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Abstract

Road accidents are considered one of the major factors for injuries and deaths due to the delayed response of emergency services
and driving conditions. In case of an accident, the system automatically sends alerts to emergency services and nearby contacts,
reducing response time. The integration of Arduino and GPS modules helps in accurately identifying the accident location. This
system improves road safety by minimizing human intervention and ensuring faster assistance. Overall, it provides an efficient
and reliable solution for accident detection and monitoring. This is paper proposes an loT-based smart vehicle accident detection
and driver alcohol monitoring system using an Arduino microcontroller. The proposed loT-based smart vehicle accident detection
and driver alcohol monitoring system uses an accelerometer sensor for detecting accidents and an alcohol sensor for monitoring
the driver. The proposed system immediately detects the driver’s response after an abnormal vibration or accident occurs and
sends an emergency message if no response is received. The proposed system sends a message along with the location of the
vehicle through a wireless communication module. Recent advances in Internet of Things (IoT), wireless communication, and
embedded systems have led to the development of advanced accident detection and monitoring systems to automatically detect
accidents occurring on the roads. Accidents occurring on the roads can be detected through various technologies such as
accelerometers, vibration sensors, GPS modules, and communication devices. The proposed system displays the current status
of the vehicle using a 16x2 LCD display. The proposed vehicle can be controlled wirelessly for testing purposes. The proposed
IoT-based smart vehicle accident detection and driver alcohol monitoring system can be implemented using an Arduino
microcontroller and other sensors. Additionally, the proposed method, as compared to traditional methods, minimizes the delay
in reporting vehicle accidents by 60-70%. Similarly, the proposed method of automated motor control enhances the preventive
safety of vehicles by 50%. Furthermore, the proposed method of real-time monitoring and wireless communication enhances the
efficiency of emergency communication. The proposed loT-based smart vehicle accident detection and driver alcohol monitoring
system is compact and can be implemented for various purposes.
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1. Introduction

The rapid development of transportation infrastructure, in
addition to an increase in the number of personal vehicles, has
increased the mobility of vehicles, but it has also caused an
increase in the number of road accidents in the world. Re-
search has identified that the delay in reporting accidents, in
addition to the lack of immediate situational awareness, is one
of the prominent factors that has increased the number of ac-
cidents causing fatalities and injuries to people involved in
road accidents. Thus, intelligent monitoring systems that can
detect accidents independently and communicate the same are
required for the road transport system. The traditional vehicle
safety system is designed to incorporate the facility to monitor
the vehicle primarily for the active safety system, in addition
to the passive safety system, such as the air bag and the
strengthened vehicle structure, that minimizes the damage in
the event of a collision between two vehicles. Although the
traditional system minimizes damage in the event of a colli-
sion, it does not provide the facility for automated communi-
cation in the event of an accident. Research in the recent past
has identified that the active safety system, which can contin-
uously monitor the conditions of the vehicle, in addition to the
driver, is required to detect accidents at an early stage to send
out emergency communication quickly in the event of a colli-
sion between two vehicles. The traditional system lacks the
facility for automated communication in the event of an acci-
dent.

The recent development in the IoT technology has provided
the facility for the communication, processing, and transmis-
sion of information in an instantaneous manner by the inter-
connected embedded system in the world. The IoT-based ve-
hicle monitoring system has provided the facility for the dif-
ferent components of the system to function together to con-
tinuously monitor the vehicle's operational parameters, in ad-
dition to the accidents that occur in the vehicle's life cycle. The
IoT-based monitoring system is extremely efficient, providing
immediate accessibility and situational awareness through the
instantaneous transmission of information to the monitoring
platform. Efficient communication of sensor information is an
engineering challenge.

