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ABSTRACT

A driving control method compares, in a vehicle
capable of switching manual driving to run the wvehicle
according to driving operations of an occupant and automated
driving to automatically run the vehicle from one to another,
occupant's driving characteristics of manual driving in a
present trip of the vehicle with reference driving
characteristics stored in advance, and if a predetermined
deviation occurs between the occupant's driving

characteristics of manual driving in the present trip and

the reference driving characteristics, sets driving
characteristics applied to the automated driving according

to the occupant's driving characteristics of manual driving

in the present trip.



S

10

15

20

25

30

CA 03025643 2018-11-26

DESCRIPTION
DRIVING CONTROL METHOD AND DRIVING CONTROL APPARATUS

TECHNICAL FIELD

[0001]

The present invention relates to, in a vehicle capable
of switching manual driving and automated driving from one
to another, a driving control method and an apparatus

thereof to set driving characteristics applied to the

automated driving.

BACKGROUND ART
[0002]

Conventionally, there is a driving control apparatus
disclosed in Patent Literature 1 that carries out automated
driving in a state to alleviate an odd feeling given to a
driver. The driving control apparatus disclosed in the
Patent Literature 1 learns, in association with a driving
environment, driving operations conducted by the driver
during manual driving, refers to a learnt result, and

executes the automated driving.

CITATION LIST
PATENT LITERATURE

[0003]

Patent Literature 1: Japanese Unexamined Patent

Application Publication No. 2015-89801

SUMMARY OF INVENTION

Problems to be Solved by Invention

-1-
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[(0004]

However, the driving characteristics learnt during the
past manual driving may differ from driving characteristics
desired by the occupant of the wvehicle in a present trip.
In such a case, the above-mentioned driving control
apparatus of the related art feeds the learnt result of the
past manual driving to the automated driving, and therefore,
there 1s a problem that the automated driving is carried out

based on the driving characteristics differing from those

desired by the occupant.

[0005]}]

Accordingly, the present invention proposee, in
consideration of the above-mentioned c¢ircumstances, a
driving control method and an apparatus thereof capable of
executing automated driving according to driving

characteristics desired for a present trip by vehicle's

occupant.

Means to Solve Problems

[0006]

In order to solve the above-mentioned problem, a
driving control method and an apparatus thereof according to
an aspect of the present invention compare, in a vehicle
capable of switching manual driving to drive the wvehicle
under -driving operations of an occupant and automated
driving to automatically drive the wvehicle from one to
another, occupant's driving characteristics of‘ manual

driving in a present trip of the vehicle with reference
driving characteristics stored 1n  advance. If a

predetermined deviation occurs Dbetween the occupant's

-



10

15

20

25

driving characteristics of manual driving in the present
trip and the reference driving characteristics, driving
characteristics applied to the automated driving are set
according to the occupant's driving characteristics of
manual driving in the present trip.

More specifically, 1n one embodiment the present
invention provides a driving control method for a driving
control apparatus to set driving characteristics applied
to automated driving 1in a vehicle that 1s capable of
switching manual driving to run the vehicle according to
driving operations of an occupant and the automated
driving to automatically run the wvehicle from one to
another, comprising:

comparing occupant's driving characteristics of
manual driving in a present trip of the wvehicle with
reference driving characteristics stored in advance, and
in a case where a predetermined deviation occurs between
the occupant's driving characteristics of manual driving
in the  present trip and the  reference driving
characteristics, setting the driving characteristics
applied to the automated driving according to the

occupant's driving characteristics of manual driving in

the present trip; and

if a time during which the manual driving 1is
executed 1in the ©present trip 1is within a first
predetermined time, the reference driving characteristics
are applied to execute the automated driving.

In another embodiment the present invention provides

a driving control method for a driving control apparatus

-3
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to set driving characteristics applied to automated
driving in a vehicle that 1s capable of switching manual
driving to run the vehicle according to driving operations
of an occupant and the automated driving to automatically
run the vehicle from one to another, comprising:

comparing occupant's driving characteristics of
manual driving 1in a present trip of the wvehicle with
reference driving characteristics stored in advance, and
if a predetermined deviation occurs between the occupant's
driving characteristics of manual driving in the present
trip and the reference driving characteristics, setting,
according to the occupant's driving characteristics of
manual driving 1n the present trip, the driving
characteristics applied to the automated driving, wherein

the driving characteristics applied to the automated
driving are set wilithin a predetermined range of the
reference driving characteristics.

In another embodiment the present invention provides
a driving control apparatus to set driving characteristics
applied to automated driving in a vehicle that is capable

of switching manual driving to run the vehicle according

to driving operations of an occupant and the automated
driving from one to another, comprising:

a controller comparing occupant's driving
characteristics of manual driving in a present trip of the
vehicle with reference driving characteristics stored in
advance, and 1n a case where a predetermined deviation
occurs between the occupant's driving characteristics

of manual driving in the present trip and the reference

-3a-
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driving characteristics, setting the driving
characteristics applied to the automated driving according
to the occupant's driving characteristics of manual
driving in the present trip, wherein

if a time during which the manual driving is
executed 1in the ©present trip 1s within a first
predetermined time, the reference driving characteristics
are applied to execute the automated driving.

In another embodiment the present invention provides
a driving control apparatus to set driving characteristics
applied to automated driving in a vehicle that 1i1s capable
of switching manual driving to run the vehicle according

to driving operations of an occupant and the automated
driving from one to another, comprising:
a controller comparing occupant's driving

characteristics of manual driving in a present trip of the
vehicle with reference driving characteristics stored in

advance, and in a case where a predetermined deviation
occurs between the occupant's driving characteristics of
manual driving in the present trip and the reference

driving characteristics, setting the driving

characteristics applied to the automated driving according

to the occupant's driving characteristics of manual

driving in the present trip, whereiln

the driving characteristics applied to the automated

driving are set within a predetermined range of the

reference driving characteristics.

