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1
DESCRIPTION

INFORMATION PRESENTING DEVICE AND INFORMATION PRESENTING
METHOD
TECHNICAL FIELD
[0001]

The present invention relates to an information presenting device and an
information presenting method which present information to an occupant in an
autonomous vehicle.

BACKGROUND ART
[0002]

There is proposed a technique in which a vehicle-mounted electronic device
such as a navigation device changes display contents and speech rate of information in
multiple stages instead of two stages respectiw}ely for travel and stop, depending on the
speed of a vehicle to appropriately present the information to a driver depending on a
travel environment (see Patent Literature 1).

CITATION LIST
PATENT LITERATURE
[0003]

Patent Literature 1: Japanese Patent Application Publication No. 2001-33256
SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0004]

However, the technique described in Patent Literature 1 is a technique for
changing the method of presenting information depending on the speed of the vehicle
and no consideration is given to a time required for the driver to make judgment and
. selection when the driver makes selection from the presented selection information.
[0005]

In view of the problem described above, an object of the present invention is to
provide an information presenting device and an information presenting method which

can present appropriate selection information depending on conditions of a vehicle.
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SOLUTION TO PROBLEM
[0006]

An information presenting device is mounted in an autonomous vehicle in
which an action candidate for the vehicle to take is settable based on selection by an
occupant from presented selection information. The information presenting device
sets the action candidate for the autonomous vehicle to take, calculates a selection
margin time from a current time point to a time point at which the occupant should
complete the selection from the selection information, sets the selection information
based on the action éandidate, depending on the selection margin time, and presents the
set selection information to the occupant.

ADVANTAGEOQOUS EFFECTS OF INVENTION
{0007]

The present invention can provide the information presenting device and the
information presenting method which can present appropriate selection information
depending on conditions of the vehicle by considering a time necessary for selection of
information.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

[Fig. 1] Fig. 1 is a block diagram explaining an example of a configuration of an
information presenting device according to a first embodiment of the present invention.
[Fig. 2] Fig. 2 is a diagram explaining an operation of the information presenting device
according to the first embodiment of the present invention.

[Fig. 3] Fig. 3 is a diagram explaining a method of calculating a selection margin time
in the information presenting device according to the first embodiment of the present
invention.

[Fig. 4] Fig. 4 is a table depicting an example of selection items corresponding to action
candidates in the information presenting device according to the first embodiment of the
present invention.

[Fig. 5] Fig. 5 is a table depicting an example of the maximum number of choices for

each selection margin time in the information presenting .device according to the first
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embodiment of the present invention.

[Fig. 6] Fig. 6 is a diagram explaining an example of a presenter in the information
presenting device according to the first embodiment of the present invention.

[Fig. 7] Parts (a) and (b) of Fig. 7 are examples illustrating an input unit in the
information presenting device according to the first embodiment of the present
invention.

[Fig. 8] Fig. 8 is an example illustrating the input unit in the information presenting
device according to the first embodiment of the present invention.

[Fig. 9] Fig. 9 is a flowchart explaining an example of an information presenting
method using the information presenting device according to the first embodiment of
the present invention.

[Fig. 10] Fig. 10 is a diagram explaining an operation example of the information
presenting dev%ce according to the first embodiment of the present invention.

[Fig. 11] Fig. 11 is a diagram explaining an operation example of the information
presenting device according to the first embodiment of the present invention in the case
where the selection margin time is short.

[Fig. 12] Fig. 12 is a flowchart explaining an example of an information presenting
method using an information presenting device according to a second embodiment of
the present invention.

[Fig. 13] Fig. 13 is a diagram explaining a method of calculating the selection margin
time based on a degree of margin in condition in the information presenting device
according to the second embodiment of the present invention.

[Fig. 14] Fig. 14 is a diagram explaining a method of calculating the selection margin
time based on a degree of disturbance to a periphery in the information presenting
device according to the second embodiment of the present invention.

[Fig. 15] Fig. 15 is a diagram explaining a method of calculating the selection margin
time based on a degree of congestion in the periphery in the information presenting
device according to the second embodiment of the present invention.

[Fig. 16] Fig. 16 is a diagram explaining a first threshold set for the selection margin

time in the information presenting device according to the second embodiment of the
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present invention.

[Fig. 17] Fig. 17 is a flowchart explaining an example of an information presenting
method using the information presenting device according to the second embodiment of
the present invention.

[Fig. 18] Fig. 18 is a diagram explaining a first threshold and a sécond threshold set for
the selection margin time in the information presenting device according to the second
embodiment of the present invention.

[Fig. 19] Parts (a) and (b) of the Fig. 19 are diagrams explaining an operation example
of the information presenting device according to the second embodiment of the present
invention.

[Fig. 20] Parts (a) and (b) of the Fig. 20 are diagrams explaining an operation example
of the information presenting device according to the second embodiment of the present
invention. |

[Fig. 21] Parts (a) and (b) of the Fig. 21 are diagrams explaining an operation example
of the information presenting device according to the second embodiment of the present
invention.

[Fig. 22] Parts (a) and (b) of the Fig. 22 are diagrams explaining an operation example
of the information presenting device according to the second embodiment of the present
invention.

[Fig. 23] Parts (a) and (b) of the Fig. 23 are diagrams explaining an operation example
of the information presenting deizice according to the second embodiment of the present
invention.

[Fig. 24] Parts (a) and (b) of the Fig. 24 are diagrams explaining an operation example
of the information presenting device according to the second embodiment of the present
invention.

[Fig. 25] Fig. 25 is a diagram explaining a method of calculating the selection margin
time based on the degree of congestion in the periphery when the vehicle is stopped in
the information presenting device according to the second embodiment of the present
invention.

[Fig. 26] Fig. 26 is a diagram explaining a method of calculating the selection margin
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time based on the degree of disturbance to the periphery when the vehicle is stopped in

the information presenting device according to the second embodiment of the present

invention.

