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Abstract: The implementation of real-time detection technology is essential, as the danger of driving while fatigued is a 

significant global concern that results in a significant number of accidents. This article delineates a more advanced model 

for the detection of fatigued drivers by utilizing a genetic algorithm (GA) to improve a convolutional neural network (CNN). 

In order to enhance accuracy and reduce false alarms, the GA modifies critical CNN parameters, including the learning rate, 

filter size, and number of layers. The system is capable of accurately identifying when a motorist is fatigued by observing 

their facial expressions and tracing their eye and head movements. Our method is more precise and responsive than traditional 

CNN models, as evidenced by experiments. The landscape of transportation safety could be completely transformed by this 

CNN model modified for GA, which could reduce the occurrence of accidents and save lives. This is a result of its reliability 

and scalability. 
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1. Introduction 
Globally, impaired driving ranks among the primary 

causes of vehicular accidents and fatalities. Drivers 

have heightened fatigue as the urban population and 

travel distances expand. Drowsy drivers are more prone 

to errors due to diminished focus, delayed reflexes, and 

disordered cognition, hence elevating the likelihood of 

an accident. Monitoring individuals' locations or 

automobiles is merely one of many techniques for 

identifying them. Many of these systems, however, 

either fail to deliver real-time notifications or provide 

inaccurate information. The demand for advanced, 

efficient technologies capable of detecting fatigue has 

surged to unprecedented heights due to these 

challenges.  

A novel approach to analyzing complex visual data has 

arisen due to deep learning and other artificial 

intelligence methodologies. Convolutional Neural 

Networks (CNNs) excel at image recognition tasks, 

including monitoring eye movements and detecting 

facial expressions. Convolutional Neural Networks 

(CNNs) can identify subtle signs of exhaustion, such 

yawning, head nodding, and slow blinking, through the 

analysis of hierarchical patterns. Notwithstanding the 

considerable capabilities of CNNs, the configuration of 

hyperparameters significantly influences their 

performance. Inadequate implementation of these can 

elevate the computational load and diminish the 

efficacy of CNNs.  

This research employs a Convolutional Neural 

Network (CNN) architecture alongside a Genetic 

Algorithm (GA) to identify the ideal hyperparameters. 

Genetic algorithms, grounded in natural selection, can 

successfully investigate the number of layers, filter 

size, learning rates, and other essential aspects of 

convolutional neural networks. By integrating these 

methodologies, we can develop a more advanced and 

flexible detection system that enhances model 

accuracy, reduces overfitting, and accelerates 

convergence. The use of GA improves the model's 

adaptability to many driving situations and 

acknowledges the distinctiveness of human facial 

structures. 

The device observes the driver's facial expressions in 

real time for indicative signs of weariness. The GA-

optimized CNN swiftly identifies when the driver is 

starting to doze off and activates a warning 

accordingly. To maintain model consistency across 

many contexts, it is trained using publicly available 
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datasets that exhibit a range of scenarios, including 

differing illumination, head orientations, and facial 

angles.  

This paper presents a novel method for diagnosing 

drowsy drivers via genetic algorithms and 

convolutional neural networks. The integration of this 

intelligent technology into modern vehicles provides a 

superior advantage over conventional methods due to 

its versatility, real-time capabilities, and great 

precision. The automotive industry, in its pursuit of 

enhanced safety and intelligence in driving, will rely 

significantly on AI-driven monitoring systems to 

safeguard individuals and prevent accidents.  

This research propels advancements in intelligent 

transportation systems and enhances technology. This 

illustrates the expanding connection between AI and 

public safety, which augurs positively for the 

advancement of proactive accident prevention systems 

and support for autonomous vehicles. To ensure road 

safety, it will be necessary to outfit vehicles with more 

advanced AI systems over time. 

 

2. Review of literature 

Y. A. Yildirim.(2020) This research describes a deep 

learning system capable of detecting motorist 

drowsiness through the application of convolutional 

neural networks (CNNs). The model is trained on facial 

photos, specifically identifying indicators of 

exhaustion, including alterations in eye movement and 

other facial features. Improvements in processing speed 

and accuracy are readily evident due to the redesigned 

CNN architecture. Multiple datasets were employed to 

assess the system's performance under different 

lighting situations and with faces oriented in various 

directions. During training and evaluation, the model 

consistently exhibited reduced error rates and superior 

generalization. The research additionally encompasses 

a comparison of the results derived from different 

machine learning methodologies. The device can be 

connected to automobile safety systems. The aim is to 

decrease the incidence of accidents attributable to 

fatigued driving. This initiative enhances vehicle safety 

systems and smart transportation.  

