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Abstract:

The paper presents the results of programming an algorithm that adjusts the control timing for airbag deployment. The
C*™* programming language was selected to develop the control algorithm for the simulation model. The results show that, when
applying this algorithm to an airbag control model, it is possible to determine the deployment timing of the airbag corresponding
to the magnitude of the impact force. In other words, the greater the force acting on the sensor, the deployment time of the
airbag changes accordingly. This programmed algorithm also allows parameter settings to be modified by users, enabling further

optimization of airbag performance in the future.
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Lap trinh thuat toan diéu khién thi gian kich
hoat tdi khitrén mdé hinh mé phéng vat ly

Tom tat:

Bai bao trinh bay két qua 14p trinh thuat toan thay
déi thoi gian diéu khién kich hoat tdi khi. Ngén ngi 1ap
trinh C** d4 duoc lua chon dé viét 14p trinh thut toan
diéu khién mé hinh. Két qua nghién ctu cho thdy, khi
&p dung thuat toan nay 1én mé hinh diéu khién tui khi thi
ta co thé xéc dinh dwoc tinh nang thoi gian tdi khi duoc
kich hoat trong tmg véi dé lon cda lue tac dong. T la
khi lurc tac déng vao cdm bién cang 16n thi thoi gian kich
hoat tai khi sé thay déi fuong umg. Thudt toan 14p trinh
nay ching ta cé thé thay déi thiét lap s6 liu dé nguoi
sty dung co thé thay déi nham cai tién dé tui khi hoat
déng téi wu hon sau nay.

Ter khéa: Tui khi; Thudt toan; Va cham; Thoi gian kich
hoat; Gia lap.

1. Introduction

As automotive technology continues
to advance, safety features in vehicles
are increasingly emphasized. Among
the current automotive safety systems,
the airbag is an indispensable
component for protecting occupants. Its
primary purpose is to enhance passenger
safety when deployed. The topic
entitled “Programming the algorithm to
control airbag activation timing on a
physical simulation model” was
selected to address this problem.

2. Airbag Operating Principle

This system operates through three
main stages from the moment a collision
occurs until the airbag deploys.

Stage 1: The control unit receives
signals from collision, acceleration, and
speed sensors to assess the severity of
the impact. When this value exceeds a
predefined threshold, the igniter in the
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inflator is triggered (Toyota, 2004;
Toyota, 2018).

Stage 2: The high temperature
generated by the activated igniter
immediately burns the initiator material
and spreads to the gas-generating
compound (NaNs), producing a large
volume of nitrogen gas. Under high
pressure from the expanding gas, the
airbag tears through the outer cover of
the steering wheel and deploys. The
electrical current used to activate the

airbag igniter typically ranges from 1A
to 3A within approximately 2
milliseconds to ignite the initiator and
gas-generating material (Toyota, 2004;
Toyota, 2018).

Stage 3: The airbag is fully inflated
to reduce the impact force on the
occupants, and the gas is then quickly
released through vent holes at the rear of
the airbag (Toyota, 2004; Toyota,
2018).
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Figure 1. Airbag Operation
(Source: Adapted from the Toyota (2004) training manual)

3. Software Selection for Control
Algorithm Programming

After studying programming
methods, the C™ programming
language combined with the Arduino
IDE software was selected to program
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and execute the control algorithm for
the airbag operation on the physical
simulation model. The software is user-
friendly, making it convenient to input
data and adjust parameters based on the
programmer’s calculations. The
software interface is shown in Figure 2.
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File Edit Sketch Tools Help

Arduino Uno

- _

codegialaptuikhi.ino

21 #include <HX711_ADC.h>
22 #1if defined(EsP8266) || defined(ESP32) || defined(AVR)

23 #include <EEPROM.h>

24 #endif

25 #include <Timerone.h>

26

27 const int HX711_dout = 4;

28 const int HX711 sck

29
3e

=H

31 HX711_ADC LoadCell (HX711_dout, HX711_sck);

22

33 const int calval_eepromaAdress = @;

34 unsigned long t = ©;

35
36 #include <wWire.h>

37 #include <LiquidCrystal I2C.h>
38 LiquidCrystal_TI2C lcd(ex27,20,4);

39
40 int relay = 8;
a1

42 int relayloi = 1@;
A3 int nutnhanloi = 9;
a4 int buttonstate = @;

a5

a6 int nutnhanreset = 11;

47 int gtreset;

a8

A9 int btnTime = 12;

5@

51 unsigned long startTime;
52 unsigned long elapsedTime;

53 honl ralawmn — fFalca-

Qutput

Figure 2. Arduino IDE Software

4.  Programming the Control

Algorithm

To control the operating capability of
the model, the selected input data was
the mass applied to the sensor to trigger
the airbag deployment. The
programmed algorithm also allows this
input data to be modified, thereby
supporting the future development and
expansion of the model. The algorithm
defines a minimum threshold weight
required to activate the airbag model. If
the applied weight is below this
threshold, the airbag model will not
deploy.

(Source: Prepared by the authors)

At different weight levels, the airbag
deployment time varies
correspondingly. All these parameters
can be easily reconfigured to refine the
control system for more advanced
research, aiming to determine the most
optimal operating conditions.

