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Abstract
There is a problem of coordination in encounters with an emergency vehicle when an automated driving vehicle travels on public
roads. Effectiveness of the pre-deceleration running based on the earlier recognition of emergency vehicle using vehicle to
vehicle communication is studied from the viewpoint of safety and ride comfort. Experimental data of the driver’s maneuver
and vehicle’s status are collected and analyzed using the driving simulator. Recognition by vehicle to vehicle communication
(V2V for short) leads to pre-deceleration and improves deceleration and jerk as compared to siren sound and red light of
emergency vehicles.
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1 Introduction

Technological development is expected in which automated
driving vehicles run on public roads. When an automated
driving vehicle travels on general road, unlike expressways
and dedicated roads for automobiles, coexistence or coordina-
tion with a priority vehicle (such as an emergency vehicle)
must be considered. And also, safety and less stress must be
achieved for passengers of automated driving vehicles.
Relating to this theme, the studies of vehicle to vehicle com-
munications have been conducted [1]. In previous researches,
the superiority of vehicle to vehicle communications is exam-
ined from the viewpoint of emergency vehicles. For example,
shortening the travel time of the emergency vehicle thanks for

the evacuating operation of surrounding vehicles by the early
recognizing the emergency vehicle approach. However, the
problems occurred on the surrounding vehicles are not exam-
ined. It is necessary that the stress of passenger should be
reduced when automated driving vehicle becomes widespread
in the future. This paper investigates any problem whether
pre-deceleration is effective for safety and ride comfort.

2 Superiority of V2V Communication
in Emergency Vehicle Recognition

The authors compared siren, red light, and vehicle to vehicle
communication with regard to the distance at which the sur-
rounding vehicles can recognize the approach of an emergen-
cy vehicle such as an ambulance.

The vehicle to vehicle communication uses a radio system
(ARIB STD T-109) [2] that has been put to practical use in
Japan in 760 MHz band.

The distance of ambulance recognition is siren sound (av-
erage 228 m), red light (average 217 m), vehicle to vehicle
communication (average 526m) in LOS (Line Of Sight), siren
sound (average 168m), red light (average 36m) and vehicle to
vehicle communication (average 278 m) is reported in NLOS
(Non Line Of Sight) [3]. Table 1 shows the recognized dis-
tance in the real situation.

Recognition of red light is the case where it can be recog-
nized in spites of being many obstacles that obstruct the view.
As for siren sound, the recognition depends on the quietness in
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the vehicle interior or driver’s music listening. As for the com-
municable distance of vehicle to vehicle communication,
Automobile Bureau of MLIT (Ministry of Land,
Infrastructure, Transport and Tourism) compiled the guide-
lines of the communication operation type driving support
system in 2011 [1]. It stated that the information is started
providing when the linear distancewith the emergency vehicle
becomes within 300 m.

In the real environment, the recognizable distance fluctu-
ates depending on the environmental condition (e.g. radio
wave shielding building). When siren sound, red light, and
vehicle to vehicle communication are compared at the recog-
nition distance reported in the literature [3], the vehicle to
vehicle communication has an advantage in early recognition.
It is confirmed that the ambulance approach could be recog-
nized by the vehicle to vehicle communication before the time
when the siren sound is heard even in NLOS environment. In
this way, vehicle to vehicle communication is shown to be
superior to emergency vehicle recognition (herein, emergency
vehicle is referred to as ambulance in this paper), but it is
unknown about how the driver takes advantage of the merit
and uses it. It is not able to be grasped without observation.

However, the chance of actually encountering an ambu-
lance on public roads is extremely rare and it is not practical
to conduct measurement experiments in a real environment.
Therefore, authors decide to collect data by experiments using
a driving simulator with specific scenarios.

3 Experiments by Driving Simulator

3.1 Driving Simulator System

The driving simulator used is manufactured by Forum Eight
Co., Ltd. The vehicle body is equipped with a 6-axis motion
platform, and the seat moves in conjunction with accelerator,
brake and steering operations. The screen has a 26-in. LCD
monitor on the left, right and front. 7-in. display device with
navigation and ambulance approach notification function is
on the left side of the driver’s seat.

As far as the construction of the virtual road environment,
the virtual reality creation software “UC-win / Road Ver. 10

Driving Sim” for the driving simulator of FORUM8 is ap-
plied. In UC-win / Road Ver. 10 Driving Sim, the roadways,
sidewalks, roadside buildings, roadside trees, traffic lights,
etc. are placed in a virtual space to represent an environment
close to the actual road environment. The ambulance ap-
proaching from backward is recognized by confirming the
image on the rear mirror. Ambulance travel is also realized
with this function.

