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Abstract: Although the development of national conditions and the increase in health risk factors undoubtedly
pose a huge challenge to China’s medical health and labour security system, these simultaneously promote the
elevation and transformation of national healthcare consciousness. Given that the current disease diagnosis and
treatment models hardly satisfy the growing demand for medical and health care in China, based on the theory
of healthcare and basic laws of human physiological activities, and combined with the characteristics of the
information society, this paper presents a panoramic and personalised intelligent healthcare mode that is aimed
at improving and promoting individual health. The basic definition and conceptual model are provided, and its
basic characteristics and specific connotations are elaborated in detail. Subsequently, an intelligent coordination
model of daily time allocation and a dynamic optimisation model for healthcare programmes are proposed. The
implementation of this mode is explicitly illustrated with a practical application case. It is expected that this
study will provide new ideas for further healthcare research and development.
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0 Introduction

With the acceleration of the aging process, aggrava-
tion of the double burden of chronic and acute infectious
diseases, exacerbation of environmental pollution, and
growing pace of life rhythm, the demand for medical
services and healthcare is rapidly increasing. Large-
scale general hospitals are frequently overcrowded, par-
ticularly during morbidity peak periods, which makes it
difficult to seek medical services in China. Specifically,
with the continuous increase in medical expenses not
being curbed effectively, the disease-centred diagnosis
and treatment mode that dominated the 20th century
cannot address the new challenges of the 21st century[1].

According to the most recent statistics, by the end of
2019, among the population of 254 million aged 60 and
above in China, over 180 million suffer from chronic dis-
eases, up to 75% of whom have one or more chronic dis-
eases 1○. Moreover, the Chinese average life expectancy
has reached 77 years, which means that a large pro-
portion of the elderly will live with chronic diseases
for quite a long time, which is characterised by a rela-
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tively early onset of disease 2○. Moreover, China is cur-
rently faced with serious pressure owing to cardiovascu-
lar diseases. Research shows that 290 million Chinese
people suffer from cardiovascular disease, the deaths
of which rank above those of other diseases in urban
and rural residents[2]. Since December 2019, the novel
coronavirus disease (COVID-19)-related pneumonia[3],
which was first reported in Wuhan, Hubei Province,
has spread rapidly across the country and globally[4-5].
The Chinese government has exerted all-round efforts
in epidemic prevention and control by adopting a series
of unconventional measures, such as city lockdowns, ho-
tel closures, and home quarantine, but these measures
also bear a huge social and economic burden.

The disease-centred diagnosis and treatment mode
cannot satisfy the growing demand for medical ser-
vices and healthcare in China. Under the guidance of
the Chinese government, the medical and health sys-
tem of the entire country is undergoing a transfor-
mation from a disease-centred treatment mode to a
prevention-centred healthcare mode[6-8]. In 2016, the
Healthy China 2030 Plan was released, which placed
extraordinary emphasis on the development of health-
care services for preventive disease treatment based
on traditional Chinese medicine, and established the

1○http://www.stats.gov.cn/tjsj/zxfb/202001/t20200117
1723383.html

2○http://www.gov.cn/xinwen/2019-07/31/content
5417631.htm
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strategic policy of implementing a medical and health
system that focuses on individual health[7]. In 2017,
the Medium- and Long-Term Plan for the Prevention
and Treatment of Chronic Diseases in China (2017—
2025) was released, which noted that health promotion
and healthcare should be the main measures taken to
realise the transformation from a treatment-centred to
a health-centred mode. In 2019, the Healthy China
Action Plan (2019—2030) was released, which clearly
illuminated the specific roads towards a health-centred
or prevention-centred healthcare mode[9].

At present, we are living in an unprecedented era of
big data, which is reshaping the processes and meth-
ods of management decision-making at the national,
industrial, organisational, and personal levels[10]. Big
data contributes new characteristics to management ac-
tivities, including high frequency, real time, deep cus-
tomisation, full-cycle immersive interaction, and multi-
agent decision-making[11], which provide fresh ideas and
diverse methods for analysing and solving problems in
the healthcare field. For example, tracking and Internet
data that are generated by mobile phones can be used
to analyse the social networks, trajectories, and daily
behaviours of users[12-13], so that the person’s daily rou-
tine can be extracted individually, and subsequently,
possible health risk factors can be identified indirectly.
By combining voice, text, and other interactive data,
anxiety, depression, loneliness, and other psychological
states of the elderly can be intelligently recognised[14],
so as to offer further real-time health abnormality warn-
ings.

Full advantage can be taken of the available multi-
source big data collected by the Internet of Things to
assist in individual healthcare, carry out comprehensive
risk assessments, provide early abnormality warnings,
implement healthcare programmes, evaluate and offer
feedback on the implementation effects, and realise pre-
ventive disease treatment and proactive healthcare re-
sponses in advance. In this manner, a complete closed-
loop healthcare mode can be formed, which not only is
beneficial for helping individuals to develop a healthy
lifestyle and therefore to improve their health condi-
tions, but also contributes to the strategic objective of
Healthy China.

In view of the existing problems in the current health-

care mode, and combined with the changing charac-
teristics of the information society, a panoramic and
personalised intelligent healthcare mode based on the
healthcare theory and scientific bases of human physi-
ological activity is proposed. The main innovations of
this study include the following:

(1) The basic definition and conceptual model of the
panoramic and personalised intelligent healthcare mode
are presented.

(2) The basic characteristics and specific connota-
tions of this mode are expounded.

(3) The implementation method for realising this
mode is provided.

The remainder of this paper is organised as follows.
Section 1 presents a relevant literature review of work
both in China and abroad. Section 2 provides the
motivation and scientific bases of the study. Section
3 presents the panoramic and personalised intelligent
healthcare mode in detail. Section 4 introduces the re-
alisation process. Section 5 summarises the work and
discusses possible future research directions.