[Fig. 27] Fig. 27 is a diagram explaining a method of calculating the selection margin

time based on the degree of congestion in the periphery when the vehicle is stopped in

the information presenting device according to the second embodiment of the present -
invention.

[Fig. 28] Fig. 28 is a diagram explaining an operation example of the information

presenting device according to the second embodiment of the present invention.

[Fig. 29] Fig. 29 is a diagram explaining an operation example of the information

presenting device according to the second embodiment of the present invention.

[Fig. 30] Fig. 30 is a diagram explaining an operation exémple of the information

presenting device according to the second embodiment of the present invention.

[Fig. 31] Fig. 31 is a diagram explaining an example of a display screen in an

information presenting device according to another embodiment of the present

invention.

[Fig. 32] Fig. 32 is a diagram explaining an example of a display screen in an-
information presenting device according to another embodiment of the present

invention.

DESCRIPTION OF EMBODIMENTS

[0009]

First and second embodiments of the present invention are described with
reference to the drawings. In the description of the drawings, the same or similar parts
are denoted by the same or similar reference numerals and overlapping description is
omitted. ‘

[0010]

[First Embodiment]

As illustrated in Fig. 1, an information presenting device according to the first
embodiment of the present invention includes a vehicle sensor group 11, a peripheral

sensor group 12, a communication unit 20, a map information storage 30, a controller
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50, a presenter 60, and an input unit 80. The information presenting device according
to the first embodiment is mounted in an autonomous vehicle C (see Fig. 2) which is
autonomously driven on roads based on selection made by an occupant, and presents
selection information from which selection is made by the occupant. The autonomous
vehicle C can set action candidate for the vehicle to take based on the selection by the
occupant. -

[0011]

The vehicle sensor group 11 includes sensors such as, for example, a speed
sensor, an acceleration sensor, an angular speed sensor, and a steering angle sensor
which are connected to a CAN (Controller Area Network) bus and which detect a travel
condition of the autonomous vehicle C, devices such as a global positioning system
(GPS) receiver included in a car navigation system which detect the current position of
the autonomous vehicle C, and the like. The vehicle sensor group 11 detects
movement amounts such as the speed of the autonomous vehicle C and the three-axis
acceleration and angular speed of the autonomous vehicle C in a three-dimensional
Cartesian coordinate system by using the sensors, and outputs the detection results to
the controller 50 time after time.

[0012]

The peripheral sensor group 12 includes sensors such as, for example, a camera,
a laser range finder (LRF), an ultrasonic sensor, a millimeter wave sensor, and an
infrared sensor which detect an environment around the autonomous vehicle C. The
peripheral sensor group 12 outputs values detected by the respective sensors to the
controller 50 time after time.

[0013]

The communication unit 20 is, for example, a radio which wirelessly
exchanges signals with outside. The communication unit 20 can acquire the number of
vehicles around the autonomous vehicle C, the positions of these vehicles, the speeds of
these vehicles, and the like by performing inter-vehicle communication in which the
communication unit 20 exchanges the position, speed, and the like of the vehicle with

the other vehicles or by performing road-vehicle communication in which the
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communication unit 20 exchanges the position, speed, and the like of the vehicle with a
road-side device installed on the road side. The communication unit 20 may acquire
various pieces of information from the outside by using an intelligent transport system
(ITS) which sends weather information, traffic information such as traffic jam
information and traffic control information, and the like in real time. The
communication ﬁnit 20 outputs the acquired information to the controller 50 time after
time.
[0014]

The map information storage 30 stores map information incluaing roads, lanes
in each road, features around the roads, and the like. The map information storage 30
can be configured by a semiconductor memory, a magnetic disk, or the like.
[0015]

The controller 50 includes a travel condition detector 51, a peripheral condition
detector 52, an action candidate setter 53, a selection margin time calculator 54, a
selection information setter 55, a presentation controller 56, and a vehicle controller 57.
[0016]

- The controller 50 can be configured by, for example, a microcontroller which is
an integrated circuit including a central processing unit (CPU), a memory, an
input-output interface, and the like. In this case, the multiple information processors
(51 to 57) configuring the controller SO are implemented by the CPU executing a
computer program installed in advance in the microcontroller. Parts configuring the
controller 50 may be configured by an integral piece of hardware or separate pieces of
hardware. The microcontroller may be served also as, for example, an electronic
control unit (ECU) used for other control associated with the vehicle such as
autonomous driving control.

[0017]

The travel condition detector 51 detects the travel condition of the autonomous
vehicle C, based on the values detected by the vehicle sensor group 11. The travel
condition includes the travel position, speed, and the like of the autonomous vehicle C.

The travel condition detector 51 detects the travel position of the autonomous vehicle C
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in the map information stored in the map information storage 30, based on the current
position and movement amount of the autonomous vehicle C which are detected by the
vehicle sensor group 11. The travel condition detector 51 further calculates the
position of the autonomous vehicle C relative to the features recorded in the map
information, based on the positions of the features detected by the peripheral sensor
group 12, and thereby acquires the detailed travel position of the autonomous vehicle C
in the map information.

[0018]

The peripheral condition detector 52 detects the condition around the
autonomous vehicle C, based on objects around the autonomous vehicle C which are
detected by the peripheral sensor group 12. The objects around the autonomous
vehicle C include traffic participants such as other vehicles and pedestrians and various
features including lane boarder lines, traffic signals, road signs, and the like. The
peripheral condition detector 52 can detect the state of a signal light of the traffic signal
by performing image processing. Moreover, the peripheral condition detector 52
detects the number, positions, and speeds of other vehicles which are detected by at
least one of the peripheral sensor group 12 and the communication unit 20.

[0019] _

The action candidate setter 53 sets an action candidate for the autonomous
vehicle C to take which is a candidate for an action executable by the autonomous
vehicle C in an area to which the autonomous vehicle C travels. The action candidate
set by the action candidate setter 53 is related to at least one of actions including, for
example, turning, lane change, cruising, branching, and merging. The action candidate
setter 53 sets the action candidate executable on the road in the traveling direction by
referring to an area of the map information which is in a predetermined range from the
autonomous vehicle C in the traveling direction thereof.

