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technology in monitoring heart rate of Wushu exercise
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Abstract. Exercise is beneficial to the body in some ways. It is vital for people who have heart problems to perform exercise
according to their condition. This paper describes how an Android platform can provide early warnings of fatigue during wushu
exercise using Photoplethysmography (PPG) signals. Using the data from a micro-electro-mechanical system (MEMS)
gyroscope to detect heart rate, this study contributes an algorithm to determine a user’s fatigue during wushu exercise. It sends
vibration messages to the user’s smartphone device when the heart rate exceeds the limit or is too fast during exercise. The heart
rate monitoring system in the app records heart rate data in real-time while exercising. A simple pulse sensor and Android app
can be used to monitor heart rate. This plug-in sensor measures heart rate based on photoplethysmography (PPG) signals during
exercise. Pulse sensors can be easily inserted into the fingertip of the user. An embedded microcontroller detects the heart rate by
connecting a pulse sensor transmitted via Bluetooth to the smartphone. In order to measure the impact of physical activity on
heart rate, Wushu System tests are conducted using various factors, such as age, exercise speed, and duration. During testing, the
Android app was found to detect heart rate with an accuracy of 95.3% and to warn the user when their heart rate rises to an
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abnormal level.
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1. Introduction

Integrated devices and systems comprised of mechanical
and electrical elements are called micro-electromechanical
systems (MEMS) (Hamidi et al. 2015, Allahkarami et al.
2017, Ehyaei et al. 2017, Akbas 2018a, b, Arefi and
Zenkour 2018, Aydogdu et al. 2018, Bensaid et al. 2018,
Navi et al. 2019, Ebrahimi et al. 2020, Gafour et al. 2020,
Matouk et al. 2020). Microelectromechanical systems are
used in the integrated circuit industry to develop miniature
sensors and actuators (Ashraf et al. 2011). Batch processing
of integrated circuits (ICs) allows them to be made in sizes
ranging from a few micrometers to a few millimeters
(Walsh 2004). They were initially used for electrical and
mechanical systems, but today they are also used for
magnetic, optical, biological, and fluidic systems (Koester
et al. 1996). As the name implies, MEMS can be described
as objects that move or can deform, which originates in the
United States (Aditya Khatokar et al. 2021). Microsystems
technology (MST) or microstructures technology (MST) are
used to describe this technology in Europe. Micromachining
is the process of making these devices (Guisbiers and
Wautelet 2007). If MEMS are involved in mechanisms and
motion, they are called micromachines in Japan and Asia
(Ma et al. 2021, Zhao et al. 2021, Zheng et al. 2021). With
the invention of the silicon micromachined disposable
blood pressure sensors in the early 1970s, MEMS devices
entered the medical field for the first time (Benson et al.
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1993). As a result, MEMS devices currently hold a
dominant position in this market and rapidly extend into
other areas of medicine (Zhang et al. 2016). A compound
growth rate of 11.4% is seen for medical applications of
MEMS devices over the next decade (Hernandez and Cretu
2018). Because nanomaterials have good properties, such as
high aspect ratios, large surface areas, and nano-size effects,
they are being extensively studied as semiconductor sensors
(Sun et al. 2018). Due to their small size, low power
consumption, and ease of integration, MEMS-based
semiconductor sensors are becoming increasingly popular
for environmental monitoring and Internet of Things
applications (Galli et al. 2022). Sensing materials become
more difficult to construct on micro-sensors as the sensor
size shrinks to the micro-/sub micro level, especially for
micro-scale MEMS sensors (Rico-Gonzalez et al. 2020). As
long-term use of micro-sensors is crucial, paying attention
to the uniformity and stability of the constructed sensing
materials is also essential (Seshadri et al. 2019).
Technology has enabled the evolution of fields such as
disease prevention and patient health maintenance
monitoring systems (Kaisti et al. 2019). Human cardio-
vascular health is directly related to heart rate, a significant
health parameter (Algamili et al. 2021). In addition to
physical workload, physiological factors, work stress, and
concentration, other variables affect heart rate. In order to
monitor athletes’ cardiac activity, new methods are needed
because of the disadvantages of cardiac monitoring systems
(Angermann et al. 2018). Commercially available sensors
can be used to create a heart monitoring system due to
advances in microelectromechanical systems (MEMS) (Lv
and Kumar 2020, Xu et al. 2022, Liu et al. 2023a, b).
Exercise is essential for the body’s health and well-being,

