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Abstract. Advanced safety measures are essential due to the high frequency of
motorcycle accidents, particularly those that involve alcohol. This proposal in-
troduces a two-stage approach for comprehensive alcohol detection and ignition
control. The initial stage involves integrating a MQ-3 alcohol sensor with an
STM32F103C6T6 microcontroller, which acts as the main system. The micro-
controller, coupled with an ESP8266 module for Wi-’Fi and Bluetooth connec-
tivity, facilitates communication between components. The MQ-3 sensor can
identify the presence of alcohol in a rider's breath. The microcontroller's ADC
converts the sensor's analog signal into digital data and the Blood Alcohol Con-
centration (BAC) level is assessed against a preset threshold. The motorcycle’s
ignition is controlled based on this assessment, disabling it if BAC exceeds the
threshold. Second stage enhances safety through continuous monitoring using a
second MQ-3 sensor embedded in the rider’s headgear, connected to ESP32
module. This sensor ensures ongoing alcohol detection while the rider is in mo-
tion. If the helmet sensor detects elevated BAC levels during a ride, it transmits
an alert to the STM32, which activates an engine termination mechanism. A
GPS module monitors the motorcycle’s real-time location, and a GSM module
transmits an alert message with the rider’s location to a designated contact in
case of high BAC detection. This dual-layer approach is designed to reduce the
number of accidents and driving under the influence (DUI) by preventing intox-
icated and unauthorized individuals from operating the motorcycle, thereby im-
proving overall safety.

Keywords:Motorcycle safety, Alcohol detection, Ignition control, STM32 mi-
crocontroller, ESP32, BAC monitoring, Helmet sensor, Engine cutoff, GPS
tracking, GSM alert.

1 Introduction

Road accidents still remain one of leading cause of mortality worldwide and fatality
continues to increase at an alarming rate. World Health Organization (WHO) data
indicates that around 1.9 million people die each year on world roads [1]. Motorcycles
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and other powered two and three wheelers represent a particularly significant part of
these [1] among which, motorcycles in particular are influential in many lower- and
middle-income countries, India being one of them.

According to the Road Accidents in India 2022 report, in a single year, two-wheelers
were caused accidents in 63,115 accidents and a loss of 25,228 lives too. The top
causes behind this crisis include speeding, driver distractions, and lack of safety
measures, but drunk driving is still the leading cause of the crisis. Riders' judgement
and motor skills are significantly impaired by blood alcohol concentration (BAC)
above the legal limit of 0.03 % (30 mg/dL) when the law passes, and not only put
their own life in danger but also endanger the lives of the other pedestrians and road
users [2][3].

Much work has already been done on alcohol detection and prevention systems, but
most of them concentrate solely on post ride detection or on the fuel ignition when it
has already started. One limitation limits the effectiveness of their prevention of drunk
riding, because by the time the system intervenes, the rider is already in motion. The
Existing solutions employed are mostly based on Arduino Uno which will cut off the
ignition once intoxication is detected [4]. Unfortunately, they do not have an end-to-
end safety mechanism that will prevent the ignition from firing before the rider is
imbibed and monitor throughout the ride.

This study proposes an improved dual phase alcohol detection and ignition control
system, that utilizes an STM32 microcontroller. In contrast to previous models, our
system offers pre-ride BAC monitoring as well as continuous in ride BAC monitoring
leading to real time intervention if intoxication is detected during the ride. This ap-
proach integrates helmet-based alcohol sensors, GPS tracking, and GSM alert mecha-
nism to warn the rider and notify emergency contacts then slowly reduce the speed
before an engine cut off as a safe method.

2 Related Works

2.1 GSM-Based Ignition Control System

Abbasi et al. (2017) developed a GSM-based ignition control system that utilizes
mobile communication for remote vehicle disabling via SMS or phone calls [5]. This
system highlights the integration of GSM technology for real-time control, providing
foundational insights into how remote communication modules can enhance vehicle
safety systems and prevent misuse or impaired driving.

2.2 IoT and Machine Learning in Driver Safety

Uma Subramanian and Eswari Rajagopal (2022) proposed an IoT and machine learn-
ing-based system designed to monitor driver behaviors, such as drowsiness and alco-
hol impairment, using sensors and cameras [18]. The collected data is transmitted to
the cloud, where machine learning algorithms analyze the driver’s state and provide
real-time responses to prevent accidents. This work underscores the importance of IoT
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and machine learning in real-time safety systems and inspires the use of cloud data in
proactive accident prevention technologies.

