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Abstract— During automobile fire accidents, the lives couldn’t
be saved because of the failure in opening the vehicle doors.
There are systems available for the detection and control of fire
accidents in automobiles but those systems are designed to detect
the fire, warn the drivers and operate the fire extinguishers to
control the fire. The system designed in this research work tends
to unlock the vehicle door automatically along with alerting the
driver with an alarm and supply fire extinguishers during
automobile fire. Temperature sensor and smoke sensor are used
to detect the fire and different motors are used to open the door
and supply the fire extinguisher. The system works even if the
battery fails or the electrical system fails or the door locked
manually. Since separate system is installed for each door, in case
if the system of a particular door fails, the passenger can be saved
by the other door.

Keywords—automatic door unlock; accident; automobile;
DHT11 temperature sensor; MQ-2 sensor for combustible gas

I. INTRODUCTION

The researchers are constantly working on fire protection in
automobiles to prevent the injuries and deaths. In 2019
February, Dr. Omar Awan a 48-year-old anesthesiologist and
father of five children was died when his Tesla model S car
was crushed and got fire near Fort Lauderdale, Florida [1]. A
police officer arrived almost immediately after the crush. This
officer and another person tried to open the door of the car and
save the person but failed because of the door lock design of
the Tesla. They could not get him out of the car. He died
because of fire and inhaling smoke/toxic gases emitted from
bonnet.

In 2019 November two children were killed during a fire in
Mercedes Benz G class (4x4) at Abu Dhabi. Two children left
in a parked vehicle. A sudden fire incident occurred during
that time [2]. Since the mother locks the door and left the car
in the park, the people who saw the fire incident couldn’t open
the door of the car. Those children were trapped in the vehicle
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and burned. Three years old and one and half years old
children died in that fire accident. There are so many other fire
accidents happening all over the world; but these two are the
mentionable and latest fire accidents occurred. Airbags can
prevent the accidents by collision; in the similar way a
permanent mechanism is necessary to stop the life loss by fire
accidents.

A system which can detect and control fire is necessary in
such situations. That system should be able to worn the
driver, operates the fire extinguisher and unlock the door
automatically. During an automobile fire, if there is a system
to detect the fire and alerts the driver, then, the driver and
passengers have chance to save their life from the fire. Also,
there must be systems to operate the fire extinguishers
automatically during automobile fire incidents.

Most of the automobiles have used fire resistant material to
protect the passenger compartment from engine compartment,
if there is any fire accident in the engine compartment. The
fire in the engine compartment emits toxic gases which can
cause breathing problems and sometimes even to fatal death.
If the fire is to be prevented, then likelihood direction of
propagation of fire and fire-resistant material in the location
has to be identified. It can also be done by dividing the car
into compartments like chassis, transmission and engine. To
identify the right place of fire, the system has to be
programmed separately for each compartment where fire can
be expected. Because normally the engine compartment
temperature is very high; so the temperature detection has to
be programmed for every compartment separately.

Even though the door of the vehicle can be opened manually,
a person who trapped inside the vehicle fire, especially babies
may not be able to open the door from inside. Because of
inhaling toxic gases emitted from fire accidents, the driver or
the passenger may be unconscious, and he too can’t open the
door sometimes. Breaking the window is also not possible all
the times or it will take some time. So, a system to
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automatically unlock the door during a fire in automobile is
suggested in this paper.

Il. LITERATURE REVIEW

Three ways are considered in past researches while dealing
with the fire hazards in automobiles. Fire prevention, fire
minimization and fire suppression are those three ways [3].
There are four classes of fire named class A, B, C and D.
Water is the extinguisher for Class A fire. Oil-based fire is
classified as Class B fire and fire occurred due to electricity is
categorised as class C fire. Automobile fire can be of class B,
class C or both and is extinguished by the supply of right
quantity of carbon dioxide to the fire source. Fuel leakages are
the top most cause and electrical system failures are the
second most common cause of automobile fires [4]. If there is
fire initiate in the engine, it takes an average of 4 minutes to
reach the passenger compartment. Fire from rear end of
vehicle reaches the passenger compartment in 2 minutes and it
takes around 10 to 15 minutes for fire brigade to arrive at the
scene [5]. In [6], the author showed that it took an average of
12 min to cause appreciable damage if a fire hazard occurred
in a vehicle.

Every day more than 2,000 vehicles are damaged by fire
accidents. Two out of every 1,000 registered cars in the UK
catch fire every year. Fuzzy logic control systems along with
an Arduino microcontroller system is used to address this
issue [7]. Robert et al. used a system using Arduino
microcontroller and fuzzy logic technology to detect fire in
automobiles and to reduce the damages due to fire. Sensors
like smoke sensor, temperature sensor and flame sensor were
used in their research [8]. Traditionally, fire detection in
automobiles are based only on heat detection [9]. But at later
stage fire detectors like gas, smoke, flames and heat sensors
are used to detect a fire hazard [10]. A combination of two
important technologies fuzzy logic and artificial neural
network (Ann) called the adaptive neural fuzzy interface
system (ANFIS) is used by Barera Sarwar et al to design a fire
detection control system and to reduce false alarms. It is
further mentioned in their research, since the traditional fire
detection systems generate false alarms, the London fire
brigade has to attend a false alarm for every 10 minutes and
losing around £37 million per year [11]. U.S. fire departments
reacted to an average of 287,000 vehicle fire accidents every
year between 2003 and 2007. An average of 480 deaths, 1525
injuries and a direct property damage of US $1.3 billion
caused annually because of these fire accidents [12].

