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1. Introduction 

In this era, the number of automobiles on the road has multiplied many times in the modern period. As the number 

of cars on the road grows, so does the incidence of accidents, resulting in severe injury or death to the occupants. Injury 

and death are primarily caused by the harmful movement that occurs as a result of the accident. [1-5] 

To prevent these problems, the 3-point seat belt system was developed to considerably reduce the harmful 

movements induced by collisions, hence reducing injury and fatality among vehicle occupants. The occupants of the 

vehicle travel at the same pace as the vehicle when it is in motion. If the vehicle comes to a sudden stop or crashes, the 

occupants continue to move at the same pace due to inertial force. Only seatbelts are designed to prevent this movement. 

The seatbelt holds the occupant in the seat in place, preventing them from falling out or injuring themselves by coming 

into contact with the car's interior [6-10]. The 3-point seat belts are extensively utilized in modern vehicles. The seatbelt 

usually comprises of a buckle, latch plate, retractors, and webbing. The seatbelt webbing is the flexible component of the 

seatbelt that wraps around the occupant and binds them to the seat during a collision. It is usually composed of polyester. 

During a collision, the retractor allows the occupant to move freely while still tightening the webbing [11-13]. The latch 

plate is a metal device that secures the webbing to the buckle by being fastened to it. Finally, the buckle is the part of the 

system that secures and releases the latch plate. It is designed to retain the latch plate firmly and to secure and release the 

latch plate with minimal force [14-18]. 

Abstract: An automatic seat belt release system is provided for installation in conjunction with the vehicle's seat 

belt system. In the event that the vehicle sustains an impact of sufficient magnitude to necessitate the emergency 

release of the seat belt system, an electrically operated actuator located near the seat belt is actuated to release the 

seat belt system after 5 seconds time interval. The aim of this study is to design and develop coding language for 

Auto Release Seatbelt System. The system for Auto Release Seatbelt is installed inside the passenger cabin and the 

release mechanism fixed at the seatbelt buckle. The system is tested after the installation on a multipurpose vehicle 

(MPV). The 12V cigarette lighter socket is used to power the system. A crash collision impact sensor, an 

accelerometer, a gyroscope, a developer board, and a solenoid actuator comprise in the designed emergency release 

system. The crash collision impact sensor identifies when the vehicle collides, and the gyroscope sensor determines 

the vehicle's orientation after the impact, if the gyroscope detects no change in orientation, it triggers the development 

board's preset timer. The solenoid is activated to press the custom release mechanism that will remove the seat belt 

once the specified time period has passed. 
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2. Materials and Methods 

Figure 1 shows the methodology flowchart of this study. 

 

 

Fig. 1 - Methodology flow chart 

 

2.1 Materials Preparation 

Hardware equipment includes any physical equipment used to make up the device. Example of hardware device 

includes Arduino, crash collision impact sensor, microcomputer, gyroscope sensor, accelerometer sensor and others that 

were used in this project 

 

• MPU 6050 Accelerometer and Gyroscope sensor 

• Solenoid Actuator 

• Crash Collision Impact Sensor 

• Relay DC 12V 
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Fig. 2 - Block diagram of proposed system 

 

2.2 Methods 

The proposed system comprises a variety of sensors connected to a microprocessor as shown in Figure 3.3. It is 

composed of a crash collision impact sensor, a gyroscope sensor, and a release mechanism activated by a solenoid. The 

crash collision impact sensor detects the crash event. It transmits a signal to the CPU after detecting the collision. 

The gyroscope continuously checks the vehicle's orientation. After the microprocessor detects a collision through 

the crash collision sensor, it examines the vehicle's orientation. Only when the vehicle is stopped and at a safe angle does 

the microprocessor activate the release mechanism. A solenoid actuated will push the release mechanism. When the 

microprocessor transmits the signal to the release mechanism, the solenoid activates, pushing the release mechanism and 

thereby unlocking the seatbelt. 

 

2.3 Procedure Flow 

The system follows three steps in automatic seatbelt release in the vehicle as shown in Figure 3. 

 

 

Fig. 3 - Procedure flow 

 

The sensor is the process's beginning point. The collision impact sensor detects the car crash. The microprocessor is 

in charge of monitoring and controlling the system. The seatbelt is released by the actuating mechanism. At first, the 

system detects the car collision through the collision impact sensor. When a collision occurs, the inertia of the vehicle 

decreases abruptly; this abrupt drop in inertia is recorded by the accelerometer, and the microprocessor verifies the car's 

orientation using the gyroscope. When the gyroscope detects that the vehicle is stopped and in a safe orientation, an on-

board timer is activated for 5 seconds. The microprocessor activates the releasing mechanism after the timed delay [12]. 