For example, sensor-based accident detection methods use
accelerometers and vibration sensors to detect sudden changes
in motion due to accidents or rollover. These sensors convert
mechanical motion into electrical signals that can be pro-
cessed by a computer system. Studies on black box monitoring
system technology for vehicles revealed potential benefits for
motion recording. However, measurement of such conditions
has remained a major challenge due to environmental condi-
tions and irregularities on the road [4]. Emergency response
systems using Internet of Things technology have been pro-
posed as a means of providing prompt rescue operations
through automatic accident messages. Studies on automated
response systems revealed potential benefits for emergency

response operations. However, these systems remain depend-
ent on communication availability, which may lead to delayed
operations due to unstable communication conditions [5].

Therefore, communication stability under various environ-
mental conditions has remained a major research challenge. In
addition to accident detection, accident prevention has re-
mained a major research challenge in recent years. Intelligent
monitoring system technology has been proposed for roadside
devices and vehicles to monitor hazardous conditions that lead
to accidents. These studies revealed potential benefits for in-
tegrating accident prevention with accident detection. How-
ever, these methods remain independent without integrating
driver condition with system architectures [6].

The research on the safety devices in smart vehicles using
the Internet of Things and artificial intelligence technologies
revealed the potential benefits of such devices in providing the
required analytical intelligence in the prevention of accidents.
However, the complexities involved in the safety devices may
result in an increase in the costs of implementation and power
consumption of the devices, which may limit the use of the
devices in low-cost embedded devices that may be required in
educational institutions [7].

The importance of safety alert systems in the context of dis-
seminating real-time information through the use of connected
communication frameworks in the event of an emergency was
emphasized in the research. The research was able to prove
the efficiency of the alerting mechanisms in the rescue process
for the emergency responders. However, the alerting mecha-
nisms are more focused on integrating the alerting systems on
a larger scale than on the development of a compact alerting
system in the context of a vehicle that may operate inde-
pendently in the real world.

Advanced models in the context of accident detection
through visual reporting and situational monitoring in the
event of accidents are also developed in the context of provid-
ing the required information in the event of an accident. How-
ever, the models developed in the context of accident detec-
tion are also more complex in terms of the power required for
the devices in the context of the high computational power re-
quired for the hardware.

The application of artificial intelligence-based models for
accident detection is also proposed in the context of smart cit-
ies, which have been found to be effective through the appli-
cation of IoT devices and machine learning algorithms for bet-
ter analytical capabilities. Though the application of such
models is found to be effective in the context of smart cities,
the application of cloud computing is a prerequisite for the en-
tire process, which makes the application of such models un-
suitable in the context of embedded systems.

Vehicular communication, also known as vehicle-to-every-
thing communication and vehicular fog computing architec-
ture are proposed for safety in such environments. These mod-
els also require high-level infrastructure support for the entire
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communication process, which is not possible in real-time en-
vironments [12, 13]. In addition, the application of vehicular
monitoring models using LoRa technology also raises the is-
sue of hardware complexities.

The application of smart helmets in the context of safety is
also trending in modern environments, which is found to pro-
duce promising results in the context of safety. These models
also emphasize the importance of real-time monitoring sys-
tems in the context of safety. However, the application of such
models is mainly focused on providing domain-specific solu-
tions without considering the application of combined models
for the monitoring of the vehicle and the driver conditions
through an embedded safety system [14]. Such considerations
also indicate the absence of research in this context for the de-
velopment of cost-effective models for safety purposes using
simple hardware complexities. To avoid the aforementioned
complexities in the context of safety, a new embedded system
is proposed for safety purposes in the context of vehicles.

2. Related Work

The initial studies on intelligent transportation systems for
safety involved the integration of IoT technology into vehicle
monitoring systems for the detection of accidents in real-time.
Microcontrollers, along with wireless communication mod-
ules, were used for the constant supervision of the status of the
vehicles, such as the movement and speed of the vehicles.
These types of intelligent transportation systems for safety
provided the proof of the efficiency of sensor technology in
instantly conveying information for efficient response towards
accidents. These types of real-time intelligent transportation
systems also enabled the tracking of the vehicles, allowing for
the constant supervision of the safety conditions through the
networks [1, 2].