1 Research Status Overview in China
and Abroad

In the past decade, with the growing demand for an
improved life and the rapid development of the infor-
mation society, healthcare has gained increasing atten-
tion and a mode that focuses on individual health has
been emerging. This section provides a review of the
research status in China and globally according to three
main aspects: healthcare mode, panoramic healthcare,
and personalised healthcare.
1.1 Research Review in China

Four types of healthcare modes exist in China[15-16]

(Table 1). Owing to the expansive territory areas, di-
verse social and economic conditions, and varying avail-
ability of access to medical and health services in China,
people from various regions with distinct health con-
ditions pursue different healthcare needs. However,
overall, the current healthcare modes relate to medi-
cal institutions, are centred on disease treatment rather
than early prevention, and focus on a small high-income
group. Most of these modes have been established with
the basic concept of offering health services to aristo-
crats, increasing the medical demand, and promoting

Table 1 Healthcare modes in China[15-16]

Mode name Service provider Profit Main clients Financing source

Insurance mode Insurance company Profit Ordinary people Personal payment

Hospital mode Public hospitals at all levels Non-profit Ordinary people Country compensation

Community mode Community health service cen-
tre

Non-profit Vulnerable groups, including
women, children, and the elderly

Country compensation

Enterprise mode Private healthcare company Profit High-end customers Personal payment
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medical consumption, but contribute few benefits
for ordinary people who require even more health
services[15].

Panoramic healthcare is a relatively new concept
that has rarely been introduced in academic jour-
nals. Although panorama has been mentioned in social
governance[17], teaching and training[18], management
decision-making[10,19], and other fields, scholars have
not provided a clear academic definition thereof. To
summarise different descriptions of panorama in var-
ious fields, a preliminary understanding of the con-
cept can also be obtained: panorama represents view-
ing and thinking over matters from diverse perspec-
tives, multiple dimensions, and various factors. At
present, the available multi-source big data and artifi-
cial intelligence technology offer new ideas and methods
for individual-oriented healthcare, which enable “exoge-
nous” panoramic information such as real time, physical
space, and accessible resources to be acquired, and thus,
can provide individuals with time-based and location-
based health services.

In contrast, personalised healthcare was first intro-
duced by Cai et al.[20] in 2009, but no universally ac-
cepted definition for it exists yet. Zhang et al.[21-22]

stated that personalised healthcare programmes should
consider multiple individual-related factors, including
genetic characteristics, diet, lifestyle, economic sta-
tus, and working conditions. In recent years, numer-
ous scholars have conducted control experiments to
study the application value, management effects, and
intervention programmes of personalised healthcare in
hypertension[23], stroke[24], and diabetes[25], with a se-
ries of personalised management measures such as diet,
exercise, and psychological guidance implemented. The
results demonstrated that personalised healthcare can
effectively reduce disease risk, promote the cultivation
of healthy behaviours, control and improve health con-

ditions, and elevate the quality of life of patients.
1.2 Research Review Abroad

Since the middle of the previous century, the United
States (US), Germany, Finland, and Japan have grad-
ually formed different healthcare modes with distinc-
tive characteristics, and in line with their national con-
ditions and historical situations, as shown in Table
2[16,30-31]. Among these countries, the US put health-
care into practice the earliest, in the 1960s[26-27], when
the American insurance industry made healthcare avail-
able for the first time. In 1990, the US government for-
mulated a national healthcare plan named after Healthy
People, and thereafter gradually formed a healthcare
mode targeted towards all citizens[28-29].

In medicine, the panoramic concept was first intro-
duced in medical radiology[32-33], in which panoramic
X-ray imaging technology was used to identify oral
health problems such as dental infection in the elderly
in northern Europe. Panoramic medical imaging has
been used extensively and it is easy to understand the
implications of panoramic images from the perspective
of medical radiology, which presents all-round, multi-
dimensional silhouette, and broad viewing angles. How-
ever, the concept of panoramic healthcare is rarely men-
tioned in published academic journals, or it is consid-
ered that almost no scholars have mentioned it.

Foreign researchers have explored personalised
healthcare from as early as the 1990s, which started
with simple personalised diet intervention for diabetic
patients. Telephone, video, computer networks, and
other auxiliary tools have been used to help patients
to set health goals, collect feedback information, and
reply to consultation problems[34-35]. The purpose of
personalised healthcare is to evaluate and reduce in-
dividual disease risk[36] and to achieve the maximum
health benefits with a minimal cost[37]. Recently, with
the development of communication technology and

Table 2 Healthcare modes abroad[16,30-31]

Country Main contents Main features Financing source Achievements/Challenges

US Healthcare companies being
commissioned by insurance
companies to manage the
health of applicants

Wide coverage, macro pol-
icy support

Personal payment +
insurance company
compensation

Improved national health,
but upsurging medical
costs

Germany High-quality social medical
insurance with personal pre-
ventive medical service

Limitless medical security,
preventive medical service

Personal payment +
country compensa-
tion

Great medical security sys-
tem, but still high invest-
ment and low return

Finland Changing living habits, im-
peding disease risk factors
from the source

Close collaboration with
community, regular health-
care project evaluation

Personal payment +
country compensa-
tion

Improved utilisation effi-
ciency of medical resources

Japan National healthcare through
health manuals, health diag-
nosis, national health insur-
ance plan, etc.

Sound legal system guar-
antee, general health con-
sciousness

Personal payment +
country compensa-
tion

Life expectancy reaching
83, ranking first in the
world
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hardware equipment, an increasing number of scholars
have paid more attention to the role and effect of big
data[38], wearable devices[39], healthcare information
systems[40], and other information technologies in the
risk assessment and daily lifestyle management of pa-
tients with chronic diseases. These studies suggest that
information technology can provide a convenient and
feasible means of promoting personalised healthcare.

2 Motivation and Scientific Bases

2.1 Motivation
From the perspective of proactive healthcare that

is centred on individual health, this study proposes
the panoramic and personalised intelligent healthcare
mode. In general, the motivation includes three main
aspects:

(1) The deficiency of current healthcare modes makes
proactive healthcare beyond hospitals, communities,
and health companies particularly important. As men-
tioned previously, China has gradually formed four
existing healthcare modes during the development of
healthcare; however, these provide a disease-centred,
passive management process, which makes it challeng-
ing to discard the conventional idea of diagnosis and
treatment characterised by seeking medical treatment
only when ill; thus, people opt for the hospital only
when they feel sick or unwell. Furthermore, although
many individuals and even enterprises arrange regu-
lar physical examinations every year, many people do
not pay sufficient attention to the examination results,
which is reflected in the manner that one often puts the
results on the shelf after listening to the doctor’s sug-
gestions and regrets ignoring it before a certain disease
occurs.

