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Technology

The use of technology has a significant impact to reduce the consequences of
accidents. Sensors, small components that detect interactions experienced by
various components, play a crucial role in this regard. This study focuses on
how the MPUG050 sensor module can be used to detect the movement of
people who are falling, defined as the inability of the lower body, including
the hips and feet, to support the body effectively. An airbag system is
proposed to reduce the impact of a fall. The data processing method in this
study involves the use of a threshold value to identify falling motion. The
results of the study have identified a threshold value for falling motion,
including an acceleration relative (AR) value of less than or equal to 0.38 g,
an angle slope of more than or equal to 40 degrees, and an angular velocity
of more than or equal to 30 °/s. The airbag system is designed to inflate
faster than the time of impact, with a gas flow rate of 0.04876 m%/s and an
inflating time of 0.05 s. The overall system has a specificity value of 100%,

a sensitivity of 85%, and an accuracy of 94%.
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1. INTRODUCTION

The development of technology in the field of electronics has numerous benefits for daily life,
including making work easier, providing comfort, and reducing the risk of work accidents [1], [2]. One area
where technology can be particularly useful is in the realm of fall detection and prevention, particularly for
elderly individuals who may be more prone to falls due to the decline in function of certain organs [3], [4].
Previous research has focused on the development of fall detection systems, which can alert family members
or caregivers when a fall has occurred [5]. However, these systems do not address the issue of protecting the
individual after a fall has occurred [6].

This study aims to address this issue by proposing the use of airbags as a protective measure for
elderly individuals who have fallen [7]. The system works by using an MPU6050 sensor to detect falling
motion, and activating an automatic solenoid valve to inflate the airbags before the individual hits the ground
[8]-[10]. The use of airbags to mitigate the impact of falls has a long history, with the first prototypes being
developed in the 1950s for use in vehicles [11]. Today, airbags are commonly used in supplemental restraint
systems (SRS) in vehicles to protect the head, neck, and chest in the event of a collision [12]. The expansion
of airbags is typically achieved through the use of a pressurized gas cylinder or a CO, cartridge, and the
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process takes approximately 1/25 of a second. In this study, a pressurized gas cylinder is used as the
developer of the airbags [13].

2. METHOD

The development of airbag systems has been crucial in improving vehicle safety and reducing the
risk of serious injuries in the event of a crash. In recent years, there has been a growing interest in designing
airbag systems that not only protect the occupants but also minimize the impact on their bodies. In this
context, the airbag system depicted in Figure 1, which takes the form of a belt and incorporates a fall
detection module, is an innovative approach to improving occupant safety. The fall detection module utilizes
a microcontroller and an MPUG6050 sensor to detect changes in acceleration and angular velocity, enabling
the airbag to deploy at the appropriate time, and with the appropriate force. In this article, we will discuss the
design and development of this airbag system and its potential benefits for vehicle safety.

M Airbag

B Solenoid valve

M Pressurized gas pipe
M Fall detection module

U\/_

Figure 1. The airbag system design

In this research, there will be 11 movements that will be examined, namely walking, jogging,
bowing, sitting, walking up the stairs, walking down the stairs, and prostrating, which will be referred to as
regular movements. Additionally, falling backward, forward, to the left, and to the right, will be referred to as
falling movements. To differentiate these 11 movements, the study utilized a threshold method based on
acceleration, angle, and angular acceleration [14]. This method involves analyzing the total acceleration, total
orientation values of hormal motion or activity of daily living (ADL) and determining the maximum value as
the threshold [15], [16]. A formula is used to calculate the acceleration relative (AR) to gravity because the
orientation of falling motion is always downward, regardless of whether the fall is forward, backward, or to
the side. The formula for calculating AR [17], is shown in (1).

AR = ((—1) = (Ax = sin(a)) + (Ay * cos(@) * sin($3)) + (Az * cos(a) * cos(R))) Q)

With the description of the value of a and the value of B, a is the value of the pitch and R is the value
of the roll that is read by the sensor [18]. The values of sin and cos are included because the falling motion
involves movement at an angle. The angle resulting from the falling motion will be calculated using the
acceleration values read by the sensor. AR is a variable for the relative acceleration value [19], [20]. After
obtaining the formula for relative acceleration, the next step is to determine the change in angle during the
falling motion. This requires a trigonometric formula, shown in (2).

