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Due to the gradual improvement of living standards in recent years and the continuous improvement of China’s health care
awareness, the aesthetic medicine model has gradually changed from the treatment mode of disease treatment to the prevention
mode of early detection and early treatment. Meanwhile, wireless sensor networks (WSNs) are gradually infiltrating into the
medical field due to their low power consumption, small size, wireless transmission, and portability which complies with the needs
of the development of medical models. +erefore, this paper studies and implements a beauty medical health monitoring system
based on WSN and ZigBee short-range wireless transmission protocol; moreover, wireless power transfer (WPT) technology is
used for charging sensors. Experimental results demonstrate the feasibility that the maximum power levels converted in sensors by
the WPT for different ISM bands can meet the average power consumption expected in the range of 200–500 μW. And the
designed system can provide an important practical reference for promoting the informationization of telemedicine and the
development of beauty medical systems in China.

1. Introduction

With the continuous deepening of the reform of the
medical and health system, the Plastic Surgery Hospital of
the Chinese Academy of Medical Sciences, in addition to
solidly coordinating and implementing the 10 key tasks
deployed by the National Health and Family Planning
Commission, fully implements the budgetary final ac-
counts, full cost accounting, and comprehensive perfor-
mance appraisal management systems, exploring a
reasonable salary system for medical staff and fully mo-
bilizing the enthusiasm of the medical staff. +e medical
staff of the plastic surgery hospital thus have a dignified life
[1–3]. It will further improve the normalization of the
medical service action plan, continuously expand the
outpatient appointment registration, minimize the waiting
time for the patient’s medical treatment process, increase
the guidance service, improve the various forms of online

payment methods, such as App, and improve the patient’s
satisfaction with the hospital service. Further, it will ex-
pand the medical association, establish cooperation with
hospitals in other provinces, promote the professional
skills of plastic surgery to grassroots medical and health
institutions, and gradually form plastic surgery specialists
through scientific research cooperation, specialist training,
technical support, and remote consultation [4]. +e plastic
surgery profession has two major functions: birth defects
and repair and functional reconstruction of traumatic
tissue and organ defects, as well as medical cosmetic
treatment [5–7]. Restoration and reconstruction therapy is
the basic medical support function of public orthopaedic
specialist hospitals and large public hospitals for plastic
surgery; medical beauty services are for-profit medical
projects. In the past 20 years, China’s medical beauty
industry has developed rapidly, but the beauty medical
health monitoring system has lagged behind.
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According to the survey, patients with beauty andmedical
care are often unable to balance their careers and rehabili-
tation. It enables users to monitor their beauty and health in a
more convenient and quick way through remote systems,
solve problems in a timely manner through online doctor-
patient consultation and communication systems to solve
simple diseases, and reduce unnecessary links and troubles.
Even if certain conditions are not resolved in time, you can
find the lowest cost treatment plan as soon as possible and do
work and family balance [8–11]. +e emergence of remote
aesthetic medical monitoring has fundamentally solved the
above problems [12–14]. In general, remote health moni-
toring refers to the use of currently mature and widely used
and stable communication technologies. Human physio-
logical signals collected by the medical device at the detection
end are packaged and sent to the system platform for
comprehensive data processing and analysis. +en, through
the Internet system platform, a method for providing diag-
nosis and treatment advice through instant communication is
given [15]. It has evolved with the development of wireless
interconnect technology, modern communication technol-
ogy, and medical technology [16–19]. In this context, the
rapid development of wireless Internet has brought new
opportunities for telemedicine services, and the combination
of the two has created new medical methods. +is approach
enables people to share and deliver medical information and
data between patients and hospitals, between hospitals and
hospitals through self-service detection and network inter-
connection and realize remote consultation, video medical
conference, and other functions [20, 21]. Family-oriented
telemedicine health monitoring refers to connecting a patient
or monitored subject to a diagnosing doctor or hospital with
advanced and appropriate medical equipment, models for
telemedicine monitoring, diagnosis, treatment, rehabilita-
tion, and care [22]. Remote patient monitoring is receiving
increasing attention.

