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Abstract

Recently, the need for fitness for health and appearance has increased and interest in fitness has been increasing. Because of the cost of
personal training (PT), many people are doing exercise at home. However, when the correct feedback is not received, the exercise is per-
formed in a wrong posture, resulting in frequent cases of injuries or sprains.

In this study, we developed an exercise posture correcting device to exercise alone at home. Especially, we have studied squat which
many people are doing individually. The EMG module is placed on both thighs to receive the signal, and the EMG of the main muscle is
compared with the EMG of the correct posture. At the same time, the MPU-6050, which is a 6-axis acceleration sensor, measures the
angle of the knee and the degree of sitting. We will develop a system that enables feedback.
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1. Introduction

Individuals are increasingly concerned about the welfare of the
world, and self-development is becoming an important part of life.
Individuals are increasingly concerned about the welfare of the
world, and self-development is becoming an important part of life.
There is a growing interest in personal health and appearance

management, and more and more people are managing themselves.

Of these, exercise is often the method of choice for achieving a
healthy body and a healthy appearance. Some people go to health
clubs for a fee, but there is an increasing trend in Home Training
Families(HomT Family) that use simple devices to exercise at
home. Although many information related to exercise can be easi-
ly obtained through internet or broadcasting media, side effects
such as injuries, sprains and asymmetric muscle growth are in-
creasing because unilateral knowledge and correct feedback can-
not be obtained.

In this paper, we have applied squat, one of the three major exer-
cises of fitness. The real-time smartphone app can be used as an
instantaneous feedback for the EMG of the femoral rectus muscle,
the lateral fascia and the lateral fascia in the quadriceps muscle.
We monitor the posture of the balance through the electromyo-
gram for the effective feedback and measure the angle of the knee
and the angle of the seat and feedback it in real time to realize the
device which can calibrate the self-exercise posture[1][2][3].

2. Methods

2.1. EMG

EMG is a visual observation of how well the muscles are activated
by measuring and recording the electrical signals generated by the
skeletal muscles and evaluating the EMG after measuring the
muscle's maximal voluntary contraction (MVC).

2.2 .Signal Processing

Signals input from the right leg and left leg to the MCU through
the ADC are unsigned values with offset. Therefore, for signal
processing, subtract the offset value and change it to a signed
floating point value. The frequency information of the EMG signal
includes various information about the muscle state such as the
muscle power, but in this study, only the magnitude of the EMG
signal according to the arm motion is extracted.

The amplitude information of the EMG signal includes motion-
related information in the low-frequency component of the EMG
signal in general, and processes the signal using a low-pass filter
using the one-pole iir filter as follows.

y[n] = y[n—1] + b(x[n] — y[n — 1)).
2.3 .Kalman filter

The Kalman filter is a recursive filter that tracks the state of a
linear dynamic system containing noise, developed by Rudolf
Kalman. Kalman filters are used in many areas such as computer
vision, robotics, radar, etc. In many cases, this algorithm is very
efficient and is based on measurements made over time. More
precise results can be expected than using only measurements at
that moment. As a filter that recursively processes input data in-
cluding noise, optimal statistical prediction for the current state
can be performed. The entire algorithm can be divided into two
types, prediction and update. Prediction refers to the prediction of
the current state, and the update means that a more accurate pre-
diction can be made through the values including from the present
state to the observed measurement [4].
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2.4. MPU-6050

The MPU-6050 sensor is called a six-axis gyro acceleration sen-
sor. Here, 6 axis means 6 degrees of freedom (DOF), and accelera-
tion axis 3 axis + gyro 2 axis + temperature axis 1 axis is abbrevi-
ated as 6 axis tilt sensor. The MPU-9050 is a 9-axis sensor that
adds three axes of geomagnetism (geomagnetic field) sensors to
the MPU-6050 series. The MPU-9050 sensor is a sensor that can
acquire both 3-dimensional position and 3-axis rotation. That is, if
you use 9-axis sensor, you can find all three-dimensional position
and direction. The most common MPU-6050, which can be con-
trolled with Arduino, helps to understand the core principles of
these drones. In addition, the MPU-6050 is the key sensor in the
case of the Arduino Drones, which use the MPU-6050 to measure
tilt / posture.

2.5 .Bluetooth

There are many ways to use wireless transmission systems, but the
most popular methods are Bluetooth, WIFI, ZigBee, and NFC.
The method used in this paper is a wireless transmission system
widely used in mobile phones, notebooks, earphones, etc. by using
Bluetooth transmission system (BLE). Usage distance is used
within 10 ~ 20m distance. In Bluetooth, the transmitted data is
divided into packets, and each packet is transmitted to one of the
designated 79 Bluetooth channels. The Bluetooth used in this pa-
per is 2.0, the maximum transmission rate is 3Mbps, and the actu-
al maximum transmission rate is about 2.1Mbps.

2.6. Application Inventor

Applnventor is an open source web application originally provid-
ed by Google and is now managed by MIT. People who are new to
computer programming can create application software for An-
droid. The scratch and star logs are very similar to the TNG user
interface. Using a graphical interface, users can drag and drop
visual objects to create applications to run on an Android device.

2.7. System

Basic EMG hardware and software parts are described in detail for
the purpose of this study. The overall system configuration con-
sists of data processing, data transmission and reception, and ap-
plications. The data processing section performs signal processing
and algorithm execution using the Arduino, transmits and receives
data to Bluetooth, and performs real-time monitoring and feed-
back of the system through an application. The overall system
structure presented in this paper is shown in Figure 1.

