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ABSTRACT

Provided is a control method of an automatic driving vehicle switchable
between manual driving in which the vehicle is made to travel depending on an
operation of an occupant and automaﬁc driving in which driving characteristics in
automatic travel are set and the vehicle is made to automatically travel based on the
driving characteristics. Manual driving characteristics in the manual driving by the
occupant are leamed and, when switching from the manual driving to the automatic
driving is performed, the autbmatic driving is performed with the manual driving
characteristics maintained for a preset manual characteristic maintaining time (T1). As

a result, uneasiness of the occupant can be suppressed.
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DESCRIPTION

CONTROL METHOD AND CONTROL DEVICE OF AUTOMATIC DRIVING
VEHICLE
TECHNICAL FIELD
[0001]
The present invention relates to a control method and a control device of an automatic
driving vehicle.
BACKGROUND ART

[0002]
As disclosed in Patent Literature 1, there is proposed a technique in which a control

device of an automatic driving vehicle switches from manual driving to automatic driving by
switching to the automatic driving when not detecting override.

CITATION LIST

PATENT LITERATURE

[0003]
Patent Literature 1: Japanese Patent Application Publication No. 2012-51441

SUMMARY OF INVENTION
[0004]

However, the conventional example disclosed in Patent Literature 1 does not consider
changes in driving characteristics during the switching from the manual driving to the
automatic driving. Accordingly, the conventional example has a problem that an occupant
feels uneasy during the switching from the manual driving to the automatic driving.

The present invention has been made to solve such a conventional problem and an
object thereof is to provide a control method and a control device of an automatic driving
vehicle which can suppress uneasiness of an occupant in switching from manual driving to
automatic driving.

[0005]
In one aspect of the present invention, when switching from manual driving to

automatic driving is performed, the automatic driving is performed with manual driving
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characteristics maintained, the manual driving characteristics being driving characteristics in
the manual driving obtained through machine learning.

In another aspect, the present invention provides a control device of an automatic
driving vehicle switchable between manual driving in which the vehicle is made to travel
depending on an operation of an occupant and automatic driving in which driving
characteristics in automatic travel are set and the vehicle is made to automatically travel
based on the driving characteristics, comprising a configuration which performs the
automatic driving while maintaining manual driving characteristics when performing
switching from the manual driving to the automatic driving, the manual driving characteristics
being driving characteristics in the manual driving obtained through machine learning.
ADVANTAGEOUS EFFECTS OF INVENTION
[0006]

According one aspect of the present invention, uneasiness of the occupant can be
suppressed during the switching from the manual driving to the automatic driving.

BRIEF DESCRIPTION OF DRAWINGS

[0007]

[Fig. 1] Fig. 1 is a block diagram illustrating a configuration of a control device of an
automatic driving vehicle according to one embodiment of the present invention.

[Fig. 2] Fig. 2 is an explanatory view illustrating a maintaining time T1, a switching time T2,
and changes in vehicle speed and an inter-vehicle distance in switching from manual driving
to automatic driving.

[Fig. 3] Fig. 3 is a block diagram illustrating a detailed configuration of a host vehicle state
detection unit.

[Fig. 4] Fig. 4 is a block diagram illustrating a detailed configuration of a surrounding state
detection unit.

[Fig. 5] Fig. 5 is an explanatory view illustrating three leaming methods of learning
characteristics of a driving action by means of machine learning.

[Fig. 6] Fig. 6 is an explanatory view illustrating a flow of learning the driving action for

detected characteristic points.

CA 3033164 2019-10-09
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[Fig. 7] Fig. 7 is an explanatory view illustrating classification of travel states.

[Fig. 8] Fig. 8 is an explanatory view illustrating an example of classifying pieces of data on
other vehicles into meaningful items.

[Fig. 9] Fig. 9 is a flowchart illustrating steps of performing the machine learning based on
input information and obtaining automatic driving characteristics and manual driving
characteristics.

[Fig. 10A] Fig. 10A is an explanatory view of the case where the traveling speed of the host

vehicle and the traveling speed of other vehicles traveling in the surroundings are both 80

[km/h].

CA 3033164 2019-04-17
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[Fig. 10B] Fig. 10B is an explanatory view of the case where the traveling speed of the

host vehicle is 60 [km/h] and the traveling speed of the other vehicles traveling in the
surroundings is 80 [km/h].

[Fig. 11] Fig. 11 includes graphs illustrating relationships between each of the vehicle
speed and the inter-vehicle distance and a perceived amount thereof, relationships
between the perceived amounts and the uneasiness, and relationships between each of
the vehicle speed and the inter-vehicle distance and the uneasiness.

[Fig. 12] Fig. 12 is an explanatory view of processing of obtaining T1 and T2 baséd on
the automatic driving characteristics and the manual driving characteristics stored in the
driving characteristics database and uneasiness-physical amount models.

[Fig. 13A] Fig. 13A is a graph illustrating relationships between the vehicle speed and
the uneasiness.

[Fig. 13B] Fig. 13B is a graph illustrating relationships between the vehicle speed and
the uneasiness in the case where the road width is small and those in the case where the
road width is large.

[Fig. 14A] Fig. 14A is a graph illustrating relationships between the inter-vehicle
distance and the uneasiness.

[Fig. 14B] Fig. 14B is a graph illustrating relationships between the inter-vehicle
distance and the uneasiness in the case where there is another vehicle in an adjacent lane
and those in the case where there is no vehicle in the adjacent lane.

[Fig. 15] Fig. 15 is an explanatory view illustrating relationships between the changes in
the vehicle speed and the inter-vehicle distance, the maintaining time T1, and the
switching time T2.

[Fig. 16A] Fig. 16A is a graph illustrating jerk sections in changing of the vehicle
speed.

[Fig. 16B] Fig. 16B is a graph illustrating changes in acceleration in the changing of the
vehicle speed.

[Fig. 16C] Fig. 16C is a graph illustrating speed changes in the changing of the vehicle
speed.

[Fig. 17A] Fig. 17A is an explanatory view illustrating a state where the host vehicle is



CA 03033164 2019-02-06

traveling at 40 [km/h].

[Fig. 17B] Fig. 17B is a graph illustrating changes in the vehicle speed in the case
where the vcﬁicle speed is increased from 40 [km/h] to 60 [km/h].

(Fig- 17C] Fig. 17C is an explanatory view illustrating a state where the host vehicle is
traveling at 80 [km/h].

[Fig. 17D] Fig. 17D is a graph illustrating changes in the vehicle speed in the case
where the vehicle speed is increased from 80 [km/h] to 100 [km/h].

[Fig. 18A] Fig. 18A is an explanatory view illustrating a state where the host vehicle is
traveling on a road with a small road width at 40 {km/h].

[Fig. 18B] Fig. 18B is a graph illustrating changes in the vehicle speed in the case
where the vehicle speed is increased from 40 [km/h) to 60 [km/h] while the vehicle is
traveling on the road with a small road width.

[Fig. 18C] Fig. 18C is an explanatory view illustrating a state where the host vehicle is
traveling on a road with a large road width at 40 [km/h].

[Fig. 18D] Fig. 18D is a graph illustrating changes in the vehicle speed in the case
where the vehicle speed is increased from 40 [km/h] to 60 [km/h] while the vehicle is
traveling on the road with a large road width.

[Fig. 19A] Fig. 19A is an explanatory view illustrating a state where the host vehicle is
traveling with the inter-vehicle distance being 50 [m].

[Fig. 19B] Fig. 19B is a graph illustrating changes in the inter-vehicle distance in the
case where the inter-vehicle distance is reduced from 50 [m] to 20 {m].

[Fig. 19C] Fig. 19C is an explanatory view illustrating a state where the host vehicle is
traveling with the inter-vehicle distance being 100 [m].

[Fig. 19D] Fig. 19D is a graph illustrating changes in the inter-vehicle distance in the
case where the inter-vehicle distance is reduced from 100 [m] to 70 [m].

[Fig. 20A] Fig. 20A is an explanatory view illustrating a state where the inter-vehicle
distance is 80 [m] and another vehicle is traveling in the adjacent lane.

[Fig. 20B] Fig. 20B is a graph illustrating changes in the inter-vehicle distance in the
case where there is another vehicle in the adjacent lane and the inter-vehicle distance is

reduced from 80 [m] to 50 [m].
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[Fig. 20C] Fig. 20C is an explanatory view illustrating a state where the inter-vehicle

distance is 80 {m] and no vehicle is traveling in the adjacent lane.

[Fig. 20D] Fig. 20D is a graph illustrating changes in the inter-vehicle distance in the
case where there is no vehicle in the adjacent lane and the inter-vehicle distance is
reduced from 80 [m} to 50 [m].

[Fig. 21] Fig. 21 is an explanatory view illustrating switching of the driving
characteristics in the case where the host vehicle stops in the maintaining time T1.

