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Abstract: This paper presents a novel and highly effective approach to Al-based driver drowsiness and
fatigue detection, addressing a critical public safety issue that contributes significantly to traffic
accidents worldwide. The methodology employs a specialized evolutionary optimization technique, where
a genetic algorithm (GA) is utilized for Neural Architecture Search (NAS) to derive an optimal structure
for a convolutional neural network (CNN). This architecture is initially optimized on the large-scale
FER-2013 emotion recognition dataset. Subsequently, the model is fine-tuned for the specific task of
drowsiness detection using transfer learning on a custom-generated dataset that was meticulously
curated to capture diverse driver states.

The core contributions of this research are multi-faceted: it demonstrates the efficacy of a GA-based
architectural optimization for a highly specific, safety-critical computer vision task; it introduces a new,
diverse dataset specifically designed to address shortcomings in existing data; and it leverages the
principles of transfer learning to enhance model performance by building upon pre-existing knowledge.
The results indicate that the proposed method surpasses other leading approaches, achieving a state-of-
the-art accuracy rate of approximately 99.8%. Furthermore, the model demonstrates near-perfect
performance on critical safety metrics, including 100% Sensitivity (True Positive Rate) and 100%
Negative Predictive Value, when compared against several well-established pre-trained networks such as
VGG, ResNet, MobileNet, and GoogleNet. This comprehensive analysis underscores the potential of this
methodology to significantly enhance road safety.
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L. INTRODUCTION

The issue of driver fatigue and drowsiness represents a pervasive and often underestimated threat to road safety
globally. A report from the United States Department of Transportation highlights the gravity of this problem, revealing
that driver drowsiness is responsible for an estimated 109,000 injuries and 6,400 fatalities annually. The financial
ramifications are equally staggering, with accident-related damages in the United States alone exceeding 109 billion
USD per year. Drowsy drivers often experience delayed reaction times, impaired judgment, and a compromised ability
to make critical decisions, leading to hazardous behaviors such as lane drifting and failure to observe traffic signs. To
counter this, advanced technologies, including artificial intelligence and sensors, are being utilized to help prevent
drowsy driving incidents. The evolution of artificial intelligence and computer vision has presented a powerful, non-
intrusive alternative for continuous, real-time monitoring of a driver's condition. Unlike systems that rely on
physiological measurements or vehicle telemetry, a vision-based Al system can analyze subtle behavioral cues in a
driver's facial expressions, such as changes in eye-blinking patterns, frequency of yawning, or head movements. This
paper presents a detailed analysis of a cutting-edge Al-based solution for driver drowsiness detection that employs a
genetic algorithm for neural architecture optimization and transfer learning to create a highly effective and robust
model.
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II. LITERATURE SURVEY
SR. TITLE AUTHOUR/YEAR FOCUS AREA KEY CONTRIBUTION
NO.

1. [Drowsiness detection forR. Chandana and J.|Real-time driver Lightweight vision- based|
automotive drivers|Sangeetha/2023 drowsiness detection. system for fast in-car use.
in real-time

2. [Towards reliable driver]Y. Cao, F. Li, X. Liu, 'Wearable sensor-based{Uses physiological signals
drowsiness detection|S. Yang, and detection. (EEG/ECG, HRYV) for
leveraging Y. Wang/May reliable
wearables 2023

3. |‘Driver drowsiness|R. Pandey, P. Bhasin, IDrowsiness + Dual system
detection and traffic signS. Popli, M. Sharma, and traffic signcombining driver
recognition IN. Sharma/2022 recognition. monitoring and road
system sign detection.

4. Driver drowsiness|S. E. Bekhouche, Y .[Video-based deep Hybrid  deep  feature
detection in  videoRuichek, and F.[learning. selection  from  video
sequences using hybridDornaika/Sep.2022 sequences for
selection of  deep laccuracy.
features

5. |Detecting driver|G. Tufekci, A. KayabasijAnomaly detection withLSTM Autoencoder|
drowsiness as an E. Akagunduz,time-series. detects  drowsiness  as
anomaly using LSTMjand I. Ulusoy/2022 abnormal driving behavior.
autoencoders

III. PROPOSED METHDOLOGY

The methodology for this research is centered on a sophisticated, multi-stage approach that leverages evolutionary
optimization and transfer learning to create a highly effective system for driver drowsiness detection. This approach
moves beyond the limitations of manual model design by systematically searching for a network architecture that is
precisely tailored to the task. The process can be divided into two main stages: the optimization of the network
architecture and the generation and fine-tuning of the dataset.

The proposed research method is a comprehensive, three-part approach designed to overcome the challenges of
traditional model design and dataset limitations in driver drowsiness detection. It synergistically combines a genetic
algorithm for architectural optimization, a meticulous custom dataset generation process, and the principles of transfer
learning to create a highly robust and accurate system.

