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1. INTRODUCTION

Sports injuries are a pressing health issue, with a significant impact on athletes and physically active
individuals. Muscle damage that occurs due to sports movement errors can lead to serious injuries that
require appropriate and timely medical intervention. Understanding the movement patterns that cause muscle
injuries and developing effective detection systems are crucial steps in addressing this issue. Skeletal muscle
tissue has the largest mass in the human body, accounting for 45% of total body weight. A deep
understanding of the biomechanics of body movements is key to developing an effective detection system
[1], [2]. By combining knowledge of potentially harmful movement patterns with data obtained from strain
gauge sensors, we can improve our understanding of muscle injury risk and design more effective prevention
strategies. Muscle movements that cause injury generally occur when the muscle is overstretched or over-
contracted, especially in eccentric movements or when the muscle stretches while bearing weight. Muscle
injuries can occur due to a variety of factors, including overuse in sports or physical activities, excessive
strain, lack of warm-up, or use of incorrect technique [3]-[7]. Muscle injuries can occur due to a variety of
factors, including overuse in sports or physical activities, excessive strain, lack of warm-up, or use of
incorrect technique. Joint angle, torque, and strength, as well as the length of the hamstring muscle-tendon
unit calculated using a three-dimensional biomechanical model, are necessary to improve the specificity of
rehabilitation [8]-[11].

In Benfica et al. study [12], [13], differences in muscle strength can be observed based on age,
gender, and whether measurements were taken on the dominant or non-dominant side. For example, for the
age groups 20-29 to 60-69 years, the reference values of muscle strength ranged from 167 + 23.4 to 281.8 +
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50.7 N. In addition, for handgrip isometric strength, the reference values ranged from 9.5 + 1 to 91.3 + 18.5
pounds for the age groups 60-69 and 70-74 years. Men tend to have higher muscle strength than women, and
the dominant side tends to have higher muscle strength than the non-dominant side. This can be used as a
basis for classifying muscles that move correctly with muscles that move incorrectly in performing sports
movements.

Some of the previous studies were presented in real-time and visually. Maskelitnas et al. integrate
camera technology to enrich the real-time patient monitoring experience in the BiomacVR system. Our
system uses a convolutional pose machine (CPM) model, trained with a sequence of images from a depth
sensor, to identify human movements and accurately evaluate the effectiveness of physical training.
However, the camera integration enhances the system's ability to provide more timely visual feedback to the
patient. The integration of the camera extends the system's ability to better distinguish between healthy
subjects and those suffering from low back pain. Thus, this study confirms that the use of cameras in the
BiomacVR system not only improves real-time interaction between patients and therapists but also enriches
overall monitoring in the context of remote patient rehabilitation. Using a strain gauge is expected to be able
to provide data from strain gauge sensors that utilize strain and stress so that the resulting data will be
collected to become a data set, which will then be processed using machine learning so that it can provide
muscle detection results when an error occurs in performing the exercise [14]-[17].

The initial resistance value of the strain gauge sensor is 350 Q for the strain gauge used for the
transducer, but 120 Q for the strain gauge that is directly mounted or attached to the surface of the object to
be measured. As we know, the resistance value or resistance of the strain gauge sensor will change along
with the change in the shape of the object to be detected. Flexible and stretchable sensors for measuring
muscle contraction and tracking elbow movement. The strain gauges used in this study are TA120-6AA
models that have a sensitive grid size and use a special material (annealed Constantan Foil) that allows
measurement of deformation up to 20% with a Gage Factor of about 2.00-2.20 <0xD3> <0x07> 1%. These
strain gauges are integrated into Dragon Skin silicone rubber, which has a Young's modulus close to the
Young's modulus of human skin and can stretch to several times its original size and return to its original
shape without distortion, according to authors [18]-[21].

In response to this challenge, this research proposes the use of strain gauges as a solution to
movement error detection in sports. Strain gauges are sensors that are sensitive to small changes in tension
and compression, making it possible to monitor changes in muscle structure as body movements are
performed. By utilizing this technology, it is expected that we can identify movement patterns that have the
potential to cause muscle injuries more accurately and in a timely manner. The development of detection
technologies such as strain gauges offers great potential in improving the diagnosis and management of
muscle injuries. By understanding the biomechanical mechanisms of body movements and strain patterns
associated with injuries, healthcare practitioners can design more targeted and effective interventions and
reduce the risk of complications associated with muscle injuries.