We constructed electromyogram circuit with frequency band of 20
~ 400 Hz and amplification factor 2000 times. The EMG is meas-
ured and ADC conversion is performed in the module, and the
EMG value is used to distinguish whether it is normal or abnormal
by using the reference value. The system is designed to transmit
the data via Bluetooth. We used Bluetooth shield for Bluetooth
communication. In addition, to measure the posture, the angle was
measured using the MPU-6050 device. The measured values were
used to distinguish between normal and abnormal, and the system
was designed to transmit data via Bluetooth.
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Fig. 1: The overall system block diagram

The signals from the rectus femoris muscles, quadriceps femoris,
and extensor femoris muscles of the quadriceps are measured and
amplified by the AD620, and then sent to the MCU (Arduino) for
signal processing. The EMG signals that have undergone the sig-
nal processing are judged to be normal or abnormal according to
preset reference values and algorithms, and an algorithm is exe-
cuted to notify that abnormal ‘abnormal’ occurs.

The measured right and left leg electromyograms are processed by
the MCU (Arduino) and the algorithm is executed. The algorithm
pattern in the system is shown in Fig. At the time of signal pro-
cessing, EMG signals were analyzed to analyze the electromyo-
grams, and the three main muscles of one leg were simplified to
represent A: vastus lateralis, B: rectus femoris, and C: vasus medi-
alis. Then, the electromyogram results for the muscles A, B, and C
are compared with the reference values, and the algorithm is di-
vided into acceptance, acceptance, and failure. This enables the
real-time monitoring of the progress of the algorithm in the mobile
phone application using Bluetooth.
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Fig. 2: Decision algorithm based on EMG signal (A: vastus lateralis, B:
rectus femoris, C: vasus medialis)

It transmits the signal processing signal from MCU (Arduino) to
the app in real time using Bluetooth. At this time, the Bluetooth
module uses HC-06. Applications developed through the App
Inventor can monitor the algorithms currently running on the
MCU (Arduino) from the smartphone app in real time.
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Fig. 3: 6 channel EMG data

The normal and abnormal values of the electromyogram are dis-
played, and the abnormal EMG is readable in a legible manner.

3. Results

3.1. Measured data

At the time of squatting, electromyograms from both thigh mus-
cles were simultaneously measured. Figure 3 shows EMG signals
coming from both thighs simultaneously when in the right squat
position. EMG values and MPU-6050 values from both thighs in
the right squat position was measured.

During the squat, the signals appearing in the symmetric muscles
of both thighs were measured and compared. At this time, the
integrated waveform was transmitted to the Bluetooth system so
that the app could easily convert and display the data. The EMG
waveform is filtered at the top, and the EMG waveform is at the
bottom. The EMG waveform is shown when the left part is in the
right posture and the right part is in the EMG waveform in order
to consider the problem of balance.
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Fig. 4: Comparison with left and right EMG filtered signal

The angle of the knee was measured using two MPU-6050s in
order to take the angle of the knee and the degree of sitting in
order to achieve the correct attitude during the squat exercise

knee angle

Fig. 5: Comparison with knee and thigh angle

The average value of the normal posture was obtained through the
table. The algorithm to judge the normal posture of + 10% of the
EMG from the mean value was applied, and the algorithm to judge
+ 20% to the good posture was applied. EMG and MPU-6050
values are transmitted to MIT APP through Bluetooth. Table 1
shows the state of the left thigh and right thigh, and Table 2 shows
the balance. Table 3 shows the degree of bending of the knee.

Table 1: EMG — 6 sets measurements and averaged values (A:right vastus
lateralis, B:right rectus femoris, C:right vasus medialis, D:left vasus medi-
alis, E:left rectus femoris, F:left vasus medialis)

Muscles 6 sets measurements Averaged
(relative EMG amplitude) values
1 2 3 4 5 6
set set set set set set
A 19 20 21 20 19 23 20.33
B 12 13 12 13 12 13 12.50
© 18 17 17 18 15 17 17.00
D 15 16 15 16 15 16 15.50
E 12 13 13 12 11 12 12.17
F 20 24 22 20 19 20 20.83

Table 2: Comparison of left and right muscle activity
(A:right vastus lateralis, B:right rectus femoris, C:right vasus medialis,
D:left vasus medialis, E:left rectus femoris, F:left vasus medialis)

6 sets measurements
Muslces |(Comparison of left and right muscle activity) ";“;’Iz'gge‘j
lset | 2set 3set | 4set 5 set 6 set
IA-F| 1 4 1 0 0 3 150
IB-E| 0 0 1 1 1 1 0.67
Ic-D| 3 1 2 2 0 1 150
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Table 3: EMG — 6 sets measurements and average values

6 sets measurements
Position (Angle, degree)
1set 2set 3set 4set 5set 6set

Averaged
values

Thigh 48 49 47 49 45 47 47.50

Knee -11 -10 -11 -9 -10 -9 -10.00

4. Conclusion

Using two MPU-6050s, the waveforms of normal and abnormal
postures were confirmed using the EMG of the proximal thighs of
both thighs when squatting through this instrument. As a result of
analyzing the collected data, it was confirmed that the symmetrical
main rhythm waveforms differed in size, but similar waveforms
appeared in some cases. Finally, we measured the sitting angle and
the knee angle using the MPU-6050, and then compared the EMG
values with the normal and abnormal positions. In addition, we
were able to directly modify the posture in real time while viewing
the result on the smartphone.

The data of this unit is the result obtained based on one person.
Therefore, when applied to several people, it was judged that an
error would occur due to differences in sex, age, and physique.
Therefore, | suggest two ways to use this device in a wider range.
First, apply the first one to as many people as possible, and use the
clinical data to make an average value to create a reference value.
Second, use the software to squat to the right posture and set the
value as the reference value. Then, we propose a method to dis-
criminate normal abnormality of the next obtained data value as a
set reference value at the start of squat movement.
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