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ABSTRACT

The purpose of wearable technology is to use multimedia, sensors, and wireless communication to integrate specific technology

into user clothes or accessories. With the help of various sensors, the physiological monitoring system can collect, process, and
transmit physiological signals without causing damage. Wearable technology has been widely used in patient monitoring and
people’s health management because of its low-load, mobile, and easy-to-use characteristics, and it supports long-term
continuous work and can carry out wireless transmissions. In this paper, we established a Wi-Fi-based physiological monitoring
system that can accurately measure heart rate, body surface temperature, and motion data and can quickly detect and alert the

user about abnormal heart rates

1. INTRODUCTION

In recent years, with economic and social development,
people’s health has been constantly threatened by
various factors. For example, cardiovascular disease has
remained the main cause of disease burden in the world
in recent years. According to surveys, as of 2019, the
number of global cardiovascular disease cases had
reached 523 million and the death toll had reached 18.6
million. In most countries, cardiovascular disease has
continued to increase for decades . At the same time, the
medical system is facing challenges. For example, as
medical costs rise, the affordability of medical expenses
has become an important topic and there are conflicts
between medical resources and medical needs. From the

perspective of highly hidden and harmful diseases such
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as cardiovascular diseases, health monitoring is very
important in modern society and can reduce risks to
health and reduce burden on the medical system. In the
field of health monitoring, Internet of Things technology
has become a very important technology and there has
been some work to analyse the factors that affect the
design of the Internet of Things. With the improvement
of technologies such as the Internet of Things, the related
costs of health monitoring continue to decrease and
wearable devices have become a reliable tool for health
monitoring. Users now mainly obtain wearable devices
through online purchases, and such devices are
continuously popularized and developed through online
channels. Because of the portability of wearable devices,

they play an increasingly important role in long-term
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health monitoring. For example, smart watches have
some technical and psychological characteristics and are
already a widely used mobile health communication
tool. From the current point of view, it is an important
development direction for wearable devices to
concentrate multiple sensing tasks on a single device and
to realize comprehensive monitoring of multiple data.

Wearable devices rely on various sensors to collect
bodily data, to

comprehensive analysis of the data, and to transmit the

and environmental conduct
required information to the master computer through
communication. These tasks can carry out effective
physiological monitoring to achieve disease prevention
and to reduce medical burden. Currently, in the field of
wearable devices, there are related work on monitoring
different types of data.

Chételat et al.designed a new system to monitor large
sets of physiological, kinetics, and environmental
parameters. Moreover, the system they designed is easy
to disassemble when the clothes need to be washed. Jun
Liu et al. Presented a long-term monitoring system
based on multi-sensors. The data are transmitted via
Bluetooth but may not meet the sampling rate
requirements. Wasimuddin et al. proposed an improved
method based on CNN, which can identify the type of
arrhythmia in real time based on ECG waves, and it is
also adaptable in wearable systems. Jung et al. proposed
a new method to monitor ECG with two wireless
modules. Cheng Cu et al. proposed a human motion
tracking technology based on a hybrid approach of
multiple sensors. James Coates et al. designed a wearable
multi-sensor system that collects data including
temperature, humidity, and galvanic skin response. The
abovementioned wearable have

different

system designs

limitations in aspects. For example,
data-processing algorithms that rely on models have
difficulty in obtaining labeled data; digital-analog
hybrid systems may be affected by noise; and some
devices have limitations in long-term monitoring tasks.

We designed a wearable physiological monitoring
system based on Wi-Fi technology. Our device integrates
ECG signal sensors, temperature sensors, and motion
sensors, which can perform real-time monitoring of the
ECG, body
acceleration, etc. The system uses algorithms to process

data in the MCU and sends the information to the PC or

wearer’s temperature, movement

the cloud via Wi-Fi for processing and display. The
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system realizes long-term and reliable monitoring of
physiological signals through the wearable device, and
we use low-power devices to implement hardware
design to optimize the overall power consumption of the
system.

We can briefly summarize the main contributions of the

current research as follows:

2. DISCUSSION

This section describes the design of the wearable
wireless physiological monitoring system that can
monitor the user’s ECG, motion data, and body surface
temperature. As depicted in, the system is composed of

several sensors and a main controller for the purpose of

O
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monitoring.
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Figure 1. The architecture of the wireless physiological
monitoring system.

The monitoring system uses MSP-EXP430F5529
(Dallas, TX, USA)as a microcontroller, and the sensor
includes an ECG signal sensor, a body surface
temperature sensor, and a motion sensor. We used a
Wi-Fi module for wireless data transmission. At the
same time, the collected data are displayed on the PC

interface in real time and uploaded to the cloud data

platform.

The system workflow is as follows: After
initialization, the MSP430 (Dallas, TX, USA)
microcontroller  first sends the corresponding

information to the Wi-Fi module to complete the
network connection between the Wi-Fi module and the
PC or mobile phone terminal. Each sensor is directly
connected to the MSP-EXP430F5529 microcontroller.




According to the circuit design, the sensor adopts an
UART/SPI/I2C protocol in communication with the
microcontroller. Each sensor is used to measure specific
parameters (ECG data, temperature data, and motion
data). The sensors continue to collect data and to send
the data they collect to the microcontroller in real time.
The MSP430 microcontroller packs the data according to
the agreed upon rules, and the Wi-Fi module sends data
frames to the PC or mobile phone and uploads them to
the cloudks the data according to the agreed upon rules,
and the Wi-Fi module sends data frames to the PC or
mobile phone and uploads them to the cloud.