[Fig. 22] Fig. 22 is a flowchart illustrating processing operations of the control device of
the automatic driving vehicle according to the embodiment of the present invention.
[Fig. 23] Fig. 23 is an explanatory view illustrating manual driving characteristics and
automatic driving characteristics of driving perforned in a modified example of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0008]

An embodiment of the present invention is described below with reference to
the drawings. Fig. 1 is a block diagram illustrating a configuration of a control device
of an automatic driving vehicle according to one embodiment of the present invention.

[0009]
As illustrated in Fig. 1, the control device of the automatic driving vehicle

according to the embodiment includes a fravel state defection unit 1, an
individual-matched driving characteristic determination unit 4, a driving characteristic
database 7, an automatic driving characteristic determination unit 8, and a switching
parameter setting unit 11.

[0010]

In the contral device of the automatic driving vehicle according to the -
embodiment, as illustrated in Fig. 2, when driving is switched to automatic driving
during travel in manual driving at a time point t0, automatic driving based on manual
driving characteristics is performed for a manual characteristic maintaining time T1
(hereafier, referred to as "maintaining time T1" for short) obtained by a method

described later. The manual driving characteristics described herein are driving
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characteristics in the manual driving by an occupant. The manual dﬁving
characteristics include vehicle speed, acceleration, an inter-vehicle distance, steering
acceleration, a yaw rate, and the like. The manual driving characteristics are not
limited to those described above and any characteristics generally used to indicate
characteristics of the vehicle can be employed.

Thereafter, at a time point tl, the driving characteristics are gradually switched
to automatic driving characteristics in a driving characteristic switching time T2
(hereafter, referred to as "switching time T2" for short) obtained by the method
described later and, at time t2, are completely changed to the automatic driving
characteristics. The automatic driving characteristics described herein are driving
characteristics different from the manual driving characteristics. The automatic
driving characteristics may be characteristics set by learning the characteristics of the
manual driving by the occupant or characteristics set for each travel scene (normal road,
expressway, or the like) and any conventional driving characteristics of automatic
driving may be used. In Fig. 2, the vehicle speed (curve ql1) and the inter-vehicle
distance (curve q12) are given as examples of physical amounts of the automatic driving
vehicle. Note that, in Fig. 2, although the driving characteristics in the automatic
driving are illustrated to be switched from the manual driving characteristics to the
automatic driving characteristics, the method of changing the drivifxg characteristics is
not limited to this and may be any method as ‘long as the driving characteristics in the
automatic driving are changed from the driving characteristics in the manual driving to
driving characteristics different from these.

[0011]

The functions described in the embodiment can be implemented by one or
multiple processing circuits. The processing circuit includes a processing device with
an electric circuit. The processing device also includes devices such as an
application-specific integrated circuit (ASIC) and conventional circuit parts designed to
execute the functions described in the embodiment.

[0012]

[Description of Travel State Detection Unit 1]
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As illustrated in Fig. 1, the travel state detection unit 1 .includes a host vehicle

state detection unit 2 which detects the state of the host vehicle and a surrounding state
detection unit 3 which detects a éurrounding state.
[0013]

As illustrated in Fig. 3, the host vehicle state detection unit 2 obtains vehicle
speed data detected by a vehicle speed sensor 32, acceleration data detected by an
acceleration sensor 33, and 'steering angle data detected by a steering angle sensor 34,
and detects the travel state of the host vehicle based on these picces of data. The
pieces of data detected in the host vehicle state detection unit 2 are outputted to a
manual driving learning unit 5§ and an automatic driving learning unit 9 illustrated in Fig.
1.

[0014]

As illustrated in Fig. 4, the surrounding state detection unit 3 includes an
inter-vehicle space detection unit 35, a non-vehicle object detection umit 36, a
surrounding vehicle type detection unit 37, a lane detection unit 38, a road type
detection unit 39, and a traffic information detection unit 40.

[0015]

The inter-vehicle space detection unit 35 detects front, rear, left, and right
inter-vehicle spaces of the host vehicle by using radar or the like. The non-vehicle
object detection unit 36 detects objects other than vehicles such as pedestrians and
bicycles in the surroundings of the host vehicle, based on images captured by cameras
configured fo capture images of the surroundings.

[0016] '

The surrounding vehicle type detection unit 37 detects types of the vehicles in
the surroundings of the host vehicle from the images captured by the cameras. For
example, the surrounding vehicle type detection unit 37 detects passenger cars, trucks,
buses, motorcycles, and the like. The lane detection unit 38 detects lanes in the road
from the images captured by the cameras. |
[0017]

The road type detection unit 39 detects the type of the road from information
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obtained from the navigation device. The traffic information detection unit 40 detects
traffic information from information obtained by the navigation device. Note that
various pieces of information can be detected by means of communication between the
vehicles or communication between the vehicle and the road or can be detected by using
sonars or the like. The data detected by the surrounding state detection umit. 3 is
outputted to the manual driving learning unit 5 and the automatic driving learning unit 9
illustrated in Fig. 1.

[0018]

[Individual-Matched Driving Characteristic Determination Unit 4, Automatic Driving
Characteristic Determination Unit §]

The individual-matched driving characteristic determination unit 4 includes the
manual driving learning unit 5 and a manual driving characteristic setting unit 6. The
automatic driving characteristic determination unit 8 includes the automatic driving
learning unit 9 and an automatic driving characteristic setting unit 10.

[0019]

The manual driving learning unit 5 and the automatic driving learning unit 9
determine the type of road on which the vehicle is traveling from various pieces of data
(data obtained by the sensors illustrated in Fig. 3) indicating the travel state and detected
in the travel state detection unit | in the manual driving and lecamn the driving
characteristics of the occnpant for each road type. The driving characteristics include
vehicle speed, average vehicle speed, acceleration, a yaw rate, braking timing, timing of
lane change, a merging point and merging speed upon entering an expressway, and the
like in the case where the occupant (for example, driver) is manually driving the vehicle.
Performing the automatic driving based on the learned driving characteristics causes the
automatic driving to be performed based on the characteristics of the occupant and
uneasiness felt by the occupant in the automatic driving can be reduced. Note that the
learned driving characteristics may be, for example, in the case of the vehicle speed, one
value such as vehicle speed 50 km/h or a range such as 30 km/h to 60 km/h. Moreover,
the driving characteristics may be expressed by using a function such as a probability

density distribution. Note that, when the occupant instructs changing of the driving
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characteristics during the automatic driving, the manual driving learning unit 5 and the
automatic driving learning unit 9 may learn the instructed driving characteristics and
reflect the instructed driving characteristics in the driving characteristics of automatic
driving hereafter.

[0020]

Three learning methods are generally known as methods for learning the
driving characteristics. Fig. 5 is an explanatory view illustrating the three learning
methods. In a learning method "1," learning is performed by means of human analysis.
In a learning method "2, hypothesizes are set based on human knowledge and
experience and then leaming is performed by means of machine learning. In a
leaming method "3," leamning is fully and automatically performed by means of
machine learmning. In the embodiment, learning is performed with the learning method
"2" employed as an example.

[0021]

Fig. 6 is an explanatory view illustrating a flow of learning the characteristics
from the data detected by the travel state detection unit 1.  First, in step al, the manual
driving learning unit 5 and the automatic driving learning unit 9 collect pieces of data
from the travel state detection unit 1. The travel state and the surrounding state of the
host vehicle are collected as the pieces of data.  After collecting the pieces of data, in
step a2, the manual driving learning unit 5 and the auvtomatic driving learning unit 9
extract necessary pieces of attribute data. Not all pieces of data collected by the travel
state detection unit 1 are necessarily related to the driving action and, when pieces of
data not related to the driving action are used as learning materials, such pieces of data
may have adverse effects on the learning result. Accordingly, only the necessary
pieces of data (attribute data) are extracted in the processing of step a2.

[0022]

In step a3, the manual driving learning unit 5 and the automatic driving
learning unit 9 correct the pieces of attribute data extracted in the aforementioned
processing of step a2 by removing elements such as noise which are included in the

pieces of attribute data and which have adverse effects on learning.
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[0023]

In step a4, the manual driving learning unit 5 and the automatic driving
learning unit 9 classifies the pieces of attribute data into meaningful items (parameters).
Fig. 8 illustrates an example in which pieces of data on other vehicles are classified into
the meaningful items. .

[0024]

Specifically, when objects "1" to "n" which are other vehicles are detected and
the "type," "movement," "brake lamp," and "distance from the host vehicle" of each of
the other vehicles are detected, the manual driving learning unit 5 and the automatic
driving learning unit 9 re-classifies these pieces of data and obtains various items such
as "the number of preceding vehicles," the number of preceding trucks,” and "distance
to each preceding vehicle."