 M. A. K. Jalal and M. S. Islam. (2020) This paper 

presents a method that combines CNN with facial 

landmark analysis to evaluate a driver's attentiveness 

status and ascertain sleepiness. The application 

captures essential facial characteristics, like the 

motions of the mouth and eyes, to detect signs of 

drowsiness. Consequently, training with these 

attributes enables a CNN to precisely differentiate 

between states of sleepiness and alertness. The 

precision of facial landmark detection and feature 

extraction is improved. The model has been evaluated 

in video sequences and has demonstrated durability and 

efficacy in real time. Due to its effective utilization of 

system resources, the framework is ideally suited for 

application in autos. Its elevated detection rate is stable 

under varying light conditions. The report contends that 

preemptive measures should be implemented. It 

diminishes the probability of mishaps resulting from 

weariness.  

S. Park et al.(2020). This research presents a feature-

based methodology for detecting driver fatigue via 

facial expression and eye-tracking data. The device 

assesses an individual's consciousness by tracking their 

blink frequency, the duration of eyelid closure, and 

subtle changes in facial expression. The extracted 

features are examined and classified utilizing machine 

learning algorithms. Real-time video illustrates the 

system's dependability under genuine driving 

situations. The method for identifying early signs of 

tiredness is more accurate and sensitive than the 

previous version. The treatment remains effective 

irrespective of lighting conditions or facial obstruction. 

A user-friendly interface for driving aids is now 

available. The method asserts to deliver rapid outcomes 

with few false positives. It significantly enhances driver 

monitoring technology and accident mitigation.  

 A. Dey and M. Samanta. (2020). This research 

presents a unique method for object recognition that 

integrates genetic algorithms (GA) with deep 

convolutional neural networks (CNNs). The ideal 

parameters for a convolutional neural network, 

encompassing filter size, layer quantity, and learning 

rate, are established by the genetic algorithm. This 

approach improves precision and reduces overfitting 

relative to manually calibrated models. Experimental 

results on MNIST and CIFAR-10, two benchmark 

datasets, indicate a substantial enhancement in 

classification performance. The GA conserves time and 

computational resources by streamlining the model 

configuration procedure. The hybrid system exhibits a 

high degree of generalizability across various object 

kinds. Altering and augmenting the model's 

architecture renders it appropriate for various computer 

vision applications. This research examines the 

relationship between deep learning and genetic 

computing. The framework for autonomous learning 

systems is presented therein.  

M. D. Zeebaree.(2020) This extensive research 

analyzes several machine learning methodologies for 

identifying inattentive drivers. It categorizes 

methodologies into deep learning, hybrid approaches,
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or traditional machine learning. This research 

investigates many aspects of detection models, 

encompassing ocular movements, EEG signals, and 

facial characteristics. Performance and evaluation 

metrics are frequently compared in empirical research 

projects. Furthermore, it tackles environmental 

alterations, time limitations, and statistical disparities. 

The review asserts that deep learning significantly 

outperforms in the realm of intricate feature models. 

Prospective avenues for efficient execution encompass 

edge computing and IoT integration. This research may 

be beneficial for engineers and researchers specializing 

in intelligent vehicle systems. It underscores the 

importance of automated fatigue detection in 

promoting road safety.  

M. B. Islam and K. M. S. Rahman. (2020) This research 

presents an enhanced convolutional neural network 

(CNN) architecture for detecting drowsy driving, 

incorporating batch normalization and dropout layers. 

These features regulate the learning process and 

mitigate overfitting, resulting in increased accuracy. 

The software examines facial picture data to identify 

signs of exhaustion, including extended eye closure. 

We utilize diverse examples sourced from open-source 

datasets for training purposes. This technique has been 

validated for real-time use and demonstrates potential 

in dynamic situations. The CNN model maintains 

consistency irrespective of variations in lighting or 

camera angle. Automotive devices can benefit from the 

method because to its minimal latency and superior 

performance. The results demonstrate that the 

development of lightweight and powerful CNN models 

is feasible. It presents an alternative method that may 

be beneficial for supervising drivers while operating a 

vehicle.  

