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Abstract

Human body contains much health information, which can reflect the basic health status and help detect diseases. However,
the traditional wired transmission method greatly limits the portability and immediacy of the device. Turning the device into
wireless can effectively solve the above problems. The development and research of new wireless wearable devices is urgent.
This review focuses on wireless wearable devices applied in health monitoring and clinical diagnosis. Firstly, we introduce
its development status and give emergent device system architecture. Then, wireless energy transmission and wireless data
transmission modules are presented. Besides, this review categorizes the health information contained in the human body
into three categories based on its signal states, and introduces measurement methods and existing applications. Finally, the
outlook on the current challenges of wireless wearable devices is given.
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Introduction

With the continuous improvement of human living stand-
ards, people's attention to health is also increasing. To facili-
tate a quicker and easier assessment of one's health status,
a wide range of medical devices has been developed. Most
used equipments in hospitals are relatively large, such as
magnetic resonance imaging instrument, computed tomog-
raphy, etc. However, these devices come with drawbacks,
including limited mobility and high inspection costs. The
emergence of wearable devices has greatly promoted the
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development of this trend in order to enable people to easily
know their health status in daily life without going to the
hospital. Wearable devices are diverse and can be applied
to various parts of the human body. For example, a wear-
able electrocardiogram (ECG) can capture a patient's ECG
in real time and also increase the number of arrhythmias
detected [1]. Wearable microscopes [2] for viewing the
structure of muscle groups are also flourishing, providing
medical treatment for cerebral palsy, amyotrophic lateral
sclerosis, myotonic dystrophy, myasthenia gravis, stroke,
and other diseases. Wearable devices have revolutionized
the landscape of health monitoring and disease detection by
reducing the size of these devices. With the development of
wireless technology, wearable devices are further develop-
ing toward miniaturization and portability. By combining
wireless technology with wearable devices, the transmission
distance is no longer limited by wires, and the bulk designs
can also be decreased with the omission of batteries [3, 4].

Self-powered and various wireless energy transmission
technologies enable wearable devices to remove additional
power devices. The participation of wireless data tech-
nologies such as Bluetooth, Radio Frequency Identifica-
tion (RFID), and Near Field Communication (NFC) avoids
the limitations of wires and expands the work distance of
devices. For instance, in clinical applications, wireless
pressure sensors have proven invaluable for monitoring
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intracranial pressure (ICP) in patients with traumatic brain
injuries [5]. With the assistance of wireless technology, real-
time non-invasive monitoring of intracranial pressure can
be achieved. What is more, data can be received easily. In
addition, in daily health monitoring, wireless wearables are
able to integrate with glasses [6], bandages [7], clothing [8,
9], gloves [10, 11], and other everyday household items. It
can even be integrated with tattoos [12—14] and stickers [15,
16], effectively improving the senselessness and portability
of the devices. Pregnant women can also monitor the fetal
heart rate at home through a miniaturized heart rate moni-
tor, eliminating the need for hospital visits [17]. Through
wireless transmission technology, measurement results can
also be synchronized in real time to the user's smartphone,
greatly improving the efficiency of health monitoring and
providing valuable time for disease warning.

In this review, the wireless wearables and its applications
both in the daily health monitoring and clinical diagnosis are
introduced (Fig. 1). Firstly, we introduce the common sys-
tem architectures of wireless wearable devices and discuss
the wireless power and data transfer. Introduces Bluetooth,
RFID and NFC as three common wireless data communica-
tion technologies. Next, in order to present the applications
in both hospital and home, we classify them by the types of
the signals (chemical signals, bioelectrical signals, etc.) the
devices obtain directly. In addition, this review also intro-
duces that monitoring movements can be used to evaluate
the health status and surgical recovery status of the human

System architecture of
wireless wearables

in health monitoring

and clinical diagnosis

Bioelectricity

Fig.1 The common system block diagram of a wireless health moni-
toring device
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body. Finally, the current state of wireless wearables is sum-
marized and the challenges and prospects are presented.

Designs and Technologies of Wireless
Wearables

Health equipments are varied in size, from smartwatch worn
on the wrist to small sensors such as e-skin which is directly
attached to the skin [4, 18]. The system architecture of dif-
ferent devices may vary, but the modules within them may
have similarities. In this session, we summarize the system
architecture of wireless wearable devices firstly. Next, we
introduce the modules for wireless energy and data trans-
mission in the system. Wireless power transfer can reduce
device size. What is more, we also give the technologies of
wireless data transfer such as Bluetooth, RFID, and NFC,
which can achieve transmission with many advantages such
as low energy consumption and high fidelity.

System Architecture

After analyzing multiple health monitoring devices, we can
broadly categorize the entire device system into three key
components: the power management module, the informa-
tion transmission module, and the signal acquisition module
[19]. The power management module represents the energy
conversion method of the entire system and determines the
energy conversion efficiency of the devices. The information
transmission module refers to the wireless communication
method used in the system. This part determines the speed of
information transmission, channel capacity, and other con-
tents. The signal acquisition module is determined by the
type of signal collected. To obtain different kinds of physio-
logical signals, different technologies are required. The three
modules mentioned above are often designed separately, but
in order to achieve high efficiency and miniaturization of the
entire system, the coordination between modules and system
optimization is also crucial.

Wireless Power Transfer

In the application of electronic devices, how to power them
is a very important issue. The traditional power supply meth-
ods include using batteries for power supply, or directly con-
necting through wires and using 220 V AC power to oper-
ate [20]. However, the methods above have many problems:
the battery occupies a large volume of a device, continuous
health monitoring is not possible when replacing batter-
ies, poor mobility, etc. Wireless technology is widely used,
which provides the possibility for manufacturing health
monitoring devices with excellent performance such as
lightweight, flexibility, sustainability, and so on [21, 22].
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The following content of this session will revolve around
wireless power transfer and the self-powered system.