[0025]

The aforementioned processing in steps al to a4 of Fig. 6 are defined as
preprocessing and, in step a5, the manual driving learning unit S and the automatic
driving learning unit 9 perform machine learning while using the parameters generated
in the preprocessing as inputs of the machine learning. For example, SOM (Self
Organizing Map), SVC (Support .Vector Machine Classification), SGD (Stochastic
Gradient Decent), logistic regression, and the like can be used as an algorithm of the
machine learning.

[0026]
The type of road on which the host vehicle is traveling is outputted by this

machine leaming. Roads are classified into various road types (for example bl to b8)
as illustrated in Fig. 7. Specifically, when the host vehicle is traveling on an
expressway, "bl. expressway" is set, when traveling on a normal load with two lanes on
each side, "b2. trunk road" is set, when traveling on a normal road with one lane on each
side, "b3. non-trunk road" is set, and when traveling in an intersection of a normal road,
"b4. intersection” is set. Moreover, when the host vehicle is traveling on 2 normal road
or an expressway and there is no preceding vehicle, "bS. cruise travel" is set, when the

host vehicle is traveling on a normal road or an expressway and there is a preceding
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vehicle, "b6. following travel" is set, when the host vehicle stops at an intersection of a
normal road and then restarts, "b7. intersection passing" is set, and when the host
vehicle turns right at an intersection of a normal road, "b§. right turn" is set.

[0027]

In step a6, the automatic driving learning unit 9 and the manual driving
learning unit 5 save the road type determined by the learning and the driving
characteristics in this road type in the driving characteristic database 7.

Fig. 9 is an explanatory view illustrating processing in which the automatic
driving learning unit 9 and the manual driving learning unit 5 save the autormatic driving
characteristics and the manual driving characteristics in the driving characteristic
database 7, for example, in a scene where the host vehicle is cruising on a road with two
lanes. In step ¢l of Fig. 9, the manual driving learning unit 5 and the automatic
driving learning unit 9 obtain various pieces of input information from the travel state
detection unit I. Specifically, the manual driving learning unit S and the automatic
driving learning unit 9 obtain positional relationships with other vehicles, road
information such as speed limit, travel information of the host vehicle, and the like.
[0028] _

In step ¢2, the automatic driving learning unit 9 and the manual driving
fearning unit 5 execute a machine learning algorithm based on the obtained pieces of
input information as illustrated in Fig. 6. The type of road on which the host vehicle is
traveling is thereby determined. In the automatic driving, in steps c3 to ¢5, the
automatic driving learning unit 9 obtains the automatic driving characteristics
corresponding to the determined road type from the driving characteristic database 7
and sets them as the driving characteristics in the automatic driving. In the manual
driving, in steps c6 to c8, the manual driving learning unit 5 learns the driving
characteristics together with the determined road type.

{0029]

Steps ¢3 to c¢5 in the automatic driving are described. In step c3, the

automatic driving learning unit 9 obtains the automatic driving characteristics

corresponding to the road type and sets them as the driving characteristics in the
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automatic driving. For example, Fig. 10(A) illustrates the case where, in a situation in
which a host vehicle V1 is cruising on a left lane of a two-lane road and other vehicles
V2, V3 are traveling on a right lane of this road, the speed limit is 80 [km/h] and the
traveling speed of the other vehicles V2, V3 is 80 [km/h]. When the traveling speed
which is the learned driving characteristics in this road type (scene) is 80 [km/h], that is
when the occupant drives or is highly likely to drive the vehicle at 80 [kmv/h] in this
scene, the automatic driving learning unit 9 sets the traveling speed of the host vehicle
V1 to 80 [km/h].

[0030]

In step c4, the automatic driving learning unit 9 learns the driving
characteristics also during the automatic driving. When the occupant instructs
changing of the driving characternistics during the automatic driving, the automatic
driving learning unit 9 may learn the instructed driving characteristics. An instruction
of the occupant in the automatic driving can be thereby reflected in the driving
characteristics of autbmatic driving hereafter. Then, the automatic driving learning
unit 9 saves the driviﬁg characteristics in the automatic driving in the driving
characteristic database 7. Furthermore, in step c5, the automatic driving leaming unit
9 labels the pieces of saved data with the traveled road type to facilitate later reference.
[0031]

VMeanwhile, in step ¢6, the manual driving learning unit 5 obtains the manual
driving characteristics together with the determined road type. For example, assume
that, as illustrated in Fig. 10B, in a situation in which a host vehicle V1 is cruising on a
left lane of a two-lane road and other vehicles V2, V3 are traveling on a right lane of
this road, the speed limit is 80 [km/h] and the traveling speed of the other vehicles V2,
V3is 80 [km/h]. When the traveling speed of the host vehicle V1 is 60 [km/h] in this
state, the manual driving leamning unit 5 determines that the occupant tends to travel at
speed 75% of the speed limit in curse travel. Note that the cruise travel in the
embodiment is defined as travel in which a situation where the inter-vehicle time
(numerical value obtained by dividing the inter-vehicle distance by the traveling speed)

between the host vehicle and the preceding vehicle is two seconds or more continues for
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30 seconds or more.

[0032]

In step c7, the manual driving learning unit 5 saves the driving characteristics
obtained by the learning in the driving characteristic database 7. Then, in step c¢8, the
manual driving learning unit 5 labels the pieces of saved data with the traveled road
type to facilitate later reference.

The automatic driving characteristics in the automatic driving of the host
vehicle and the manual driving characteristics in the manual driving can be thereby
obtained by the learning and be saved in the driving characteristic database 7.

[0033]
[Switching Parameter Setting Unit 11]

Next, the switching parameter setting unit 11 illustrated in Fig. 1 is described.
The switching parameter setting unit 11 includes an uneasiness-physical amount model
storage 12 (model storage) and a parameter control unit 13. The uneasiness-physical
amount model storage 12 stores uneasiness-physical amount models to be described
later.-

[0034]
When the host vehicle is switched from the manual driving to the automatic

driving based on the current travel state of the host vehicle and the uneasiness-physical
amount models, the parameter control unit 13 estimates the uneasiness felt by the
occupant and sets the maintaining time T1 illustrated in Fig. 2 and the switching time
T2 taken for switching to the automatic driving characteristics performed after a lapse
of the maintaining time T1, depending on the estimated uneasiness.
[0035]
<Uneasiness-Physical Amount Mode] Storage 12>

The uneasiness-physical amount model storage 12 stores the
uneasiness-physical - amount models indicating relationships between the physical
amounts in travel of the host vehicle and the uneasiness felt by the occupant.  Fig. 11 is
an explanatory view illustrating the uneasiness-physical amount models. According to

the well-known Weber-Fechner law, as illustrated in the graph 61, it is known that the
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vehicle speed (or the inter-vehicle distance) and the amount of vehicle speed perceived by the
occupant change as illustrated by the curve Q1. The horizontal axis of the graph 61 represents
the vehicle speed (or the inter-vehicle distance) and the vertical axis represents the perceived
amount of the vehicle speed (or the inter-vehicle distance).

[0036]

In an example in which the horizontal axis represents the vehicle speed, it can be found
that the higher the vehicle speed is, the smaller the change in the perceived amount is for the
same vehicle speed change. Specifically, the perceived amount changes from el to €2 when
the vehicle speed changes from d1 (for example, 20 [km/h]) to d2 (for example, 40 [km/h]).
Meanwhile, the perceived amount changes from e2 to €3 when the vehicle speed changes from
d2 to d3 (for example, 60 [km/h]). In other words, although the speed increase is 20 [km/h]
in both cases, the change in the perceived amount from el to €2 is greater than the change in
the perceived amount from €2 to e3. This means that the occupant feels that a greater change
is occurring in the speed increase of the vehicle from d1 to d2 than in the speed increase from
d2 to d3.

[0037]

Meanwhile, when the horizontal axis of the graph 61 is the inter-vehicle distance
between the host vehicle and the preceding vehicle, the smaller the inter-vehicle distance is,
the greater the change in the perceived amount is for the same inter-vehicle distance change.
This means that, for example, the change in the amount perceived by the occupant in the case
where the inter-vehicle distance decreases by S m from 10 m to 5 m is greater than that in the
case where the inter-vehicle distance decreases by 5 m from 15 m to 10 m.