Figure 1 shows the appearance of the driving simulator,
and Fig. 2 shows the system configuration of the driving
simulator.

Figure 3 shows the front screen and the navigation display
screen of the driving simulator. An image of ambulance ap-
proaching is displayed on the navigation display screen.

3.2 Subject

When conducting an experiment using a driving simulator for
understanding the characteristics of a human driver, it is suit-
able for the subject to drive daily.

Authors also think of eliminating factors that bias the ex-
perimental results. Candidates of the subjects are 75 candi-
dates selected from the generally recruited candidates by
screening survey. The condition of the screening is “I have a
driver’s license and drive one or more times a week”. As a
result, the frequency of driving is 50%, 32%, and 17% for
those who operate 1 to 2 times, 3 to 5 times, and 6 times or
more a week. The distribution of gender and age of the sub-
jects is almost the same as 49% women and 51% men. The
age distribution is almost equally distributed to 30s 33%, 40s
33% and 50s 34%.

The experiment was conducted in Tokyo from December 1
to 24, 2015 after necessary procedures based on respect for
human rights.

Table 1 The recognized distance in the real situation

Red light Siren V2V

LOS Max. 374 m 380 m 570 m

Min. 137 m 107 m 414 m

Ave. 217 m 228 m 526 m

NLOS Max. 49 m 233 m 302 m

Min. 29 m 70 m 196 m

Ave. 36 m 168 m 287 m

Fig. 1 Appearance of the driving simulator
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3.3 Experimental Process

The driving scene of the subject in the driving simulator is
taken with a video camera from two places in front of and
behind the driver’s seat, and the video is recorded. An inter-
view survey is conducted after the experiment of the driving
simulator. The recorded video is used to confirm the time of
triggers related to recognition and evasion when the ambu-
lance approaches. With regard to recognized time and avoid-
ance start time, accurate identification in interviews is diffi-
cult, and for reference, the accelerator and brake signals are
actually extracted from the log data of the experiment to esti-
mate the time. The experimental scenario is set as follows. The
siren sound is pronounced when approaching to a distance of
60 m.

According to the report by Baba et al. [4], about half of
drivers notice the sound in the distance to the ambulance being
about 60m, and so the threshold is set to a value of 60m in the

experiment. It is set so that the volume of the sirens would
increase every 20 m. The red light is displayed on the rear
mirror when there is nothing to obstruct the view when the
ambulance approaches from behind. As for vehicle to vehicle
communication, the notification of the approach of the ambu-
lance is displayed on the navigation screen with a warning
sound of “Pon”.

When notifying by vehicle to vehicle communication, the
time to notify is when the distance from the ambulance be-
comes within about 300 m in the case of backward approach.
100 m from the intersection where the ambulance encounters
is in the case of lateral direction approach. It is taken into
consideration of the attenuation due to radio wave shielding
of the surrounding environment. Also, when the ambulance
approaches the target vehicle (subject driving vehicle) up to
100 m, the characters “100 m approach” appears on the nav-
igation display.

The scenario is configured by mixing cases with and with-
out vehicle to vehicle communication for comparison. In ad-
dition, 7 scenarios without encountering the ambulance are
prepared as a dummy, because the subject would pose if he
informed that the ambulance approached in advance. One
subject is given a trial run for a total of 10 scenarios with 3
scenarios including an ambulance approach scenario.

Figure 4 shows an example of scenario setting per subject.

3.4 Driving Scenario from Backward Approach

Figure 5 shows an experimental scheme in which the
subject drives the target vehicle and the ambulance

Prior Explanations

ダミーシナリオDummy Scenario

ダミーシナリオDummy Scenario

ダミーシナリオDummy Scenario

ダミーシナリオDummy Scenario

Encounter an ambulance

Interview while video 

watching

ダミーシナリオDummy Scenario

ダミーシナリオDummy Scenario

ダミーシナリオDummy Scenario

Encounter an ambulance

Encounter an ambulance

Questionnaire

Fig. 4 Scenario configuration of a subject

Accel PedalBrake Pedal

Steering Wheel
Speaker

Navigation
Display

Front Screen

Control 
UnitRear Mirror

Fig. 2 Driving simulator system configuration

Fig. 3 Forward screen and car-navigation display
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approaches from backward. The target vehicle travels a
road with one lane on one side, there is an intersection
ahead, and the target vehicle moves away from the side
of the road and stops to take an evasive action to give
way to the emergency vehicle.