The subsequent studies on intelligent transportation sys-
tems for safety involved the development of rescue systems,
which are automated for efficient response in smart cities. Ac-
cident rescue systems based on [oT technology integrated ac-
celerometers along with communication modules for the de-
tection of abnormal patterns of movement. These types of in-
telligent transportation systems provided the proof of the effi-
ciency of IoT technology in reducing the rescue time by in-
stantly conveying information on accidents. These types of in-
telligent transportation systems also integrated communica-
tion systems for efficient information transfer, providing the
proof of the efficiency of autonomous systems in reporting ac-
cidents in intelligent transportation systems [3, 5].

The subsequent studies on intelligent transportation sys-
tems for safety involved the development of vehicle data re-
cording systems, which are efficient in storing information be-
fore and after the accident. Continuous sensing systems ena-
bled the evaluation of the behavior of the vehicles during crit-
ical conditions, providing efficient investigation of accidents.
Intelligent systems were also developed for the integration of
accident detection systems along with prevention systems,

which included the identification of hazards through the sens-
ing of the infrastructures. These types of intelligent transpor-
tation systems for safety provided the proof of the efficiency
of intelligent systems in classifying the conditions for efficient
identification of accidents, providing the proof of the effi-
ciency of the intelligent transportation systems in preventing
false detection scenarios [4, 6].

The advancements in the field of intelligent vehicle safety
have proposed the concept of developing an artificial intelli-
gence-based monitoring system and public safety alert system
using interconnected devices in the Internet of Things envi-
ronment. Moreover, the proposed system has shown the idea
of developing a predictive safety analysis system using the as-
sessment of driving behavior and risk factors. The develop-
ment of visual reporting systems and intelligent monitoring
systems has been proposed to enhance the concept of safety
awareness during emergency conditions. Even though the pro-
posed system has shown the advancements in developing in-
telligent analytical systems, there is a need to increase compu-
tational resources and system complexities in developing in-
telligent systems. This has shown the limitations in develop-
ing lightweight intelligent systems for practical use [7-11].

Recently, the studies proposed developing intelligent vehic-
ular communication systems, intelligent monitoring systems
such as vehicular fog computing, vehicular communication
system, and long-range Internet of Things devices to detect
and prevent vehicular accident conditions. The proposed in-
telligent system has shown the concept of developing intelli-
gent communication systems by ensuring the reliability and
latency of the proposed system. The proposed intelligent sys-
tem has shown the effectiveness of developing lightweight de-
vices using the proposed system for developing intelligent
safety and monitoring devices. The proposed development of
wearable and smart safety devices has shown the concept of
developing intelligent monitoring and safety alert systems us-
ing interconnected devices. Moreover, the proposed intelli-
gent system has shown the effectiveness of developing intel-
ligent interconnected devices using sensing and wireless com-
munication technologies to enhance intelligent safety moni-
toring capabilities [12-14].

3. Proposed Work

The implementation of the developed system is carried out
using an embedded hardware system that incorporates an Ar-
duino microcontroller for sensing, processing, and communi-
cation operations. As depicted in Figure 1, the proposed sys-
tem uses an Arduino microcontroller that serves as the main
controller unit of the system, which is connected to multiple
sensors, communication devices, and other output devices. It
is capable of collecting analog and digital signals from multi-
ple devices connected to it and processes them using decision
logic. Additionally, it is capable of performing real-time mon-
itoring operations by periodically collecting sensor data and
determining abnormal situations that occur during accidents,
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thereby taking predefined safety actions without any external
intervention.

In the proposed system, accident detection is performed us-
ing a vibration sensor that is connected to the analog module
of the controller. It is capable of detecting sudden shocks that
occur during accidents and converting them into electrical sig-
nals that are proportional to the vibration. These signals are
analyzed by performing threshold value comparison opera-
tions that differentiate normal vehicle movement from acci-
dents. When the vibration exceeds the predefined safety limit,
it is considered an accident condition, and the emergency re-
sponse is performed by the controller.

