
electronics

Article

Wearable Wireless Physiological Monitoring System Based
on Multi-Sensor

Hongru Li †, Guiling Sun *, Yue Li † and Runzhuo Yang †

����������
�������

Citation: Li, H.; Sun, G.; Li, Y.;

Yang, R. Wearable Wireless

Physiological Monitoring System

Based on Multi-Sensor. Electronics

2021, 10, 986. https://doi.org/

10.3390/electronics10090986

Academic Editors: Francisco

Luna-Perejón, Lourdes Miró Amarante

and Francisco Gómez-Rodríguez

Received: 20 March 2021

Accepted: 19 April 2021

Published: 21 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

College of Electronic Information and Optical Engineering, Nankai University, Tianjin 300350, China;
lihongru@mail.nankai.edu.cn (H.L.); 1811144@mail.nankai.edu.cn (Y.L.); 1813652@mail.nankai.edu.cn (R.Y.)
* Correspondence: sungl@nankai.edu.cn
† These authors contributed equally to this work.

Abstract: The purpose of wearable technology is to use multimedia, sensors, and wireless communica-
tion 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.

Keywords: Internet of Things; wearable devices; physiological monitoring; wireless transmission

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 [1]. 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 [2]. From the perspective of highly hidden and harmful diseases such
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 analyze the factors that affect the design of the Internet of
Things [3]. 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 [4]. Because of the portability of wearable devices, they play an increasingly
important role in long-term health monitoring. For example, smart watches have some
technical and psychological characteristics and are already a widely used mobile health
communication tool [5,6]. 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 [7].

Wearable devices rely on various sensors to collect bodily and environmental data, to
conduct comprehensive analysis of the data, and to transmit the required information to the
master computer through communication. These tasks can carry out effective physiological
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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. [8] 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. [9] 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. [10] 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. [11] proposed a new
method to monitor ECG with two wireless modules. Cheng Xu et al. [12] proposed a
human motion tracking technology based on a hybrid approach of multiple sensors. James
Coates et al. [13] designed a wearable multi-sensor system that collects data including
temperature, humidity, and galvanic skin response. The abovementioned wearable system
designs have limitations in different 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 wearer’s ECG, body temperature, movement
acceleration, etc. The system uses algorithms to process data in the MCU and sends the
information to the PC or the cloud via Wi-Fi for processing and display. The 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:

• Establishing a wearable physiological monitoring system based on multiple sensors
to monitor ECG signals, body surface temperature, and sports data.

• Proprosing a new, complete design of a module with ADS1292 (Dallas, TX, USA) to
monitor ECG signals from the hardware and algorithm.

• Using the LMT70 chip (Dallas, TX, USA) to design a body surface temperature sensor
module, and performing polynomial fitting in the range of 30–40 ◦C to improve the
accuracy.

• In the design of the ranging algorithm, considering that the motion plane in the
application scene can be approximated as a two-dimensional plane and adjusting the
transformation matrix to reduce the amount of calculation.

2. Materials and Methods
2.1. System Architecture

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 Figure 1, the system is composed of several sensors and a main controller
for the purpose of monitoring.

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
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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 cloud.

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

2.2. Hardware Design

The hardware of the system includes a microcontroller, a Wi-Fi module, an ECG signal
sensor 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. MSP430F5529 is the latest
generation of ultralow-power single-chip microcomputers with an integrated USB, can be ap-
plied to tasks such as wireless sensing, and is one of the single-chip microcomputers with the
lowest working power consumption [14]. The ultralow power-consumption characteristics
of MSP430F5529 and the multiple peripherals integrated by the single-chip microcomputer
are suitable for this 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 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
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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 µA and the shutdown
current is less than 1 µA. It contains all of the functions usually required for portable
low-power medical ECG applications and is suitable for low-power and high-precision
ECG measurement tasks [15]. The hardware circuit of the ECG signal sensor module based
on ADS1292 is shown in Figure 2. 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.

Figure 2. The circuit design of ECG signal sensor module.