Based on the analysis above, this paper presents a beauty
medical health monitoring network platform based on smart
wireless sensors, which installs various vital signs moni-
toring nodes on the monitored human body. By using a
WSN for data transfer, the vital signs of monitored people
can be tracked via a computer or portable embedded
handheld. Diagnosis and treatment are performed for the
first time. In order to maintain the sufficient power of the
sensors, WPTwireless charging mode is adopted.+e sensor
node installed on the monitored object can get rid of the
constraint of the transmission line used by the traditional
instrument, and the monitored person can move freely
within a certain range, which does not affect his normal
activities; therefore, it is more conducive to long-term real-
time monitoring and providing patients with a more
comfortable monitoring environment. Long-term real-time
data can provide more information about the patient’s
condition diagnosis.

2. Proposed Method

2.1. Wireless Sensor Networks. +e sensor network imple-
ments three functions of data acquisition, processing, and

transmission. Together with communication technology and
computer technology, it constitutes the three pillars of in-
formation technology. A WSN is a wireless network of a
large number of fixed or mobile sensors that are coopera-
tively aware in a self-organizing and multihop manner. It
collects, processes, and transmits information by sensing the
geographic sensing area of the object. +is information is
ultimately sent to the network owner. WSNs have many
types of sensors that detect various phenomena in the
surrounding environment, including earthquakes, electro-
magnetics, temperature, humidity, noise, light intensity,
pressure, soil composition, size, speed, and direction of
moving objects. Potential application areas can be sum-
marized as follows: military, aviation, explosion-proof, di-
saster relief, environment, medical, home, industrial,
commercial, and other fields.

A WSN is a multihop self-organizing network system
consisting of a large number of inexpensive microsensor
nodes deployed in the surveillance area. +e goal is to
collaboratively perceive, collect, and process the perceived
areas in the network coverage area [23]. Information about
the object will be sent to the viewer. Sensors, sensing objects,
and observers form the three elements of a WSN. +e rapid
development of MEMS, system-on-chip, wireless commu-
nication, and low-power embedded technology has spawned
WSNs. Information awareness comes with low power, low
cost, and distributed and self-organizing capabilities. On-site
changes. A WSN is a multihop ad hoc network formed by a
large number of inexpensive microsensor nodes deployed in
a surveillance area and formed by wireless communication.
Many people think that the importance of this technology is
comparable to the Internet: just as the Internet enables
computers to access a variety of digital information re-
gardless of their storage location, sensor networks can ex-
tend the ability of people to interact remotely with the real
world. It is even referred to as a completely new type of
computer system because it differs from the ubiquitous
features of previous hardware and the ability to collectively
analyze. However, in many ways, when the Internet is
connected to less than 200 universities and military labo-
ratories, WSNs are like the original Internet, and researchers
are experimenting with various communication protocols
and addressing schemes. As shown in Figure 1, today, most
sensor networks connect fewer than 100 nodes, and more
nodes and communication lines make them very complex
and difficult to use. Another reason is that the price of a
single sensor node is currently not low and battery life can
only last for a few months. But these problems are not
insurmountable. WSNs have many types of sensors that
detect various phenomena in the surrounding environment,
including earthquakes, electromagnetics, temperature, hu-
midity, noise, light intensity, pressure, soil composition, size,
speed, and direction of moving objects. MEMS-based
microsensor technology and wireless network technology
provide broad application prospects for the WSN. +ese
potential applications can be summarized as follows: mili-
tary, aviation, antiterrorism, explosion protection, disaster
relief, environmental, medical, home, industrial, commer-
cial, and other fields.
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Currently, most deployedWSNs are limited to collecting
scalar data such as temperature, humidity, location, light
intensity, pressure, and biochemistry. In practical applica-
tions such as medical monitoring, traffic monitoring, and
smart home, we need to obtain multimedia information
such as video, audio, and images. +ere is an urgent need for
a new WSN, the wireless multimedia sensor network. +e
wireless multimedia sensor network is a new sensor network
that introduces multimedia information sensing functions
such as video, audio, and image on the basis of the tradi-
tional WSN. +e wireless multimedia sensor network is a
sensor node that collects richer video, audio, images, and
other information in aWSN.+ese distributed nodes form a
distributed sensor network with storage computing and
communication capabilities. +e WMSN senses various
media information in the surrounding environment through
the multimedia sensor node and can transmit information to
the aggregation node through single-hop and multihop
relay. +e aggregation node then analyzes and processes the
received data and finally sends the results of the analysis to
the user [24]. +is enables comprehensive and effective
environmental monitoring.

