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Computer technology and related Internet of things technology have penetrated into people’s daily life and industrial production;
even in competitive sports training and competition, the Internet of things technology has also been a large number of ap-
plications. Traditional intelligent wearable devices are mainly used to calculate the steps of athletes or sports enthusiasts,
corresponding physical data, and corresponding body indicators. *e energy consumption calculated by these indexes is rough
and the corresponding error is large. Based on this, this paper will design a wearable device which can accurately calculate and
monitor sports energy consumption based on relevant sensors and Internet of things technology. *e corresponding core al-
gorithm is the step counting algorithm, which can accurately calculate the relationship between human motion and the cor-
responding energy consumption and feed back to the intelligent device. In the experiment, the wearable device designed in this
paper is compared with the traditional intelligent device. *e experiment shows that the wearable device proposed in this paper is
more accurate in energy consumption estimation than the traditional device, and its corresponding energy consumption is
relatively small.

1. Introduction

Internet of things technology has brought a lot of innova-
tions to the development of wearable devices, which moves
wearable devices gradually towards the direction of mini-
aturization and intelligence. Traditional intelligent wearable
devices are mainly used in the monitoring of people’s
movement and related conventional body indicators. Such a
monitoring method further improves people’s quality of life
[1–3]. It can effectively realize the daily monitoring of hu-
man health and further timely prevent the occurrence of
human-related diseases. Traditional intelligent wearable
devices mainly include hardware and software parts [4, 5].
*e hardware part mainly depends on the rapid develop-
ment of semiconductor industry and related Internet
technology. *e rapid development of hardware promotes
the development of the whole wearable system towards
miniaturization, low price, and high sensitivity. At the

corresponding software level, it is mainly related to the
monitoring of sports state, track, athlete’s physical condi-
tion, and feedback of related possible problems [6, 7]. Al-
though the traditional intelligent wearable devices have been
greatly improved in body shape and intelligence, there are
still some problems in the calculation of sports energy
consumption and the corresponding motion energy
monitoring.

For the research on the software and hardware of In-
ternet of things and related intelligent wearable devices, a
large number of researchers and related research institutions
have carried out research and analysis on it. At the level of
human motion recognition, the main research algorithms
include four levels: computer vision detection level, inertial
sensor level, wireless sensor network level, and corre-
sponding human motion real-time monitoring and analysis
level. Intelligent wearable devices were first analyzed based
on computer vision, but this kind of method brings too
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much calculation. At the same time, the corresponding
image and data processing equipment loss are also large
[8–12]; in view of this problem, the relevant researchers in
the United States proposed to use a large number of data
sensors for action recognition and motion monitoring. *e
intelligent wearable device based on this design needs a large
number of sensors, and its estimation of the amount of
motion still has a relatively large error, but this kind of
method is in recognition on the level of human motion; the
corresponding accuracy rate can reach more than 90%
[13–15]; in terms of the corresponding monitoring tech-
nology of human motion energy consumption, the main-
stream methods include human body thermal test, indirect
human body thermal test, double mark water heat mea-
surement method, and corresponding accelerometer heat
measurement method. In essence, only direct thermal
measurement method has relatively accurate accuracy, and
other methods exist. However, the instrument corre-
sponding to the direct thermal measurement method is
relatively expensive, which increases the corresponding cost
of the test [16–20]. Different from the direct thermal test
method, the relevant American scientists proposed the pi-
ezoelectric measurement method, which mainly trains the
corresponding body shape characteristics and the corre-
sponding voltage signal when the human body moves, so as
to obtain the corresponding linear regression model. Based
on this, we further test the energy consumption of athletes
during movement and rest, and the corresponding accuracy
of this method is higher [21–23].

