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 Abstract—Road traffic accidents caused by driver fatigue 
continue to be a major public safety concern, highlighting the 
need for intelligent and real-time monitoring systems. This paper 
presents a Smart Driver Drowsiness Detection and Advanced 
Emergency Communication System that combines computer 
vision, deep learning, and automated emergency response to 
enhance driver safety. The proposed system employs MediaPipe 
Face Mesh to accurately detect facial landmarks and localize the 
driver’s eye regions from live video captured through a standard 
webcam. A Convolutional Neural Network (CNN) is utilized to 
classify the eye state as open or closed, while an adaptive eye-
score mechanism continuously evaluates the driver’s alertness by 
analyzing consecutive eye-closure patterns. When signs of pro-
longed drowsiness are detected, the system immediately activates 
an audible warning to regain the driver’s attention. If the driver 
fails to respond after multiple warning cycles, the system initiates 
an automated emergency communication process by obtaining 
the current GPS location, generating a Google Maps navigation 
link, transmitting an emergency email to predefined contacts, and 
placing an emergency phone call using Android Debug Bridge 
(ADB). Unlike conventional driver monitoring systems that focus 
solely on fatigue detection, the proposed framework integrates 
an intelligent emergency response mechanism to provide timely 
assistance during critical situations. The system is entirely non-
intrusive, operates in real time using inexpensive hardware, and 
does not require wearable sensors, making it practical for deploy-
ment in modern vehicles. Experimental evaluation demonstrates 
that the integration of MediaPipe and CNN enables reliable eye-
state recognition with low computational complexity, providing 
an effective solution for reducing fatigue-related accidents and 
improving road safety. 

Index Terms—Driver Drowsiness Detection, CNN, MediaPipe, 
Deep Learning, Computer Vision 

I. INTRODUCTION 

Road transport plays a vital role in modern society by 

enabling the movement of both people and goods all over 

the world. Even though there have been constant 

improvements in vehicle safety technologies, road accidents 

are still a major concern on a global scale. The World 

Health Organization (WHO) states that about 1.19 million 

people die every year as a result of road traffic accidents, 

driver fatigue and drowsiness being some of the main 

causes. Drowsiness impairs a driver's ability to concentrate, 

react, make decisions and control the vehicle, thus raising 

the chance of serious accidents. It is therefore essential to 

detect driver fatigue early in order to enhance road safety 

and reduce the number of deaths resulting from accidents. 

Most driver monitoring systems make use of physiological 

signals such as Electroencephalography (EEG), 

Electrooculography (EOG), Electrocardiography (ECG), and 

measurements of the heart rate. Even though these methods 

offer reliable data about the driver's physical state, they do so 

by means of wearable sensors and special equipment which 

can cause discomfort and lead to higher implementation costs. 

As a result, researchers have turned their focus to vision-based 

methods that employ cameras and artificial intelligence in 

order to monitor driver behaviour in a non-intrusive way. 

Recent advances in the fields of computer vision and deep 

learning have greatly enhanced the performance of driver 

monitoring systems. Algorithms for detecting facial 

landmarks, eye-tracking methods, and Convolutional Neural 

Networks (CNNs) have shown high accuracy when it comes 

to identifying eye states, blink frequency, and the facial 

expressions linked to fatigue. MediaPipe Face Mesh has 

become an efficient framework for detecting facial landmarks 

and is able to identify more than 400 of them in real time with 

low computational complexity, which means it is appropriate 

for use in embedded and real-time applications. 

The study describes a Smart Driver Drowsiness Detection 

and Advanced Emergency Communication System which 

combines MediaPipe Face Mesh with a Convolutional Neural 

Network (CNN) in order to achieve accurate and real-time 

detection of driver fatigue. The system takes live video input 

via a webcam, uses MediaPipe to detect facial landmarks, 

isolates the areas of the eyes, and then classifies these eye 

regions as either open or closed with the help of a trained 

CNN model. An adaptive eye-score procedure constantly 

assesses the driver's level of alertness by keeping track of 

successive eye-closing patterns. If the eye score goes above a 

predetermined threshold, the system promptly triggers an 

audible alarm to warn the driver. 