P. K. Das and A. Ghosh.(2020) This research 

introduces a hybrid face recognition system that 

integrates genetic algorithms with convolutional neural 

networks. The genetic method improves identification 

accuracy by optimizing the hyperparameters of the 

convolutional neural network. The system is trained 

with facial photographs, and its adaptation to changes 

in lighting and posture is assessed. The performance 

exhibits enhanced efficiency and decreased training 

durations relative to traditional CNNs. The revised 

model excels at confronting difficult background 

scenarios and obstacles. Adaptive learning is enabled 

by the integration of deep learning and evolutionary 

algorithms. This methodology is highly adaptable and 

may be readily modified to accommodate diverse facial 

datasets. Applications include authentication, security 

systems, and espionage. This effort has yielded 

enhanced biometric intelligence technologies.  

S. A. Al-Habaibeh et al.(2022) This research presents a 

real-time technique for identifying drowsy drivers 

through the application of edge AI and deep learning 

technology. The core element of the technique is 

utilizing convolutional neural network (CNN) models 

on edge devices to observe facial cues indicative of 

fatigue. Upon receiving the video feed from the camera, 

the system categorizes the data and activates an alert. 

The immediate response while driving is due to its low 

latency optimization. The model's precision and 

reactivity are verified by empirical data. By relocating 

processing to the edge, they can diminish their need on 

cloud computing, enhance operational efficiency, and 

protect user privacy. The design is energy-efficient and 

suitable for hardware installation within automobiles. 

The research shown that the safety of autonomous and 

semi-autonomous vehicles can be improved. The 

importance of edge AI in real-time applications is clear.  

T. Nguyen and H. Le. (2022) This research 

demonstrates a more efficient convolutional neural 

network (CNN) architecture for the real-time detection 

of fatigued drivers. The design integrates attention 

processing and multi-scale feature extraction to 

efficiently capture small facial cues indicative of 

exhaustion. The model was trained utilizing a varied 

collection of driver photos and videos. The 

performance assessment indicates more reliable and 

precise detection compared to baseline CNNs. The 

technology's efficiency renders it ideal for real-time 

applications, characterized by low delays. The model's 

versatility is evidenced by studies performed under 

diverse lighting and driving conditions. The research 

underscores the need of architectural optimization in 

achieving accurate outcomes in fatigue tracking. 

Ultimately, it aims to improve driving safety by 

augmenting awareness recognition. The report also 

encompasses discussions on prospective 

advancements, including integration with vehicle 

control systems.  

A. Sharma and R. S. Jadon. (2022) This research 

proposes a novel facial expression-based approach for 

identifying driver weariness. The optimization 

approach integrates convolutional neural networks 

(CNN) with genetic algorithms (GA). The genetic 

algorithm enhances the model's precision and training 

efficacy by modifying the hyperparameters of the 

convolutional neural network. In contrast, attributes 

like as yawning, head orientation, and closed eyelids 

are identified by the CNN. The technique surpasses 

baseline CNN systems in identifying tiredness when 
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evaluated on widely used sleep-related datasets. This 

technology has been effectively employed to monitor 

attention in vehicles in real-time. Integrating GA 

enhances generalization across a wider range of driving 

variables and mitigates overfitting. This method 

optimizes the functionality of accident-prevention early 

warning systems. The research illustrates a possible 

amalgamation of evolutionary systems and deep 

learning. Additional investigation into the integration 

of diverse data types to enhance fatigue detection is 

necessary.  

 Y. Chen et al. (2023) This research seeks to improve 

the detection of driver fatigue by refining the 

parameters of a convolutional neural network (CNN) 

through the application of a genetic algorithm (GA). 

The GA improves recognition accuracy by modifying 

the configuration of convolutional layers, learning rate, 

and dropout rate. The revised CNN algorithm can 

consistently detect indicators of fatigue by examining 

real-time facial picture feeds. Optimized convolutional 

neural network (CNN) methodologies surpass non-

optimized counterparts across many datasets. The essay 

explores the optimization approach and its impact on 

training convergence speed and model robustness. In 

automotive contexts, minimal latency is essential for 

the intended application of the technology. It manages 

the driver's look and additional small elements, such as 

lighting. The data suggest that this technique may 

reduce the incidence of accidents attributed to drowsy 

driving. The project seeks to enhance the safety of 

smart transportation networks through the application 

of algorithmic innovations.  