The temperature sensor module takes TI’s LMT70 chip as the main part, and the
schematic diagram of the temperature sensor module based on the LMT70 chip is shown
in Figure 3. LMT70 is a high-precision, low-power CMOS analog temperature sensor with
output enable pins. Its accuracy in the range of 20 ◦C to 42 ◦C is ±0.05 ◦C (typical value) or
±0.13 ◦C (maximum) [16]. The module also uses TI’s ADS1115 chip as the ADC. ADS1115
is an I2C-compatible 16-bit high-precision low-power ADC. The current during continuous
operation is only 150 µA, which is very suitable for power-constrained measurement tasks.
The module also uses the LP2985 chip (Dallas, TX, USA) as a voltage regulator chip to
supply power.

Figure 3. The circuit design of the body surface temperature sensor module.
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We coose MPU6050, which is produced by Invensense company, as the motion sensor.
The module integrates a three-axis gyroscope and a three-axis accelerometer and has a built-
in 16-bit ADC. MPU6050 transmits information such as angular velocity and acceleration to
MCU through I2C, which is used for Euler angle calculation and pose estimation, and then
completes tasks such as step counting and distance calculation.

2.3. Software Design

The data directly collected by the hardware circuit (including acceleration and bio-
voltage) cannot intuitively reflect the user’s state, such as distance and number of steps.
Similarly, we cannot directly obtain the user’s heart rate and ECG waveform, so we need
to process and analyze the data to obtain information about the user. This section describes
the algorithm and software design in the established wearable wireless physiological
monitoring system. The overall algorithm flowchart of the system is shown in Figure 4.

Figure 4. Overall algorithm diagram.
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2.3.1. ECG Data Processing and Heart Rate Calculation

In the standard ECG waveform, the baseline refers to the zero potential baseline, which
is usually determined by the TP segment in the ECG waveform. The ST segment represents
the process between the termination of ventricular depolarization and the beginning of
repolarization. The normal ST segment is slightly concave and is the line segment from
the end of the QRS complex to the beginning of the T wave in the image. Under normal
circumstances, the ST segment should be aligned with the baseline [17]. However, in the
process of collecting data from the ECG signal sensor, due to the change in electrode
resistance, the drift of the amplifier’s DC bias, and the slow motion of human muscles or
breathing, the zero potential baseline is shifted, which affects the ECG waveform [18].

The frequency range of baseline drift is about 0.05 Hz to 5 Hz, and the main frequency
component is about 0.1 Hz, which is low-frequency interference. The frequency range
of the ST segment in ECG is about 0.6–0.7 Hz [19], which is close to the frequency range
of baseline drift. Therefore, if a high-pass filter is used to eliminate baseline drift, severe
distortion occurs in the ST segment. To solve this problem, we design a median filter to
process the ECG data.

We used digital discrete signals to represent ECG signals:

X = {xj}(−∞ < j < +∞) (1)

Suppose that the length of the filter window is L(L = 2N + 1), and N is a positive
integer. At a certain moment, the signal samples in the window are as follows:

xi−N , · · · , xi, · · · , xi+N (2)

where xi is the sample signal value at the center of the window. The center value of the
2N + 1 signal values in the window arranged from large to small is the output value of the
median filter. The width of the window used in this method is L = 51. which is

yi = Med[xi−N , · · · , xi, · · · , xi+N ] (3)

The magnitude of the ECG signal is only several millivolts, and the main frequency
range is between 0.05 Hz and 100 Hz [20]. After removing the baseline drift, the signal
needs to be passed through a low-pass filter to eliminate the interference with a frequency
above 100 Hz. The transfer function of the Buteterworth low-pass filter we designed is
as follows:

H(z) =
0.5962z4 + 2.385z3 + 3.5775z2 + 2.385z + 0.5962

z4 + 2.9767z3 + 3.4219z2 + 1.7858z + 0.3555
(4)

Heart rate measurement is performed by analyzing the peak voltage in the QRS
complex [21]. The algorithm finds the index values corresponding to the peak voltages of
several consecutive QRS complexes of the ECG signal and then obtains the current heart
rate according to the sampling frequency or sampling interval.

2.3.2. Body Surface Temperature Measurement

As depicted in Figure 5, the output value of the TAO pin of LMT70 has a negative
correlation with temperature:
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Figure 5. Output characteristic curve of LMT70.