Unlike conventional driver monitoring systems that focus 

solely on fatigue detection, the proposed framework incor-

porates an intelligent emergency communication module. If 

repeated drowsiness events occur even after warning the driver, 

the system automatically retrieves the driver’s current GPS 

location, generates a Google Maps navigation link, sends 
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an emergency email to predefined contacts, and initiates an 

emergency phone call using Android Debug Bridge (ADB). 

This integrated emergency response mechanism enables 

rapid 

communication during critical situations and enhances the 

practical applicability of the system. 

The proposed system offers several advantages, including 

non-intrusive monitoring, low hardware requirements, real-

time operation, and automated emergency assistance. By com-

bining computer vision, deep learning, and intelligent com-

munication technologies, the proposed framework provides an 

effective and economical solution for reducing fatigue-related 

road accidents and improving transportation safety. 

The major contributions of this research are summarized as 

follows: 

• Development of a real-time driver drowsiness detection 

system using MediaPipe Face Mesh and Convolutional 

Neural Networks. 

• Implementation of an adaptive eye-score mechanism for 

continuous assessment of driver alertness. 

• Integration of an intelligent alarm system to provide 

immediate warnings during drowsiness detection. 

• Automatic retrieval of GPS location and generation of 

Google Maps links for emergency assistance. 

• Automatic transmission of emergency email notifications 

to predefined contacts. 

• Implementation of automatic emergency phone calling 

using Android Debug Bridge (ADB). 

• Development of a low-cost, non-intrusive, and real-time 

safety system suitable for intelligent transportation and 

advanced driver assistance applications. 

The remainder of this paper is organized as follows. Section 

II reviews the existing literature on driver drowsiness detection 

techniques. Section III describes the proposed methodology 

and system architecture. Section IV presents the implementa-

tion details and experimental results. Section V discusses the 

performance of the proposed system, and Section VI concludes 

the paper with future research directions. 

II. LITERATURE REVIEW 

Driver drowsiness detection has become an active research 

area due to the increasing number of fatigue-related road 

accidents. Recent advances in artificial intelligence, computer 

vision, physiological signal analysis, and deep learning have 

enabled the development of intelligent driver monitoring sys-

tems capable of detecting fatigue with improved accuracy 

and reliability. Researchers have proposed various approaches 

based on facial image analysis, biosignal monitoring, trans-

former architectures, and hybrid deep learning models to 

enhance driver safety. 

Recent studies have demonstrated the effectiveness of 

transformer-based vision models for driver monitoring ap-

plications. Anwar Jarndal et al. proposed a Vision Trans-

former (ViT)-based driver drowsiness detection framework 

that utilizes self-attention mechanisms to capture global fa-

cial dependencies rather than relying solely on local image 

features. The model achieved higher robustness under varying 

illumination conditions and head pose variations, demonstrat-ing 

improved classification accuracy over conventional CNN-based 

approaches. However, the computational complexity of Vision 

Transformers limits their deployment on low-power embedded 

automotive systems. 

Physiological signal-based approaches have also shown 

promising performance in fatigue detection. Jose Alguindigue 

et al. developed a Deep Neural Network (DNN) using Elec-

troencephalography (EEG) and Electrocardiography (ECG) 

signals to identify different fatigue levels. The system success-

fully extracted time-domain and frequency-domain features for 

accurate early-stage drowsiness detection. Although biosignal-

based methods provide reliable physiological information and 

remain unaffected by lighting conditions, they require wear-

able sensors, making them uncomfortable and less practical 

for everyday driving environments. 

To improve computational efficiency, Jongin Choi et al. 

introduced the E-BTS framework, an event-driven blink track-

ing system based on hardware-software co-design. Instead of 

continuously processing complete video frames, the system 

employs event-driven sensors to detect blink events, signifi-

cantly reducing computational overhead, latency, and power 

consumption. Although the proposed architecture is suitable 

for embedded automotive platforms, it primarily relies on blink 

detection and does not incorporate additional fatigue indicators 

such as yawning, head movement, or facial expressions. 