[0038]

The graph 62 illustrates relationships between the perceived amount of the
vehicle speed and the uneasiness for the vehicle speed. The curve Q2 illustrates
characteristics in the case where the road width is small and the curve Q3 illustrates
characteristics in the case where the road width is large. It can be found that the higher
the perceived amount of the vehicle speed is, the greater the uneasiness for the vehicle

speed felt by the occupant is and the smaller the road width is, the greater the uneasiness
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is.
[0039]

As illustrated in the graph 63, a model indicating the relationships between the vehicle
speed and the uneasiness for the vehicle speed is generated based on the curves Q1, Q2, and
Q3. The curve Q4 illustrates the uneasiness for the vehicle speed felt by the occupant in the
case where the road width is small and the curve QS illustrates that in the case where the road
width is large. It can be found that the higher the vehicle speed is, the greater the uneasiness
felt by the occupant is and the uneasiness is even greater when the road width is small. The
change in the uneasiness in the case where, for example, the vehicle speed increases from 20
[km/h] to 40 [km/h] is greater than the change in the uneasiness in the case where, for example,
the vehicle speed increases from 40 [km/h] to 60 [km/h]. In other words, although the speed
increase is 20 [km/h] in both cases, the change in the uneasiness in the speed increase from 20
[km/h] to 40 [km/h] is greater than that in the speed increase from 40 [km/h] to 60 [km/h].
[0040]

Moreover, the perceived amount of the inter-vehicle distance and the uneasiness for
the inter-vehicle distance change as illustrated by the curves Q6 and Q7 of the graph 64. The
curve Q7 illustrates characteristics in the case where there is no vehicle in an adjacent lane
(case where the adjacent lane is vacant) and the curve Q6 illustrates characteristics in the case
where there is another vehicle in the adjacent lane (case where the adjacent lane is occupied).
It can be found that the smaller the perceived amount of the inter-vehicle distance is (the
smaller the distance to the left end of the graph of the curves Q6 and Q7 is), the greater the
uneasiness for the inter-vehicle distance felt by the occupant is. Moreover, it can be found
that the uneasiness in the case where there is another vehicle in the adjacent lane is greater
than that in the case where there is no vehicle in the adjacent lane.

[0041]

As illustrated in the graph 65, a model indicating relationships between the

inter-vehicle distance and the uneasiness for the inter-vehicle distance is generated

based on the curves Q1, Q6, and Q7. The curve Q8 illustrates the uneasiness for the



CA 03033164 2019-02-06

16

inter-vehicle distance felt by the occupant in the case where there is another vehicle in
the adjacent lane aﬁd the curve Q9 illustrates that in the case where there is no vehicle
in the adjacent lane. It can be found that the smaller the inter-vehicle distance is, the
greater the uneasiness felt by the occupant is and the uneasiness is even greater when
there is another vehicle in the adjacent lane.

[0042]

The model with the aforementioned characteristics is thus generated and stored
in the uneasiness-physical amount model storage 12. The change in the uneasiness in
the case where, for example, the inter-vehicle distance decreases from 15 [m] to 10 [m]
is smaller than the change in the unecasiness in the case where, for example, the
inter-vehicle distance decreases from 10 [m] to 5 [m]. In other words, although the
decreasce in the inter-vehicle distance is 5 [m] in both cases, the change in the uncasiness
in the decrease from 15 [m] to 10 [m] is smaller than that in the decrease from 10 [m] to
5 [m].

[0043]
<Parameter Control Unit 13>

The uneasiness of the occupant is inputted into the parameter control unit 13
illustrated in Fig. 1 by extracting the manual driving characteristics and the automatic
driving characteristics stored in the driving characteristic database 7 according to the
road type determined by the machine learning and then referring to the
uneasiness-physical amount models as illustrated in Fig. 12. Then, the parameter
control unit 13 sets the maintaining time T1 and the switching time T2 taken for the
switching from the manual driving to the automatic driving, based on the inputted
uneasiness. Note that, in the embodiment, the uneasiness-physical amount models
used in the uneasiness-physical amount model storage 12 may be set for each road type.
[0044]

A method of setting the maintaining time T1 and the switching time T2
performed by the parameter control unit 13 is described below. Specifically, the
parameter control unit 13 has a function of a switching controller which performs

control of switching from the manual driving to the automatic driving. First, with
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reference to Figs. 13 and 14, description is given of changes in the vehicle speed and the
inter-vehicle distance which do not make the occupant feel uneasy.
[0045]

As illustrated in Fig. 13A, speed to which the vehicle speed can be increased
within a certain time is determined depending on the vehicle speed. The curveql is a
graph illustrating the relationships between the vehicle speed and the uneasiness felt by
the occupant. In the embodiment, an allowable value of a change amount of the
uneasiness in the certain time is set as "allowable change amount X1 (first threshold)."
The vehicle speed is changed such that the change amount of the uneasiness in the
certain time is less than or equal to the allowable change amount X1. Specifically,
when the uneasiness is to increase with the switching from the manual driving to the
automatic driving, a transition pattern is changed such that the increase amount of the
uneasiness in the certain time less than or equal to the first threshold.

[0046]

In the example illustrated in Fig. 13A, the change amount of the uneasiness in
the case where the vehicle speed increases from 20 [km/h] to 40 [km/h] is the allowable
change amount X1. Accordingly, when the current vehicle speed is 20 [km/h], the
vehicle is allowed to accelerate to 40 [km/h] in the certain time (see arrow Y1).

[0047]

Meanwhile, when the current vehicle speed is 40 [kim/h], the vehicle is allowed
to accelerate to 100 [km/h] in the certain time (see arrow Y2). However, when the
current vehicle speed is 20 [km/h), the vehicle is not allowed accelerate to 100 [km/h] in
the certain time because the change amount of the uneasiness is X1+X1 = 2X1 and
exceeds X1.

Moreover, as illustrated in Fig. 13B, the speed to which the vehicle speed can
be increased in the certain time is determined depending on the road width and may
vary even in a speed increase from the same vehicle speed. The curve q2 is a graph
illustrating the relationships of the vehicle speed and the uneasiness felt by the occupant
in the case where the road width is small and the curve g3 is a graph illustrating those in

the case where the road width is large.



CA 03033164 2019-02-06

18
[0048]
As illustrated by the curve ¢2, when the current vehicle speed is 20 [km/h] and

the road width is small, the vehicle is allowed to accelerate to 40 [km/h] in the certain
time (see arrow Y3). Meanwhile, as illustrated by the curve g3, when the current
vehicle speed is 20 [km/h] and the road width is large, the vehicle is allowed to
accelerate to 60 [km/h] in the certain time (see arrow Y4).

[0049]

Moreover, as illustrated in Fig. 14A, the distance to which the vehicle can
approach the preceding vehicle in the certain time is determined depending on the
inter-vehicle distance. The curve g4 is a graph illustrating the relationships between
the inter-vehicle distance and the uneasiness felt by the occupant. In the embodiment,
an allowable value of a change amount of the uneasiness in the certain time is set as
"allowable change amount X2 (first threshold)." The inter-vehicle distance is changed
such that the change amount of the uneasiness in the certain time is less than or equal to
the allowable change amount X2.

[0050]

In the example illustrated in Fig. 14A, the change amount of the uneasiness in
the casé where the inter-vehicle distance changes from 20 [m] to 10 [m] is the allowable
change amount X2. Accordingly, when the current inter-vehicle distance is 20 [m], the
vehicle is allowed to reduce the inter-vehicle distance to 10 {m] in the certain time (see
arrow Y35).

Meanwhile, when the current inter-vehicle distance is 40 [m], the vehicle is
allowed to reduce the inter-vehicle distance to 20 [m] in the certain time (see arrow Y6).

However, when the current inter-vehicle distance is 40 [m], ﬂle vehicle is not
allowed to reduce the inter-vehicle distance to 10 [m] in the certain time because the
change amount of the uneasiness is X2+X2 = 2X2 and exceeds X2.

[0051]

Moreover, as illustrated in Fig. 14B, a reduction amount of the inter-vehicle

distance in the certain time is determined depending on whether there is another vehicle

in the adjacent lane. The curve g5 illustrates the characteristics in the case where there
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is another vehicle in the adjacent lane and the curve g6 illustrates the c_haracterist.ics in
the case where there is no vehicle in the adjacent lane.
[0052]

When there is another vehicle in the adjacent lane, the vehicle is allowed to
reduce the inter-vehicle distance from 20 [m] to 10 [m] in the certain time (see arrow
Y7). Meanwhile, when there is no vehicle in the adjacent lane, the vehicle is allowed
to reduce the inter-vehicle distance from 35 {m] to 10 [m] in the certain time (see arrow
Y8).

[0053]

The parameter control unit 13 sets the maintaining time T1 such that thé greater
the uneasiness is, the longer the maintaining time T1 is. Moreover, when the vehicle
speed is to be changed, the parameter control unit 13 sets the length of the switching
time T2 such that the change amount of the uneasiness in the certain time is less than or
equal to the allowable change amount X1. Furthermore, when the inter-vehicle
distance is to be changed, the parameter control unit 13 sets the length of the switching
time T2 such that the change amount of the uneasiness in the certain time is less than or
equal to the allowable change amount X2 (first threshold). This can suppress an
abrupt change in the uneasiness.