[0020]

As illustrated in Fig. 2, when the distance to an action execution point Px

where the set action candidate is executed falls below a predetermined threshold, the

action candidate setter 53 determines that the autonomous vehicle C approaches the
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action execution point Px.
[0021]

When the action candidate setter 53 determines that the autonomous vehicle C
approaches the action execution point Px, the selection margih time calculator 54
calculates a selection margin time Ts from the current time point to a time point where
the occupant should complete the selection from the selection information, time after
time. In the example illustrated in Fig. 2, description is given of the case where a
travel route in which the autonomous vehicle C turns right at an intersection is set, and
the occupant selects whether to turn to the right or not or selects a lane to enter the
intersection for the right turn. The action execution point Px is set, for example, at the
center of the intersection.

[0022]

For example, as illustrated in Figs. 2 and 3, the selection margin time calculator
54 calculates the selection margin time Ts based on the speed of the autonomous
vehicle C and a forward travel distance Ls from the current position Pl of the
autonomous vehicle C to the action execution point Px.

[0023]

The selection margin time Ts is a guideline of time which the autonomous
vehicle C takes to travel from the information presentation start position P1 where the
presentation of the selection information is started to a selection completion position P2
where the selection from the selection information should be completed. The selection
completion position P2 is set short of a preparation completion position P3 located away
from the action execution point Px by a minimum distance required for starting the
execution of the action candidate, such that there is a certain margin before the
preparation completion position P3.  Accordingly, as illustrated in Fig. 3, in a profile
which is used for the calculation of the selection margin time Ts and which indicates the
relationship between the selection margin time Ts and the forward travel distance Ls,
the distance Ls to the action execution point Px has a certain margin even at the point
where the selection margin time Ts is zero. Note that multiple profiles like one

illustrated in Fig. 3 are set respectively for various speeds.
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[0024]

The selection information setter 55 sets the selection information based on the
action candidate set by the action candidate setter 53, depending on the selection margin
time calculated by the selection margin time calculator 54. The selection information
is set by setting selection items and the maximum number of choices based on the
action candidate.

[0025]

The selection information setter 55 can set the selection items such that the
shorter the selection margin time Ts is, the simpler the selection items are, and that the
longer the selection margin time Ts is, the more detailed the selection items are. For
example, in the example illustrated in Fig. 2, there are two right turn lanes. When the
selection margin time Ts is a predetermined threshold T1 or more, as depicted in Fig. 4,
whether to execute the right turn or not, lanes to travel before and after the right turn,
and the like can be set as the selection items. Meanwhile, when the selection margin
time Ts is less than the threshold T1, the selection item may be a simple one including
ohly the item of whether to execute the right turn or not. Moreover, as illustrated in
Fig. 5, the selection information setter 55 can set the maximum number of choices such
that, the shorter the selection margin time Ts is, the smaller the maximum number of
choices is, and the longer the selection margin time Ts is, the larger the maximum
number of choices is.

[0026]

Moreover, as the action candidates and the selection items based on the action
candidate, it is possible to set the number of intersections before an intersection to make
a turn (right or left turn), a position to execute a lane change for turning, a direction of a
Alane change, a vehicle speed in cruising, a distance between vehicles, a travel lane, a
position of the vehicle in a lane in a vehicle width direction, a travel route in branching
and merging, and the like. Moreover, the action candidate setter 53 may set the action
candidate depending on the condition around the autonomous vehicle C. For example,
when the autonomous vehicle C approaches a preceding vehicle traveling at a slower

speed, the action candidate setter 53 can set an action candidate of deceleration or
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overtaking. For example, timing of setting the lane change as the action candidate is a
moment when the distance to a preceding vehicle falls below a predetermined threshold,
a moment when an obstacle is detected in front of the autonomous vehicle C, and the
like.

[0027]

The presentation controller 56 controls the presenter 60 such that the selection
information set by the selection information setter 55 is presented to the occupant of the
autonomous vehicle C.

[0028]

The presenter 60 presénts the selection information set by the selection
information s.etter 55 to the occupant of the autonomous vehicle C, according to the
contro] of the presentation controller 56. The presenter 60 presents, to the occupant,
various pieces of information including the selection information from which the
selection is made by the occupant. As illustrated in Fig. 6, the presenter 60 is
configured by, for example, at least one of a display 61 such as a liquid crystal display
or a head-up display (HUD) which displays images and characters and a speaker 62
which reproduces sounds.

[0029]

In the example illustrated in Fig. 6, in addition to a message of "please select
right turn lane," selection items of "first lane" and "second lane" and the selection
margin time Ts of "10 sec" are displayed as the selection information on the display 61
which is a HUD configured to display a video as a virtual image by using a windshield
of the autonomous vehicle C or the like. The first lane is a lane at the right end.
Moreover, as illustrated in Fig. 6, the display 61 may display the travel direction of the
autonomous vehicle C by an arrow together with the road, and the speaker 62 may
reproduce a vdice of "please select right turn lane" together with the display of the
selection information.

[0030]
The input unit 80 is operated by the occupant of the autonomous vehicle C to

receive selection from the selection information presented by the presenter 60. For
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example, as illustrated in parts (a) and (b) of Fig. 7, the input unit 80 is an input device
operable in a horizontal direction or in a rotating direction, and can cause a cursor for
specifying the selection item to move according to the operation of the occupant. In
the example illustrated in Fig. 6, the selection item of "first lane" is specified. As
illustrated in Fig. 8, the occupant operates the input unit 80 in a vertical direction to
determine the specified item as the selection item based on the action candidate to be
executed, and the selection by the occupant is completed.

[0031]

The input unit 80 may be configured integrally with the display 61 as a touch
panel display. Alternatively, the input unit 80 may recognize the voice of the occupant
and receive it as the operation of the occupant.