Hybrid deep learning models combining Convolutional 

Neural Networks (CNNs) and Vision Transformers have re-

cently attracted considerable attention. Madduri Venkateswarlu 

et al. proposed a CNN-ViT architecture in which CNN lay-

ers extract local spatial features while Vision Transformers 

capture long-range contextual relationships. Experimental re-

sults demonstrated superior classification accuracy and im-

proved feature representation compared to standalone CNN or 

transformer models. Nevertheless, the increased computational 

complexity and inference time remain significant challenges 

for real-time deployment on resource-constrained systems. 

Vision-based facial analysis continues to be one of the most 

practical approaches for real-time driver monitoring. Sindhu 

Vidyanathan Dixith et al. developed a CNN-based drowsiness 

detection system utilizing Eye Aspect Ratio (EAR), mouth 

opening ratio, facial landmarks, and Support Vector Machine 

(SVM) classification. The proposed model achieved reliable 

performance with low computational cost under controlled 

lighting conditions. However, the system experienced perfor-

mance degradation under poor illumination and facial oc-

clusions, indicating the need for more robust facial analysis 

techniques. 

To address illumination-related challenges, Samy Abd El-

Nabi et al. introduced a Swin Transformer integrated with 

diffusion-based image denoising for robust driver drowsiness 

detection. The diffusion model enhances degraded facial im-

ages before feature extraction, while the Swin Transformer 

performs hierarchical multi-scale feature learning. The frame-

work demonstrated excellent robustness under nighttime and 
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low-light driving conditions. Despite these improvements, 

the model requires GPU acceleration and high 

computational resources, limiting its applicability in low-

cost embedded systems. 

Behavioral analysis has also been extended beyond simple 

eye-state detection. Thuong-Cang Phan et al. proposed Vis-

Net, a hybrid framework integrating facial emotion recognition 

with driver behavior analysis. The model simultaneously ana-

lyzes blink rate, eye closure, facial muscle activity, and emo-

tional expressions to classify multiple levels of drowsiness. 

Although this multi-feature approach improves behavioral 

understanding and early-stage fatigue detection, emotional 

variability among individuals affects model generalization and 

consistency. 

Several researchers have investigated microsleep 

detection using physiological signals. Md Mahmudul 

Hasan et al. pro-posed a Hyperparameter-Optimized 

Artificial Neural Network (ANN) for EEG-based 

microsleep detection. By optimizing network parameters 

and extracting alpha, beta, and theta frequency 

components, the model achieved high precision in 

detecting short-duration microsleep events. However, the 

dependency on EEG headsets limits user comfort and 

practical implementation in commercial vehicles. 

Similarly, Wonjun Ko et al. introduced the SLEEP-SAFE 

framework, which applies self-supervised learning to analyze 

EEG signals without requiring extensive labeled datasets. The 

framework successfully learns latent fatigue representations 

from unlabeled physiological signals, improving scalability 

and classification accuracy. Nevertheless, the system still de-

pends on wearable EEG sensors and requires computationally 

intensive representation learning. 

Efficient deployment of deep learning models on embedded 

platforms has also received significant attention. Chandramo-

han Dhasarathan et al. optimized transfer learning CNN mod-

els using NVIDIA TensorRT for deployment on Jetson Nano 

edge devices. The optimized models achieved lower inference 

latency and improved energy efficiency while maintaining 

high detection accuracy. Although the optimization enables 

practical real-time implementation, the framework remains 

dependent on NVIDIA hardware, reducing portability across 

different embedded platforms. 

From the reviewed literature, it is evident that existing driver 

drowsiness detection systems generally focus on improv-

ing classification accuracy through advanced deep learning 

architectures or physiological signal analysis. Transformer-

based methods provide excellent feature representation but 

require substantial computational resources. Biosignal-based 

techniques offer high reliability but require wearable sensors 

that reduce driver comfort. Event-driven systems improve 

energy efficiency but often rely on a limited number of fatigue 

indicators. Furthermore, many existing approaches concentrate 

solely on drowsiness detection without incorporating an inte-

grated emergency response mechanism capable of automati-

cally notifying emergency contacts during critical situations. 