Based on this, this paper will be based on the short-
comings of traditional intelligent wearable devices, using
related sensors and Internet of things technology to design a
wearable device that can accurately calculate and monitor
the energy consumption of sports. *e corresponding core
algorithm is the step counting algorithm, which can accu-
rately calculate the relationship between human motion and
the corresponding energy consumption and feed back to the
intelligent device. In the experiment, the wearable device
designed in this paper is compared with the traditional
intelligent device. *e experimental results show that the
system designed in this paper has high accuracy in im-
proving the sports energy consumption.

In this paper, the structure of the article is arranged as
follows: the second section mainly analyzes and studies the
core algorithm, step counting algorithm, of this paper; the
third section focuses on the analysis and research of the
software and hardware design of intelligent wearable device;
the fourth section of this paper will carry out relevant ex-
periments; finally, the fifth section will summarize.

2. Research and Analysis of Step Counting
Algorithm for Intelligent Wearable Device

*e key algorithm of this system is the realization of step
counting algorithm. *e main steps of this algorithm are
preprocessing of the athlete’s motion signal, such as the
preprocessing of the athlete’s motion estimation and spu-
rious step estimation. *e corresponding algorithm pro-
cessing flow is shown in Figure 1.

In the corresponding data acquisition level, hardware
assistance is needed. In this process, the hardware sensors
need to be fixed in different body parts of athletes. *e
corresponding arm signal generally collects the superposi-
tion signal of trunk movement and arm movement, and the
corresponding waist mainly collects the posture change
corresponding to the trunk movement. In the data acqui-
sition level, the simple transmission is used. *e sensor
device can realize the real-time monitoring of human
motion state, so as to reduce the computational complexity
of the whole system; at the same time, it will not cause the
corresponding storage space to be wasted.

In the corresponding acceleration data processing level,
three axes in one algorithm are used to process, which can
avoid the inaccurate expression of human body movement
signs caused by the corresponding up and down swing of the
human body. *e corresponding core processing formula is
formula (1). In the actual data preprocessing, the normal
experiment will collect about 100 data points. *e corre-
sponding A in the corresponding formula represents the
corresponding motion data:
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In the corresponding signal filtering level, the corre-
sponding image and signal noise are filtered out. After the
corresponding signal processing, the corresponding signal
acceleration processing will be smoother, the corresponding
peak value will be more obvious, and the corresponding
motion noise burr will be greatly reduced.

*e peak detection is mainly used in the identification of
the corresponding athlete’s movement posture. *e corre-
sponding detection algorithm is mainly subtracting the
acceleration data and judging based on the corresponding
positive and negative values. When the corresponding
positive and negative values change, the corresponding peak
value is considered to be detected. In the actual detection
process, the system sets a threshold value, corresponding to
the peak value. If the valley value is less than the corre-
sponding threshold value, the corresponding acquisition
data will be filtered out, so as to improve the corresponding
accuracy.

In the corresponding level of removing clutter peak, the
main problem is to solve the clutter peak of the corre-
sponding peak wave, so as to eliminate the corresponding
clutter peak interference, and the corresponding threshold
value should be limited in the actual removal of clutter peak.
At the level of filtering pseudosteps, it mainly deals with the
corresponding small steps and the corresponding actions
that interfere with the calculation of motion. In the actual
removal of false steps, the main processing is in the counting
threshold. In the actual counting, only when the athlete’s
corresponding pace has a certain rule can the normal count
be carried out.

Based on the abovementioned step counting algorithm,
the corresponding estimation formula can be further cal-
culated. *e corresponding estimation formula is formula
(2). *e corresponding E represents the corresponding
energy consumption, and the corresponding subsequent
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integral is mainly to integrate the action duration and
corresponding action amplitude according to time:

E �
1
2
umg da  t dt. (2)

*e corresponding energy consumption estimation
framework of athletes based on step counting algorithm is
shown in Figure 2.

Based on the abovementioned step counting algorithm,
we can confirm the corresponding athlete’s corresponding
amount of exercise relatively accurately. At the same time,
compared with the traditional algorithm, the step counting
algorithm proposed in this section has obvious advantages in
algorithm complexity and corresponding algorithm
consumption.

