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Abstract: Vehicles with advanced active safety technology
can decrease the significant traffic accidents that can lead
to death. This active safety frontier falls under primary
safety in the European New Car Assessment Program
(Euro NCAP) 2025 Roadmap, which has become one of
the overall safety rating initiatives toward safer vehicles.
Some frontier active safety technologies will be assessed,
including autonomous emergency steering (AES) and auto-
nomous emergency braking (AEB). However, the New Car
Assessment Program in Southeast Asian Countries (ASEAN
NCAP) only focuses on AEB technologies. Hence, this work
discusses the existing papers on AES assessment, AES
demand, AES control, AES system with Artificial intelli-
gence, and AES testing methodology. Three articles from
the industry discussing the AES function in passenger
automobiles were found as a result of an article search
using the Google search platform. Other terminologies
like emergency steering control and emergency steering
assist are used instead of AES. However, the principle
remains the same. The three categories have been recog-
nized from all of the document results: road adhesion
condition, driver condition identification, and rear-end
collision. However, only the rear-end collision situations

are further investigated in this work to recognize the
currently available approach used by previous studies.
According to the review findings, just a few AEB interven-
tion systems are now accessible, while AES technology is
still in its early phases. That might explain the lack of
exact evaluations and effective remedies. As a result,
this research aims to offer evidence supporting the pro-
posed methodology for assessing and evaluating AES in
the ASEAN NCAP rating scheme. Besides that, this study
can also help industries such as automakers and automo-
tive vendors leverage the guidelines to fit the AES in their
future models.

Keywords: active safety, autonomous emergency steering,
assessment scenario, front collision avoidance, artificial
intelligence

1 Introduction

Today’s global automakers are focusing critically on devel-
oping trends in vehicle technology such as Artificial intelli-
gence (AI), cooperative intelligent transportation systems
(C-ITS), internet of things (IoT), and autonomous driving in
cars, as well as improving vehicle safety, and making vehi-
cles more environmentally friendly and more intelligent.
Nowadays, automobile manufacturers should prioritize
the development of safer automobiles. The safety automo-
bile has two categories: passive and active safety [1].
Advanced active safety features in vehicles can reduce
fatal traffic collisions, but these features are only available
to residents of high-income regions [2]. Passive safety,
which aids car occupants in surviving a collision, was the
priority two decades ago [3].

However, the focus of safety innovation has shifted
from passive safety, which reduces the impact of an acci-
dent or the severity of the injury, such as side-impact pro-
tection and airbags, to active safety, which prevents
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collisions before they occur, such as autonomous emer-
gency steering (AES) and autonomous emergency braking
(AEB). In other words, passive safety technology focuses
entirely on minimizing the effects of an accident both
before and after impact. Meanwhile, active safety technol-
ogies can prevent or lessen an accident before it happens.

As highlighted in the European New Car Assessment
Program (Euro NCAP) 2025 roadmap [4], this active safety is
a leading safety priority that has evolved into a global safety
rating project for safer automobiles or vehicles. Some fron-
tier active safety technologies need to be assessed, including
AES and AEB. Euro NCAP conducts these tests to assess
system operation and performance while driving usually
and in common accident conditions [5]. These technologies
are available in most vehicle fitments starting from 2022.
However, AES is a new technology, and revisions to regula-
tions were planned in 2022 to utilize its potential fully.

This initiative is fitted into the recently launched
National Automotive Policy (NAP 2020). The NAP 2020 is a
program that promotes investment, technological growth,
and sustainability in general. The NAP 2020 promotes new
growth sectors by incorporating future development tech-
nologies such as Next-Generation Vehicle (NxGV), Mobility
as a Service (MaaS), and Industrial Revolution 4.0 (IR4.0) [6].
The NxGV standards have been created in 2021 in order for
the market to be fully developed by 2025. In the NxGV direc-
tion, there are three leading focused technologies: connected
vehicles, advanced driving capabilities, and energy-efficient
powertrains. Thus, the vehicle’s active safety technologies
development is integral to the advanced driving capabilities.
It is worth mentioning that a rise in directions towards
IR4.0, MaaS, and NxGV is currently applied by automotive
leaders such as the United States, the United Kingdom,
Germany, China, and Japan.