The amount of operation of each subject while driving and
the status of the vehicle are recorded every 0.1 s.

The recording target is the data indicating the status of
the target vehicle, such as the subject’s ID, accelerator
depression rate, brake depression rate, steering wheel op-
eration angle, vehicle type, position (latitude, longitude,
altitude), velocity, etc. There are 81 types of records. The
time when the subject started traveling from the position

of START is set to 0.0 s, and the elapsed time is recorded
as a time axis in units of 0.1 s.

3.5 Driving Scenario from lateral direction approach

Figure 6 shows an experimental scheme in which the
subject drives the target vehicle and the ambulance ap-
proaches from lateral direction. The target vehicle
travels a road with two lanes on one side, and there is
an intersection ahead. In the surrounding area, radio
environments and outlook are bad. Even if the forward
traffic signal is “green”, the target vehicle decelerates
and stops and takes evasive action to give way to the
ambulance.

The time is the same as in the backward approach, and the
time when the subject started traveling from the START posi-
tion is 0.0 s, and the elapsed time is recorded as a time axis in
units of 0.1 s. Moreover, the recording object is the same as in
the case of the backward approaching.

4 Experimental Data Using Non-V2V
Recognition

4.1 The Case of the Siren Sound Recognition
from Backward Approach

There are ten subjects who experimented with a scenario
of recognizing with a siren sound when an ambulance
approached from backward. Table 2 shows experimental
data of five persons excluding extreme driving operation
data (for example, without stopping and applying an
emergency brake) according to the individuality of the
subjec t . F igure 7 shows the exper imenta l da ta
No.63_7_1B, which has the shortest time to stop among
the subjects. Figure 7 shows the data of the brake depres-
sion amount, velocity, deceleration and jerk. At the time
of recognition, the distance between the target vehicle and
the ambulance is 57.9 m, and the velocity of the target
vehicle is approximately 32.2 km/h. Awareness is defined
as the time when a subject recognizes an ambulance
approach.

In this case, the subject recognizes the ambulance’s ap-
proach with a siren sound at 58.8 s. After recognition, he starts
applying the brake and stops at 64.1 s and gives way to the
ambulance.

A maximum deceleration of −4.24 m/s2 and a jerk
of-0.73 m/s3 have occurred until the target vehicle
stops. The measured data usually contains complex
noise. In this experiment, the deceleration is expressed
only by subtracting the vehicle velocity, but the jerk
indicates the noise removed by the Butterworth filter.

Target vehicle

Intersection of 
traffic signal

Building

685 m START

Ambulance

Two lanes on one side 

One lane on one side 

Fig. 5 Driving scenario of an ambulance from backward approach

Fig. 6 Driving scenario of an ambulance from lateral direction approach
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The Butterworth filter used is described in Chapter 5.
The average data of five subjects is shown in Table 3.

4.2 The Case of the Red Light Recognition
from Backward Approach

There are ten subjects who experimented with a scenario of
recognizing with a red light when an ambulance approached
from backward. Five subjects excluding extreme driving op-
eration data (for example, without stopping and applying an
emergency brake) are considered. The average data of five
persons is shown in Table 3. Figure 8 shows the experimental

data No .58_4_1E, which is near to the average data. Figure 8
shows the brake depression amount, velocity, deceleration and
jerk. At the time of recognition, the distance between the target
vehicle and the ambulance is 54.3 m, and the velocity of the
target vehicle is approximately 26.6 km/h. The subject recog-
nizes the approach of the ambulance with the red light
reflected on the rearview mirror at 53.3 s. After recognition,
he starts applying the brake and stops at 60.6 s and gives way
to the ambulance. A maximum deceleration of −3.09 m/s2 and
a jerk of −0.895 m/s3 have occurred until the target vehicle
stops.

4.3 The Case of the Siren Sound Recognition
from Lateral Direction Approach

There are ten subjects who experimented with a scenario of
recognizing with a siren sound when an ambulance
approached from lateral direction. Only two subjects are able
to be considered, others are according to the specific individ-
uality of the subject. As for this scenario, the average data of
two persons is shown in Table 3. Figure 9 shows the data of
brake depression amount, velocity, deceleration and jerk.