2.2. Node Hardware and Software Design. +e hardware
design of the sensor node is divided into four functional
modules: sensor module, processor module, wireless
transceiver module, and power module as shown in Figure 1.
+e sensor module is designed with different sensors
according to different acquisition signals. Basically, it covers
the data needed for the initial diagnosis. +e processor
module uses TI’s MSP430 family of 16-bit low-power
processors with 60 kB + 256B Flash, 2 kB RAM, and a 6-
channel 12-bit ADC.+e processor features ultra-low-power
consumption, high processing speed, and rich interface. +e
wireless communication module selects Chipcon’s CC2430
wireless transceiver module. +e module features low
voltage, low power, programmable output power, high
sensitivity, small size, and integrated bit synchronizer. +e
main operating parameters can be programmed through the
serial bus interface, very flexible. Because the chips used in
powermodules consume less power, they are powered by the

most common 9V alkaline batteries. +e hardware structure
of the sensor node is shown in Figure 2.

Node software design: the software portion of this node
is based on the free downloadable ZigBee protocol stack (Z-
Stack) from Texas Instruments. It complies with the ZigBee
2006 specification and supports multiple platforms, in-
cluding the CC2430 system-on-chip solution for
IEEE802.15.4/ZigBee, a new platform based on the CC2420
transceiver and the TIMSP430 ultra-low-power MCU. +e
protocol stack consists of the physical layer, media access
control layer, network layer, security layer, and advanced
application specifications. +e security layer mainly im-
plements functions such as key management and access. +e
application interface is responsible for providing users with a
simple application software interface (API), including ap-
plication subsupport (APS) and ZigBee device object (ZDO),
to implement application layer-to-device management.

+e node software design is based on the protocol stack
and uses its rich functional modules in the component li-
brary to build its own APP functionality. +e software
development tools for the nodes in the platform use IAR
EmbeddedWorkhench, a compiler designed for theMSP430
microcontroller. Sensor node programming differs
depending on the sensor it is equipped with. +e basic
programs involved in this platform are A/D conversion,
serial port transmission, and timing counting. +e overall
design flow of the program is shown in Figure 3.

+e coordinator node program is mainly used to set
parameters for establishing and starting network processes
to achieve point-to-point connections. +erefore, no sensor
modules are required. +rough the serial port to commu-
nicate with the host, the overall design flow of the program is
as follows: with initialization after power on, finding the
binding request waiting for the router node, and assigning a
short 16-bit address to each node in the network, the net-
work succeeds; waiting for the host command, then the host
command is sent to the router in the network through
broadcast; and after receiving the data sent by the router, the
data is sent to the host through the serial port. +e program
flowchart is shown in Figure 4.