The relationship between UTAO and ambient temperature can be expressed by the
following formula:

dUTAO
dT

= −5.19mV/◦C (5)

However, if the task requires an accurate measurement of temperature in the range
of 30–40 ◦C, the linear relationship between voltage and temperature cannot meet the
requirements for accuracy. Therefore, it is necessary to fit the voltage value output using
the TAO pin with a quadratic polynomial or cubic polynomial in the range of 30–40 ◦C.
When fitting, we use a stable value of the body surface thermometer as the true value of
body temperature, measure the stable voltage value output using the sensor composed of
LMT70 in the same environment, and then perform polynomial fitting on the voltage and
the temperature.

The results of polynomial fitting based on the value of the body surface thermometer
and the voltage output by the LMT70 chip in the range of 30–40 ◦C are as follows:

Quadratic polynomial fitting result:{
T = au2

TAO + buTAO + c
a = −8.45× 10−6, b = −1.76× 10−1, c = 2.04× 102 (6)

Cubic polynomial fitting result:{
T = au3

TAO + bu2
TAO + cuTAO + d

a = −1.06× 10−9, b = −5.75× 10−6, c = −1.79× 10−1, d = 2.04× 102 (7)

2.3.3. Pose Estimation and Motion Data Measurement

The algorithm combined with a driver program estimates the pose and collects the
motion data for MPU6050. MPU6050 can read the three-axis acceleration and three-axis
angular velocity information at high speed [22], but the pose information reflecting the
human body movement cannot be directly collected and needs to be obtained through the
corresponding algorithm. The algorithm selects a quaternion as the pose information to be
obtained, and the quaternion can avoid the singularity when three variables are used to
represent the pose information.

Quaternions are generally written as follows:

q = q0 + q1i + q2j + q3k (8)

where i, j, and k are the three imaginary parts of the quaternion.
The quaternion calculation in the microprocessor can be approximated by the Runge–

Kutta method with the angular velocity data read by the sensor. In our design, taking
into account the real-time need to obtain motion data, the digital motion processor inside
the drive module (DMP) solves the quaternion, which reduces the burden of the external
processor and avoids cumbersome steps such as filtering and data fusion. At the same time,
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high-speed and accurate data can be obtained by reading the DMP registers, which can
satisfy applications running at lower frequencies. DMP can provide accurate and stable
data to update the frequency of the motion data and the frequency of the reading data
using an external processor.

The quaternion and acceleration data are sent to the MCU through I2C, and the algo-
rithm for step counting and distance calculation is executed on the MCU. First, the MCU
updates the Euler angle in real time according to the quaternion. The Euler angle can more
intuitively reflect the real-time motion posture, and the Euler angle is used in step counting
and distance calculation.

The formula for calculating Euler angles with quaternion is as follows:
roll = arctan 2q2q3+2q0q1

−2q2
1−2q2

2+1
rad

pitch = arcsin−2q1q3 + 2q0q2 rad
yaw = arctan 2q1q2+2q0q3

−2q2
2−2q2

3+1
rad

(9)

Rad means that the result of the calculation is converted from radians to angles.
For practical applications, the algorithm uses the comparison between the Euler angle

change rate and the corresponding threshold to adjust the system’s judgment of the motion
state, and 5◦/s is selected as the threshold.

The overall motion data measurement algorithm has two parts: step counting and
distance calculation. The step counting algorithm uses 40 ms as a delay to read the accelera-
tion collected by the accelerometer to calculate the number of steps. The algorithm initially
eliminates the noise in the acceleration data through the mean filter [23]. Considering that
the acceleration waveform has obvious peaks when people are walking, the algorithm com-
bines the threshold to filter the interference and to save effective fluctuations. The threshold
is set to 3.05× 10−3 g. Next, the algorithm checks the acceleration data of the three axes in
accordance with the law of motion. The threshold of the peak difference is set to 6.1× 10−3

g. Finally, the algorithm combines the current motion state and the detection results of the
three axes to count the steps.