On the other hand, in Southeast Asian countries, espe-
cially Malaysia, the ASEAN NCAP Roadmap 2021–2025 includes
this program in its “Safety Assist” technology growth endeavor
[7]. The ASEAN NCAP, for example, focuses solely on AEB
technologies, which are functions that warn drivers of
impending collisions and assist them in using the vehicle’s
full capability. In contrast to AEB, the AES technology will
automatically steer to prevent accidents when a predicted
collision is identified. This active safety system gives an
advantage in evasive steering support. Later, the combina-
tion of AEB and AES will enhance intelligent mobility
applications with a minimum of Level 4 of the Society of
Automotive Engineers (SAE), driving high automation [8].
The SAE recognizes six degrees of driving automation,
from level 0 being entirely manual to level 5 being autono-
mous, as illustrated in Figure 1. The US Department of Trans-
portation has approved these standards.

Additionally, the AES system may function as a com-
ponent of an advanced driver assistance system (ADAS) for
upcoming driverless or automated cars. Many researchers
have reported progress on autonomous vehicles’ overall
architecture and feasibility [7,9–14]. Nevertheless, only a
tiny number of AES and AEB intervention systems are
available right now, which could cause the lack of spe-
cific assessments and effective measures, especially from
automakers.

As benchmarked to the EURO NCAP [5], more assess-
ment development is possible and consolidated for the
ASEAN NCAP safety protocols due to the safety assistance
assessment for Euro NCAP and ASEAN NCAP contributing
20% to the overall rating [5,15]. However, the test assess-
ment for Euro NCAP and ASEAN NCAP is slightly different.
Therefore, this study analyses the existing research on the
AES demand, AES assessments, AES control, AES system
with AI, and AES testing methodology. The results of this
study can be expanded further to combine the ASEAN
NCAP safety rating systems program under the Malaysian
Institute of Road Safety Research (MIROS).

This study might be beneficial not just in the academic
world but also in the industrial world. In terms of aca-
demics, this study could benefit the universities’ research
and development activities in furthering active safety,
autonomous vehicles, AI, and machine learning (ML) topics.
Meanwhile, in terms of industry, this study can help govern-
ment agencies like MIROS prepare the AES guidelines for
inclusion in the ASEAN NCAP rating scheme. Besides that,
this study can also help industries such as automakers and
automotive vendors leverage the guidelines to fit the AES in
their future models.

2 Information search methods

Several search engine platforms were used to perform the
research, including Google Patent, Google Scholar, Web
of Science (WoS), and Scopus. “Autonomous emergency
steering assessment” was the keyword used in Google
Scholar and Patent search. In WoS, the phrase “autono-
mous emergency steering assessment” is followed by the
terms “assessment,” “control,” “testing,” and “demand.”
Additionally, Scopus searched for the terms “emergency
steering,” “artificial intelligence,” “machine learning,” and
“deep learning.” The most recent and significant works on
AES demand, assessments, control, and testing techniques
are discussed. Finally, the most relevant past articles related
to the AES system’s integration with AI are chosen to be
featured in this article.
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3 Search results

Three articles from the industry [16–18] discussing the
AES function in passenger automobiles were spotted as
a result of an article search using the Google search plat-
form. Other terminologies like emergency steering con-
trol (ESC) and emergency steering assist (ESA) are used
instead of AES. However, the principle remains the same:
to automate the steering to avoid a crash. AES develop-
ment and its safety implications were discussed in pre-
vious research studies [7,9–14].

BWI Company [19], TRW Inc. [20], and Continental
Teves AG [21] are the top three industry patent search
results. They explained that since early 2000, AES research
had continued the AEB study. The main concept behind
AES is to forecast the escape path depending on the car’s
surroundings and occasionally, the obstacle’s surround-
ings. In this case, AEB will lengthen the time until a colli-
sion occurs in order for AES to forecast the escape path and
prevent the collision.

According to the search results on the WoS platform,
research on AES assessment and AES demand elements is
still limited in comparison to AES control and AES testing
features. Using the keywords “assessment,” “demand,”
and “control” in addition to “active emergency steering”,
yielded nine and three articles, respectively. An extra
control term yielded 61 articles, whereas the testing key-
word yielded 22. The search’s outcome is reasonable since
it must be fully developed before being evaluated. The
AES technology evaluation outcome can provide insight
into what ordinary people are looking for when pur-
chasing a car. This article goes through a few publications
that cover the AES evaluation, AES demand, AES control,
and AES testing methodology, such as works by other
researchers [22–24].