Angle = arccos(cos(a)) * cos(B) 2

The (2) is necessary because when a person falls, the angle formed is not only based on pitch or roll
but a combination of both [21]. The angle formed is not 90°, but rather slightly tilted from a right angle
depending on the falling motion. In addition to the angle, the angular velocity of the sensor is also considered
[22], [23]. The angular velocity formula is similar to the angular change formula, but using the pitch and roll
gyro values in (3).

Angular Velocity = (Arccos(cos(wa) * (cos(wf)) 3)
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The acceleration graph during a fall decreases and then rises again after impact once the person has
fallen. The threshold graph can be seen in Figure 2. The main assumption in the fall detector is the use of free
fall. As long as the acceleration signal falls, it is considered a free fall, meaning the acceleration is 0 [24].
Therefore, the acceleration prevention value is assumed to be below +3 m/s?. In addition, previous studies
have shown that adding an angular velocity of less than 0.52 rad/s can also indicate a fall. Thus, a fall is
detected when the acceleration is less than +3 m/s? and the angular velocity exceeds 0.52 rad/s [25], [26].

Acceleration

Impact (max)
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Figure 2. Acceleration graph when falling

3. RESULTS AND DISCUSSION

It can be observed from the comparison of the range between ordinary motion and falling motion,
using the average value of AR acceleration, the minimum and maximum value of angle, and the minimum
and maximum value of angular velocity, that a threshold value can be obtained to identify between falling
motion and ordinary motion. Based on the reference, falling motion is categorized when the AR acceleration
value is less than 3 m/s? or 1/3 g and the angular velocity exceeds 30 °/s. However, by using the threshold
value based on the reference, the threshold value cannot be used directly because some ordinary movements
still meet the threshold value. Therefore, tuning is required to obtain a threshold value that only meets the
conditions of falling motion. The tuning was carried out on 40 trials of falling motion and 60 trials of
ordinary motion, by changing the AR threshold value and the angle from the dynamic experimental data
results. The AR threshold value was changed in increments of 0.02 and the angle was changed in increments
of 10°. As a result of the tuning, the obtained threshold value for falling motion is an AR value of less than or
equal to 0.38 g, an angled slope of more than or equal to 40°, and an angular velocity of more than or equal
to 30 °/s. This threshold value is only fulfilled in falling movements and not in ordinary movements. After
obtaining the threshold value, it will be entered into the Arduino program to detect falling motion.

Table 1 shows the duration of time between the initial detection of a fall and the occurrence of a
collision using the obtained threshold value. The threshold value obtained for detecting falling motion does
not apply to ordinary movements because the AR, angle, and angular velocity values in ordinary motion do
not meet the threshold value conditions. Table 1 provides data on the duration of time between the initial
detection of a fall and the occurrence of a collision using the threshold values obtained from the study. The
results reveal that the threshold value for detecting falling motion does not apply to regular movements, as
indicated by the lack of detection for walking, jogging, bowing, sitting, walking up and down the stairs, and
prostrating. In contrast, falling movements, including falling backward, left, right, and forward, were
successfully detected using the threshold method as their AR, angle, and if the angular velocity values do not
meet the threshold value conditions, it means that the not detected activity is a good thing.

The data also demonstrate variations in the duration of time between the initial detection of a fall
and the occurrence of a collision across different iterations, with some falls being detected more quickly than
others. The negative numbers indicate that the system was able to detect the falling motion after the
occurrence of the collision, rendering the airbag unable to protect the impact due to the delay in detection.
Conversely, the positive numbers indicate that the system was able to detect the falling motion before the
collision, allowing the airbag to fully deploy within the designated time window. Therefore, a larger positive
number would indicate a better detection system, providing sufficient time for the airbag to fully deploy
within the designated time window.

Out of 40 attempts of falling motion, 34 times the system successfully detected falls earlier than the
time of impact. On the other hand, 6 times the system detected falling motion with a duration slower than the
time of impact. The time difference between the detected time and the impact time for each repetition of the
falling motion ranged from 0.01 to 0.08 s. The success or failure of the sensor to detect falls faster than the
time of impact is influenced by the threshold value used to detect falling motion. In this study, the threshold
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value is only used to meet the conditions of falling motion, so an appropriate threshold value is needed to
meet all falling movements and minimize failure between the initial detection and the fall. The average
duration from the time of detection until impact was 0.05 s. This average value will be included in the results
of the airbag module design.