In the distance calculation algorithm, we chose to use two-dimensional numerical
integration to calculate the distance [24]. First, the Euler angle can express the rotation
matrix connecting the world coordinate system and the current coordinate system:

RXYZ(roll, pitch, yaw) = RZ(yaw)RX(roll)RY(pitch) (10)

RZ(yaw) =

cos y − sin y 0
sin y cos y 0

0 0 1

 (11)

RX(roll) =

1 0 0
0 cos r − sin r
0 sin r cos r

 (12)

RY(pitch) =

 cos p 0 sin p
0 1 0

− sin p 0 cos p

 (13)

The vector in the current coordinate system can be transformed to the world coordinate
system through such a matrix: ax

ay
az

 = RXYZ

a′x
a′y
a′z

 (14)

where a′x, a′y, a′z represents the acceleration vector obtained by measurement and ax, ay, az
represents the acceleration transformed to world coordinates.
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Finally, the algorithm can obtain the distance in the three-dimensional space through
two-dimensional numerical integration. In the calculation process, we used the motion state
and other information to process the acceleration and velocity to eliminate the interference
from gravity acceleration and noise. In practical applications, walking can be considered
movement on a two-dimensional plane, and this approximation is more suitable for the
requirements of distance calculation tasks. Under this approximation, the matrix can
be degenerated to second order, reducing the burden of calculation including filtering,
and finally, the result can be corrected in combination with the step counting information.
In the walking round-trip test, this algorithm achieved more accurate results.

3. System Implementation and Results
3.1. System Implementation

The use process of the physiological monitoring system is as follows: connect the
system to a 5 V power supply, the MCU automatically initializes after powering on and au-
tomatically sets the network parameters for the Wi-Fi module. After the MCU confirms
that the network is correctly connected, sampling is performed, and the data sent by each
sensor are processed and packaged. The user 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 6, after the system is
properly initialized, the terminal interface will display the user’s relevant information in
real time. Implementation of our system on a subject is shown in Figure 7.

Figure 6. User interface on a mobile terminal.
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Figure 7. System implementation on one subject’s body.

3.2. Data Collection

In order to test the physiological monitoring system developed in this paper, we
selected 10 healthy subjects, and all participants signed a consent form. In the experiment,
the relevant information of the subjects at rest and in motion was obtained. The basic
information of the subjects is shown in Table 1:

Table 1. Basic information of the subjects.

Subjects Gender Age

S1 Male 20
S2 Male 21
S3 Female 20
S4 Male 23
S5 Male 26
S6 Male 25
S7 Female 23
S8 Male 20
S9 Male 19

S10 Female 21

3.3. Body Surface Temperature Test Results and Analysis

In order to verify the accuracy of the system to measure body surface temperature,
we let the subjects sit quietly on a chair and then activated the physiological monitoring
system. We compared the body surface temperature measured by the system with the value
measured by the body surface thermometer (model: CK-T1503). The measuring range of
the body surface thermometer is 33–40 degrees ◦C. In the test, we used the monitoring
system and the thermometer to collect the body surface temperature of each participant’s
wrist 10 times and to calculate the average value (generally, the body surface temperature
varies widely) and that at room temperature (25 ◦C). The body surface temperature may be
2 ◦C lower than the body temperature); the results are shown in Table 2:
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Table 2. Body surface temperature test results.

Subjects CK-T1503/◦C Our System/◦C Error/◦C

S1 33.8 33.9 +0.1
S2 33.4 33.1 −0.3
S3 33.6 33.7 +0.1
S4 33.7 34.1 +0.4
S5 33.5 33.3 −0.2
S6 33.3 33.4 +0.1
S7 32.9 33.2 +0.3
S8 33.6 33.4 −0.2
S9 33.4 33.4 0

S10 33.5 33.2 −0.4

From the experimental results, we can conclude that the maximum absolute error
between the body surface temperature measured by the system and the instrument is
0.4 ◦C, and the average absolute error is 0.21 ◦C. The results show that the measurement
results of the system are close to those of the instrument, which indicates that the system
meets the actual measurement requirements.

3.4. ECG Data Test Results and Analysis
3.4.1. ECG Signal Simulator Test Results

We first used the ECG signal simulator to test the accuracy of the system. As shown in
Figure 8, the model of the ECG signal simulator was SKX-2000 and the 3 lead modes used
by the simulator were LL, LA, and RA. We tested the different heart rates generated by the
simulator and observed whether the detection system alerts us to abnormal heart rates (too
high or too low). The results are shown in Table 3 and Figures 8–10.