_3b-
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EFFECTS OF INVENTION

[0007]

According to the present invention, automated
driving in a present trip can be carried out according to

driving characteristics desired by an occupant of a

vehicle.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

[Fig. 1] Figure 1 1s a block diagram illustrating a
configuration of a driving control system including a
driving control apparatus according to a first embodiment
of the present invention.

[Fig. 2] Figure 2 1s a block diagram illustrating a
concrete hardware configuration of the driving control
system 1including the driving control apparatus according
to the first embodiment of the present invention.

[Fig. 3] Figure 3 1s a block diagram illustrating a
concrete hardware configuration of the driving control
system including the driving control apparatus according
to the first embodiment of the present invention.

(Fig. 4] Figure 4 1s a view explaining a gap time
at the start of a right turn at an intersection.

[Fig. 5] Figure 5 1s a view explaining a gap time

at the time of entering an intersection where a stop

CA 3025643 2019-02-21
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restriction is imposed.

[Fig. 6] Figure 6 1is a view explaining a sideward-
following-vehicle distance between an own vehicle and a
following vehicle running in the next lane.

[Fig. 7] Figure 7 1s a view explaining a sideward
distance between the own vehicle and a parked or stopped
vehicle.

(Fig. 8] Figure 8 1is a flowchart illustrating
processing steps of a driving characteristics determination
process performed by the driving control apparatus according
to the first embodiment of the present invention.

[Fig. 9] Figure 9 is a view explaining a
classification technigque of running scenes in the driving
characteristics determination process according to the first
embodiment of the present invention.

(Fig. 10] Figure 10 1is a view explaining a
classification technique of running states in the driving
characteristics determination process according to the first
embodiment of the present invention.

[Fig. 11] Figure 11 is a view explaining a technique
of judging a deviation between driving characteristics of a
present trip and reference driving characteristics in the
driving characteristics determination pfocess according to
the first embodiment of the present invention.

[Fig. 12] Figure 12 is a view ‘explaining a technique
of acquiring data to judge driving characteristics in the
driving characteristics determination process according to
the first embodiment of the present invention.

[Fig. 13] Figure 13 is a view explaining a technique

of determining driving characteristics applied to automated

4.
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driving in the driving characteristics determination process

according to the first embodiment of the present invention.
[Fig. 14] Figure 14 is a view explaining a technique

of setting a gap time applied to automated driving in the

driving characteristics determination process according to

‘the first embodiment of the present invention.

[Fig. 151} Figure 15 is a flowchart illustrating
processing steps of a driving characteristics determination
process performed by the driving control apparatus according
to a second embodiment of the present invention.

[Fi1g. 16] Figure 16 is a view explaining a technique
of acquiring data to judge driving characteristics in the
driving characteristics determination process according to
the second embodiment of the present invention.

[Fig. 17] Figure 17 1s a flowchart illustrating
processing steps of a driving characteristics determination
process performed by the driving control apparatus according

to a third embodiment of the present invention.

MODE OF IMPLEMENTING INVENTION
[0009]
[First Embodiment]

Hereunder, a first embodiment according to the present
invention will be explained with reference to the drawings.
(0010]

[(Configuration of Driving Control System]

Figure 1 18 a block diagram i1llustrating a
configuration of a driving control system including a
driving control apparatus according to this embodiment.

Also, Figs. 2 and 3 are block diagrams illustrating concrete

5.
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hardware configuration examples of the driving control
system including the driving control apparatus according to
the embodiment. As 1llustrated in Fig. 1, the driving
control system 100 according to the embodiment includes the
driving control apparatus 1, a running state detection unit
3, an environmental conditions detection unit 5, a driving
changeover switch 7, a driving characteristics adjustment
unit' 9, and a display 11. Further, the driving control
system 100 1s connected to a control state display module 13,
an actuator control module 15, and an actuator 17 which are
installed in a vehicle.

(0011]

In the wvehicle which is capable of switching manual
driving and automated driving from one to another, the
driving control apparatus 1 is a controller that carries out
a driving characteristics determination process to determine
driving characteristics applied to the automated driving.
In particular, fhe driving control apparatus 1 compares
occupant's driving characteristics of manual driving in a
present trip of the wvehicle with reference driving
characteristics stored in advance. If a predetermined
deviation OCCUrsS between the occupant's driving
characteristics of manual driving in the present trip and
the reference driving characteristics, driving
characteristics applied to the automated driving are set-
according to the occupant's characteristics of manual
driving in the present trip. Here, the manual driving means
to drive the vehicle according to driving operations of the

occupant and the automated driving means to drive the

vehicle without occupant's driving operations. The

-6-
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occupant's driving characteristics of manual driving may be
driving operation quantities (an acceleration gquantity, a
steering quantity, and the 1like) as they are, or may be
obtained from the occupant's operation quantities.
Alternatively, the occupant's driving characteristics of
manual driving may be behavior of the wvehicle (velocity,
acceleration, vyaw rate, and the 1like) as they are. The
manual driving is not necessarily a state that the occupant
1s operating all of operation parts (for example, an
accelerator, a brake, a steering wheel, a constant velocity
setter/controllier, a wiper controller, and a headlight
controller) to be operated by occupant. If some of the
operation parts to be operated by occupant to drive the
vehicle is operated, the operated part is in the state of
manual driving, and those not operated are in the state of
automated driving. In this way, the state of manual driving
or automated driving may be set operation part by operation
part. The driving control apparatus 1 includes an
information acquisition unit 21, a driving characteristics
judgment wunit 23, a reference driving characteristics
storage unit 25, a driving characteristics determination
unit 27, and an automated driving control execution unit 29,

and as 1llustrated in Fig. 2, is installed in the vehicle 50.

