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e Background

With the growing rate of road accidents, abnormal driver behavior detection is a serious
research concern of this era. Anomalous driver behavior refers to abnormal driving, that
includes drowsy, distracted, aggressive, and fatigue driving. Abnormal driving behavior
leads to road fatalities in both developed and developing countries. In smart cities, driver
behavior assessment is also demanding to avoid road crashes. A large amount of research
has been conducted to identify anomalous by monitoring two main entities i.e. either
driver’s health or vehicle dynamics. Furthermore, each entity can be monitored through
images or signal based data. Images based dataset includes physical features such as driver’s
facial expressions or vehicle’s angle. Signal based dataset can be a driver’s health parameter
such as heart rate, brain activity, blood pressure, or vehicle dynamic data such as velocity,
heading, acceleration etc. Existing research works use images data such as facial expression,
eye movement, and head movement, which can be false when the driver is wearing glasses
or laughing. In our case we are exploiting signal data of driver and vehicle.

e Aim

A fact, that the worldwide rate of road crashes is high due to anomalous driving behaviors.
Anomalous driving may refer to careless driving or health issues of the driver. In general,
drowsy, distracted, fatigue and aggressive driving are considered as anomalous or abnormal
driving. The aim of this paper is to propose a deep transfer learning-based scheme to identify
anomalous driver behavior to avoid road crashes. In the past, various mathematical models
have been proposed to detect driver behavior. Later, artificial intelligence (AI) plays a vital
role in driver behavior assessment. Machine learning (ML) and deep learning (DL) based
models could be helpful in developing applications for abnormal driver behavior detection.
However, the computational time of ML and DL models is a critical concern in applications
regarding driver behavior assessment. Therefore, we exploit the transfer learning concept
to reduce learning time of models. Three main aims of this research work are:

1. Useful real-world data collection as good data is a key for any kind of research.

2. Exploit the deep transfer learning for abnormal driver behavior detection by using

customized convolutional autoencoders.
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3. Identify the common anomalous spots on the road to avoid possible accidents.
e Methodology

The methodology of this research work consists of two main phases. In the first phase of
methodology, data is collected from equipped vehicle. The car was equipped with different
systems (like ADAS equipment, RTK-GNSS and OBD) to collect data at 20 Hz. In the
second phase of methodology, deep transfer learning exploits Convolutional autoencoder
(CAE) for anomaly detection. Convolutional autoencoder is an integration of convolutional
layers and autoencoders. Autoencoder has various applications such as feature extraction,
anomaly detection, missing value imputation, we are exploiting autoencoder for anomaly
detection. Although large research has been used on autoencoders for anomaly detection
whereas convolutional autoencoder use for time-series anomaly detection is recent and
working well with integration of other algorithms.

However, in practical applications, when a new driver enters the scenario, it is highly time-
consuming to collect enough training data and train a new ML model. In such applications,
the Transfer Learning (TL) can serve as an effective solution. To assess driver behavior,
transfer learning adds new aspects of other users to the pre-trained model. The performance
metrics include time and f-score.

e Results

From the achieved results, we can conclude that the transfer learning has a significant
impact in learning the vehicle data. In our approach, we incorporate the Transfer Learning
approach to considerably reduce the data and computation time required for training the ML
model. Furthermore, anomalous driving behavior is detected successfully with limited false
alarms.

e Conclusions

In this study, a deep transfer learning-based approach has been proposed for anomaly
detection to assess abnormal behavior. Proposed methodology follows RTK-GNSS data
and customized Convolutional autoencoder model to identify abnormal driving behavior.
Furthermore, evaluated results affirmed the significant impact of transfer learning in
reduction of computation time.