At the time of recognition, the diagonal distance between
the target vehicle and the ambulance is 85.7 m, and the veloc-
ity of the target vehicle is approximately 50.8 km/h. The sub-
ject recognizes the approach of the ambulance with the siren
sound at 53.0 s. After recognition, he starts applying the brake
and stops at 59.9 s and gives way to the ambulance. A max-
imum deceleration of −4.76 m/s2 and a jerk of −1.26 m/s3

have occurred until the target vehicle stops.

5 Safety and Ride Comforts

In the previous chapter, while vehicle driven by a human
traveling on public roads, when it encounters an ambulance,
the time of recognizing an ambulance and driver’s action are
investigated in the case of siren sound and red light. The
average data in case of the awareness by siren sound and red
light are summarized in Table 3. The scenario of backward

Table 2 The data of five subjects notifying an ambulance from backward by siren sound

Data No. Velocity at
recognition [km/h]

Distance at
recognition [m]

Time before
stop [sec]

Maximum
declaration [m/s2]

Maximum
jerk [m/s3]

Backward Approach/
Siren Sound
Awareness

63_7_1B 32.2 57.9 5.3 −4.24 −.0.73
40_4_1B 28.7 59.1 16.5 −2.44 −.0.63
54_4_1B 29.1 53.5 6.8 −2.29 −0.61
45_10_

1E
32.7 55.1 8.1 −2.26 −0.6

67_7_1E 29 56.7 8.4 −2.81 −0.57
Average 30.34 56.46 9.02 −2.808 −0.626

Fig. 7 Velocity & Brake, Deceleration and Jerk in Notice by siren sound
from backward
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approach and siren sound recognition is the average of five
subjects, the average of five subjects as for the backward ap-
proach and red light recognition, and the average of two sub-
jects as for the lateral direction and siren sound recognition.

In principle, it should mathematically extract and analyze
the deceleration behavior of the subject in each situation for
each experimental scenario. The deceleration behavior of a
subject varies greatly depending on traffic conditions and
emotions, and even if the subject is the same, it is extremely
difficult to set up a mathematical model. Therefore, the aver-
age data of multiple subjects for each experimental scenario is
used. It could be assumed that the referenced data represents
the trend of the scheme, not specific data of a specific subject.

Next, authors examine whether the results are acceptable
for the safety and comfort of the passenger of automated driv-
ing vehicles. There are previous studies on car safety and ride
comfort [5]. Safety and ride comfort have been reported to
have a major impact on vehicle acceleration and jerk.
Especially, dis-comfort is affected by jerk more than the mag-
nitude of the deceleration itself [6].

The safety standards relating to the deceleration and jerk
values of automated driving vehicles have not been decided
yet. Regarding the current acceleration and deceleration, there
is a standard of acceleration determined under the test condi-
tions of the seat belt [7, 8], that is “-2.94 m/s2”. Furthermore,
the deceleration in sudden braking seems to be instructed to be
−0.3 g or less at driving schools in Japan. As for jerks, re-
search has been actively conducted on railways. For railway

Table 3 The average data of the
subjects notifying an ambulance
by siren sound and red light

Direction of
Ambulance

Recognized
Media

Velocity at
recognition
[km/h]

Distance at
recognition
[m]

Time
before stop
[sec]

Maximum
declaration
[m/s2]

Maximum
jerk [m/s3]

Backward Siren sound 30.34 56.46 9.02 −2.808 −0.626
Backward Red light 30.24 53.95 11.74 −3.426 −0.908
Literal

direction
Siren sound 47.35 73.6 6.1 −4.675 −1.47

Fig. 8 Velocity & Brake, Deceleration and Jerk in Notice by red light
from backward

Fig. 9 Velocity & Brake, Deceleration and Jerk in Notice by siren sound
from lateral direction
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vehicle, the steady-state acceleration in the left-right direction
is 0.8 m/s2 or less for the ride when passing a curve. Based on
this indication, jerk of −0.784 m/s3 for safety brakes and jerk
of −1.25 m/s3 for emergency brakes are used as important
reference values.

