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(57) Abrégée/Abstract:
This target vehicle speed generation device (12) comprises: a generation unit (32) that generates, at a predetermined timing, a
target value group Including a vehicle speed for controlling the driving of a vehicle in a predetermined section; and a setting unit
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(57) Abrege(suite)/Abstract(continued):

(30) that sets, In advance, a target vehicle speed at an endpoint of the section in which the vehicle Is currently driving, the target
vehicle speed beling used In cases where the generation unit (32) cannot generate, at said predetermined timing, said target value

group Including the vehicle speed, the setting unit (30) setting the target vehicle speed on the basis of road information In said
predetermined section.
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|[DOCUMENT TITLE] ABSTRACT

As described above, the target vehicle speed generating device (12) comprises a

generating unit (32) that generates a target pathway at a predetermined timing for
controlling the driving of a vehicle in a predetermined section, and a setting unit (30) that
sets 1n advance a target vehicle speed in advance at a section endpoint of the section in

which the vehicle is currently driving, which is used when the generating unit (32) cannot

generate a target pathway at the predetermined timing, wherein the setting unit (30) sets the

target vehicle speed based on road information in the predetermined section.
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[DOCUMENT TITLE] SPECIFICATION

[TITLE OF THE INVENTION] TARGET PATHWAY GENERATING DEVICE AND
DRIVING CONTROL DEVICE

[TECHNICAL FIELD]
[0001]

The present invention relates to a target pathway generating device. More specifically,

the present invention relates to a target pathway generating device that generates a target
pathway for controlling the driving of a vehicle.
|[BACKGROUND ART]

10002]

Attempts are being made to develop an autonomous driving control device that is
capable of autonomously controlling a vehicle from a departure point to a destination (for
example refer to Patent Document 1). In this type of autonomous driving control device, for
example, a course (pathway) of a vehicle from a departure point to a destination is
calculated using a well-known navigation technique, and lanes and obstacles on the course
are detected using sensing technology, such as a radar sensor, an image sensor, etc. The

autonomous driving control device causes the vehicle to driving autonomously along a

course based on the detected information.

[PRIOR ART DOCUMENTS]
[PATENT DOCUMENTS]

[0003]

|Patent Document 1] Japanese Laid-Open Patent Publication No. 2011-240816

[DISCLOSURE OF THE INVENTION]
[OBJECT THE INVENTION IS TO ACHIEVE]
[0004]

In the control of a vehicle in such autonomous driving, the pathway from a departure
point to a destination can be divided into predetermined sections, and a target pathway that

shows the vehicle’s driving trajectory and the vehicle's behavior (for example, vehicle

speed, acceleration, steering angle, etc.) can be updated for each section, to be used in the

control of the vehicle.

[0005]

In such updating of the target pathway, it is conceivable to set a pathway update point

betore the endpoint of the section, and to carry out an update to a new target pathway at the
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pathway update point. In addition, in this case, it is conceivable to set in advance a target
pathway to be used after passing the pathway update point, so that the vehicle is
appropriately controlled even in a case in which calculation of a new target pathway is not
completed at the pathway update point, due to the calculation for the new target pathway
taking time. For example, it is conceivable to set in advance a target pathway such that the
vehicle stops at the endpoint of the section, if calculation of a new target pathway is not
completed at the pathway update point. However, a control that uniformly stops the vehicle
in this manner is inconvenient for a user riding in the vehicle, and there is the possibility
that the user will feel discomfort in the ride quality.

[0006]

The object of the present invention is to provide a target pathway generating device that
reduces the discomfort that is felt by the user upon updating of the target pathway.
[IMEANS OF ACHIEVING THE OBJECT]

[0007]

The target pathway generating device as one embodiment of the present invention
comprises a generating unit that generates, at predetermined timing, a target pathway for
controlling the driving of a vehicle in a predetermined section, and a setting unit that sets a
target vehicle speed in advance at a section endpoint of the section in which the vehicle is
currently driving, which is a target vehicle speed that is used when the generating unit
cannot generate a target pathway at the predetermined timing, wherein the setting unit sets

the target vehicle speed based on road information in the predetermined section.
|[EFFECT OF THE INVENTION]
[0008]

According to the present invention, it becomes possible to provide a target pathway
generating device that reduces discomfort that is felt by the user upon updating of the target
pathway.
|BRIEF DESCRIPTION OF THE DRAWINGS]

10009]

[Figure 1] is a block diagram illustrating the driving control device according to an
embodiment of the invention.

[Figure 2] is a block diagram illustrating the target pathway generating ECU of the
driving control device.

[Figure 3] is a schematic view describing the update of the target pathway.
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[Figure 4] is a flowchart describing the generation of the target pathway.

[Figure 3] is a schematic view illustrating the setting of a target vehicle speed when the

update of the target pathway is not completed.
|[EMBODIMENTS TO CARRY OUT THE INVENTION]

[0010]
(1) Embodiment

The driving control device 10 according to the embodiment will be described with
reference to Figure 1-Figure S.

[0011]

Figure 1 is a block diagram illustrating the driving control device 10 according to one
embodiment of the invention. The driving control device 10 is a device mounted in a
vehicle, and is a device for autonomously controlling driving of the vehicle along a course
(pathway) from a departure point to a destination, which is calculated using navigation
technology, or the like. In particular, the driving control device 10 divides the course from
the departure point to the destination into predetermined sections, updates a target pathway
that shows the vehicle’s driving trajectory and the vehicle's behavior (for example, vehicle
speed, acceleration, steering angle, etc.) for each section, and controls the driving of the

vehicle based on the target pathway.