- Alternatively, as i1llustrated in Fig. 3, the vehicle 50 may

be provided with a communication device 59 and a server 61

to store data. In particular, data for the manual driving

of the wvehicle 50 is large in quantity, and therefore, is

better to be stored in the server 61. Further, the driving

control apparatus 1 may be arranged in the server 61. Data

concerning driving characteristics is not always required to

7
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be stored nor reflected to the reference driving

characteristics. The reference driving characteristics ‘are
set vehicle by vehicle and may not be updated. For example,
it 1is possible to compare data acquired in real time in a
present trip with the reference driving characteristics,
thereby Judging whether or not there is a predetermined
deviation between the driving characteristics of the present
trip and the reference driving characteristics. However,
accumulating acquired data and reflecting the accumulated
data to the reference driving characteristics may result in
making the reference driving characteristics a suitable
Judgment reference for the occupant. This enables to judge
whether the occupant's driving characteristics of manual
driving in a present trip are usual ones or unusual ones of
the occupant. Namely, a Jjudgment suited for a 'gi\.fen
occupant can be achieved.'

(0012]

The running state detection unit 3 1s to detect
running state indicating data of the wvehicle 50 such as
velocity, steering angle, and acceleration and 1is, for
example, a vehicle-mounted network such as a CAN (Controller
Area Network) 51 or a navigation device 53.

[0013]

The environmental conditions detection unit 5 is to
detect +~environmental conditions indicating data of the
vehicle 50 such as a vehicle-to-vehicle distance to a
preceding vehicle, the position of a parked vehicle, and a
distance to an intersection and includes, for example, a
camera 55, a laser radar 57, and the navigation device 53

which are mounted on the vehicle. In addition, it 1is

_8-
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possible to employ a sonar, vehicle-to-vehicle communication,

or road-to-vehicle communication to detect the environmental

conditions.

[0014]

5 The driving changeover switch 7 is a switch installed
in the vehicle and operated by the occupant of the vehicle,
to change automated driving and manual driving from one to
another. The driving characteristics adjustment unit 9 is
an operation switch wmounted on the wvehicle to receive an

10 input from the occupant of the vehicle so as to adjust
driving characteristics for automated driving. For example,
an 1input to adjust wvehicle velocity or vehicle-to-vehicle
distance for automated driving is received from the occupant
of the vehicle. The driving characteristics adjustment unit

I5 9 may always display, on a meter, driving characteristics
parameters set at present, or may display them in response
to a request from the driver. The occupant of the vehicle
is able to adjust respective parameters before starting
automated driving or during the same. The occupant may set

20 the parameters from a parameter setting menu. The driving

characteristics adjustment unit 9 may be, for example, an
operation button arranged on the steering wheel or an

operation button or a touch pad arranged on a centexr console.

[0015]
25 The display 11 displays a controlling state of a

driving characteristics determination process conducted by
the driving control apparatus 1. For example, driving
characteristics at the time of automated driving such as a
vehicle velocity and a vehicle-to-vehicle distance are

30 provided for the driver. At the time of switching manual

9.
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driving to automated driving, 1f the occupant of the vehicle

chooses driving characteristics, the chosen driving
characteristics are displayed. The display 11 may be a
display screen of the navigation device 53 or a head-up
5 display. The control state display module 13 carries out
processes of detecting a controlled state during the
execution of automated driving from the driving control

apparatus 1 and displaying the same on the display 11.

[0016]

10 The actuator control module 15 carries out processes
of acquiring automated driving control outputs from the
driving control apparatus 1 and driving the wvarious
actuators 17 installed in the vehicle. The actuators 17 are
drive units arranged to drive parts such as an accelerator,

15 a brake, and a steering wheel of the vehicle 50.

[0017]

Units forming the driving control apparatus 1 will be
explained. The 1information acquisition unit 21 acgulires
data concerning a running state of the vehicle 50 detected

20 by the running state detection unit 3 and data concerning
environmental conditions of the wvehicle 50 detected by the
environmental conditions detection unit 5. Specifically,
the 1nformation acquisition unit 21 acquires, as a running
state of the vehicle 50, data such as velocity, brake timing,

25 -and acceleration.«  Also, it acquires, as environmental
conditions of the vehicle 50, a vehicle-to-vehicle distance,
time headway, and relative velocity with respect to a
preceding vehicle, a gap time with respect to an oncoming
vehicle or a crossing vehicle, a sideward distance to a

30 parked or stopped vehicle, and a sideward-following-vehicle

-10-
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distance and time with respect to a sideward-following

vehicle.

[0018]

The driving characteristics judgment unit 23 uses the
data acquired by the information acquisition unit 21,
accumulates manual driving data in a present trip of the
vehicle, and judges driving characteristics of the present
trip. At this time, the driving characteristics judgment
unit 23 1is set not to use data accumulated just after the
start of running of the vehicle, e.g., data accumulated
within a fourth predetermined time after the start of
running. Just after the start of running of the wvehicle,
driving characteristics are unstable, and therefore, data
after driving characteristics become stable are used. For
example, the driving may start from a home or a company

positioned away from a highway. The home or company may be

in an area where buildings are concentrated. In such an
area, roads may be narrow and there may be many
intersections. Then, the number of acceleration and

deceleration actions and the number of right and left turns
will be large, to unable the detection of stable data.
Further, 1f the driving starts from a place near an
expressway Or a highway, the driving characteristics of the

vehicle must be adjusted to the traffic of the expressway or

highway. In~ such a case, acceleration, deceleration,;:  and
lane change are required to unable the detection of stable
data. Accordingly, the fourth predetermined time is set to

a time in which the driving characteristics of the vehicle
become stable. 1In this case, data may be accumulated when

the fourth predetermined time elapses after the sgstart of

11-
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running, oOr may be accumulated after the start of running
with data accumulated before elapsing the fourth
predetermined time being discarded.

