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Abstract
Purpose – This study aims to propose a novel subjective assessment (SA) method for level 2 or level 21 advanced driver assistance system (ADAS)
with a customized case study in China.
Design/methodology/approach – The proposed SA method contains six dimensions, including perception, driveability and stability, riding
comfort, human–machine interaction, driver workload and trustworthiness and exceptional operating case, respectively. And each dimension
subordinates several subsections, which describe the corresponding details under this dimension.
Findings – Based on the proposed SA, a case study in China is conducted. Six drivers with different driving experiences are invited to give their
subjective ratings for each subsection according to a predefined rating standard. The rating results show that the ADAS from Tesla outperforms the
upcoming electric vehicle in most cases.
Originality/value – The proposed SA method is beneficial for the original equipment manufacturers developing related technologies in the future.
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1. Introduction

Automated driving (AD) technologies have been researched
and developed for over a decade. But due to do the costs,
reliability, legislation, etc., it cannot be put on themarket yet. A
low Level 2 or 21 AD system is commonly acknowledged by
consumers [for the details of AD system classification, the
readers can refer to an international standard J3016 from the
Society of Automotive Engineers (SAE J3016, 2016)]. This level
of AD system is also called the advanced driver assistance system
(ADAS). It can remove workload for drivers, release driver
physical participation, increase traffic safety, optimize fuel
efficiency and so forth (Hasenjäger andWersing, 2017; Ziebinski
et al., 2016, 2017).
The benefits of ADAS or AD system motivate many famous

Tier 1 suppliers and automotive manufacturers to
commercialize their ADAS products for many years, such as
Robert Bosch, Continental AG, Delphi Technologies, ZF
Group, Telsa, Volvo, General Motors, Ford and VW. Most of
their products concern lateral vehicle dynamics control and
longitudinal speed and space control. Adaptive cruise control
(ACC), lane-keeping assistance (LKA) and auto lane change
(ALC) are three major functions of commercialized ADAS.
ACC system is an extended cruise control system that can
automatically tune the ego vehicle speed to keep a safe distance

from the preceding vehicle. LKA is denoted that automatic
steering or braking begins to act when the vehicle starts to
deviate from the lane. At the same time, visual, audible or
haptic warnings such as seat or steering wheel vibrations are
activated to provide a warning signal to the driver when the
vehicle is approaching or crossing the lane markings. ALC can
help the driver cross the lane safely and efficiently by an
advanced algorithm that canmake the right decisions according
to the perception information. Integrated ACC, LKA and ALC
together, the system generally is called an L2 or L21 ADAS.
The general process for developing ADAS follows a V-model,
as shown in Figure 1 (Koopman and Wagner, 2016; Crolla,
1996; Acosta et al., 2018; Perricone et al., 2020). Experimental
verification is an unavoidable process within every step before a
new technology launches into the market. Besides, as the
vehicles are sold to consumers, human responses have to be
considered simultaneously. But how to assess these developed
systems from the perspective of drivers. In general, most
developers use the subjective assessment (SA) method to
quantify the performance of these systems. Specifically, SA

The current issue and full text archive of this journal is available onEmerald
Insight at: https://www.emerald.com/insight/2399-9802.htm

Journal of Intelligent and Connected Vehicles
5/2 (2022) 112–122
Emerald Publishing Limited [ISSN 2399-9802]
[DOI 10.1108/JICV-11-2021-0017]

© Di Ao and Jialin Li. Published in Journal of Intelligent and Connected
Vehicles. Published by Emerald Publishing Limited. This article is
published under the Creative Commons Attribution (CC BY 4.0) licence.
Anyone may reproduce, distribute, translate and create derivative works of
this article (for both commercial and non-commercial purposes), subject to
full attribution to the original publication and authors. The full terms of
this licence maybe seen at http://creativecommons.org/licences/by/4.0/
legalcode

Compliance with ethical standards: Conflict of interest on behalf of all the
authors; the corresponding author states that there is no conflict of interest.

