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With the ongoing evolution of automobile technology, human errors have become one
the most prominent factor of traffic accidents. The primary reason of these errors is inadequate
cognitive load of drivers, in which the amount of the attention dedicated to driving is lower than
the attention required by the current traffic situation. The most relevant symptom of inadequate
cognitive load is the delay in response of a driver. In principle, we could infer the inadequate
cognitive load by measuring directly the amount of delay of a driver’s response to various
environmental stimuli during driving, e.g., the delay of pressing the brake pedal in emergent
situations. Such an approach, however, could not be used for early warning of the eventual
inadequate cognitive load of drivers.

The objective of our research is to detect indirectly the delay of a driver’s response as a
symptom of inadequate cognitive load. In other words, the main objective of this study could be
considered as identifying drivers’ distraction and inattention in normal driving situation. Also, as
an accident-preventive approach, the detection should be done in routine driving situations — such
as (1) driving on a straight, (ii) entering- and (iii) exiting a turn.

In the proposed approach, we consider a driver as a controller of a system (car) with
feedback. In addition to applying the feedback control theory, we imply that feedback delay would
result in unstable, oscillating behaviour of the system. Focusing on steering of the car, we
hypothesize that the feedback delay caused by inadequate cognitive load of drivers would result in
steering oscillations. Detecting these oscillations would be crucial for early warning of inadequate
cognitive load of drivers.

Moreover, we applied agent-based modelling in which an agent evolved via genetic
programming, models the steering behaviour of a human driver in accordance with the
servo-control model of the driver.

In our experiments, instead of relying on a real car, we use a car simulated in The

Open-source Racing Car Simulator (TORCS). TORCS offers the advantages of being (as a



software system) a crash safe, realistic (by modelling faithfully the laws of vehicle dynamics),
open-source, and free of charge.

To verify our hypothesis that inadequate cognitive load would result in detectable
steering oscillations, we conducted three different experiments. They were conducted for a routine
driving (with constant speed of 50km/h) on a straight, entering- and exiting a comer: first, we
comparatively analysed the steering behaviour of an artificial driving agent with instant and with
artificially delayed (100ms, 200ms and 400ms) steering. Then, we experimented with ten different
human drivers with instant steering and with steering, that is artificially delayed by 400ms. Finally,
we experimented with the same ten human drivers subjected to naturally occurring (by texting)
cognitive delays.

Experimental results suggest that both the artificially introduced and naturally occurring
delays yield subtle, yet detectable oscillations in steering behaviour of both the driving agent and
human drivers. These oscillations are manifested in characteristic dynamics of steering angle, and
the resulting trajectory and lateral acceleration of the car. The power spectrum of Fourier
transformed lateral acceleration signals indicates a well-distinguishable (from normal driving)
frequencies and amplitudes of the driver-induced oscillations.

Additionally, we investigated novel approach on detecting these oscillations. First, we
applied single threshold (based on spectrum analysis) in each situation for detecting steering
oscillation. We further optimised our method by evolving the weight coefficients of power
spectrum, in a way that oscillated signals (due to cognitive load) would naturally yield higher
power spectrum than non-oscillated signals, via genetic algorithms. We further extended our study
by examining individually adaptive threshold mechanism (based on the absolute value of lateral
jerk). Finally, this mechanism was further tuned with feature identification and was implemented
for real-time detection in fully-fledged driving simulator and tested in real-time by developing a
smart phone application.

As a conclusion, our investigation shows that - well-detectable steering oscillations are
induced as an effect of cognitive delays in human drivers and these oscillated signals could be well
detected by our proposed methods. Further, the detection of these signs using our approach could
be used for early warning of the eventual inadequate cognitive load of drivers.

We view the obtained outcome as a significant step towards the development of a more
robust system for early-waming of the inadequate cognitive load of drivers in routine driving
conditions — well before any urgent reaction to an eventual dangerous traffic situation might be

needed.