[0019]

The manual driving data accumulated for judging the
driving characteristics of the present trip is at least one
among a vehicle wvelocity, a wvehicle-to-vehicle distance,
time headway, or relative velocity between the vehicle and a
preceding vehicle, a brake timing of the wvehicle, and an
acceleration of the wvehicle. Further, 1t 1is possible to
include any one of a gap time between the vehicle and an
oncoming vehicle or a c¢rossing vehicle, a sideward-
following-vehicle distance or time between the vehicle and a
sideward-following vehicle, and a sideward distance between
the vehicle and a parked or stopped vehicle.

[0020]

| Among them, the gap time is a temporal difference
between the vehicle and a straightly oncoming vehicle when
the wvehicle starts a right turn at an intersection, or a
temporal difference between the wvehicle and a c¢rossing
vehicle when the vehicle starts a right turn at an
intersection where a stop restriction is imposed. With
reference to Fig. 4, the gap time when the wvehicle starts a
right turn at an intersection will be explained. AS
i1llustrated in Fig. 4, a right turn start point~is:-P0 and a
point where the own vehicle C and a straightly oncoming
vehicle D cross each other is Pl. An estimated arrival time
of the straightly oncoming vehicle D from a running position
thereof at the time when the own vehicle C reaches the point

PO to the point Pl is the gap time between the own vehicle

_12-
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and the straightly oncoming wvehicle.
[0021]
With reference to Fig. 5, the gap time when the
vehicle enters an intersection where a stop restriction is
3 1mposed will be explained. As 1illustrated 1in Fig. 5, a
point where the own vehicle ¢ starts to enter the
intersection is PO and a point where the own vehicle C
crosses a crossing vehicle E is P2 or P3. An estimated

arrival time of the crossing vehicle E from a running

10 position thereof at the time when the own vehicle ¢ reaches

the point PO to the point P2 or P3 is the gap time between

the own vehicle and the crossing vehicle.
[0022]

With reference to Fig. 6, a sideward-following-vehicle

15 distance between the own vehicle and a sideward-following
vehicle will be explained. As illustrated in Fig. 6, when
the own vehicle C joins and enters a main lane of an
expressway. or a highway, a vehicle Fl running in the main
lane is the sideward-following vehicle and a distance L1 is

20 the sideward-following-vehicle distance. When the own
vehicle C running on a single road changes a lane, a running
vehicle F2 in the lane to which the own vehicle C is going
to change 1s the -sideward-following wvehicle and a distance
L2 is the sideward-following-vehicle distance. As

25 illustrated in Fig. 7, when the own vehicle C on a single
road passes by a parked or stopped vehicle G, a distance
between the own vehicle C and the parked or stopped vehicle

G 1s a sideward distance L3.
(0023]

30 A history of operations inputted by the occupant

13-
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through the driving characteristics adjustwment unit 9 to
adjust driving characteristics is also accumulated running
scene by scene and running state by state as data to judge
the driving characteristics of a present trip. Automated
driving parameters are set driver by driver according to
past driving characteristics and present driving
characteristics. Even so, running by automated driving does
not always conform to a driver's intention. Such a case
occurs when, for example, the driver runs a running scene
not experienced in the past driving, conditions of the
driver change during automated driving, or the driver
changes a desiring mode during automated driving. For
example, such a case occurs when a need to hurry dissipates,
or on the contrary, when a need to hurry arises. In such a
case, based on the h.istory of operations inputted by the
occupant through the driving characteristics adjustment unit
9, driving characteristics are adjusted to those intended by
the occupant. When running a running scene not experienced
in the past driving, operation history data of the occupant
is accumulated for the running scene and running state, so
that the data is utilized for setting driving
characteristics for the runmning scene from the next time.
If conditions of the driver change during automated driving,

operation history data of the occupant is accumulated in

-connection with the conditions of the-+driver, to reduce the

number of operations to be carried out later. If a mode
expected by the driver is changed during automated driving,
operation history data of the occupant is accumulated in
connection with the set mode such as hurry, nbrmal, or slow,

sO that expected driving parameters are accurately set for

_14-
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each mode during automated driving.

[0024)]

The reference driving characteristics storage unit 25

stores in advance reference driving characteristics applied

5 to automated driving. For example, the reference driving
characteristics storage unit 25 accumulates data concerning
manual driving in past trips of the vehicle, and according

to the accumulated data, sets the reference driving
characteristics. The data accumulated for generating the

10 reference driving characteristics 1s similar to the data
accumulated for judging the driving characteristics of a
present trip. The reference driving characteristics are
generated and stored running scene by running scene énd
running state by running state for each parameter such as

15 wvelocity and acceleration. The reference driving

characteristics storage unit 2% may learn the accumulated

data and set the reference driving characteristics, or may
conduct welghted averaging to weight newer data heavier and
set the reference driving characteristics accordingly. Also,
20 it is possible to set the reference driving characteristics

in connection with positional information and driving

environments. For example, the reference driving

characteristics are generated point by point on a map. In

this case, the generated reference driving characteristics

25 may reflect” the road conditions of“each point. For" éxample,

for a point where a road traffic is light, a parameter such
as velocity may be set to a higher value.

