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Description
[Technical Field]

[0001] The present invention relates to a vehicle determination method, a travel route correction method, a vehicle
determination apparatus, and a travel route correction apparatus.

[Background Art]

[0002] A method forassisting the lateral guidance of motor vehicles is heretofore known (Patent Document 1: Japanese
Translation of PCT International Application, No. 2005-524135A). In this method, boundaries of a traveling lane and the
actual position of a vehicle relative to the boundaries are detected using a sensor device and an output signal is calculated
so that the deviation between a target value and an actual value of the lateral position of the vehicle is reduced. This
method includes detecting another vehicle on an adjacent lane to the lane defined by the boundaries and varying the
target value in accordance with measured positional data of the other vehicle.

[Prior Art Document]

[Patent Document]

[0003] [Patent Document 1] Japanese Translation of PCT International Application, No. 2005-524135A

[Summary of Invention]

[Problems to be solved by Invention]

[0004] However, the above prior art has a problem in that the presence or absence of another vehicle cannot be
determined if the boundaries of the traveling lane cannot be detected by the sensor device.

[0005] A problem to be solved by the present invention is to provide a method and an apparatus with which the
presence or absence of another vehicle can be determined even in a situation in which the lane detection is difficult.
[Means for solving problems]

[0006] The presentinvention solves the above problem through calculating a travel route of a subject vehicle, detecting
another vehicle located in the perpendicular direction to the tangential direction of the travel route, and determining the
presence or absence of the other vehicle located laterally to the subject vehicle on the basis of the position of the detected
other vehicle.

[Effect of Invention]

[0007] According to the present invention, an effect can be obtained that the presence or absence of another vehicle
located laterally to the subject vehicle can be determined.

[Brief Description of Drawings]
[0008]
FIG. 1 is a block diagram illustrating a driving assistance system according to one or more embodiments of the
present invention.
FIG. 2 is a diagram for describing a vehicle determination region.
FIG. 3 is a diagram for describing vehicle determination regions.
FIG. 4 is a diagram for describing a travel route correction process.
FIG. 5 is a flowchart illustrating the control flow of a processor illustrated in FIG. 1.

[Mode(s) for Carrying out the Invention]

[0009] Hereinafter, one or more embodiments of the presentinvention will be described with reference to the drawings.
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«First Embodiment»

[0010] An embodiment of the present invention will be described below with reference to the drawings. In the present
embodiment, an exemplary case will be described in which the vehicle determination apparatus or travel route correction
apparatus according to the present invention is applied to a driving assistance system that cooperates with an onboard
apparatus 200 equipped in a vehicle.

[0011] FIG. 1is a diagram illustrating the block configuration of a driving assistance system 1. The driving assistance
system 1 of the present embodiment comprises a driving assistance apparatus 100 and an onboard apparatus 200. The
driving assistance apparatus 100 of the present invention is not limited in its form of being carried out and may be
equipped in a vehicle or may also be applied to a portable terminal device that is capable of exchanging information
with the onboard apparatus 200. Examples of such a terminal device include equipment, such as a smartphone or a
PDA. The driving assistance system 1, the driving assistance apparatus 100, the onboard apparatus 200, and various
devices comprised by them may each be a computer that includes an arithmetic processing unit, such as one or more
CPUs, and executes arithmetic processing.

[0012] The onboard apparatus 200 will first be described.

