The Influence of Advanced Driver Assistance Systems on
Fatigue Development among Long-Haul Truck Drivers
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Abstract. To alleviate the workload of long-haul truck drivers and subsequently
reduce their fatigue, companies have begun exploring the implementation of ad-
vanced driver assistance systems (ADAS) on heavy trucks to aid drivers with
certain driving tasks. However, prior research conducted in the passenger car do-
main has suggested that drivers utilizing ADAS are more susceptible to experi-
encing fatigue in comparison to manual driving. Therefore, it is imperative to
examine the impact of ADAS on the fatigue levels of truck drivers. Based on
over 120 hours of naturalistic driving experiments, this study employs various
eye-tracking metrics (e.g. blink frequency), response time, and subjective ratings
to compare the fatigue levels of long-haul heavy truck drivers when driving man-
ually versus driving with the assistance of ADAS. The results indicate that the
fatigue levels of long-haul truck drivers are lower when operating vehicles with
the assistance of ADAS in comparison to manual driving.
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1 Introduction

Driving fatigue refers to a state in which the driver's level of wakefulness decreases and
the degree of drowsiness increases [1]. Driving fatigue widely exists in daily driving
and it is not only one of the main causes of rear-end collisions but also the cause of
20%-30% of fatal accidents [2], posing a great threat to road traffic safety. For example,
in China, 1.75 million road traffic accidents occurred nationwide in 2023, 15% of which
were caused by fatigue driving, accounting for the highest proportion [3].

Driving fatigue is more prominent in logistics industries with high timeliness re-
quirements (such as express delivery). Typically, long-haul truck drivers need to con-
tinuously drive heavy trucks traveling long distances (up to 800-1200 kilometers in a
single trip) for a long time (about 10-14 hours) to deliver goods. These drivers are prone
to driving fatigue, causing great potential threats to road traffic safety [4, 5]. For exam-
ple, a questionnaire study found that 27.8% of heavy truck drivers often feel fatigued
during driving [6]. Friswell and Williamson found that compared with light truck driv-
ers, heavy truck drivers are more likely to experience driving fatigue [7]. Another



questionnaire study conducted in China also found that excessive driving time is the
leading cause of truck driver fatigue [8].

To alleviate the driving fatigue of long-haul heavy truck drivers during long-distance
driving, some companies (e.g., Zhijia, TuSimple) have tried to deploy advanced driver
assistance systems (ADAS) on heavy trucks. However, existing studies in the passenger
car domain have found that with ADAS, drivers were more likely to experience fatigue
compared to manual driving (e.g., [9-12]). Therefore, to ensure long-haul heavy truck
drivers’ safety when using ADAS, it is imperative to understand the influence of ADAS
on heavy truck drivers’ fatigue development during long-haul driving. Our study serves
as one of the first studies that analyzed the fatigue development of long-haul truck driv-
ers based on real-world data.

2 Methods

2.1 Apparatus

Experiment Vehicle and Experiment Route. A Jie Fang J7 truck (total length: 18 m,
total weight: 31.75 t) equipped with SAE L2 ADAS was used in the experiment, which
runs on a real operation route of an express company in China, from Suzhou, Jiangsu,
to Xiaogan, Hubei, totaling 802 km, of which 785 km was highway. The ADAS in-
cludes various functions, including adaptive cruise control, lane centering control, lane
departure warning, within-lane trajectory fine-tuning (adjusting lateral position slightly
to avoid obstacles), and automatic lane changing (changing lanes when drivers initiate
the turning light). The average driving time was 10.8 hours with a standard deviation
of 0.36 hours. The experiments were conducted on weekdays to avoid the potential
influence of traffic flow variations on weekends and holidays. The departure time was
set at around 7.30 am to avoid potential sleep-related fatigue.

Eye Tracking. A dashboard-mounted remote eye tracking system (Smart Eye Pro with
three cameras, Sweden) was used to capture drivers’ eye movement behaviors. To en-
sure accurate gaze capture, gaze calibration was re-conducted whenever the driver left
the vehicle for a short break during the experiment. Fig. 1 presents the experiment ve-
hicle and the eye tracker settings.

Fig. 1. The experiment vehicle and the eye tracker settings.



Driving Response Task (DRT). The DRT can measure drivers’ alertness levels. When
the experimenter initiated the stimuli manually, the speaker would emit a "beep" sound
with a frequency of 4000 Hz, a duration of 0.5s, and a loudness of 95dB. The driver
was instructed to press the button as soon as possible when heard the sound, and the
response time was recorded. To avoid the influence of too frequent DRT on driver fa-
tigue, the DRT was conducted every two hours. In total, 5 DRTs were conducted during
the 10 hours of driving for each day of the experiment.

Subjective Ratings. To measure drivers’ subjective sleepiness during driving, we col-
lected drivers’ oral responses to the Karolinska Sleepiness Scale (KSS) [13]. To avoid
the influence of too frequent subjective responses on fatigue development, the KSS
rating was conducted every hour. In total, 10 KSS scores were obtained during the 10
hours of driving for each day of the experiment.

2.2 Participants and Experiment Procedures

To ensure safety during the use of ADAS on real roads, after screening, three profes-
sional long-haul truck drivers (all male, average age 43 years old) who have used ADAS
for more than two years participated in this experiment. Each driver conducted 2 rounds
of driving experiments over 4 days. In each round of experiments, a driver drove man-
ually one day and with the help of ADAS the other day, on a round trip between Suzhou
and Xiaogan. The order of the two drives (i.e., with and without ADAS and destinations
of drives) was balanced. To avoid possible fatigue accumulation, the gap between two
rounds of experiments for each driver was at least 5 days.