[0025]
The driving characteristics determination unit 27

30 compares the driving characteristics of the present trip

-15-
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with the reference driving characteristics, and 1if a
predetermined deviation occurs between the driving
characteristics of the present trip and the reference
driving characteristicg, sets according to the driving
characteristics of the present trip driving characteristics
applied to automated driving. For example, when the vehicle
1s wusually run by the driver alone, the wvelocity and
acceleration of the vehicle are relatively high. However,
the driver may want to run this trip by relatively dropping
the velocity and acceleration because there is an elderly or
infant passenger in the +wvehicle. In such a case, the
driving characteristics of manual driving of the occupant in
this trip such as the wvelocity and acceleration of the
vehicle tend to be lowered. As a result, a deviation occurs
between the driving characteristics of manual driving of the
occupant in this trip and the reference driving
characteristics. If the deviation occurs, automated driving
1s carried out according tc the driving characteristics of
the present trip, thereby realizing the driver intended
automated driving. At this time, the driving
characteristics determination unit 27 may set the driving
characteristics of the present trip as they are as the
driving characteristics of the automated driving, or may set
driving characteristics close to the driving characteristics
of the present trip as the 'driving characteristics of the
automated driving. Alternatively, 1if the occupant of the
vehicle operates the driving characteristics adjustment unit
9, the operation 1is accepted to adjust the driving

characteristics applied to the automated driving.

[0026]

-16-
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The automated driving control execution unit 29
determines, for a driving 1route  set according to a
destination inputted by the occupant of the vehicle, a
running behavior of the wvehicle according to  the

5 environmental conditions ' acquired by the informatioh
acgquisition unit 21. The automated driving control
execution unit 29 executes control of the wvehicle according
to the determined vehicle behavior. Namely, in the wvehicle,
a destination i1is set, a route is generated, a behavior is

10 determined according to an environmental recognition result,
and according to the determined behavior, automated driving
control 1is executed. Once the wvehicle behavior is
determined, 1t 1is possible to set a target path of the
vehicle and control the wvehicle so as to follow the target

15 path. The driving characteristics of manual driving in the
present trip may be used as indexes to determine the vehicle
behavior. In addition, the driving characteristics of
manual driving 1in the present trip may be used when
executing control of the vehicle. When executing the

20 vehicle control, the driving characteristics may Dbe
reflected to a target wvalue, an upper limit wvalue, a gain,
or filter variébles. Further, the automated driving control
execution unit 29 executes automated driving when an
automated driving section is reached, or when the occupant
25 of-the vehicle selects the automated driving. At this time,
the automated driving control execution unit 29 executes the
automated driving according to the driving characteristics
'set Dby the driving characteristics determinafion unit 27.

Also, the driving characteristics may be adjusted according

30 to whether or not there is a passenger in the vehicle, or

_17-
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according to the attributes of a passenger. It 1is also

possible to adjust the driving characteristics according to
physical conditions of the driver, or according to a desired

destination arrival time inputted by the occupant of the

vehicle.

(0027]

The driving control apparatus 1 is constituted with
general-purpose electronic circuits including microcomputers,
microprocessors, and CPUs and peripheral devices such as
memories. It executes specific programs to operate as the
above-mentioned information acquisition unit 21, driving
characteristics judgment unit 23, reference driving
characteristics storage unit 25, driving characteristics
determination wunit 27, and automated driving control
execution unit 29. These functions of the driving control
apparatus 1 may be arranged as one or a plurality of
processing circults. The processing circuits include, for
example, programmed processing devices such as electric-
circult-containing processing devices. They also include
application specific integrated circuilts (ASICs) and
conventional circuit parts arranged to execute the functions
stipulated in the embodiment.

{0028]

[Steps of Driving Characteristics Determination

: - T ey -

Process]

Next, steps of the driving characteristics

determination process achieved by the driving control

apparatus 1 according to this embodiment will be explained
with reference to a flowchart of Fig. 8. The driving

characteristics determination process illustrated in Fig. 8
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starts when an ignition of the vehicle is turned on to start

a present trip. The trip is a run from the turn-on of the
ignition of the vehicle to the turn-off thereof. Even if
the ignition is once turned off in the middle of the trip to
5 a destination, the trip from a departure point to the
destination may be deemed as a single trip.
[0029]
As 1illustrated in Fig. 8, first in step 8101, the
information acquisition wunit 21 acquires information from
10 the navigation device 53 and judges whether or not the

occupant of the wvehicle has inputted a destination and

whether or not a driving route has been set. If the driving
route has been set, the process advances to step S§103, and
if the driving route has not been set, to step S105.

15 [0030]

In step S103, the automated driving control execution
unit 29 detects, on the set driving route, a section where
automated driving is possible and sets an automated driving
section. The automated driving section is set according to

20 the destination set by the driver and map information and is,

for example, a highway, an expressway, a road with two or

more lanes, or a road having a past record of automated

driving.
[0031]

23 In step-S105, the automated driving control execution
unit 29 judges whether or not automated driving must be
executed. The automated driving control execution unit 29
determines to execute the automated driving if the wvehicle
1s already 1in the automated driving section or if the

30 occupant of the wvehicle operates the driving changeover
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switch 7 and chooses the automated driving and the process

advances to step S129. On the other hand, in the other case,
it i1s determined to execute manual driving and step S107 is
carried out.

5 [0032]

In step S107, the automated driving control execution
unit 29 does not execute automated driving and sets manual
driving. As a result, a manual operation by the driver of
the vehicle starts to run the vehicle.