ISSN: 2287-237X (Print), 2287-2388 (Online)



156 Shuo Guan

¥ %

Wearable sensor

Mobile Apps

Cloud server

Bluetooth

including the heart (Chen et al. 2021, Esparham et al. 2021,
Raj et al. 2021, Shahram Ghaedi Faramoushjan Hossein
Jalalifar 2021, Cai et al. 2021, Maheswaran et al. 2022,
Shariq et al. 2022). The exercises should be coordinated
with heart health care for individuals with heart problems
(Hensen 2017, Hu et al. 2022). Monitoring heart rate during
exercise can reduce the risk of a heart attack, which can be
fatal (Ebrahimi and Shafiei 2016, Shafiei et al. 20163, b, c,
Ebrahimi et al. 2017, Shivanian et al. 2017). Wearable
sensor technology makes heart rate monitoring portable and
real-time when doing daily activities, including wushu
exercise (Feng et al. 2017, Vega-Martinez et al. 2018). A
continuous monitoring tool for heart rate during wushu
exercise is needed because manual methods cannot be used
to calculate heart rate during exercise (Alsultan
Abdulmajeed 2021, Dai et al. 2021, Alimoradlu and Zamani
2022, Behdinan and Moradi-Dastjerdi 2022, Thakur et al.
2022, Zhao et al. 2022). Due to the number of muscles
involved and the energy needed, Wushu exercises require
much more oxygen (Ha et al. 2013). The lungs need to
work hard in Wushu exercises to process oxygen and for the
heart to beat rapidly to pump blood throughout the body and
carry oxygen to the tissues (Ehyaei et al. 2017, Ghadiri et
al. 2017a, b, Mirjavadi et al. 2017, Shafiei and Kazemi
2017, Shafiei et al. 2017). The heart and lungs cannot
suddenly slow down as it still needs oxygen after exercising
(Khan et al. 2021). During Wushu exercise, the blood
vessels experience pressure that causes the heart rate to
differ from that at rest, resulting in an abnormal heart rate
(Chooruang and Mangkalakeeree 2016). Wushu increases
the heart rate according to the level of activity performed,
while at rest, it is between 60-100 BPM (beats per minute)
(Atmane Hassen et al. 2015, Attia et al. 2015, Bennai et al.
2015, Chaht Fouzia et al. 2015, Kar Vishesh and Panda
Subrata 2015, Houari Mohammed Sid et al. 2016, Bellifa et
al. 2017, Avcar 2019, Zarga et al. 2019). It is necessary to
control the heart rate during wushu exercise because there is
a limit to the heart rate (Gomez- Clapers and Casanella
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Fig. 1 Design of the system

2012, Haroun et al. 2021). In some studies, heart rate has
been measured during physical activity. However, these
studies have not yet explored fatigue as a warning sign
(Jimeénez Morgan and Molina Mora 2017). With the help of
photoplethysmography signals, this study will develop an
early warning system for predicting fatigue in sports
activities in real-time (Chattopadhyay and Chowdhury
2017). With each heartbeat, blood is circulated throughout
the body, changing the amount of blood inside the finger
arteries (Nguyen et al. 2020). A user can easily insert a
pulse sensor into his or her fingertip. An embedded
microcontroller uses a pulse sensor connected to a
smartphone via Bluetooth to detect the heart rate (Yuvaraj et
al. 2021). The report recommends the use of accelerometers
and PPG signals. This system controls the heart rate during
exercise (Patel 2018). Apps for Android smartphones warn
users to reduce physical activity if their heart rate is
abnormal (Bassiachvili et al. 2008).

2. Materials and methods

The research design for this project is based on
experimental research methods. In this experiment, Wushu
sports are the subject matter. The development process of a
system involves four steps: 1) an analysis of system
requirements, 2) the design of system models, 3) a design of
a sensor device for detecting heartbeats, and 4) the design
of the test (Liu et al. 2022, Dang et al. 2023, Hu et al. 2023,
Yang et al. 2023).

2.1 An analysis of system requirements

As part of the overall system development process, the
system needs analysis to ensure that the system requirements
are met. A system’s functional needs are derived from this
process (Shafiei and She 2018, Shafiei et al. 2019, Shafiei
et al. 2020). As part of the functionality of this system,
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users will be able to find out the number of heartbeats while
exercising, receive alerts and notifications if their heart rate
is abnormal, save their heart rate data, and view their heart
rate history. Fig. 1 illustrates the use case diagram for the
system.