The previous study states that the driving style recognized
as comfortable for autonomous driving is low jerk and that
early action brings out a sense of safety. In our experiments,
when there is little time to spare, there is a case where the
sense of safety is lost by a short-term action. It is same as
the referenced research [6]. However, as for the conclusion
that the preferred driving style of automatic driving does not
always match the driving method of human drivers, it is nec-
essary to be more studied about the relationship between the
driving manner of an expert driver and the preferred automat-
ed driving style because of the fact an expert driver not giving
stress to passengers. The reference [9] assumes that non-
emergency accelerations that can be accepted in public trans-
port are in the range 1.08 m/s2 to 1.47 m/s2. These figures are
reference examples in public transport and are assumed to be
milder than of automobiles. Considering future safety stan-
dard, the ride comfort of the automated driving car should
be set to be more suitable value. In this paper, authors define
“-2.94 m/s2” as the maximum allowable deceleration of a
reference value for deceleration and define “-0.784 m/s3” as
the maximum allowable jerk of a reference value for jerk
when discussing the safety of automated driving vehicles.

The data measured in the experiment is usually mixed with
various noises, so simply differentiating the deceleration numer-
ically will amplify the noise instead. Therefore, the difference in
deceleration is smoothed by the digital filter with a filtering char-
acteristic that is less susceptible to noise and the like. The digital
filter used is the Butterworth filter. The coefficients are derived
by substituting the parameter of the fourth-order cutoff frequency
of 0.2 Hz into the MATLAB “butter” function. Equation (1)
shows the transfer function of Butterworth filter.

H zð Þ ¼ B zð Þ
A zð Þ

¼ b 1ð Þ þ b 2ð Þz−1 þ b 3ð Þz−2 þ b 4ð Þz−3 þ b 5ð Þz−4
a 1ð Þ þ a 2ð Þz−1 þ a 3ð Þz−2 þ a 4ð Þz−3 þ a 5ð Þz−4 ð1Þ

The coefficients are as follows.

b ¼ 1:0e−04* 0:1329; 0:5317; 0:7976; 0:5317; 0:1329½ �
a ¼ 1:0;−3:6717; 5:0680;−3:1160; 0:7199½ �

When using the maximum allowable deceleration and the
maximum allowable jerk defined in this chapter as the evalu-
ation criteria, the experimental data shown in the previous
chapter (recognition by siren sound, red light) are barely met
in the case of backward and siren sound notification, but other
cases are unacceptable.

In addition, even in the case of the backward and siren
sound notification, if the time to stop is small, the maximum
deceleration exceeds the allowable ground. In summary, the
recognized timing being late and the distance and time to stop
being small seem to cause a rapid deceleration. Considering
how to drive an automated driving vehicle, authors think it is
necessary to have an earlier recognition. Chapter 2 describes
that vehicle to vehicle communication is advantageous for
early recognition. It is effective to recognize early and decel-
erate in advance when considering the ride comfort of the
passengers. In an experiment using a driving simulator, au-
thors closely examine the case where the approach of the
ambulance is recognized early by vehicle to vehicle commu-
nication and the deceleration is started immediately. The next
chapter shows the examples of early recognition of an ambu-
lance by vehicle to vehicle communication and pre-
deceleration.

6 Experimental Data using V2V Recognition

6.1 The case of V2V Recognition from Backward
Approach with Pre-Deceleration

There are five subjects who experimented with a scenar-
io of recognizing with V2V communication when an
ambulance approached from backward. Only one subject
is able to be considered. Others are excluded from the
referencing data in this chapter because they are ex-
treme driving behavior such as continuing to run with-
out stopping, or suddenly stopping with emergency
brake. Subjects ignore the V2V information or do not
notice it. Figure 10 shows the experimental data when a
subject recognizes the ambulance approach by vehicle to
vehicle communication from backward. The showing
data are the brake depression amount, velocity, deceler-
ation and jerk. At the time of recognition, the distance
between the target vehicle and the ambulance is
167.4 m, and the velocity of the target vehicle is ap-
proximately 28.1 km/h. The subject recognizes the ap-
proach of the ambulance by vehicle to vehicle commu-
nication at 39.9 s. After recognition, he starts applying
the brake and stops at 52.2 s and gives way to the
ambulance. A maximum deceleration of −1.94 m/s2

and a jerk of −0.41 m/s3 have occurred until the target
vehicle stops. After recognizing the approach of the
ambulance, the subject slowly slows down and deceler-
ates in advance. It becomes clear from the interview
that siren sound is recognized at 56.4 s.

Thanks to vehicle to vehicle communication, this is the
case which recognizes the approach of the ambulance about
16.5 s earlier than the siren sound.