Received 26 November 2021
Revised 3 March 2022
Accepted 3 March 2022

112

Downloaded from http://ftp.nowpublishers.com/jicv/article-pdf/5/2/112/1459694/jicv-11-2021-0017.pdf by guest on 01 July 2026

http://dx.doi.org/10.1108/JICV-11-2021-0017


should be conducted during the whole developing process for
optimizing the performance of the developed systems or
functions.
SAs for traditional steering ability, maneuverability, handling

stability, drive-ability, dynamic comfort, etc., have been
developed and accepted by all the automotive original
equipment manufacturers (OEMs). Plenty of existing papers
focuses on the assessment of traditional vehicle dynamic
responses, while seldom works describe the SA on ADAS or
AD system.
Gil G�omez et al. present the in-depth research on

correlations of SA and objective metrics (OM) for steering and
handling performance. In Gil G�omez et al. (2016), a
comprehensive review of correlations of SA and OM is
presented for steering and handling performance. The detailed
key parameters for these performances are summarized. And
for further correlations of SA and OM, the authors also give
some methods such as linear regression, nonlinear neural
network, phase analysis and fuzzy logic to generate a
mathematical function that can describe the relationship
between SA and OM. This research also demonstrates the
details about test procedures, subjects, maneuvers, data
processing steps and preferred parameter values. However, as
different people have variable tastes in a specific vehicle, the
authors still state that the research on the correlation of SAs and
OM for vehicle handling and steering still needs deep
calibration. Research (Gil G�omez et al., 2015) investigates the
verbal and numerical SA results of vehicle handling and
steering feel. The judgment scales, rating trends and evaluation
spread from expert drivers are investigated. In this work, two
types of testing methods are compared and analyzed, namely,

short multiple vehicles driving under the predefined path and
extensive one vehicle free driving tests. To keep the
repeatability of subjective ratings, blind tests have to be
conducted first. And the SA results show that the previous
method is time-saving and efficient. For the verbal SA, a word
poll containing some key factors of steering feel and handling
performance such as on-center, roll control, under-gradient
and yaw-damping are used to record real-time feelings when
the driver doing SA experiments. Besides, counting first
expression comments, directly asking the experts and the SA–
SA correlation metrics are specified to figure out the key
parameters for handling and steering feel. The results dedicate
that steering response, steering torque build-up and dead-
band, understeer gradient, etc., gain more weights compared
with other factors. These key factors can be used for
optimization for the SA ratings for further searching for SA–
OM correlations. Moreover, the further advanced machine
learning algorithm is applied to reference (Gil G�omez et al.,
2018). The author adopted two artificial neural networks to
close the gap between SA and OM for steering feel. The first
neural network (self-organized map [SOM]) is developed to
generate an OM data map purely based on the OM data from
similar vehicles, which can produce a clear visualized map of
the qualitative data for the measured vehicles. Besides, the map
also denotes the subjective key factors of undergoing
development. The second general regression neural network is
introduced on the top of SOM. The regression surface is
associated with the SA ratings. The projected regression surface
can help engineers know the clusters of similar vehicles and
identify how the SA ratings are hidden within them. By setting
the desired values of the key parameters, the SOM 1 GRNN

Figure 1 V-model for model-based development
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network map can help the engineers foresee the steering feel
performance during developing the new vehicle. This work is
extremely helpful for the correlation between SA and OM. If a
large database can be built, it can be extended to assess the
handling, driveability, ride comfort (Ao et al., 2020a, 2020b),
etc. This research is pretty effective for OEMs, saving time and
shortening the new vehicle developing period.
Vehicle winter tests for vehicle handling are analyzed and

optimized inGil G�omez et al. (2017). It is difficult for engineers
to acquire repeatable and high signal-to-noise data under
winter tests. This research presents robust maneuvers and OM
by using steering robots in low adhesion ice and complex
simulation models. The bicycle vehicle model with a brush and
magic formula tire models are built respectively to generate an
optimization model. At the same time, a vehicle model in VI-
CarRealtime is built based on experimental results, kinematic
& compliance measurements and tire performance on the ice,
which aimed to provide a good transient performance, predict
and upgrade the winter test metrics. This research is helpful to
calibrate and modify the winter test maneuvers and make the
winter test results more robust against weather changes.
However, all these research studies focus on the topic of

traditional SA of handing stability and steering feel. Therefore,
this research focuses on the SA of ADAS. The frontrunner for
objective and subjective evaluation for ADAS was studied in
research (Auckland et al., 2008). The researchers develop two
simple control logic for ACC and LKA. By integration, the
objective and subjective evaluation for ADAS are conducted on
the hardware in loop testbed. Experiment results from testbed
and questionnaires show that ride comfort is increased with
ADAS, while the driving pleasure is decreased. Note that the
developed ADAS in this work aims to keep the vehicle headway
and the velocities of the following and leading car. Moreover, it
also minimizes the jerk induced by acceleration or deceleration.
At the same time, the maximum levels of acceleration that the
system can exert are constrained within about�0.2 g and 0.1 g.
Given the aforementioned reasons, ride comfort is largely
enhanced. For driving pleasure, the general forms are agility,
rapid response to the steering wheel and acceleration pedal.
These are possible reasons for the inverse perception between
“ride comfort” and “driving pleasure.” In addition, the driver’s
reaction performance is reduced when ADAS is dropping out.
The collisions are less likely to happen with the help of ADAS.
The SA in this research is assessed based on four dimensions,
namely, acceptability, concentration, experience safety and
trust. The detailed descriptions of these dimensions are not
given in this work. Besides, the robust performance of ADAS is
not disclosed in this research, such as weather change and
illumination variations.
The mental stress of drivers when using the LKA system is