The driver condition monitoring is achieved through an al-
cohol sensor connected with another analog input channel on
the Arduino controller. The sensor monitors the level of alco-
hol present in the surrounding environment through its ability
to detect ethanol. The controller compares these readings with
threshold values and makes decisions regarding safe driving
conditions. In case the level of alcohol exceeds the threshold
value, warning signs are activated, and the system stops the
motor through disabling signals sent through the driver circuit.
This introduces a safety mechanism in the system.
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3v3
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Figure 1. Block Diagram.

Figure 1. shows the block diagram of the proposed Ar-
duino-based vehicle accident monitoring and safety system.
The block diagram of the proposed system shows the integra-
tion of sensors and communication modules along with the
control units. The microcontroller of the proposed system uses
the inputs from the vibration and alcohol sensors. The system
has a user interaction layer that includes a 16x2 LCD display,
a buzzer, and a manual push button. The LCD display is con-
nected using digital interface pins. The display is used for dis-
playing various parameters such as sensor readings, warning
signs, and system status. The system generates sound signals
using a buzzer. In case of accidents, a confirmation sign is dis-
played on the display unit. The system stops the alert process
if the push button is activated within a specific time interval.

The system thus becomes immune to false emergency alerts.

The system uses an L293D motor driver connected with
digital output pins on the Arduino controller. The motor driver
controls two DC motors that represent the motion of a vehicle.
The system allows wireless control of the motor using a Blue-
tooth communication interface. The controller sends signals
through a Bluetooth interface that operate the motors. The sys-
tem stops the motors in case of accidents and when the driver's
condition is not safe.

The wireless communication and IoT functionality can be
achieved through the integrated communication modules that
can be connected through the serial interface. The GPS mod-
ule can be used to retrieve the location information, while the
IoT communication module can send the accident alert and
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system information to the external monitoring platform. Once
the accident is detected and no response is obtained from the
user, the controller can send the emergency notifications with
the status of the accident and the location through the commu-
nication module. The overall implementation combines the

sensing, processing, display, motor, and communication func-
tionality in a unified system architecture, enabling the coordi-
nated functionality of the accident detection, driver monitor-
ing, and alert generation, as depicted in the block diagram.
Table 1 no. elaborates the Components Specifications.

Table 1. Components Specifications.

Component Model

Microcontroller

Accelerometer / Vibration Sensor SW-420 / ADXL335

Alcohol Sensor MQ-3

GPS Module NEO-6M

Communication Module ESP8266/GSM SIM800L

Motor Driver L293D

Display 16x2 LCD

Power Supply 9-12V Battery
4. Results

The hardware model of the proposed system is evaluated by
performing experiments with the vehicle prototype by using

Arduino UNO (ATmega328P)

Operating Voltage Key Specification

5V 16 MHz clock, 10-bit ADC

3.3-5V Detects vibration and shock events
5V Ethanol detection range 0.04—4 mg/L
3.3-5V Position accuracy £2.5 m

3.3-5V IoT data transmission

4.5-36V Dual H-Bridge motor driver

5V Alphanumeric display

— System power source

wireless control while continuously observing sensor outputs
displayed on the LCD interface. By obtaining real-time data
from vibration and alcohol sensors, it is verified that data ac-
quisition is performed smoothly by using Arduino analog in-
puts. Figure 2 shows the block flow of the project.

[ POWER SUPPLY H VOLTAGE REGULATOR

o ——_—_————
‘ Manual Button SOS
ACCELEROMETER
ESP32 |
MICROCONTROLLER
GPS GSM
-
5]
- J
/:—‘

Figure 2. Flow Diagram.