Wireless Energy Transmission Using Electromagnetic
Induction

Wireless power transfer system obtains electromagnetic
radiation energy from the surrounding environment through
electromagnetic induction. Typically, both the transmitting
and receiving ends utilize circular coils. External devices
emit electromagnetic waves through the transmitter, and the
receiver receives them. The alternating source in the Tx coil
generates a magnetic field, and some of the magnetic field
penetrates into the Rx coil. This part of the magnetic field
generates induced alternating current. With the help of a
rectifier circuit, it can generate direct current power for the
normal operation of the devices (Fig. 2a) [23]. The trans-
mission efficiency is generally evaluated using the return
loss coefficient, which is S11 in the S parameter [24]. The
frequency with the lowest S11 value is called the resonant
frequency. In general, at the resonant frequency, the wireless
transmission power is the highest. Wireless energy transmis-
sion can be primarily categorized into two types: far-field
and near-field [25]. The near-field coupling adopts principles
such as capacitive coupling (CC), inductive coupling (IC),
magnetic resonator coupling (MRC), etc. Far field trans-
mission generally uses radio frequency (RF). In wearable
devices, near-field transmission is more common, while far-
field transmission is often used for large medical equipments
such as magnetic resonance imaging devices. The energy
supply system can also be achieved by two mutually cou-
pled inductors. By converting sinusoidal voltage into direct
current voltage through a rectifier, the device can operate
which can trach short-range finger movements, expanding
the application scenarios and improving the devices’ degree
of freedom.

Charging Network

Although one-to-one charging has already realized wire-
less energy transfer, there are still several issues such as
restricted charging locations, limited power, and charging
only one device at the same time. In order to solve these
problems, many wireless charging networks also have
emerged [26, 27]. By designing a wireless charging network
to improve the power of energy transmission and achieve
advantages such as increased transmission distance, save the
space that used for power transmission, and so on. Based on
wireless charging networks, researchers have also proposed
the concept of omnidirectional charging [28, 29]. A practical
omnidirectional wireless power transfer setup is shown in
Fig. 2b [30]. Applied this technology to the sensor network,
all devices worn on the human body can be charged without

the need for alignment or stationary position to complete
the charging process [31]. This provides great convenience
for life. A noteworthy development in this field occurred on
January 29, 2021, when Xiaomi unveiled the Mi Air Charge
concept. The company introduced an isolated charging sta-
tion equipped with five phase interference antennas capable
of accurately detecting a phone's position. Then, a phase-
controlled array composed of 144 antennas will directly send
millimeter-wide waves to the phone through beamforming.
This wireless charging technology envisions remote charg-
ing of multiple devices within a radius of several meters at
a power of SW. If the idea can be successfully implemented,
then this will be the preliminary development of the previ-
ous imagination. Vigorously developing omnidirectional
charging technology will provide solutions for improving the
power and data transmission efficiency of wearable device
systems. This provides new ideas for the next development
of wireless wearable systems.

Self-Power Method

In addition to the methods mentioned in the previous text,
based on the principle of energy conservation, researchers
are now considering directly converting the energy gener-
ated during human’s motion into electrical energy that can
be used for electronic device operation [32, 33]. This method
is undoubtedly a key achievement in promoting the further
development of wireless wearable devices.

The human body always undergoes various energy trans-
formations, converting biological energy into mechanical
energy, thermal energy, and so on. Starner et al. once cal-
culated that a person weighing 68 kg can generate up to 67
watts of power when walking on land [34]. According to the
analysis of activity scenarios, there are many scenarios that
can generate energy which can easily caught by devices:
friction generates energy during arm swing [35]. Electronic
devices with self-powered technology can continuously
operate without external power supply, achieving long-term
uninterrupted monitoring of human health [36].

In the self-power supply system of devices, the typical
one is the triboelectric nanogenerators (TENGs). TENG
is a powerful technology, which can get electrical energy
from ambient mechanical energy through the effect of tribo-
electricity [37, 38]. Its operational principle is rooted in the
interaction between friction and electricity. When two simi-
lar materials come into contact or undergo relative motion,
charge transfer occurs between the interfaces, during which
the energy required for devices operation can be obtained
[39]. Wu et al. [40] developed a TENG based on the biode-
gradable polybutylene succinate (PBS) membrane (Fig. 2¢).
This device can capture small movements of the human body
and convert them into electrical energy. Meanwhile, accord-
ing to the experiments, it can be seen that the frequency
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of finger contact with TENG is different, and the voltage
generated is also different. After continuously touching and
charging it for 480 s, the stored energy of the capacitor can
reach a maximum of 102.53 J. There is also a device, whose
frictional layers used magnesium zeolite/PP composite films
[41]. The addition of silver zeolite increases the dielectric
constant of the thin film. It can improve the performance
of the generator, thereby improving conversion efficiency.

Self-powered electrical components can not only directly
obtain energy from the human body, but also from the out-
side world, for example, the solar energy, wind energy, ther-
mal energy, etc. [20, 42, 43]. This can ensure the normal
operation of relatively high-power health monitoring equip-
ment in adverse environments. It has shown broad applica-
tion prospects in wireless wearable devices and biomedi-
cal applications as well. In order to provide higher power
energy, there are also designs that combine the two types of
methods mentioned above. For example, using both TENGs
and solar cells to power the system, supplemented by circuits
such as boost converters, to achieve design goals [19].

Wireless Data Transfer

In medical diagnosis and health monitoring systems, in
addition to energy transmission, data transmission is also
required. The information transmission module transmits the
obtained signal to the receiver for further processing and
analysis of the signal [44—47]. Common wireless transmis-
sion technologies include Bluetooth, NFC, and RFID, which
can obtain data from external environment. The following
session gives a minute description of these several wireless
energy acquisition methods.

Bluetooth

Bluetooth is a common signal mode since many years ago.
It can achieve convenient, fast, low cost, and low-power
communication between devices. Bluetooth Low Energy
(BLE), derived from Bluetooth 4.0, has superior perfor-
mance over Bluetooth, such as lower power consumption,
complexity, and cost [48]. Its core architecture is shown in
Fig. 3a. The corresponding frequency band for Bluetooth is
2.4-2.485 GHz, which belongs to the Industrial Science and
Medical (ISM) frequency band [49]. Bluetooth technology
gives designers a lot of freedom. Developers can develop
their own applications based on existing solutions, which
provides the possibility to apply Bluetooth technology in
various fields [50].

The fastest transmission speed of Bluetooth is 24 MB/s,
and the maximum transmission distance without obstruc-
tion is 100 m [49]. Currently, there are devices for col-
lecting electrocardiogram signals from the human body.
Attach an electrode to the wrist to transmit a person's pulse

signal through BLE technology [51]. In the study, the sig-
nal measured by this method was compared with the elec-
trocardiogram signal directly obtained from the body, and
it was found that the signal interference was less and the
measurement was accurate. In addition to monitoring the
heart, there are also various wireless sensors with Bluetooth
modules that can monitor body fluids, electrolytes, gases,
etc. [52-54].