researched in Schick et al. (2019). A professional team is set up
which covers expert engineers from psychology, vehicle
dynamics measurement, product design and data processing.
The key parameters of the physiological stress of the subjects
are defined in this research. The benchmark of the LKA
performance is recorded by three premium vehicles. The
statistical analysis results from 50 subjects show that the
steering effort is decreased with the help of the LKA system.
While the decreased part is mainly related to physical stress, the
mental stress of the subjects is relatively increased under the

LKA system. Unpredicted drop-off of the LKA system, weak
tracking performance, high attention effort and unclear system
borders result in low trust and acceptance of this system. This
work proposes an indication of future development of the
ADAS/AD system that is driving attributes and experience-
based development. Acceptance and trust are the most
important parts of these systems. Generally, the SA contains
the customer level and expert level. Similar research (Seidler
and Schick, 2018) from the same research term states that the
customer and expert evaluation for the LKA system shows the
same tendency and good correlation. However, their research
studies only focus on the LKA performance while the
integrated ADAS is not accounted for.
In summary, the contributions in this work are summarized

as follows: 1) a novel and holistic SAmethod is proposed for an
integrated Level 2 or 21 ADAS, which covers ACC, LKA,
ALC, etc. The SA method contains six assessing dimensions,
namely, perception, driveability and stability, riding comfort,
human–machine interaction (HMI), driver workload and
trustworthiness and exceptional operating case. Each
dimension has detailed subsections includingmore scenarios to
give a robust SA of ADAS. The proposed SA method can
provide insights for some research and development; 2) A case
study is conducted by involving two vehicles, a Tesla Model S
and an upcoming vehicle based on the proposed SAmethod.
The rest structure of this work is organized as follows.

Section 2 presents the details of every dimension. The
proposed SA method is applied to a case study (comparison
between TeslaModel S and an upcoming electric vehicle [EV])
in China is illustrated in Section 3 with result analysis and
discussions. And Section 4 concludes this paper.

2. Subjective assessment method for advanced
driver assistance system

To develop a Level 2 or Level 21 ADAS, the most common
method to assess the performance in the research and
development (R&D) center is adopting SA by a lot of drivers
under different working conditions.
It is known that perception, motion control, decision-making

and planning are four key parts of the AD system. Based on the
analytical decomposition of the four key parts. Therefore, we
decompose the ADAS performance into six dimensions which
aim to describe the perception performance and traditional
dynamic performance. The details are shown below.

2.1 Perception
Perception acts as the “eye” of the ADAS and provides
fundamental information to the system. The perception
performance depends on multiple sensors, such as self-sensing,
localization and surrounding sensing. For SA of ADAS, only
surrounding-sensing is considered, namely, medium-range
radar, ultrasonic radar and camera. Thus, the corresponded
performances for SA are lane edge detection, static and moving
object detection. The explanation for these two parts are given
as follows:

2.1.1 Lane edge detection
For the lane edge detection, it supports key information for the
controller. Recognizing the lane edge rapidly and accurately
will increase the performance of ADAS. Besides, the robustness
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of lane edge detection should be verified and assessed. The
following subsections illustrate the details of SA for lane edge
detection.

2.1.1.1 Rapid and accurate detect the lane edge. As the ADAS
should respond to the actual route quickly and efficiently, the
rapidity of lane edge detection is quite important. In reality
route, there exists a great many types of lane markers. The
system should recognize the lane edge rapidly and accurately.
During SA experiments, the switching of different lane markers
and some special lanes are majorly accounted for, such as
deceleration line, kerbstone and highway-rail grade crossing.
The performances in straight pavements and curves should be
considered simultaneously. Besides, some typical and
unfrequent lane markers should also be assessed
simultaneously, as shown in Figure 2.

2.1.1.2 Robustness under varying conditions. The
performance of ADAS under different weather and light
situation should be considered when conducting SA
experiments. The performance under heavy rain in daytime
and night, snowy days, hazy days, etc. is tested to fully assess
the ADAS. Besides, approaching and against the light source
(e.g. bean light), in and out of the tunnel, the stability of night
driving, etc. are also verified within the SA process. Various
longitudinal speeds should be tested over one scene.