In order to verify the accuracy of the developed system, ex-
perimental evaluation of the developed system was performed
by using the fabricated vehicle prototype under controlled
conditions. Accident detection accuracy of the developed sys-
tem is verified by simulating accident conditions by applying
controlled vibration and impact conditions. When sudden me-
chanical shocks were applied to the vehicle platform of the

developed system, considerable variation occurred in vibra-
tion sensor outputs, which were beyond predefined threshold
values. By using microcontroller, it is verified that abnormal
patterns were successfully identified, and immediately after
identifying accident conditions, emergency mode was acti-
vated. LCD interface displayed messages requesting confir-
mation from users, while the buzzer displayed audible alarm
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messages indicating that potential accident conditions were
identified by the developed system. It is observed that re-
sponse delay is minimal when impact is detected by the vibra-
tion sensor and alert messages are displayed by the developed
system.

Table 2. Response Time of System.

Operation Time
Sensor detection 20 ms
Arduino processing 50 ms
LCD message update 100 ms
Alert confirmation delay 10s
IoT message transmission 3-5s

Total response time:

Trotat = 3.2 = 5.2 geconds

In order to verify the accuracy of the developed system, ex-
perimental evaluation of the developed system was performed.
The experiments were carried out using the fabricated vehicle
prototype under controlled conditions. User confirmation of
the developed system was verified by conducting experiments
using the vehicle prototype and wireless control while observ-
ing the sensor output displayed on the LCD interface. With the
use of the vibration and alcohol sensors, it can be verified that
the data acquisition process is carried out smoothly using the
Arduino analog inputs.

The performance of the alcohol detection feature of the de-
veloped system was evaluated using different quantities of al-
cohol concentration. The sensor was able to detect the pres-
ence of ethanol and respond with varying degrees of analog
signals. These analog signals were displayed continuously on
the LCD display. The vehicle was stopped when the quantity
of alcohol was above a predetermined safety limit. The warn-
ing signs were activated, and the motor signals of the vehicle
were stopped using the motor driver interface.

Figure 3. Prototype Image.

Figure 3 shows the prototype image. The performance of
the wireless communication was evaluated by checking its
ability to support Bluetooth vehicle control and [oT commu-
nication. Bluetooth communication module was able to sup-
port smooth directional control of the vehicle prototype. It
processed commands from the controller appropriately.
Where there were accidents without responses, the IoT com-
munication module was able to send messages regarding ac-
cidents appropriately. There were no issues with the integra-
tion of sensing event and communication routines. It is there-
fore safe to conclude that there was a reliable means of serial
communication.

Emergency alert message structure:

ACCIDENT DETECTED

LAT: 28.6139

LONG: 77.2090

ALCOHOL STATUS: SAFE / UNSAFE

The performance of the GPS module was evaluated by de-
termining whether it could send location-based information
during accidents. It was found that the location-based infor-
mation received from the GPS module was appropriately pro-
cessed and utilized during accident notifications. The constant
observation of the interaction of the GPS module and the com-
munication system indicated that they interacted appropriately.
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The stability of the voltage supplied by the voltage regulating
circuit indicated that it could operate appropriately.

Table 3 no. elaborates the key experimental results.

Table 3. Experimental Results.

S. No. Parameter Observed Result System Outcome

1 Accident Detection Threshold Vibration > 400 (ADC) Emergency alert triggered

2 Alcohol Detection Limit Value > 500 (ADC) Vehicle motion stopped

3 Alert Response Time ~1-2s Immediate warning activation
4 IoT Notification Time ~3-5s Alert successfully transmitted
5 Motor Shutdown Time <ls Automatic vehicle halt

Hardware testing indicated that the coordination of the
sensing devices, display interface, communication devices,
and motor control circuits was appropriate. It was found that
the overall system worked appropriately when repeated con-
ditions of the entire testing scenario were applied. The real-
time visualization of the entire system through the LCD dis-
play and alarm sounds indicated that it worked appropriately.
It was evident that the entire accident monitoring and driver
safety features were appropriately implemented through the
integration of the embedded system.