The main objective of this research is to develop a detection system that can assist in preventing
muscle injuries in sports. By utilizing strain gauge technology, it is hoped that we can improve the
understanding of potentially harmful movement patterns and reduce the risk of muscle injury for athletes and
physically active individuals. By integrating a detection system using strain gauges as a solution in this
research, it is hoped that we can make a new contribution to the prevention and management of muscle
injuries in the context of sports.

2. METHOD

This research builds a system that can detect the wrong muscles when doing sports movements. This
system requires a sensor to capture strain data from the muscles, then the data is collected to produce data
that is ready to be stored and processed using a microcontroller, where the data forms a data set that will be
processed by machine learning so that the data can be used as material to find out the wrong muscle
movements in sports so that athletes can avoid movements that can cause injury or as evaluation material
when injured in sports so that injuries that occur in muscles can be evaluated when medical treatment will be
carried out. The system that will be built is like the block diagram in Figure 1.

The muscle strain output of the sensor to be analyzed is the change in resistance that occurs when
the sensor is pulled or pressed, which is then measured as a voltage change. This change can then be
converted into muscle strength generated by muscle contraction, according to Alvarez et al. [15], [22]-[24].
The data from the muscle strain will be stored and processed using a microcontroller to become a data set
that will be processed using machine learning. The flow of data to produce decisions used to classify muscles
with correct movements with muscles with incorrect movements in exercise is shown in Figure 2.

The change in resistance when the strain gauge sensor is pulled and pressed is then measured as a
voltage change that will be processed by machine learning so that it becomes data for analyzing muscle
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conditions that can be classified to get a decision that the muscle movement is wrong or right when doing
sports. Collecting data from strain gauge output to form a dataset can be done using various measurement
methods and techniques. Here are some common steps and methods to collect data from strain gauges, first
attach the strain gauge to the surface of the object being measured in the muscle to be measured for strain, then
set the measuring instrument to be connected to the strain gauge, monitoring the stress resulting from the muscle
deformation captured by the strain gauge, applying a variety of muscle movements that cause muscle
deformation, calibration to change the voltage or resistance data from the strain gauge, repeating measurements
with variations in muscle movement to obtain sufficient data, analyzing data to evaluate the strain gauge
response to variations in deformation to obtain data analysis methods and the last is data validation to ensure the
consistency and reliability of measurement results and comparison with other measurement methods or sources
can be done for verification. The following are the stages of machine learning in the process of processing data
sets that have been generated from sensor data collection in Figure 3.
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The data analysis process begins with the first step of data collection (primary data acquisition),
where data required for analysis is collected from various sources. After that, the data is prepared (data
preparation) by performing processes such as duplicate removal and handling missing values. The next step
is data cleaning, where errors or discrepancies in the data are identified and corrected. Next, a feature
selection algorithm is performed to select the most relevant variables for inclusion in the model. Once the
appropriate features are selected, the next step is the model selection algorithm (choose model algorithm),
where the most suitable model or algorithm is chosen for the specific data analysis. Once the model is
selected, the model is trained (train model) using the previously prepared data. Finally, prediction analysis is
performed by using the trained model to make predictions or estimates on new data that has not been seen
before. By following this sequence of steps, it is hoped that accurate and informative analysis can be
produced based on data that has been properly collected and processed.

3. RESULTS AND DISCUSSION

To find out the characteristics of the strain gauge sensor, a simulation is carried out using LabView,
which will produce the output value of the strain. In this study, the output of voltage and current is desired,
which is the response of the strain gauge. Therefore, a simulation is carried out using LabView to see the
response of the strain gauge.

3.1. Strain setup

The component whose value is entered in the LabView simulation is the strain value, which is set
using the Rg value of 120 Q, using the strain configuration quarter bridge 1, gauge factor 2.05, Vex is the
excitation voltage given to the Wheatstone bridge is 5 V, and the initial voltage -180.08 pV is found in
Figure 4. Strain values can be positive or negative because strain gauge sensors are used to measure
deformation or strain in a material. Its working principle is based on the change in electrical resistance that
occurs when the sensor is strained. Strain is a change in the shape of a material due to the stress (force)
applied to it. Strain is usually expressed as a change in length per unit initial length (relative deformation),
positive strain (tensile strain) occurs when the material is pulled so that its length increases, and negative
strain (compressive strain) occurs when the material is pressed so that its length decreases.
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Figure 4. Strain setup with quarter bridge |