(2) Information technology can provide continuous
and integrated healthcare services for individuals[41],
thereby transforming the modern healthcare service
mode. Using a big data-driven healthcare system,
based on the real-time data collected by wearable de-
vices, physical examination data, medical treatment
data, and proactive user feedback data, the current
health status of an individual can be comprehensively
evaluated, and the risk of a certain disease can be pre-
dicted. If a certain health index exceeds the normal
threshold, a timely alert message can be sent to the
user to offer a reference for further measures. When a
user needs to go to a hospital for medical treatment, the
system can intelligently recommend the nearest hospi-
tal and appropriate doctors. In the process of reha-
bilitation after treatment, different healthcare sugges-
tions can be received from the system, including thor-
ough healthcare programmes or personal rehabilitation
plans. Overall, the proactive individual health-centred
healthcare mode combined with information technology
is becoming increasingly useful and functional in help-

ing people to manage their health in their daily lives,
and this is likely to become a future trend in the health-
care field.

(3) The individual health-centred proactive health-
care mode can save on medical expenses to a certain
extent, so as to aid public medical resources in achieving
efficient and reasonable allocation. Research has found
that[1,42] the most unhealthy 1% of the population and
the 19% constituting chronic cases share 70% of med-
ical expenses, and 80% of the medical expenditure is
for the treatment of diseases that could have been pre-
vented. Moreover, for diseases that require costly treat-
ment expenses, such as heart disease, diabetes, and
stroke, if preventive measures are taken in daily life in
advance, even a small improvement in lifestyle can di-
rectly save on considerable medical costs[1]. The health-
care practice in the US has also revealed that any en-
terprise or individual can benefit from healthcare. If
1 RMB is invested in healthcare, the medical expenses
will be reduced by 3 to 6 RMB, the practical benefits of
which are even greater considering the return of invest-
ment resulting from the improvement in the production
efficiency[28].

2.2 Scientific Bases

The proposed mode is based on the nature and sci-
entific bases of healthcare and is also affected by the
daily physiological activities of the human body.

2.2.1 Essence of Healthcare

The essence of healthcare is identifying and interven-
ing in health risk factors based on scientific evidence,
so as to maintain and promote health, reduce diseases,
prolong the life span, and improve the quality of life,
as illustrated in Fig. 1 and proposed by Chinese scholar
Huang[1] in the embryonic stage of healthcare in China.
Therefore, the concept of health risk factor identifica-
tion and daily lifestyle intervention was already pre-
sented several years ago.

2.2.2 Scientific Bases of Healthcare

The book Health Manager [43] summarises two scien-
tific bases of healthcare (as illustrated in Fig. 2). First,
a dynamic balance exists between health and disease,
as well as the occurrence, development process, and in-
tervention strategies of diseases. A rather complex self-
regulation and repair system exists in the human body,
whereby targeted intervention prior to disease diagnosis
may successfully block, delay, or even reverse the occur-
rence and development of the disease. Second, most risk
factors of chronic diseases are changeable. Although
chronic diseases caused by a lack of exercise, smoking,
drinking, and other risk factors are difficult to cure, the
risk factors themselves can be prevented and controlled.
These two points indicate that the core concept un-
derlying healthcare is taking pertinent prevention and
intervention measures in people’s daily lives.
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Health Minor illness Serious illness

Relative health

DeathHealth risk factors Health risk factors Health risk factors

Unhealthy lifestyle Unhealthy lifestyle
Unhealthy medical
treatment

Unhealthy lifestyle
Unhealthy medical
treatment

Fig. 1 Essence of healthcare[1]

Disease risk factor control

Low risk
state

DiseaseHealth

High risk
status

Early
symptoms

Clinical
symptoms

Disease
occurrence

Prevention and
intervention

Rehabilitation
treatment

Clinical
intervention

Healthcare

Prevention in advance,
focus on intervention Disease

management

Fig. 2 Scientific bases of healthcare[43]

2.2.3 Daily Physiological Activities of Human Body
Regulated by Biological Clock

The research conclusions of the 2017 Nobel Prize in
Physiology or Medicine demonstrated that physiologi-
cal function, emotional state, memory ability, and work
efficiency of the human body exhibit distinct circadian
rhythm fluctuations (Fig. 3). For example, a person
generally has the soberest brain in the morning and

the most active thinking in the afternoon, and the cu-
rative effect varies with medication time. However, un-
healthy lifestyles such as staying up late and sedentary
behaviour will cause circadian rhythm disorder, leading
to diabetes, hyperlipidaemia, hypertension, and a series
of diseases. Therefore, healthcare encouraging individ-
uals to develop a healthy lifestyle is in line with the law
of human physiological activities.

22:30
Bowel movements suppressed00:00

Midnight

02:00
Deepest sleep

04:30
Lowest body temperature

Sharpest rise
in blood pressure

Melatonin secretion stops
07:30

Bowel movement likely  08:30

Highest testosterone secretion
09:00

High alertness
10:00

Noon
12:00

Best coordination
14:30

Fastest reaction time
15:30

Greatest cardiovascular
efficiency and muscle strength
17:00

Light-Dark
cycle

06:00

06:45

18:00

18:30  Highest blood pressure
19:00  Highest body temperature

21:00  Melatonin secretion starts

Fig. 3 Several features of human circadian (24 h) biological clock 3○

3○https://en.wikipedia.org/wiki/Circadian rhythm
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3 Panoramic and Personalised Intelli-
gent Healthcare Mode

3.1 Basic Definition
The panoramic and personalised intelligent health-

care mode is a comprehensive process that provides in-
dividuals with dynamic and proactive health services
to realise the maximum health benefits with limited
resources. It focuses on individual health, makes full
use of information technology, combines panoramic ele-
ments such as time, space, and available resources with
personalised characteristics that vary within each in-
dividual, and carries out individual physiological and
psychological health comprehensive risk assessments,
early abnormality warnings, healthcare programme im-
plementation and evaluation, and feedback of the im-
plementation effect.