[0032]

Moreover, the input unit 80 may be configured such that the selection items are

reselectable during the selection margin time Ts. In this case, the presenter 60 only
- has to keep presenting the selection information during the selection margin time Ts.
[0033]

The vehicle controller 57 controls the autonomous vehicle C such that the
action candidate corresponding to the selection item selected by the occupant through
the input unit 80 is executed. The vehicle controller 57 controls a drive system, a
steering system, and the like such that the autonomous vehicle C is autonomously
driven along a set travel route, based on rules and the like set in advance, in addition to
the travel condition and the peripheral condition detected respectively by the travel
condition detector 51 and the peripheral condition detector 52, the map information
stored in the map information storage 30, and the like.

[0034]

-Information Presenting Method-

An example of an information presenting method using the information
presenting device according the first embodiment is described with reference to the
flowchart of Fig. 9.

[0035]
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First, in step S1, the travel condition detector 51 and the peripheral condition
detector 52 detect the travel condition and the peripheral condition of the autonomous
vehicle C, based on the values detected by the vehicle sensor group 11 and the
peripheral sensor group 12.
[0036]

In step S2, the action candidate setter 53 refers to the map information storage
30 and sets the action candidate executable by the autonomous vehicle C on the road in
the travel direction. Moreover, when the distance to the action execution point Px
where the set action candidate is executed falls below the predetermined threshold, the
action candidate setter 53 determines that the autonomous vehicle C approaches the
action execution point Px. For example, as illustrated in Fig. 10, the action candidate
setter 53 determines that the autonomous vehicle C approaches the action execution
point Px, at the position P1. The position P1 is the information presentation start
position P1.

[0037]

In step S3, when the action candidate setter 53 determines that the autonomous
vehicle C approaches the action execution point Px, the selection margin time calculator
54 calculates the selection margin time Ts from the current time point to the time point
where the occupant should complete the selection from the selection information. For
example, as illustrated in Fig. 10, the selection margin time calculator 54 calculates the
selection margin time Ts (10 seconds > T1) as the time which the autonomous vehicle C
takes to travel from the information presentation start position P1 to the selection
completion position P2.

[0038]

In step S4, the selection information setter 55 sets the selection items and the
maximum number of choices based on the action candidate set in step S2, depending on
the selection margin time Ts calculated in step S3. For example, as illustrated in Fig.
10, the selection information setter 55 sets "first lane," "second lane," and "any lane is
acceptable" as the selection items. Note that, as illustrated in Fig. 10, regarding the

messages and the like presented to the occupant, the characters displayed on the display
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61 and the voice reproduced by the speaker 62 do not have to be the same and can be
appropriately set such that the occupant can easily grasp the messages.
[0039]

In step S5, the presentation controller 56 controls the presenter 60 such that the
selection items set in step S4 are presented to the occupant of the autonomous vehicle C.
As illustrated in Fig. 10, the presenter 60 presents the selection items of "first lane,"
"second lane," and "any lane is acceptable" to the occupant.

[0040] »

In step S6, the input unit 80 is operated by an occupant and receives the
selection from the selection information presented by the presenter 60. For example,
the input unit 80 is operated by an occupant and receives the selection of the selection
item "first lane."

[0041]

In step S7, the vehicle controller 57 controls the autonomous vehicle C such
that the action candidate corresponding to the selection item selected by the occupant
through the input unit 80 is executed. The autonomous vehicle C starts a right tum
from a right-end lane, according to the selection made by the occupant through the input
unit §0.

[0042]

Next, description is given of the case where the selection margin time Ts is
short such as, for example, the case where the autonomous vehicle C enters a road with
the action execution point Px from a side road as illustrated in Fig. 11.

[0043]

After the autonomous vehicle C enters the road with the action execution point
Px, the action candidate setter 53 determines that the autonomous vehicle C has already
approached the action execution point Px. Accordingly, the selection margin time
calculator 54 calculates a selection margin time Ts (5 seconds < T1) shorter than that in
Fig. 10.

[0044]

The selection information setter 55 sets, for example, a message of "turn to
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right?" together with selection items of "yes" and "no" as selection items simpler than
those in Fig. 10, depending on the selection margin time Ts. Accordingly, when the
selection margin time Ts is short, it is possible for occupant to facilitate the grasping of
the selection information and reduce the time to the completion of the selection.

[0045]

As described above, the information presenting device according to the first
embodiment‘ sets the selection information to be presented to the occupant depénding on
the selection margin time Ts, and can thereby present, to the occupant, appropriate
selection information suiting the condition of the vehicle while considering the time
necessary for the selection of information.

[0046]

Moreover, the information presenting device according to the first embodiment
sets the selection items to be presented to the occupant and the maximum number of
choices depending on the selection margin time Ts, and can thereby present, to the
occupant, appropriate selection information suiting the condition of the vehicle while
considering the time necessary for grasping and selecting the information.

[0047]

Furthermore, in the information presenting device according to the first
embodiment, the shorter the selection margin time Ts is, the simpler the selection items
are or the smaller the maximum number of choices is. This can reduce the time
necessary for grasping and selecting the information and present, to the occupant,
appropriate selection information suiting the condition of the vehicle.

[0048]

Moreover, the information presenting device according to the first embodiment
sets the selection information based on the action candidate relating to at least one of
turning, lane change, cruising, branching, and merging, and can thereby present, to the
occupant, appropriate selection information suiting the various conditions of the vehicle
while considering the time necessary for the selection of information.

[0049]

Furthermore, the information presenting device according to the first
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embodiment presents the selection margin time Ts to the occupant simultaneously with
the selection information. The occupant can thereby easily grasp the time limit to
complete the selection and the sureness in the selection of the selection information can
be improved.

(00507

Moreover, the information presenting device according to the first embodiment
calculates the selection margin time Ts based on the distance from the current position
of the autonomous vehicle C to the action execution point Px, and can thereby improve
accuracy of the selection margin time Ts which is the travel time to the point where the
selection should be completed.

[0051]

Furthermore, the information presenting device according to the first
embodiment allows reselection from the selection information during the selection
margin time Ts. Due to this, when the occupant selects a wrong selection item, the
occupant can reselect a desired selection item.