10 [0033]

In step' S$109, the driving characteristics judgment
unit 23 classifies a running scene'(running environment) in
which the wvehicle 1s presently running. For example, the
driving characteristics judgment unit 23 obtains road map

15 information from the mnavigation device 53 and analyzed
information of images from the camera 55, and according to
the information, classifies the running scene into one of
four road types S1 to S4 1illustrated in Fig. 9. In Fig. 9,
the running scene S1 is a road type of highway and is chosen

20 when the wvehicle is running on an ordinary road with four
lanes or more. The running scene S2 is a road type of non-
highway-1 and 1s chosen when the vehicle is running on an
ordinary road with two lanes. The running scene 83 1is a
road type o0f non-highway-2 and is chosen when the vehicle is

25 running on an ordinary road without lane marks: - The ruhning
scene S4 is a road type of expressway and is chosen when the
vehicle 1s running on an expressway or a toll road.
Although Fig. 9 classifies ordinary roads based on the
number of lanes, it 1s possible to classify them based on

30 lane widths. Also, 1t 1s possible to classify running
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scenes according to things other than the road types.

(0034]

In step S111, the driving characteristics judgment
unit 23 classifies a running state in which the wvehicle is
presently running. For example, the driving characteristics
Judgment unit 23 classifies the running state according to
information such as whether there is a preceding vehicle or
not, the brake 1s ON or OFF, or the degree of acceleration
into one of six running states Bl to B6 illustrated in Fig.
10. As illustrated in Fig. 10, the running state Bl is a
running state in which the vehicle is cruising and is chosen
1f there 1s no preceding vehicle, the brake i1s OFF, and the
degree of acceleration is less than 0.05 G. The running
state B2 1s a running state in which the vehicle follows
another wvehicle and 1is chosen if there 1is a preceding
vehicle, the brake is OFF, and the degree of acceleration is
less than 0.05 G. The running state B3 is a running state
of deceleration-1 and is chosen 1if there is no preceding

vehicle and the brake is ON. The running state B4 is a

running state of deceleration-2 and is chosen if there is a
preceding vehicle and the brake is ON. The running state BS
18 a running state of acceleration-1 and is chosen if there
1s no preceding vehicle, the brake is OFF, and the degree of
acceleration i1s 0.05 G or over. The running state B6 is a
ranning state of acceleration-2 and is chosen if there is a
preceding vehicle, the brake is OFF, and the degree of
acceleration 1s 0.05 G or over. Instead of the degree of
acceleration, it 1s possible to use whether or not the

opening of an accelerator is 20% or over as a threshold

value.
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[0035]

In step 8113, the driving characteristics jJjudgment
unit 23 records specified parameters for the running scene
classified in step S109 and the running state classified in

5 step S111. For example, if the wvehicle is running on an
expressway 1n a running state of following a preceding
vehicle,'the running scene is recorded as S4 and the running
state as B2. in addition, as a parameter of the running
state B2, a time headway 1g recorded as illustrated in Fig.

10 10. In other cases, if the running state is Bl of cruise, a

veloclty 1s recorded as illustrated in Fig. 10, and if the

running state is B3 of deceleration-l1, a braking TTI (Time

To Intersection: a time up to a stop 1line at an
intersection) 1is recorded. If the running state is B4 of
15 deceleration-2, a braking TTC (Time To Collision: = vehicle-

to-vehicle distance / relative velocity) is recorded, and if

the running state 1s B5 o0of acceleration-1 or B6é of

acceleration-2, an acceleration degree 1is recorded as a

parameter. Recording cycles to record the parameters are as
20 illustrated in Fig. 10.

[0036]

In step S115, the automated driving control execution
unit 29 Jjudges 1f the wvehicle 1s approcaching the automated
driving section. If not approaching the automated driving

25 ----section, the process returns to step-~S8S109 to continuously
carry out manual driving and accumulate data. If
approaching the automated driving section, the process
advances to step S117.

[0037]

30 In step S117, the driving characteristics Jjudgment
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unit 23 judges whether or not parameter data pieces of each

of the running scenes and running states have been
accumulated to specified minimum numbers. For example, as
illustrated in Fig. 10, in the case of the running state B1,
it is judged if the number of accumulated data pieces on the
parameter of wvelocity 1s egqual to a minimum, i.e., 100 or
more. It 1s possible, however, not to use data accumulated
Just after the start of running of the vehicle, e.qg., within
a fourth predetermined time after the start of running. If
the number of data pieces accumulated on at least one
parameter of at least one running scene or running state is
equal to a minimum or more, step S119 is carried out. On
the other hand, i1f the number of accumulated data pieces on
any parameter of any running scene or running state is less
than the minimum, step §127 is carried out.

[0038]

In step S119, the driving characteristics Jjudgment
unit 23 reads reference driving characteristics stored in
advance 1n the reference driving characteristics storage
unit 25. In more detail, the driving characteristics
judgment unit 23 reads average values and standaxrd
deviations of the reference driving characteristics of the
running scenes and running states. The reference driving

characteristics are expressed with a probability

distribution as illustrated in ~Fig. 11, the “p¥obability

distribution being generated and stored for each parameter
of each running scene and running state. For example, Fig.
11 1s reference characteristics for the running scene 81 of

highway and running state Bl of cruise with the parameter

thereof being wvelocity V.
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[0039]

In step S121, the driving characteristics judgment
unit 23 uses data accumulated during the present trip to
compute statistics of the driving characteristics of the
present trip. The numbers of data pieces used at this time
are those illustrated in Fig. 10. For example, in the case
of the running state Bl, 10000 data pieces at the maximum

are used. The driving characteristics Jjudgment unit 23

computes the average value and standard deviation o of each

parameter of each of the running scenes and running states
in the present trip and finds a distribution position that
indicates a deviation of the computed average value from the
average value of the reference driving characteristics. For
example, as 1i1llustrated in Fig. 11, an average value Al in
the present trip can be found at a distribution position
+1.50 of the reference driving characteristics. Similarly,
an average value A2 1in the present trip is found at a
distribution position +0.50 and an average -Value A3 1n the
present trip is found at a distribution position -1.50. The
driving characteristics judgment unit 23 finds a
distribution position in such a way for each parameter of
each of the running scenes and running states.