The mode is suitable for ordinary individuals, focus-
ing on the health of everyone. Its core idea is to take
dynamic prevention and intervention measures in daily
life, control disease risk factors, and promote the cul-
tivation of healthy lifestyles. The basic premise is to
offer healthcare programmes for individuals with the
aid of information technology to improve individual
health. The constraints consider time, space, available
resources, and other panoramic elements, as well as age,
gender, medical history, income, and other personalised
characteristics. The ultimate goal is to help individu-
als to use limited resources to achieve their maximum
health benefits effectively.

Focusing on individual health does not mean dis-
patching someone to intervene in individual health, but
rather, applying information technology to provide in-
dividuals with appropriate healthcare programmes dy-

namically, so as to promote the management process
of the daily lifestyle through proactive implementation.
In this process, people can present personalised health
demands according to their own health status. Fur-
thermore, the healthcare programmes, which are proac-
tively implemented by the individuals to achieve their
own maximum health benefits, can satisfy the health
demands of different people, just as people search on
Amazon, eBay, and other e-commerce platforms to buy
desirable commodities to achieve demand satisfaction.

It should be noted that this mode differs from the
general process of medical treatment. The diagnosis
and treatment of diseases belong to medically technical
work (for example, prescribing, operating, and others),
which must be conducted by a doctor who is licensed
by the country[1]. However, the panoramic and per-
sonalised intelligent healthcare mode promotes the pre-
vention and intervention process in daily life by means
of information technology-based methods. It is not a
medically technical method.
3.2 Conceptual Model

The panoramic and personalised intelligent health-
care mode (as illustrated in Fig. 4) starts with the
health risk assessment, which identifies risk factors that
are likely to affect the individual’s physiological, be-
havioural, and psychological status. A comprehensive
assessment report that reflects both the physical and
mental health is obtained. Thereafter, combined with
the environmental data collected by wearable devices,
home sensors, video installations, and other Internet
of Things devices, possible physical and mental abnor-
malities are monitored, analysed, and predicted in real
time to remind the person to take corresponding man-
agement measures when anomalous situations occur

Programme implementation
Carry out panoramic

and personalised
healthcare programmes

Methods and means:
information technology

Evaluation & feedback
Dynamically adjust

programmes and optimise
the implementation process

Ultimate goal: achieve the
maximum health benefits

Risk assessment
Identify risk factors affecting
physiological, behavioural,
and psychological status

Oriented objects:
ordinary individuals

Individual
health

Abnormality warning

Analyse individual indicators
and environmental factors to
give timely warning of physical
and mental abnormalities

Constraints: panoramic elements
& personalised characteristics

Fig. 4 Conceptual model of panoramic and personalised intelligent healthcare mode
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and to accumulate data for further programme imple-
mentation simultaneously. Subsequently, using the dy-
namic feedback information analysed from the mon-
itoring data, the background algorithm intelligently
generates panoramic and personalised healthcare pro-
grammes to promote a healthy lifestyle based on times,
places, and distinct individual characteristics. Fi-
nally, according to the evaluation and feedback informa-
tion provided by the users, the healthcare programmes
are adjusted and optimised dynamically to satisfy the
health demand and iteratively narrow the gap between
the algorithm-generated and user-intended programmes
in reality, following which the next round of health risk
assessment is conducted.

The four steps, namely health risk assessment, early
abnormality warning, programme implementation and
evaluation, and feedback, are mutually linked and
progress step by step, forming a completely closed loop
of healthcare. The previous loop accumulates data and
collects information for the next one, which continu-
ously iterates and improves itself based on previous ex-
perience and feedback, so that individuals can truly
feel the health improvement in each risk assessment,
thereby gradually forming positive feedback on health
promotion, constantly developing a healthy lifestyle,
and achieving the maximum health benefits.
3.3 Panoramic Connotations

Panorama consists of the exogenous preconditions
considered during the healthcare loop, such as time,
physical space, and available resources. The external
environment in which an individual exists changes dy-
namically with time; therefore, various healthcare pro-
grammes should be available at different times and lo-
cations, even for the same individual.

Panoramic healthcare is based on the concept of
the interconnection of all things, by thoroughly iden-
tifying the time state (such as morning, noon, night,
four seasons of the year, and 24 solar terms), physi-
cal space state (such as longitude, latitude, altitude,
residence, office, transportation, temperature, and hu-
midity), available resource state (such as diet, exer-
cise, entertainment, and sleep resources), and other
panoramic elements (as illustrated in Fig. 5), so as to
provide individuals with appropriate time-based and
location-based healthcare programmes to achieve max-
imum health benefits.

The panorama accords with our basic understanding
of daily life. From waking up to falling asleep, people in-
evitably interact with various ambient conditions, such
as time, space, and available resources. Thus, health-
care programmes are also restricted by these panoramic
constraints. For example, it is not suitable to recom-
mend playing basketball at the stadium late at night or
to recommend restaurants that are far away in Beijing
for individuals living in Shanghai. Moreover, the hu-
man body is affected by the time and surroundings. In

Fig. 5 Example of panoramic elements

general, people feel tired at night and hot when the tem-
perature increases. To achieve maximum health bene-
fits, it is essential to consider these time and environ-
mental factors that may influence health.

Panoramic healthcare is featuring strongly in the in-
formation age. In the past, owing to underdeveloped
information technology, people generally took preven-
tive or intervening measures advised by doctors, based
on their own life experience or learned and accumulated
from books. However, owing to information asymme-
try, it is difficult for doctors to understand patients’
lifestyles completely, such as work and rest patterns,
so the suggestions provided by a doctor may conflict
with a patient’s practical working hours, geographical
location, income, and other individual-related factors,
eventually leading to non-implementation. Moreover,
it is impossible for the vast majority of ordinary peo-
ple to seek doctors for advice every day. The accumu-
lation of life experience or book knowledge may also
be gradually forgotten because it is not recorded ef-
fectively. However, with the rapid developments in
information technology, wearable devices can dynam-
ically collect and record daily behavioural data in real
time, which makes it possible to analyse individual rou-
tines for the further implementation of healthcare pro-
grammes. Furthermore, powerful information systems
are online at all times, which facilitates information ac-
cess at any time, thereby enhancing the supervision of
the healthcare process.
3.4 Personalised Connotations

Personalisation refers to the endogenous precondi-
tions considered during the healthcare loop, such as
the body, mentality, disease, and economic space. In-
dividuals differ in terms of their physical and men-
tal status, medical and disease history, and income
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and expenditure capability; therefore, varying health-
care programmes should be offered for distinct in-
dividuals, even at the same time and in the same
place.