The results of the design of the airbag showed the speed of time needed to inflate the airbag, the
time (t) was calculated using the average duration between the initial detection of a fall and the time of
impact, which was found to be 0.05 s for an airbag volume of 0.002438 m®. After the design process, the
airbag module was tested. The test results on the airbag module showed that the airbag had a gas storage pipe
tube with a volume of 452 cm?® and a pressure of 164,690 Pa. The gas could flow with a discharge rate of
0.04876 m/s? for a duration of 0.05 s. After designing the overall system, the performance of the tool was
evaluated using three metrics: specificity, sensitivity, and accuracy. Specificity measures the ability of the
tool to correctly identify ordinary movements, with the experiment being repeated 10 times for each type of
normal movement. The percentage of specificity is 100%.

After conducting the experiment on ordinary movements, the percentage of specificity analysis was
found to be 100% from 60 trials. The next step is to analyze the sensitivity and accuracy of the system in
detecting falling movements. In the falling motion experiment, 10 trials were conducted for each type of
falling motion. The number of trials was based on references from previous research on fall detection. The
sensitivity of the system in detecting falling motion is quite high, with a percentage of 85%. This indicates
that the system is able to detect falling motion successfully in most cases. However, it is important to note
that there may still be some cases where the system fails to detect falling motion, potentially leading to a
delay in activating the airbag module. On the other hand, the accuracy of the system is also relatively high,
with a percentage of 94%. This means that out of all the trials conducted, the system was able to accurately
identify falling motion in the majority of cases. However, it is important to consider that even with a high
accuracy rate, there may still be some instances where the system incorrectly identifies a falling motion or
fails to detect it together. Overall, the results of the fall detection system show that it is effective in
identifying falling motion and activating the airbag module in a timely manner. However, it is important to
continue improving and fine-tuning the system to increase its sensitivity and accuracy even further. This can
potentially help to reduce the risk of injury in case of a fall and improve the overall safety of the system.

Table 1. Duration between detected falling motion and impact

Fall
Iteration Walk Jog Bow Sit Upstair Downstair Prostrate Backward Left Right Forward

(s) ) (s) (s)

1 Not Not Not Not Not Not Not 0.03 0.06 -0.02 0.03
detected detected detected detected detected detected detected

2nd Not Not Not Not Not Not Not 0.02 0.06 0.07 0.04
detected detected detected detected detected detected detected

3rd Not Not Not Not Not Not Not 0.03 0.07 0.08 0.05
detected detected detected detected detected detected detected

4 Not Not Not Not Not Not Not 0.04 -0.05 0.07 0.06
detected detected detected detected detected detected detected

5h Not Not Not Not Not Not Not 0.03 -0.02 0.08 -0.03
detected detected detected detected detected detected detected

6" Not Not Not Not Not Not Not -0.03 0.03 0.09 0.04
detected detected detected detected detected detected detected

7" Not Not Not Not Not Not Not 0.02 -0.03 0.08 0.06
detected detected detected detected detected detected detected

gh Not Not Not Not Not Not Not 0.05 0.03 0.08 0.05
detected detected detected detected detected detected detected

g Not Not Not Not Not Not Not 0.04 0.06 0.07 0.03
detected detected detected detected detected detected detected

10t Not Not Not Not Not Not Not 0.01 0.05 0.08 0.04

detected detected detected  detected  detected detected  detected

4. CONCLUSION

The results of this research show that the MPU6050 sensor can be used to identify falling motion by
detecting and meeting the threshold value. The threshold value obtained to detect falling motion is an AR
value of less than or equal to 0.38 g, an angled slope of more than or equal to 40°, and an angular velocity of
more than or equal to 30 °/s. In the design of the airbag, a discharge of 0.04876 m/s? with a duration of 0.05 s
was obtained. The overall system analysis of the tool showed a specificity of 100%, sensitivity of 85%, and
accuracy of 94%.
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