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ABSTRACT

There has been rapid growth in the mobile-phone industry in terms of technology and growing number of users with
migration into the car environment. There is also a significant demand for smart phones capable of accessing email,
listening to music, organizing daily activities, linking to social networking sites, while the user is on the move. The
automotive industry has been significantly impacted by such mobile-phone usage. Driving a car is a complicated and
skillful task requiring attention and focus. However many people perceive driving to be easy - second-to-habit or an
extension of their natural skills. This complacency encourages drivers to multitask while driving. While many drivers
manage this multitasking comfortably, it becomes a distraction and contributes to increased risk while driving for some.
Since the effect of multitasking is variable on different drivers, it is important to understand its impact on individual
drivers. This study focuses on assessing the impact of several secondary tasks such as speaking over a hand-held mobile
phone, tuning the radio, selecting songs from an MP3/CD playlist, speaking to a co-passenger, on individual drivers. To
assess the driver activity, we formulate stochastic models such as Gaussian Mixture Models (GMM) using only CAN-bus
signals collected on-road in real world driving situations from the UTDrive corpus. We also categorize drivers based on
their distraction level into (1) least impacted, (2) moderately impacted, and (3) most impacted drivers. As the automotive
industry further advances in developing active safety systems, such driver centric adaptive systems will help in
personalizing the vehicle by triggering active safety systems only when drivers are impacted or when they show tendencies
of such impact. This will help motivate drivers to use active safety systems rather than disabling them because they are
annoyed.

CITATION: Sathyanarayana, A. and Hansen, J., "Impact of Secondary Tasks on Individual Drivers: Not All Drivers Are
Created Equally," SAE Int. J. Passeng. Cars - Electron. Electr. Syst. 5(2):2012, d0i:10.4271/2012-01-0486.

many more tasks happen on the move in the car environment.
Especially with the current advancements in technology and
the ready availability of information there are a wide range of
infotainment systems available. Using these infotainment
devices in the vehicular environment while the person is
driving can be termed as secondary tasks and these tasks also
require some attention to operate. Many of these tasks require
the driver to share his physical, auditory, visual or cognitive
abilities while driving. Often, this leads to lack of sufficient
attention towards driving and towards the road which could
lead to accidents.

The automotive industry acknowledges the needs of
today's society. However, they are cautious about these
secondary tasks that are performed in the car. Even with the
imposition of laws prohibiting the use of infotainment
systems in various regions, the number of accidents has not

INTRODUCTION

Driving is inherently a complicated task involving
attention to many details. Drivers primarily control the
longitudinal and lateral motion of the vehicle. As a feedback,
the driver constantly perceives his relative position on the
road with reference to other objects and/or vehicle in the
vicinity. This attention seeking primary task is performed
mainly using the steering wheel, gas and brake pedals and a
reference speed. Though skill and experience level of the
driver plays a significant role [1], driving requires careful
attention to the changing environment both within and
outside the vehicle. With people spending a lot of time in
their cars these days, there is a complacency built in many
drivers and they take this primary driving task as a natural
habit. They try to “do more” during their driving time. An

average American spends more than 300 hrs in a vehicle each
year [2]. Business, ordering for food, searching for places,
exchanging emails, eating, speaking over phone, texting and
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shown a decline. Human error is the main cause for 57% of
accidents, and is a contributing factor in 95% of the accidents
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[3]. National Highway Traffic Safety Administration
(NHTSA) also estimates that driver distraction is the cause
for about 1.2 million accidents [2].

Addressing driver inattention, research and automotive
industry have designed various systems. Systems such as
pedestrian detection, night vision, lane tracking system,
forward collision warning help the driver to focus more on
the road. Systems like adaptive steering assist, lane keep
assist, collision mitigation by braking provide control
feedback and help driver adjust better to the driving
environment. While these systems already exist and assist
drivers, research is in progress to understand the effects of
various tasks on driving and how driver behaviors uniquely
affect driving performance. Though technologies such as
voice interactive systems, navigation systems, hands-free
mobile communication have proven to be better than their
manual equivalents [4], it is important to understand the
impact of adding new infotainment features in the car on the
driver's cognitive workload. Understanding and modeling
driver behavior could help manage the cognitive workload of
the driver. Though this modeling approach is not new [35, 6,
7], automotive researchers have begun to recognize its
advantages. Infotainment systems are beginning to use
learning algorithms to understand the driver's needs and
suggestions are prompted to the driver for easy handling of
the system.