Table 3. ECG signal simulator test results.

Simulator Output/BPM Our System/BPM Error/BPM Alarm

40 40 0 Y
50 50 0 Y
60 60 0 N
70 70 0 N
80 80 0 N
90 90 0 N

100 100 0 N
110 110 0 Y
120 120 0 Y
130 130 0 Y
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Figure 8. The output heart rate of the ECG simulator is 40 BPM, which simulates the condition of a
low heart rate, and the system LED lights up as an alarm.

Figure 9. The output heart rate of the ECG simulator is 110 BPM, which simulates the condition of a
high heart rate, and the system LED lights up as an alarm.
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Figure 10. The output heart rate of the ECG simulator is 80 BPM, which simulates the normal
condition of the heart rate, and the system does not set off an alarm.

3.4.2. Human ECG Signal Test Results

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.

As shown in Figure 11, 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. Table 4 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.

Figure 11. The results of the finger clip heart rate instrument and the monitoring system designed in
this paper.
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Table 4. ECG signal simulator test results.

Parameters Test Result

Maximum absolute error 8 BPM
Average absolute error 1.92 BPM

Standard deviation of absolute error 1.54 BPM
Correlation coefficient 0.9699

3.5. Motion Data Test Results

After the subject wore our detection system, we let the subject walk back and forth on a
5 m band tape to detect the accuracy of the number of steps and distance. The experimental
results are shown in Tables 5 and 6.

The maximum absolute error of the number of steps measured by this system is
3 steps/10 steps, and the average absolute error is 0.66 steps/10 steps. The maximum error
of the distance measured by this system is 0.5 m/5 m, and the average absolute error is 0.33
m/5 mm. The experimental results of the number of steps and distance indicate that the
system has high measurement accuracy for motion data and is suitable for practical use.

Table 5. Movement steps measurement result.

Experiment Number Real Steps/Step System Result/Step Error Step/10 Steps

10 10 0
20 21 +1

1 30 32 +1
40 42 0
50 53 +1
60 62 −1

10 10 0
20 20 0

2 30 33 +3
40 42 −1
50 52 0
60 61 −1

10 9 −1
20 20 +1

3 30 31 +1
40 41 0
50 50 −1
60 60 0
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Table 6. Movement distance measurement result.

Experiment Number Real Distance/m System Result/m Error m/5 m

5.0 5.1 +0.1
10.0 10.5 +0.4

1 15.0 15.7 +0.2
20.0 21.0 +0.3
25.0 25.5 −0.4
30.0 31.0 +0.5

5.0 5.2 +0.2
10.0 10.4 +0.2

2 15.0 15.9 +0.5
20.0 21.4 +0.5
25.0 26.0 −0.6
30.0 31.5 +0.5

5.0 4.8 −0.2
10.0 9.8 0

3 15.0 15.2 +0.4
20.0 20.5 +0.3
25.0 25.9 +0.4
30.0 30.5 −0.4

3.6. Power Consumption Measurement Results

We measured the operating currents of different modules of the system when the
Wi-Fi module continuously sends and receives data, and the results are shown in Table 7:

Table 7. System power consumption data.

Module Current

ESP8266 (Continuously send and receive data) 68 mA
ECG sensor and temperature sensor About 12 mA

MPU6050 1.3 mA
Total current About 83 mA

It can be concluded from the measurement results that two 2000 mAh dry batteries
can make the system work continuously for more than 24 h while continuously sending
and receiving data. When the ESP8266 module is turned off and data are transmitted
through a wired connection, a lower operating current can be achieved. Therefore, our
physiological monitoring system basically meets the needs of low power consumption and
high endurance and is suitable for continuous measurement situations.

4. Conclusions

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 com-
paring 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 correction on the output voltage of the LMT70 to make the temperature module
more accurate in the body surface temperature range; in the ECG signal 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 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
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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 monitoring cardiovascular diseases based on the
abnormal part of the ECG waveform.
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