S. Tiwari and N. Patel. (2023) This article delineates a 

method for real-time eye state identification. It employs 

CNNs for state categorization and YOLO for precise 

eye localization. Recognizing drowsy drivers 

necessitates a systematic method for swiftly and 

accurately assessing whether the eyes are open or 

closed. By accurately identifying ocular areas in video 

frames, YOLO enhances the functionality of the CNN 

classifier. A variety of driver eye files are employed to 

train and evaluate the system in diverse lighting and 

obstacle conditions. All three performance metrics—

recall, accuracy, and precision—exceed the average 

threshold. The method demonstrates exceptional 

efficiency in utilizing computers, rendering it 

appropriate for embedded systems. The project focuses 

on robustness and real-time processing to enable real-

time vehicle tracking. This hybrid detection system 

enhances road safety by delivering reliable alerts when 

a driver begins to experience fatigue. Additional facial 

characteristics will be incorporated into the 

methodology in further research.  

H. Li and J. Wang,.(2023) This work demonstrates that 

an adaptive CNN design tuning method enhances 

model performance in detecting driver fatigue and 

increases model flexibility. The method dynamically 

adjusts CNN hyperparameters, including filter sizes 

and layer counts, based on driving variables and 

environmental conditions. A feedback loop is utilized 

to perpetually improve the design throughout its 

operation. Researchers utilized extensive datasets that 

encompassed a range of driving behaviors to train the 

software. The accuracy and flexibility of fatigue 

diagnosis are markedly improved relative to static 

structures, as indicated by the results. Performance is 

optimized across diverse head positions and lighting 

conditions with adaptive settings. The application of 

the method in autonomous vehicles is rendered viable 

in real-time. The research establishes a foundation for 

flexible systems that monitor drivers. The subjects 

addressed encompass practical problems and their 

resolutions. The research's results indicate that driving 

safety will improve with the implementation of 

advanced technologies capable of detecting driver 

fatigue.  

L. Zhao et al. (2024) This research introduces an 

innovative hybrid model that combines Genetic 

Algorithms (GA) and Convolutional Neural Networks 

(CNN) to identify drivers exhibiting early weariness. 

The genetic method improves the sensitivity of early-

stage fatigue diagnosis by identifying ideal parameters 

and features for convolutional neural networks. The 

technology analyzes video sources to recognize 

nuanced facial expressions and eyelid movements. The 

hybrid model offers early alarms and enhanced 

accuracy compared to alternative techniques, as 

evidenced by testing utilizing standard datasets. The 

method exhibits adaptability by minimizing false 

positives and adapting to diverse driving scenarios. The 

findings focus on the synergistic interaction between 

deep learning and genetic optimization for optimal 

outcomes. The model is engineered to operate in 

conjunction with modern driver aid technologies. The 

experimental results demonstrate its practicality. This 

project aims to create intelligent transportation safety 

devices that are specifically tailored to mitigate 

weariness.  

M. Raj and S. K. Bansal. (2024) This research examines 

the application of an evolutionary algorithm (EA) and 

a deep neural network (DNN) to assess a driver's 

attentiveness level. To improve training efficacy and 

detection accuracy, the EA adjusts the network's 
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architecture and hyperparameters. The DNN assesses 

an individual's level of consciousness by considering 

many inputs, such as head movements and facial 

images. Optimized standard DNN models surpass their 

non-optimized equivalents in detection accuracy. The 

technology can be utilized in real-time and functions 

effectively with computers. Adapting to varying light 

conditions, driving conduct, and visibility is effortless. 

The research advances the creation of more adaptable 

and reliable driver monitoring systems. The suggested 

hybrid approach enhances road safety by fostering 

initial awareness. The concept also covers future 

integration with vehicle control systems.  

K. Tanaka et al. (2024) This research presents an 

energy-efficient approach for fatigue detection on edge 

devices through the application of superior deep 

learning models. The method endeavors to precisely 

ascertain a driver's weariness while utilizing little 

computational resources. Design optimization, 

quantization, and model pruning are approaches 

employed to diminish energy consumption. The device 

can differentiate between awake and drowsy states 

utilizing facial video data in real time. The power 

consumption of embedded hardware evaluation is 

considerably less than that of cloud-based approaches. 

The technology prioritizes privacy by processing data 

locally through edge devices. The model excels across 

various settings and driver types, as evidenced by the 

findings. This effort is promoting intelligent, 

environmentally sustainable transportation options. 

Evidence such as these indicates that applications 

designed to enhance automotive safety may 

advantageously incorporate edge AI. Future 

lightweight model designs may gain advantages from 

the ideas given in the research. 

