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ABSTRACT: Impaired driving is a significant contributor to road accidents worldwide. Traditional approaches to
alcohol detection in vehicles often lack continuous monitoring and fail to address the dynamic nature of impairment. To
mitigate these risks and enhance road safety, this project proposes the development of the project “Smart Vehicle
Safety System with Alcohol and Heartrate Monitoring”. The system integrates cutting-edge sensor technology, real-
time data processing, and cloud connectivity to continuously monitor driver behavior and vital signs. Key components
include gas sensors for alcohol detection, max30105 sensors for real-time vital sign monitoring, and an ESP32
microcontroller for instant data processing. The system is designed to make immediate decisions upon detecting
impairment, alert operation, halt vehicle operation if necessary, and alert both the driver and relevant authorities. Cloud
connectivity enables remote monitoring and analysis of sensor data, ensuring swift intervention in case of emergencies.
This project addresses limitations in existing systems and aims to provide a comprehensive solution for promoting
responsible driving behavior and preventing accidents.
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L. INTRODUCTION

Impaired driving is a pervasive issue that poses significant risks to road safety worldwide. Every year, countless
accidents, injuries, and fatalities occur due to drivers operating vehicles under the influence of alcohol. Traditional
methods of alcohol detection in vehicles have proven inadequate in addressing this problem, often lacking the
capability for continuous monitoring and timely intervention. Recognizing the urgent need for a more effective
solution, this project focuses on the development of a Smart Vehicle Safety System with Alcohol and Heartrate
Monitoring.

The primary objective of this project is to enhance road safety by mitigating the risks associated with impaired driving.
By leveraging advancements in sensor technology, real-time data processing, and cloud connectivity, the proposed
system aims to provide a comprehensive and proactive approach to detecting driver impairment and preventing
accidents. The system is designed to continuously monitor driver behavior and vital signs, enabling prompt detection of
impairments and immediate responses to ensure road safety.

The introduction of this journal serves to provide an overview of the project's objectives, the problem statement
addressed by the proposed system, and the key components and features of the system. Additionally, it sets the context
for the project by highlighting the significance of addressing impaired driving and the limitations of existing solutions.
Through the development of an innovative Smart Vehicle Safety System with Alcohol and Heartrate Monitoring, this
project seeks to contribute to the reduction of road accidents and the promotion of responsible driving behavior.

II. LITERATURE REVIEW
Literature research is the most important step in the software development process. Before creating a tool, it is

important to determine the time factor, profitability, and company strengths. With these in place, the next 10 steps
are to decide which operating systems and languages you can use to develop your tools. Once programmers start
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building tools, they need a lot of external support. This support can come from experienced programmers, books, or
websites. The above evaluations will be considered in the development of the proposed system before building the
system.

Chen, Y., Xue, M., Zhang, J., Ou, R., Zhang, Q., & Kuang, P. (2022). Detect DUI: An In-Car Detection System
for Drink Driving and BACs.

As one of the biggest contributors to road accidents and fatalities, drink driving is worthy of significant research
attention. However, most existing systems on detecting or preventing drink driving either require special hardware or
require much effort from the user, making these systems inapplicable to continuous drink driving monitoring in a real
driving environment. In this paper, they present Detect DUI, a contactless, non-invasive, real-time system that yields a
relatively highly accurate drink driving monitoring by combining vital signs (heart rate and respiration rate) extracted
from in-car Wi Fi system and driver’s psychomotor coordination through steering wheel operations. The framework
consists of a series of signal processing algorithms for extracting clean and informative vital signs and psychomotor
coordination, and integrate the two data streams using a self-attention convolutional neural network (i.e., C-Attention).
In safe laboratory experiments with15 participants, Detect DUI achieves drink driving detection accuracy of 96.6% and
BAC predictions with an average mean error of 2 ~ Smg/dl. These promising results provide a highly encouraging case
for continued development.

Rosero-Montalvo, P. D., Lopez-Batista, V. F., & Peluffo-Ordéiiez, D. H. (2021). Hybrid Embedded-Systems-
Based Approach to in-Driver Drunk Status Detection Using Image Processing and Sensor Networks.

Car drivers under the influence of alcohol is one of the most common causes of road traffic accidents. To tackle this
issue, an emerging, suitable alternative is the use of intelligent systems -traditionally based on either sensor networks or
artificial vision- that are aimed to prevent starting the car when drunk status on the car driver is detected. In such vein,
this paper introduces a system whose main objective is identifying a person having alcohol in the blood through
supervised classification of sensor-generated and computer-vision-based data. To do so, some drunk-status criteria are
considered, namely: the concentration of alcohol in the car environment, the facial temperature of the driver and the
pupil width. Specifically, for data acquisition purposes, the proposed system incorporates a gas sensor, temperature
sensor and a digital camera. Acquired data are analyzed into a two-stages machine learning system consisting of feature
selection and supervised classification algorithms. Both acquisition and analysis stages are to be performed into a
embedded system.