Personalised healthcare is based on the theory and
methods of traditional Chinese and Western medicine,
according to the physical and mental state (such as
gender, age, height, weight, constitution type, special

stage, and stress level), disease state (such as acute dis-
eases, chronic diseases, genetic diseases, and allergens),
economic space state (such as income level, expenditure
preferences, occupational features, and interests and
hobbies), and other personalised characteristics (as in-
dicated in Fig. 6), so as to provide users with individual-
based healthcare programmes to achieve maximum
health benefits.

Physical and mental state

Sex:
Age:
Height:
Weight:

Femal
63
154 cm
91 kg

Consitution type:
Special stage:
Stress levels:
...

Damp heat
Senility
Low stress
...

Disease state Economic space state
Acute
diseases:

Gallstones (recovered
2 years ago)
Hyperglycemia,
hypertension, obesity,
long-term insomnia

None

Pollen

Chronic
diseases:

Genetic
diseases:

Allergen:
... ...

Income level: 4 000 RMB per month

Diet 50%, medicine
35%, entertainment
15%

Retired employees

Square dancing, card
playing

Expenditure
preferences:

Occupational
features:

Interests and
hobbies:
... ...

Fig. 6 Example of personalised characteristics

Personalised healthcare is certainly trending in this
big data era and is also a typical feature distinguished
from traditional popularised or general healthcare. In
the past, personalised data could not be collected and
recorded effectively owing to limited computing re-
sources, underdeveloped network communication, and
a lack of health consciousness. People generally gained
fragmented and common health knowledge from ad-
vice of doctors, communication with others, newspa-
pers, and magazines. For example, it is well known
that physical exercise is beneficial to health, and pa-
tients with hyperlipidaemia should have a light diet.
However, these health-related common sense facts ei-
ther cannot match individual health characteristics to
guide the healthcare process or cannot change dynami-
cally to satisfy personalised healthcare demand in time.

However, at present, supported by hardware and soft-
ware equipment with a high quality and competitive
price, ubiquitous computer networks, and robust and
efficient models and algorithms, it is much easier to col-
lect and record personalised characteristic data related
to individual health promptly, dynamically, and con-
veniently and to conduct real-time analysis and com-
putation on this basis. Thus, under the constraints of
the changing physical and mental state, disease state,
and economic space state, a healthcare programme is
proposed that is highly adaptable to individual health
characteristics and iteratively optimises itself to pro-
mote the continuous improvement of health benefits.

Naturally, people prefer personalised healthcare that
is beneficial to their own health rather than general
healthcare that is full of health common sense.
3.5 Intelligent Connotations

Intelligence means making full use of modern infor-
mation technology (including but not limited to arti-
ficial intelligence, big data, network communications,
and databases) in which the core is artificial intelli-
gence to assist in healthcare. As discussed previously,
the ever-changing panoramic elements, diverse person-
alised characteristics, and various complex factors affect
individual health, so it is laborious or impossible to rely
solely on human intelligence to accomplish the objective
of panoramic and personalised healthcare. Therefore,
it is sensible to draw power from machine intelligence
in healthcare services.

By means of information technology, intelligent
healthcare applies healthcare knowledge from tradi-
tional Chinese and Western medicine to the individual
healthcare process to achieve maximum health bene-
fits. If traditional healthcare is considered as a pas-
sive disease control process in which users take tar-
geted intervention measures offline, intelligent health-
care can be deemed as a proactive disease prevention
process whereby users pursue personalised health ser-
vices online[44], just as each user has a personal doctor
(as illustrated in Fig. 7).

In this proactive process, the healthcare knowl-
edge (base) forms an essential part of intelligent
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healthcare. The ultimate value of big data in the field
of management is achieving more scientific and efficient
decision-making, which requires the refinement of semi-
structured and unstructured data to form a structured
domain knowledge system so as to realise the value
discovery process from data to knowledge to decision-
making[11]. The knowledge (base) notes the applica-
tion constraints, interrelations, and judgement criteria
of the data. For example, the knowledge indicates what
to eat or not, which constrains the edible conditions.
Moreover, based on the interrelations, how much to eat
appropriately and even the everyday diet composition
can be deduced. Furthermore, knowledge defines the
judgement standard of certain diseases, thereby direct-
ing people to collect relevant data for better healthcare.
It can be stated that knowledge, as the theoretical ba-
sis, provides rules, conditions, and methods for data
use, which plays a guiding role, but its ultimate pur-
pose is to serve data. Data, as a practical result, not
only can produce new knowledge, but can also verify or
revise existing knowledge to a certain extent. Knowl-
edge and data interact with one another to promote
intelligent healthcare jointly. The relationship among
these is depicted in Fig. 8.

Intelligent healthcare is the future of healthcare in

Serve

Mine/Verify

Intelligent
healthcare

Promote

Data
(practical results)

Knowledge (base)
(theoretical basis)

Fig. 8 Relationship among data, knowledge, and intelli-
gent healthcare

the current information society, and it is also an ef-
fective means of applying artificial intelligence to as-
sist human intelligence in realising panoramic and per-
sonalised healthcare. First, the information technology
represented by artificial intelligence provides a solution
for the timely processing and analysis of panoramic
and personalised big data. It is predictable that daily
healthcare characterised by lifestyle management and
supported by artificial intelligence, along with big data,
will become a new modality in the future medical field.
This approach has been used extensively in five medical
and health fields: influenza prediction, blood glucose
management, health factor monitoring, medical and
health services, emotional analysis, and big data[45].
Furthermore, the rapid development of artificial intelli-
gence provides a strong guarantee for the realisation of
panoramic and personalised healthcare. In the smart
loop from risk assessment to evaluation and feedback,
artificial intelligence can offer more comprehensive, dy-
namic, and timely information compared to human doc-
tors, which can assist doctors in managing individual
health to a certain degree when considering panoramic
elements and personalised characteristics.