There can be several reasons for a vehicle to catch fire. High
temperature of the engine, leaking fluids, a broken battery,
malfunctioning fuel tank, abnormal wear of the engine or
battery and high temperature of exhaust manifolds are few
reasons for it. Chances of fire increase by accidents of vehicles
with each other [13].

I11. METHODOLOGY

This research paper is focusing on three main operations. First
is detection of fire, second is alerting the driver and third is

TABLE1.  SPECIFICATIONS OF DHT11 TEMPERATURE

SENSOR
Parameters Conditions

Temperature Accuracy | +£2°C

Response Time

(Seconds) 6 sec — 15 sec

Power Supply 3V-55vDC

Measurement Range 20-90%RH 0-50

Humidity Accuracy +5%RH

operating the fire extinguishers and unlock the door. To the
fire detection, smoke sensor and the temperature sensor is
used. The specifications of temperature sensor and smoke
sensor used in this research work are shown in table 1 and in
table 2 respectively. Fire can be detected through the signals
of these sensors. A temperature sensor and a smoke sensor are
fixed on each door. MQ2 Smoke sensor is capable of sensing
LPG, Smoke, Alcohol, Propene, Hydrogen, Methane and
Carbon Monoxide in the air. MQ2 Smoke sensor is a Metal
Oxide Semiconductor type gas sensor. When smoke comes
into contact with the sensor, the sensor changes its resistance.
From these values, the concentration of the gases in the air can
be detected by using voltage divider network.

Specifications of SG90 9g motor is mentioned in table 3 and
the picture of it is shown in Fig. 2. SG90 99 Micro Servo
motor which can rotate from 0 to 180 degree is fixed on the
door and it is programed to rotate for 90 degree in this
research work. This plastic gear type servo motor is used as
the car door lock. A metal gear type servo motor of MG996R
High Torque Metal Gear Dual Ball Bearing Servo motor
works on 5V is used to operate the CO, extinguishers.
Specifications of MG996R servo is shown in table 4 and the
picture of the same is shown in fig. 3. Arduino UNO is a
microcontroller, connected to the laptop by type B USB cable
and can be programmed. The Arduino board used here has 14
digital input and output pins and 6 analog pins. Digital 1/O
pins are used to light up the LED for alarm signal and analog
pins are used to read the signals from temperature and smoke
sensors. The Arduino programmed to get the signals from
sensors and operate the servo motors. The Arduino is
programmed to rotate both SG90 and MG996R servo motors
when the temperature sensor reads a temperature greater than

TABLE 2. SPECIFICATIONS OF MQ-2 SEMICONDUCTOR
SENSOR FOR COMBUSTIBLE GAS

Parameters Conditions

Gas detection Combustible gas and smoke

Concentration 300 — 10000ppm (Combustible gas)

Heater Resistance 31Q+3Q (Room Tem.)

Heater Consumption <900mW

Sensing Resistance 2KQ-20KQ (in 2000ppm C3HS )

Rs (in air) / Rs (1000ppm isobutane)
>5

Sensitivity
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TABLE3. SPECIFICATIONS OF SG90 9G MICRO SERVO
Parameters Conditions
Dimension 22.2 x 11.8 x 31 mm approx.
Operating speed 0.1 s/60 degree
Operating voltage 48V (~5V)
Temperature range 0°C - 55°C

Fig. 3. MG996R servo motor

38° Celsius and the smoke sensor read a reading of smoke
concentration more than 400ppm. The system works only if
both the conditions are fulfilled. The temperature and smoke
limit values can be set according to the desire of the user. In
this case, 38° Celsius and 400 ppm values are default values.
Based on country and even within the country from region to
region this value may be varied, since road side temperature of
Sri Lanka, Canada and Somalia is not the same.

TABLE 4. SPECIFICATIONS OF MG996R HIGH TORQUE METAL
GEAR DUAL BALL BEARING SERVO

Parameters Conditions
Dimension: 40.7 X 19.7 x 42.9 mm approx.
Operating speed 0.17 s/60° (4.8 V), 0.14 s/60° (6 V)

Operating voltage 48V -72V

Running Current 500 mA — 900 mA (6V)

Temperature range 0°C-55°C

Stall torque 9.4 kgf-cm (4.8 V), 11 kgf-cm (6 V)