2.3 Helmet-Based Alcohol Detection

Vijayan et al. (2014) introduced a Smart Helmet system for two-wheelers that inte-
grates alcohol detection and helmet compliance checks [19]. The helmet features a
transmitter that communicates data to a receiver on the bike, ensuring ignition is disa-
bled if the rider is intoxicated or not wearing the helmet properly. This work empha-
sizes the importance of rider-specific safety mechanisms and lays the groundwork for
wearable safety technologies.

2.4  Safe Driving System Based on STM32

Chen and Shuqun (2019) presented a safe driving system using the STM32 microcon-
troller to address three major causes of accidents: collisions, drunk driving, and fa-
tigue [10]. The system integrates an MQ-3 alcohol sensor for detecting intoxication,
an HC-SR04 ultrasonic sensor for anti-collision monitoring, and a Raspberry Pi mod-
ule for fatigue detection via face recognition. Its modular design and use of STM32
for real-time processing validate its effectiveness in safety applications and strongly
influence the proposed two-wheeler safety system.

2.5  Alcohol Detection and Engine Control System

Altaf et al. (2017) presented a microcontroller-based system aimed at preventing acci-
dents caused by alcohol consumption among drivers [6]. The system utilizes an MQ3
alcohol sensor, positioned near the steering wheel, to detect alcohol presence in the
driver’s breath. If alcohol is detected before the ignition, the microcontroller immedi-
ately disables the car’s ignition to prevent it from starting. Additionally, if alcohol is
detected while the vehicle is in motion, the system gradually reduces the fuel supply,
ensuring the vehicle slows down safely.

2.6  IoT-Enabled Alcohol Detection and Alert Systems

Francis et al. (2019) developed a system that combines health monitoring with alcohol
detection using IoT [9]. GSM and GPS modules transmit real-time alerts and location
data when intoxication is detected, enabling immediate response by designated con-
tacts. This work demonstrates the scalability of IoT frameworks for integrating com-
munication capabilities with safety systems, which is crucial for enhancing two-
wheeler rider protection.
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2.7  Intelligent Biking Systems

S. J. Swathi, Shubham Raj, and D. Devaraj (2019) presents a comprehensive safety
and security system for two-wheeler riders [16]. The system integrates a smart helmet
with an intelligent bike mechanism to address issues such as accidents due to not
wearing helmets, drunk driving, and vehicle theft. Key components include an RFID
module for rider authentication, a proximity sensor to ensure helmet usage, and a gas
sensor to detect alcohol consumption. The ignition system is designed to activate only
when the rider wears the helmet, is authenticated via password, and has no detectable
alcohol in their breath. This multi-layered approach aims to significantly reduce acci-
dent rates and enhance the security of two-wheeler vehicles.

3 Modular Description

The system is divided into two interconnected phases, each performing a separate set
of functions to provide a comprehensive intoxication monitoring and ignition preven-
tion system. This section provides a full explanation of the system’s components and
their relationships as shown in the block diagram.

Stage 1 is the STM32 microcontroller, which acts as the principal controlling node for
all operations within the motorbike unit. The microcontroller communicates with
many components to ensure real-time decision-making and precise system control.
The MQ-3 alcohol sensor, responsible for monitoring the rider's breath which has to
be warmed up for 20 seconds for sensing [10], and after preheating period it delivers
its output to the ADC pin of the STM32. The microcontroller processes this analog
input and performs appropriate computations to evaluate the data. Connected to the
STM32 is the Driver IC, which serves as the middleman for controlling the motor.
The STM32 delivers commands to the Driver IC to govern the motor status, determin-
ing whether to enable ignition or halt the vehicle, depending on system inputs.

The GPS module installed into this stage interfaces with the STM32 to give position
tracking capabilities. It communicates real-time geographical coordinates as needed,
assisting with situational awareness and emergency reactions. Similarly, the GSM
module handles the communication of alarm messages

Stage 2, installed within the helmet, is a small unit focused on real-time detection and
communication. The ESP32 microcontroller in this level works as the central proces-
sor, managing inputs from the MQ-3 alcohol sensor and IR sensor.