With the continuous updates and improvements of Blue-
tooth technology from generation to generation, it has signif-
icantly improved in terms of security and stability. However,
there are still many urgent issues that need to be addressed
in Bluetooth technology which applied in the wearables. For
example, the significant impact of obstacles on information
transmission and long latency. This may affect the patient's
treatment. At the same time, the low power of Bluetooth
greatly limits the transmission distance [55]. So how to
further improve its transmission distance of the health data
while ensuring the advantage of low-power consumption is
the focus of the next stage of research.

RFID

RFID refers to non-contact data communication between
readers and tags, in order to achieve the goal of identifying
targets. One type of this technology is shown in Fig. 3b.
According to the principle, RFID can be divided into three
categories: passive tags, active tags, and semi-active tags.
The principle of passive tags is radio frequency signals emit-
ted by readers, which generate induced current in the tags
and then use this energy to transmit information stored in
the chip. Active tags, on the other hand, actively emit a fixed
frequency signal from the tag, which the reader receives and
decodes before transmitting the data to the central informa-
tion system for related data processing. Passive RFID does
not require power to the active itself, but the transmission
distance is shorter. Although active RFID can be recognized
between a longer distance, it requires an external power sys-
tem in operation, which lead to its larger volume. So, another
data transmission method that combines the advantages of
both methods has emerged, namely semi-active RFID. This
foundation is also known as activation triggering technol-
ogy. In most cases, this type of tags is in a dormant state and
only supplies power to the part that stores data. Therefore,
its power consumption is relatively low. After the tag enters
the recognition range of the reader, the reader first sends a
signal to activate the tag to enter the working state, and then
carries out information transmission [56-58].

Due to its advantages such as miniaturization and low
cost, RFID has been increasingly used by health monitoring
devices in recent years [59]. Currently, it is common in clini-
cal applications to use RFID tags to verify patient informa-
tion, aiming to reduce the probability of medical accidents
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Fig.3 a The core architecture
of Bluetooth. Reprint with
permission from Ref. [160].
Copyright 2017, Elsevier. b A
system based on RFID technol-
ogy. Reprint with permission
from Ref. [161]. Copyright
2023, John Wiley & Sons. ¢ A
block diagram of a sensor work-
ing with NFC. Reprint with
permission from Ref. [162].
Copyright 2019, MDPI
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and improve the accuracy of clinical treatment [60]. As for
daily health monitoring, non-invasive monitoring equipment
is more convenient to use. A study has designed a device
using RFID to monitor the frequency of hand tremors [61].
This device can help monitor the condition of Parkinson's
disease patients. In addition to monitoring exercise, respira-
tory rate and heartbeat rate can also be monitored based on
RFID. Attaching sensors to the chest of the human body to
monitor heartbeat status, or real-time monitoring of breath-
ing during sleep all contribute to human health management
[62, 63].

The position of RFID in information transmission is
beyond doubt. However, RFID technology still faces issues
such as poor technical compatibility and so on. Manufactur-
ers need to develop relevant specifications to unify standards
and communication frequencies, in order to improve inter-
operability between devices.

NFC

NFC has now become one of the commonly used media
for wireless body area networks (WBANSs) [64]. NFC is a
technology used for short-range information transmission
as well, with a communication range of approximately
4-10 cm. The standard is also built on the 13.56 MHz RFID
contactless card standard [65]. Its frequency band, like Blue-
tooth, belongs to the ISM band.

Integrating information transmission systems into Inter-
net of Things (IoT) systems is currently a common practice.
In the medical and healthcare industries, NFC plays a sig-
nificant role. An example used NFC in the sensors is shown
in Fig. 3c. From integrating chips into medical record cards
to obtain patient medical records, to providing medication
services, and even to mobile payments, NFC serves various
stages of medical treatment [66, 67].

There are some devices that use flexible NFCs, and
researchers use various materials to integrate tags onto dif-
ferent devices. As early as 2004, there was a case of using
conductive yarn to embroider coil-shaped RFID on suits
[68]. Xu et al. [69] have studied a wireless temperature
sensor device, which is expected to be used for monitoring
breast cancer. This device is based on a flexible NFC coil
embroidered with conductive yarn. The device monitors the
abnormal change of temperature, and then transmits it to the
intelligent electronic device with NFC function. By repro-
cessing and analyzing the data, information about breast
cancer can be obtained [70]. In recent years, more and more
smartphones have begun to have NFC functionality, which
provides the possibility for health monitoring at any time. In
an ideal situation, as long as the monitoring device has NFC
function, users can transmit data to smart devices anytime
and anywhere, and then analyze it. This provides great con-
venience for medical diagnosis and health monitoring. The

advantages of NFC are obvious, but it also has issues such
as weak security, easy leakage of stored information, and
easy cloning [71]. Researchers improve security by encrypt-
ing transmitted content, and related crypto suites such as
Rabin-Montgomery cryptography have been widely used
[72]. Improving the security of NFC tags will be the focus
of research in the next stage.

The Challenges of Wireless Technologies

As wireless technology can bring advantages such as strong
mobility and high-speed information transmission, it can
greatly help the health monitor device realize the long-
term and real-time monitoring and extend their operation
life. However, there are also related issues that need to be
addressed with this technology. The first issue is that the
process of wireless energy transmission can generate ther-
mal effects, which may have certain side effects on human
health [4]. At present, various countries have formulated
relevant standards to specify the specific absorption rate
range of wireless devices applied to the human body [73,
74]. This greatly improves the security of wireless devices.
At the same time, when the wireless transmission module
is integrated into the health monitoring devices, it can also
cause problems such as poor fit to human body due to the
lack of flexibility. Based on this, researchers consider using
flexible coils to reduce the impact of the above problems on
monitoring [75, 76]. In addition, in the process of informa-
tion transmission, it is also very important to obtain accurate
information without being disturbed by noise. Eliminating
external electromagnetic interference and accurately filter-
ing out useful information will also be the key to the next
stage of research.

Applications of Wireless Wearables
in Detecting Physiological Signals

The human body is a complex organism that contains vari-
ous signals. Among them, physiological signals are the
reflection of various information such as bioelectricity
and physiological parameters in the body. Their detection
and analysis are of great significance for the diagnosis and
treatment of many diseases. Both chemical substances such
as body fluids and electrical signals produced by various
organs can be considered as physiological signals [77]. The
chemical signals of the human body can be obtained from
various body fluids, such as blood, sweat, tears, and so on.
And electrical signals can be roughly divided into electroen-
cephalogram signals, electrocardiogram signals, electromyo-
gram signals, etc. In addition to the above two categories,
we can also obtain information about human health status
from the movement activities. The generation of multiple
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signals provides possibilities for clinical diagnosis of dis-
eases and feasible solutions for more accurate detection of
human health status [78, 79]. In this session, the generation
and measurement mechanisms of various physiological sig-
nals will be described.