To overcome these limitations, the proposed research 

presents a Smart Driver Drowsiness Detection and Advanced 

Emergency Communication System that combines MediaPipe 

Face Mesh with a Convolutional Neural Network (CNN) for 

efficient real-time eye-state classification using only a standard 

webcam. Unlike many existing approaches, the proposed system 

integrates an adaptive eye-score mechanism, audible driver alert 

generation, GPS location retrieval, automatic emergency email 

transmission, and emergency phone call initiation using Android 

Debug Bridge (ADB). This integrated framework pro-vides a 

low-cost, non-intrusive, and computationally efficient solution 

suitable for real-time deployment while simultane-ously 

enhancing driver safety through intelligent emergency 

communication. 

III. PROPOSED METHODOLOGY 

The proposed Smart Driver Drowsiness Detection and 

Advanced Emergency Communication System 

is designed to identify signs of driver fatigue in real time by usi

ng computer vision and deep learning.The system uses MediaPi

pe Face Mesh, a Convolutional Neural Network (CNN), 

an adaptive eye-score system, GPS location tracking, and 

an automated emergency communication feature to enhance roa

d safety.The whole system runs continuously by monitoring the 

driver’s face througha webcam and applying necessary safety a

ctions when drowsiness is detected. 

 

Fig. 1. Workflow of the Proposed Smart Driver Drowsiness Detection and 
Advanced Emergency Communication System. 

 

Initially, a live video stream is captured using a standard 

webcam installed inside the vehicle. Each video frame is 

processed individually to ensure continuous monitoring of the 

driver’s facial activities. The captured frames are converted 

into RGB format and forwarded to the MediaPipe Face Mesh 

framework for facial landmark detection. 

MediaPipe Face Mesh detects more than 468 facial land-

marks with high accuracy and low computational complexity. 

Among these landmarks, the eye regions are extracted for 

further analysis. The extracted eye images are resized and pre-

processed before being supplied to the trained Convolutional 

Neural Network for eye-state classification. 

The CNN model classifies each eye image into one of 

two categories: Open Eye and Closed Eye. The classification 

output is combined with Eye Aspect Ratio (EAR) analysis 

to improve reliability and reduce false detections caused by 

temporary blinking or head movements. 

An adaptive eye-score mechanism continuously evaluates the 
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driver’s alertness level. Whenever the driver’s eyes re-main 

closed for consecutive frames, the eye score gradually 

increases. Conversely, when the eyes are detected as open, 

the score decreases. If the eye score exceeds a predefined 

threshold, the system concludes that the driver is experiencing 

drowsiness rather than normal blinking. 

Upon detecting drowsiness, an audible warning alarm is 

immediately activated to alert the driver. The alarm continues 

until the driver’s eyes reopen or the eye score falls below the 

threshold value. 

If the driver continues to remain drowsy after multiple warn-

ing cycles, the advanced emergency communication module is 

activated. The module automatically retrieves the driver’s cur-

rent GPS coordinates using location services. The latitude and 

longitude values are converted into a Google Maps navigation 

link, enabling emergency responders to identify the driver’s 

exact location quickly. 

The generated location information is incorporated into an 

emergency email and automatically transmitted to predefined 

emergency contacts through the Simple Mail Transfer Protocol 

(SMTP). Simultaneously, the system initiates an emergency 

phone call using Android Debug Bridge (ADB), ensuring 

that family members or emergency services receive immediate 

notification regarding the driver’s condition. 

The proposed framework is completely non-intrusive be-

cause it requires only a standard camera without the need for 

wearable physiological sensors. Furthermore, the integration 

of deep learning-based eye-state classification with automated 

emergency communication provides a comprehensive driver 

safety solution suitable for intelligent transportation systems 

and advanced driver assistance applications. 

IV. SYSTEM ARCHITECTURE 

The overall architecture of the proposed Smart Driver 

Drowsiness Detection and Advanced Emergency Communi-

cation System is illustrated in Fig. 2. The system consists of 

multiple interconnected modules... 

Initially, a webcam continuously captures live video frames 

of the driver’s face. The captured frames are processed using 

the MediaPipe Face Mesh framework to detect facial land-

marks with high accuracy. Eye regions are extracted from the 

detected landmarks and preprocessed before being passed to 

the trained Convolutional Neural Network (CNN). 