2.2 The design of system models

By designing the system model, one can get a general
idea about what will be built (Omidi et al. 2013, Mousavi et
al. 2017). There are two parts to this system, an initial
wearable device sensor is placed on the fingertips of the
user as part of this system. Second, a smartphone displays
the user’s heart rate and calculates the level of fatigue. Fig.
2 illustrates the general design of the system used in this
research. Users will receive alerts and notifications in case
of an abnormal heart rate. Additionally, the heart rate
activity history during a run can be retrieved from a web
server by sending the data displayed on the screen.

2.3 A design of a sensor device for detecting
heartbeats

It detects heart rate using a PPG signal generated by an
easy pulse plug-in sensor. Health information is provided by
this sensor, which rests at the user’s fingertips. An Arduino

microcontroller, sensors, easy pulse plug-in, Bluetooth, and
power supply are in a separate box on the user’s arm (Hou
et al. 2021, Huang et al. 2021, Xu et al. 2021, Wang et al.
2022). The Arduino UNO is a microcontroller that converts
digital signals obtained from analog signals. Using
Bluetooth technology, the smartphone application displays
the heart rate data based on the signal received. See Fig. 3
for the design of the wearable device.

2.4 The design of the test

A total of ten subjects are used in this experiment, six
men and four women between the ages of 20 and 30. This
research study focusing on adults, not professional athletes,
uses this age range. Among the ten subjects, each user ran
five runs. An experiment was conducted using heart rate
data. During the Wushu exercise, the subject’s heart rate
was measured at rest and during exercise. The speed at
which the subject performs exercises may vary depending
on the subject’s desire, so the exercises should not be
conducted at a constant speed. The purpose of this speed is
to facilitate the retrieval of information for the subject since
exercising at the given speed would be difficult (Tang et al.
2021, Xiao et al. 2022, Luo et al. 2023). Due to this, each
user’s ability and age can be determined by the speed of the
exercises. During runtime, a warning message can be
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Table 1 Experimental results

Age Total number The duration of The highest heart rate

The success of alert notifications

Subject (years) of tests the exercise when exercising Yes No Accuracy (%)
1 20 5 0:14:19 155 5 0 100
2 20 5 0:15:20 146 3 0 100
3 20 5 0:16:55 157 5 0 100
4 22 5 0:18:35 163 5 0 100
5 23 5 0:17:36 167 3 0 100
6 24 5 0:16:52 159 4 0 100
7 25 5 0:18:13 168 4 0 100
8 28 5 0:17:23 149 5 0 100
9 28 5 0:14:49 151 5 0 100
10 30 5 0:15:37 156 3 0 100

displayed. During an exercise program, when a warning is
sent at a particular speed, the subject’s heart rate will
increase at a different rate depending on the speed of the
warning message. A database containing the average and
the highest heart rates will be available for the subject to
review during the second round of evaluation. The program
also records the user’s heart rate and the time and duration
of their exercises (Wang et al. 2020, Zhang et al. 2020, Cao
et al. 2022, Lei et al. 2022, Tang et al. 2022, Zhang et al.
2023).

3. Definition of fatigue level

By detecting the changes in blood volume passing
through the arteries, a sensor generates electrical signals
detected as heart rate. The sensor outputs the signal at the
midpoint of the voltage when not in contact with the heart
rate source. The sensor changes into reflected light when it
touches the pulse source. When the blood volume changes
in the vessels that carry blood through the tissue, the signal
fluctuates around the reference point. By detecting these
fluctuations, the sensor can identify tissues or organs
moving through the arteries. A high-pass filter circuit will
be used to filter the signal received by the receiver circuit.
Through a non-inverting amplifier circuit, the signal is
amplified and returned to normal. As seen in Fig. 4, the
generated signal graph takes the form of a line graph.

The number of heart beats per minute (BPM) is calculated
by dividing 60,000 (in milliseconds) by the pulse rate of

three consecutive IBI peaks (interbeat intervals). When the
graph experiences a sharp increase, IBl is the time
difference between one point and the next point, with the
point value equal to 50% of P (peak) subtracted by T
(valley). Eq. (1) is used to calculate heart rate.