The Algorithm is shown in Figure 4. 

Sensing 
Monitoring and 

Controlling 
Actuation 
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Fig. 4 - Algorithm used in the proposed system 

 

2.4 Circuit Design 

The circuit is designed to use minimal space and is powered by one power supply to operate the system. 

 

 

Fig. 5 - Circuit design 
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2.5 Release Mechanism Design 

After the study on 3-point seatbelts is done, the best release feature is to implement a custom release mechanism into 

the seatbelt buckle. This design bypasses the main release button and will be connected to the solenoid. 

 

 

Fig. 6 - Seatbelt release mechanism design using SolidWorks 

 

2.6 Programming 

The Arduino IDE software is used to programmed the board. Table 1 shows a program for reading raw values from 

the MPU6050. 
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Table 1 - MPU6050 Code program 
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2.7 Fabrication 

After the circuit design and release mechanism are done, the hardware will be installed to create the system. The 

wire must be connected according to the circuit design. All the wire connection is secured by soldering to make sure it 

will last through the testing procedure. 

 

 

Fig. 7 - Circuit installation process 

 

Due to the complexity and the small size of the release mechanism, the 3D printer is used to create the parts. The 

parts are made of ABS (Acrylonitrile Butadiene Styrene) material due to their resistance to impact and high temperature 

between -20 degrees Celsius and 80 degrees Celsius. In terms of 3D printing supports, ABS is easily printed and is low-

cost. 

 



Ahmad, M. K. et al., Journal of Automotive Powertrain and Transportation Technology Vol. 2 No. 2 (2022) p. 30-41 

 

 

38 

 

Fig. 8 - 3D printing process 

 

 

Fig. 9 - End product by 3D printing 

 

3. Results and Discussion 

The result for the design is analyzed and discussed is based on the testing result. The size of the buckle with the 

release feature is well fitted to the conventional car seatbelt. The collision impact sensor is attached to the car front bonnet 

to simulate the ABS collision sensor position. The microprocessor and the sensors are placed at the center of the car body 

to detect the car orientation accurately. The cigarette lighter socket is used to power the system. 

  

 

Fig. 10 - Impact collision sensor is attached to the car front bonnet 
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Fig. 11 - The seatbelt auto release mechanism is installed to buckle 

 

 

Fig. 12 - The microprocessor and sensors are installed 

 

3.1 Results 

The testing process is conducted in two situations. First, the collision impact sensor is triggered when the car is in 

normal orientation. Second, the collision impact sensor is activated when the car is tilted. Both procedures are to 

determine the activation of the solenoid to trigger the release mechanism. 

The collision impact sensor is triggered to start the system. After 5 seconds, the solenoid actuated and hold down the 

release mechanism thus releasing the seatbelt. 

 

3.2 Normal Orientation Test 
 

 

Fig. 13 - Car in normal orientation testing 
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Fig. 14 - Solenoid hold down the release mechanism to unlock the seatbelt 

 

3.3 Tilted Orientation Testing 

The collision impact sensor is triggered to activate the system. After 5 seconds, the solenoid is not actuated thus the 

buckle still locking the seatbelt from release. 

 

 

Fig. 15 - Car in a tilted orientation 

 

3.4 Discussions 

In normal orientation test the gyroscope and accelerometer sensors determine when the car is in a safe position for 

the solenoid to be triggered. The user must still pull the seatbelt since the retractor is insufficiently forceful to return the 

seatbelt webbing to its original position. 

In Tilted orientation testing the gyroscope and accelerometer detect that the car orientation is tilted thus the 

microprocessor did not trigger the solenoid to actuate the release mechanism. The user must manually unlock the seatbelt 

buckle to release the seatbelt. After the crash sensor is activated it will send a signal to ECU for examining the car 

orientation through the gyroscope sensor. If the car is in the normal orientation, it will release the seatbelt after a 

predetermined time has passed 

 

4. Conclusion 

In this work, the Auto Release Seatbelt System is created and a good performance is obtained. The objective of this 

project is achieved. The programmed system works as desired in a different situation. The seatbelt buckle with auto-

release mechanism design can be installed on a conventional seatbelt buckle. This system can be operated through a crash 

sensor and ECU when it is implemented in the new production car. The seatbelt buckle is unlocked after the crash sensor 

is activated and a signal is sent to the ECU to examine the car orientation through the gyroscope sensor. If the car is in 

normal orientation the seatbelt is released after predetermine time is passed. The system will shorten the time for the 

crash victim trapped to escape the vehicle or be rescued thus it can save the life of the crash victim. The Auto Release 

Seatbelt System will increase the survival rate of the vehicle occupant after the crash. 
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