[0052]

[Second Embodiment]

An information presenting device according to a second embodiment of the
present invention is different from that in the first embodiment in points that the
selection margin time calculator 54 calculates the selection margin time Ts depending
on other vehicles around the autonomous vehicle C. The configurations, operations,
and effects not described in the second embodiment are substantially the same as those
in the first embodiment and overlapping description is-omitted.

[0053]

An example of an informati_on presenting method using the information
presenting device according to the siecond embodiment is described with reference to
the flowchart of Fig. 12. Since a series of processes depicted in the flowchart of Fig.
12 corresponds to steps S3 and S4 depicted in the flowchart of Fig. 9, description of the
other steps is omitted.

[0054]
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In step S101, when the autonomous vehicle C approaches the action execution
point Px, the selection margin time calculator 54 calculates and determines at least one
of a degree of margin in condition, a degree of disturbance to the periphery, and a
degree of congestion in the periphery.

[0055]

For example, as illustrated in Fig. 13, when the action candidate is a turn at an
intersection, the number of other vehicles in front of the autonomous vehicle C and
before the intersection and the distance from the current position to the intersection can
be employed for the determination of the degree of margin in condition. Moreover,
when the action candidate is lane change, the time which the autonomous vehicle C
takes to approach the other vehicle in front of the autonomous vehicle C to a
predetermined distance can be employed.

[0056]

For example, as illustrated in Fig. 14, when the action candidate is a turn at an
intersection, the number of other vehicles behind the autonomous vehicle C and the
distance from the current position to the intersection can be employed for the
determination of the degree of disturbance to the periphery. Moreover, when the
action candidate is lane change, the time the other vehicle behind the autonomous
vehicle C takes to approach the autonomous vehicle C to a predetermined distance can
be employed.

[0057]

For example, as illustrated in Fig. 15, the number of other vehicles in a
predetermined range from the autonomous vehicle C can be employed for the
determination of the degree of congestion in the periphery.

[0058]

In step S102, the selection margin time calculator 54 calculates the selection
margin time Ts based on at least one of the degree of margin in condition, the degree of
disturbance to the periphery, and the degree of congestion in the periphery determined
in step S101.

[0059]
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As illustrated in Fig. 13, when the _selection margin time calculator 54
calculates the selection margin time Ts based on the degree of margin in condition, the
larger the number of other vehicles in front of the autonomous vehicle C is, the shorter
the selection margin time Ts is. Multiple profiles indicating the relationship between
the degree of margin in condition and the selection margin time Ts like one illustrated in
Fig. 13 are set respectively for various distances to the intersection, and the longer the
distance to the intersection is, the longer the selection margin time Ts is.

[0060] |

As illustrated in Fig. 14, when the selection margin time calculator 54
calculates the selection margin time Ts based on the degree of disturbance to the
periphery, the larger the number of other vehicles behind the autonomous vehicle C is,
the shorter the selection margin time Ts is. Multiple profiles indicating the
relationship between the degree of disturbance to the periphery and the selection margin
time Ts like one illustrated in Fig. 14 are set respectively for various distances to the
intersection, and the longer the distance to the intersection is, the longer the selection
margin time Ts is.

[0061]

As illustrated in Fig. 15, when the selection margin time calculator 54
calculates the selection margin time Ts based on the degree of congestion in the
periphery, the larger the number of vehicle in the periphery is, the shorter the selection
margin time Ts is. Note that the selection margin time calculator 54 can arbitrarily
employ at least one of the degree of margin in condition, the degree of disturbance to
the periphery, and the degree of congestion in the periphery, and the weighting of each
degree in the calculation of the selection margin time Ts can be arbitrarily set.

[0062]

In step S103, as illustrated in Fig. 16, the selection information setter S5
determines whether or not the selection margin time Ts calculated in step S102 is a furst
threshold T1 or more. The selection information setter 55 causes the processing to
proceeds to step S104 when the selection margin time Ts is the first threshold T1 or

more and causes the processing to proceed to step S105 when the selection margin time
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Ts is less than the first threshold T1.

[0063]

In step S104, the selection information setter 55 sets the selection items and the
maximum number of choices based on the action candidate depending on the selection
margin time Ts calculated in step S102, and thereby sets the selection information to be
presented to the occupant.

[0064]

In step S105, the selection information setter 55 sets the selection items simpler
than the selection items in step S104 and the maximum number of choices smaller than
the maximum number of choices in step S104 depending on the selection margin time
Ts calculated in step S102, and can thereby set the selection information to be presented

to the occupant.

[0065]

Two or more thresholds may be set for the selection margin time Ts. For
example, Fig. 17 depicts a flowchart in the case where the first threshold T1 and a
second threshold T2 smaller than the first threshold T1 are set for the selection margin
time Ts. Processes in steps S101, S102, and S104 in the flowchart of Fig. 17 are the
same as those in the flowchart of Fig. 16.

[0066]
In step S103, as illustrated in Fig. 18, the selection information setter 55

determines whether or not the selection margin time Ts calculated in step S102 is the
first threshold T1 or more. The selection information setter 55 causes the processing
to proceed to step S104 when the selection margin time Ts is the first threshold T1 or
more and causes the processing to proceed to step S106 when the selection margin time
Ts is less than the first threshold T1.
[0067]

In step S106, the selection information setter 55 determines whether or not the
selection margin time Ts calculated in step S102 is the second threshold T2 or more.
The selection information setter 55 causes the processing to proceed to step S107 when

the selection margin time Ts is the second threshold T2 or more and causes the
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processing to proceed to step S108 when the selection margin time Ts is less than the
second threshold T2.
[0068]

In step S107, the selection information setter 55 sets the selection items simpler
than the selection items in step S104 and the maximum number of choices smaller than
the maximum number of choices in step S104 depending on the selection margin time
Ts calculated in step S102, and can thereby set the selection information to be presented
to the occupant.