It is becoming inevitable for drivers to operate these
systems and perform secondary tasks while driving. Even if
secondary tasks do not divert the driver's attention and pose a
major threat, they still expose drivers to inattention and
increased cognitive workload. Early detection of such driver
distractions could prove very valuable in taking corrective
measures and preventing possible accidents. It is the subject
of this paper to analyze the effect of secondary tasks and to
identify risky situations when the driver is most vulnerable.

The remainder of the paper is organized as follows - the
following section gives a brief insight into the signals used to
model driver behavior including how they are acquired and
processed. This is followed by our approach towards driver
behavior modeling. Finally, results and conclusions are
summarized providing insight into the effects of secondary
tasks on individual drivers.

SIGNAL ACQUISITION

For the safety of both driver and vehicle, it is important to
understand how  drivers perform  while  driving.
Environmental conditions, vehicle condition and driver state
are important factors which affect driving performance.
Various sensors and systems such as sun load sensors (to
identify illumination), gyro sensors (for vehicle and road
banking), head distance sensors and cameras are used to
assess and provide assistance for environmental variations.
Sensors also provide monitoring of vehicle conditions and
provide control feedback to compensate for any unnecessary
vehicle variations.
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Similarly, to assessing human behavior and current
conditions, various sensors and systems have been used.
Sensors such as heart rate variability (HRV), skin
conductance (GSC), EEG, ECG and EMG are intrusive but
have proven to be useful [8]. In the driving condition it is not
practical to use these sensors but can serve as a baseline or
ground truth assessment when being compared with other
non-intrusive sensors for performance. So, rather than
looking at intrusive sensors to analyze driver's condition, the
approach used here is to utilize the non-intrusive and already
available CAN-bus signals to assess driver activity. CAN-bus
signals offer a low cost, reliable and sufficient system and
can be readily deployed in real world systems.

CAN-bus Signals - Reliable and Sufficient
Source of Information

Over the past few decades, automobiles have transitioned
from pure mechanical systems to electromechanical systems
with extensive sensors, actuators and embedded systems
controlling the core vehicle functionality. Communication
between these systems mostly happens via a network called
the Controller Area Network (CAN) [9]. The CAN-bus
carries critical vehicle/engine related information such as
engine temperature, air pressure, fuel monitoring to name a
few. Along with these, there are signals such as gas pedal
pressure, brake pedal pressure and steering wheel angle
which are the driver's primary controls to maneuver the
vehicle, and vehicle speed which is the driver's main
feedback. Some CAN-bus signals are made available to the
outside world through the On-Board Diagnostic (OBD) port.
Figure 1 shows the gas and brake pedal pressure, vehicle
speed and steering angle information from CAN-bus. It can
be clearly seen that initially the driver hits the brake pedal,
vehicle speed goes down and then he makes a turn without
stopping. Since the main focus of this study is to understand
how drivers handle the vehicle while performing secondary
tasks, CAN-bus data provides a reliable and sufficient source
of information.

A Brief Note on UTDrive Project

To build effective driver dependent systems, developing
mathematical models capable of explaining and predicting
driver behavior is important. In order to obtain modeling
parameters to build driver models, a multimodal data
acquisition platform is used to collect data in real traffic
conditions. The multimodal database of real world driving
data collected is demographically well balanced with a wide
range of drivers from different nationalities, age, gender, and
levels of driving experience. UTDrive Project [10] was part
of a three-year NEDO supported international collaboration
between universities in Japan, Italy, Singapore, Turkey, and
USA. The UTDrive Project has focused on research that
employs multi-modal data for developing a framework for
driver behavior modeling and driver-vehicle interactions for
safe driving. The data was collected using a Toyota RAV4,
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Figure 1. Vehicle CAN-bus signals extracted from OBD-2 port
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Figure 2. Instrumented UTDrive data collection vehicle along with the sensors
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