[0012]

The driving control device 10 comprises a target pathway generating ECU (Electronic
Control Unit) 12 and a driving control ECU 14, as illustrated in Figure 1. In addition, radar
16, a camera 18, a driving state detection sensor 20, an operation state detection sensor 22, a
navigation system 24, and the like, are electrically connected to the driving control device
10, as illustrated in Figure 1. Furthermore, a driving control actuator 26 is electrically
connected to the driving control device 10. The driving control device 10 can be
appropriately connected to other well-known configurations, such as a communication unit
for carrying out inter-vehicle communication.

[0013]

The target pathway generating ECU 12 and the driving control ECU 14 are each
electronic control units comprises a CPU (Central Processing Unit) and a memory, such as a
ROM (Read Only Memory) and RAM (Random Access Memory). The target pathway
generating ECU 12 acquires map information and a course from a departure point to a

destination searched by the navigation system 24, and calculates a target pathway that
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represents the driving trajectory of the vehicle and the behavior of the vehicle for each
predetermined section that is set on the course. The driving control ECU 14 controls the
driving of the vehicle based on the target pathway generated by the target pathway
generating ECU 12. For example, the driving control ECU 14 calculates the driving control
amount of the host vehicle, such as acceleration/deceleration and the steering angle, based
on the target pathway generated by the target pathway generating ECU 12, as well as data
from the radar 16, the camera 18, the driving state detection sensor 20, the operation state
detection sensor 22, and the navigation system 24. Furthermore, the driving control ECU
14 controls the driving control actuator 26 based on the driving control amount. In Figure
1, the target pathway generating ECU 12 and the driving control ECU 14 are described as
independent ECUs, but the two can be integrally configured as appropriate.

(0014]

The radar 16 detects the presence, position, and speed, as well as the relative speed with
respect to the host vehicle, of a vehicle, a motorcycle, a bicycle, a pedestrian, and the like,
surrounding the host vehicle. The radar 16 comprises, for example, a laser radar, a
millimeter wave radar, an ultrasonic radar, or the like. The radar 16 outputs the detected

data to the driving control device 10. Since a well-known radar can be appropriately used
as the radar 16, a detailed description of the configuration will be omitted.

10015]

The camera 18 is, for example, attached to the front or the side of the host vehicle, and
captures an image of the host vehicle's surroundings. For example, the camera 18 captures
road section lines and obstacles on the course. The camera 18 comprises an imaging
element, such as a CCD (Charge Coupled Device) or CMOS (Complementary Metal-oxide
Semiconductor). The camera 18 outputs the captured image to the driving control device

10. Since a well-known camera can be appropriately used as the camera 18, a detailed

description of the configuration will be omitted.
10016)

The driving state sensor 20 detects the driving state (for example, vehicle speed,
acceleration, yaw angle, etc.) of the host vehicle. The driving state sensor 20 has, for
example, a wheel speed sensor provided for each wheel of the host vehicle, and detects the
driving state of the host vehicle, such as the vehicle speed, by measuring the wheel speed.
The driving state sensor 20 outputs the detected driving state of the host vehicle to the

driving control device 10. Since a well-known vehicle speed sensor, acceleration sensor,
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and yaw angle sensor can be used as the driving state sensor 20, a detailed description of the
configuration will be omitted.

[0017]

The operation state detection sensor 22 detects the operation state of the host vehicle.
Specifically, the operation state detection sensor 22 detects the accelerator operation, the
brake operation, the handling operation (steering), and the like, of a user that rides in the
vehicle (hereinafter referred to as driver). The operation state sensor 22 outputs the detected
operation state of the host vehicle to the driving control device 10. Since a well-known
accelerator operation sensor, brake operation sensor, and steering sensor can be used as the
operation state sensor 22, a detailed description of the configuration will be omitted.

[0018]

The navigation system 24 receives GPS signals from a GPS (Global Positioning
System) satellite. In addition, the navigation system 24 can comprise a gyroscope that
detects the magnitude of a rotational movement applied to the vehicle, an acceleration
sensor that detects the driving distance of the vehicle from acceleration in three axial
directions, and the like, and a geomagnetic sensor that detects the driving direction of the
vehicle from geomagnetism, or the like. The navigation system 24 stores map information
(road information) in a storage medium, such as a hard disk. This map information contains
information relating to the locations and shapes of roads and intersections, and to traffic
rules, including traffic signs, signals, and the like. In addition, map information can define
the drivable area of the vehicle within the lane on the road. The navigation system 24
detects the position of the host vehicle and the orientation with respect to the road, based on

the map information and GPS signals from a GPS satellite. The navigation system 24

searches a course from the departure point to the destination, according to inputs of the
departure point (or the current position) and the destination, and carries out pathway
guldance to the destination, using the searched course and the positional information of the
host vehicle. In addition, the navigation system 24 outputs the searched course to the
driving control device 10 together with the map information. Since a well-known
navigation system can be appropriately used as the navigation system 24, a detailed
description of the configuration will be omitted.

[0019]

The driving control actuator 26 comprises an acceleration/deceleration actuator'for

accelerating and decelerating the host vehicle, and a steering actuator that adjusts the
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steering angle. The driving control actuator 26 controls the driving of the host vehicle by
causing the acceleration/deceleration actuator and the steering actuator to operate, based on
the driving control amount that is transmitted from the driving control ECU 14.

[0020]

Next, the generation of a target pathway by the target pathWay generating ECU 12 will
be described, with reference to Figure 2 to Figure 5. The target pathway generating ECU 12
comprises a pathway update timing determination unit 28, an endpoint vehicle speed setting
unit 30, and a target pathway calculation unit 32, as illustrated in Figure 2.