Li, R., Balakrishnan, G. P., Nie, J., Li, Y., Agu, E., Grimone, K., Herman, D., Abrantes, A. M., & Stein, M. D.
(2021). Estimation of Blood Alcohol Concentration from Smartphone Gait Data Using Neural Networks.

Driving is a dynamic activity, which requires quick reflexes and decision making in order to respond to sudden changes
in traffic conditions. Alcohol consumption impairs motor and cognitive skills and causes many driving-related
accidents annually. Passive methods of proactively detecting drivers who are too drunk to drive in order to notify them
and prevent accidents, have recently been proposed. The effects of alcohol on a drinker’s gait (walk) is a reliable
indicator of their intoxication level. In this paper, they investigate detecting drinkers’ intoxication levels from their gait
by using neural networks to analyze sensor data gathered from their smartphone. Using data gathered from a large
controlled alcohol study, perform regression analysis using a Bi-directional Long Short Term Memory (Bi-LSTM) and
Convolutional Neural Network (CNN) architectures to predict a person’s Blood Alcohol Concentration (BAC) from
their smartphone’s accelerometer and gyroscope data. they innovatively proposed a comprehensive suite of pre-
processing techniques and model-specific extensions to vanilla CNN and bi-LSTM models, which are well thought out
and adapted specifically for BAC estimation. Our Bi-LSTM architecture achieves an RMSE 0f0.0167 and the CNN
architecture achieves an RMSE of 0.0168, outperforming state-of-the-art intoxication detection models using Bayesian
Regularized Multilayer Perceptrons (MLP) (RMSE of 0.017) and the Random Forest (RF), with hand-crafted features.
Moreover, our models learn features from raw sensor data, obviating the need for hand-crafted features, which is time
consuming. Moreover, they achieve lower variance across folds and are hence more generalizable.

III. METHODOLOGY
The methodology for developing the Smart Vehicle Safety System with Alcohol and Heartrate Monitoring comprises
several sequential steps. Initially, an exhaustive examination of project requirements is conducted to delineate the

necessary functionalities, including alcohol level detection, vital sign monitoring, real-time decision-making, and
integration with cloud connectivity.
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The architecture of the proposed system

Subsequently, a comprehensive literature review is undertaken to survey existing research, technologies, and
methodologies in related domains such as alcohol detection systems, vehicle safety systems, sensor technology, and
cloud connectivity.

This review aids in identifying potential challenges, informing design choices, and understanding state-of-the-art
solutions. Based on the gathered requirements and insights from the literature review, the system architecture and
design are formulated, specifying components, interactions, and workflow. Hardware components, including gas
sensors, vital sign monitors, microcontrollers, GPS modules, and relays, are selected and integrated to construct the
system. Simultaneously, software development ensues, involving programming of the microcontroller for data
acquisition, processing, decision-making, and communication tasks.

Following hardware-software integration, rigorous testing procedures are executed to validate system functionality,
reliability, and accuracy under various scenarios. Finally, cloud connectivity is established using Firebase Cloud
services to enable secure transmission and storage of sensor data and status updates, facilitating remote monitoring and
analysis. Through this comprehensive methodology, the Smart Vehicle Safety System with Alcohol and Heartrate
Monitoring is developed with a focus on enhancing road safety and mitigating risks associated with impaired driving.

IV. RESULTS AND DISCUSSION
MODULES IDENTIFIED:

1. Data Acquisition Module:
a. Responsible for collecting data from sensors, including the gas sensor for alcohol detection and the
max30105 sensor for vital signs monitoring.
2. Data Processing Module:
a. Processes the collected sensor data in real-time.
b. Analyzes the data to detect signs of impairment or abnormal behavior.
3. Decision-Making Module:
a. Makes real-time decisions based on the processed sensor data.
b. Determines appropriate actions to be taken in response to detected impairments, such as halting
vehicle operation or activating alerts.
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4. Vehicle Control Module:
a. Controls the operation of the vehicle based on decisions made by the decision-making module.
b. Utilizes relays to halt vehicle operation when impairment is detected to prevent accidents.
5. Alerting Module:
a. Activates alerts to notify the driver and relevant authorities in case of detected impairments.
b. Triggers buzzers or alarms to alert the driver.
c. Transmits alert messages to authorities via cloud connectivity for swift intervention.
6. Location Tracking Module:
a. Utilizes GPS technology to provide real-time location tracking of the vehicle.
b. Ensures accurate location data is available for emergency response and assistance.
7. Cloud Connectivity Module:
a. Facilitates the transmission and storage of sensor data and status updates.
b. Establishes secure communication with cloud services, such as Firebase Cloud, for remote
monitoring and analysis.