Around 1,000 documents turned up from a Scopus
search for the phrase “emergency steering.” Figure 2 demon-
strates how the emergency steering trend has increased
year after year. The trend shows that this topic has been
studied since 1924. However, researchers began to pay

Figure 1: SAE levels of driving automation [8].
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attention to this topic around 2010 and have continued to do
so until the present. Furthermore, the addition of terms such
as “artificial intelligence,” “machine learning,” and “deep
learning” narrows the scope and makes the result more
particular. The three categories have been recognized
from all of the document results: road adhesion condition
[25,26], driver condition identification [27–33], and rear-
end collision [34–47]. Drowsiness detection [27,28] and
driver behavior detection [29–33] are two identified
sub-categories of driver condition detection. When it
comes to road adhesion, potholes [25,26], cracks [25],
and speed bumps [26] are usually found. In the mean-
time, in a rear-end collision, AI is used to identify the
vehicle [34–43] and pedestrians [44–47]. However, only
the front collision situations with a vehicle [34–43] are
further investigated in this study to recognize the cur-
rently available approach used by previous studies.

According to the review findings, just a few AEB inter-
vention systems are now accessible, while AES technology
is still in its early phases. That might explain the lack of
exact evaluations and effective remedies. As a result,
this research aims to offer evidence supporting the pro-
posed methodology for assessing and evaluating AES in
ASEAN NCAP.

4 Discussion

This section has five sub-sections: AES assessment, AES
demand, AES control, AES system with AI, and AES testing
methodology.

4.1 AES assessment

AES is one of the control methods for safety features pre-
sently being explored. An AES component must provide
precise control on time based on suitable surroundings
to address severe circumstances. AES is a significantly
new technology, according to Euro NCAP, and modifica-
tions to laws are expected in 2022 to utilize its potential
fully. When an expected collision is identified, AES will
automatically steer to avoid accidents, which is an advan-
tage over a safety system with AEB. Furthermore, the AES
system might be integrated into an ADAS for upcoming
automated or driverless cars. Several researchers have
reported on the progress of their AES vehicles [23,24,48].
However, due to a lack of specialized assessments and
practical methods, relatively few automated steering inter-
vention systems are currently available. Appropriate eva-
luation is required to anticipate technology before it is
released in the market, such as the ASEAN NCAP safety
rating of a new automobile.

A change from a technology-based approach (e.g., solely
testing for AES or AEB) to more scenario-based evaluations
that allow for multiple sorts of interventions (e.g., braking
and steering) is required [7]. Whatever technology emerges
in the future, the assessment should be ready. Researchers
have presented an example of a technology-based method
[23,24]. An innovative ESC technique is based on a hierarch-
ical control architecture with decision-making and motion
control levels. The effectiveness of the suggested control
technique for performing an emergency collision avoidance
maneuver has increased. ESA devices and methods have
been developed [16]. Continental, for example, a significant
vehicle supplier, debuted its ContiGuard ESA system in 2010
[21]. 2 years later, a Japanese carmaker, Nissan, unveiled
the concept of a self-developed helper that can drive itself
in an emergency. TRW Automotive, on the other hand,
has created radar and video camera-based driver assistance
systems. The technology was expected to be ready for
production in 2017, with applications for the 2018 model
year [20].

4.2 AES demand

Manymodern automobiles have safety and comfort features
to address market expectations for minimizing road acci-
dents. It is impossible to provide safety and comfort without
combining steering and pedal control [49]. ADAS, lane
departure warning systems, forward collision-avoidance,

Figure 2: The research document trends throughout the years.
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and adaptive cruise control are just a few of the safety
innovations that have emerged as a result of these initiatives
[34]. Because system failure is risky for the driver, researchers
and automobile firms continue to argue the usefulness of the
safety system. However, if the safety system evaluation
demonstrates that it can work with a few mistakes, this is
a beautiful chance to market the product and establish con-
sumer trust [50]. Human error, such as a driver’s delayed
response time owing to an unexpected presence of an impe-
diment, causes crashes or accidents. Many collisions could
be avoided or mitigated with the existing AEB technology.
Although more technically challenging, AES may result in
even more substantial reductions in collisions and fatalities,
particularly in a single vehicle and minor overlap crashes,
as well as accidents involving vulnerable road users such as
bicycles and pedestrians [22].

