second stage, which is the level of diffi-
culty for the initial user, and goes through the process of
analyzing the performance. Body and cognitive status are
measured based on performance analysis, and the level of
detail is adjusted at Level 2 based on that information. If
the performance is good, raise the level in the positive direc-
tion, and if the opposite, adjust the level of difficulty in the
negative direction. The difficulty level adjustment is then
adjusted based on feedback information one step at a time
from Levels 1-1 to 3-2.

3.3. Development Result of Cognition Promotion ADL
Content. The developed cognition promotion ADL content
consists of 3 kinds of mini games that include the memory
game, reaction game, and judgment game. First, the memory
game enables the user to keep track of a given problem and
provide the order of colors. Three color boxes will be shown
for a certain period of time before it changes to question
mark images. The user then puts the colors on the answer
box, and the game checks if it is in correct order or not.
The results of the final implemented memory game are
shown in Figure 8.

Memory games are played in this process and are applied
as a custom element with differential control of memory
time. Since the initial play, the user’s performance has also
been subject to feedback, in a way that increases or decreases
memory time.

In addition, the reaction game enables the user to
avoid flying bullets by jumping according to the timing,
and the jump operation is processed by receiving the user
input value through Leap Motion. Other user inputs
include gripping the fist, enhancing the functions such as
finger movement, and the quick action through the corre-
sponding operation. Customized elements of the game

Recognition
result

Level 1

Level 2

Level 1-1

Level 1-2

Level 1-3

Level 1-4

Level 2-1

Level 2-2

Level 2-3

Level 3-1

Level 3-2

Level 3

Result feedback
(negative)

Result feedback
(positive)

Figure 7: Feedback function concept diagram of user’s performance degree.
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start based on user performance analysis and are con-
trolled by differences in the speed of incoming bullets.
The results of the final implemented reaction game are
shown in Figure 9.

Finally, the judgment game allows the user to pick up a
color box that corresponds to the meaning of the letters writ-
ten in the problem. The custom element of the game is the
adjustment of problem difficulty, which is determined by
the variety of color changes and the adjustment of time.
Based on user performance analysis, the difficulty level is
adjusted. The development and implementation results of
the judgement game are shown in Figure 10.

4. Performance Evaluation

In order to evaluate the effectiveness of the proposed ADL
content, a test population is organized and a subjective satis-
faction survey on the population and an objective measure
such as immersion and game performance were conducted.
Satisfaction level was measured by using the recall scale after
using the ADL content, while the level of EEG response was
evaluated through an immersion test.

4.1. Experimental Environment. A pilot test with 30 elderly
persons was conducted in a welfare center for 3 months.
The performance evaluation of the ADL content consists of
two methods, that is, by brain wave analysis and the evalua-
tion of user performance on the content. In the EEG analysis
(i.e., brain wave analysis), the level of concentration was ana-
lyzed through beta waves and the degree of involvement of
the content was evaluated. The performance evaluation of
content was compared with the results of ADL content game-
play, and the degree of improvement of cognitive ability was
compared objectively. The summary of the experimental
environment is shown in Table 2, while Figure 11 shows a
concrete demonstration process.

The EEG device’s CPU was designed with an ARM M4
CPU. The hardware configuration is based on the ARM M4
core CPU, EEG sensor, RTC, LCD display, and BLE solution
as shown in Figure 12. In the ARMM4 CPU block diagram, a
12-bit 200 kbps ADC capable of handling analog signals and
32 flexible GPIOs can be configured to use IOs such as vari-
ous serial interfaces in a mapping scheme. Figure 12 shows
the circuit design using the ARM M4 CPU block and ARM
M4 core.

Figure 9: Screens of the result of the reaction game.

Figure 8: Screens of the development result of the memory game.
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The specifications of the EEG sensor device and actual
device parts are shown in Figure 13.

4.2. Effectiveness Evaluation

4.2.1. Immersion Evaluation of EEG-Based Program. In order
to evaluate the proposed ADL content objectively, the con-
tent applied with the game model was compared with the

content which was not applied with the game model through
EEG analysis [30–32]. The most important element of the
ADL content is the prevention of the program user’s depar-
ture. Thus, it is essential to provide a customized difficulty
of content. As a result of this evaluation, the content which
is applied with the game model and the content that was
not applied with the game model were compared and ana-
lyzed through the EEG data. Figure 14 shows the subject

Table 2: Experimental environment.

Period 2019.2.15~2019.04.19 (3 months)

Place Incheon Michuhol Welfare Center

Subjects 30 elderly persons of Incheon Michuhol Welfare Center

Number of tests 2 times/week, total 16 times

Test method EEG data analysis, game performance degree analysis, and satisfaction analysis

Average age 68~80 years old

Advance
investigation

Actual proof

Post
invetigation

Data
analysis

Face-to-face survey

Two times a week
ADL content playing to improve the recognition
Collecting the EEG data

Face-to-face survey

Editing-coding-key-in-programming
Data analysis by using SPPS

(i) 

(i) 

(i) 
(ii) 

(i) 
(ii) 
(iii) 

Figure 11: Detailed verification process.

Figure 10: Screens of the results of the judgment game.
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(a) ARM M4 CPU block diagram

Figure 12: Continued.
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status for EEG analysis and the sample values and concentra-
tion trends of the collected EEG results.

As a result, it was confirmed that the content which was
applied with the game model showed a higher concentration
by 17.7% on average in the middle and later parts of the
gameplay. On the other hand, the content which was not
applied with the game model showed a weaker concentration
in the middle, and the results were gradually decreased to the
latter half. This result can be verified sufficiently by looking at
the graph of the EEG waveform shown in Figure 15. The EEG
data set used in the experiment consisted of the waveforms of
delta, theta, alpha, beta, and gamma, and each type of infor-
mation was analyzed and evaluated. Some content could be
less concentrated than the conventional content if inappro-
priate information will be suggested for the difficulty recom-
mendation; however, it was verified that the ADL content
reflecting the game model is highly usable.