V. WORKING

The Smart Vehicle Safety System with Alcohol and Heartrate Monitoring project is designed to tackle the
persistent problem of impaired driving, a leading cause of road traffic accidents globally. With the integration of
innovative technologies and intelligent decision-making processes, this system aims to detect and address impairment
risks effectively, thereby enhancing road safety and reducing accidents caused by alcohol-impaired driving.

Central to the functionality of the system are advanced sensors, including gas sensors for alcohol detection
and Max30105 sensors for monitoring vital signs. These sensors continuously collect data on alcohol levels and the
driver's physiological parameters, providing real-time insights into the driver's condition.

The gathered data is then transmitted to the ESP32 microcontroller, which acts as the system's processing
hub. Here, sophisticated algorithms analyze the sensor data to identify impairment indicators such as high alcohol
levels or abnormal vital signs. The ESP32 makes immediate decisions based on this analysis, triggering response
mechanisms when necessary.

Response mechanisms are executed through the Vehicle Control Module, which may employ relays to halt
vehicle operation and activate alerting devices like buzzers. Additionally, the system incorporates a GPS module for
precise location tracking of the vehicle. In the event of impairment detection, the GPS module relays the vehicle's
location to authorities for swift emergency assistance.

Cloud connectivity plays a crucial role in enabling remote monitoring and analysis of sensor data and system
status. Sensor data and alerts are securely transmitted to the cloud, where they can be accessed by authorities and
stakeholders in real-time. This allows for proactive assessment of driver behavior and system performance, facilitating
timely intervention when required.

Customizable alerting mechanisms ensure that both the driver and relevant authorities are promptly notified
upon detecting impairment. Alerts can take various forms, including visual indicators, auditory signals such as buzzers,
or notifications sent to mobile applications or monitoring centers. These alerts serve as crucial intervention measures,
promoting responsible driving behavior and preventing accidents.

The system operates continuously, providing ongoing monitoring of driver behavior and vehicle operation.
Regular system checks and self-diagnostic routines maintain the integrity and reliability of system components. This
continuous monitoring approach enables the proactive detection of impairment risks, further enhancing road safety.

In essence, the Smart Vehicle Safety System with Alcohol and Heartrate Monitoring project represents a
comprehensive solution to the challenge of impaired driving. By leveraging advanced sensor technology, real-time
processing, cloud connectivity, and response mechanisms, the system aims to mitigate impairment risks and foster safer
road environments for all motorists.

CUTTING-EDGE SENSOR TECHNOLOGY:

The Smart Vehicle Safety System with Alcohol and Heartrate Monitoring project incorporates cutting-edge
sensor technology to enhance its functionality and effectiveness in detecting impairment risks associated with
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alcohol-impaired driving. These sensors play a crucial role in continuously monitoring the driver's condition and
providing real-time data for analysis and decision-making.

Gas sensors: The system utilizes gas sensors specifically designed for alcohol detection. These sensors are
capable of detecting the presence of alcohol vapor in the surrounding environment, allowing for the timely
identification of alcohol impairment in the driver.

Max30105 sensors: Vital signs monitoring is facilitated by Max30105 sensors, which are capable of real-time
monitoring of parameters such as heart rate and blood oxygen levels. This enables the system to assess the driver's
physiological condition and detect any abnormalities that may indicate impairment.

The integration of these cutting-edge sensors ensures comprehensive monitoring of both external factors (such as
alcohol levels in the environment) and internal physiological indicators (such as heart rate), providing a holistic view of
the driver's condition. By leveraging advanced sensor technology, the system enhances its ability to detect impairment
risks accurately and trigger appropriate responses, ultimately contributing to improved road safety.

VI. EXPERIMENTAL RESULTS
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VII. CONCLUSION

In conclusion, the Smart Vehicle Safety System with Alcohol and Heartrate Monitoring represents a proactive solution
to enhance road safety by detecting and mitigating risks associated with impaired driving. Through the integration of
advanced sensor technology, real-time data processing, and cloud connectivity, the system enables continuous
assessment of driver condition, immediate response to impairment signs, and swift notification of authorities when
necessary. With its ability to halt vehicle operation, provide location tracking, and facilitate remote monitoring, the
system has the potential to significantly reduce accidents and promote responsible driving behavior on the roads.
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