[0040]

If there 1s a parameter whose data pieces are not
accumulated up to a minimum number, a parameter whose data
pieces are accumulated to a minimum number is picked up to
find its distribution position, and according to the found
distribution position, a distribution position of the
parametef whose data pieces aré not accumulated to a minimum

number is set. For example, 1f a velocity parameter has
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accumulated data pieces and its distribution position is

+1.50, a time headway parameter is set at the distribution
position +1.50 even if the number of data pieces accumulated

for the time headway 1s 1less than a minimum. This is

3 possible because the parameters have a correlation. For
example, 1f the driver drives the vehicle in a hurry, there

18 a correlation that the wvelocity is higher than normal,

the time headway to a preceding vehicle 1is shorter than
normal, and the acceleration 1s high. On the contrary, 1if

10 the driver slowly drives the vehicle, there is a correlation
that the velocity i1s lower than normal, the time headway is
longer than normal, and the acceleration 1is low.
Accordingly, for a parameter whose data is not accumulated,

it 1s possible to set a distribution.'position thereof

15 according to the correlation. If a plurality of parameters
have different distribution positions, an average value of
the distribution positions may be found and applied to a
parameter whose data 1s not accumulated. For example, if a
plurality of parameters have distribution positions of +1.40,

200 +l1o, +0.80, and +1.20, an average value of +1.1c may be set

for such a parameter. TIn this way, even if all parameters
of all running scenes and running states do not have minimum
numbers of data pieces, statistics of the present trip can
be set. .
25 ~{0041]

Further, the driving characteristics judgment unit 23
may use, 1f a time for which manual driving is executed in
the present trip is longer than a second predetermined time,

data accumulated within a third predetermined time before a

30 temporal point at which the manual driving is switched to
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automated driving. For example, as illustrated in Fig. 12,

if manual driving is executed for a time that is
sufficiently long to accumulate data, it is possible to use
data accumulated within the third predetermined time before
the temporal point at which the manual driving is switched
to automated driving and find the driving characteristics of
the manual driving in the present trip. With this, the data
just before switching to automated driving can be used.
Accordingly, the second predetermined time is set to a time
to accumulate data that is sufficient to judge the driving
characteristics of manual driving. The third predetermined
time 1s set to a time to secure data pieces required for
judging the driving characteristics of manual driving and is
shorter than the second predetermined time.

[0042]

In step 5123, the driving characteristics
determination unit 27 compares the driving characteristics
of the present trip with the reference  driving
characteristics and judges whether or not there 1s a

predetermined deviation between the driving characteristics

of the present trip and the reference driving
characteristics. More precisely, the driving
characteristics determination unit 27 compares the

statistics of the present trip with the statistics of the
reference driving -characteristics. For example, if a
distribution position of the present trip exceeds the
reference driving characteristics by tlo, it is judged that
there is the predetermined deviation, and if it is less than
tlo, 1t 1s judged that there is no predetermined deviation.

Accordingly, in Fig. 11, if an average value of the present
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trip is Al or A3, it is judged that there is the deviation,
and if it 1is A2, it is Jjudged that there is no deviation.
If there 1is the predétermined deviation between the driving
characteristics of the present trip and the reference
driving characteristics, the process advances to step S125,
and 1f there 1s no deviation between the driving
characteristics of the present trip and the reference

driving characteristics, to step S127.

[0043]

In step 5125, the driving characteristics
determination unit 27 sets, according to the driving
characteristics of the present trip, driving charactexristics
applied to automated driving. The driving characteristics
applied to automated driving are set within a predetermined
range of the reference driving characteristics. For example,
as i1llustrated in Fig. 13 in which a parameter is velocity,
an upper limit wvalue MAX is set at +1c and a lower limit

value MIN at -20, and within a range between the upper limit

value MAX and the 1lower 1limit wvalue MIN, the driving
characteristics applied to automated driving are set.
Accordingly, 1f the driving characteristics of the present

trip are X1, the driving characteristics of automated
driving are determined so that an average wvalue of X1
becomes equal to the upper 1limit wvalue MAX. In the
automated driving, extremely rapid driving that may exceed
+10 lowers safety, and therefore, the driving
characteristics are set to +lc or lower that is slightly
speedier than normal. On the other hand, if the driving
characteristics of the present trip are X2, the driving

characteristics of automated driving are set so that an
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average value of X2 1s equal to the lower limit value MIN.
In the automated driving, extremely slow driving equal to -
20 or lower may hinder traffic, and therefore, the driving
characteristics are set to -20 or over that is slower than
normal, to secure a smooth traffic. If an average value of
the driving characteristics of the present trip is equal to
or greater than -20 and lower than -1o, the driving
characteristics of the present trip may be applied as they
are to automated driving. The range of the lower limit
value MIN side 1s set to be wider than that of the upper
limit wvalue MAX side 1in consideration of safety. | The
driving characteristics setting technigue illustrated in Fig.
13 1s also applicable when vehicle-to-vehicle distance,
acceleration, brake timing, or the 1like serves as a
parameter.