[0054]

Specifically, the higher the vehicle speed is, the longer the maintaining time T1
is set and the smaller the road width is, the longer the maintaining time T1 is set.
Moreover, the shorter the inter-vehicle distance is, the longer the maintaining time T1 is
set and, when there is another vehicle in the adjacent lane, the maintaining time T1 is set
longer.

[0055]

Moreover, the transition pattern is set such that the lower the Vehiclé speed is,
the longer the time taken for a speed increase (switching time T2) is and the smaller the
road width is, the longer the time taken for a speed increase (switching time T2) is.
Furthermore, the transition pattern is set such that the shorter the inter-vehicle distance

is, the longer the time taken to approach the preceding vehicle (switching time T2) is
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and, when there is another vehicle in the adjacent lane, the time taken to approach the
preceding vehicle (switching time T2) is longer.
[0056]

On the other hand, in the case where the control is performed such that the
uneasiness felt by the occupant decreases such as, for example, the case where the
driving characteristics are switched to reduce the vehicle speed or the case where the
driving characteristics are switched to increase the inter-vehicle distance, the transition
pattern is set such that a decrease rate of the uneasiness is more than or equal to a preset
threshold (second threshold). Specifically, when the uneasiness is to decrease with the
switching from the manual driving to the automatic driving, the transition pattern is ‘
changed such that the decrease rate of the uneasiness in the certain time is more than or
equal to the second threshold.

[0057]
For example, in the graph illustrated in Fig. 13A, the vehicle speed of the host

vehicle is reduced from 100 [km/h] to 40 [km/h] or less in the certain time and the
decrease amount of the uneasiness in the certain time is thereby made greater than X1.
As another example, the vehicle speed of the host vehicle is reduced from 40 {km/h] to
20 [km/h] or less in the certain time and the decrease amount of the uneasiness in the
certain time is thereby made greater than X1. In other words, the control is performed
such that the decrease rate of the uneasiness is more than or equal to the second
threshold to quickly eliminate the uneasiness felt by the occupant.

[0058]
Moreover, also for the inter-vehicle distance, in the graph illustrated in Fig.

14A,, for example, the inter-vehicle distance is increased from 10 [m] to 20 {m] or more
in the certain time and the decrease amount of the uneasiness in the certain time is
thereby made greater than X2. As another example, the inter-vehicle distance is
increased from 20 [m] to 40 [m] or more in the certain time and the decrease amount of
the uneasiness in the certain time is thereby made greater than X2.

[0059]
Specifically, the transition pattern is set such that the higher the vehicle speed
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is, the shorter the time taken for the speed reduction (switching time T2) is and the larger the
road width is, the shorter the time taken for the speed reduction (switching time T2) is.
Moreover, the transition pattern is set such that the longer the inter-vehicle distance is, the
shorter the move-away time from the preceding vehicle (switching time T2) is and, when there
is no vehicle in the adjacent lane, the move-away time from the preceding vehicle (switching
time T2) is shorter.

[0060]

As described above, during the switching from the manual driving to the automatic
driving, the parameter control unit 13 calculates the maintaining time T1 and also calculates
the switching time T2 to the performing of the automatic driving based on automatic driving
characteristics. Moreover, the parameter control unit 13 sets the transition pattern of the
driving characteristics in the switching time T2.

[0061]

Fig. 15 is a view illustrating an example of setting the maintaining time T1 and the
switching time T2. Fig. 15 illustrates a method of setting T1 in the case where the control
parameter for which the occupant feels uneasy is the vehicle speed and the speed is to be
increased and a method of setting T1 in the case where the control parameter is the inter-
vehicle distance and the inter-vehicle distance is to be reduced.

[0062]

When the current vehicle speed is low, T1 is set short and the switching time T2 is set
long to avoid abrupt speed increase from low speed and reduce the uneasiness of the occupant.
When the current vehicle speed is high, T1 is set long and the switching time T2 is set short
to quickly increase the speed. The uneasiness of the occupant can be thereby reduced.
Moreover, when the road width is small, T1 is set long and T2 is set long to gradually reduce
the inter-vehicle distance and reduce the uneasiness of the occupant. When the road width is
large, T1 is set short and T2 is set short to quickly increase the speed.

[0063]
Moreover, when the current inter-vehicle distance is short, T1 is set long and

T2 is set long to increase the time taken to reduce the inter-vehicle distance, thereby
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avoiding abrupt approaching to the preceding vehicle and reducing the uneasiness of the
occupant. Moreover, when the current inter-vehicle distance is long, T1 is set short
and T2 is set short to quickly reduce the inter-vehicle distance. Moreover, when there
is another vehicle in the adjacent lane, T1 is set long and T2 is set long to reduce the
uneasiness of the occupant. When there is no vehicle in the adjacent lane, T1 is set
short and T2 is set short to quickly reduce the inter-vehicle distance.

Setting the maintaining timc T1 and the switching time T2 as described above
enables switching of the driving characteristics while reducing the uneasiness felt by the
occupant. As aresult, the case where the occupant feels uneasy can be avoided.

[0064]

Next, other methods of setting the switching time T2 are described. Fig. 16 is
an explanatory view illustrating a method of setting the switching time T2 in the case
where the vehicle speed is to be changed. In a speed increase, a jerk (change rate in
acceleration) needs to be prevented from exceeding a certain value to prevent the
occupant from feeling uneasy. Accordingly, as illustrated in Fig. 16A, a bent line q21
is determined in which jerk sections are set and the maximum jerk and the minimum
jerk in these jerk sections are set. In this case, it is preferable that a section of the
maximum jerk, a section of the minimum jerk, and a section where the jerk is zero have
the same length.

[0065] .

Then, the bent line g21 is integrated to obtain a bent line q22 indicating the
acceleration as illustrated in Fig. 16B. Next, the bent line q22 is integrated to obtain a
curve 23 indicating speed as illustrated in Fig. 16C. The curve q23 is set such that
the speed change from the current speed to a target speed forms a smooth S-shaped
curve. Moreover, time the vehicle takes to reach the target speed from the current
speed is set as the switching time T2.

Setting the switching time T2 in such a method enables a speed increase which
gives no feeling of excessive acceleration to the occupant.

[0066]

Fig. 17 is an explanatory view illustrating a method of setting the switching
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time T2 in the case where the vehicle speed is to be increased by 20 [km/h].  Figs. 17A
and 17B illustrate the case where the vehicle speed is increased from 40 [km/h] to 60
(km/h]. - As illustrated in Fig. 17B, when the cumrent vehicle speed is low, the
parameter control unit 13 sets the switching time T2 long in addition to setting the
maintaining time T1 short.
[0067]

Meanwhile, Figs. 17C and 17D illustrate the case where the vehicle speed is
increased from 80 [km/h] to 100 [km/h]. When the current vehicle speed is high, as
illustrated in Fig. 17D, tﬁe parameter control unit 13 sets the switching time T2 short in
addition to sefting the maintaining time T1 long. This can reduce the uneasiness felt
by the occupant. Specifically, during the switching from the manual driving to the
automatic driving, the uneasiness felt by the occupant at the start of the automatic
driving in the case where the vehicle speed is 80 [km/h] is greater than that in the case
where the vehicle speed is 40 [km/h]. Moreover, while the driving characteristics are
changed from the manual driving characteristics to the automatic driving characteristics
after the switching to the automatic driving, the changing of the driving characteristics
increases the uneasiness of the occupant. Accordingly, it is preferable to reduce the
uneasiness of the occupant before the changing of the driving characteristics from the
manual driving characteristics is started. Specifically, setting the maintaining time T1
longer as the vehicle speed becomes higher can reduce the uneasiness of the occupant
before the end of the maintaining time. Accordingly, it is possible to suppress an
excessive increase in the uneasiness of the occupant wiﬁlc the driving characteristics are
changed to the automatic driving characteristics.

Moreover, even in the same speed increase of 20 [km/h], the uneasiness felt by
the occupant in a speed increase from 40 [km/h] to 60 [km/h] is greater than that in a
speed increase from 80 [km/h] to 100 [km/h]. Accordingly, the switching time T2 is
set longer in the speed increase from 40 [km/h] to 60 [km/h] to reduce the uneasiness.
[0068]

Fig. 18 is an explanatory view illustrating a method of setting the switching

time T2 in the case where the vehicle speed is to be increased from 40 [km/h] to 60
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[km/h]. Fig. 18A illustrates the case where the host vehicle V1 is traveling on a road with a
small road width H1. When the road width is small, as illustrated in Fig. 18B, the parameter
control unit 13 sets the switching time T2 long in addition to setting the maintaining time T1
long.