4.3 AES control system

AES is a lateral safety mechanism that regulates steering
rotation in a probable accident. Complex car models and
hard math are used in the system. The main goal is to avoid
colliding with the barrier by moving the steering wheel.
AES control is designed to tackle collision avoidance diffi-
culties in high-speed scenarios (highway traffic) [23,24],
whereas AEB control is better suited to slow-speed settings
(urban traffic) [18,21]. In high-speed conditions, the long-
itudinal distance to the obstruction is shorter, making AEB
ineffective at preventing collisions. However, this does not
imply that AES can function without AEB; instead, both
systems must be used together. When a probable collision
is identified, the driver must make many decisions and
judgments, including “What is the obstacle type?” “Should
I brake or steer at this point?” “Where can I go away?” and
so on. There is so much data to analyze in a single second
that the driver’s reaction time is delayed. Here ADAS,
which combines the AES and AEB, assists the drivers by
alerting them, braking the car, and turning the steering
wheel. At first, the technology will warn the driver of
impending crashes. An accident will occur if the motorist
does not respond to brake until the last moment. When
AEB is enabled, the vehicle speed in a lane is reduced,
giving the driver more time to respond. Assuming the
driver continues to fail to steer or have a reaction until
the very last moment [16] and the steering torque is insuf-
ficient [49], in that circumstance, AES is engaged to prevent
a collision by automatically changing lanes. The optimal
braking distance that assures the AES’s effectiveness is still
an unresolved problem that requires additional testing.

In Figure 3, the flow of the collision avoidance system
is started by scanning the surrounding situation, such as
the traffic conditions [9], road type [19], lane type [21],
vehicle or pedestrian [22], static or dynamic [23], and
obstacle type (big or small) [24]. The system should be
concerned about the dimension in terms of obstacle type.
The possibility of a rear-end collision will rise if the dimension
is not evaluated. Hamid et al. [24] lengthened the obstruction
using an invisible rectangle, resulting in more secure escape
paths. Road, lane, and traffic data limit the best escape path
alternatives. A pedestrian walkway, an incoming traffic lane,
or a severely damaged road should not be considered the best
escape paths [9]. The cameras, radar, and LIDAR are standard
sensors used in the scanning process for determining the best
escape path [16,18]. At least one sensor must produce informa-
tion regarding the surroundings and the impending barrier
[20]. The exchange of information between two vehicles can
also improve data quality. Electronic maps may also gather
environmental data over a broader region. However, they
perform less precisely in tiny spaces than direct sensors on
moving vehicles. The system then uses AES and AEB to follow
the escape path trajectory with minimal error after choosing
the best escape path.

4.4 Integration of safety assist system
with AI

Vehicle technology developments such as C-ITS, the IoT,
AI in cars, and autonomous driving are significant

Figure 3: Algorithm flow of collision avoidance system by applying AEB
and AES to track the escape route trajectory [3].

A review of safety test methods for new car assessment program  5



development priorities for today’s global automakers [6].
They improved vehicle safety and made vehicles more
intelligent and environmentally friendly. AI was developed
in three primary areas [51]: ML, neural networks (NNs), and
deep learning (DL). The Scopus search platform yielded a
large number of results. However, as shown in Tables 1–3,
only methods relating to rear-end collisions involving auto-
mobiles were included and discussed in this article.

The fuzzy logic [34–36] was found on the Scopus plat-
form for the ML approach, as shown in Table 1. Guo et al.
[34] and Huang et al. [35] developed a strategy for devel-
oping lane-change decision-making utilizing fuzzy logic to
assure safety. Furthermore, Tork et al. [36] proposed com-
bining two methods: ML and NN, which is Multilayer
Neural Network modified by Interval Type-2 Fuzzy Logic
(MMNIT2FL). This method can handle simultaneous steering
and braking operations while avoiding sudden steering
angle changes. Unfortunately, this method does not consider
measurement error or different road conditions, and there
is no real-time evaluation of the proposed approach.

In addition, for the NN approach, Convolutional Neural
Network (CNN) [37,38] and Long Short-termMemory (LSTM)
[39,40] were discovered. Wang et al. [37] and Virdi [38] uti-
lized LSTM to train the data for generating the desired
steering instruction. In contrast, Bojarski et al. [39] and
Hassan et al. [40] employed CNN. The data were gathered
on various roadways and in real-world driving situations.
However, this technique has dataset limitations and focuses
more on simulation than real-world situations.