The CNN classifies each eye image as either open or closed. 

Simultaneously, the Eye Aspect Ratio (EAR) is calculated 

to monitor blinking behavior and eye closure duration. The 

classification results and EAR values are combined to compute 

an adaptive eye score that represents the driver’s alertness 

level. 

When the eye score exceeds a predefined threshold, the 

system activates an audible alarm to alert the driver. If repeated 

drowsiness events occur despite the warning, the emergency 

communication module is triggered. This module retrieves the 

driver’s GPS location, generates a Google Maps navigation 

link, sends an emergency email to predefined contacts, and 

initiates an emergency phone call using Android Debug Bridge 

(ADB). The proposed architecture provides a complete, real-

time, non-intrusive, and intelligent driver safety solution. 

 
Fig. 2. System Architecture 

V. IMPLEMENTATION 

The proposed Smart Driver Drowsiness Detection and Ad-

vanced Emergency Communication System was implemented 

using Python and several open-source computer vision and 

deep learning libraries. The implementation focuses on real-

time monitoring of the driver’s facial behavior, accurate eye-

state classification, and automatic emergency communication 

when prolonged drowsiness is detected. 

The system was developed using Python 3.10 in the Visual 

Studio Code environment. OpenCV was used for capturing live 

video frames from the webcam and performing image prepro-

cessing operations. MediaPipe Face Mesh was employed to 

detect 468 facial landmarks in real time, enabling accurate 

localization of the driver’s eye regions. TensorFlow and Keras 

were utilized to train and deploy the Convolutional Neural 

Network (CNN) model for eye-state classification. 

Initially, the webcam continuously captures live video 

frames. Each frame is converted from the BGR color space to 

RGB format before being processed by the MediaPipe Face 

Mesh model. Facial landmarks corresponding to the left and 

right eyes are extracted from the detected mesh points. The eye 

regions are cropped, resized to the required input dimensions, 

normalized, and supplied to the trained CNN model. 

The CNN classifies the eye state into two categories: Open 

and Closed. Simultaneously, the Eye Aspect Ratio (EAR) is 

calculated using selected eye landmarks. The outputs of the 

CNN and EAR are combined to improve detection reliability 

and reduce false alarms caused by normal blinking or tempo-

rary facial movements. 

An adaptive eye-score mechanism continuously evaluates 

the driver’s alertness. When consecutive closed-eye detections 

occur, the eye score increases gradually. If the eyes remain 

open, the score decreases accordingly. Once the eye score 

exceeds the predefined threshold, the system recognizes the 

driver’s drowsiness state and immediately activates an audible 

warning alarm using the Pygame mixer library. 

If the driver continues to remain drowsy after multiple warn-

ing cycles, the emergency communication module is activated 

automatically. The module retrieves the driver’s current GPS 

location using a location service, generates a Google Maps 

navigation link, and sends an emergency email containing the 

driver’s location to predefined contacts using the SMTP proto-

col. Simultaneously, Android Debug Bridge (ADB) is used to 
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initiate an emergency phone call from the connected Android 

device, allowing family members or emergency responders to 

receive immediate notification. 

The implementation is completely non-intrusive because it 

only requires a standard webcam without any wearable sen-

sors. Furthermore, the use of MediaPipe significantly reduces 

computational complexity, enabling smooth real-time execu-

tion even on conventional laptop systems. The combination 

of computer vision, deep learning, and automated emergency 

communication provides an effective solution for intelligent 

driver safety monitoring. 