3.2. Setting Young's modulus quarter bridge |

To give the same elasticity effect as human skin, the role of Young's modulus will be decisive;
therefore, Young's modulus value similar to human skin is sought. Young's modulus of human skin varies
depending on many factors, such as location on the body, age, and individual health conditions. But in
general, it is often used in scientific literature based on age, where at a young age it is 4.2x10 N/m?, and for
old age, it is 8.5x105 N/m? [25]-[28]. The Young modulus value that is close to human skin is found in
silicon dragon skin, which has a Young modulus value between 0.24 MPa and 0.74 MPa [29], [30]. The
dragon skin was used for the experiment, using RTV-52 as its embedded system. With Young's modulus data
from dragon skin, the strain value can be calculated, which will be converted in the form of stress. Young's
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modulus is a key parameter in understanding the elasticity of materials, and strain gauges are an important
tool for measuring the deformation associated with that elasticity because strain gauges measure strain, and
Young's modulus is needed to convert that strain to stress, so we can understand how materials behave under
certain loads. Figure 5 is the Young's modulus setting in LabView.

In Young's modulus setting in LabView, as in Figure 5, on the stress side, because the mass is in kg,
it is multiplied by the acceleration of gravity, which is 9.81 m/s?. Young's modulus is a fundamental
parameter that describes the elastic properties of materials, specifically how they respond to applied stress.
Young's modulus (also known as the modulus of elasticity) is a measure of the stiffness of a material. In this

case because the strain gauge will be placed on the biceps muscle which requires the same Young modulus as
human skin.
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Figure 5. Setting Young's modulus quarter bridge |

3.3. Design of strain gauge characteristics of quarter bridge I

Define the ratio between stress and strain within the elastic limit of the material, which is the region
where the material will return to its original shape after the applied force is removed. In practical
applications, when materials are tested or monitored using a strain gauge, Young's modulus is used to
interpret the strain measurement results. Without knowing Young's modulus, we cannot accurately convert
strain measurements into information about the stress or strength experienced by the material. The results of
the designed circuit are as shown in Figure 6.
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Figure 6. Design of strain gauge characteristics of quarter bridge |
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In the simulation using LabView in the formula block is a formula that can be inputted as an
indicator that affects the strain gauge in tension and stretching. There are 6 indicators that are used as
formulas, namely mean, Young's modulus, m (Kg), Ls (Kg), b and h (m). This attribute data can later be
entered in Figure 7, so that the output can be displayed with the design in Figure 6 and the data set can be
retrieved as in Figure 8.

3.4. Simulation circuit of strain gauge characteristics of quarter bridge |

After the characteristic circuit of the strain gauge, the results of the circuit can be run and can be
displayed with the desired values of the desired stress and strain as shown in Figure 7 of the LabView
simulation. In Figure 7 attribute data can be filled in according to the needs of strain and strain gauge stress,
so that the strain gauge graph in the form of strain will come out according to the attribute data entered. The
average strain will appear as a nominal along with the strain graph that appears. Young modulus will come
out as an indicator of the elasticity value of the stretched strain.
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Figure 7. Simulation circuit of strain gauge characteristics of quarter bridge |

3.5. Setting Young's modulus quarter bridge I

The simulation of the characteristics of the strain gauge can be displayed in Excel for the strain
results in Figure 8. From the Excel data, it can be seen that the strain value obtained can be positive and can
also be negative according to the change in length per unit initial length (relative deformation) and positive
strain (tensile strain). The values of Ls, mass (m), and height (m) can be adjusted as needed.
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Figure 8. Excel data strain value
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3.6. Strain gauge voltage (Wheatstone bridge)

Based on simulations in LabView using quarter bridge 1, gauge factor 2.05, Vex, namely the
excitation voltage given to the Wheatstone bridge is 5V and the initial voltage is -180.08 uV and Rg 120 Q in
Figures 4, 5, 6, 7, and 8, the strain gauge value is obtained in excel form. The strain value obtained can be
positive or negative, depending on the change in length relative to the initial length (relative deformation),
with a positive strain referred to as a tensile strain. The strain data obtained from the LabView simulation in
Figure 8, can be used as a reference to get the stress value, then with the calculation results by the value
entered in the LabView simulator using quarter bridge 1 which is assumed to be like using a Wheatstone
bridge with a Gauge factor value of 2, 05 where the gauge factor value here is a constant that connects the
change in strain gauge resistance with strain, the value of the resistance Gauge (Rg) used is 120 Q, the initial
voltage is -180.08 uV, the excitation voltage (Vex) is 5 V and one of the strain data using LabView is
4.08x10° then if it is derived from the Wheatstone bridge Vout formula obtained by being derived in the
equation.