Body Fluid

Human body fluid is the blanket term of intracellular fluid
and extracellular fluid. The two are distinguished by the cell
membrane as the boundary. The extracellular fluid mainly
includes plasma and interstitial fluid, while the intracellular
fluid refers to the fluid inside the cell membrane. The body
fluid contains various inorganic salts, organic substances,
etc., and is the main site for cell survival and material metab-
olism [80, 81]. At the same time, in addition to body fluid,
the fluids produced by the human body are directly secreted
into the external environment [82—84]. The human status
can be verdict by detecting the content of substances in the
aforementioned liquids.

Blood

Blood contains various substances, such as proteins, electro-
lytes, organic compounds, and various blood cells. Through
the analysis of the composition of these blood components,
we can obtain valuable information such as oxygen satura-
tion, heart rate variability, and the concentration of trace
elements, which, in turn, aids in the early detection and
monitoring of various diseases [85, 86]. Most of the infor-
mation related to blood is obtained using its optical proper-
ties. Obtain the optical transparency of capillaries through
an optical platform, and judge the health status of the human
body based on the obtained spectral information (Fig. 4a).
In the prevention and treatment of cardiovascular dis-
eases, dynamic monitoring of oxygen saturation is indispen-
sable. When light passes through capillaries, the intensity of
light decreases. When the hemoglobin content in the blood
is different, the light energy absorbed by capillaries will also
change accordingly [87]. By combining theoretical deriva-
tion, the relationship between transmitted light intensity and
hemoglobin concentration can be found [88, 89]. In response
to this characteristic, Chen et al. combined Bluetooth tech-
nology to manufacture a low energy consumption wearable
blood oxygen monitoring device [50]. This system transmits
the collected blood oxygen information to the mobile cli-
ent through Bluetooth for signal processing and analysis.
In this process, Discrete Saturation Transform (DST) signal
extraction technology is also used to reduce the interference
of useless signals. The blood oxygen information obtained
through this system is not only more accurate, but also has
lower power consumption than wired systems, and can
achieve real-time monitoring. The importance of wireless
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technology has been shown. In addition to monitoring blood
oxygen, Bluetooth technology can also be used to monitor
blood pressure (BP). Blood pressure is very important in
monitoring diabetes, atherosclerosis, coronary heart disease,
and other diseases [90]. Currently, two commercial blood
pressure monitors (Beurer BM 85 Bluetooth and Andersson
Lifesense BDR 2.0) have emerged in the Swedish market,
capable of automatic blood pressure measurement and data
transmission [91]. This brings good news to hypertensive
patients.

When measuring oxygen saturation, when the body
moves, it will have an impact on the light path, resulting in
motion artifacts [92]. The combination of flexible sensors
and NFC technology can effectively solve this problem. [93].
In this study, an optical platform is attached to the finger-
nails to directly obtain human blood information. As Fig. 4b
shows, this device uses wireless energy transmission to drive
red LED, and then uses a photodetector to obtain backscat-
tered light. In order to increase the transmission distance
while ensuring the transmission power, the design uses a
double-layer Cu transmission coil, and the final measured
quality factor (Q) is about 16 in the 30 mm distance away
from a smartphone. This flexible sensor is not only not lim-
ited by transmission lines, but also capable of long-term
detection, and is only affected by the growth rate of nails.

The traceability of physiological samples in medical
treatment is significant, and at critical moments, this infor-
mation may be able to save lives. If not handled correctly,
it may even be fatal. Previously, barcode technology was
mostly used. But the barcode not only needs to be aligned
during the scanning process, but also needs to be read at a
very close distance, which has obvious drawbacks. After
combining RFID technology, physiological data for clinical
diagnosis can be more easily obtained. One of the typical
examples the RFID labels used on the blood tube is shown in
Fig. 4c. For example, attaching an RFID tag to the outside of
a blood collection bag is used to track information about the
contents [94]. As is well known, electromagnetic (EM) fields
are generated during the process of information transmission
and reception, which may lead to an increase in ambient
temperature, leading to some side effects such as changes
in blood pH and hemolysis of red cells [95]. This can cause
inaccurate measurements. But using RFID technology,
temperature changes are relatively small and will not bring
changes to the blood. Therefore, using RFID tags is a cost-
effective way of storing information in clinical applications.

Sweat

Sweat is a type of body fluid that is easily accessible from
the human body. Sweat contains various substances, the
most significant of which are Na* and C1~ ions, as well as
a small amount of substances such as urea and lactic acid
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Fig.4 a Some optical devices
used as health monitoring sen-
sors. Reprint with permission
from Ref. [85]. Copyright 2016,
AAAS. b A flexible device
which can monitor the blood
information. (i) The schematic
illustration of the constitu-

ent layers. (ii) The diagram

of different functional blocks.
(iii) Photos of the devices and
its working location. Reprint
with permission from Ref. [93].
Copyright 2016, John Wiley &
Sons. ¢ The photos of a RFID
antenna. (i) The antenna is
attached to a flat surface. (ii)
Its structure. (iii) It is attached
to the blood tube. Reprint with
permission from Ref. [163].
Copyright 2019, MDPI
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«Fig.5 a (i) A photo and (ii) a schematic diagram of a stretchable
wireless sweat monitoring device. Reprint with permission from Ref.
[102]. Copyright 2018, Elsevier. b A wearable swear sensor. (i) The
schematic illustration of the sweat chloride sensor. (ii) It is connected
to the smart phone. (iii) The interface of the mobile app. Reprint with
permission from Ref. [101]. Copyright 2018, Elsevier. ¢ An Exploded
view of a sweat sensors with Bluetooth. Reprint with permission from
Ref. [105]. Copyright 2021, Elsevier

[96, 97]. When detecting it, non-invasive and on-demand
acquisition can also be achieved. That is, it can be obtained
by iontophoresis ((Wescor Macroduct), a method approved
by the Food and Drug Administration (FDA) [98].