Heart rate (BPM)=(60000/pulse rate) @

A time period of the PPG signals waveform is used to
calculate the heart rate. Waveforms are identified by
identifying three consecutive peaks by changing the slope
of the line from positive to negative and identifying that the
magnitude of the signal is greater than 80% of all samples
combined. Three consecutive PPG signal peaks are used to
calculate two heart rates, and their average values are
displayed as heart rates. During physical exercise, an
algorithm was created to determine the fatigue level
experienced by users to calculate the maximum heart rate,
multiplying 220 by the user’s age. During exercise, the
heart rate fluctuates typically between 50% and 80% of the
maximum heart rate. Subjects will experience pain if their
heart rate exceeds 80% of their maximum heart rate, so
physical activity should be limited. It is necessary to reduce
physical activity if the subject feels pain in a particular body
part at a heart rate of 60%-70% of the maximum heart rate.

4. Result and discussion

With the help of the HC-05 Bluetooth chip, Arduino
Uno microcontroller, and easy pulse sensor, are used to
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Table 2 The results of measuring the accuracy of wearable
devices

Number of heart rate (BPM)

Testing No. - - Accuracy
1180 skmei watch ~ Wearable device

1 72 70 100

2 73 74 95.66
3 71 69 97.22
4 70 66 100

5 74 78 934

6 66 71 98.27
7 75 77 92.87
8 77 81 94.35
9 78 75 100

10 75 68 97.25
11 79 80 95.98
12 61 79 98.43
13 65 82 91.86
14 71 69 88.35
15 76 72 90.49
16 85 62 89.67
17 83 78 96.05
18 76 79 96.78
19 78 81 97.94
20 69 75 93.12

create a wearable device. Smartphone applications are
developed using Android studio on the Android operating
system. The user of the smartphone application will receive
a first warning notification and vibrate for two seconds
when the heart rate exceeds 70%. A second warning
notification will be given when the user’s heart rate is more
than 80% of the maximum heart rate, and the device will
vibrate for four seconds. The general test results were
administered this test five times to each of the ten
individuals. High-speed exercises increase the heart rate,

and exercising at a fast pace also affects it. Users whom
wushu exercise at a faster pace achieve the highest heart
rates. Table 1 shows the test results performed five times on
ten subjects. The maximum heart rate obtained in this test is
168 beats per minute for a 25-year-old. In this case, a heart
rate could be considered dangerous if it is above 85% of the
user’s cardiac rate, but if one does not experience pain or
discomfort, the heartbeat could also be considered harmless.
On a 25-year-old user, 168 BPM was obtained during an
experiment, and the user did not experience any pain. A
total of three cases were collected in the whole experiment
to compare heart rate changes when the same speed was
given under the same conditions and at the same time.
During this test, subjects perform wushu for 15 minutes at
various speeds. Speed changes were made at 15, 16, and 18
minutes.

A speed change test indicates that Wushu exercise
speeds affect heart rate data. During an 18-minute speed
test, a subject’s heartbeat tends to increase, and the user
receives an alert message. As the user’s heart rate decreases
at the 15-minute pace, even if the decrease is insignificant,
the user’s heart rate begins to decrease. In users 25 years of
age with a speed of 18 minutes, the heart rate is the highest.
According to the diagram in Fig. 5, the Wushu exercise
speed test with heart rate produced these results.

Comparing the output of the wearable device with the
existing heart rate measuring device was used to test the
accuracy of heart rate measurement. SKMei 1180 was used
as the available tool. The 1180 skmei is a watch that counts
heart rate during wushu exercises. When each device
detected a heartbeat, measurements were performed in
parallel. Table 2 shows that the wearable device has a
94.33% accuracy in measuring heart rate.

5. Conclusions

This research developed and implemented a heart rate
monitoring system for Wushu sports using photoplethysmo-
graphy signals and MEMS nanosensor technology.
According to an experiment with varying speeds, ages, and
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performance times, Wushu exercises can affect the heart
rate by age and speed. Based on this study’s findings, sports
performed at a higher speed also increase heart rate. A
warning message will appear on the Android smartphone
when the heart rate is not average or close to the maximum.
It is possible to classify the table’s highest heart rate at 168
beats per minute as dangerous and close to the maximum
heart rate (which may vary from 85% of the user’s heart
rate). Nevertheless, if this exercise did not cause the user to
feel any pain in any part of his body and he felt it was
harmless, it could also be classified as a harmless heartbeat.
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