[0021]

The target pathway generating ECU 12 acquires map information and a course from a
departure point to a destination searched by the navigation system 24, calculates a target
pathway that represents the driving trajectory of the vehicle and the behavior of the vehicle
for each predetermined section that is set on the course, and updates the target pathway for
each section. Specifically, the target pathway generating ECU 12 acquires map information
together with a course R from a departure point to the destination searched by the
navigation system 24, as illustrated in Figure 3. Then, the target pathway generating ECU
12 divides the course R from the departure point to the destination into predetermined
sections, and updates the target pathway for each section. In the present embodiment, for
example, the sections are set by dividing the course R every 200 m. Of course, the method
of dividing the sections is not limited to this distance, and can be a distance that is different
from this distance. In addition, it is not necessary for the sections to be divided into the
same distances, and the method of dividing can be changed as necessary. Some of the
successtve sections divided in this manner are indicated as section L0, section L1, section
L2, section .3 . . . in Figure 3.

[0022]

In addition, a pathway update point for updating the target pathway is set in each of the
sections. In Figure 3, the pathway update points of sections L0, L1, and L2 are respectively
indicated as pathway update points C0, C1, and C2. In the present embodiment, when a
host vehicle passes a pathway update point of a section using a navigation system 24, or the
like, the target pathway generating ECU 12 calculates the target pathway from the pathway
update point to the endpoint of the following section, and updates the target pathway. In
Figure 3, for example, when the host vehicle passes the pathway update point C1 of section

L1, the target pathway generating ECU 12 calculates target pathways from the pathway
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update point C1 to the endpoint E1 of section L1, and from the endpoint E1 of section L1
(origin point of section L2) to the endpoint E2 of section L2, and updates the target pathway
that 1s currently being used with the newly calculated target pathway. The same updating of
the target pathway is carried out in section L2 as well. Specifically, when the host vehicle
passes the pathway update point C2 of section L2, the target pathway generating ECU 12
calculates target pathways from the pathway update point C2 to the endpoint E2 of section
L2, and from the endpoint E2 of section L2 (origin point of section L3) to the endpoint of
section L3, and updates the target pathway calculated at the pathway update point C1 of
section L1 with the newly calculated target pathway. In the present embodiment, for
example, the pathway update point is set to a position before the endpoint of a section by a
predetermined distance (that is, a position at which the remaining distance of the section
becomes a predetermined distance). For example, in the present embodiment, this
predetermined distance is set to 50 m. Of course, the position of the pathway update point
1s not limited to this position, and can be position that is different from this position. In
addition, the pathway update point can be set to a position at which the time remaining until
the vehicle reaches the endpoint of the section becomes a predetermined time or less.

[0023]

The target pathway generating ECU 12 of the present embodiment is a device that sets
the vehicle speed at the endpoint of a section such that the driving of the vehicle is
controlled at an appropriate vehicle speed, even in a case in which calculation of a new
target pathway 1s not completed at the pathway update point, for reasons such as the
calculation for the new target pathway at the pathway update point taking time.

[0024]

The operation of the pathway update timing determination unit 28, the endpoint vehicle
speed setting unit 30, and the target pathway calculation unit 32 of the target pathway
generating ECU 12, as well as the operation of the driving control ECU 14, according to the
present embodiment will be described, with reference to the flowchart in Figure 4. The
generation of a target pathway at the pathway update point C1 of section L1 will be
described below, but the same generation of target pathways is carried out in the other

sections as well.

[0025]

The pathway update timing determination unit 28 determines whether or not the vehicle

has passed the pathway update point C1 of section L1, in which the vehicle is currently
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driving, from the location information of the host vehicle, which can be acquired from the
navigation system 24, or the like (Step S10). If the pathway update timing determination
unit 28 determines that the vehicle has passed the pathway update point C1 (YES in Step
S10), the endpoint vehicle speed setting unit 30 sets the target vehicle speed at the endpoint
E2 of the next section L2 (Step S12).

[0026]

In this setting of the target vehicle speed, the target vehicle speed at the endpoint E2 of
section L2 is set based on map information of section L3, which is a section after the
endpoint E2, and the like. Specifically, the endpoint vehicle speed setting unit 30 acquires
data, such as stop points and deceleration points that are contained in section L3, and the
required deceleration amounts at the deceleration points, based on map information
obtained from the navigation system 24, or the like, and sets the target vehicle speed at the
endpoint E2 of section L2 according to these data.

[0027]

For example, upon determining that section L3 contains stop points, such as stop signs
and traffic lights, based on traffic rules contained in the map information, or the like, the
endpoint vehicle speed setting unit 30 sets the target vehicle speed at the endpoint E2 of
section L2 to O (stop). It is not necessary for the target vehicle speed to be provided as a
value of the vehicle speed (that is 0); the target vehicle speed can be provided as the
deceleration degree (in this case, a deceleration of 100%).

[0028]

In addition, upon determining that section L3 contains points at which the speed limit
becomes low, based on traffic rules contained in the map information, or upon determining
that section L3 contains turns and curves, based on information of roads and intersections
contained in the map information, the endpoint vehicle speed setting unit 30 further
determines the required deceleration amount at these deceleration points. For example, if
section L3 contains a deceleration point at which the speed limit decreases from 60 km per

hour to 40 km per hour, the target vehicle speed at the endpoint of section L2 is set to 40 km
per hour. Or, for example, if section L3 contains an intersection or a curve that requires
deceleration, a predetermined vehicle speed that is set in advance in accordance with the
curvature of the intersection or the curve is set as the target vehicle speed. For example, this
predetermined vehicle speed is stored in a memory of the target pathway generating ECU

12 1n advance, such that the predetermined vehicle speed is reduced as the curvature is
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increased. It is not necessary for the target vehicle speed to be provided as a value of the
vehicle speed; the target vehicle speed can be provided as the deceleration degree (for

example, a deceleration of 40%).