2.1.2Moving and static object detection

2.1.2.1 Moving object detection. The moving object in the traffic
environment generally contains different size vehicles
(motorcycle and bicycle also are included) and pedestrians.
The different size vehicles and pedestrians are displayed in the
exterior display. During SA experiments, the accuracy and
rapidity ofmoving object detection are considered key factors.

2.1.2.2 Static object detection. Static object detection is a vital
problem for AD/ADAS. As is known, multiple traffic accidents
under the ADAS active are caused by the fall identification of
static object detection. Thus, it is essential to focus on the

precision rate of recognizing the static objects (static vehicles,
people, walls, etc). during running ADAS.

2.1.2.3 Robustness of moving and static object detection.
Similar to lane edge detection, the robustness of moving object
detection should also be involved in the SA experiment. The
robustness verificationmethod is equal to lane edge detection.
The detailed points with respect to the perception of the

ADAS are described in the following Table 1.

2.2 Driveability and stability
The driveability and stability mainly consist of longitudinal and
lateral vehicle dynamics (Ao et al., 2021). Both of them have
direct interaction with the driver’s perception and can decide
the acceptance of ADAS. The details of them are shown as
below:

2.2.1 Driveability
For the driveability performance, it mainly concerns the
longitudinal vehicle dynamics and is highly correlated with the
ACC system. The SA focuses on:
� the performance of the drive motor or engine;
� the coordination of the mechanical or electric

transmission system; and
� braking performance in different situations.

Besides, the reaction time of stop-go, the reaction ability and
speed of cut-in and cut-out performance and the pitch
performance during acceleration/deceleration should also be
assessed. The driveability assessment is conducted both on
straights and curves with different longitudinal speeds.

2.2.2 Lateral stability
The lateral dynamic performance of the vehicle induced by
ADAS plays an important role in consumer satisfaction. For
the lateral performance, the SA mainly examines the yaw
motion control performance and its robustness against external
disturbance (Ao et al., 2020a, 2020b). During the experiments,
the driver assesses the yaw rate control, swing vibration of the

Figure 2 Typical and unfrequent lane markers
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steering wheel, the overshoot of the steering wheel when LKA
or ALC running, etc. The robustness of the lateral performance
for ADAS is evaluated through the stability under hairpin turn,
crosswind, slope and roughness road. In addition, the roll angle
is also accounted for under high vehicle speed. Different
longitudinal speeds are tested to give a fair score of the system
performance.
The subdetails under dimension driveability and stability are

summarized in Table 2.

2.3 Riding comfort
Referring to the riding comfort of ADAS, the SA concentrates
on the steering, acceleration and braking induced effects.When
it comes to the riding comfort for steering, we follow the
steering wheel or yaw rate oscillation during the vehicle
tracking a variable curvature path. The longitudinal
acceleration surge (also known as a jerk) generated by the
acceleration and braking action is the key point that produces
uncomfortableness to drivers and passengers. Furthermore, the
rolling performance will be suppressed by ADAS. That is to
say, the vertical acceleration also should be assessed under this
dimension. The details corresponding to this dimension are
given in belowTable 3.

2.4 Human–machine interaction
The HMI of ADAS conveys abundant information to drivers.
The details of HMI for ADAS contain the alarm sounds from
ADAS and pretensioning seat-belt; the real-time information

from interior car displays, such as ADAS start, standby,
malfunction and off; and the ADAS operating handle. It is
pretty acceptable if the HMI is clear, convenient, accurate and
unannoyed. This dimension of SA is implemented and assessed
during previous sections. Concerning the HMI, the
summarized assessment details are given as follows (Table 4).

2.5 Driver workload and trustworthiness
This dimension is related to the physiological and psychological
feelings of drivers. When the ADAS is active, two key points,
the time and magnitude of correction torque applied to the
steering wheel and the feeling of tension when autonomous
turning or lane-keeping tuning, almost determine the score on
this dimension. Beyond that, according to the Road Traffic
Safety Law, the driver cannot leave their hands off the steering
wheel. Hence, the sensitivity of hand off detection and the time
duration and warnings of hand off from ADAS also should be
taken into the SA. The driver trustworthiness of ADAS is
expressed as to whether the performance of this system can be
trusted with respect to the driver’s driving behavior. The
detailed concerns for this dimension are presented in below
Table 5.