[0044]

Further, a driving characteristics setting technique
when a gap time serves as a parameter will be explained.
First, gap time data at a right turn start point at an
intersection 1llustrated in Fig. 4 and gap time data at an
entering point to an intersection with a stop sign
illustrated 1in Fig. 5 are respectively accumulated. A
judgment to be made by the driver when turning right at an
interséction will be a right turn execution or a right turn
hold.* A Judgment to be made by the driver when entering arn
intersection with a stop sign will be an entering execution
and an entering hold. Figure 14 ig a view illustrating an
example of gap time accumulated for each judgment made at a
right turn at an intersection. As illustrated in Fig. 14,

Tga 1s a gap time when the driver executes a right turn and
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Tgr is a gap time when the driver holds a right turn. These
gap times are accumulated to obtain cumulative frequency
distributions, respectively. A gap time at which the
cumulative frequency of the right-turn-execution gap time
Tga equals to that of the right-turn-hold gap time Tgr
(execution 50% and hold 50%) is a critical gap time Y, which
1s about six seconds in Fig. 14.

[0045]

According to this result, a lower limit wvalue for the
right-turn-execution gap time of the driving characteristics
applied to automated driving 1s determined. For example, 1f
the gap time lower limit value is set to the critical gap
time of six seconds, the automated driving always carries
out a right turn at a gap time at which the driver usually
carries out a right turn or over, so that the driver can get
a safety feeling. If it is judged that the driving of the
present trip is more in a hurry than normal, the lower limit
value of the right-turn-execution gap time of automated
driving is Slightlylowered than the critical gap time. For
example, it is set to a point where the right turn execution
is 40% and the right turn hold 60% (about five seconds in
Fig. 14). In such a hurry driving case, the gap time lower

limit value 1is lowered to relieve a sense of urgency of the

driver.
[0046]

On the other hand, if i1t is judged that the driving of
the present trip 1is slowér than usual, the lower limit wvalue
of the right-turn-execution gap time of automated driving is
slightly increased from the critical gap time. For example,

1t 1s set to a point where the right turn execution is 60%
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and right turn hold 40% (about seven seconds 1n Fig. 14).
In such a slow driving case, the gap time lower 1limit value

is increased to give the driver a feeling of having enough

time.

[0047]

If the parameter is a sideward-following-vehicle

distance, a sideward-following-vehicle time, a vehicle-to-
vehicle distance and time to pass another wvehicle, or a
sideward distance to a parked or stopped vehicle, driving
characteristics can be set gsimilar to the case of the gap
time. Here, the sideward-following-vehicle distance will be
explained as an example. First, data concerning the
sideward-following-vehicle distance ié accumulated, and

according to the accumulated data and simllar to the gap

time, a lower limit of the sideward-following-vehicle
distance is set for an instance when the vehicle merges with
a lane or changes a lane. If it is judged that the driving
of the present trip 1s mQre in a hurry than usual, the lower
limit of the sideward-following-vehicle distance for an
instance of merging with or changing a lane of automated

driving is decreased. This can relieve a sense of urgency

of the driver.

[0048]
On the other hand, if it is judged that the driving of

“the present trip is slower than usual; the lower limit value

of the sideward-following-vehicle distance for an 1instance

of merging with or changing a lane is increased. This gives

the driver a feeling of having enough time. Other

parameters can similarly be set.

[0049]
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In step S127, the driving characteristics
determination unit 27 sets the reference driving
characteristics as the driving characteristics applied to
automated driving. If the driving characteristics of the

S present trip are 1less than #*lo, it is considered that the
driver 1s in a usual state, and therefore, the reference
driving characteristics are applied to automated driving.
[0050]

In step S129, the automated driving control execution

10 unit 29 determines, according to the environmental
conditions recognized through the information acquisition
unit 21, the behavior of the wvehic¢le during running and
executes automated driving according to the driving
characteristics determined in step 8125 or S8127. At this

15 time, the driving characteristics may be adjusted according
to whether or not there is a passenger in the vehicle or the
attributes of a passenger. Whether or not there 1s a
passenger 1s detected with a pressure sensor arranged on a
seat oOr a camera or sonar arranged in the wvehicle. The -

20 attributes of a passenger are an elderly person, a children,
a woman, and the 1like that are identified by a weight
detected with a sensor arranged on a seat or by a camera or

sonar arranged 1in the wvehicle. Also, it 1is possible that

the driver inputs whether or not therxre is a passenger and
25 the attributes of a passenger. "It is possible to identify
the presence of a passenger or the properties of a passenger
from a communication device such as a smartphone. If there
1s a passenger who is an elderly person, a child, or a
pregnant woman, the automated driving control execution unit

30 29 adjusts the driving characteristics to lower a velocity,
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elongate a vehicle~-to-vehicle distance, decrease

acceleration, and quicken brake timing.

(0051]

Also, it 1s possible to adjust the driving
characteristics according to physical conditions of the

driver. The physical conditions of the driver may be an

awakening degree or a fatigue degree that 1is judged
according to an eye closéd time ratio by detecting an eye
opened/closed state from a facial image of the driver
photographed with a camera. Furthexr, the fatigue degree may
be judged with a pulse wave measuring device of wrist watch
type or of fingertip attached type. The lower the awakening
degree or the higher the fatigue degree, the slower the
velocity, the longer the vehicle-to-vehicle distance, the
lower the acceleration, and the quicker the brake timing the

automated driving control execution unit 29 sets by
adjusting the driving characteristics.

[0052]

It is also possible to adjust the driving
characteristics according to a desired arrival time to a

destination inputted by the occupant of the wvehicle. The

desired arrival time is inputted such as 30 minutes from now

to arrival at the destination, or arrival until 14:00 at the
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