[0069]

In step S108, the selection information setter 55 does not set the selection
information so as not to present the selection margin time and the selection information
and cancels the set action candidate. Alternatively, the selection information setter 55
may set the selection items simpler than the selection items in steps S104 and S107 and
the maximum number of choices smaller than the maximum numbers of choices in steps
S104 and S107.

[0070]

Description is given of the case where the selection margin time calculator 54
calculates the seleqtion margin time Ts based on the degree of margiﬁ in condition with
reference io Fig. 19. As illustrated in part (a) of Fig. 19, the action candidate setter 53
determines at the position P1 that the autonomous vehicle C approaches an intersection
which is the action execution point for performing a left turn with no other vehicle
being in front of the autonomous vehicle C. In this case, the selection margin time
calculator 54 calculates that the selection margin time Ts is, for example, 10 seconds,
based on the degree of margin in condition, and the presenter 60 presents the selection
information suiting the selection margin time Ts to the occupant by using the display 61
and the speaker 62. When the autonomous vehicle C reaches the preparation
completion position P3, the presenter 60 presents execution of the left turn to the
occupant and the autonomous vehicle C executes the left turn.

[0071]

Meanwhile, as illustrated in part (b) of Fig. 19, when another vehicle D is in
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front of the autonomous vehicle C, the selection margin time calculator 54 calculates a
_selection margin time Ts (for example, 7 seconds) shorter than that in the case where no
other vehicle is in front of the autonomous vehicle C, based on the degree of margin in
condition. The selection margin time calculator 54 can thereby improve the accuracy
of the selection margin time Ts which is the travel time to the point where the selection
should be completed, while considering the other vehicle D in front of the autonomous
vehicle C.

[0072]

Description is given of the case where the selection margin time calculator 54
calculates the selection margin time Ts based on the degree of disturbance to the
periphery with reference to Fig. 20. As illustrated in part (2) of Fig. 20, in a state
where no other vehicle is behind the autonomous vehicle C, the selection margin time
calculator 54 calculates that the selection margin time Ts is, for example, 10 seconds,
based on the degree of disturbance to the periphery, and the presenter 60 presents the
selection information suiting the selection margin time Ts to the occupant by using the
display 61 and the speaker 62.

[0073]

Meanwhile, as illustrated in part (b) of Fig. 20, when the other vehicle D is
behind the autonomous vehicle C, the selection margin time calculator 54 calculates a
selection margin time Ts (for example, 7 seconds) shorter than that in the case where no
other vehicle is behind the autonomous vehicle C, based oh the degree of disturbance to
the periphery. The selection margin time calculator 54 can thereby improve the
accuracy of the selection margin time Ts which is the travel time to the point where the
selection should be completed, while considering the degree of disturbance to the
periphery.

[0074]

Description is given of the case where the selection margin time calculator 54
calculates the selection margin time Ts based on the degree of congestion in the
periphery with reference to Fig. 21. As illustrated in part (a) of Fig. 21, in a state

where no other vehicle is around the autonomous vehicle C, the selection margin time
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calculator 54 calculates that the selection margin time Ts is, for example, 10 seconds,
based on the degree of congestion in the periphery, and the presenter 60 presents the
selection information suiting the selection margin time Ts to the occupant by using the
display 61 and the speaker 62.
[0075]

Meanwhile, as illustratéd in part (b) of Fig. 21, when the other vehicle D is
around the autonomous vehicle C, the selection margin time calculator 54 calculates a
selection margin time Ts (for example, 7 seconds) shorter than that in the case where no
other vehicle is behind the autonomous vehicle C, based on the degree of congestion in
the periphery. The selection margin time calculator 54 can thereby improve the
accuracy of the selection margin time Ts which is the travel time to the point where the
selection should be completed, while considering the degree of congestion in the
periphery.
[0076]

Description is given of the case where the selection margin time calculator 54
calculates the selection margin time Ts based on the degree of margin in condition, the
degree of disturbance to the periphery, and the degree of congestion in the periphery
with reference to Fig. 22. As illustrated in part (a) of Fig. 22, the action candidate
setter 53 determines at the position P1 that the autonomous vehicle C approaches an
intersection which is the action execution point for performing a left turn with no other
vehicle being in front of the autonomous vehicle C. In this case, the selection margin
time calculator 54 calculates that the selection margin time Ts is, for example, 10
seconds, based on the degree of margin in condition, and the presenter 60 presents the
selection information suiting the selection margin time Ts to the occupant by using the
display 61 and the speaker 62. When the autonomous vehicle C reaches the
preparation completion position P3, the presenter 60 presents execution of the left turn
to the occupant and the autonomous vehicle C executes the left turn.

[0077]
Meanwhile, as illustrated in part (b) of Fig. 22, when the other vehicles D are

in front of and behind the autonomous vehicle C, the selection margin time calculator
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54 calculates a selection margin time Ts (for example, 5 seconds) shorter than that in the
case where one of the degree of margin in condition, the degree of disturbance to the
periphery, and the degree of congestion in the periphery is used, based on the degree of
margin in condition, the degree of disturbance to the periphery, and the degree of
congestion in the periphery. The selection margin time calculator 54 can thereby
improve the accuracy of the selection margin time Ts which is the travel time to the
point where the selection should be completed, by calculating the selection margin time
Ts by using the degree of margin in conditipn, the degree of disturbance to the
periphery, and the degree of congestion in the periphery.

[0078]

Description is given of the case where the action candidate is the lane change
and the selection margin time calculator 54 calculates the selection margin time Ts
based on the degree of margin in condition, the degree of disturbance to the periphery,
and the degree of congestion in the periphery with reference to Fig. 23.  As illustrated
in part (a) of Fig. 23, in a state where the other vehicle D is present only in front of the
autonomous vehicle C, the selection margin time calculator 54 calculates that the
selection margin time Ts is, for exaﬁple, 7 seconds, based on the degree of margin in
condition, the degree of disturbance to the periphery, and the degree of congestion in the
periphery. When reaching the preparation completion position P3, the autonomous
vehicle C turns on turn signals and starts the lane change.