Sweat has been used in medical tests for a long time, most
notably in cystic fibrosis (CF) screening [99]. Cystic fibrosis
not only damages the lungs, but also negatively affects the
CI"™ ion reabsorption function of the sweat glands, result-
ing in very high C1™ content in the sweat of patients. Based
on this, a rapid preliminary diagnosis of cystic fibrosis can
be achieved through the analysis of sweat [100]. Choi et al.
[101] developed a wearable sweat sensor. This sensor detects
CF by checking the chlorides. This sensor has an integrated
salt bridge that enables long-term and accurate detection.
The monitoring result of this sensor is relatively accurate
and consistent with the measurement results of traditional
test in laboratories. Its Pearson correlation coefficient is
p=0.97. At the same time, the sensor is also connected to a
smartphone through Bluetooth, allowing real-time visualiza-
tion of the concentration of chloride ions in sweat. What is
more, wireless monitoring can also detect the pH of sweat as
Fig. 5a shows [102]. Compared to conventional testing meth-
ods, using miniaturized sensors can obtain equally accurate
results from fewer test specimens, here is the sweat. This
demonstrates the potential for detecting objects related to
health on patients especially infants.

With the help of RFID technology, the element content
in sweat can also be obtained through adhesive bandage
type sensors [98]. Its photo is shown in Fig. 5b. Sensing is
achieved by attaching patches to the human body. In order
to improve service life and reduce size, this patch sensor
adopts battery-free RFID technology, which attains power
through external spiral coils (the size of the power supply
coil matches the size of the patch). When the thickness of
the device becomes thinner and becomes a flexible device,
its fit with the human skin is greatly improved, which means
that the accuracy of the device is greatly enhanced. After
testing, it is found that the accuracy of the sensor can reach
96% at 50 mM NaCl.

The concentration of cortisol in sweat can reflect the
magnitude of human pressure to a certain extent, and has
great application prospects in sports competitions, staff in
special environments, and other populations [103]. In order
to ensure data security, that is, obtaining physiological infor-
mation through close distances, NFC is a good solution. By

combining the two above, an electrochemical sensor based
on NFC has been developed [104]. This device ensures a
smaller size and weight. The overall size of this device is
similar to a common skin patch, and its thickness can reach
the micrometer level. It integrates the sensing circuit with
the power supply circuit together, and uses a rectangular
resonant coil for power supply. The NFC antenna is placed
on the right side of the coil to avoid crosstalk that may affect
the measurement results. Electrochemical sensors convert
the concentration of cortisol in sweat into changes of cur-
rent, and then transmit the results to the user's mobile phone
through NFC technology, in which way the users can obtain
real-time information about their body. At the same time,
since the device is attached to the surface of the human body
through a medical-grade flexible film, this sensor also has
good biocompatibility and skin adhesion, in line with the
current development trend of wearable devices. A wireless
wristband with Bluetooth also has these advantages (Fig. 5c)
[105]. There are now also combinations of sweat sensors and
textile NFC antennas [106]. Due to the special NFC antenna
material, this sensor can be directly prepared on clothes,
with the advantages of easy-wearing and comfortability.
Intelligent textile is also a potential direction of future study.
When using sweat sensors, their adhesion may be affected
by the existence of sweat. How to maintain its adhesion to
human skin during long-term use will also be the focus of
future research.

Tears

Tears are very easily obtained body fluid. In addition to the
substances such as proteins and ions that we know in tears,
it has a special characteristic in clinical treatment, which
is that its glucose levels are similar to those in the blood
[107]. This means that tear is considered as "blood sub-
stitutes" in the field of diabetes detection [108]. The com-
mon method of measuring blood glucose requires draw-
ing blood. Although the amount of blood required is not
large, over time, multiple invasive blood-drawing on the
human body can not only cause little damage to the body,
but may also lead to blood infections, posing many safety
hazards. Measuring glucose in tears can effectively solve
the above problems. Researchers have developed a con-
tact lens that can detect tear glucose (Fig. 6a) [108]. The
device is made of transparent polyethylene terephthalate
(PET) wafer with a thickness of 100 pm. Under normal cir-
cumstances, the lacrimal gland will continuously produce
basal tear and then the fluid brought to various parts of
the eyeball surface through the movement of the eyeball.
So, when users wear contact lenses, the sensors carried
on the contact lenses will be continuously immersed in
tear, thereby achieving continuous monitoring of the tear
glucose. In order to reduce errors, the device is equipped
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«Fig.6 a The photos of the contact lenses. Reprint with permission
from Ref. [108]. Copyright 2012, Institute of physics publishing. b
The schematic of the wireless system. Reprint with permission from
Ref. [98]. Copyright 2012, Institute of physics publishing. ¢ The fab-
rication procedures of many sensors used for diagnosis. (i) glucose
sensor, (ii) DES sensor. Reprint with permission from Ref. [112].
Copyright 2020, PLOS

with two differential sensors. In addition, to achieve wire-
less energy and data transmission, this device adopts radio
frequency wireless power transmission. Its schematic is
shown in Fig. 6b. Its operation only needs 3 pW dc power.
The emergence of this design will help achieve a self-
regulated insulin delivery system.

In addition to diabetes, tears can also monitor hyper-
lipidemia in medical diagnosis. Hyperlipidemia is one of
the cardiovascular diseases, which are one of the main
causes of death. According to data from the World Health
Organization (WHO), in 2019, the number of deaths
caused by cardiovascular diseases accounted for 38% of
the total number of deaths [109]. Hyperlipidemia is a seri-
ous health risk caused by high blood lipid levels, which
can lead to diseases such as atherosclerosis and coronary
heart disease. The disease is commonly diagnosed by the
level of total cholesterol in the plasma. According to previ-
ous studies, the cholesterol level in tear is closely related
to the level in plasma [110]. Therefore, hyperlipidemia can
be monitored by measuring the concentration of choles-
terol in tear. Based on this, Song et al. [109] developed a
contact lens for monitoring cholesterol levels in the tears
of patients with hyperlipidemia. Like the study above,
the present design integrates an electrochemical sensor,
an antenna, and a wireless communication circuit on the
lens, thus enabling full contact with the tear. The sensor is
created by immobilizing cholesterol oxidase (ChOx) on a
working electrode (WE), which operates enzymatic reac-
tions with cholesterol in the tear to produce H,0,. The
H,0, is then reduced by Prussian Blue (PB) on the WE,
which acts as an artificial hydrogen peroxidase. Measure
the reduction potential of H,O, by chronoamperometry
(CA) and then the cholesterol content of the tear can be
converted into the electrical signal to output. In this study,
an NFC chip is used for power and data transmission. The
chip transmits the electrical signals to a smartphone for
real-time analysis and display. The device has the advan-
tages of high sensitivity and stretchability, which is good
news for patients with hyperlipidemia. According to the
characteristics of tear, they demonstrate potential in the
diagnosis of keratoconjunctivitis sicca (KCS), dry eye syn-
drome (DES), Alzheimer's disease (AD), and other dis-
eases [111-113]. The schematic fabrication procedures of
the sensors, which are used to help the diagnosis of these
diseases above, are shown in Fig. 6¢. It is clear to see that,

in the future, more and more health information can be
obtained by sensors through tears.