2.3. Beauty Medical Electronic Monitoring System Based on
Wireless Sensor Network. WSNs collect information by
arranging a large number of wireless nodes and are con-
sidered one of the top ten technologies to change the world
because of its convenient networking, flexible configuration,
simple nodes, and low cost. It has great application prospects
in solving patients’ timely and effective monitoring. An
electronic health monitoring system constructed usingWSN
has the following advantages: (1) it is a multiparameter
measurement requirement that satisfies a patient’s vital
signs; (2) it changes the monitoring equipment from wired
to wireless, reduces the patient’s psychological pressure, and
improves the accuracy of the data; (3) using the wireless
network, the monitoring information can be sent to the
doctor in a timely and effective manner; (4) because the cost
of WSN nodes and networks is very low, the economic

Figure 1: Sensing city (from the network https://www.cnblogs.
com/hdawen/p/9572022.html).

Mobile Information Systems 3

https://translate.google.com/translate?hl=zh-CN&prev=_t&sl=zh-CN&tl=en&u=https://www.cnblogs.com/hdawen/p/9572022.html
https://translate.google.com/translate?hl=zh-CN&prev=_t&sl=zh-CN&tl=en&u=https://www.cnblogs.com/hdawen/p/9572022.html


burden on patients is greatly reduced; and (5) it can be an
important part of hospital informationization.

+e design of the WSN subsystem node software is done
within the new operating system TinyOS. TinyOS is an
embedded operating system for sensor networks. Concur-
rency-intensive operations that support network sensors

with minimal hardware are implemented.+e node software
design mainly includes layered routing protocols based on
WSNs and software module development of WSN nodes.
+e routing protocol is responsible for forwarding data from
the source node to the destination node over the network;
finding the optimized path between the source node and the
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target node; and forwarding the packet correctly along the
optimized path. According to the resulting topology, WSN
routing protocols can be divided into planar routing pro-
tocols and hierarchical routing protocols. In a planar routing
protocol, all nodes have the same state and there is no
bottleneck in principle. +e disadvantage is poor scalability,
and maintaining a dynamically changing route requires a lot
of control information. In a hierarchical network, the
function of group members is relatively simple and does not
require maintenance complex routing information, which
greatly reduces the number of network routing control
information. It has good scalability, and its disadvantage is
that the group head node may become the bottleneck of the
network [25]. Based on the characteristics of the system, a
hierarchical routing protocol based on WSN is designed.
Taking into account the characteristics of the structure
monitoring WSN applications in a software development
process. +is paper has made corresponding improvements
in the following three aspects to ensure the normal operation
of the network while saving energy as much as possible: the
collecting node receives the acquisition command of the
relay node to perform the function of collecting experi-
mental data; otherwise, it is in a sleep state to save energy;
transmission state under the node energy consumption is
much larger than the energy consumption in the other states,
and the software from the experimental data collected in the
data processing and transmission, reducing the flow rate,
saves energy; and the energy consumption is proportional to
the square of the distance. +e wireless sensor network

subsystem can implement its data acquisition, forwarding,
and receiving functions. +e relay node starts transmitting
the flag start signal, and after the acquisition node receives
the flag start signal, the timer triggers to start collecting data.
At the same time, based on its own node number, it finds its
own cluster and sends the collected and processed data to the
cluster head of the cluster. It is then forwarded by the cluster
head to the relay node and finally sent to the user via serial
communication.

Different application scenarios require different solu-
tions. For example, in homes and hospitals, the solutions
used are definitely different due to the long distances. +e
WSN+WLAN solution adopted by the hospital is more
suitable. +e transmission of various services after the
network architecture is SMS, e-mail, or real-time parameter
transmission and must also be combined with the actual
needs of doctors and patients. +e electronic monitoring
system based onWSNmainly solves two technical problems.
Key technologies for WSN: WSNs integrate multiple tech-
nologies such as sensors, embedded computing, modern
networks and wireless communications, and distributed
systems. It is a current research hotspot and has achieved
many research results, but there are still many key tech-
nologies that need to be broken. +e key technologies of
WSN can be divided into three categories: application layer
key technologies: including synchronization technology,
positioning technology, middleware technology, simulation
technology, application layer software, and industry solu-
tions. Hierarchical protocol stack: the wireless layer

Start

Initialize each
parameter (including
serial port settings)

Establish network
assignment short address

Waiting for
serial message

Corresponding
information in the form

of a broadcast

Waiting for
router message

Write the received
data to the serial port

No

NoYes

No

Yes

Yes

Figure 4: Coordinator node program flowchart.