2.6 Exceptional operating case
As the traffic environment is pretty complex, we cannot cover
all the scenarios when doing SA experiments. Hence, this
evaluating dimension is named as the exceptional operating case,
which comprises some unfrequent working conditions, such as

Table 1 Details of the perception dimension

Name Subdetail Subemphasis

Lane edge detection Rapid and accurate detection of the
lane edge

Rapidity:
In straight or curve, the change from solid line to broken line; from speed-change lane to
solid/broken line, etc.
Accuracy:
Detection accuracy of different types of traffic lines

Robustness under varying
conditions

Majorly focus on the environmental change:
Illumination change, for instance, approaching the light source; in or out of the tunnel, etc.
Weather change, snowy, heavy rain, foggy, dust storm, etc

Moving and static
object detection

Moving object detection The moving targets in the transportation system contain different types of vehicles,
passenger cars, commercial vehicles, cyclists and pedestrians

Static object detection Major parts are vehicles, walls, cyclists and pedestrians
Robustness of moving and static
object detection

Majorly focus on the environmental change:
Illumination change, for instance, approaching the light source; in or out of the tunnel, etc.
Weather change, snowy, heavy rain, foggy, dust storm, etc

Table 2 Details of the driveability and stability

Name Subdetail Subemphasis

Driveability and stability Driveability Driving in line and curve:
Activate the system in the lane center or with departure
Activate the system when entering or when driving in the curve
Varying the vehicle speed under these conditions, etc

Stability Yaw rate performance ALC
Sensitivity and responses against road irregularities
Sensitivity under crosswind
Driver taking over aligning torque of steering handwheel, etc
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overtaking an overlength vehicle, super-wide vehicle, traveling
through a construction motorway and guide road of motorway
shown in Figure 3. The SA on this dimension is essential but
needs a live update for covering more uncommon scenarios. A
brief summary of this dimension is given inTable 6.
This section presents an overview of six SA dimensions of

evaluation of L2 or L21 ADAS. Honestly, the aforementioned
dimensions are still insufficient due to the super-complexity
and uncertainties of the transportation system. However, what we
demonstrate here is a subjective evaluation method and what
parts should be considered. How to define the evaluation
dimensions, how to decouple the vehicle responses based on
different dynamics and perception performance and how can we
verify the robustness of the system are key factors in designing the
SAmethod for the ADAS. It is compulsory to do the related SA as
long as this technology is connected to vehicle safety and drivers.

3. A case study in China to assess the Tesla Model
S and an upcoming pure electric vehicle

In this section, a case study in China for the SA comparison of
L21 ADAS is demonstrated based on the proposed method in
Section 2. It is well known that Tesla becomes the most
overvalued automotive company in the world in 2020. The
autopilot system from Tesla attracts a lot of consumers. And

with the help of over the air system that updates give new
features and enhance the existing ADAS over Wi-Fi (Coe et al.,
2019). Furthermore, the ADAS from Tesla has become the
benchmark in the automotive market nowadays, and it is the
reason for us to choose TeslaModel S as a comparison object. And
the upcoming pure EV is equipped with a self-developed ADAS
algorithm (Yang et al., 2018). These two types of ADASs have the
almost same hardware configurations (Millimeter Wave Radar
supported by Continental and Bosch 1 Multiple Cameras 1
Navida Tegra and Xavier). The nearly same hardware
configurations are the prerequisites for the comparison, which will
make the SA meaningful and fair. Besides, the states (battery
capacity, coolant, tire pressure, etc). of the vehicles should be
examined to keep the assessment data reliable. The details of the
SA comparison are disclosed in the following subsections.

3.1 The subjective rating standard
The subjective rating standard is original from an international
standard from the Society of America Engineering (SAE)
J1060 (SAE J1060, 2000). But the proposed subjective rating
scale is slightly modified from J1060 according to enterprise
standards. The rating scale is based on 0–10 with 10
representing the best level of ADAS. Specific information can
be found in Appendix 1. The proposed rating scale has been
verified through other types of assessment, such as handling

Table 3 Details of the riding comfort

Name Subemphasis

Riding comfort 1 Jerk, acceleration and deceleration under car-following process under the different road
2 Yaw rate jerk (torsional vibration) during steering wheel aligning
3 Steering wheel softness under lane-keeping mode with different velocities and different road conditions
4 etc

Table 4 Details of the HMI

Name Subemphasis

Human-machine
interaction 1 Interaction with the joystick of the system. Does the joystick convenient to operate or not? What about

the possibility of maloperation and how are the interpretations of the function provided by the joystick?
2 Visualization of the exterior display
3 Alarm sound, seat belt interaction

Table 5 Driver workload and trustworthiness

Name Subdetail Subemphasis

Driver workload and trustworthiness Driver workload Frequency of taking over requests by the system
Sensitivity, time and alarm for hands-off detection
The time and magnitude of aligning torque

Driver trustworthiness Feeling of tension during aligning steering wheel
Safety anticipation of the system
The possibility of losing control
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stability and braking pedal feeling tests. Then for the ADAS
system, the proposed scale is also workable. To adequately
describe the subjective value, every rating scale is divided into
10 segments. Every test driver is required to fill out a
questionnaire and assign a suitable score according to the
actual performance of ADAS.Honestly, each dimension and its
subsections will be assessed more than 10 times, and then an
average objective score can be assigned to this dimension.