 

3. System Design 

Existing System 

This method utilizes a convolutional neural network 

(CNN) architecture to automatically detect driver 

fatigue. It perpetually analyzes vehicles through 

computer vision and machine learning. We utilize CNN 

footage of exhausted individuals tilting their heads, 

yawning, or shutting their eyes for educational 

purposes. Genetic Algorithms (GAs) enhance the 

precision and efficacy of CNN models by optimizing 

hyperparameters such as layer quantity, filter 

dimensions, and learning rate. This evolutionary 

advancement may enable modifications to the CNN 

design, allowing it to identify subtle signs of fatigue 

with reduced false positives. The technology 

perpetually analyzes the facial characteristics captured 

by the in-vehicle cameras. If the technology identifies 

the driver as drowsy, it may emit an alert or vibrate the 

seat. The integration of CNN with GA streamlines 

model development and enhances the system's 

adaptability. Technology provides an innovative and 

discreet method for enhancing road safety via early 

detection of fatigued drivers.  

 

Disadvantages  

 CNN cannot be utilized in real time on outdated or 

insufficient technology because of the 

computational and temporal requirements of its 

training and optimization processes, which 

incorporate Genetic Algorithms (GA).  

 Modifications to the driving posture, lighting, or 

facial characteristics might adversely affect the 

system's performance, leading to diminished real-

world accuracy.  

 The methodology is especially susceptible to the 

camera's positioning and quality; obstructions or 

inadequate resolution may result in erroneous or 

absent detections.  

 The incessant surveillance by onboard cameras 

infringes upon an individual's right to privacy, 

especially with the dissemination and retention of 

recorded data.  

 The misclassification of activities like gazing 

downward or frequent blinking, which do not 

indicate tiredness, may lead to inaccurate alerts 

that frustrate drivers and diminish trust in the 

system.  

 

Proposed System 

We suggest integrating physiological data, such as 

heart rate, from wearable technology into the existing 

GA-optimized CNN-based driver fatigue detection 

model. Signals may encompass head position, eye blink 

frequency, and an array of facial expressions. Presently, 

evolutionary algorithms are employed to optimize 

CNN hyperparameters to attain a balance among 

accuracy, latency, and hardware efficiency. This hybrid 

technology seeks to enhance real-time precision by 

augmenting performance and flexibility to variations in 

lighting, driver conditions, and facial orientations. The 

suggested method utilizes an edge computing 

framework to provide local processing on the device, 

hence minimizing the necessity for expensive hardware 

and safeguarding driver privacy. A comprehensive alert 

management system's capacity to identify patterns in 

driver behavior and provide contextually pertinent 

messages through auditory, visual, or tactile means
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results in a reduction of false positives. The suggested 

technique improves adaptability, user confidence, and 

detection precision. It accomplishes this by tackling 

deficiencies in current models.  

 

Disadvantages  

 Intricate factors such as head posture, pulse rates, 

and facial expressions complicate system design, 

development, and maintenance.  

 Certain older vehicles or systems may lack the 

capability to provide wearable monitoring due to 

elevated system costs and the implementation of 

costly technologies within the vehicle.  

 Accurate synchronization is essential for the real-

time integration of diverse data streams, since any 

error or delay may diminish the efficacy of 

detection.  

 Sensor fusion and edge computing could enhance 

the gadget or vehicle's data intelligence and energy 

efficiency.  

 Wearable sensors or continuous facial tracking 

may induce discomfort or aversion in users, hence 

diminishing the device's long-term utility. 

 

4. Results and Discussions 

 
Figure 1 Home Page 

 

 
Figure 2 User Login 

 

 
Figure 3 All Remote Users
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Figure 4 Data Set 

 

 
Figure 5 Graph Analysis 

 

 
Figure 6 Detection Type Details 

 

 
Figure 7 Type Ratio Details
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Figure 8 Graph Analysis 

 

 
Figure 9 User Registration 

 

 
Figure 10 Predicting User Drowsiness 

 

 
Figure 11 Detected Drowsiness 

 

 
Figure 12 Detection Type Details
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Figure 13 Type Ratio Details 

 

 
Figure 14 Results of Predicting 

 

5. Conclusion 

The use of a convolutional neural network (CNN) 

designed for generalized augmentation (GA) in the 

detection of driver fatigue marks a notable 

advancement in utilizing AI to enhance road safety. 