[0029]

If section L3 contains both a stop point and a deceleration point, the target vehicle speed
at the endpoint E2 of section L2 can be set to 0 (stop). If section L3 contains multiple
deceleration points, the lowest target vehicle speed from among the target vehicle speeds of
the deceleration points can be set as the target vehicle speed.

10030]

In addition, upon determining that section L3 does not contain stop points or
deceleration points based on the map information, the endpoint vehicle speed setting unit 30
determines that it is not necessary to decelerate/stop at the endpoint E2 of section L2. For
example, the target is provided as a deceleration degree (in this case, a deceleration of 0%).

[0031]

In the present embodiment, the endpoint vehicle speed setting unit 30 determines
whether or not section L3 contains stop points or deceleration points based on map
information obtained from the navigation system 24, or the like, but can determine whether
or not section L3 contains stop points or deceleration points by other methods. For
example, 1t 1s possible to determine whether or not section L3 contains stop points or
deceleration points based on data that can be acquired from the radar 16 or the camera 18.
Additionally, in the present embodiment, it is determined whether or not section L3 contains
stop points or deceleration points, but the section as the target of determination is not
limited thereto. For example, it is not necessary for the target to be the entire section L3;
for example, a portion of section L3, such as a section that is a predetermined distance after

the endpoint E2 of section L2, can be set as the target of determination.
[0032]

The target vehicle speed (or deceleration degree) at the endpoint E2 of section L2 set in

the manner described above is saved in a memory of the target pathway ECU 12 as the
target vehicle speed Vn at the endpoint of the subsequent section, separately from the target
vehicle speed Vp at the endpoint of the current section. That is, if the target vehicle speed
at the endpoint of the subsequent section (for example the target vehicle speed at the
endpoint E2 of section L2) is set in Step S12, the target vehicle speed that was saved as the

target vehicle speed Vn at the endpoint of the subsequent section (for example, the target
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vehicle speed at the endpoint E1l of section L1, which was set at the pathway update point
CO0 of section LO) is newly saved as the target vehicle speed Vp at the endpoint of the
current section, and the newly set target vehicle speed at the endpoint of the subsequent
section 1s saved as the target vehicle speed Vn at the endpoint of the subsequent section.

[0033]

The target pathway calculation unit 32 starts the calculation of a new target pathway
(Step S14). Specifically, the target pathway calculation unit 32 calculates the target
pathways from the pathway update point C1 to the endpoint E1 of section L1, and from the
endpoint E1 of section L1 (origin point of section L.2) to the endpoint E2 of section L2. For
example, the target pathway calculation unit 32 generates a time function for the target
vehicle speed (vehicle speed profile), in which the actual speed of the vehicle at the
pathway update point C1 is the point of origin. This vehicle speed profile is saved in a
memory, or the like, as a new target pathway, along with a target driving trajectory of the
vehicle and a time function of the target steering amount (steering profile), which are
generated separately, to update the target pathway that is currently being used. The target
pathway calculation unit 32 generates this vehicle speed profile upon further considering
map Iinformation of the subsequent section L2, which is acquired from the navigation .
system 24, in the same manner as well-known methods of target pathway calculation. In the
same manner, the target pathway calculation unit 32 generates a target driving trajectory
and a steering profile, based on map information of the subsequent section L2, which is
acquired from the navigation system 24, in the same manner as well-known methods of
target pathway calculation. For example, in this type of target pathway calculation, target
pathways, such as the target driving trajectory, vehicle speed profile, and steering profile,
are generated such that the lateral acceleration that is applied to the vehicle becomes less
than or equal to 0.2 G, in accordance with the curvature of the course that is obtained from
the map information.

10034]

Next, the target pathway calculation unit 32 determines whether or not the target
pathway has been updated (Step S16). Specifically, it is determined whether or not
calculation has been completed and the target pathway has been updated within a
predetermined time from the start of the calculation of the new target pathway in Step S14.

In the present embodiment, this predetermined time is set, for example, to 0.5 seconds, but
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the predetermined time is not limited to this value, and can be a value that is different from
this value.

[0035]

Upon determining that the target pathway has been updated (YES in Step S16), the
driving control ECU 14 controls the driving of the vehicle based on the new target pathway
saved in the memory of the target pathway generating ECU 12 (Step S18).

[0036]

On the other hand, upon determining that calculation and update of the target pathway
have not been completed within a predetermined time (NO in Step S16), the driving control
ECU 14 acquires the target vehicle speed Vp at the endpoint of the current section, which 1s
saved in the memory, or the like, of the target pathway generating ECU 12, as the target
vehicle speed at the endpoint E1 of section L1 (Step S20). Such cases in which calculation
and update of the target pathway are not completed within a predetermined time can be a

case in which map information from the navigation system 24 cannot be appropriately
acquired, or a case in which calculation takes time, due to the map information being
complex, such as there being a large number of intersections and curves in the section from
the pathway update point C1 to the endpoint E2. Additionally, the driving control ECU 14
controls the driving of the vehicle based on the acquired target vehicle speed Vp at the
endpoint of the current section (Step S20). Specifically, the driving control ECU 14
controls the driving of the vehicle such that the vehicle speed smoothly becomes the target

vehicle speed Vp at the endpoint E1 of section L1, with the actual speed of the vehicle at the

present moment as the point of origin.
[0037]