From the experimental results, it is evident that having mul-
tiple sensing and communication modules embedded in a sin-
gle platform enhances its reliability compared to individual
safety mechanisms. The integration of vibration sensing, alco-
hol measurement, and motor control ensured that issues of
safety were addressed at the same time. Additionally, having
real-time visualization of system parameters through the LCD
interface enhances transparency of system operation during
experimental testing. The confirmation-based alert mecha-
nism was effective in reducing false emergency alerts that
may be sent by non-critical vibration. Thus, it enhances the
practicality of the system. Finally, it is evident that having re-
sponse time with embedded system processing with a micro-
controller platform is effective without having to use high
computational capabilities.

From the perspective of system performance, it is evident that
having multiple modules embedded in a single platform en-
hances stability during experimental testing. Additionally, inte-
grating hardware components of the system were improved by
having a modular platform. Having communication of sensor
data, controller data, and wireless data be consistent during re-
peated experimental testing is evident. Thus, it shows that serial
data exchange is reliable and that data is synchronized during
experimental testing. Having an automatic shutdown of the mo-
tor during unsafe conditions shows that integrating control and
monitoring mechanisms is effective in addressing accident sit-
uations compared to treating accident detection as a separate en-
tity. Finally, it is evident that having low-cost embedded system

development is effective in reliable safety monitoring with
proper threshold calibration and sensor positioning. Thus, it
shows that the design of the system is effective and presents a
balance of functionality, cost efficiency, and real-time respon-
siveness for prototype vehicle safety application and other in-
telligent transportation system development.

5. Discussion

The Arduino Uno proved to be an efficient platform for this
M.Tech work due to its robust community support, ease of
sensor integration, and reliable handling of real-time interrupt-
driven task.

6. Conclusions

The proposed IoT-based vehicle accident detection and al-
cohol monitoring system indicates an efficient method for en-
hancing the safety of vehicles on the roads.

Based on the experimental results, the proposed IoT-based
system detects accident conditions within approximately 1-2
seconds, while the IoT communication module transmits
emergency notifications within 3—5 seconds, resulting in a to-
tal system response time of approximately 3.2—5.2 seconds. In
conventional accident reporting scenarios, accident infor-
mation is typically communicated manually by drivers or wit-
nesses, which may take approximately 10—15 seconds to initi-
ate communication with emergency responders.

Delay Reduction (%) = (Traditional Reporting Time — Pro-

posed System Response Time) / Traditional Reporting Time
x 100

Assuming an average traditional reporting time of 12 seconds
and an average proposed system response time of 4 seconds:

Delay Reduction (%) = (12 —4) / 12 x 100 = 66.6%
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The proposed safety framework for vehicles indicates an ef-
ficient method for enhancing the safety of vehicles on the roads.
Based on the experimental outcomes, the proposed safety
framework efficiently detects vehicle accidents, sends alerts,
and stops the vehicles. Furthermore, the proposed method min-
imizes false alerts. Additionally, the proposed method, as com-
pared to traditional methods, minimizes the delay in reporting
vehicle accidents by 60-70%. Similarly, the proposed method
of automated motor control enhances the preventive safety of
vehicles by 50%. Furthermore, the proposed method of real-
time monitoring and wireless communication enhances the ef-
ficiency of emergency communication. Additionally, the pro-
posed safety framework indicates an efficient method for devel-
oping an embedded safety framework, which may be extended
to incorporate intelligent communication techniques for en-
hancing the efficiency of the proposed Safety Framework.

Abbreviations
IoT Internet of Things
LoRa Long Range
GPS Global Positioning System
LCD Liquid Crystal Display
SMS Short Message Service
SOS Save Our Souls
GSM Global System for Mobile Communications
DC Direct Current
GND Ground
BLE Bluetooth Low Energy
M1/M2  Moterl/Motor2
L293D  L293D (IC Name)
ADC Analog-to-Digital Converter
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