3.1 STM32 Microcontroller

The core of the system's functionality in Stage 1 is the STM32 microcontroller, a 32-
bit ARM Cortex-M3 processor with a maximum clock speed of 72 MHz [10]. It in-
corporates a 12-bit ADC for accurate translation of analog signals from the MQ-3
sensor into digital data. The STM32, including adaptable communication interfaces
like UART, SPI, and 12C, is crucial in processing BAC levels, regulating the ignition
system, and overseeing connections with external devices such as GPS and GSM
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modules. It also permits communication with the Stage 1 ESP8266 module using
UART, ensuring seamless integration across the system.

GSM GPS
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Fig. 1.Block diagram of the Dual-Phase System

3.2 ESP32, ESP8266 Microcontrollers

The ESP32 and ESP8266 microcontrollers are essential to both phases of the system.
In Stage 1, the ESP8266 functions as a conduit, employing its Wi-Fi and ESP-NOW
protocol capabilities to facilitate wireless communication with the helmet-mounted
ESP32 in Stage 2. During Stage 2, the ESP32 operates as the primary controller, ana-
lyzing data from the MQ-3 sensor and the IR sensor. The dual-core processor and
Bluetooth connectivity provide speedy data transfer and dependable performance,
guaranteeing the system's prompt response to intoxication detection or helmet compli-
ance concerns.
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3.3 MQ-3 Alcohol Sensor

The MQ-3 alcohol sensor is applied in both stages for breath alcohol detection. The
sensor, including a detection range of 0.04 mg/L to 4 mg/L, exhibits exceptional sen-
sitivity to ethanol vapors, ensuring precise and dependable measurements. In Stage 1,
it checks the rider's BAC level before ignition, while in Stage 2, it constantly monitors
the rider's breath during motion. The analog outputs from the MQ-3 sensors are digit-
ized by the STM32's ADC or processed directly by the ESP32 in Stage 2 for real-time
analysis.

34 IR Sensor

The IR sensor in Stage 2, with a detection range of 2 cm to 30 cm, is responsible for
validating helmet compliance. It detects the presence of the helmet, guaranteeing that
the safety system is operational only when the helmet is worn. The sensor’s output is
processed by the helmet-mounted ESP32, which sends compliance status to the mo-
torbike unit via the ESP-NOW protocol.

3.5 GPS Module

The GPS module in Stage 1 is designed to provide accurate location tracking with an
error tolerance of +2.5 meters. The module continuously delivers real-time location
data to the STM32. This information is crucial for informing pre-configured contacts,
such as emergency services or relatives, in case of alcohol detection above the thresh-
old.

3.6 GSM Module

The GSM module operates on quad-band frequencies and works in concert with the
GPS module. Upon detecting alcohol levels above the BAC limit, the STM32 initiates
the GSM module to send SMS notifications with the rider’s position to pre-defined
emergency contacts. This ensures that help may be provided immediately in crises.

3.7 Driver IC

The Driver IC in Stage 1 is a H-bridge motor driver capable of supplying up to 1A per
channel [15]. It receives control signals from the STM32 to either enable or disable
the motor ignition, dependent on the BAC values. This ensures that the system can
enforce ignition cut-off or allow regular operation when the rider’s alcohol levels are
within legal limits.

3.8 Wireless Communication Protocol

ESP-NOW, a low-latency wireless communication protocol, provides efficient and
secure data transmission between the Stage 1 and Stage 2 ESP modules. With a range
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of up to 200 meters, this protocol ensures that the helmet-mounted ESP32 may con-
tinually send intoxication and helmet compliance data to the motorbike unit without
delays or signal losses.

The components listed above are integrated in a modular architecture. The STM32
microcontroller in Stage 1 operates as the central control unit, analyzing inputs from
sensors and modules to make decisions about ignition control. In Stage 2, the ESP32
microcontroller monitors the helmet-mounted sensors and transmits vital data back to
Stage 1. Together, these components comprise a powerful and synchronized safety
system that successfully prevents impaired riding and promotes overall motorcycle
safety.

4 System Design and Implementation

This section outlines the technical implementation of the "Dual Phase Intoxication
Monitoring and Ignition Prevention System," divided into two distinct phases for
effective alcohol detection and ignition control. The system employs STM32 with
ESP8266 and ESP32 microcontrollers, MQ-3 alcohol sensors, GPS, GSM, and IR
sensors to ensure seamless operation and safety.