4.2.2. Evaluation of Content Performance. For the perfor-
mance evaluation of the content, the pre- and postperfor-
mance information of the proposed ADL content was
analyzed [33]. The difference between the performance score
on the first month and the score on the third month was used

as a criterion to compare the problem solving ability of the
content. This is a result of solving the problem that is config-
ured for various cognitive function enhancements, and it is
evaluated as evidence to indirectly demonstrate the improve-
ment of cognitive functions. The difference in content solv-
ing ability between the first month (average 59.05 points)
and the third month (average 75.35 points) can be clearly
seen in Figure 16.

In order to analyze the satisfaction level of the content, a
survey based on the Likert scale with 30 subjects with the
same content with and without the game model was carried
out. In addition, the user’s play time and score results were
statistically analyzed, and the result of how the user truly per-
formed the content was obtained. The satisfaction survey and
performance results are shown in Figure 17.

As a result of the satisfaction experiment, the results of
the proposed content were derived with many distributions
of good and normal, and when the custom content was made
with the general content without the custom element, it was
not easy to adjust the appropriate difficulty level, resulting
in many users leaving and unsatisfactory results. This
allowed the effectiveness of the proposed content to be
verified.

(b) ARM M4 CPU schematic

Figure 12: Structure of ARM M4 CPU.
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5. Conclusion

This paper deals with the development of ADL content for
the cognitive function training of the elderly that increases
their judgment, memory, and reaction. The movement of
the arm (finger) was reflected on the program as input values,
and the cognitive/motor component which is helpful for the
enhancement of the cognitive function was applied. In addi-
tion, unlike the existing two-dimensional functional games, a
user-customized gamification model and an appropriate user

feedback function were added in the VR (virtual reality) envi-
ronment to enhance the user’s immersion feeling. The valid-
ity of the ADL content was verified by continuous testing
with 30 elderly persons in a welfare center for 3 months.
Moreover, the validity to develop the ADL content was also
verified by deriving the improvement of overall cognitive
function and satisfaction. The most prominent feature of
the proposed ADL content is the user feedback function,
but it was found that the satisfaction level of the customized
model becomes lower than that of the general content when

Items Specifications

Sampling rate 512 Hz

Resolution 12-bit ADC,
1 mV pk-pk EEG max signal input

Operating voltage 2.97 V~3.63 V

Hardware filtering 3 Hz~100 Hz

Output the original 
EEG signal

Including concentration,
relaxation, and wink

Brain waves
Delta, theta, low alpha,

 high alpha, low beta, high beta,
 low gamma, mid-gamma

(a) EEG device specification (b) EEG device product

Figure 13: EEG sensor device and actual device parts.

Figure 14: EEG analysis screen to evaluate immersion of VR content.
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Date (or ID) Time Delta Theta Alpha Beta Gamma Attention Eyeblink

2019−02−25 10:18:16 3.86065 12.6634 10.1862 4.75902 3.06527 63 0

10:18:17 1.92366 11.8677 8.89106 4.11759 2.63616 70 0
10:18:18 1.92366 11.8677 8.89106 4.11759 2.63616 77 0
10:18:19 0.093952 9.64283 8.18381 3.84081 2.55433 78 0
10:18:20 −1.37416 7.25809 6.76404 3.19203 2.36021 88 0
10:18:21 −2.36772 6.56761 5.68453 2.96936 2.37062 88 0
10:18:22 −1.71506 7.70259 6.56872 3.08132 2.01302 88 0
10:18:23 −1.02748 9.01782 6.32522 2.78046 1.83227 83 0
10:18:24 −0.14523 8.76291 5.85749 2.45736 1.26428 88 0
10:18:25 −1.03542 9.00963 6.26877 2.20791 0.844052 81 0
10:18:26 −0.41477 8.13781 5.52175 2.1324 1.0102 90 0
10:18:27 −1.27998 6.62149 6.53882 1.94233 0.751335 93 0
10:18:28 −2.55386 7.2229 7.41121 1.44092 0.67221 77 0
10:18:29 −2.92733 7.50659 7.45091 1.29868 1.35534 77 0
10:18:30 −4.46713 5.54779 8.84694 2.18361 1.44858 66 0
10:18:31 −1.73344 5.29082 8.91129 2.59343 1.40659 57 0
10:18:32 −0.4954 7.06683 8.72503 3.02986 1.48592 64 0
10:18:33 0.189019 6.49927 9.21996 3.29548 1.2314 74 0
10:18:34 0.808918 7.02664 8.20028 3.0129 1.03259 74 0
10:18:35 −0.3357 7.89207 8.5431 3.05019 0.493646 67 0
10:18:36 −0.3357 7.89207 8.5431 3.05019 0.493646 67 0
10:18:37 −1.53235 7.24574 10.2334 3.22686 0.377041 66 0
10:18:38 −2.49836 7.8261 10.167 3.75294 0.261886 70 0

(a) Collected EEG data sample
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(b) Comparison of change in beta wave between content

Figure 15: The result of the experiment.
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an improper difficulty recommendation is made in the cus-
tomized suggestion model. In order to improve the accuracy
of the user-customized model in the future, it is essential to
apply artificial intelligence (AI) technology in developing
the recommendation process by reflecting the sensitivity
factors for the difficulty control or learning the user per-
formance data. In addition, we will consider developing

cloud-edge computing technology based on IoT sensing
by systemic expansion [34, 35].
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