4 Implementation of Panoramic and
Personalised Intelligent Healthcare
Mode

Intelligent healthcare systems as well as intelligent
coordination and dynamic optimisation models play a
significant role in implementing this mode. This section
presents the implementation process and a case study
of this mode.
4.1 Intelligent Healthcare System

An intelligent healthcare system (as depicted in
Fig. 9) is essentially a decision support system.
Decision support systems mainly apply computer
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technology to establish systems and integrate system
resources such as the model base, rule base, and knowl-
edge base to provide useful information for decision-
makers to improve the effectiveness of the manage-
ment decision-making process[46-47]. The intelligent
healthcare system uses data interaction with smart ter-
minals, and the collection of surroundings data and
personalised characteristic data in combination with
the background knowledge base, rules base, algorithm
and model base, and other content support. It pro-
vides users (decision makers) with useful health in-
formation, including risk assessment reports, abnor-
mality warning messages, and healthcare programmes,
which are proactively implemented by users to pro-

mote health benefits, and therefore, improve the ef-
fectiveness of healthcare processes. In this case, the
users are the decision-making subjects. The manage-
ment decision-making process involves users making
subjective selections according to their own health de-
mands and putting into practice the healthcare pro-
grammes recommended by the system. The ultimate
objective of intelligent healthcare systems is to in-
tegrate relevant information to recommend appropri-
ate time-based, location-based, and individual-based
healthcare programmes for each user, so as to pro-
vide decision support for the implementation of pro-
grammes. Therefore, it is fundamentally a decision sup-
port system.

Intelligent healthcare system
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Data
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interaction
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content
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support
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Healthcare
knowledge base
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Abnormality alert message
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Healthcare programmes iterative optimisation
Evaluation & feedback data analysis
...

... ...

Fig. 9 Intelligent healthcare system

The implementation of a panoramic and person-
alised intelligent healthcare mode is inseparable from
the intelligent healthcare system. Intelligent health-
care is a process that provides decision support for the
implementation of healthcare programmes. As men-
tioned previously, intelligent healthcare applies health-
care knowledge in traditional Chinese and Western
medicine to the individual healthcare process, dur-
ing which the intelligent healthcare system uses envi-
ronmental and personalised data collected by human-
computer interaction to assess health risks, identify
possible risk factors in physical and mental health, and
thereby determine the current health status of each
individual. An example is whether one has a low-
, medium-, or high-risk status, and the possible risk
factors of sedentary behaviour, lack of exercise, and
depression. Based on the analysis of individual in-
dicators and environmental factors, early abnormality
warnings can be provided in time, which explains why
an individual should adhere to healthcare programmes.
For example, a person must exercise if they are being

sedentary and adjust passive sentiments when experi-
encing depression. With the what and why as the con-
tent support, the user is still eager to know what to
do next or how to improve the current health condi-
tions, so specific healthcare programmes, such as ex-
ercise methods and durations, and effective measures
to regulate psychological emotions, are recommended
and implemented. Therefore, the ultimate aim of in-
telligent healthcare is to provide users with healthcare
programmes as the decision support for programme im-
plementation.

The decision support process of the panoramic
and personalised programme implementation is closely
linked to the decision support system. From the per-
spective of the development and evolution history of
decision theory, the information considered in the de-
cision model is gradually enriched. The early expected
utility theory ignored individual differences and en-
vironmental factors, and the subsequent behavioural
decision theory introduced the analysis of individual
behavioural information. Later, in the research on
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dynamic decision-making methods, scholars attached
importance to the collection of environmental infor-
mation, whereas the decision support system pro-
posed further encompassed the interaction between the
decision maker and external environment[10]. Deci-
sion support systems comprehensively consider indi-
vidual differences and environmental factors; there-
fore, in an attempt to assist in the decision-making
behaviour of decision-makers to a greater extent, the
indicators of which the system itself considers, the in-
formation naturally coincides with that contained in
panorama and personalisation. Moreover, the intel-
ligent healthcare system is essentially a decision sup-
port system that plays a major role in data transmis-
sion, natural language processing, or intelligent recom-
mendations of healthcare programmes. It is impossi-
ble to assign a human doctor to serve only one pa-
tient every day, and human intelligence has not yet
been able to deal with complex reasoning in a timely
manner. However, the powerful intelligent health-
care system is always online, thereby providing con-
tinuous and accessible online proactive healthcare ser-
vices for different individuals. This not only enhances
the supervision of the healthcare process, but also
solves two problems in traditional healthcare to a
certain degree, namely the lack of sustainability and
participation[44].

As indicated in Fig. 9, the intelligent healthcare
system, as an important component and key node
of healthcare services, is supported by background
databases and interacts with smart terminals to provide
users with different healthcare services. In this case,
the background databases mainly include the health-
care knowledge base, reasoning rules base, and algo-
rithm and model base. The healthcare knowledge base
stores basic theories and methods of traditional Chinese
and Western medicine, which lays the theoretical foun-
dation for the healthcare service. The reasoning rules
base specifies if-then-else rules that can derive conclu-
sions from the knowledge premise, which lays a logi-

cal foundation for complex reasoning based on multi-
source available data. The algorithm and model base
maintains machine learning methods used in knowl-
edge reasoning, which provides a powerful guarantee
for the practical application. The data collected by
smart terminals, including environmental monitoring,
physical examination, and medical treatment data, are
processed and analysed by the intelligent healthcare
system in the background. Finally, the data are ori-
ented for serving users with personalised healthcare ser-
vices, such as monitoring data analysis, abnormality
alert messages, and healthcare programme recommen-
dations. Therefore, the intelligent healthcare system is
like a machine brain that never stops running or an ar-
tificial doctor who is always waiting and ready to serve,
which can provide panoramic and personalised health-
care services for different individuals at any time.
4.2 Intelligent Coordination and Dynamic Op-

timisation Models
The key to implementing intelligent healthcare is to

make full use of information technology, particularly
artificial intelligence, to generate personalised daily
lifestyle management programmes, so as to satisfy indi-
vidual health demands effectively. Therefore, the intel-
ligent generation of healthcare programmes is not only
the basic concept of the panoramic and personalised in-
telligent healthcare mode, but it can also be considered
as the key scientific issue to be solved when implement-
ing this mode.