4.1  System Overview

At the core of the system is the STM32 microcontroller, which is responsible for sig-
nal processing, decision-making, and controlling outputs. An MQ-3 alcohol sensor
detects ethanol vapors in the rider's breath, outputting an analog voltage proportional
to the alcohol concentration. This signal is converted into digital data via the STM32's
ADC pin for further analysis. An IR sensor (FC-51), connected to the Phase 2 ESP32
microcontroller, ensures ignition is only initiated when the rider wears the helmet.
Additional safety components include GPS and GSM modules for location tracking
and sending emergency alerts. Communication between the helmet and bike units is
facilitated by ESP32 modules using the ESP-NOW wireless protocol. The ignition
system is controlled by the L293D motor driver, while a regulated power supply en-
sures stable voltage levels for all components.

4.2  Phase 1: Pre-Ignition Alcohol Detection

In Phase 1, the MQ-3 sensor monitors alcohol levels when the rider attempts to start
the motorcycle. Its analog output is connected to the STM32’s ADC pin for digital
signal conversion. If the detected alcohol level exceeds the permissible threshold of
30 mg/100ml BAC, the STM32 initiates safety measures: disabling ignition via the
L293D motor driver, sending an SMS with the rider’s GPS location using the GSM
module, and displaying an alert on an LCD. Conversely, if the alcohol level is within
a safe range, the STM32 enables ignition. An ESP module in this phase 1 handles
communication with the helmet unit in Phase 2 via the ESP-NOW protocol, ensuring
seamless integration.
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Fig. 2. Schematics of phase — 1 System.

4.3  Phase 2: In-Motion Alcohol Monitoring

Phase 2 focuses on continuous monitoring while the motorcycle is in motion. A hel-
met-mounted MQ-3 sensor scans the rider’s breath for alcohol vapors, and an IR sen-
sor ensures helmet compliance. These sensors connect to an ESP32 microcontroller,
which processes data and communicates with the bike-mounted ESP8266 using ESP-
NOW. If alcohol is detected or the helmet is not worn, the helmet’s ESP32 sends a
warning signal to the bike-mounted ESP8266, which relays it to the STM32 via
UART communication. Upon receiving this signal, the STM32 implements safety
protocols, such as decelerating the vehicle by reducing the fuel supply and eventually
cutting off the ignition to prevent further operation. This real-time communication
ensures immediate response and rider safety.



1864 T. Boopathy et al.

M1

u1
our  Fest ESP32-38PinWide

GND v

Partl

e

Do AO |

QWAs/LLOID

MQ
o BREAKOUT

GND

o
2
B
atnpoy
T4Tm
ob387TH
S2EdS3

VIN SV e

149

¥1205/30140

Fig. 3. Schematics of phase — 2 System.

4.4  Circuit Design

The circuit design ensures robust operation through efficient integration of all compo-
nents. The MQ-3 sensor’s output connects to the STM32’s ADC pin, powered by a
regulated 5V source. The IR sensor is linked to a GPIO pin on the Phase 2 ESP32 for
helmet verification. GPS and GSM modules interface with the STM32 via UART,
with GPS providing real-time location data and GSM sending SMS alerts. The ESP32
modules establish wireless communication between the helmet and bike units and
interface with the STM32 via UART. The system is powered by a 9V battery, with
voltage regulators providing 3.3V and 5V to respective components. The L.293D mo-
tor driver, controlled by STM32 GPIO outputs, activates or deactivates the motor
based on alcohol levels and helmet detection status.

Fig. 4. Circuit connection of phase — 1 System.
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Fig. 5. Circuit connection of phase — 2 System.

5 Conclusion

The "Dual Phase Intoxication Monitoring and Ignition Prevention System" is a safety
solution designed to avoid accidents caused by impaired driving in the two-wheeler
industry. The system combines modern microcontroller technologies, such as the
STM32F103C6T6A and ESP32-WROOM, to incorporate alcohol detection, ignition
control, and real-time communication. It operates in two stages: pre-ignition detec-
tion, which stops inebriated riders from starting their vehicles, and in-transit monitor-
ing, which constantly analyzes alcohol levels and conveys alerts if thresholds are
exceeded. The design ensures easy communication between components utilizing
UART and ESP-NOW protocols, while GPS and GSM devices increase functionality.
The system's modularity and real-time capabilities illustrate its robustness and scala-
bility, offering a good platform for broader two-wheeler safety applications.

Future enhancements could transform the prototype into a fully functional Electronic
Control Unit (ECU), addressing multiple safety challenges faced by two-wheeler
riders, such as overspeed prevention, loT-based monitoring, accident detection, rider
health tracking, and Al-based face recognition system.
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