Smocke Sensor Reading
Temperature Sensor Reading

Servomotor Reading

l

Servomotor Reading = (0 degree

Smoke Sensor
Reading > 400ppm

And

Temperature
Sensor Reading >
38°C

fl’ Servomotor

‘,L___«

Fig. 4. Flow chart of the working model

In the similar way the smoke concentration of

Mumbai, Goa and Delhi is not the same. So according to the
regions, based on a reference value, the limit values for
temperature sensor and smoke sensor are to be set.
If fire enters the passenger compartment, the temperature and
smoke concentration in the passenger compartment increases
and it is felt by DHT11 temperature sensor and MQ2 smoke
sensor respectively. According to the commands send by
Aurdino, SG90 servo motor unlock the door and MG996R
servo motor operates the fire extinguishers and the system
work automatically to perform these tasks. At the same time
the driver is alerted by a fire alarm; which has a sound signal
and light notification at the dashboard. Since the door is
unlocked and alarm is sounding, anyone around the accident
spot can grab the door and open it from outside. Even the
passenger inside can open it easily. This system is designed
only to unlock the door automatically, and not to open the
door completely. In order to achieve maximum efficiency in
safety, separate systems are fixed in each door. If it is a two-
door vehicle, there will be two separate fire unlocking
systems. If it is four doors vehicle, there will be four separate
fire unlocking systems. For most of the automobiles, the
control of all doors is with the driver. If the driver is the first
person to face the fire risk, he can’t do anything to save others
by unlocking the doors. In such case separate door unlocking
systems are useful in saving the lives as fast as possible.

978-1-7281-5518-0/20/$31.00 ©2020 IEEE 121



Proceedings of the Fourth International Conference on Trends in Electronics and Informatics (ICOEI 2020)

DVD Part Number: CFP20J32-DVD; ISBN: 978-1-7281-5517-3

IV. RESULTS AND DISCUSSION

TABLES5. RESPONSE OF SERVOMOTORS ACCORDING TO
SENSOR CONTROL
Door CO,
tenl?r}J:;'raltlure S,\r:IEIfe Unlocking | Extinguisher
sensor sensor (SG90 (MG996R

Servo) Servo)

38°C < 400ppm < Work Work

38°C < 400ppm > Not Work Not Work

38°C > 400ppm < Not Work Not Work

38°C > 400ppm > Not Work Not Work

A major problem of automobile fire accident is discussed in
this paper. Very recently, a terrific accident of Bus vs Jeep
occurred in Omanthai, Sri Lanka. 5 people killed and 21 got
injured. It is mentioned in the news that the bus and jeep got
fire after the accident and all who travelled in the Jeep were
dead. It is claimed that the fire after the accident is the reason
for the huge count of dead and injured people [14]. This type
of hazards can be solved by attaching the new system called
automatic door unlocking system to the automobiles. A servo
motor is attached on the door to open it based on required
commands and another servo motor is attached to supply the
fire extinguisher to the fire zone. There can be babies or even
people who inhale the toxic gases due to fire and felt
unconscious, trapped inside the vehicle. In such situation an
external person can open the door comfortably from outside
and rescue their life. Since this system has individual
mechanism to unlock each door, there will not be any issue in
opening the doors. The conditions to unlock the door and
initiate the fire extinguishing mechanism are shown in table 5.
Both the systems will work only if the temperature and smoke
value are above the prescribed level. If only one condition
fulfilled, the systems will not work. For example, the
temperature alone may increase, if the vehicle is parked so
long in sun light. The smoke concentration alone may increase
if passengers inside the vehicle smoke cigarettes. But these
two are not fire hazardous situations. This is why conditions
are designed in a way that, both the sensors should show
above prescribed values in order to operate the door unlocking
and fire extinguishing systems.

V. CONCLUSION

At current scenario, the above mentioned system could be one
of best fire emergency door unlocking system. It can be
noticed from research papers that, there is no any mechanisms
available so far to unlock the door during an automobile fire
situation. In current scenario, a light shows an indication in
dashboard, if any door is not closed properly in automobiles.
Once all the doors closed properly the system will be locked
by the driver before starting the vehicle. This is to prevent the
exit of passengers without the knowledge of driver in any
situation. At the same time it has a negative side also. If the

driver didn’t unlock the system under any hazardous situation,
a passenger cannot open the door to escape. In case if the
driver is the first person to die or to get unconscious, the life
of all the passengers is in high risk. The above mentioned
system is designed to address these issues. Even if the battery
fails or the electrical system fails or the door locked manually,
we can have a chance to rescue those who trapped in a fire.
Since separate system is installed for each door, in case if the
system of a particular door fails, the passenger can be saved
by the other door.

VI. FUTURE SCOPE

This system has separate battery to supply power to the
proposed system and the battery has to be changed with time.
When the battery voltage is low, we have to replace it with a
new one. In the future, solar powered rechargeable batteries
can be used for this purpose, since the hybrid technology can
be used in this aspect. Or else the proposed door unlocking
system can be modified to work on the power obtained from
the normal car battery and not from a separate power source.
But in that case, if the fire occurred from the car battery, the
door unlocking system will also not work. So in such case a
separate battery is necessary to open the door which is not
connected with normal car battery. Flame sensor could be
added in the future to increase the accuracy of the system.
With little advancement, in the future, a similar system can be
installed to houses and all the working places where there is
susceptibility of fire hazard.
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