Other Body Fluid

In addition to blood and sweat, there are several types of
body fluids that can provide human health information, such
as saliva, etc.

Like tear, saliva can also be able to be a "blood substi-
tute" in the detection of certain substances such as proteins
and so on [114]. Compared to blood, apart from easy to be
collected, saliva also has other advantages, for example, it
can be collected without stimulation [115]. According to
research, saliva has great development prospects in the treat-
ment of schizophrenia [116]. Because drugs exhibit differ-
ent effects on different patients, and the amount of medica-
tion is particularly important in treating mental illnesses.
The amount of medication may directly affect the treatment
effect, in which case developing personalized treatment
plans is a good solution. A current study has designed a
smart wireless saliva drug monitoring system [116]. With
the assistance of a Bluetooth module, when the user puts the
smart lollipop in his or her mouth, the drug can be detected
as the sucking process. And then transmit the data to the
smartphone for the real-time pharmaceutical investigation.
According to the test experimental results, it can be seen that
the results of this smart lollipop are not only highly consist-
ent with clinical results, but also have a shorter turnaround
time. This device only takes two minutes, far exceeding the
18 min of clinical test. Not only will this device not lead to
invasive harm to the patient, it will also avoid contravention
from patients suffering from mental illness. This facilitates
the treatment of mental illness.

The interstitial fluid is the fluid between cells. Here the
cells exchange substances, in other words, the interstitial
fluid is the site of cellular metabolism. This fluid has the
special property of being coagulation-free, so it has more
accurate results than blood in some tests [117]. Due to the
specificity of interstitial fluid, it is often monitored using
microneedles or even microneedle arrays [118]. The infor-
mation visualization can be achieved through the wireless
transmission module, BLE. This module transmits the data
obtained to the wearers’ mobile app, which means it can
realize long-term monitoring. At the same time, the wireless
module can provide power for operation by charging coils.

Bioelectricity

Bioelectricity displays in the forms of a potential or polar-
ity change produced by organs, tissues, and cells of living
organisms. It is an electrical phenomenon that actively gen-
erated by or acts on cells to affect their phenotype. Bioelec-
tricity can be collected to study the physiological processes
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of organisms, which can be classified as electroencephalo-
gram (EEQG), electrocardiogram (ECG), electromyography
(EMG), and so on. Bioelectricity is a great indicator of the
change of physical condition, the physiologic activities in
the bodies, etc. [119, 120]. When combined with wireless
technologies, they can facilitate the use of the monitoring
devices directly and achieve real-time access to get the
human signals by vitro devices, which benefits the diagnosis
and treatment of diseases.

EEG

EEG is a graph formed by connecting electrodes with scalp
by conductive gel and recording the changes of spontane-
ous biological potential in the brain [121, 122]. Due to the
relatively weak potential change, it is generally necessary for
the signals to be recorded in conjunction with amplifiers, etc.
[123]. The diagram of the EEG signal acquisition process
is shown in Fig. 7a. In order to better study the human brain
nerves and help the patients with suspected non-convulsive
seizures, cognitive impairment, etc., the Brain—computer
interface (BCI) system based on EEG has become increas-
ingly prevalent in recent years. By utilizing the information
of EEG, it can be used to monitor the anesthesia status of
elderly patients during surgery [124], which can effectively
reduce the possibility of postoperative mental disorder in
elderly patients [125]. The use of this device for adjuvant
treatment after surgery can reduce the probability of postop-
erative delirium by 38%. And it can help evaluate attention,
just like Fig. 7b shows. Although the technology is relatively
mature nowadays, these applications require more accurate
and handy measurement of EEG. What is more, a study has
confirmed that it is preferable to doing long-term EEG for
several hours instead of just twenty minutes [126]. Wireless
technology has demonstrated its unique advantages.

Figure 7c shows a block diagram of an embedded EEG
system. In the process of measuring EEG, because the elec-
trode is attached to the scalp, the existence of hair will pro-
duce error on the results. In order to reduce this error, EEG
measurement by ear has been put forward, which is named
as in-ear EEG. At present, the existing in-ear EEG used in
clinic is mostly based on wet electrodes, that is, electrodes
with hydrogel [127]. This kind of monitoring equipment
contacts the electrode with the scalp through the hydrogel
as the adhesive. However, the hydrogel will become dry with
the service time goes on, resulting in problems such as the
reduction of signal-to-noise ratio (SNR) [128]. So, the emer-
gence of devices which work based on the dry electrodes has
effectively solved these problems. Besides, there is a cap
with an eight-channel EEG amplifier based on dry electrode.
Dry electrodes are formed by benign metal, such as stainless
steel. Instead of add electrolyte between the skin and elec-
trode, the in-ear EEG devices couple the signal directly from
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the skin to the substrate by the insulating electrode with a
thin dielectric surface layer [128]. Kaveh et al. [129] cre-
ate a wireless user-generic in-ear EEG recording platform.
The device uses polymer resin for 3D printing to create an
earpiece that fits the shape of a human ear, and then sol-
der the circuit board onto it. The EEG signals are obtained
through the contact between the electrodes and the skin by
the earpiece. And then WANDmini, a neural recording sys-
tem rely on Bluetooth, transmits the data to a laptop. By this
device, alpha rhythm, eye-blinks, and the auditory steady-
state response (ASSR) can be recorded. This can help detect
the users’ stress by the devices put in ears. And it even can
be used in the smart phones, which means voice assistants
can be activated by blink.

In addition to the precision equipments that only exist
in the laboratory at present, many commercial headworn
wireless EEG monitoring equipments have been developed.
Although its affect in clinical medicine is limited, it plays
a positive role in the estimation of human health in daily
life. Muse-Interaxon (https://choosemuse.com/muse-2/.)
has launched several wireless headbands which can moni-
tor EEG. For example, in this company's products, Muse-2
device is a typical representative. It has seven sensors, two
on the forehead, two behind the ears, and the left three
as reference sensors. The user wears it on their head, and
the device senses the brain activity through active sensor
technology and then sends data to their phone or computer
through Bluetooth. With these data, it is possible to moni-
tor a person's mental state and even evaluate their attention
level, which has great development prospects in fatigue mon-
itoring and drowsiness detection [130]. The purpose of con-
ducting the monitoring mentioned above is to analyze and
improve human sleep quality and focus level, thereby achiev-
ing the ultimate goal of optimizing the quality of human’s
life. Daily health monitoring will be the future development
trend. So now there are many headworn devices, breaking
through the previous situation where there were only wrist-
band devices. Starting from a headworn device, making the
device lightweight and comfortable is a key issue that needs
to be addressed. Using flexible electrons may be a good
method to solve these problems.