3.2 Subjects
The subjects invited in this SA comparison are constructed by
five novice drivers (who have less than two years of driving
experience), six experienced drivers (who have more than five
years of driving experience) and seven professional drivers (who
are working at the vehicle test department at automotive
OEM). The reasons for this driver experience allocation are:
� to simulate a hierarchical driver structure;
� to give a customer level, medium level and expert level SA;

and
� to keep the reliability and scientific of the experiment

results.

The demographic information is shown inTable 7.

3.3 Experimental map
To ensure the coherence of the SA data, the route for the SA
experiment is almost fixed except for the final dimension
(exceptional operating case) for the reason that this dimension
is happening occasionally. Hence, this dimension of SA is
treated specially. Furthermore, the robustness assessments
related to weather change, illumination variation, etc., are also
treated particularly. For the rest assessment dimensions, the
routes are required to be as same as possible.
The traffic environment in China seems to be a bit more

different compared with other countries and some unnormal
cases such as special style lane change, close cutting in or cutting
out for vehicles, motorcycles, bicycles or pedestrians, a very large
variety of obstacles, dense traffic and the irregular patterns are
frequently happening. Under these circumstances, the selection
of the SA experimental route is extremely important. Our
research group spent more than one week finding an appropriate
path that could cover multiple complex traffic environments, as
shown in Figure 4. Besides, this path corresponds to human daily
driving life, which contains about 45%–55% of the urban road,
20%–30% of the motorway and about 15%–35% of other types
of roads. The percentage is originally coming from the vehicle
endurance test enterprise standard. The estimated travel distance
and time are estimated from Google Map that is about 162km
and 160min. And the distance and time are generally enough to
meet all the SAdimensions and subsectionsmore than 10 times.

3.4 Subjective assessment results and discussion
The SA results are the overall scores given by 18 test drivers
when they driving at the aforementioned map. In this research,
the final score of each dimension is composed of the weighted
mean value of 18 drivers. Honestly, we should give different
weights on different level drivers. A weighted average probably
is more accurate to represent the final scores on the six

Figure 3 Typical and unfrequent lane markers
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dimensions. Upon the collected data, we also use a weighted
sum to compute the final score, which follows the below
equation:

y ¼ v1x1 1v2x2 1v3x3 (1)

where x1; x2; x3 are the scores from novice, experienced and
professional drivers, respectively, while v1;v2; and v3 are the

corresponded weights. Here we set v1 ¼ 0:2; v2 ¼ 0:3; and
v3 ¼ 0:5. The overall average scores of the two vehicles are
demonstrated on the following radar plot in Figure 5. The
results of the case study show that the Tesla Autopilot system
performs better than the self-developed system except for the
HMI. The possible reason is that the local market adaptation is
not sufficient, specifically, the customization of local human
beings.

Table 6 Details of the exceptional operating case

Name Subemphasis

Exceptional operating case 1 Performance of overtaking the overlength vehicle, super-wide vehicle, etc.
2 Performance when crossing the construction motorway
3 Performance under the rampmetering

Table 7 Summary of demographic information of test drivers

Variable Mean Standard deviation (SD)

Age (Years) 31.3 7.4
Weight (kg) 75.3 8.4
Height (cm) 173.6 12.3
Driving years 6.8 4.6s
Body mass index (BMI) 26.3 1.9

Figure 4 The fixed route for conducting the SA experiments

Advanced driver assistance system

Di Ao and Jialin Li

Journal of Intelligent and Connected Vehicles

Volume 5 · Number 2 · 2022 · 112–122

119

Downloaded from http://ftp.nowpublishers.com/jicv/article-pdf/5/2/112/1459694/jicv-11-2021-0017.pdf by guest on 01 July 2026