Mobile Information Systems 5



technology includes a physical layer, link layer MAC pro-
tocol, network layer routing protocol, and transport layer
transmission control; management technology includes
energy management, topology control, QoS, security, net-
work management, and mobility management. Biomedical
signal processing technology: traditional biomedical signal
information processing methods are based on Fourier
analysis theory. Combined with the research tasks of this
project, our main research objectives will be applied to
medical signal processing such as wavelet transform,
adaptive filtering, and independent component analysis, the
ultimate solution for achieving system signal acquisition and
processing goals [26].

3. Experimental Results and Analysis

+e PC is the control center of the entire network, com-
municates with the coordinator through the serial port,
controls the data transmission and reception in the wireless
network, and acquires the signal of the sensor node. It is also
an interactive platform of the human-machine interface
through which the guardian queries the vital signs of the
ward. +e program includes serial communication module,
data acquisition real-time drawing module, network control
module, and data storage analysis module. +e program
development tool is Microsoft Visual Studio 2017, which is
the current popular Windows platform application devel-
opment environment for creating Windows applications
and web applications on the Windows platform. It can also
be used to create web services, smart device applications, and
Office plugins. A smart device application based on the
wince 5.0 operating system running on ARM9 can be de-
veloped by installing the corresponding SDK. +e controls
used throughout the application development process are
common controls for dialogs, which are commonly used by
ARM9. +erefore, it is very convenient to transplant in the
future. +e data analysis module uses the most basic ECG
QRS waveform recognition algorithm. +e overall flow of
the program is as follows: first, to accurately identify the
waveform must eliminate noise interference, so it is nec-
essary to filter the transmitted raw data. +e program uses a
five-point smoothing filter function to make the processed
data fall on the smooth curve, reducing statistical errors and
improving measurement accuracy. Signal conditioning
circuit designed to accommodate multichannel signal
conditioning strain and used in conjunction with a WSN
having 8 nodes ADC channels. +is allows a wider area to be
monitored with less hardware. +is portion includes an
amplifying circuit and a second-order low-pass filter circuit.
+e main components are the single-supply linear amplifier
AD623 and the operational amplifier OPA340. How it
works: connect the strain gage to the half-bridge circuit,
convert the microstrain signal into an electrical signal, and
adjust the potentiometer Rg to change the amplification gain
of the AD623 to amplify the signal. It is then filtered by a
second-order filter circuit and finally sent to the wireless
sensor node for processing.

+e WSN coverage control plays an important role in
WSNs. To alleviate unnecessary energy wastage and improve

network performance, we consider both energy efficiency
and coverage rate for WSNs [27, 28]. To analyze whether the
target application is feasible, we first briefly analyze the
energy utility of the application. +e most advanced ac-
celerometer (e.g., LIS2DE12TR from ST Microelectronics or
Bosch Sensortec) consumed an average of about 30–300 μW
at the event, depending on the sampling rate. For the
temperature sensor (e.g., from Silicon Labs, Austin, Texas,
USA SI7053-A20-IM), the average power per second (sps)
measured is less than 10 μW.+e power consumption of the
system-on-chip that forms the BLE transceiver and
microcontroller is less than 30 when the microcontroller is
active and idle. In the case of microwatts, the transmission is
approximately 60 milliwatts. +erefore, the average power
consumption is expected to be in the range of 200–500 μW.
+e specifications of WPT in different subbands are sum-
marized in Table 1.