387Int. J. ITS Res. (2020) 18:381–390



6.2 The Case of V2V recognition from Lateral
Direction Approach with Short Pre-Deceleration

Figure 11 shows the experimental data when a subject recog-
nizes the ambulance approach by vehicle to vehicle commu-
nication from lateral direction. The showing data are the brake
depression amount, velocity, deceleration and jerk. At the time
of recognition, the diagonal distance between the target vehi-
cle and the ambulance is 121.6 m, and the velocity of the
target vehicle is approximately 42.5 km/h. The subject recog-
nizes the approach of the ambulance by vehicle to vehicle
communication at 50 s. After recognition, he starts applying
the brake and gives way to the ambulance at 53 s. Amaximum
deceleration of −3.77 m/s2 and a jerk of −0.67 m/s3 have
occurred until the target vehicle stops. After recognizing the
approach of the ambulance, the subject slowly slows down in
the constant power and decelerates in advance. It becomes
clear from the interview that the time of recognition is 5.0 s
earlier than the siren sound.

It can be seen that both the deceleration and the jerk are
smaller compared to the case where the recognition is
achieved by siren sound and red light described in the previ-
ous section.

The experimental data in case of the notice by vehicle to
vehicle communication are summarized in Table 4. When the
maximum allowable deceleration and the maximum allowable
jerk defined in this chapter are used as evaluation criteria, the
experimental data by vehicle to vehicle communication be-
comes an acceptable value except for the deceleration of the
approach from the lateral direction. Also in the case of ap-
proaching from the lateral direction, the maximum decelera-
tion changes from −4.675 to −3.77 m/s2, that is about
0.905 m/s2 smaller than in the case of recognition from a siren
sound.

By simply comparing the data at the time of awareness by
siren sound and red light in Table 3. and the data at the time of
awareness by vehicle to vehicle communication in Table 4, we
could not conclude that vehicle to vehicle communication is a
necessary and sufficient condition for acceptable ride comfort.
This is because the vehicle slows down slowly in this situa-
tion, and comfort can be achieved by slowing down slowly. In
order to slow down slowly, other situations other than vehicle-
to-vehicle communication can be considered (for example,
whether there is road information, etc.). However, Tables 3
and 4 show that there is a significant difference in the direct

Fig. 10 Velocity & Brake, Deceleration and Jerk in Notice by V2V from
backward Fig. 11 Velocity & Brake, Deceleration and Jerk in Notice by V2V from

lateral direction
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distance to the ambulance at the time of awareness between
the vehicle to vehicle communication and other means of rec-
ognition. For vehicle to vehicle communication, the distance
is over 100 m, and the siren and red light are under 73.6 m.
This allows vehicle-to-vehicle communication to give the
driver time to spare. In other words, vehicle to vehicle com-
munication becomes a sufficient condition for ride comfort.

7 Adaptation to Automated Driving Vehicles

On the assumption that an ambulance is encountered on public
roads, authors use a driving simulator to check the vehicle’s
deceleration and jerk before stopping. As a result, in the case
of the siren sound and the red light, the deceleration and the
jerk are the value above or near to the maximum allowable
safety and the maximum allowable jerk defined in this paper.

As the method to recognize an ambulance approach, siren
sound and red light are inadequate in the point of the early
recognition. Insufficient time results in a sudden slowdown.

If the time to decelerate is earlier, there would be time
allowance and the deceleration and jerk would be improved.
In order to accelerate the time of deceleration, it is necessary to
recognize an early ambulance approach, and the use of vehicle
to vehicle communication is desirable.

As a result of experiments in human driving, there is a
difference in the deceleration and the jerk on the case with
and without the vehicle to vehicle communication. The im-
provement is seen when the vehicle to vehicle communication
is used.

However, it has also been found that the characteristics of
the deceleration and the jerk are different depending on the
time of starting the pre-deceleration.

Considering adaptation to automated driving vehicle, pas-
senger’s safety and ride comfort must be satisfied. The time of
starting the pre-deceleration is extremely important and fur-
ther consideration is needed.

8 Conclusion and Future Work

In the absence of guidelines for safety and ride comfort of
automated driving vehicles, the authors confirmed the effec-
tiveness of pre-deceleration using vehicle to vehicle commu-
nication on assuming maximum allowable deceleration and

maximum allowable jerk. On the other hand, vehicle to vehi-
cle communication provides greater recognition distance to
emergency vehicles than siren sound and red light.
Therefore, there is also a possibility that too early pre-
deceleration occurs. Too early pre-deceleration has a risk of
adversely affecting surrounding vehicles. In the future, we
would like to study the time to start the optimal pre-
deceleration and create guidelines and standards relating to
the safety and ride comfort of automated driving vehicles.
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