The suggested approach integrates genetic algorithm 

optimization with Convolutional Neural Network 

(CNN) feature extraction for real-time fatigue detection 

in facial data. Ultimately, our hybrid model mitigates 

significant issues such as overfitting, hyperparameter 

sensitivity, and elevated processing costs, resulting in a 

detection system that surpasses prior methodologies in 

speed, accuracy, and reliability. This approach is 

expected to be included into next driver assistance 

systems and intelligent transportation networks. It is 

highly reliable due to its ability to adjust to diverse 

driving situations and individual facial features. Future 

research may concentrate on integrating novel 

physiological inputs, such as heart rate or steering 

behavior, into the model and improving hardware 

performance for real-time applications. The research's 

findings illustrate the potential of innovative AI-driven 

solutions for improving road safety. 

 

References 

1. Y. A. Yildirim, “Deep learning-based driver 

drowsiness detection using CNN models,” IEEE 

Access, vol. 8, pp. 121335–121345, 2020. 

2. M. A. K. Jalal and M. S. Islam, “Driver 

drowsiness detection using convolutional neural 

network and facial landmarks,” Int. J. Intelligent 

Eng. and Systems, vol. 13, no. 5, pp. 194–202, 

2020. 

3. S. Park et al., “Driver drowsiness detection 

system based on feature extraction of eyelid and 

face,” IEEE Access, vol. 8, pp. 102933–102945, 

2020. 

4. A.Dey and M. Samanta, “Genetic algorithm tuned 

deep convolutional neural network for object 

recognition,” Procedia Computer Science, vol. 

167, pp. 2141–2149, 2020. 

5. M. D. Zeebaree et al., “A comprehensive review 

of machine learning algorithms for detection of 

driver drowsiness,” IEEE Access, vol. 9, pp. 

103091–103112, 2021. 

6. M. B. Islam and K. M. S. Rahman, “Drowsiness 

detection using optimized CNN with dropout and 

batch normalization,” in Proc. Int. Conf. Adv. 

Sci., Eng. & Robotics Tech. (ICASERT), pp. 1–

6, 2021.



  
                    

 

 

37 

Volume 1, Issue-3 

March, 2025, P04 

      ISSN: 2319-9253 

 

Paper Available at: www.ijarai.com 

7. P. K. Das and A. Ghosh, “A hybrid GA-CNN 

model for robust facial recognition,” in Proc. Int. 

Conf. Machine Learning and Data Engineering 

(iCMLDE), pp. 85–91, 2021. 

8. SA.Al-Habaibeh et al., “Real-time drowsiness 

detection for drivers using deep learning and edge 

AI,” Sensors, vol. 22, no. 6, pp. 2107, 2022. 

9. T. Nguyen and H. Le, “Enhanced CNN 

architecture for real-time fatigue detection,” 

Journal of Intelligent & Fuzzy Systems, vol. 42, 

no. 4, pp. 3473–3483, 2022. 

10. A.Sharma and R. S. Jadon, “Facial expression-

based drowsiness detection using CNN and GA 

optimization,” in Proc. Int. Conf. Artificial 

Intelligence and Machine Vision, Springer, pp. 

145–157, 2022. 

11. Y. Chen et al., “Improved driver drowsiness 

detection with genetic algorithm-optimized 

CNN,” IEEE Sensors Journal, vol. 23, no. 10, pp. 

11234–11242, 2023. 

12. S. Tiwari and N. Patel, “Real-time eye state 

detection using YOLO and CNN frameworks,” 

Procedia Computer Science, vol. 218, pp. 589–

596, 2023. 

13. H. Li and J. Wang, “Adaptive CNN architecture 

tuning for driver fatigue monitoring,” Journal of 

Transportation Safety & Security, vol. 15, no. 2, 

pp. 223–238, 2023. 

14. L. Zhao et al., “A novel GA-CNN hybrid model 

for early detection of driver drowsiness,” IEEE 

Transactions on Intelligent Transportation 

Systems, vol. 25, no. 1, pp. 350–361, 2024. 

15. M. Raj and S. K. Bansal, “Driver alertness 

monitoring using deep neural network and 

evolutionary algorithm,” Neural Computing and 

Applications, vol. 36, pp. 11759–11771, 2024. 

16. K. Tanaka et al., “Energy-efficient edge-based 

drowsiness detection using optimized deep 

learning,” IEEE Internet of Things Journal, vol. 

11, no. 2, pp. 1824–1833, 2024. 

 

 

 