[0069]

Meanwhile, Figs. 18C and 18D illustrate the case where a road width H2 of a road on
which the host vehicle is traveling is large. When the road width is large, as illustrated in Fig.
18D, the parameter control unit 13 sets the switching time T2 short in addition to setting the
maintaining time T1 short. This can reduce the uneasiness felt by the occupant. Specifically,
even in the same speed increase from 40 [km/h] to 60 [km/h], the uneasiness felt by the
occupant in the case where the road width is small is greater and T1 and T2 are thus set longer
in this case to reduce the uneasiness.

[0070]

Fig. 19 is an explanatory view illustrating a method of setting the switching time T2 in
the case where the inter-vehicle distance is to be reduced by 30 [m]. Figs. 19A and 19B
illustrate the case where the inter-vehicle distance is to be changed from 50 [m] to 20 [m].
When the current inter-vehicle distance is short, as illustrated in Fig. 19B, the parameter
control unit 13 sets the switching time T2 long in addition to setting the maintaining time T1
long.

[0071]

Meanwhile, Figs. 19C and 19D illustrate the case where the inter-vehicle distance is
to be changed from 100 [m] to 70 [m]. When the current inter-vehicle distance is long, as
illustrated in Fig. 19D, the parameter control unit 13 sets the switching time T2 short in
addition to setting the maintaining time T1 short. This can reduce the uneasiness felt by the
occupant. Specifically, even in the same approaching of 30 [m], the uneasiness felt by the
occupant in the approaching from 50 [m] to 20 [m] is greater than that in the approaching from
100 [m] to 70 [m]. Accordingly, T1 and T2 are set longer in the approaching from 50 [m] to
20 [m] to reduce the uneasiness.

[0072]

Fig. 20 is an explanatory view illustrating a method of setting the switching
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time T2 in the case where the inter-vehicle distance is to be reduced from 80 [m] to 50
[m]. Figs. 20A and 20B illustrate the case where there is another vehicle in the
adjacent lane. 'When there is another vehicle in the adjacent lane, as illustrated in Fig.
20B, the parameter control unit 13 sets the switching time T2 long in addition to setting
the maintaining time T1 long. |

[0073]
Meanwhile, Figs. 20C and 20D illustrate the case where there is no vehicle in

the adjacent lane. When there is no vehicle in the adjacent lane, as illustrated in Fig,
20D, the parameter control unit 13 sets the switching time T2 short in addition to setting
the maintaining time T1 short. This can reduce the uneasiness felt by the occupant.
Specifically, even in the same approaching from 80 [m] to 50 [m], the uneasiness felt by
the occupant in the case where there is another vehicle in the adjacent lane is greater.
Accordingly, T1 and T2 are set longer in this case to reduce the uneasiness.

[0074]

Moreover, when the host vehicle stops at a traffic signal or the like before the
total time (T1+T2) of the maintaining time T1 and the switching time T2 elapses, the
parameter control unit 13 illustrated in Fig. 1 switches the driving characteristics to the
automatic driving characteristics in restart after the stop without using the
uneasiness-physical amount models.

Specifically, as illustrated in Fig. 21, when the driving is switched from the
manual driving to the automatic driving at the moment when the host vehicle V1 passes
a point P1, the manual driving characteristics are maintained thercafier. Then, when
the host vehicle V1 stops at a point P2, the driving characteristics are then switched to
the automatic driving characteristics. This can avoid unnecessary switching of the
driving characteristics.

[0075]
[Description of Processing Operation]

Next, an example of a processing operation of the control device in the
automatic driving vehicle according to the embodiment is described with reference to

the flowchart illustrated in Fig. 22.
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First, in step S11, the surrounding state detection unit 3 detects the surrounding
state of the host vehicle. In step S12, the automatic driving learning unit 9 statistically
leams the detected surrounding state and then, in step S13, classifies the current travel
state. Specifically, the automatic driving learning unit 9 classifies the current travel
state into one of the travel states such as travel in an expressway and travel in a normal
road as illustrated in Fig. 7.

[0076]

In step S14, the automatic driving characteristic setting unit 10 sets the
automatic driving characteristics based on the current travel state by referring to the
driving characteristic database 7.

At the same time, in step S15, the host vehicle state detection unit 2 detects the
current host vehicle stéte as illustrated in Fig. 3. In step S16, the manual driving
learning unit 5 statistically learns the driving characteristics of the occupant and, in step
S17, sets the manual driving characteristics depending on the travel state. Moreover,
the driving characteristics learned in the manual driving learning unit 5 are stored in the
driving characteristic database 7.

[0077]

In step S18, the parameter control unit 13 determines whether the switching
operation from the manual driving to the automatic driving (override) has occurred.
[0078] |

In step S19, the parameter control unit 13 determines whether the manual
driving characteristics set in the processing of step S17 are different from the automatic
driving characteristics set in the processing of step S14. When the manual driving
characteristics are not different (NQ in step S19), the occupant feels no uneasiness
during the switching. Accordingly, the transition to the automatic driving control in
the automatic driving characteristics is performed as it is.

[0079]

When the manual driving characteristics are different (YES in step S19), in

step S20, the parameter control unit 13 refers to the uneasiness-physical amount model

storage 12 and, in step S21, sets the maintaining time T1 and the switching time T2 by
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using the aforementioned method.

Then, in step S22, the parameter control unit 13 performs the automatic drive
control by using the manual driving characteristics.
[0080]

In step S23, the parameter control unit 13 determines whether T1 has elapsed.
When T1 has elapsed (YES in step S23), in step S24, the parameter control unit 13
gradually switches the driving characteristics from the manual driving characteristics to
the automatic driving characteristics.

In step S25, the parameter control unit 13 determines whether T2 has elapsed.
When T2 has elapsed (YES in step S25), the parameter control unit 13 performs the
automatic driving control. |
[0081]

As described above, when the switching operation from the manual driving to
the automatic driving occurs, the switching of driving can be performed without causing
the occupant to feel uneasy by appropriately setting the maintaining time T1 and the
switching time T2.

[0082]

As described above, in the embodiment, when the driving switches from the
manual driving to the automatic driving, the automatic driving is performed with the
manual driving characteristics maintained, the manual driving characteristics being the
driving characteristics in the manual driving. Accordingly, it is possible to avoid the
case where the occupant feels uneasy.

[0083]

Moreover, the maintaining time T1 (manual driving maintaining time) is set to
maintain the manual driving characteristics for the maintaining time T1 and then the
switching to the automatic driving characteristics is performed. Accordingly, it is
possibie to avoid the case where the occupant feels uncasy.

[0084]
Furthermore, the maintaining time T1 is set based on the relationships between

the physical amounts (vehicle speed, inter-vehicle distance, and the like) of the
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automatic driving vehicle and the uneasiness of the occupant. Accordingly, it is
possible to set appropriate maintaining time T1 depending on the travel state of the
automatic driving vehicle.

[0085]

Moreover, when the vehicle speed is high and the occupant is more likely to
feel uneasy, the maintaining time T1 is set long. Accordingly, it is possible to more
appropriately set the maintaining time T1 and avoid the case where the cccupant feels
uneasy.

[0086]

Furthermore, when the road width is small and the occupant is more likely to
feel uneasy, the maintaining time T1 is set long. Accordingly, it is possible to more
appropriately set the maintaining time T1 and avoid the case where the occupant feels
uneasy.

[0087]

Moreover, when the inter-vehicle distance is short and the occupant is more
likely to feel uneasy, the maintaining time T1 is set long. Accordingly, it is possible to
more appropriately set the maintaining time T1 and avoid the case where the occupant
feels uneasy.

[0088]

Furthermore, when there is another vehicle in the adjacent lane and the
occupant is more likely to feel uneasy, the maintaining time T1 is set long.
Accordingly, it is possible to more appropriately set the maintaining time T1 and avoid
the case where the occupant feels uneasy.

[0089]

Moreover, the maintaining time T1 is set based on the uneasiness felt by the
occupant. Accordingly, the manual driving characteristics can be maintained without
the occupant feeling great uncasiness.

[0090]
Furthermore, the automatic driving is performed with the driving

characteristics in the manual driving maintained and then the automatic driving is
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performed based on the automatic driving characteristics different from the manual
driving characteristics. Accordingly, switching to the automatic driving characteristics
can be performed without the occupant feeling uneasy.
[0091]

Moreover, switching from the manual driving characteristics to the automatic
driving characteristics is gradually performed. Accordingly, the uneasiness given to
the occupant can be suppressed.

[0092]

Furthermore, the transition from the manual driving characteristics to the
automatic driving characteristics is performed such that the increase amount of the
uneasiness in the certain time is less than or equal to the first threshold. Accordingly,
uneasiness due to abrupt changes in the driving characteristics can be suppressed.