Meanwhile, the search platform identified Deep Neural
Networks (DNN) [41] and Deep Reinforcement Learning
(DRL) [42,43] as DL methods. DNN was proposed as a tech-
nique by Mohammed et al. [41]. On the other hand, Yoshi-
mura et al. [42] and Moghadam and Elkaim [43] employed
DRL, a combination of DL and RL. Those methods yielded
inspirational learning outcomes, such as identifying unex-
pected events covering challenging and diverse scenarios or
situations the vehicle may encounter. However, these AES
approaches lack safety and comfort.

Among the previous studies, [34,37,41,42] are four
papers that are most similar to the topic under discussion.
The approach in these papers was vision-based, and from
these four, the most similar method was reported by
Yoshimura et al. [42].

Guo et al. [34] provided a unique self-driving control
technique for the coordinated regulation of steer and
brake mechanics in vision-based autonomous cars, as illu-
strated in Figure 4. This work aimed to increase the quali-
ties of safety and riding comfort successfully. In addition, it
focuses on the coupled and nonlinear characteristics of
autonomous cars in emergency obstacle avoidance, as Ta
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well as a nonlinear coordinated braking and steering con-
trol technique. As shown in Figure 5, the adaptive fuzzy
sliding mode control method and the theory of nonlinear
backstepping control are used to construct a synchronized
steering and braking control system. These two methods
guarantee that a closed-loop system is both global approx-
imation stable and uniformly ultimately bounded. The
modeling and experimental testing results show that the
proposed control strategy improves the tracking perfor-
mance of autonomous cars and improves their riding
comfort and stability, even under terrible driving circum-
stances. Furthermore, the total suggested control system
has been applied to an experimental autonomous car.

In the study by Wang et al. [37], the ego-sensor vehicles
may identify target-vehicle trajectories within their sensor
range. The ego-vehicle forecasts if the target vehicle will
switch lanes in front of it, as shown in Figure 6. There may
be numerous cars in the next lanes between the ego-
vehicle and its front vehicle. Therefore, these target vehi-
cles could make independent judgments. As a result, each
target vehicle’s behavior should be forecasted. The future
lane change scenarios are classified one-to-one, with each
case containing a target and an ego vehicle. The target
vehicle is unique in each case, while an ego vehicle may
exist in various circumstances. This case categorization
overcomes the many-to-one dilemma between the target
and ego vehicles.

The adaptive lane change prediction model for nearby
cars was built by Wang et al. [37] by adding an adaptive
driving choice threshold to the traditional LSTM model, as
shown in Figure 7. This was done considering LSTM’s
strong performance in the current lane change prediction
models. The model predicts lane change behaviors using
data from the ego-vehicle and the target vehicle. They
demonstrate that the model achieves 93.64–97.52% accu-
racy for the target car in the left adjacent lane and
94.30–98.01% accuracy for the target vehicle in the right
adjacent lane, which are both impressive results.

Figure 4: Typical scenarios for emergency obstacle avoidance [34].Ta
bl
e
3:

In
te
gr
at
io
n
of

sa
fe
ty

as
si
st

sy
st
em

w
ith

D
L

Au
th
or
(s
)

M
et
ho

d
Pa

ra
m
et
er

Fi
nd

in
gs

Ex
pe

ri
m
en

ts

In
pu

t
O
ut
pu

t
St
re
ng

th
s

Li
m
it
at
io
ns

M
oh

am
m
ed

et
al
.

[4
1]

D
N
N

Ca
m
er
a
Co

co
on

Se
ns
or
s

(c
ov
er
s
36
0°

ar
ou

nd
th
e

ve
hi
cl
e)

Th
ro
tt
le
,s
te
er
in
g

an
gl
e,

an
d
br
ak
e

•
Co

ns
id
er
in
g
ch
al
le
ng

in
g
an

d
dr
iv
er
s’

ci
rc
um

st
an

ce
s
or

si
tu
at
io
ns
,t
he

ve
hi
cl
e
m
ay

en
co
un

te
r

•
H
av
e
a
sc
en

ar
io

w
he

re
th
e
ag

en
ti
s

st
ra
nd

ed
an

d
un

ab
le

to
co
m
pl
et
e

th
e
sc
en

ar
io

Si
m
ul
at
io
n

•
In
st
ea
d
of

ha
vi
ng

m
an

y
se
ns
or
s,
it

re
lie
s
so
le
ly
on

a
ca
m
er
a
co
co
on

Yo
sh
im

ur
a
et

al
.[
42
]