Mass was selected as the reference
unit for determining the airbag
activation timing because based on the
formula, the magnitude of the impact
force can be converted into mass. This
approach simplifies the design while
improving the safety and durability of
the model.
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Figure 3. Algorithm Programming Data for Airbag Model Activation

The overall operation of this model
can be generalized through the logic
block diagram shown in Figure 4

(Source: Prepared by the authors)
performance and responsiveness of the
airbag system in this model are verified
through the graph presented in Figure 6.

below. At the same time, the
| Set up the algorithm and input parameters |
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Figure 4. Logic Block Diagram of the Model Operation Based on the Algorithm
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(Source: Prepared by the authors)
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Table 1: Experimental Data Table of Airbag Operation on the Simulation Model

N.o Valve opening | Applied mass (kg) Airbag malfunction
activation time (ms) status
1 30 3129 OFF
2 30 4221 OFF
3 20 5164 OFF
4 20 6108 OFF
5 10 7020 OFF
6 10 8114 OFF
7 10 9151 OFF
(Source: Prepared by the authors)
After  conducting  experimental collected data were used to construct the
measurements on the model, the following airbag operation graph:
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Figure 5. Airbag Operation Graph at Different Weight Levels

According to the graph illustrating
the response capability of the airbag
model, it can be observed that as the
applied mass on the sensor increases,
the time required to activate airbag
deployment decreases. This improves
the likelihood of ensuring the safety of
the driver and passengers inside the

(Source: Prepared by the authors)

vehicle. At the same time, it satisfies the
initial objective: the airbag deployment
time must correspond to the severity of
the collision (Cho et al., 2010; Rajendra
& Puranik, 2014).

In practice, a car traveling at
approximately 25 km/h and
experiencing a frontal collision at the
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sensor location can trigger airbag
deployment (Chawla et al., 2014). The
average mass of a car is about 1000 kg.
If the vehicle is moving at 25 km/h and
comes to a complete stop within 0.2
seconds during a collision, the impact
force can be calculated using the
following formula (Shaikh et al., 2013).
AV

In this example, the mass of the
vehicle (m) is 1000 kg, the velocity
before impact (vo) is 25 km/h (converted
to m/s, vo = 6.94 m/s), and the collision
time (At) is 0.2s (Steinbuch, 2014).

Av represents the change in velocity
after the collision. In this case, the final
velocity v = 0 m/s, since the vehicle
comes to a complete stop after impact.

Av=v—vo=0-6.94=-6.94 m/s
(Merkle & Harrigan, 2016).

Substituting into the formula, we
have:

Ground and AREF

Icsp for USB
interface

Reset button

USB Plug (5 V)

ATMEGA16u2- mu
microcontroller

External Power
Supply

AC_DC adaptor

Fo= 1000.(—6.94) _

0.2 Q)
—34700 N

Since the force value is negative, its
direction is opposite to the initial
direction of motion. Therefore, the
magnitude of the impact force is 34,700
N (Tabani, 2017; Tike & Chaudhari,
2014).

To enhance the experimental aspect,
mass was chosen instead of collision
force because measuring mass is much
easier, safer, and more practical to
implement. From the above example,
the impact force of 34,700 N can be
converted to approximately 3,500 kg. In
this model, the minimum weight
required to activate the airbag in the
programmed data is set at 3,000 kg. If
the applied weight is below this
threshold, the airbag will not deploy
(Mai et al., 2023).

5. Structure and Operating Principle

Digital Inputs/outputs

ATMEGA328P-PU
microcontroller

ANALOG IN
o

el

Analog Inputs

Figure 6. Arduino Chip Used in the Model
(Source: Arduino Uno R3 Microcontroller Overview)
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Figure 7. Pinout Annotation Diagram on the Circuit Schematic

After completing the programming
and testing of the algorithm, the next
stage was to select and assemble the
electronic components, then upload the
data to the Atmega328P microcontroller
integrated on the Arduino board, which
features 14 digital pins and 6 analog
pins, for the purpose of controlling the
entire operation of the model. The
circuit diagram of several components
in the airbag simulation model is
configured according to the following
specifications.

Operating Principle: This airbag
operation simulation model uses an
Arduino microcontroller in place of the
control unit. A relay is employed to
switch a solenoid valve on and off,
allowing compressed air to flow from an
air compressor into the airbag, thereby
simulating airbag deployment. The
solenoid functions as a valve to release
air instead of using a real igniter, since
an igniter can only be used once and is
not suitable for repeated experiments.

(Source: Prepared by the authors)

The control system also uses a
voltage conversion circuit to reduce the
battery voltage from 12V to 9V for the
Arduino microcontroller, preventing
damage to the chip caused by
overvoltage or overload. In addition, the
model is equipped with an emergency
stop switch, which can be activated
immediately in case the input power
becomes excessively high and causes a
short circuit or fire hazard.

After checking and supplying power
to all electrical components, the model
operates as follows: A minimum load of
3 kg is placed on the load cell sensor.
Through the HX711 weight conversion
module connected to the load cell, the
programmed algorithm on the Arduino
interprets this input as an equivalent
impact of 3000 kg. The Arduino then
activates the relay, opening the solenoid
valve to allow compressed air to inflate
the airbag, simulating deployment.

Once the airbag is deployed, the reset
button is pressed to return the system to
its initial state, and the airbag is folded
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back for the next experiment. Because
the model uses an air compressor, the
discharged air pressure is relatively
strong, and the model can also be reused
multiple times after activation. This
makes it suitable for teaching, student
learning, and experimental practice in
future.

6. Conclusion

This paper presents the results of
programming a control algorithm for the
operational behavior of an airbag
simulation model. Experimental results
show that when applying this algorithm
to the model, several control
characteristics can be observed and
verified:
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