AR/

_ R

Gf = .

AR_G N

RO e

Vout = <AR) (Vex)
out = R 2

Vex
Vout = Gf X & x (T)

5
Vout = 2.05 X 4.08 x 1075 x <Z)

Vout = 1.05 x 107*V
Vout = 0.105 mV
The following data is taken based on the strain gauge simulation generated by LabView. The data

below is sampled from some strain data from LabView, which is calculated to be a strain. Calculation data
for some strain data can be seen in Table 1.

Table 1. Calculation of stress response to strain

Strain Output voltage (Vout) volt Current ampere
4.08E-05 1.05E-04 8.75E-07
5.10E-06 1.31E-05 1.09E-07
2.89E-05 7.41E-05 6.18E-07
-1.28E-05 -3.27E-05 -273E-07
-8.59E-07 -2.20E-06 -1.83E-08
5.10E-06 1.31E-05 1.09E-07
1.70E-05 4.36E-05 3.63E-07
-1.87E-05 -4.80E-05 -3.99E-07
-1.28E-05 -3.27E-05 -2.73E-07
-6.81E-06 -1.75E-05 -1.46E-07
2.30E-05 5.88E-05 4.91E-07
-1.87E-05 -4.80E-05 -3.99E-07
-6.81E-06 -1.75E-05 -1.46E-07
5.10E-06 1.31E-05 1.09E-07
1.70E-05 4.36E-05 3.63E-07
3.49E-05 8.94E-05 7.45E-07
2.89E-05 7.41E-05 6.18E-07
1.11E-05 2.83E-05 2.37E-07
2.30E-05 5.88E-05 4.91E-07
2.30E-05 5.88E-05 4.91E-07
-2.47E-05 -6.32E-05 -5.28E-07
5.10E-06 1.31E-05 1.09E-07
2.30E-05 5.88E-05 4.91E-07
3.49E-05 8.94E-05 7.45E-07
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From the data results in Table 1, it can be seen that the response of changes in voltage and current
from the strain gauge placed on the biceps muscle when it is contracting or relaxing. Where the strain value
obtained can be positive or negative, depending on the change in length relative to the initial length (relative
deformation), with positive strain referred to as tensile strain. By conducting experiments on a strain gauge
that has been integrated with the RTV-52, where the RTV-52 is pulled along 0 to 5 cm with a ruler indicator
to see. When not pulled or 0 cm can be seen, the voltage results on the LCD and Multimeter, which is 7 mV
as in Figure 9.

Figure 9. Strain gauge withdrawal experiment on RTV-52 as embedded system

Table 2 shows the measurement results when the strain gauge is pulled with a strain between
0 to 5 cm, which describes the contraction and relaxation movements in the biceps muscle. From the table, it
can be concluded that the greater the strain, the smaller the voltage. The measurement results displayed on
the LCD and multimeter are slightly different but not significant.

Table 2. Strain Gauge voltage testing
Size (cm)  Measured voltage using multimeter (mV)  Output voltage on LCD (mV)

0 7.00 7.01
1 6.86 6.86
2 6.70 6.70
3 6.51 6.52
4 6.35 6.38
5 6.20 6.26

4. CONCLUSION

Calculation of the stress response to strain in the strain table, can be seen in the response of changes in
voltage and current from the strain gauge placed on the biceps muscle when it is contracting or relaxing.
Where the strain value obtained can be positive or negative, depending on the change in length relative to the
initial length (relative deformation), with positive strain referred to as tensile strain. These stresses and
current values will later be processed using machine learning to get the wrong and correct exercise movement
patterns in the biceps muscle. In the test, the strain gauge that has been integrated with the RTV-52 as an
embedded system is pulled up to 5 cm and will produce the resulting output voltage seen on the LCD and
also the multimeter, which will later be applied to the biceps muscle.
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