Both the WPT transceiver and receiver antennas are
omnidirectional (e.g., a dipole with a gain of 2.15 dBi) and
the efficiency of the RF-DC conversion is 50%. In addition,
we use a free-space propagation model to account for losses
in the channel. Consider RF energy transmitted in the
2.4GHz band with a maximum effective isotropic radiated
power (EIRP) of 10mW. At a distance of one meter, the
propagation loss is approximately 37 dB and the total ac-
quisition power is approximately 100 μW, which is lower
than the level required for our target application. Next, we
consider the h1.6 band with 500mW effective radiated
power and a 10% duty cycle limit. At a distance of about 2.8
meters, the harvested power exceeds 0.5mW, so that the
target device can be supplied. Finally, for the band g3, it can
be estimated that a target level of 500 μW is satisfied at a
distance of about 2.5 meters. Figure 5 summarizes the
computable maximum power levels converted by the WPT
for different ISM bands, taking into account the duty cycle
limits.

+e most important transmission module detection
module for mobile devices facing important issues is
flexibility. +e flexibility here mainly refers to the inter-
ruption of data transmission caused by the system or device
using interrupt power or due to the instability of the
network environment. +e flexibility that the system needs
is the processing scheme for data saving and recovery
transmission in this case. +is paper considers this issue
when designing system performance. Next, waiting for the
transfer command, such a design is beneficial to the data
retransmission problem when the system occurs under the
above circumstances, but at the same time, there is a
problem that the storage capacity of the entire system is
higher. Because in this system, the size of each complete
measurement data does not exceed 1 kB, the contradiction
between improving flexibility and improving system
hardware requirements is not obvious. However, this is a
large system in a very important factor, it cannot be ig-
nored. It can be seen from the reliability analysis part of the
system that when the time is long enough, the stability and
timeliness of the system reach a steady state. +at is to say,
the packet loss phenomenon is still very obvious at this
time, but as the delay of packet loss retransmission
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increases, the data corruption situation is improved and
eventually stabilized. At this point, the system works with
maximum delay; therefore, a way should be researched to
make the system transmit data as small as possible. +e
short-latency working method is also the key problem to be
solved in the next step of the system design.

4. Conclusions

+e patient’s information can be presented to the medical
staff better and faster, and the medical staff can also take
ambulance measures more effectively, so as to better protect
the patient’s health recovery. At present, WSN technology is
still developing rapidly, speeding up the research of wearable
WSN technology, and gradually solving current difficulties
and challenges. In the future, more comprehensive and
efficient wearable WSN technology will be applied in the
field of medical rescue, with unparalleled practical appli-
cation value. +erefore, this paper designs a beauty medical
health monitoring system based on WSN and ZigBee
transmission protocol. Moreover, WPT technology is ap-
plied to charge sensors of WSN. Experimental results ver-
ified the feasibility and the flexibility of the system. In

addition, the designed system has important practical sig-
nificance for promoting the informationization of tele-
medicine and the development of beauty medical systems in
China.
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Table 1: Subband of non-specific short-range devices.

Subband (ERC 70-03) Frequency (MHz) Effective radiated power (mW/dBm) Duty cycle (%)
g1 433.050–434.790 ≤25/14 ≤10
g2 433.050–434.790 ≤1/0 (−13 dBm/10 kHz) No restriction
g3 433.040–434.790 ≤10/10 No restriction
h1.1–1.3 863.000–870.000 ≤25/14 ≤0.1
h1.4 868.000–868.600 ≤25/14 ≤1
h1.5 868.700–869.200 ≤25/14 ≤0.1
h1.6 869.400–869.650 ≤500/27 ≤10
h1.7 869.700–870.000 ≤5/7 No restriction
h1.7 869.700–870.000 ≤25/14 ≤1
h2 870.700–873.000 ≤25/14 ≤1
i 2400.000–483.500 ≤10/10 (EIRP) No restriction
j 5725.000–5875.000 ≤25/14 (EIRP) No restriction
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