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Abstract. Diffable is incompleteness or abnormality accompanied by consequences for specific functions. The method used is
tapping on the hamstring and hamstring muscles quadriceps to determine the resulting voltage—muscle signal tapping
using Electromyograph (EMG) and Ag-AgCl electrodes. Average current-voltage contraction and relaxation are used as
threshold values to drive the servo motor. This study indicates the tension when the muscle contracts are in the range of 4
volts while the relaxation time is 0.4 volts. Then it can be concluded that the voltage when the muscle is contracted is more
significant than when it is relaxed. Using different tension during contraction and relaxation in normal subjects showed
that the different tension could drive the prototype exoskeleton.

INTRODUCTION

According to data from the National Socio-Economic Survey (SUSENAS) in 2004, the number of people with
physical disabilities in Indonesia reached 1.6 million people. Based on the Indonesian Ministry of National Health
(Kemenkes) data in 2011, people with disabilities were at 6.7 million people or around 3.11%. Meanwhile, according
to the World Health Organization (WHO), people with disabilities in Indonesia reach more than 10 million.
Technological developments require a person to have reasonably high mobility. With these demands, good physical
condition is critical to be carried out optimally. The foot is one of the most important members of the body that
functions as a supporter of mobility. With perfect feet, a person can do any activity according to their wishes. Physical
disability means a condition that is damaged or disturbed due to impaired shape or inhibition of bones, muscles, and
joints in their normal function. This condition can be caused by illness, accident or it can also be caused by innate
nature (Soemantri, 2006). Disabilities are caused by various factors, including heredity, infection, trauma, tumors,
accidents, and other conditions [3]. To determine whether the muscles in these disabled people still have the same
function as before, they can use an Electromyograph (EMG) to analyze.

Electromyography (EMG) is a medical device that functions to record and evaluate the extracellular electrical
potential generated by muscles [2]. The measured Electromyogram (EMG) signal can determine which parts of the
muscles are contracting and which parts of the muscles are relaxing. With the Electromyogram (EMG) signal pattern,
it can be used as the control of a walker. Exoskeletons are mobility aids designed for a variety of situations. This
exoskeleton helps people living with paralysis so that they can walk again as usual.

This research designs and makes an exoskeleton prototype using readily available materials to be implemented in
the long term. Based on research conducted by Verlinden et al. in 2011 [7], which resulted in control algorithms for
lower limb orthosis, prostheses, and exoskeletons, especially the ankle. This study discusses the logarithm used to
move the exoskeleton. Not only that, this study discusses the mechanics and controls used to move the exoskeleton.
This study produced a prototype exoskeleton made of acrylic, which intercepts Electromyogram (EMG) signals using
a surface electrode.

Electromyography (EMG) is used to analyze the tension generated by the muscles. Research that the author has
carried out uses the lower limbs, especially the thighs. Previously, electrodes were placed on the two muscles, namely
the hamstring and quadriceps muscles. From these muscle signals, it can move the prototype of the artificial leg. The
prototype is installed with a servo motor so that the prototype can move in flexion or extension.

e-journal.unair.ac.id/IAPL



ISSN 2745-3502 W
Volume 2 No. 1 — June 2021 Indonesian Applied Physics Letters

METHOD

Human muscle activity is tapped using a surface electrode. The result of muscle activity is a signal that has a
range ranging from millivolts to microvolts. Then the signal will be amplified to a volt by the instrumentation amplifier
circuit. In the signal, there is still noise coming from the power source, which is 50 Hz. Therefore, a Notch Filter
circuit is added so that it can eliminate these frequencies. The Notch Filter circuit can be shown in Figure 1.
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FIGURE 1. Notch Filter Circuit

Next, perform another filter by using a series of first-order High Pass Filters, shown in Figure 2.
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FIGURE 2. High Pass Filter Circuit

Then proceed with adding a rectify circuit so that the signal obtained can be all positive. After that, the signal
with a positive value is inserted into the smoothing circuit to be better. The entire hardware circuit has been completed.
Then the muscle signal is obtained, which was initially worth microvolts to volts. Then connect to the Arduino, which
has been connected to the PC with the help of a data cable. The voltage value can be read on a PC to be connected to
the LabVIEW software. The value given by Arduino is displayed in graphical form with the help of

LabVIEW software. After the graph appears, the threshold value of each muscle movement is obtained. With
this threshold value, the amount of angle that LabVVIEW emits to the motor is determined. The threshold limit is used
as a reference for the movement of the motor. It affects the acrylic movement that has been made. When a hamstring

muscle has a signal above the threshold and the quadriceps muscle has a value below the threshold, the motor moves
in flexion movement and vice versa.