D
RL

Ca
m
er
a

Th
ro
tt
le
,s
te
er
in
g

an
gl
e,

an
d
br
ak
e

•
Ab

le
to

de
al
w
ith

th
e
po

ss
ib
ili
ty
of

a
su
bs
eq

ue
nt

co
lli
si
on

•
Co

ns
id
er

si
m
pl
y
th
e
on

e-
w
ay
,o

ne
-

la
ne

st
ra
ig
ht

te
st

tr
ac
k

Si
m
ul
at
io
n
an

d
on

-
ro
ad

te
st

•
Th
e
co
nt
ro
lle
r
w
as

in
su
ffi
ci
en

t
to

pr
ev
en

tc
ol
lid
in
g
w
ith

th
e

pe
de

st
ria

n
M
og

ha
da

m
an

d
El
ka
im

[4
3 ]

D
RL

Se
ns
or
s

St
ee
rin

g
an

gl
e
an

d
br
ak
e

•
O
n
th
e
Fr
en

et
fr
am

e,
a
un

iq
ue

ob
st
ac
le

av
oi
da

nc
e
st
ra
te
gy

fo
r
m
ov
in
g
ob

st
ac
le
s
is

pr
es
en

te
d

•
Th
er
e
is
a
la
ck

of
sa
fe
ty
an

d
co
m
fo
rt

Si
m
ul
at
io
n

•
Ca

pa
bl
e
of

de
te
ct
in
g
un

ex
pe

ct
ed

co
nd

iti
on

s
an

d
re
ca
lc
ul
at
in
g
ea
ch

m
od

ul
e
in

th
e
ev
en

to
fa

po
ss
ib
le

em
er
ge

nc
y

•
In

th
e
m
aj
or
ity

of
si
tu
at
io
ns

dr
ov
e

sl
ow

ly

8  Siti Nur Atiqah Halimi et al.



Figure 5: Block diagram for coordination of steering and braking control [34].

Figure 6: Scenario for forecasts if the target vehicle will switch lanes in front of it [37].

Figure 7: Structure algorithm of LSTM model [37].
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Furthermore, the model they offer can operate under var-
ious driving conditions.

Mohammed et al. [41] created their benchmark using
the CARLA simulator. They created 19 distinct scenarios
spanning the whole highway town in CARLA, as shown
in Figure 8, including inverted automobiles, road colli-
sions, and cars stopping horizontally across two highways.
Their performance is also influenced by two towns: CARLA
town four and CARLA town five. These cities were chosen
to represent highways. They tested their model in a dif-
ferent town with varied scenarios and settings to discover
how well it can generalize to unknown situations. For each
situation, the agent begins at a set point and attempts to
reach a destination without colliding with other cars, road-
side barriers, or other obstacles. However, in their simula-
tion, they have a scenario where the agent is stranded and
unable to complete the scenario.

The feature extractor is a DNN, followed by fully con-
nected layers to map the input. It consists of raw pixels from
the camera lens and the vehicle speed in the current time-
stamp. The output is vehicle control of the three actions,
throttle, steering angle, and brake, as illustrated in Figure 9.
Their suggested approach architecture separated the four
pictures by repeating the image route four times for each
input image. They demonstrated that utilizing a bird’s eye
view and sharing the exact parameters of the feature extrac-
tion component of the four photos in the network outper-
forms using a single image or not sharing the features.
Furthermore, they demonstrated that the network had high
generalization capabilities in many contexts.

Yoshimura et al. [42] suggested that a DRL controller
adjusts the steering angle and avoids an emergency crash. A
predefined degree of brake is applied when an emergency
scenario is identified. As shown in Figure 10, there are two
case scenarios (a) and (b). In scenario (a), the car swerved right
to avoid the scooter and came to a complete stop. In two objects
scenario (b), the identical behavior would have resulted in a
pedestrian accident. Thus, they highlight that their proposed
controller took an additional effort to drive left to avoid a
collision with the person. It demonstrates that the suggested
controller considers the probability of a secondary collision
and has learned to take the appropriate actions based on the
scenario to prevent collisions with both objects.