ECG

ECG shows the electrical activity of the heart, which can
reflect the heart condition, such as atrial tachycardia, atrial
fibrillation, and ventricular tachycardia [131-133]. The gen-
eration of electrocardiogram signals is shown in Fig. 8a, and
a normal electrocardiogram generally consisted of P-wave,
T-wave, PR interval, etc. [134]. Traditional methods require
attaching electrodes to the patient and transmitting the infor-
mation to the receiver through troublesome wires. These
approaches reduce the mobility of devices and affect the
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«Fig. 8 a The generation mechanism of electrocardiogram (ECG) sig-
nal and a typical cardiac cycle. Reprint with permission from Ref.
[134]. Copyright 2020 MDPI. b The diagram of a wireless ECG
monitoring devices. Reprint with permission from Ref. [137]. Copy-
right 2019 MDPL. ¢ (i) The locations of the electrodes and (ii) a pic-
ture of a volunteer attached by these electrodes. Reprint with permis-
sion from Ref. [166]. Copyright 2019, John Wiley & Sons. d The app
displayed in an Android-based smart phone. Reprint with permission
from Ref. [167]. Copyright 2019, MDPI

miniaturization of instruments. With the developments of
wireless transmission technology, inductive coupling and
other technologies are becoming increasingly applied in the
ECG monitoring, providing an opportunity for the emer-
gence of portable measuring instruments [135]. Without the
limit of wires, it is possible to achieve continuous monitor-
ing and even early warning for cardiovascular diseases such
as strokes, arrhythmias, heart attacks, and so on [136].

Lee et al. [137] developed wireless charging implanted
ECG monitoring system, which can not only sense the ECG
signals, but also can check the voltage level of the cell and
the temperature of the implantable device. As the diagram
shows in Fig. 8b, a sensor is implanted to get the ECG sig-
nal in the subcutaneous fat. Then it transmits the informa-
tion to a base station. This base station collects the ECG
signals and also transfers the power to the in-body device
when it detects the device in the low battery voltage level.
Through Bluetooth, a personal terminal can get connection
to the base station, in which case the users can know the
personal health status of chronic disease, arrhythmia. This
device can achieve communication at a distance of 2.4 m
and achieve an energy transmission efficiency of 30%. This
wireless system helps achieve the 24/7-monitoring, even in
the place where there is no electricity at all because of the
existence of battery.

In addition to acquiring ECG signals, improving the com-
fort of the measurement process and reducing the number
of sensors have become a current study direction. Attaching
electrodes to the human body can get accurate information
(Fig. 8c). Wannenburg et al. [138] use two active electrodes
and one reference electrode to get the ECG signals. The
active electrode has an active buffer stage, which can pre-
process the signals to decrease the electromagnetic interfer-
ence (EMI). Then with utilization of Bluetooth as well, or
with GZLL protocol, measurement result can be transferred
to the remote server for calculating HRV, RR, and related
features. This measurement method reduces the number of
sensors required for measurement through ingenious circuit
design, greatly reducing users’ discomfort while ensuring
the accuracy.

Currently, Smart Home has been put into deep research
as IoT's technology has become an important research direc-
tion. Recent years, Smart Home began to focus on monitor-
ing the health of the human body. At present, remote ECG

Monitoring Systems have been able to realize monitoring the
health state of people who wear portable devices [139]. The
wearable devices are equipped with a Wireless Sensor Net-
works (WSNs) and can transmit the measured ECG signals
to an ECG server and then to the hospital for analysis. The
presence of this system can effectively warn of abnormalities
and provide some health protection for patients in advance.
The above monitored content can be displayed in real-time
on smartphones or other smart devices, as shown in Fig. 8d.

EMG

When a muscle contracts, it produces a weak electric cur-
rent, which can be measured using electrodes, and the result-
ing curve is called EMG. In medical diagnosis, EMG can
help doctors to do noninvasively monitoring. EMG is a
handy access to assess the function status of skeletal mus-
cles. A Block diagram of the EMG sensor structure is shown
in Fig. 9a. For example, muscle volume can be determined
by EMG, which is contributed to determine the recovery
situation after related surgeries, such as volumetric muscle
loss (VML) transplantation surgery [140]. EMG also allows
medical determination of the functional status of peripheral
nerves, neurons, the muscles themselves, and other issues. In
this case, EMG has a greater role in the field of biomedical
health technology for the elderly and disabled. Nowadays,
two measurement methods are commonly applied to get
the EMG: intramuscular EMG and surface EMG (sEMQG).
Intramuscular EMG requires needles or wires inserted to the
muscles to detect the signals, while the SEMG can record the
activity of muscles on the skin [141, 142]. Considering the
accessibility and the risk, SEMG is focused on to develop.
Since EMG is often acquired by attaching the sensor
directly to the surface of the human skin, flexible electron-
ics are more commonly used in this type of measurement
device. Flexible electronics has the properties of soft and
stretchable, which allow the wearable sensors to be more
durable and be applied to more scenes. Based on the micro-
fabrication applied to the semiconductors, a stretchable elec-
trode patch was manufactured to monitor the EMG [143].
This device can get up to 50% stretching, which can reach
the maximum tensile deformation of skin. Meanwhile, with
the wireless module fixed on the leg, this system can trans-
mit the EMG signals to the PC in short time. This device can
monitor the muscles and nerves of the human body, while
greatly reducing the discomfort of wearing external objects.
In addition to the above applications, the EMG signal can
also help detect gestures as Fig. 9b shows. The use of EMG
to assist disabled people to overcome communication barri-
ers is also very meaningful. With the configuration of wire-
less transmitter, an electrode module developed for EMG
can transform small movements into Braille [144]. The wire-
less electrodes are attached on the flexor carpi ulnaris muscle
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«Fig.9 a A Block diagram of an EMG sensor structure. Reprint with
permission from Ref. [168]. Copyright 2019, MDPI. b An EMG
recognition system with its software. Reprint with permission from
Ref. [169]. Copyright 2013, Elsevier. ¢ The architecture of a wireless
EMG measurement module. The USB battery charger and the accel-
erometer/gyroscope blocks are gray because they have been replaced
by BLE in this device. Reprint with permission from Ref. [170]. Cop-
yright 2021, MDPI

to detect the fingers’ move, and then convert the small move
into signals for inputting the characters. Compared with
other electrical signals, EMG has more promising applica-
tions. The use of EMG in conjunction with ECG can con-
trol a robotic hand, which enables the simulation of human
operation [145]. Using multichannel to collect information
can also improve the accuracy of measurement.