Figure 5 illustrates a driving control of a vehicle in section L1 (section from the
endpoint EQ of section LO to the endpoint E1 of section L1) by the driving control device 10
of the present embodiment. The target pathway (target vehicle speed) that is generated at
the pathway update point CO of section L0 is provided from the endpoint EO to the pathway
update point C1, as illustrated in Figure 5. On the other hand, if the target pathway cannot
be updated at the pathway update point C1 (NO in Step S16), the driving of the vehicle is
controlled based on the target vehicle speed at the endpoint E1 of section L1, which 1s set at
the pathway update point CO of section LO. For example, in a setting of the target vehicle
speed at the endpoint E1 of section L1, which is executed at the pathway update point C0O of
section LO (Step S12), upon determining that it is necessary to stop at the endpoint E1 of
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section L1, driving control is carried out such that the vehicle speed becomes 0 (stop) at the
endpoint E1 of section L1 (refer to vehicle speed profile Pa). Additionally, for example, in
this setting of the target vehicle speed, upon determining that it is necessary to decelerate to
vehicle speed V1 at the endpoint E1 of section L1, driving control is carried out such that
the vehicle speed is decelerated to V1 at the endpoint E1 of section L1 (refer to the vehicle
speed profile Pb). Additionally, for example, in this setting of the target vehicle speed,
upon determining that it is not necessary to decelerate/stop at the endpoint E1 of section L1,
driving control is carried out to maintain the vehicle speed at V2 until the endpoint E1 of

section L1 (refer to the vehicle speed profile Pc).
[0038]

In such an update of the target pathway, for example, it is also conceivable to set in
advance a target pathway such that the vehicle uniformly stops at the endpoint of the
section, if calculation of a new target pathway is not completed at the pathway update point,
due to the calculation for the new target pathway taking time. However, a control that
uniformly stops the vehicle in this manner would bring about an excessive deceleration 1f
there is no intrinsic need to stop at the endpoint of the section. In addition, if the target
pathway is updated thereafter, deceleration and acceleration are repeated, and there is the
possibility that the user will feel discomfort in the ride quality.

[0039]

On the other hand, in the present embodiment, the target vehicle speed at the endpoint of
the subsequent section is set at the pathway update point, based on the stop points and the
deceleration points in the section after the endpoint. Accordingly, it becomes possible to
prevent unnecessary deceleration, and to reduce the discomfort that is felt by the user upon
updating of the target pathway.

[0040]

As described above, the target pathway generating ECU 12 (target vehicle speed
generating device) according to the present embodiment comprises a target pathway
calculation unit 32 (generating unit) that generates a target pathway at a pathway update
point (predetermined timing) for controlling the driving of a vehicle in a predetermined
section (for example section L2), and an endpoint vehicle speed setting unit 30 (setting unit)
that sets a target vehicle speed in advance at an endpoint (for example endpoint E1) (section
endpoint) of the section (for example section L1) in which the vehicle is currently driving,

which is a target vehicle speed that is used when the target pathway calculation unit 32
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(generating unit) cannot generate a target pathway at the pathway update point
(predetermined timing), wherein the endpoint vehicle speed setting unit 30 (setting unit) sets
the target vehicle speed based on map information (road information) in the predetermined
section (for example section L2). Accordingly, it becomes possible to provide a target
pathway generating ECU 12 (target pathway generating device) that reduces the discomfort
that 1s telt by the user upon updating of the target pathway.

[0041]

In addition, the target pathway generating ECU 12 (target pathway generating device)
can further comprise a pathway update timing determination unit 28 (determination unit)
that determines the timing at which the vehicle reaches a positibn that is before the endpoint
of a section (for example the endpoint E1 of section LL1) by a predetermined distance, or a
position at which the remaining time until reaching the endpoint of a section becomes a
predetermined time or less (predetermined position), as the pathway update point
(predetermined timing). Accordingly, it becomes possible to generate a target pathway at a

timing at which the vehicle reaches a predetermined position.

[0042]

Additionally, in the target pathway generating ECU 12 (target pathway generating
device), the predetermined section (for example section L2) can include the subsequent
section of the section in which the vehicle is currently driving (for example section L1), and
the target pathway calculation unit 32 (generating unit) can generate a target pathway of a
predetermined section (for example section L2), when the vehicle reaches a position that is
before the endpoint (for example the endpoint E1 of section L1) of a section in which the
vehicle is currently driving (for example section L1) by a predetermined distance, or a
position at which the remaining time until reaching the endpoint of a section becomes a
predetermined time or less (predetermined position). Accordingly, it becomes possible to
generate a target pathway of the subsequent section at a timing at which the vehicle reaches
a predetermined position of the section in which the vehicle is currently driving.

10043]

In addition, in the target pathway generating ECU 12 (target pathway generating
device), the endpoint vehicle speed setting unit 30 (setting unit) can set a target vehicle
speed while the vehicle is driving in a section (for example section L0) before the section in
which the vehicle 1s currently driving (for example section L1). Accordingly, a target

vehicle speed that is set in advance in the previous section can be used, even in a case in
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which the target pathway calculation unit 32 (generating unit) cannot generate a target
pathway at the pathway update point (predetermined timing).

[0044]

In addition, in the target pathway generating ECU 12 (target pathway generating
device), the endpoint vehicle speed setting unit 30 (setting unit) can set a target vehicle
speed in advance based on the stop points or the deceleration points of the vehicle in a
predetermined section (for example section L2) in the map information (road information).
Accordingly, it is possible to appropriately set a target vehicle speed at the section endpoint
of the section in which the vehicle is currently driving, in accordance with the stop points or
the deceleration points of the vehicle in a predetermined section.

[0045]

As described above, the driving control device 10 according to the present embodiment
comprises a target pathway generating ECU 12 (target vehicle speed generating device), and
a driving control ECU 14 (control device) that controls the driving of the vehicle, based on
the target pathway that is generated by the target pathway generating ECU 12.
Accordingly, it 1s possible to provide a driving control device 10 that is capable of reducing
the discomfort that is felt by the user upon updating of the target pathway.