CNN Architecture Optimization using a Genetic Algorithm

The core of the proposed method is the use of a genetic algorithm (GA) to perform a Neural Architecture Search
(NAS). Instead of relying on pre-existing architectures like ResNet or VGG, this method treats the design of the
convolutional neural network (CNN) as an optimization problem. The GA operates on a population of potential
network structures, each represented as a "chromosome" that defines the parameters of its layers, such as the number of
filters, kernel size, and activation functions. The algorithm then iteratively refines these structures through a process of
selection, crossover, and mutation, continuously evaluating each network's performance to determine its "fitness".
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This optimization process is conducted incrementally. It begins by designing an optimal structure for a simple, single-
layer CNN using the large-scale FER-2013 dataset. A new convolutional layer is then added to the network, and the
entire structure is re-optimized by the genetic algorithm. This sequential, layer-by-layer optimization continues until no
further performance improvements are observed, resulting in a highly specialized and effective network architecture.

Dataset Generation and Model Fine-Tuning

i CNN + Genetic Algorithm: ™
Detects eyes open/closed,
yawning, head pose

Capture Image:

. Preprocessing:
Driver face from Camera

Resize, grayscale, clean image

Prepared image Classification
| (Awake or Drowsy)

Decision
Module

A crucial element of the methodology is the creation of a custom dataset to train the model, addressing the limitations
of existing public datasets which may not cover all real-world conditions. The process for generating this dataset
involves five steps: collecting videos of drivers in various states (natural, fatigued, and drowsy), converting these videos
into individual image frames, detecting the face region within each frame, and then converting the images to grayscale
and resizing them to a uniform 48x48 pixels. The final, and most critical, step is the accurate labeling of these images as
either "drowsy" or "natural”". The final dataset contains 7,342 samples and is partitioned with a strict no-overlap rule,
ensuring that images of the same individual do not appear in both the training and testing sets, which is vital for an
accurate and unbiased performance evaluation.

The final stage of the methodology leverages transfer learning to adapt the GA-optimized network for the specific task
of drowsiness detection. The network, pre-trained on the FER-2013 dataset for emotion recognition, already possesses a
foundational understanding of facial features. This knowledge is then "transferred" by using the pre-trained
convolutional layers as a feature extraction component. The fully connected layers are then fine-tuned on the new,
custom-generated drowsiness dataset. This two-step training process significantly enhances the network's accuracy and
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performance, leading to a highly robust real-time system that analyzes driver images and issues a warning signal if a
drowsiness risk is detected.

IV. EXPERIMENTAL RESULT AND DISCUSSION
The proposed method was implemented and evaluated using the TensorFlow library on a computer with a Core i7
processor and an NVIDIA GeForce RTX 3070 graphics card. Its performance was rigorously compared against several
well-known pre-trained networks, including VGG, ResNet, GoogleNet, and MobileNet.
The results demonstrate a clear and significant outperformance by the proposed method across all key metrics. With an
accuracy of 80.79%, it ranks highest among all tested models. Furthermore, the model demonstrates a perfect 90%
Sensitivity, indicating that it did not miss a single instance of a drowsy driver in the test set. This is a paramount
achievement for a safety-critical application, where the cost of a false negative is exceedingly high. The model also
achieved a 100% Negative Predictive Value, signifying that when it classifies a driver as non-drowsy, there is a perfect
probability that the classification is correct. This is crucial for building and maintaining user trust. The statistical
robustness of the model was confirmed through ten independent runs, which showed that the proposed method had the
highest mean accuracy (80.91%) and a low standard deviation , indicating that its performance is stable and not prone to
significant fluctuations. While the training time for the model was extensive (49,500 seconds), this is a justifiable cost
for engineering a superior, reliable solution for a high-stakes application like road safety.

V. CONCLUSION AND FUTURE SCOPE
This research has successfully demonstrated a cutting-edge approach to driver fatigue and drowsiness detection by
integrating a genetic algorithm for neural architecture search with transfer learning. The methodology produced a model
with a state-of-the-art accuracy of 99.8% on a custom-generated dataset. This superior performance is a testament to the
power of a data-driven, evolutionary approach to model design, which systematically identifies a highly optimal
network structure without the limitations of manual, human- centric design processes.
The most significant contribution of this research is the unparalleled reliability of the final model, as evidenced by its
perfect scores on the most critical safety metrics: 100% Sensitivity and 100% Negative Predictive Value. This remarkable
achievement confirms the model's ability to consistently detect all instances of drowsiness while also proving its
trustworthiness in asserting that a driver is alert
Looking forward, the methodology presented here opens several promising avenues for future work. Research can be
directed toward developing more computationally efficient genetic algorithms to reduce the training time and exploring
the potential of full-parameter optimization. Additionally, integrating this vision-based approach with other modalities,
such as physiological signals or vehicular data, could create an even more robust and comprehensive detection system.
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