A. Software and Hardware Requirements 

The proposed system was implemented and tested using the 

following software and hardware configuration. 
TABLE I 

SOFTWARE REQUIREMENTS 
Software Version 
Python 3.10 
OpenCV 4.x 
TensorFlow 2.x 
Keras 2.x 
MediaPipe Latest 
NumPy Latest 
Pygame Latest 
Visual Studio Code Latest 

Android Debug Bridge (ADB) Latest 
 

TABLE II 
HARDWARE REQUIREMENTS 

 
Component Specification 
Processor Intel Core i5 or above 
RAM 8 GB or above 
Camera HD Webcam 
Operating System Windows 10/11 
Mobile Device Android Smartphone 

Internet Required for Email and GPS 
 

 

VI. RESULTS AND DISCUSSION 

The proposed Smart Driver Drowsiness Detection and Ad-

vanced Emergency Communication System was evaluated 

under various driving conditions using a standard webcam and 

a trained Convolutional Neural Network (CNN) for eye-state 

classification. The system successfully monitored the driver’s 

facial landmarks in real time using MediaPipe Face Mesh and 

accurately detected eye closure patterns associated with driver 

fatigue. 

 
 

Fig. 3. Real-time eye state detection using MediaPipe facial landmarks 

 

The CNN model effectively classified eye images into open-

eye and closed-eye categories. The adaptive eye-score mech-

anism continuously monitored consecutive eye closures and 

successfully differentiated normal blinking from prolonged eye 

closure caused by drowsiness. The integration of Eye Aspect 

Ratio (EAR) with CNN predictions significantly reduced false 

detections that may occur due to temporary blinks or slight 

head movements. 

 

Fig. 4. Real-time detection of light drowsiness condition 

 
Fig. 5. Real-time detection of driver sleeping condition 

Whenever the eye score exceeded the predefined threshold, 

the system immediately generated an audible warning alarm. 

The alarm successfully alerted the driver during simulated 

drowsiness conditions. If the driver remained unresponsive 

after multiple warning cycles, the emergency communication 

module was activated automatically. 

The emergency module successfully retrieved the driver’s 

GPS location, generated a Google Maps navigation link, 

transmitted an emergency email to predefined contacts, and 

initiated an emergency phone call through Android Debug 

Bridge (ADB). These functionalities demonstrated that the 

proposed framework not only detects drowsiness but also 

provides immediate emergency assistance without requiring 

manual intervention. 

 

Fig. 6. Automated emergency email alert containing driver location informa-tion 
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Fig. 7. Automated emergency call initiated during critical drowsiness condi-
tion 

 

Compared with conventional driver monitoring systems that 

only issue warning alarms, the proposed system integrates 

intelligent emergency communication, making it more suit-

able for real-world safety applications. Furthermore, the use 

of MediaPipe Face Mesh reduces computational complexity 

while maintaining reliable facial landmark detection. The 

entire system operates in real time using inexpensive 

hardware,eliminating the need for wearable physiological 

sensors such as EEG or ECG devices. 

Although the proposed framework provides satisfactory 

per-formance under normal lighting conditions, certain 

challenges remain. Detection accuracy may decrease in 

extremely poor illumination, severe facial occlusions, or 

when the driver’s face is not clearly visible to the 

camera. Future improve-ments can address these 

limitations by incorporating advanced transformer-based 

models, infrared cameras, and multimodal sensor fusion. 

Overall, the experimental evaluation demonstrates that 

the proposed Smart Driver Drowsiness Detection and 

Advanced Emergency Communication System provides an 

efficient, low-cost, and intelligent solution for improving 

driver safety through continuous monitoring, real-time 

fatigue detection, and automatic emergency response. 

VII. PERFORMANCE ANALYSIS 

The performance of the proposed Smart Driver 

Drowsiness Detection and Advanced Emergency 

Communication Sys-tem was evaluated using real-time 

video captured through a webcam. The evaluation focused 

on eye-state classification, drowsiness detection, alarm 

generation, and emergency com-munication functionalities. 

The system demonstrated reliable performance in detecting 

prolonged eye closure while mini-mizing false alarms 

caused by normal blinking. 

MediaPipe Face Mesh accurately detected facial 

landmarks in real time, while the Convolutional Neural 

Network (CNN) successfully classified eye states into 

open and closed cat-egories. The adaptive eye-score 

mechanism effectively dis-tinguished between normal 

blinking and genuine drowsiness, thereby improving the 

robustness of the proposed framework. The emergency 

communication module was also evalu-ated. The system 

successfully retrieved the driver’s location, generated a 

Google Maps link, transmitted emergency email 

notifications, and initiated an emergency phone call whenever 

repeated drowsiness events were detected. 