[0046]

In addition, the driving control ECU 14 (control device) can control the driving of the
vehicle based on the target vehicle speed, in a case in which the target pathway calculation
unit 32 (generating unit) cannot generate a target pathway at the pathway update point
(predetermined timing) (NO in Step S16 of Figure 4). Accordingly, the driving of the
vehicle can be controlled based on a target vehicle speed that is set in advance, even in a
case in which the target pathway calculation unit 32 (generating unit) cannot generate a
target pathway at the pathway update point (predetermined timing).

[0047]

Additionally, the driving control ECU 14 (control device) can control the driving of the
vehicle at least up to the endpoint (for example the endpoint E1) (section endpoint) of the
section in which the vehicle is currently driving (for example section L1), based on the
target vehicle speed (for example vehicle speed profiles Pa, Pb, Pc). Accordingly, the
driving of the vehicle can be controlled based on a target vehicle speed that is set in

advance, even in a case in which the target pathway calculation unit 32 (generating unit)

cannot generate a target pathway at the pathway update point (predetermined timing), at
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least up to the endpoint (for example the endpoint E1) (section endpoint) of the section in

which the vehicle 1s currently driving (for example section L1).
[0048]

In addition, the driving control ECU 14 (control device) can control the driving of the
vehicle in at Ieast a portion of the section of a predetermined section (for example section
[.2), based on the target vehicle speed (for example vehicle speed proftiles Pa, Pb, Pc).
Accordingly, the driving of the vehicle can be controlled based on a target vehicle speed
that 1s set in advance, even in a case in which the target pathway calculation unit 32
(generating unit) cannot generate a target pathway at the pathway update point
(predetermined timing), beyond the endpoint (for example the endpoint E1) (section
endpoint) of the section in which the vehicle is currently driving (for example section L1).

[0049]

In addition, the driving control ECU 14 (control device) can control the driving of the
vehicle based on the target vehicle speed, in a case in which the target pathway calculation
unit 32 (generating unit) cannot generate a target pathway at the pathway update point
(predetermined timing) within a predetermined time (NO in Step S16 of Figure 4).
Accordingly, it becomes easy to determine cases in which the target pathway calculation
unit 32 (generating unit) cannot generate a target pathway at the pathway update point

(predetermined timing).

[0050]
(2) Modified examples
A driving control device 10 was described in detail above, but the driving control device

10 1s not limited to the above-described embodiment. Additionally, it goes without saying
that various improvements and modifications may be made without departing from the spirit

of the present invention.

[0051]
(2-1) Modified example |

In the present embodiment, setting of the target vehicle speed (Step S12) and calculation
of the target pathway (Step S14) are carried out when it is determined that the vehicle has
passed a pathway update point (YES in Step S10), as illustrated in Figure 4. Furthermore, it
1s determined whether or not calculation has been completed within a predetermined time
after starting the calculation of a target pathway (Step S16). However, a pathway update

starting point can be set, in advance, before the pathway update point at a position that is
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away from the pathway update point by a predetermined distance. In this case, setting of
the target vehicle speed (Step S12) and calculation of the target pathway (Step S14) can be
started when it is determined that the vehicle has passed a pathway update starting point,
and it can be determined whether or not the target pathway has been updated at the pathway
update point (Step S16). Additionally, in this case, it can be determined whether or not the
calculation of the target pathway has been completed within a predetermined time after the
vehicle passes the pathway update starting point, and an update to the newly calculated
target pathway can be carried out at the pathway update point if the calculation of the target
pathway has been completed, and a driving control based on the set target vehicle speed can
be carried out at the pathway update point if the calculation of the target pathway has not
been completed.

[0052]
(2-2) Modified example 2

In the present embodiment, calculation of the target pathway (Step S14), determination
of whether or not the target pathway has been updated (Step S16), driving control based on
the target pathway (Step S18), and driving control based on the target vehicle speed Vp at
the endpoint of the current section (Step S20), are carried out after carrying out a setting of
the target vehicle speed Vn at the endpoint of the subsequent section (Step S12), as
illustrated in Figure 4. However, the order of these processes can be appropriately changed.
For example, the calculation of the target pathway (Step S14), the determination of whether
or not the target pathway has been updated (Step S16), the driving control based on the
target pathway (Step S18), and the driving control based on the target vehicle speed at the

endpoint of the current section (Step S20), can be carried out before the setting of the target

vehicle speed at the endpoint of the subsequent section (Step S12), In this case, the endpoint
vehicle speed setting unit 30 sets the target vehicle speed at the endpoint of the subsequent
section (Step S12), after the driving control ECU 14 reads the target vehicle speed at the
endpoint of the current section, saved in a memory, or the like, of the target pathway
generating ECU 12, in the driving control based on the target vehicle speed at the endpoint
of the current section (Step S20). Accordingly, it is not necessary to separately save the
target vehicle speed at the endpoint of the current section and the target vehicle speed of the
subsequent section in the memory of the target pathway generating ECU 12; it is sufficient

to simply save the target vehicle speed that is newly set in this Step S12 by overwriting.
[0053]
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(2-3) Modified example 3

As described using Figure 4, in the present embodiment, when setting the target vehicle
speed at the endpoint E2 of the subsequent section L2, if section L3 contains a stop point,
the target vehicle speed at the endpoint E2 of section L2 is set to 0 (stop). However, the
deceleration degree can be changed in accordance with the position of this stop point in
section L3. For example, driving can be controlled at a predetermined target vehicle speed
without stopping at the endpoint E2 of section L2, if this stop point 1s away from the
endpoint E2 by greater than or equal to a predetermined distance that is set in advance. In
addition, the deceleration degree to the endpoint E2 of section L2 can be configured to be
reduced as the distance from the endpoint E2 to the stop point is increased.

