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Abstract—Road accidents persist as a significant global concern
despite ongoing enhancements in vehicular safety technologies,
including Advanced Driver Assistance Systems (ADAS). A sig-
nificant fraction of these accidents arise from driver distraction
activities that divert attention away from the task of driving.
According to the National Highway Traffic Safety Administration
(NHTSA), driver distraction accounts for roughly one-tenth of
road accidents in the United States, contributing to more than
3,000 fatalities annually. This paper introduces HOG-LPNet, a
novel distracted driver detection model that balances classifi-
cation accuracy with computational efficiency. Our approach
utilizes a lightweight Histogram of Oriented Gradients (HOG)
pre-processing technique, which is chosen for its rapid image
conversion but at the expense of producing feature maps that are
somewhat less distinctive. To mitigate this, we integrate contrast-
limited adaptive histogram equalization (CLAHE) for contrast
enhancement. We propose a Learnable Pooling Attention Module,
adapted from the convolutional block attention module (CBAM)
and streamlined to exclude spatial attention. This attention
module leverages learnable and global max pooling alongside
SiL.U-activated fully connected layers to selectively amplify subtle
yet discriminative channels in the HOG-transformed feature
maps. On the State Farm Dataset, HOG-LPNet achieves 99.52%
accuracy, situating it competitively among current pioneering
approaches. By coupling fast, edge-oriented pre-processing with
a targeted Learnable Pooling Attention strategy, HOG-LPNet
offers a robust, near-real-time solution for mitigating driver
distraction, ultimately bolstering vehicular safety and reducing
accident rates.

Index Terms—Distracted Driver Detection, HOG-LPNet, Con-
volutional Neural Network (CNN), Histogram of Oriented Gradi-
ents (HOG), Contrast Limited Adaptive Histogram Equalization
(CLAHE), Learnable Pooling Attention Module , Deep Learning,
Road Safety

I. INTRODUCTION

Distracted driving is defined as any activity that diverts
attention from the primary task of driving [15]. This includes
activities like using a phone for texting or calls, interacting
with in-car systems, grooming, eating or drinking, reaching
for objects, or talking to passengers. It poses a significant
risk to both drivers and non-occupants and has become a
critical issue in road safety. Distracted driving has significantly
contributed to the rise in traffic accidents in the United States
[1][2]. Among the many distractions, texting while driving is
particularly concerning, as it takes a driver’s eyes off the road
for an average of five seconds. This is equivalent to driving the
length of a football field at 55 mph with closed eyes [3][16].
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The impact of distracted driving is reflected in troubling
statistics. In 2022 alone, 3,308 people lost their lives in crashes
involving distracted drivers, and 289,310 more were injured
[3]. Distraction-affected crashes accounted for 8% of fatal
crashes, 12% of injury crashes, and 11% of all police-reported
traffic accidents [3][17]. Texting while driving increases the
risk of a crash by 23 times compared to driving without dis-
tractions [2][3][18]. Young drivers aged 15-24 are particularly
affected, representing the highest proportion of distraction-
related crashes. In the same year, 621 non-occupants, including
pedestrians and cyclists, were killed in such incidents [3].

The economic cost of distracted driving is substantial,
covering medical expenses, infrastructure repairs, and property
damage. Approximately 14% of these damages are linked to
mobile phone use while driving [3]. These challenges highlight
the need to develop more effective methods to detect distracted
driving behaviors.

Recent advancements in computer vision and deep learn-
ing have led to significant transformations across industries,
including automotive safety. These advancements have been
key in developing more efficient models to make vehicles
safer and smarter [4]-[8]. Deep learning models, especially
Convolutional Neural Networks (CNNs), have become the
preferred approach for image classification tasks due to their
superior accuracy compared to traditional machine learning
methods. Researchers have explored advanced CNN models
such as AlexNet [4], VGG [5], GoogleNet [6], ResNet [7], and
InceptionResNetV2 [8]. Despite their success, these models
often require significant computational resources, which can
limit their use in real-time driver monitoring systems.

This paper focuses on lightweight and efficient methods for
detecting driver distraction, aiming to address the challenges
of real-world applicability and resource constraints.

II. RELATED WORK
III. DATASET

The dataset consists of HOG-transformed grayscale images
resized to 400x400 pixels from the original 640x480 images.
These pictures, taken inside a vehicle, show different driver
activities shown in Fig. 1. Each image falls into one of ten
categories: safe driving, texting with the right hand, talking
on the phone with the right hand, texting with the left hand,
talking on the phone with the left hand, operating the radio,
drinking, reaching behind, doing hair and makeup, or talking
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