Yoshimura et al. validate the DRL controller [42] by
modeling several traffic collision scenarios while training
the controller in a simulated environment. These actions
teach the DRL controller how to prepare ahead to prevent
collisions in the simulated environment. The controller’s
performance and stability are only assessed in a simulated
environment. Validating performance in the simulation
does not ensure that it will perform at the same level in
the real world since there is always a difference between
the scenario and the situation in the simulated environ-
ment. Therefore as a response, they additionally evaluated
the DRL controller in realistic driving conditions utilizing
the arrangement in a real car, as illustrated in Figure 11.
The outcome demonstrated that the controller effectively
generalizes to the outside world. However, this specific
approach is inappropriate when a person is in the side
lane since the controller’s secondary maneuver was

Figure 8: A few scenarios spanning the whole highway town in CARLA [41].
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Figure 9: Structure algorithm of CNN model [41].
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insufficient to prevent a collision with the road user. Due to
the restricted variety of training scenario simulations, this
specific tendency has developed. More collision situations
should be included to improve the performance further.

Thefindings show that Guo et al. [34] focus solely on riding
comfort and safety, whereasWang et al. [37], Mohammed et al.
[41], and Yoshimura et al. [42] tried to focus on avoiding two or
more obstacles at once. Tables 1–3 summarize additional
results for other papers.

4.5 AES test methodology

Simulation and experimentation are systematic methods
used to evaluate the proposed AES control. There are ben-
efits and drawbacks to both methods. The best method for

validating the driving systems is experimentation [48],
where AES is used in a real-world setting. Although the
outcome is accurate, the fabrication of the collision sce-
nario is challenging. For instance, Eckert et al. [17] showed
how to fabricate collision scenarios in a closed circuit. In
addition to guaranteeing the driver’s safety throughout the
test, the researcher had to make sure the driver could
sense the real-world circumstances during crashes in the
experiment. The authors control the shock caused by the
unexpected presence of an obstacle by not telling the test
vehicle’s driver anything about it. The experiment’s results
cannot be generalized because of the small number of
people that participated in the testing.

Meanwhile, multiple scenarios may be tested in a short
amount of time with minimal work and risk using the
simulation technique [14]. Fortunately, the trustworthiness

Figure 10: Emergency scenarios to adjust the steering angle and avoid a crash [42]; (a) one object scenario and (b) two objects scenario.

Figure 11: Structure algorithm of DRL in the study by Yoshimura et al. [42].
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of simulation findings highly depends on the validation
and verification of models with verifiable idealization.
The scenario examples should be generated by real-world
data, ensuring the experimental outcomes’ reliability. As
a result, as proved by Kovaceva et al. [22], using both
approaches will ensure the reliability of the experimental
outcome.

When doing the testing, many situations are recom-
mended over a limited amount. Multiple situations are cre-
ated by varying the surrounding circumstances (obstacle,
lane, and road type). Table 4 summarizes a collection of
assessment situations from the reviews of relevant litera-
ture. In Figures 12–14, several typical scenarios are repre-
sented involving (1) A vehicle approaching a stationary or

Table 4: List of the testing scenario of AES [2]

Previous works Scenario(s) Scoring parameter

Yanagisawa et al. [14] Sudden obstacle from the right side, the vehicle moves to escape the lane The number of collision cases
Incoming moving obstacles from the opposite lane, the vehicle moves to the
escape lane

Pedestrian’s injury degree

Nissan Global [18] In the front moving obstacle, the vehicle escapes the lane Unreported
Sudden obstacle from the right side, the vehicle moves to escape the lane
Incoming moving obstacles from the opposite lane, the vehicle escapes
the lane

Kovaceva et al. [22] Slow obstacles come from the right and left when vehicles turn right, left, or
straight in an intersection

Crash avoided or mitigated
If mitigated, what is the speed
reduction?

Liu et al. [23] In the front moving obstacle, the vehicle escapes the lane Error of reference trajectory
Hamid et al. [24] In front of one static obstacle, vehicles escape and return to the lane after

avoidance
Error of reference trajectory

Vehicles escape the lane with two static obstacles in front of the vehicle The calculation time of AES
Two static obstacles in front of the vehicle, vehicles escape the lane and return
after each crash avoidance

Time to collision during AES activation

In front of the moving obstacle, vehicles escape and return to the lane after
avoidance

Figure 12: Typical scenarios for AES testing: static or moving obstacle in the front [2].

Figure 13: Typical scenarios for AES testing: the sudden appearance of obstacles from the adjacent lane [2].
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moving object, (2) A sudden object appearing from the side,
and (3) A sudden object from the opposing vehicle’s lane
crossing the lane. The vehicle must exit the lane. However,
returning to the lane is optional once a collision is avoided.