3. Software and Hardware Design of Intelligent
Wearable Device

*is section mainly studies and analyzes the software and
hardware design of intelligent wearable devices. *e cor-
responding design flow is shown in Figure 3, which includes
the software and hardware parts of the whole wearable
system. In the hardware design part, it includes the hardware
design of the related core modules and the protection circuit
of the corresponding part of the module design. In the
corresponding software part, it mainly includes the design of
the communication part and the related program of the
estimation algorithm.

3.1. Hardware Design. *e core part of the whole hardware
design is the main control and capture part of the wearable
device. In the selection of the corresponding processing chip,
MSP430 chip of Texas Instruments Company is mainly
selected. *e corresponding hardware configuration sche-
matic diagram is shown in Figure 4. *e corresponding core
processor chip needs to be equipped with a 32 kHz crystal
oscillator circuit and a 12Mhz crystal oscillator circuit, and
the corresponding power supply setting is 3.3 V. In the actual
design, it also needs the corresponding power chip to supply
power. From the processing chip, we can see that the system
needs more digital to analog converters for the corre-
sponding digital to analog conversion, and each corre-
sponding digital to analog conversion channel needs to
reach as many as 22 channels. At the same time, the cor-
responding Figure 4 also shows the hardware design of the
corresponding data acquisition module. At the level of data
acquisition module, it needs to collect the attitude infor-
mation of athletes during the movement. In the selection of
sensors, the acceleration sensor and gyroscope are mainly
selected to cooperate with each other, the motion attitude
sensor and the corresponding inertial sensor, and the cor-
responding data acquisition needs to use the acceleration
transmission. *e sensor and gyroscope cooperate so that
SPI can realize the mutual transmission with MCU, and the
corresponding gyro angular velocity and corresponding
dynamic response characteristics can be achieved. In es-
sence, it is necessary to further cooperate with the corre-
sponding acceleration sensor and gyroscope in the data
measurement. At the same time, in the corresponding
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Figure 1: Running framework of step counting algorithm in intelligent wearable system.
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hardware architecture in Figure 4, it can be seen that the
corresponding protection units are designed among dif-
ferent hardware modules, so the protection circuit can re-
alize the safe and reliable operation of the whole system.

Based on the abovementioned hardware acquisition
module design, in the hardware data transmission module,
this paper mainly adopts Bluetooth module technology.
Based on Bluetooth module technology, Bluetooth
2.1 + EDR data transmission solution is adopted. *e data
act on data communication, sending related events and at

commands through the corresponding UART interface. *is
hardware structure has the advantages of low energy con-
sumption. When the corresponding module enters idle state
or monitoring state, the corresponding module will enter the
low power consumption mode.

In the design level of the power module of the corre-
sponding wearable system, the corresponding design block
diagram is shown in Figure 5. From Figure 5, it can be seen
that the corresponding power module mainly supplies
power for all components in the system. *e corresponding
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Figure 2: Framework of athlete’s energy consumption estimation.
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mainstream chips mainly select MCP73833 charging man-
agement chip and lt1963, lt1964, and other related linear
LDO chips. *e whole power module is also equipped with
corresponding protection circuit; the corresponding main
function is to realize the over impact overload protection,
charging protection and corresponding under voltage, over-
current, and other fault conditions.

3.2. Software Design. *is paper is mainly based on the
embedded development environment of ARM kernel on
the corresponding software platform, which mainly in-
cludes C compiler, connector, database management
layer, and emulator layer. *e corresponding software
system block diagram is shown in Figure 6. From the
figure, we can see that the corresponding software flow is
as follows: select a new project, select the corresponding
main control chip, add the corresponding chip MDK,
enter the project, and write the corresponding source
code. In the actual source code writing, pay attention to
set the corresponding breakpoints and reasonably con-
figure the corresponding breakpoints, so as to facilitate
the later modification and debugging.