4. Conclusions

This research presents a SA method for an L2 or 21 ADAS. The
overall performance of ADAS is divided into six dimensions,
namely, perception, driveability and stability, riding comfort, HMI,
driver workload and trustworthiness and exceptional operating case.
Each dimension also contains a lot of subsets. Eighteen drivers with
different driving experiences are invited to give their valuable
assessments. The proposed SAmethod is applied to a case study in
China based on the Tesla Autopilot system and a self-developed
ADAS for an upcoming vehicle. The case study results show that
the Tesla Autopilot system outperforms the self-developed ADAS
inmost cases except for theHMI. Further, the proposed details and
methodology can give some takeaways or insights to automotive
OEMs for future development related to ADAS or autonomous
driving technologies, especially for some national vehicle brand
R&D center that wants to develop some technologies with
independent intellectual property rights.
In future research,wewill expand the comparisonwithMobileye,

Volvo Pilot Assist system, GM’s Super Cruise, etc. Furthermore, if
abundant SA data can be collected, the digital twin methods or
some learning algorithms can be used to build the gapwith objective
experiment results, which has a huge prospect of industrialization.

References

Acosta, M., Kanarachos, S. and Blundell, M. (2018), “Virtual
TYRE force sensors: an overview of TYREmodel-based and

TYRE model-less state estimation techniques”, Proceedings
of the Institution of Mechanical Engineers, Part D: Journal of
Automobile Engineering, Vol. 232No. 14, pp. 1883-1930.

Ao, D., Hua, X., Yu, G., Guo, D. and Jia, Z. (2020a), “Robust
active post-impact motion control for restraining a second
crash”, 2020 IEEE 16th International Conference on
Automation Science and Engineering (CASE), IEEE,
pp. 159-164.

Ao, D., Wong, P.K., Huang, W., Mei, X.T., Cao, Y.C. and
Zhao, J. (2020b), “Analysis of co-relation between objective
measurement and subjective assessment for dynamic
comfort of vehicles”, International Journal of Automotive
Technology, Vol. 21No. 6, pp. 1553-1567.

Ao, D., Huang, W., Wong, P.K. and Li, J. (2021), “Robust
backstepping super-twisting sliding mode control for
autonomous vehicle path Following”, IEEE Access, Vol. 9,
pp. 123165-123177.

Auckland, R.A., Manning, W.J., Carsten, O.M.J. and Jamson,
A.H. (2008), “Advanced driver assistance systems: objective
and subjective performance evaluation”, Vehicle System
Dynamics, Vol. 46No. sup1, pp. 883-897.

Coe, D.J., Kulick, J.H.,Milenkovic, A. and Etzkorn, L. (2019),
“Virtualized in situ software update verification: verification
of over-the-air automotive software updates”, IEEE
Vehicular TechnologyMagazine, Vol. 15No. 1, pp. 84-90.

Crolla, D.A. (1996), “Vehicle dynamics – theory into practice”,
Proceedings of the Institution of Mechanical Engineers, Part D:
Journal of Automobile Engineering, Vol. 210No. 2, pp. 83-94.

Figure 5 Comparison of the subjective assessment results for two vehicles

Advanced driver assistance system

Di Ao and Jialin Li

Journal of Intelligent and Connected Vehicles

Volume 5 · Number 2 · 2022 · 112–122

120

Downloaded from http://ftp.nowpublishers.com/jicv/article-pdf/5/2/112/1459694/jicv-11-2021-0017.pdf by guest on 01 July 2026



Gil G�omez, G.L., Nybacka, M., Bakker, E. and Drugge, L.
(2015), “Findings from subjective evaluations and driver
ratings of vehicle dynamics: steering and handling”, Vehicle
SystemDynamics, Vol. 53No. 10, pp. 1416-1438.

Gil G�omez, L.G., Nybacka, M., Bakker, E. and Drugge, L.
(2016), “Correlations of subjective assessments and
objective metrics for vehicle handling and steering: a walk
through history”, International Journal of Vehicle Design,
Vol. 72No. 1, pp. 17-67.

Gil G�omez, G.L., Nybacka, M., Drugge, L. and Bakker, E.
(2018), “Machine learning to classify and predict objective
and subjective assessments of vehicle dynamics: the case of
steering feel”, Vehicle System Dynamics, Vol. 56 No. 1,
pp. 150-171.

Gil G�omez, G.L., Lönnergård, A., Asher, M.H., Nybacka, M.,
Bakker, E. and Drugge, L. (2017), “Analysis and
optimisation of objective vehicle dynamics testing in winter
conditions”, Vehicle System Dynamics, Vol. 55 No. 7,
pp. 945-969.

Hasenjäger, M. and Wersing, H. (2017), “Personalization in
advanced driver assistance systems and autonomous
vehicles: a review”, 2017 IEEE 20th International Conference
on Intelligent Transportation Systems (ITSC), IEEE, pp. 1-7.