Before the experiment, the experimenter introduced the experimental procedures,
answered relevant questions, and obtained written informed consent. Before the exper-
iment each day, we calibrated the eye-tracking system. Then the driver manually drove
the vehicle to the highway toll station and then they drove with or without ADAS, de-
pending on the experimental condition. The moment that the vehicle passed the toll
station was set as time 0 when the collection of eye movement data, DRT data, and
subjective rating data began.

2.3 Data Processing and Statistical Analysis

Data Processing. For the eye tracking data, four metrics, i.e., blink frequency, blink
duration, pupil diameter, and percentage of eye closure (PERCLOS), were extracted
following previous driving fatigue-related studies (e.g., [9-12]). For each metric, we
calculated the mean value in each hour during the experiment. The raw response time
in DRT and KSS scores were used. For eye-tracking metrics, to account for individual
differences, we assumed that truck drivers were less fatigued in the first hour of the
experiment, so the eye-tracking metrics in the first hour of the experiment were used as
the baseline to normalize the changes of corresponding metrics during the rest of the
day.

Dependent Variable and Independent Variables. Four eye-tracking metrics, DRT
response time, and KSS scores were selected as dependent variables. The independent



variables included driving time (i.e., continuous), driving mode (i.e., ADAS versus
manual), and the two-way interaction effect between driving time and driving mode.

Statistical Models. Six linear mixed-effects models were fitted using SAS OnDemand
for Academics, the models accounted for repeated measures from drivers using the gen-
eralized estimating equations method. The significance level was set as 0.05, and only
significant results were reported in the following section.

3 Results

3.1 Eye tracking-based metrics

The driving mode significantly influenced drivers’ blink duration (F(1, 103)= 54.87,
p <.0001), blink frequency (F(1, 103)=33.88, p <.0001), pupil diameter (F(1, 103)=
13.72, p = .0003), and PERCLOS (F(1, 103)= 56.69, p < .0001). More specifically,
compared to driving manually, drivers had higher pupil diameter (A = 17.61%, 95%
confidence intervals (95%CI): [8.18%, 27.04%], t(103)=3.70, p=.0003), lower blink
frequency (A = -24.07%, 95%CIL: [-32.27%, -15.87%], t(103) = -5.82, p < .0001),
lower blink duration (A = -9.28%, 95%CI: [-11.77%, -6.81%], t(103) = -7.41, p
<.0001), and lower PERCLOS when driving with ADAS (A = -130.76%, 95%CI: [-
165.20%, -96.32%], t(103) =-7.53, p <.0001). Fig. 2 presents the post-hoc compari-
sons of eye-tracking metrics between different driving modes.
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Fig. 2. Post-hoc comparisons of eye-tracking metrics between two driving modes.

3.2  Response time and KSS score

A significant interaction between driving mode and driving time was found for DRT
response time (F(1, 54) = 4.38, p = .04, Fig. 3). In manual driving, for every 2-hour
increase in the driving time, drivers’ response time increased by 0.032 seconds (95%CI:
[0.02, 0.05], t(54) = 4.30, p <.0001). With the increase in driving time, the marginal
effect of driving mode on drivers’ response time increased, which means that the benefit
of ADAS would be more obvious with the increase in driving time.

Driving mode (F(1, 115) = 66.23, p < .0001) and driving time (F(1, 115) = 167.20, p
<.0001) significantly influenced drivers’ subjective KSS scores, and no significant in-
teraction effect was observed. Fig. 4 presents the comparison of KSS scores between
different driving modes and different driving times. In manual driving conditions, driv-
ers’ KSS scores were higher than that when driving with ADAS (A = 1.05, 95%Cl:



[0.79, 1.31], t(103) = 8.14, p < .0001). For each 1-hour increase in driving time, the
driver’s subjective KSS score increased by 0.29.
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Fig. 3. Post-hoc comparisons of response time: A — The interaction effect between driving time
and driving mode; B — The marginal effect of driving mode on response time.
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Fig. 4. Post-hoc comparisons of KSS score: A — Comparison of KSS scores between different
driving modes; B — The relationship between KSS score and driving time.

4 Discussion

Based on over 120 hours of data from a real-world driving experiment on open roads,
for the first time, this study explores the impact of ADAS on long-haul truck drivers’
fatigue development. Several fatigue metrics indicated that the average fatigue level of
the drivers when driving with ADAS is lower than that of manual driving. In addition,
drivers’ subjective KSS scores when driving with ADAS were also significantly lower
than those in manual driving. These results show that ADAS can reduce the fatigue
level of truck drivers during long-haul driving. This finding is different from the con-
clusions obtained among passenger car drivers in previous studies. We propose two
possible reasons: (1) as professional drivers, heavy truck drivers are more able to ap-
propriately adjust their attention allocation in driving tasks through self-discipline and
work responsibility [14], thereby avoiding passive fatigue caused by ADAS; (2) Most
of the existing research on passenger car drivers were based on simulators, and the
participants lacked the stimulation from the real environment and experienced a risk
that was lower than real-world driving [15], which made the simulation drive boring
and fatigue-inducing.



Finally, it should be noted that, although we have tried to collect more data through
repeated measures, the findings of our study should be carefully interpreted due to the
limited participants. Future research can validate our findings with more participants.
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