[0054]

In the same manner, in the present embodiment, when setting the target vehicle speed at
the endpoint E2 of the subsequent section L2, if section L3 contains a deceleration point,
deceleration is carried out such that the vehicle speed becomes a predetermined vehicle
speed at the endpoint E2 of section L2. However, the deceleration degree can be changed
according to the position of this deceleration point in section L3. For example, the
deceleration degree can be reduced such that the vehicle speed will be greater than this
predetermined vehicle speed at the endpoint E2 of section L2, if this deceleration point is
away from the endpoint E2 by greater than or equal to a predetermined distance that is set in
advance. Additionally, the deceleration degree to the endpoint E2 of section L2 can be
reduced as the distance from the endpoint E2 to the deceleration point is increased

[0055]

As described above, in the target pathway generating ECU 12 (target pathway
generating device), the endpoint vehicle speed setting unit 30 (setting unit) can set a target
vehicle speed in advance based on the distance from the endpoint of a section (for example,
the endpoint E1 of section L1 or the endpoint E2 of section L2) (section endpoint) to the
stop point or the deceleration point of the vehicle in a predetermined section (for example
section L2 or section L3). Accordingly, it is possible to appropriately set a target vehicle
speed at the section endpoint of the section in which the vehicle is currently driving,

according to the distance from the endpoint of a section to the stop point or the deceleration

point of the vehicle in a predetermined section.
[0056]

(2-4) Modified example 4
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As described using Figure 4, upon determining that calculation and update of the target
pathway have not been completed within a predetermined time (NO in Step S16), the
driving control ECU 14 controls the driving of the vehicle based on the target vehicle speed
Vp at the endpoint of the current section (Step S20). At this time, upon determining that
calculation and update of the target pathway have not been completed within a
predetermined time (NO in Step S16), the calculation of the target pathway by the target
pathway calculation unit 32 can be stopped, or the calculation of the target pathway by the
target pathway calculation unit 32 can be continued. If the calculation of the target pathway
by the target pathway calculation unit 32 is continued and the time remaining until the
completion of calculation and updating can be acquired, the driving control ECU 14 can
change the deceleration degree to the endpoint of the section according to this remaining
time. For example, if the remaining time is shorter than a predetermined time (for example
one second), the driving of the vehicle can be controlled with a smaller deceleration degree
than the deceleration degree of when stopping the vehicle, even if the target vehicle speed
Vp at the endpoint of the current section is 0 (stop). That is, if the remaining time is shorter
than a predetermined time, the driving of the vehicle can be controlled with a smaller
deceleration degree than the deceleration degree of when decelerating the vehicle to the
target vehicle speed Vp at the endpoint of the current section.

[0057]

As described above, the driving control ECU 14 (control device) can control the driving
of the vehicle by changing the target vehicle speed to a smaller deceleration degree than the
deceleration degree of when decelerating to the target vehicle speed, even if the target
pathway calculation unit 32 (generating unit) cannot generate a target pathway at the
pathway update point (predetermined timing) (NO in Step S16 of Figure 4), if the target
pathway calculation unit 32 (generating unit) can generate a target pathway within a
predetermined time (predetermined time). Accordingly, if the target pathway can be
generated within a predetermined time, the driving of the vehicle can be controlled by
changing the target vehicle speed such as to reduce the discomfort that is felt by the user
upon updating to the target pathway.

[0058]

(2-5) Modified example 5

As described using Figure 4, in the present embodiment, the endpoint vehicle speed

setting unit 30 sets the target vehicle speed at the endpoint E2 of the subsequent section L2
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(Step S12). The target vehicle speed that is set by the endpoint vehicle speed setting unit 30
can be set as a value of the vehicle speed at the endpoint E2 of section L2, or be set as a
time function of the vehicle speed (vehicle speed profile) up to the endpoint E2 of section
L2. If the target vehicle speed is set as a vehicle speed profile, the endpoint vehicle speed

setting unit 30 generates a vehicle speed profile (for example, any one of the vehicle speed
profiles Pa, Pb, and Pc illustrated in Figure 5) in Step S12. The driving control ECU 14
controls the driving of the vehicle based on the generated vehicle speed profile in Step S20.

[0059]

Additionally, in the case the target vehicle speed is set as a value of the vehicle speed at
the endpoint E2 of section L2, the endpoint vehicle speed setting unit 30 can generate a
vehicle speed profile (for example, any one of the vehicle speed profiles Pa, Pb, and Pc
1llustrated in Figure 5) based on this value of the vehicle speed, upon determining that
calculation and update of the target pathway have not been completed within a
predetermined time (NO in Step S16). The driving control ECU 14 controls the driving of

the vehicle based on the generated vehicle speed profile in Step S20 illustrated in Figure 4.
[0060]

Furthermore, in the case the target vehicle speed is set as a value of the vehicle speed at
the endpoint E2 of section L2, the target pathway calculation unit 32 can calculate the target
pathway based on this value of the vehicle speed, in the calculation of the target pathway
from the pathway update point C1 in section L1 to the endpoint E2 of section L2 in Step
S14. In this case, if the calculation and update of the target pathway from the pathway

update point C2 of section L2 to the endpoint of section L3 is not completed in section L2,

the driving control of the vehicle is continued based on the target pathway that is currently

being used. That is, the driving control from the pathway update point C2 of section L2 to
the endpoint E2 is carried out based on the target pathway that is currently being used such
that the vehicle speed at the endpoint E2 becomes the set value of the vehicle speed, and the
vehicle speed at the endpoint E2 is maintained thereafter. Of course, if the calculation and
update of the target pathway from the pathway update point C2 of section L2 to the
endpoint of section L3 is completed in section L2, the target pathway that is currently being
used 1s updated with the newly calculated target pathway.