However, panoramic elements and personalised char-
acteristics exhibit an endless variety. It is fairly
complex to generate a healthcare programme intelli-
gently that meets both panoramic and personalised
constraints. Therefore, efforts have been made to re-
search and develop an intelligent generation model for
healthcare programmes. Specifically, based on the ap-
plication scenes and programme types, this study pro-
poses an intelligent coordination model and a dynamic
optimisation model (as illustrated in Fig. 10) as the ba-
sis of the intelligent programme generation.

24 h a day
The initial value of allocable time in five

scenes is recommended intelligently by the
system and allowed to alter interactively
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Fig. 10 Intelligent coordination and dynamic optimisation models
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4.2.1 Application Scenes of Healthcare Programmes
Once the healthcare programme is to be implemented

in daily life to satisfy the individual health needs, what
are the basic scenes in daily life, or in which scenarios
can the healthcare programme be applied? According
to the everyday tracking of the human body for 24 hours
per day and 365 days per year, the authors hold that the
healthcare programme can be applied in the following
five basic life scenes:

(1) Working (including learning) scene. This mainly
refers to the time period of continuous working or
learning for white-collar employees, students, and other
groups.

(2) Exercise scene. This mainly refers to the time
period of daily physical exercise.

(3) Rest scene. This mainly refers to the relatively
constant time period of rest, such as sleep, every day.

(4) Diet scene. This mainly refers to the time period
of three meals a day.

(5) Leisure scene. This mainly refers to the time
period for recreational activities other than the above
scenes, such as fishing, playing cards, singing, and
watching movies.
4.2.2 Types of Healthcare Programmes

Once the healthcare programmes can be applied in
the five scenes, which types of programmes can be rec-
ommended for individuals in these scenes, or which
types of healthcare programmes exist? According to
the healthcare items involved in basic life scenes, we
hold that the healthcare programmes can be divided
into five types: diet, exercise, rest, medication, and
leisure programmes.

(1) Diet programme. This is mainly for the manage-
ment of three meals a day.

(2) Exercise programme. This is mainly for the man-
agement of daily physical exercise.

(3) Rest programme. This is mainly for the manage-
ment of rest.

(4) Medication programme. This is mainly to provide
individuals with a reminder based on medical orders. It
should be noted again that healthcare is not medically
technical work, so it does not involve clinical proce-
dures that should be conducted by professional doctors
such as prescribing and operating. The medication pro-
gramme does not refer to which medicine to take, but
rather, prompting the relevant medication time, usage
and dosage, adverse reactions, and other contents ac-
cording to the doctor’s advice.

(5) Leisure programme. This is mainly for the man-
agement of recreational activities in a leisure scene, in
addition to the above programmes. It is helpful for
sentiment relaxation and adjustment, social interaction
promotion, etc.

4.2.3 Intelligent Coordination Model of Daily Time
Allocation

Carrying out certain life matters during the corre-
spondingly appropriate time is the best means of main-
taining the body in a healthy condition. The intelligent
coordination model of daily time allocation, based on
an individual’s daily allocable time and combined with
the constraints of panoramic elements and personalised
features, optimises the optimal time allocation mode of
each scene for 24 h of the next day with the objective
of maximising the individual health benefits, so as to
provide time guidance for the further implementation
of specific healthcare programmes. For example, in ad-
dition to the relatively fixed 10 working hours per day
for office workers, the remaining 14 h should be coor-
dinated reasonably to achieve maximal health benefits.
For retired elderly people with comparatively flexible
time every day, it needs to be determined for the time
allocation mode in each life scene.
4.2.4 Dynamic Optimisation Model of Healthcare

Programmes
The dynamic optimisation model of healthcare pro-

grammes further optimises certain configurations of the
working, exercise, leisure, rest, and diet modes based on
the daily optimal time allocation obtained by the intel-
ligent coordination model to determine specific health-
care programmes within the available time range of
each scene and to satisfy the health demands of dif-
ferent individuals. For example, it should be consid-
ered which types of programmes should be offered and
how to determine the time slot combination in the fixed
10 h working period to achieve minimum mental fatigue.
Within the sleep time for retired elderly people, con-
crete rest programmes or aid measures should be offered
to reduce insomnia and to improve the sleep quality.
4.3 Implementation Process

A complete healthcare process begins with the user
data input and programme selection the day before,
and ends with the user evaluation and feedback the
next day, as indicated in Fig. 11.

The day before, based on the personalised features
and individual health needs that are input by the user,
multiple healthcare programmes are intelligently gener-
ated through the intelligent coordination model and dy-
namic optimisation model, and ultimately determined
by user self-selection. The next day, these selected pro-
grammes will be implemented successively by the user.

Prior to getting up the next day, combined with the
data collected the day before, the system will present
the health risk assessment report and inform the user
of possible health risk factors. Before the implemen-
tation of each programme, if necessary, the user will
receive an abnormality warning message according to
real-time monitoring data such as wearable and envi-
ronmental data. For example, if the weather forecast
shows rain in a certain period, the user will receive a
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Fig. 11 Implementation process of panoramic and personalised intelligent healthcare mode

weather warning message before the programme imple-
mentation in that time. If the sleep time of the previous
day is detected to be insufficient, the user will receive
an insufficient sleep warning message when getting up.
Based on an abnormality warning message, and further
combined with a healthcare knowledge base, the sys-
tem can trigger the addition of programme contents in
the programme generation module. For example, if it
is raining, the user will be reminded to take an um-
brella. If insufficient sleep occurs, corresponding sleep
aid measures will be added to the programme contents.

Before falling asleep the next day, the user can evalu-
ate and provide feedback on the programme implemen-
tation effect on that day to the system and input their
health needs for the following day, so as to continue in
the next healthcare process.
4.4 Case Study

The following presents an application case of
the panoramic and personalised intelligent healthcare
mode. For simplicity, suppose that the individual ac-
tivity scope in one day is set, as shown in Fig. 5; the
personalised characteristics are set, as shown in Fig. 6;
the background intelligent healthcare system is set, as
shown in Fig. 9.

As illustrated in Fig. 6, this elderly female suffers
from chronic diseases such as hyperglycaemia and hy-
pertension, is seriously overweight (91 kg), and has
long-term insomnia, which is mainly manifested as ex-
treme excitement at night and difficulty falling asleep,
thereby leading to her often taking sleeping pills and
frequently browsing her mobile phone, or even getting
up at midnight to watch TV. Owing to a variety of
chronic diseases, she was classified into the group with
a high risk of chronic diseases by the doctor. Ac-

cording to her physical examination report, the doctor
provided several suggestions for daily lifestyle manage-
ment, mainly including the following:

(1) Sleep. Go to bed early and get up early to ensure
adequate sleep. A 30min rest at noon is acceptable,
but it should not be too long.