[0093]

Moreover, when the vehicle speed is low and the occupant is more likely to
feel uneasy, the transition from the manual driving characteristics to the automatic
driving characteristics is performed such that the time taken for the speed increase
(driving characteristic switching time T2) is long. Accordingly, it is possible to
appropriately set the driving characteristic switching time T2 and suppress an abrupt
change in uneasiness.

[0094]

Furthermore, when the road width is small and the occupant is likely to feel
uneasy, the transition from the manual driving characteristics to the automatic driving
characteristics is performed such that the time taken for the speed increase (driving
characteristic switching time T2) is long. Accordingly, it is possible to appropriately
set the driving characteristic switching time T2 and suppress an abrupt change in
uneasiness.

[0095]

Moreover, when the inter-vehicle distance is short and the occupant is likely to

feel uneasy, the transition from the manual driving characteristics to the automatic

driving characteristics is performed such that the time taken to approach the preceding
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vehicle (driving characteéristic switching time T2) is long. Accordingly, it is possible
to appropriately set the driving characteristic switching time T2 and suppress an abrupt
change in uneasiness. ,

[0096]

Furthermore, when there is another vehicle in the adjacent lane and the
occupant is likely to feel uneasy, the transition from the manual driving characteristics
to the automatic driving characteristics is performed su-ch that the time taken to
approach the preceding vehicle (driving characteristic switching time T2) is long.
Accordingly, it is possible to appropriately set the driving characteristic switching time
T2 and suppress an abrupt change in uncasiness.

[0097]

Moreover, the transition from the manual driving characteristics to the
automatic driving characteristics is performed such that the decrease amount of the
uneasiness in the certain time is more than or equal to the second threshold.
Accordingly, the driving characteristics can be quickly switched.

[0098] '
Furthermore, the transition from the_ manual driving characteristics to the
‘automatic driving characteristics is performed such that the higher the vehicle speed is,
the shorter the time taken for the speed reduction (driving characteristic switching time
T2)is. Accordingly, it is possible to quickly perform the switching and appropriately
set the driving characteristic switching time T2.

[0099]

Moreover, the transition from the manual driving characteristics to the
automatic driving characteristics is performed such that the larger the road width is, the
shorter the time taken for the speed reduction (driving characteristic switching time T2)
is. Accordingly, it is possible to quickly perform switching and appropriately set the
driving characteristic switching time T2.

[0100]
Furthermore, the transition from the manual driving characteristics to the

automatic driving characteristics is performed such that the longer the inter-vehicle
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distance is, the shorter the time to taken move away from the preceding vehicle (driving

characteristic switching time T2) is. Accordingly, it is possible to quickly perform the
switching and appropriately set the driving characteristic switching time TZ2.
[0101]

Furthermore, the transition from the manual driving characteristics to the
automatic driving characteristics is performed such that, when there is no vehicle in the
adjacent lape, the time to taken move away from the preceding vehicle (driving
characteristic switching time T2) is short. Accordingly, it is possible to quickly
perform the switching and appropriately set the driving characteristic switching time
T2.

[0102]

Furthermore, when the vehicle switches from the manual driving to the
automatic driving, whether the vehicle has stopped is determined. When the vehicle is
determined to have stopped, the transition from the manual driving characteristics to the
automatic driving charactcristics is performed without sctting the maintaining time T1
and the switching time T2. Accordingly, unnecessary calculation can be avoided.
[0103]

{Description of Modified Example]

Next, a modified example of the embodiment is described. Fig. 23 is an
explanatory view illustrating the modified example. As illustrated in Fig. 23, when the
host vehicle V1 travels on a road with a series of curves, a braking operation is
performed before each curve. The timing of the braking operation in the travel in the
manual driving may vary from that in the travel based on the automatic driving
characteristics. In Fig. 23, reference signs x1 to x5 each denote the timing of braking
operation based on the automatic driving characteristics. Moreover, reference signs
w1l to w5 each denote timing of actual braking operation. In this case, the timing of
braking operation is the physical amount of the host vehicle.

[0104] |
When the switching operation from the manualv driving to the automatic driving

is performed at a time point t0, the braking operation is performed at the reference sign
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w1 which is the braking operation timing based on the manual driving characteristics.
In this case, the reference sign w1 has a time difference Atl to the reference value xl
which is the tlmmg based on the automatic driving characteristics. The time difference
Atl is maintained in the .maimaining time T1. Specifically, the time difference
between the reference signs w2 and x2 is Atl.

- [0105]

In the switching time T2, the time difference is gradually reduced such as time
differences At2 (<Atl) and At3(<At2). Then, after the switching time T2 elapses, the
reference signs w5 and x5 are made to coincide with each other. The swiiching from
the manual driving to the driving based on the automatic driving characteristics can be
thereby performed without causing the occupant to feel uneasy. |
[0106]

Although the control method and the control device of the automatic driving
vehicle of the present invention have been described above based on the illustrated
embodiment, the present invention is not limited to the embodiment. The

configuration of each part may be replaced by ény configuration having a similar

function.

REFERENCE SIGNS LIST

[0107]

1 trave] state detection unit

2 host vehicle state detection unit

3 surrounding state detection unit

4 individual-matched driving characteristic determination unit
5 manual driving learning unit

6 manual driving characteristic setting unit

7 driving characteristic database

8 automatic driving characteristic determination unit
9 automatic driving learning unit

10 automatic driving characteristic setting unit

11 switching parameter setting unit



12
13
32
33
34
35
36
37
38
39
40
T1
T2
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uneasiness-physical amount model storage (model storage)
parameter control unit
vehicle speed sensor
acceleration sensor
steering angle sensor
inter-vehicle space detection unit
non-vehicle object detection unit
surrounding vehicle type detection unit
lane detection unit
road type detection unit
traffic information detection unit
manual characteristic maintaining time (maintaining time)

driving characteristic switching time (switching time)
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

[Claim 1] A control method of an automatic driving vehicle switchable between
manual driving in which the vehicle is made to travel depending on an operation of an
occupant and automatic driving in which driving characteristics in automatic travel are
set and the vehicle is made to automatically travel based on the driving characteristics,
comprising

when performing switching from the manual driving to the automatic driving,
performing the automatic driving while maintaining manual driving characteristics which

are driving characteristics in the manual driving obtained through machine learning.

[Claim 2] The control method of the automatic driving vehicle according to claim 1,
further comprising, when performing switching from the manual driving to the automatic
driving, performing the automatic driving with the manual driving characteristics

maintained for a preset manual characteristic maintaining time.

[Claim 3] The control method of the automatic driving vehicle according to claim 2,
further comprising:
detecting a physical amount in the automatic driving; and

setting the manual characteristic maintaining time based on the physical amount.

[Claim 4] The control method of the automatic driving vehicle according to claim 3,
further comprising:

detecting vehicle speed as the physical amount; and

setting the manual characteristic maintaining time such that the higher the vehicle

speed is, the longer the manual characteristic maintaining time is.
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[Claim 5] The control method of the automatic driving vehicle according to claim 3
or 4, further comprising:

detecting a road width as the physical amount; and

setting the manual characteristic maintaining time such that the smaller the road

width is, the longer the manual characteristic maintaining time is.

[Claim 6] The control method of the automatic driving vehicle according to any one
of claims 3 to 5, further comprising;:

detecting an inter-vehicle distance as the physical amount; and

setting the manual characteristic maintaining time such that the shorter the inter-

vehicle distance is, the longer the manual characteristic maintaining time is.

[Claim 7] The control method of the automatic driving vehicle according to any one
of claims 3 to 6, further comprising:

detecting whether there is another vehicle in an adjacent lane as the physical
amount; and

when there is the another vehicle, setting the manual characteristic maintaining

time longer.

[Claim 8] The control method of the automatic driving vehicle according to any one
of claims 2 to 7, further comprising:
detecting uneasiness of the occupant in the automatic driving; and

setting the manual characteristic maintaining time based on the uneasiness.

[Claim 9] The control method of the automatic driving vehicle according to any one
of claims 1 to 8, further comprising:

after performing the automatic driving while maintaining the driving
characteristics in the manual driving, performing the automatic driving based on

automatic driving characteristics different from the manual driving characteristics.
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[Claim 10]  The control method of the automatic driving vehicle according to claim 9,
further comprising causing the driving characteristics to gradually transition from the

manual driving characteristics to the automatic driving characteristics.

[Claim 11]  The control method of the automatic driving vehicle according to claim 9
or 10, further comprising performing transition from the manual driving characteristics to
the automatic driving characteristics such that an increase amount of uneasiness of the

occupant in a certain time is less than or equal to a preset first threshold.

[Claim 12]  The control method of the automatic driving vehicle according to any one
of claims 9 to 11, further comprising:

detecting vehicle speed; and

performing transition from the manual driving characteristics to the automatic
driving characteristics such that the lower the vehicle speed is, the longer the time taken

for a speed increase is.