In the corresponding communication protocol layer,
IIC communication and corresponding SPI communica-
tion are mainly selected. In the corresponding IIC com-
munication layer, the power module is mainly connected
with MCU, and IIC is transmitted in serial mode as syn-
chronous serial data transmission bus in this system. When
the corresponding IIC communication is started, the
corresponding data starts to be transmitted, and the host
will initiate the signal to carry out the addressing operation
through the host. *e IIC is used as the bus protocol for
data transmission. Each time the data transmitted is 8
bytes. When sending data, the corresponding highest bit
needs to add a reply bit for each transmission. *ere is no
limit on the number of words corresponding to the byte in
each corresponding communication process. When the
transmission is completed, the corresponding host sends a
stop signal to end the corresponding communication. In
essence, the corresponding MCU is used as the host signal
and the corresponding power module is used as the slave
part.

In the software design of the corresponding data processing
module, the complementary filtering algorithm is mainly used.
*e corresponding algorithm flow chart of the corresponding
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complementary filtering is shown in Figure 7. From the figure,
we can see that the corresponding solution attitude is as fol-
lows: perform initial attitude angle analysis for the corre-
sponding data, read the data from the corresponding sensor,
and calculate the corresponding gravity vector.

4. Experiment Design and Analysis

In this paper, 20 test objects are selected in the experiment,
19 of them are taken as the corresponding training data and
formed a set, and the remaining one is used as the test dataset
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Figure 7: Flow chart of complementary filtering algorithm for wearable intelligent devices.
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for comparative analysis. Based on this experimental group,
the corresponding root mean square error and corre-
sponding average absolute error are measured over 20 times.
In the analysis of experimental data, the corresponding
exercise amount of the tester is mainly analyzed using re-
gression prediction accuracy.

Firstly, the motion intensity recognition of different
human body parts of the wearable intelligent device
designed in this paper is verified. *e corresponding ex-
perimental diagram is shown in Figure 8. From the figure, we
can see that the corresponding leg is an important part of
energy consumption, followed by the corresponding arm
part, and finally the corresponding waist. Based on this, the
corresponding key parts need to be deployed in the actual
sensor layout.

Based on this, the traditional motion estimation algo-
rithm is compared with the estimation algorithm proposed
in this paper. When the corresponding experimental sam-
ples are moved for the same time, the corresponding energy
consumption voltage output waveform is shown in Figure 9,
where the corresponding Figure 9(a) represents the corre-
sponding 19 groups of conventional motion consumption,
and the corresponding Figure 9(b) represents the corre-
sponding motion based on this paper. *e corresponding
Figure 9(c) represents the output voltage waveform under
the traditional algorithm.

Based on the abovementioned corresponding voltage
waveform, we can get the corresponding column chart of
athlete’s energy consumption estimation in three cases, as
shown in Figure 10. From the figure, we can see that the
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algorithm proposed in this paper has obvious advantages,
and its corresponding accuracy is higher.

5. Conclusion

*is paper mainly analyzes and studies the calculation al-
gorithm of athlete’s exercise consumption based on the
Internet of things technology. Based on the disadvantages of
the current intelligent wearable devices, this paper focuses
on the analysis and research of a wearable device based on
relevant sensors and Internet of things technology, which
can accurately calculate and monitor the energy con-
sumption of sports. *e corresponding core algorithm is the
step algorithm, which can accurately calculate the rela-
tionship between human motion and the corresponding
energy consumption and feed back to the intelligent device.
In the experiment, the wearable device designed in this paper
is compared with the traditional intelligent device. *e
experimental results show that the system designed in this
paper has high accuracy in improving the sports energy
consumption. *is paper will focus on the miniaturization
and intelligent application of wearable intelligent devices in
the follow-up research and further solve the cost problem.
*is paper will focus on the application of artificial intel-
ligence algorithm and corresponding neural network algo-
rithm in the corresponding intelligent wearable device, so as
to further reduce the energy consumption of the device and
improve the accuracy and the corresponding degree of
intelligence.
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