The

microcontroller, a Wi-Fi module, an ECG signal sensor

hardware of the system includes a
module, a temperature sensor module, and a motion
sensor module.

The microcontroller receives data continuously
sent by the sensor, encapsulates the data into a data
frame, and then sends the encapsulated data frame to the
Wi-Fi module for data transmission. We chose
MSP-EXP430F5529 as the microcontroller for the system.
This microcontroller is produced by TI and uses the
MSP430F5529 chip. MSP430EF5529 is the latest generation
of ultralow-power single-chip microcomputers with an
integrated USB, can be applied to tasks such as wireless
sensing, and is one of the single-chip microcomputers
with the lowest working power consumption. The
ultralow characteristics  of
MSP430F5529 and the multiple peripherals integrated by

the single-chip microcomputer are suitable for this

power-consumption

system and provide the possibility for future
improvements.

The Wi-Fi module is used to send the data frames
generated by the microcontroller to a PC or mobile
phone terminal and uploads the data to the cloud. We
chose ESP8266 (Shanghai, China), which is produced by
Espressif company, as the Wi-Fi module in the system.
ESP8266 is a high-performance UART-WiFi module. The
module uses a serial port (LVTTL) to communicate with
the MCU (or other serial devices) and has a built-in
TCP/IP protocol stack, which can convert between serial
ports and Wi-Fi. In this system, MSP430F5529 completes
initialization and data transmission of ESP8266 through
AT commands. In this local area network, we set
ESP8266 to STA mode and the PC or mobile phone
terminal to AP mode. The TCP protocol is used for

communication between the STA and the AP. After
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MSP430F5529 receives the data from the sensors, it packs
the data into a data frame according to a certain format,
which includes sensor data and a data header for
verification. ESP8266 will immediately send the data
through Wi-Fi after receiving the data from the serial
port.

The peak value of the ECG signal is about 1 mv,
and the internal noise of the human body is a type of
interference to the detection of low-frequency and
low-amplitude ECG signals. Therefore, an analog front
end with high gain and low cutoff frequency is essential
for back-end digital conversion and processing of the
ECG signal. We used TI's ADS1292 (Dallas, TX, USA)
analog front end, which has two low-noise PGAs and
two high-resolution ADCs inside. It has an SPI interface.
The quiescent current is 20 pA and the shutdown current
is less than 1 pA. It contains all of the functions usually
ECG

and

required for portable low-power medical

applications and is suitable for low-power
high-precision ECG measurement tasks. The hardware
circuit of the ECG signal sensor module based on
ADS1292 is shown in .The module uses ADS1292 as the
core chip and AP2112K (Shanghai, China) as the voltage
regulator chip, which converts 5 V voltage to 3.3 V to
power the module. At the same time, it uses TXS0108E as

the conversion chip of the logic level.

3. METHODOLOGY

The use process of the physiological monitoring
system is as follows: connect the system to a 5 V power
MCU
powering on and automatically sets the network
parameters for the Wi-Fi module. After the MCU

confirms that the network is correctly connected,

supply, the automatically initializes after

sampling is performed, and the data sent by each sensor
are processed and packaged. The wuser sticks the
three-terminal lead of the ECG signal sensor in the
correct position on the body, places the temperature
sensor on the wrist, and then fixes the motion sensor on
the waist. As shown in figure, after the system is
properly initialized, the terminal interface will display
information in real time.

the wuser’s relevant

Implementation of our system on a subject is shown.
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When measuring the actual ECG signal, we let the
subjects exercise at a certain intensity to continuously
increase their heart rate. At the same time, we used the
finger clip heart rate measuring instrument and the
monitoring system designed in this paper to record the
tester’s heart rate.

The figure shows the results measured by a subject using
a finger clip heart rate tester and the detection system
designed in this paper. During the test, the subject’s
heart rate continued to rise and fluctuated to a certain
extent. analyzes the result analysis of the tester and the
detection system of this paper. The correlation coefficient
of the two equipment detection results is 0.969, the
maximum absolute error is 8 BPM, and the absolute
error range is 1.924 + 1.540 BPM. The system design can
be seen from the results. The accuracy meets the needs of

daily use, indicating that the system is effective and

reliable.
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4. CONCLUSION

In this paper, we proposed a physiological monitoring
system based on multiple sensors. The system can
monitor a variety of physiological signals in the human
body and can display the collected physiological signals
on the terminal in real time. By comparing the system
with a standard medical monitor, the accuracy and
feasibility of the system are verified. In the temperature

data measurement, we performed polynomial fitting
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correction on the output voltage of the LMT70 to make
the temperature module more accurate in the body
the ECG
measurement, we collected the bioelectric signal with the
ADS1292 chip as the core. The collected ECG signals

were processed to reduce the interference of baseline

surface temperature range; in signal

drift on the ECG waveform. The results show that our
heart rate test results are very close to medical
equipment, and an alarm can be presented when the
subject’s heart rate is too high or too low; in the motion
data measurement, we used the acceleration and angular
velocity data returned by the MPU6050 to calculate the
pose and to calculate the distance and the number of
steps. At the same time, we tested the power
consumption of the system in the case of continuous data
transmission and reception. The total current of the
system was about 83 mA. When the Wi-Fi module was
turned off, the total power consumption of the system
was about 15 mA, which meets the requirements of low
power consumption. In future research, we will try to
improve the portability of the entire system, to integrate
other sensors, and to reduce the circuit volume of the
existing system. We tried to perform further analysis
based on the returned physiological signals, such as
based on the

monitoring cardiovascular diseases

abnormal part of the ECG waveform.
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