[Claim 13]  The control method of the automatic driving vehicle according to any one
of claims 9 to 12, further comprising:

detecting a road width, and

performing transition from the manual driving characteristics to the automatic
driving characteristics such that the smaller the road width is, the longer the time taken

for a speed increase is.
[Claim 14]  The control method of the automatic driving vehicle according to any one

of claims 9 to 13, further comprising:

detecting an inter-vehicle distance; and
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performing transition from the manual driving characteristics to the automatic
driving characteristics such that the shorter the inter-vehicle distance is, the longer the

time taken to approach a preceding vehicle is.

[Claim 15]  The control method of the automatic driving vehicle according to any one
of claims 9 to 14, further comprising:

detecting whether there is another vehicle in an adjacent lane; and

performing transition from the manual driving characteristics to the automatic
driving characteristics such that, when there is another vehicle in the adjacent lane, time

taken to approach a preceding vehicle is longer.

[Claim 16]  The control method of the automatic driving vehicle according to any one
of claims 9 to 15, further comprising performing transition from the manual driving
characteristics to the automatic driving characteristics such that a decrease amount of
uneasiness of the occupant in a certain time is more than or equal to a preset second

threshold.

[Claim 17]  The control method of the automatic driving vehicle according to any one
of claims 9 to 16, further comprising:

detecting vehicle speed; and

performing transition from the manual driving characteristics to the automatic
driving characteristics such that the higher the vehicle speed is, the shorter the time taken

for a speed reduction is.
[Claim 18]  The control method of the automatic driving vehicle according to any one

of claims 9 to 17, further comprising:

detecting a road width; and
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performing transition from the manual driving characteristics to the automatic
driving characteristics such that the larger the road width is, the shorter the time taken for

a speed reduction is.

[Claim 19]  The control method of the automatic driving vehicle according to any one
of claims 9 to 18, further comprising:

detecting an inter-vehicle distance; and

performing transition from the manual driving characteristics to the automatic
driving characteristics such that the longer the inter-vehicle distance is, the shorter the

time taken to move away from a preceding vehicle is.

[Claim 20]  The control method of the automatic driving vehicle according to any one
of claims 9 to 19, further comprising:

detecting whether there is another vehicle in an adjacent lane; and

performing transition from the manual driving characteristics to the automatic
driving characteristics such that, when there is no vehicle in the adjacent lane, time taken

to move away from a preceding vehicle is set shorter.

[Claim21]  The control method of the automatic driving vehicle according to any one
of claims 9 to 20, further comprising:

determining whether the vehicle has stopped in the switching from the manual
driving to the automatic driving; and

when determining that the vehicle has stopped, performing transition from the

manual driving characteristics to the automatic driving characteristics.

[Claim 22] A control device of an automatic driving vehicle switchable between
manual driving in which the vehicle is made to travel depending on an operation of an
occupant and automatic driving in which driving characteristics in automatic travel are

set and the vehicle is made to automatically travel based on the driving characteristics,
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comprising a configuration which performs the automatic driving while maintaining
manual driving characteristics when performing switching from the manual driving to the
automatic driving, the manual driving characteristics being driving characteristics in the

manual driving obtained through machine learning.

CA 3033164 2019-10-09
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FIG. 3

2

S

*VEHICLE SPEED DATA -

32~ VEHICLE SPEED SENSOR

33 ACCELERATION SENSOR

*ACCELERATION DATA

*STEERING ANGLE DATA

34~ STEERING ANGLE SENSOR

FIG. 4
3

S

HOST VEHICLE STATE
DETECTION UNIT

SURROUNDING STATE DETECTION UNIT

INTER-VEHICLE SPACE DETECTION UNIT 35

NON-VEHICLE OBJECT DETECTION UNIT 36

SURROUNDING VEHICLE TYPE DETECTION UNIT 37 —= OUTPUT

LANE DETECTION UNIT

38

ROAD TYPE DETECTION UNIT

39

TRAFFIC INFORMATION DETECTION UNIT 40
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FIG. 5
LEARNING | FULLY-AUTOMATED DETECTION OF CHARACTERISTIC
METHOD "3” POINTS BY MEANS OF MACHINE LEARNING
LEARNING HYPOTHESIZES (HUMAN KNOWLEDGE, EXPERIENCE)
METHOD "2 +MACHINE LEARNING
. LEARNING DETECTION OF CHARACTERISTIC POINTS BY
METHOD “1” MEANS OF HUMAN ANALYSIS _
FIG. 6
COLLECT PIECES OF DATA ~al
y .
EXTRACT NECESSARY ATTRIBUTES a2
CORRECT PIECES OF EFFECTIVE ATTRIBUTE DATA a3
1
CLASSIFY PIECE OF DATA INTO MEANINGFUL ITEMS a4
PERFORM MACHINE LEARNING ad
SAVE RESULTS IN DATABASE ab
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FIG. 7
TRAVEL STATE DEFINITION
b1. EXPRESSWAY EXPRESSWAY
b2, K NORMAL ROAD WITH TWO OR MORE LANES
TRUNK'ROAD ON EACH SIDE
b3. NON-TRUNK ROAD | NORMAL ROAD WITH ONE LANE ON

EACH SIDE

b4

. INTERSECTION

INTERSECTION OF NORMAL ROAD

bd

. CRUISE TRAVEL

NORMAL ROAD OR EXPRESSWAY,
NO PRECEDING VEHICLE

b6

. FOLLOWING TRAVEL

NORMAL ROAD OR EXPRESSWAY,
PRECEDING VEHICLE PRESENT

b7. INTERSECTION INTERSECTION OF NORMAL ROAD,
PASSING STOP AND THEN RESTART
b8. RIGHT TURN INTERSECTION OF NORMAL ROAD,

RIGHT TURN




BT BN SRR s DR B g e,

CA 03033164 2015-02-06

6/21

SIT0A0IE ANV SNVIN1S3a3d 40 HIGWNN

[ ]

STTOADHOLON HNIQIDINC 40 HIAWNN

SHONYL A3dd01S 40 H3gwnN

SdVO Q3ddO1S 40 ¥3annN

ONYL ODNINOONO 0L FONVLSIa

HVO ONINOONO 01 3DNV.SIa

L

SYONHL ONINOONO JO HIEWNN

JJJJ{JJ

L

_SYVO DNINOONO 40 HagWNN .

_

[SYONK.L ANV SHVO BNIG303Hd 40 SANVT 39vaE 11 10 HIFNNN |

L

A0NYL DNIG3034d 0L JONVLSIA

]

L

dVO DNIQ3034d 01 FONVLSIQ

]

L

SYONYL DNIA303Md 30 YIGNNN

]

SV ONIAI0IUd 40 HagWNN

SWALI INJONINVIN OLNI AJISSY1D

JONvV.LSIa
dV INvyg
LNIWIAOW
IdAL
u 103ardo

JONV1SIa
dAV1 vyg
LNIW3AOW

IdAL

¢ 103rgo0

JONV.LSIa
dAVT vag
INIWIAON
ddAl
I 103r80

1INS34 NOILO313a 40 V1va Mvy

8 OId




CA 03033164 2015-02-06

1/21

FIG. 9

INPUT INFORMATION:
1. POSITIONAL RELATIONSHIPS WITH

OTHER VEHICLES ¢l

2. ROAD INFORMATION (SPEED LIMIT)
3. CURRENT TRAVEL INFORMATION OF
VEHICLE

MACHINE LEARNING:
CLASSIFY TRAVEL STATE IN
REAL-TIME BY EXECUTING MACHINE
LEARNING ALGORITHM BASED ON
INPUT INFORMATION '

_~¢2

OBTAIN AUTOMATIC OBTAIN MANUAL
DRIVING _~c3 DRIVING _~c6
CHARACTERISTICS CHARACTERISTICS
SAVE AUTOMATIC SAVE MANUAL
DRIVING _~c4 DRIVING ~c7
CHARACTERISTICS CHARACTERISTICS
LABEL SAVED DATA }—cb LABEL SAVED DATA |-—c8
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FIG. 10A

Vi SPEED LIMIT : 80 km/h

_________________________ %_________________________________g______~-~__

L
. N

> 80 km/h -~ 80 km/h
V3 V2
FIG. 10B
V1 SPEED LIMIT : 80 km/h
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FIG. 13A

ql
Y
S

X1

SSIANISYANN

VEHICLE SPEED (km/h)

FIG. 13B

q2

!
i
|
|
|
|
|
|
|
)
]
"
|
|
1

60

Y4 40

SS3NISVY3INN

VEHICLE SPEED (km/h)



CA 03033164 2015-02-06

12/21

FIG. 14A
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FIG. 16A
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FIG. 17A
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FIG. 19A

FIG. 19B
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FIG. 20A
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( DURING MANUAL DRIVING ) FIG. 22
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