RESULTS AND DISCUSSIONS

There are two kinds of electromyography (EMG) made with circuits and components the same because each
Electromyograph (EMG) can measure only one muscle. Input from the circuit is obtained from the quadriceps and
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muscles hamstrings. The movement of the two opposing muscles causes a movement in the feet. When the quadriceps
muscles contract and the hamstring muscles relax, it causes extension movement. On the other hand, when the

quadriceps relax, the hamstring muscles relax the contract, and the leg moves flexibly. Electromyography (EMG)
Design shown in Figure 3.

k : — A ——
S vy ATV I ]
o ! — AW, = 5 ‘ 1
— ANy .‘,_' : T, I > . 1 o : i
D | —
‘ GNE L
L — e Ay A

e

FIGURE 3. Electromyography (EMG) Design

The test results of the instrumentation amplifier circuit used in this study are shown in Figure 4.
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FIGURE 4. Results of instrumentation amplifier linear regression

The results of the High Pass Filter (HPF) test are shown in the Bode Diagram in Figure 5.
5

=

[¥5]

%]

Magnitude (dB)

'_L

=

0 20 40 60 80 100 120

Frekuensi (Hz)

FIGURE 5. Bode diagram of the High Pass Filter test
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The test results of the Notch Filter circuit can be seen in Figure 6.
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FIGURE 6. Bode diagram of the Notch Filter test

The Electromyograph (EMG) final result is connected to LabVIEW to be displayed on the Personal Computer
(PC) screen, as shown in Figure 7. Average test results on the hamstring muscles and quadriceps muscles of three
female participants are presented in Table 1.
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FIGURE 7. Display of the final Electromyograph (EMG) on LabVIEW

TABLE 1.. Specific Functional Groups of IBS Paste

Naracoba Rerata Tegangan  Rerata Tegangan Rerata Tegangan Rerata Tegangan

pada otot pada otot pada otot pada otot
quadriceps saat guadriceps saat hamstring saat hamstring saat
relaksasi (volt) kontraksi (volt) relaksasi (volt) kontraksi (volt)
Rata-rata 0,45 + 0,059 4,73+ 1,16 0,42 +0,13 4,55+0,82

After obtaining the tension in each muscle, then determine the threshold used as an indicator so that the servo
motor can move. Determination of this threshold is done manually by finding the average of the tension in the
hamstring and quadriceps muscles. The average of the two is then searched for the median value to obtain the threshold
value. The function of the threshold is as a threshold at which the motor changes in motion.

The data acquisition design using LabVIEW and connecting the Electromyograph can be seen in Figure 8. The
prototype exoskeleton made can only move in flexion (900) and extension (00). Flexion movement is obtained when
the hamstring muscles contract and the quadriceps muscles relax, shown in Figure 9a. The extension movement occurs
when the hamstring muscles relax and the quadriceps muscles contract, shown in Figure 9b.
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FIGURE 9. (a). Exoskeleton prototype flexion movement, (b). Exoskeleton prototype extension movement

Several factors affect the difference in the angle produced by each person, one of which is the placement of
electrodes on each muscle (Akay.M, et al., 2004). In addition, the factors that affect muscle endurance are age, gender,
physical activity, nutrient intake, and nutritional status (Ministry of Health, 1996). Due to the participants' different
physical activities, each participant's muscle strength was also different. These physical activities are brisk walking,
running, cycling, swimming, and physical activities related to muscle strength (Hapsari, 2011).

CONCLUSION

1. Thereis a difference in the myoelectric signal when the muscle contracts and relaxes. When the quadriceps muscle
relaxes, the resulting voltage is 0.45 volts, but it shows 4.73 volts when it contracts. As the hamstring muscles,
when relaxed, the tension is 0.42 volts and during contraction reaches 4.55 volts.

2. Differences in myoelectric signals in the hamstring and quadriceps muscles can move the exoskeleton prototype.
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