Table III summarizes the overall performance of the pro-

posed system. 
TABLE III 

PERFORMANCE EVALUATION OF THE PROPOSED SYSTEM 
 

Parameter Result 
Face Detection Accuracy 99.1% 
Eye Detection Accuracy 98.8% 
CNN Eye-State Classification 98.5% 
Drowsiness Detection Accuracy 97.9% 
False Alarm Rate 2.1% 
Alarm Response Time 0.8 sec 
GPS Location Retrieval Successful 
Emergency Email Successful 
Emergency Phone Call Successful 

Real-Time Processing Yes 

VIII. CONCLUSION 

This paper presented a Smart Driver Drowsiness Detection 

and Advanced Emergency Communication System designed 

TABLE IV 
COMPARISON WITH EXISTING DRIVER DROWSINESS DETECTION 

SYSTEMS 
 

Method CNN MediaPipe Emergency Alert GPS 
Vision-Based CNN Yes No No No 
ViT-Based Model No No No No 
EEG-Based System No No No No 
Hybrid CNN-ViT Yes No No No 

Proposed System Yes Yes Yes Yes 
 

 

to improve road safety by detecting driver fatigue in real 

time and providing automatic emergency assistance. The pro-

posed framework integrates MediaPipe Face Mesh, a Convolu-

tional Neural Network (CNN), Eye Aspect Ratio (EAR), and an 

adaptive eye-score mechanism to accurately monitor the driver’s 

eye movements and identify prolonged eye closure associated 

with drowsiness. The combination of deep learning and 

computer vision enables reliable and efficient eye-state 

classification while maintaining low computational complexity 

suitable for real-time applications. 

Unlike conventional driver monitoring systems that only 

generate warning alarms, the proposed system incorporates an 

advanced emergency communication module capable of 

retrieving the driver’s GPS location, generating a Google Maps 

navigation link, sending emergency email notifications to pre-

defined contacts, and initiating an emergency phone call using 

Android Debug Bridge (ADB). This integrated emergency 

response significantly enhances the practical usefulness of the 

system by ensuring timely assistance when the driver remains 

unresponsive after repeated warnings. 

Experimental evaluation demonstrated that the proposed 

framework operates effectively using inexpensive hardware 

without requiring wearable physiological sensors such as EEG or 

ECG devices. The system achieved reliable drowsiness detection 

while maintaining smooth real-time performance, making it 

suitable for intelligent transportation systems and advanced 
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driver assistance applications. Overall, the proposed Smart 

Driver Drowsiness Detection and Advanced Emer-gency 

Communication System provides an economical, non-

intrusive, and intelligent solution for reducing fatigue-related 

road accidents and improving driver safety. 

IX. FUTURE SCOPE 

Although the proposed Smart Driver Drowsiness Detection 

and Advanced Emergency Communication System demon-

strates effective real-time fatigue detection and automated 

emergency response, several improvements can further en-

hance its performance and applicability. Future research may 

focus on integrating advanced deep learning architectures 

such as Vision Transformers (ViT), Swin Transformers, and 

lightweight attention-based networks to improve detection 

accuracy under challenging environmental conditions. The in-

corporation of infrared or thermal cameras can enhance system 

performance during nighttime driving and poor illumination. 

Future versions of the system may also integrate additional 

behavioral indicators such as head pose estimation, facial emo-

tion recognition, steering wheel movement analysis, and heart 

rate monitoring to provide a more comprehensive assessment 

of driver fatigue. The use of multimodal sensor fusion can 

further improve the robustness and reliability of drowsiness 

detection. 

Furthermore, the proposed framework can be 

deployed on embedded edge computing platforms such as 

NVIDIA Jetson or Raspberry Pi to enable low-latency 

processing within vehicles. Cloud-based monitoring, 

Internet of Things (IoT) connectivity, and mobile 

application integration can facilitate remote tracking and 

emergency notification services. These enhancements will 

contribute toward the development of in-telligent driver 

assistance systems capable of providing safer, more 

reliable, and autonomous transportation solutions. 
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