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System Design
This study focuses on the collocation and application of sensors and 

chips, which feature easy and stable operation. After determining all 
hardware structures, the circuits could be designed using the Arduino 
Nano plate as its core, and through intense integration testing, avoid 
errors or problems [1]. Hence, the implementation of each procedure 
requires multiple testing times, in order that the most effective plans 
can be selected. The design procedure of the system is showed in Figure 1.

Hardware Structure
The entire circuit design plan is shown in Figure 2. The major 

power supply is the car battery, which drives the electromagnet and 
voltage-stabilizing circuit to drive the chip and peripheral circuits, 
thus, realizing the automatic braking and emergency call functions.

Electromagnet-controlled circuit

The control chip sends a signal, either high or low, to control the 
transistor in the saturation region and cutoff region. When the control 
signal is high, the saturation region of the transistor short circuits, 
which connects the coil, followed by the NO pin-out and COM pin-
out of the relay (943-1C-5DS) to enable the electromagnet to run. 
When the control signal is low, the cutoff region of the transistor is an 
open circuit, meaning the NC pin-out and COM pin-out of the relay 
reconnect, which is the same as at the initial state. The circuit is shown 
in Figure 3. Additionally, the supply voltage of the electromagnet is a 
12V-supply for vehicles, while the chip and the peripheral circuit can 
be run by a 5V-supply. To avoid the voltage from being too high, the 
IC 7805 is used to stabilize the voltage. In tests, when the input voltage 
is higher than 5V, the stabilization system is effective [2].

This system uses dc electromagnets, and the magnetic field 
generated from the direct current passing through the coil causes the 
iron core to bounce. The strength of the bounce differs as the coil turns, 
thus, the magnitude of the current and the material of the iron core 
change, and due to the inertia effect, the strength of the impact force 
can be effective [3]. The dc electromagnet system is showed in Figure 4.

Water level circuit

This circuit uses the switch circuit by integrating the relay (LU-5H) 
and transistor (2SD313). The saturation region and cutoff region of the 
transistor are mainly used. When Wire 1 and Wire 2 are connected, the 
transistor is in its saturation region and short circuits, which enable 
the coil of the relay, the NO pin-out, and COM-out to connect and 
transmit a low signal. When the wires are not connected, the transistor 
is in its cut off region, the relay does not change, and the NC pin-out 
remains connected with the COM pin-out to transmit high signals [4]. 
By using such high and low signals, the chips can design their actions. 
The detecting circuit is showed in Figure 5.

MQ-7 module

The MQ series has a module to detect multiple gases, and MQ-7 is 
used for the core of this study to detect carbon monoxide. The module 
has both analog and digital outputs, and the concentration rises 
linearly as the voltage rises, thus, qualifying itself as proof to determine 
the concentration [5].

Bluetooth module

The Bluetooth device used in this study has principal and 
subordinate integration, which can actively search for mobile phones 
to connect and be passively searched [6,7]. With this module, the 
connection is possible simply by planning digital pin-outs for RX and 
TX, and the Bluetooth device has low power consumption.

Abstract
In recent years, cases of vehicles being accidentally driven into the sea or flooded sewers have been frequently 

reported. However, due to strong external water pressure in such situations, drivers sometimes fail to open a door for 
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Software Structure
Arduino nano plate pin-out planning

The chips of the Arduino Nano plate in this study use 
ATMEGA328P, which can be controlled by planning the required pin-
outs, as showed in Figure 6.

The control plate mainly uses the digital and analog pin-outs to 
control the sensors, which achieve integration by connecting the 

Bluetooth module to a mobile phone. In emergencies, while there 
will be a warning alarm, the windshield-breaking device will not 
be immediately activated [8]. When the situation becomes more 
dangerous, the device will automatically break the windshield and 
immediately call emergency contact numbers. The overall procedure 
is showed in Figure 7.

Sensor control

The detection of carbon monoxide has two stages, a first stage 

Figure 1: Flow chart of system.

Figure 2: Diagram of entire circuit design plan.
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Figure 3: Electromagnet-controlled circuit.

Figure 4: Diagram of the DC electromagnet system.

Figure 5: Water level.
Figure 6: Diagram of pin-out planning.
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of 20-300 ppm and a second stage of 300-1000 ppm, and each has a 
warning tone. Only when the concentration is over 1000 ppm will 
automatic breaking be activated. Water levels are divided into low and 
high water levels; when the water level is low, a warning will be given; 
when the water level is high, automatic breaking will be activated [9]. 
The procedure is showed in Figure 8.

Android mobile phone app planning

The mobile phone first connects with the device for the initialization 
actions, and when the device detects danger and breaks the windshield, 
it will also send a signal to trigger the automatic emergency call 
function. There are three main function keys on the phone interface, 
speed dial, contact list, and test [10]. Through the contact list button, 
the user can choose the emergency contact number and display it on 
the main screen. The speed dial button is for making emergency calls 
to the emergency contact, and the test button can actively send signals 
to the device to confirm whether the device is successfully connected. 
Figure 9 is the block chart of the app.

Testing Effects and Functions
The core feature of the complete system is the windshield-breaking 

device, which includes detecting the water level and carbon monoxide 
concentrations to determine the danger. The system has four functions: 
an automatic bounce device, a manual breaking button, a warning 

system, and emergency calling. The overall functions are shown in 
Figure 10.

The main procedure of the overall functions is, as follows: when 
the sensor detects danger, the device will automatically activate the 
windshield-breaking device and make emergency phone calls [11]. 
Its features are the abilities to break the windshield and automatically 
make emergency calls, which facilitate follow-up rescue actions. This 
is more than a normal windshield-breaking device can achieve. The 
functions are described, as follows:

Automatic bounce

When the sensors detect danger, the electromagnets will bounce 
the core via the control of the chips. In emergencies, the device can 
react immediately on behalf of the vehicle occupants to break the 
windshield.

Warning system

When the concentration of carbon monoxide is detected at 20-
300ppm, meaning a nonfatal level, a warning sound will remind the 
driver of the situation for proper handling. When the concentration of 
carbon monoxide is detected at 300-1000 ppm, the warning sound will 
immediately remind the driver of the higher danger level. The water 

Figure 7: Flow chart of the overall procedure.

Figure 8: Flow chart of sensor.
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level sensor will give a warning sound to the driver when the lowest 
water level is reached.

Manual breaking button

During emergencies, if the driver believes their life is threatened, 
pressing the manual breaking button will initiate self-rescue without 
waiting for the automatic decision of the system [12].

Figure 9: Block chart of android app.

 

 

 

 

 

 

 
 
 

Figure 11: Diagram of device installation.

Figure 10: Overall block chart of circuit.

Emergency calling

After the device system automatically breaks the windshield, it 
will call the previously chosen emergency contact number through 
the Bluetooth connection with a mobile phone. Even if the driver is 
unconscious, rescue teams can still receive first-hand information and 
rush to the site. The procedures to install this systematic device in a 
vehicle are shown in Figure 11.

Conclusion
This study conducts the integrated application of Arduino control 

and Android mobile phones, and focuses its research direction on 
a windshield-breaking device, which aims to improve the existing 
products on the market that are not able to automatically break the 
windshield, detect dangers, or immediately provide the best chance of 
rescue during emergencies. The completion of this study shortens the 
escape time and increases the chance of escape. The final goal of this 
study is to cooperate with car manufacturers to promote this device as 
a standard or optional accessory, thus, maximizing its effects to ensure 
the safety of the occupants of the vehicle.
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