Koopman, P. and Wagner, M. (2016), “Challenges in
autonomous vehicle testing and validation”, SAE International
Journal of Transportation Safety, Vol. 4No. 1, pp. 15-24.

Perricone, G., Alemani, M., Wahlström, J. and Olofsson, U.
(2020), “A proposed driving cycle for brake emissions
investigation for test stand”, Proceedings of the Institution of
Mechanical Engineers, Part D: Journal of Automobile
Engineering, Vol. 234No. 1, pp. 122-135.

SAE J1060 (2000), “Subjective rating scale for evaluation of
noise and ride comfort characteristics related to motor
vehicle tires”, Light Ground Vehicle Standard, Vehicle
Exterior Sound Level Standards Committee, SAE
International, J1060_201405, 16 May 2014, doi: 10.4271/
J1060_201405.

SAE J3016 (2016), “Taxonomy and definitions for terms
related to driving automation systems for on-road motor
vehicles”, Ground Vehicle Standard, SAE International,
J3016_202104, 30 April 2021, doi: 10.4271/J3016_202104.

Schick, B., Seidler, C., Aydogdu, S. and Kuo, Y.J. (2019),
“Driving experience versus mental stress at assisted lateral
guidance”,ATZWorldwide, Vol. 121No. 2, pp. 68-73.

Seidler, C. and Schick, B. (2018), “Stress and workload when
using the lane keeping assistant”, Presented at the Aachen
ColloquiumAutomobile and Engine Technology, Aachen.

Yang, D.G, Jiang, K., Zhao, D., Yu, C.L., Cao, Z., Xie, S.C.,
Xiao, Z.Y., Jiao, X.Y., Wang, S.J. and Zhang, K. (2018),
“Intelligent and connected vehicles: current status and future
perspectives”, Science China Technological Sciences, Vol. 61,
pp. 1446-1471, available at: https://link.springer.com/article/
10.1007/s11431-017-9338-1#citeas

Ziebinski, A., Cupek, R., Erdogan, H. and Waechter, S.
(2016), “A survey of ADAS technologies for the future
perspective of sensor fusion”, International Conference on
Computational Collective Intelligence, Cham, Springer,
pp. 135-146.

Ziebinski, A., Cupek, R., Grzechca, D. and Chruszczyk, L.
(2017), “Review of advanced driver assistance systems
(ADAS)”, AIP Conference Proceedings, AIP Publishing LLC,
Vol. 1906, No. 1, p. 120002.

Advanced driver assistance system

Di Ao and Jialin Li

Journal of Intelligent and Connected Vehicles

Volume 5 · Number 2 · 2022 · 112–122

121

Downloaded from http://ftp.nowpublishers.com/jicv/article-pdf/5/2/112/1459694/jicv-11-2021-0017.pdf by guest on 01 July 2026

http://dx.doi.org/10.4271/J1060_201405
http://dx.doi.org/10.4271/J1060_201405
http://dx.doi.org/10.4271/J3016_202104
https://link.springer.com/article/10.1007/s11431-017-9338-1#citeas
https://link.springer.com/article/10.1007/s11431-017-9338-1#citeas


Appendix 1

Appendix 2

Corresponding author
Di Ao can be contacted at: yb87413@um.edu.mo

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

Table A1 Rating scale from SAE J1060 with a slight modification

Score (0,1] (1,2] (2,3] (3,4] (4,5] (5,6] (6,7] (7,8] (8,9] (9,10]

Meaning of the score Intolerable Severe Very poor Poor Marginal Beverly acceptable Fair Good Very good Perfect
Customer satisfaction Very dissatisfied Dissatisfied Unsatisfactory Marginal Beverly satisfied Satisfied Very satisfied
Customer acceptance Unacceptable Borderline Beverly acceptable Acceptable

Table A2 Partially results of the subjective assessment with subdetails

Vehicle
Subjective assessment Tesla model S Upcoming EV
Dimension Partially subdetails Rating

Perception Lane edge detection 9.3 7.4
Static object detection 8.0 6.3
Moving object detection 8.3 7.5

Driveability and stability Driveability 8.6 7.7
Stability 8.0 7.6

Riding comfort Stop-go 8.1 7.5
Turning 7.9 7.5
Vertical performance 7.6 6.6

Human-machine interaction Joystick 7.2 8.3
Exterior display 7.8 8.6
Sound, seat belt interaction 7.6 7.7

Driver workload and trustworthiness Workload 8.3 7.3
Trustworthiness 8.6 7.4

Exceptional operating case Overlength vehicle 7.8 6.1
Super-wide vehicle 8.1 6.4
Construction motorway 7.1 6.2
Motorway guide road 7.6 6.4
Etc – –
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