[0061]

In the embodiments described above, autonomous driving control is carried out by the

driving control ECU 14; however, the generation of a target pathway of the present
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application can be used even if a fully autonomous driving control is not carried out, or even
when an autonomous driving control is not carried out at all. For example, the a target
pathway generated by the target pathway generating ECU 12 can be simply notified to the
driver, or the driving conditions for achieving the generated target pathway can be notified
to the user. In these cases, driving support for supporting the driving of the user (driver)
will be carried out instead of an autonomous driving control. In addition, even if a fully
autonomous driving control is not carried out, driving assistance can be carried out, such as
carrying out only acceleration/deceleration or only steering by the driving control device 10.
|[DESCRIPTIONS OF THE REFERENCE SYMBOLS]

[0062]
10 Driving control device
12 Target pathway generating ECU
14  Driving control ECU
28 Pathway update timing determination unit
30 Endpoint vehicle speed setting unit

32 Target pathway calculation unit
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[IDOCUMENT TITLE] PATENT CLAIMS
[Claim 1]

A target pathway generating device comprising:

a generating unit that generates a target pathway at a predetermined timing for
controlling driving of a vehicle in a predetermined section; and

a setting unit that sets a target vehicle speed in advance at a section endpoint of the
section in which the vehicle is currently driving, which is a target vehicle speed that is used
when the generating unit cannot generate the target pathway at the predetermined timing,

wherein

the setting unit sets the target vehicle speed based on road information in the
predetermined section.

[Claim 2]

The target pathway generating device according to claim 1, further comprising:

a determination unit that determines a timing at which the vehicle reaches a
predetermined position as the predetermined timing based on location information of the
vehicle.

[Claim 3]

The target vehicle speed generating device according to claims 1 or 2, wherein

the predetermined section includes a subsequent section of the section in which the
vehicle is currently driving; and

the generating unit generates the target pathway of the predetermined section, when
the vehicle reaches the predetermined position of the section in which the vehicle is
currently driving.

[Claim 4]

The target vehicle speed generating device according to any one of claims 1 to 3,

wherein

the setting unit sets the target vehicle speed while the vehicle is driving in a section
betore the section in which the vehicle is currently driving.
[Claim 5]

The target vehicle speed generating device according to any one of claims 1 to 4,
wherein .

the setting unit sets the target vehicle speed in advance based on a stop point or a

deceleration point of the vehicle in the predetermined section in the road information.
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[Claim 6]

The target vehicle speed generating device according to claim 5, wherein

the setting unit sets the target vehicle speed in advance based on a distance from the
section endpoint to the stop point or the deceleration point of the vehicle in the
predetermined section.
[Claim 7]

A driving control device comprising:

the target vehicle speed generating device according to any one of claims 1 to 6; and

a control device that controls the driving of the vehicle based on a target pathway
generated by the target vehicle speed generating device.
[Claim 8]

The driving control device according to claim 7, wherein

the control device controls the driving of the vehicle based on the target vehicle
speed 1n a case in which the generating unit cannot generate the target pathway at a
predetermined timing.
[Claim 9]

The driving control device according to claim 7 or 8, wherein

the control device controls the driving of the vehicle based on the target vehicle
speed at least up to the section endpoint.
[Claim 10]

The driving control device according to any one of claims 7 to 9, wherein

the control device controls the driving of the vehicle based on a target vehicle speed
In at least a portion of the predetermined section.
[Claim 117

The driving control device according to any one of claims 7 to 10, wherein

the control device controls the driving of the vehicle based on the target vehicle
speed 1n a case in which the generating unit cannot generate the target pathway at the

predetermined timing within a predetermined time.
[Claim 12]
The driving control device according to any one of claims 7 to 11, wherein

the control device controls the driving of the vehicle by changing the target vehicle

speed 1n a case in which the generating unit can generate the target pathway within a
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predetermined time, even if the generating unit cannot generate the target pathway at the

predetermined time.
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[FIG. 1]
10

16
|DRIVING CONTROL

18 RADAR ' DEVICE 12

S TARGET 26

1| PATHWAY .

20 CAMERA  + GENERATING

ECU

99 DRIVING STATE
DETECTION SENSOR

DRIVING CONTROL
' ACTUATOR

DRIVING 14
CONTROL
ECU

94 OPERATION STATE
DETECTION SENSOR

NAVIGATION
SYSTEM



IFIG. 2]

CA 02973113 2017-07-05

2/5

12

TARGET ROUTE
GENERATING ECU

PATHWAY UPDATE
TIMING
DETERMINATION

' UNIT

ENDPOINT
VEHICLE SPEED

SETTING UNIT

TARGET PATHWAY
CALCULATION UNIT

30

— 32



CA 02973113 2017-07-05

3/5

£l
NOILO4S

phio,
*s

L 4

¢

0*‘

» *
S ) e ..

¢ .
"

s 2
Yapas?

... INIOd ON3

a..’.

¢
NOILO3S

.hlt.

IxweERpORvIANRY Yave,,
&
N

3

INIOd NOILYYI 13030

»
Cttt!'

V*OG.R’DIQO.I'.

LNIOd dO1S

¢
*
|
*
®
»
e

]
NOILOdS

7

() 1O INIOd

13 3L¥QdN AYMHLYd

INIOddN4

INIOa
Ja18vd3d

01
NOILO3S

00 INIOd
* 31¥0dN AYMHLYd

0
1INIOd(UNS

d 354N0D

[¢ OId]



CA 02973113 2017-07-05

4/5

[FIG. 4]
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