The most critical point is that while trying to exit a
lane, the framework must check that no other vehicles are
present. Data reveal that loss of control is responsible for
around 20% of Killed and Seriously Injured (KSI). Around
15% of all vehicle accidents involve a frontal collision with a
minor overlap, while 25% of all frontal crashes involve a
frontal collision [52]. This scenario accounts for around 10%
of the KSI in mild overlap collisions. In contrast, KSI records
36% of vulnerable road users. As a result, considering all
possible scenarios is critical and will aid AES development
and implementation, particularly for manufacturers.

Avoidance occurrence and trajectory tracking error
are the two types of rating methods presented. The inci-
dence of avoidance is appropriate for evaluating the func-
tioning of the AES. Simultaneously, trajectory tracking
error is appropriate for evaluating AES control perfor-
mance. In the case of the ASEAN NCAP safety rating, the
scoring system based on avoidance occurrence (A_occur) is
recommended since it clearly states the system’s advan-
tage. For instance, the percentage of rear-end collisions
that occur when the AES is used and the severity of injuries
that occur when the AES is used to minimize rear-end
collisions [9,14].

Table 5 shows the sample of a scoring sheet being
discussed for inclusion into the 2021–2025 ASEAN NCAP
assessment protocol under advanced safety assist technol-
ogies. Three categories have been divided on the proposed
scoring sheet. The first is the fitment rating score (FRS),
which indicates whether or not the AES system is available
in the vehicle. The highest of one point is awarded if the
vehicle’s model has AES as standard equipment. In the
meantime, a vehicle model does not receive any points if
it does not have AES. The A_occur is then determined
through 10 trials. Higher scores indicate that the AES
system is more effective at avoiding the obstacle. The pro-
posed scoring chart also incorporates the level of comfort
of the driving process. It is worth noting that the assess-
ment criteria for the AES test are still under investigation
before evaluation. With this assessment, car manufac-
turers are encouraged to introduce a technology that will
help road users prevent road crashes [15].

5 Conclusion

AES is made to turn the steering automatically in an emer-
gency so the driver can avoid crashes. According to Euro
NCAP, it is anticipated that the safety technology will be

Figure 14: Typical scenarios for AES testing: incoming obstacle crossing the lane [2].

Table 5: Proposed scoring sheet for AES safety rating assessment

No. Item Point Score

1. FRS
The vehicle model is equipped with AES as
standard equipment

1.0

The vehicle model is equipped with AES as
optional equipment

0.5

The vehicle model is not equipped with AES 0
2. Avoidance Occurrence, A_occur in ten trials

A_occur = 100% 4.00
70% ≤ A_occur < 100% 3.00
40% ≤ A_occur < 70% 2.00
0% ≤ A_occur < 40% 1.00

3. When the AES is active, the driver feels
So natural, like nothing happened 4.00
Confident the vehicle helps to avoid collisions 3.00
Shocked due to AES activation and maneuver 2.00
Annoyed due to AES activation 1.00

Total score

Note: The FRS for advanced safety assist technologies will be based on
Clause 8 in the 2021–2025 ASEAN NCAP PROTOCOL’s fitment rating
system [53].
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released soon. Despite this, there is still a lack of the
required assessment framework, mainly because there
are not many autonomous steering intervention systems
available for evaluation right now. Previous research papers
have demonstrated numerous situations utilized to test the
proposed AES. The most frequent scenarios are the front
obstruction, either stationary or moving, and the rapid
emergence of barriers from the side lane. The future
ASEAN NCAP safety rating standards may be developed
using these scenarios to create a scenario-based evalua-
tion system. The scoring mechanism is then proposed as
avoidance occurrences. A high score or rating indicates a
high incidence of avoidance and a low level of harm
resulting from collision mitigation.

Hence, this study discusses the existing papers on AES
assessment, AES demand, AES control, AES system with AI,
and AES testing methodology. According to the review find-
ings, just a few AEB intervention systems are now acces-
sible, while AES technology is still in its early phases. That
might explain the lack of exact evaluations and effective
remedies. As a result, this research aims to offer evidence
supporting the proposed methodology for assessing and
evaluating AES in the ASEAN NCAP rating scheme. The
results of this study can be further expanded to consolidate
the ASEAN NCAP safety rating systems program under the
MIROS.
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