[0079]

Meanwhile, as illustrated in part (b) of Fig. 23, when the other vehicle D is
behind the autonomous vehicle C, the selection margin time calculator 54 calculates that
the selection margin time Ts is, for example, 7 seconds, based on the degree of margin
in condition, the degree of disturbance to the periphery, and the degree of congestion in
the periphery. In other words, the travel time to the point where the selection should
be completed is the same in the examples illustrated in parts (a) and (b) of Fig. 23.
[0080]

Description is given of the case where the action candidate is the lane change

and the selection margin time calculator 54 calculates the selection margin time Ts
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based on the degree of margin in condition, the degree of disturbance to the periphery,

and the degree of congestion in the periphery with reference to Fig. 24. As illustrated
in_ part (a) of Fig. 24, in a state where two other vehicles D are in front of the
autonomous vehicle C, the selection margin time calculator 54 calculates that the
selection margin time Ts is, for example, 7 seconds, based on the degree of margin in
condition, the degree of disturbance to the periphery, and the degree of congestion in the
periphery.

[0081]

Meanwhile, as illustrated in part (b) of Fig. 24, when many other vehicles D are
around the autonomous vehicle C, the selection margin time calculator 54 calculates
that the selection margin time Ts is, for example, 5 seconds, based on the degree of
margin in condition, the degree of disturbance to the periphery, and the degree of
congestion in the periphery. As described above, the selection margin time calculator
54 calculates the selection margin time Ts such that the more the number of other
vehicles D in the periphery is, the shorter the selection margin time Ts is.

[0082]

A method of calculating the selection margin time Ts based on the degree of
margin in condition, the degree of disturbance to the periphery, and the degree of
congestion in the periphery when the autonomous vehicle C is stationary or is traveling
at a speed less than a predetermined speed (for example, 10 kmv/h) is different from that
in normal trave] (for example, 10 km/h or more).

[0083]

For example, as illustrated in Fig. 25, the number of other vehicles in front of
the autonomous vehicle C can be employed for the determination of the degree of
margin in condition. When the selection margin time calculator 54 calculates the
selection margin time Ts based on the degree of margin in condition, the larger the
number of other vehicles in front of the autonomous vehicle C is, the longer the
selecﬁon margin time Ts is.

[0084]

For example, as illustrated in Fig. 26, the number of other vehicles behind the



CA 02999962 2018-03-26

25

autonomous vehicle C can be employed for the determination of the degree of
disturbance to the periphery. When the selection margin time calculator 54 calculates
the selection margin time Ts based on the degree of disturbance to the periphery, the
larger the number of other vehicles behind the autonomous vehicle C is, the shorter the
selection margin time T is.

[0085]

For example, as illustrated in Fig. 27, the number of other vehicles around the
autonomous vehicle C which are within a predetermined range from the autonomous
vehicle C can be employed for the determination of the degree of congestion in the
periphery. - When the selection margin time calculator 54 calculates the selection
margin time Ts based on the degree of congestion in the periphery, the larger the
number of other vehicles around the autonomous vehicle C is, the shorter the selection
margin time T is.

[0086]

Fig. 28 is a diagram the case where start or non-start is set as the action
candidate and the selection margin time Ts is substantially O (equal to or less than the
second threshold). The autonomous vehicle C is stopped at a stop position first in line
due to ared signal.  Since the selection margin time Ts is substantially 0, the presenter
60 presents, to the occupant, a message such as, for example, "start vehicle when signal
turns green?" and selection items indicating yes and no for this message while the signal
is red. The occupant can thereby select whether to start the autonomous vehicle C or
not before the signal turns green.

[0087]

Fig. 29 is a diagram explaining the case where the selection margin time Ts is
less than the first threshold and is the second threshold or more. The autonomous
vehicle C is behind one other vehicle D.  In this case, the presenter 60 presents, to the
occupant, the selection margin time Ts, a simple message such as "start vehicle?," and
selection items indicating yes and no for this message, in response to changing of the
signal to green.

[0088]
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Fig. 30 is a diagram explaining the case where the selection margin time Ts is
the first threshold or more. The autonomous vehicle C is behind multiple other
vehicles D. In this case, the presenter 60 presents, to the occupant, the selection
margin time Ts, a relatively-detailed message such as "follow preceding car and start
vehicle?," and selection items indicating yes and no for this message, in response to
changing of the signal to green.

[0089]

In the examples illustrated in Figs. 28 to 30, the timing of presenting the
selection information is not limited to the timing of the signal and may be, for example,
the timing at which a traffic participant such as a pedestrian blocking the autonomous
vehicle C in the traveling direction is gone.

[0090]

As described above, the information presenting device according to the second
embodiment sets the selection information to be presented to the occupant depending on
the selection margin time Ts and can thereby present, to the occupant, appropriate
selection information suiting the condition of the vehicle while considering the time
necessary for the selection of information.

[0091] .

Moreover, the information presenting device according to the second
embodiment calculates the selection margin time Ts based on at least one of the degree
of margin in condition, the degree of disturbance to the periphery, and the degree of
congestion in the periphery which are determined depending on the condition around
the autonomous vehicle C, and can thereby highly-accurately calculate the selection
margin time Ts which is the travel time to the point where the selection should be
completed, while considering the condition around the autonomous vehicle C.

[0092]

(Other Embodiments)

Although the present invention has been described above by using the
aforementioned first and second embodiments, it should not be understood that the

description and drawings forming part of this disclosure limit the present invention.
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From this disclosure, various alternative embodiments, examples, and operations
techniques will be found by those skilled in the art.
[0093]

For example, in the first and second embodiments, as illustrated in Fig. 31, the
presenter 60 may display, for example, an icon of an arrow extending in a travel
direction on the display 61 as the selection item indicating execution or non-execution
of aleft tun. This can further reduce the time necessary for the occupant to grasp the
selection information. Moreover, as illustrated in Fig. 32, the display 61 may present
the selection margin time Ts by using, instead of a countdown using Arabic numerals, a
gauge-like display whose lighted region decreases. Furthermore, the presenter 60 may
change a presentation state of the selection margin time Ts by adjusting the length,
interval, frequency, and the like of the sound reproduced by the speaker 62, or by
reading out the selection margin time Ts. The occupant can thereby intuitionally grasp
the selection margin time Ts.