In commercial product, many EMG acquisition systems
are costly, so achieving low-cost measurement is a research
direction many people working on. By the wireless tech-
nology, the size of devices can be optimized for portable
applications. However, multichannel measurement is uneasy.
Yang et al. [146] designed a low-cost eEEMG acquisition sys-
tem which can be conducting multichannel measure with
high-sampling, and its work architecture is shown in Fig. 9c.
Combining with a Wi-Fi module, the EMG signals can be
transferred to a host for further analysis. This system can
be used in the commercial EMG detection device to realize
lower cost.

Movement

In clinical applications, except monitoring vital signs, it is
sometimes of significance to monitor the movement status
of the human body in real time, especially for infants and
the elderly. Different behaviors exhibit different signals, as
shown in Fig. 10a. In the process of this application, the key
points are transforming behaviors and actions into signals
for transmission.

Monitoring sports not only matters for people engaged in
the sports industry, but also increasingly common in daily life.
Real-time monitoring can effectively reduce the risk of sudden
illnesses while also can prevent injuries caused by excessive
exercise [147]. Through electrospinning technology, wireless
sensors can be integrated into clothes. For example, by pre-
paring a textile capacitor above the knee, the degree of knee
bending can be monitored. This technology is beneficial for
monitoring the recovery after knee surgery [148]. As Fig. 10b
shows, the readers in the trousers can track various motions’
kinds of knees and then display in a smartphone app. In the
context of monitoring the physical activity of newborns, this
technology proves invaluable for assessing their activity levels
and overall health. Wireless devices can reduce the limitations
of measuring instruments on the movement of the baby, while
also allowing parents to hold their child, even when the baby

has to be connected to devices for their disease [149]. Aggar-
wal et al. [150] come up with an investigational device which
can continuously monitor the baby with heart rate, oxygen
saturation, respiratory rate, and body temperature (Fig. 10c).
With this device worn on the newborn babies’ foot, the four
vital parameters mentioned above can be measured and then
relayed to a central station for the easy-supervision remotely
conducted by the doctors or nurses through the BLE communi-
cation module. The device can also upload data to the cloud for
storage, ensuring seamless data storage within 24 h when the
signal connection is weak. Cough, respiration, and other indi-
cators are very common in clinical practice. Through analysis
of these indicators, we can help diagnose chronic obstructive
pulmonary disease (COPD) and other diseases [151, 152].
Through wireless wearable measurement systems which is
a low-power radio module, muscle movements, such as the
intercostal, collarbone, and neck muscles can be measured in
order to record coughing and breathing [153]. With the help
of accelerometer and gyroscope, and then doing the data pro-
cessing and analysis, the displacement angles of the abdomen
and chest can be calculated. Thereby it is possible to obtain
parameters such as breathing and coughing cycles. In order to
get more accurate data and eliminate some interference, filters
are indispensable. As shown in the article, the sensor nodes
are attached to the human body. Based on this, comparing
the measurement performance of sitting and walking shows
that this device not only has robustness, but also can transmit
data to the base station for analysis while ensuring low energy
consumption.

In addition to the obvious movements, there are also
many weak signals in the human body that are helpful for
clinical monitoring. A typical weak signal is the pulse signal
of the human body. Blood contracts from the left ventricle of
the heart and is squeezed into the aorta, then flows through-
out the body. During this process, a pulse is generated. The
interval and strength of pulse can reflect the health status
of the human body and are very important physiological
signals. Traditional Chinese medicine in China has been
using this information for disease diagnosis for a long time
[154, 155]. The key difficulty in measuring the human pulse
signal is that the signal is relatively weak, so the sensitivity
of pressure sensors is required to be high. Researchers have
improved the sensitivity of the sensing interface through
various methods, such as using electrospinning microstruc-
ture array films [156], adding polydimethylsiloxane (PDMS)
passivation layers [157], and so on.

Challenges and Conclusions
We review the wireless wearables and its applications in

this article. When the data are ready to be processed and
analyzed, many wireless technologies are used to transfer
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Fig. 10 a Different move- ( a)
ments exhibit different signals.
Reprint with permission from
Ref. [171]. Copyright 2021,
AAAS. b The sensing system
of motion-tracking. (i) The
scheme of a smart trousers. (ii)
The readout process between
the sensors and the smartphone.
(iii) Different activities recorded
different signals. Reprint with
permission from Ref. [148].
Copyright 2023 John Wiley and
Sons. ¢ Movements monitor-
ing devices designed for baby.
Reprint with permission from
Ref. [150]. Copyright 2023
Springer Nature
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the power and data. Wireless power transfer can reduce the
size of the device, while self-power can fully utilize energy
produced by human. With the continuous innovation and
improvement of technology, portable wearable devices
have brought many conveniences to people, enabling them
to monitor health at all time and use non-invasive methods
to achieve medical diagnosis. Wireless power transmission
modules are an integral part. Although its presence makes
the equipment easier to use, it also introduces a lot of error
into the measurement results. According to the principle
of wireless transmission, the presence of electromagnetic
interference cannot be avoided [158]. In addition, accord-
ing to research, there is currently no system for quantita-
tive analysis and evaluation of the issue mentioned above.
This will also become a key focus of research and develop-
ment in the next stage.

The information which reflects the state of human
health can be obtain in many ways such as body fluid,
bioelectricity, and movements. Some diseases can be diag-
nosed by the types and levels of substances contained in
body fluid. Thus, it can help to better carry out clinical
medical treatment. There is also movements monitoring,
which provides significant assistance for daily health mon-
itoring. Many existing health monitoring wearable devices
are based on rigid circuit boards. Although rigid devices
are durable, they have drawbacks such as low comfort and
limited application scenarios. Flexible equipment will be
an important development goal in the future. The prepa-
ration and optimization of flexible sensors are the key to
solving this problem. The toughness of the device can be
improved by using stretchable electrodes on a stretch-
able substrate, thereby improving the skin adhesion and
biocompatibility of the device. On the basis of flexible
devices, the accuracy and diversity of measurement results
will be greatly improved.

Although there are issues that need to be addressed, many
researchers are currently working together to promote the
technological innovations. We believe that through efforts,
wireless wearable devices will blend in all aspects of medi-
cal diagnosis and daily life in the future, bringing irreplace-
able contributions to human health.
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