(2) Diet. Pay attention to the dietary balance; no
greasy food and viscera, a light diet, less oil and salt.

(3) Medication. Take anti-hypertensive drugs and
hypoglycaemic drugs on time every morning and try
not to take sleeping pills.

(4) Exercise. Strengthen physical exercise and do not
be sedentary.

(5) Psychology. Try to maintain a strong mentality
and do not worry too much.

Her main health needs are to reduce insomnia and
lose weight. According to the historical feedback in-
formation, it is usually easier to fall asleep after mas-
sage, square dancing, and tourism. Her main daily life
items include getting up, measuring her blood glucose
and blood pressure, taking medicine, breakfast, shop-
ping for food, watching TV, lunch, noontime rest, en-
tertaining outside, dinner, taking a walk, chatting with
family, bathing, and sleeping. Based on the daily life
trajectory, the routine items are classified into differ-
ent life scenes, and it is supposed that the allocable
time in the five scenes is first intelligently recommended
by the system and then interactively confirmed by the
user, as follows: 10 h for the rest scene, 2 h for the diet
scene, 4 h for the exercise scene, 2 h for the working
scene, and 6 h for the leisure scene. The possible intel-
ligent healthcare services in each scene are presented in
Table 3, where the time allocation mode optimised by
the intelligent coordination model is indicated in the
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Table 3 Essence of healthcare[1]

Life scenes Time allocation
Risk assessment/Abnormality
warning/Evaluation & feed-
back: examples

Programme implementation: examples

Rest scene 22 : 00—07 : 00 Risk assessment: high risk
(disease number more than 3),
risk factors include blood pres-
sure, blood glucose.
Abnormality warning: the
sleep time last night less than
5 h.

Rest programme: go to bed at 22 : 00 and get up
at 07 : 00. To fall asleep as soon as possible in the
evening, please do not browse your mobile phone
for 2 h before bedtime.

13 : 00—13 : 30 Rest plan: a 30 min rest at noon is acceptable,
which is conducive to heart rest.

Diet scene 07 : 00—07 : 30 Abnormality warning: blood
glucose and blood pressure ex-
ceed standard values.

Diet programme: drink a glass of hot boiled water
after getting up.
Medication programme: take anti-hypertensive
drugs and hypoglycaemic drugs in this period for
the best curative effect.

07 : 30—08 : 00 Diet programme: nutritious breakfast, no eggs,
milk acceptable, have more grains.

11 : 30—12 : 00 Diet programme: light lunch, no bean products,
no lard, no viscera.

18 : 00—18 : 30 Diet programme: less oil and salt for dinner, di-
etary balance, do not eat more than seven points.

Exercise scene 08 : 30—09 : 30 Abnormality warning: it is
cool outside (15 ◦C) and during
the special pandemic period.

Exercise programme: shop for food, with a spare
dress and a mask when going out.

16 : 30—18 : 00 Exercise programme: walk for the recommended
route and targeted steps.
Diet programme: drink hot boiled water, no strong
tea or carbonated drinks (for gallstones).

19 : 30—20 : 30 Exercise programme: square dancing.

Working scene
(cooking)

10 : 30—11 : 30 Exercise programme: skipping rope during break.
Diet programme: drink hot boiled water, no strong
tea or carbonated drinks (for gallstones).

Leisure scene 09 : 30—10 : 30 Leisure programme: watch TV.

13 : 30—15 : 30 Abnormality warning: it will
be raining in this period.

Leisure programme: play cards in the chess and
card room, take an umbrella and have a rest for
10 min when sedentary for 40min.
Diet programme: drink hot boiled water, no strong
tea or carbonated drinks (for gallstones).

15 : 30—16 : 30 Leisure programme: massage in massage parlor
nearby.

20 : 30—22 : 00 Evaluation & feedback: to-
day’s programme implementa-
tion effect, tomorrow’s health
needs.
Historical feedback: easier to
fall asleep after massage and
dancing.

Leisure programme: watch TV. Have a rest for 10
min when sedentary for 40 min.
Exercise programme: skipping rope during break.
Diet programme: drink hot boiled water, no strong
tea or carbonated drinks (for gallstones).

second column, the risk assessment/abnormality warn-
ing/evaluation and feedback, and their respective ex-
amples are indicated in the third column, and the pro-
gramme types and examples optimised by the dynamic
optimisation model are indicated in the fourth column.

It should be noted that the examples shown in Ta-
ble 3 are combined with the individual’s historical life
experience and doctor’s suggestions, but are not intel-
ligently generated by the intelligent healthcare system

according to the implementation process introduced in
Subsection 4.3. Therefore, it can easily be observed
that the examples of the programme implementation
are highly pertinent to the doctor’s suggestions, and al-
though they are seemingly plausible, they are still not
particularly concrete in providing, for instance, explicit
dishes for three meals per day or more specific sleeping
aid measures. These are research questions that should
be considered in the dynamic optimisation model.
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5 Conclusions and Prospects

The panoramic and personalised intelligent health-
care mode is centred on individual health, makes full
use of information technology, and combines panoramic
elements such as time, space, and resources with per-
sonalised characteristics in different individuals to pro-
vide comprehensive healthcare services for users, so as
to achieve the maximum health benefits within limited
resources. To put this mode into real practice, it is nec-
essary to develop and deploy the intelligent healthcare
system, as well as to focus on the research and devel-
opment of an intelligent coordination model for daily
time allocation and a dynamic optimisation model for
healthcare programmes.

The proposed mode involves extensive research con-
tents and covers a wide range of disciplinary knowl-
edge, which is difficult to be perfectly implemented and
can be considered as systematic healthcare engineering.
However, the mode exhibits a strong possibility of be-
coming the future developmental trend in healthcare
owing to its advanced concepts. In this paper, the basic
definition, conceptual model, and specific connotations
of the panoramic and personalised intelligent healthcare
mode have been explained in detail, and this study is
expected to provide new ideas for further research in
the healthcare field.
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