[0094]

Moreover, the first and second embodiments may be configured such that the
selection information setter 55 determines the most-recommended selection item out of
the selection items and, when the occupant selects a selection item other than the
most-recommended selection item, the presenter 60 confirms the selection content with
the occupant. The intention of the occupant can be thereby confirmed and it is
possible to reduce the case where the autonomous vehicle C takes an action which is not
intended by the occupant. |

[0095]

Furthermore, the functions described in the first and second embodiments can
be executed by one or multiple processing circuits. The processing circuit includes a
programed processing device such as a processing device including an electric circuit.
The processing circuit may include devices such as circuit components and an
application specific integrated circuit (ASIC) designed to execute the described
functions.

© [0096]
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The present invention includes various embodiments and the like which are not
described herein such as configurations mutually adopting the aforementioned
configurations, as a matter of course. Accordingly, the technical scope of the present
invention should be determined only by the matters specifying the invention in the

scope of claims regarded as appropriate based on the aforementioned description.

REFERENCE SIGNS LIST

[0097]

51 trave] condition detector

52 - peripheral condition detector
53 action candidate setter

54 selection margin time calculator
55 selection information setter
56 presentation controller |

60 presenter

80 input unit

C autonomous vehicle

D other vehicle
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CLAIMS
[Claim 1](Amended)

An information presenting device in an autonomous vehicle in which an action
candidate for the vehicle to take is set based on selection by an occupant, the
information presentation device configured to present selection information from which
the selection is made by the occupant, comprising:

a selection margin time calculator configured to calculate a selection margin
time based on an position where an execution of the action candidate selected from the
selection information by the occupant is started;

a selection information setter configured to set the selection information
depending on the selection margin time;

a presenter configured to present the selection information set by the selection
information setter to the occupant; and

an input unit configured to receive the selection from the selection information
presented by the presenter, which is made by an operation of the occupant.

[Claim 2](Amended)

The information presenting device according to claim 1, comprising an action
candidate setter configured to set the action candidate for the autonomous vehicle;
wherein the selection information setter sets the selection information based on the
action candidate, depending on the selection margin time.

[Claim 3](Amended)

The information presenting device according to claim 2, wherein the selection
information setter sets the selection information by setting selection items and a
maximum number of choices based on the action candidate, depending on the selection
margin time.

[Claim 4](Amended)
The information presenting device according to claim 3, wherein the selection

information setter sets the selection items such that the shorter the selection margin time

[ ——————— e e

MENDED
SHEET
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is, the simpler the selection items are.
[Claim 5](Amended)

The information presenting device according to claim 3 or 4, wherein the
selection information setter sets the maximum number of choices such that the shorter
the selection margin time is, the smaller the maximum number of choices is.

[Claim 6}(Amended)

The information presenting device according to claim 3 or 4, wherein the
selection information setter sets the selection information based on the action candidate
related to at least one of turning, lane change, cruising, branching, and merging.

[Claim 7](Amended)

The information presenting device according to any of claims 3 to 6, wherein

the selection information setter determines a most-recommended selection item
out of the selection items, and

when the occupant selects a selection item other than the most-recommended
selection item, the presenter confirms a selection content with the occupant.

[Claim 8](Amended)

The information presenting device according to any one of claims 1 to 7,
wherein the presenter presents the selection margin time and the selection information
to the occupant.

[Claim 9](Amended)

The information presenting device according to claim 8, wherein the presenter
changes a presentation state of the selection margin time depending on the selection
margin time.

[Claim 10](Amended)

The information presenting device according to claim 2, wherein the selection
margin time calculator calculates the selection margin time based on a distance from a
current position of the autonomous vehicle to an action execution point where the action
candidate is executed.

[Claim 11](Amended)

The information presenting device according to claim 2, wherein the selection

AMENDED
. SHEET
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margin time calculator calculates the selection margin time based on a degree of margin
in condition determined from the number of other vehicles in front of the autonomous
vehicle and from a distance from a current position of the autonomous vehicle to an
action execution point where the action candidate is executed.

[Claim 12](Amended)

The information presenting device according to any one of claims 1 to 11,
wherein the selection margin time calculator calculates the selection margin time based
on a degree of disturbance to a periphery determined from the number of other vehicles
behind the autonomous vehicle.

[Claim 13](Amended)

The information presenting device according to any one of claims 1 to 12,
wherein the selection margin time calculator calculates the selection margin time based
on a degree of congestion in a periphery determined from the number of other vehicles
around the autonomous vehicle.

[Claim 14](Amended)

The information presenting device according to any one of claims 1 to 13,
wherein the selection information setter sets the selection information depending on
vehicles around the autonomous vehicle.

[Claim 15](Amended)

The information presenting device according to any one of claims 1 to 14,
wherein

the presenter keeps presenting the selection information during the selection
margin time, and

the input unit allows reselection from the selection information during the
selection margin time.

[Claim 16](Amended)

The information presenting device according to any one claims 1 to 15,
wherein the presenter presents the selection information to the occupant by using at
Jeast one of an image and a sound.

[Claim 17](Amended)

AMENDED
__SHEET
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An information presenting method of an information presenting device in an
autonomous vehicle in which an action candidate for the vehicle to take is set based on
selection by an occupant, the information presentation device configured to present
selection information from which the selection is made by the occupant, the information
presenting method comprising:

calculating a selection margin time based on an position where an execution of
the action candidate selected from the selection information by the occupant is started;

setting the selection information depending on the selection margin time;

presenting the set selection information to the occupant; and

receiving the selection from the presented selection information which is made

by an operation of the occupant.

AMENDED
__SHEET
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FIG. 3
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FIG. 5
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FIG. 9
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FIG. 12
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