[0013] The onboard apparatus 200 of the present embodiment comprises a vehicle controller 210, a navigation device
220, an object detection device 230, and an output device 240. These devices which constitute the onboard apparatus
200 are connected to one another via a controller area network (CAN) or other onboard LAN to mutually exchange
information. The onboard apparatus 200 can exchange information with the driving assistance apparatus 100 via such
anonboard LAN. The vehicle controller 210 operates a detection device 250, a drive device 260, and a steering device 270.
[0014] The vehicle controller 210 of the present embodiment is provided with the detection device 250. The detection
device 250 has a steering angle sensor 251, a vehicle speed sensor 252, and an attitude sensor 253. The steering angle
sensor 251 detects information on a steering amount, a steering speed, steering acceleration, and the like and outputs
the detection results to the vehicle controller 210. The vehicle speed sensor 252 detects a speed and/or acceleration of
the vehicle and outputs the detection results to the vehicle controller 210. The attitude sensor 253 detects a position of
the vehicle, a pitch angle of the vehicle, a yaw angle of the vehicle, and a roll angle of the vehicle and outputs the
detection results to the vehicle controller 210. The attitude sensor 253 includes a gyrosensor.

[0015] The vehicle controller 210 of the present embodiment, which is an onboard computer such as an engine control
unit (ECU), electronically controls the driving of the vehicle. The vehicle may be, for example, an electric car having an
electric motor as the travel driving source, an engine car having an internal-combustion engine as the travel driving
source, or a hybrid car having both an electric motor and an internal-combustion engine as the travel driving sources.
Examples of the electric car or hybrid car having an electric motor as the travel driving source include those of a type
in which the power source for the electric motor is a secondary battery and a type in which the power source for the
electric motor is a fuel cell.

[0016] The drive device 260 of the present embodiment includes a drive mechanism of a subject vehicle V1. The drive
mechanism includes an electric motor and/or an internal-combustion engine as the above-described travel driving sourc-
es, a power transmission device including a drive shaft and an automatic transmission that transmit the output from the
travel driving source or sources to the driving wheels, a braking device 261 that brakes wheels, and other necessary
components. The drive device 260 executes the travel control, which includes acceleration and deceleration of the
vehicle, through generating control signals for the drive mechanism on the basis of the input signals by an accelerator
operation and a brake operation and the control signals acquired from the vehicle controller 210 or the driving assistance
apparatus 100. The travel control including acceleration and deceleration of the vehicle can be performed in an automated
or autonomous manner by transmitting the control information to the drive device 260. In the case of a hybrid car, a ratio
of the torque output to the electric motor and the torque output to the internal-combustion engine in accordance with the
traveling state of the vehicle is also transmitted to the drive device 260.

[0017] The steering device 270 of the present embodiment includes a steering actuator. The steering actuator includes
a motor and other necessary components attached to the steering column shaft. The steering device 270 executes
control of varying the traveling direction of the vehicle on the basis of the control signals acquired from the vehicle
controller 210 or the input signals by a steering operation. The vehicle controller 210 transmits the control information,
which includes the steering amount, to the steering device 270 thereby to execute the steering control of the subject
vehicle so that the subject vehicle travels along the travel route. In addition or alternatively, the driving assistance
apparatus 100 may execute the control of the traveling direction of the vehicle by controlling the braking amount for each
wheel of the vehicle. In this case, the vehicle controller 210 transmits the control information, which includes the braking
amount for each wheel, to the braking device 261 thereby to execute the control of the traveling direction of the vehicle.
Control of the drive device 260 and/or control of the steering device 270 may be performed in a completely automated
or autonomous manner or in a form of assisting with the driving operation (traveling operation) of the driver. Control of
the drive device 260 and control of the steering device 270 can be suspended/canceled by an intervention operation of
the driver. The vehicle controller 210 controls the driving of the subject vehicle in accordance with a driving plan made
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by a drive planning device 10.

[0018] The onboard apparatus 200 of the present embodiment includes the navigation device 220. The navigation
device 220 calculates a route from the current position of the subject vehicle to a destination. The scheme of calculating
the route may be a known scheme at the time of filing of the present application based on a graph search algorithm,
such as Dijkstra’s algorithm or A* search algorithm. The calculated route is transmitted to the vehicle controller 210 to
be used for the driving assistance for the subject vehicle. The calculated route is also output as route guidance information
via the output device 240, which will be described later.

[0019] The navigation device 220 includes a position detection device 221. The position detection device 221 is
responsible to the Global Positioning System (GPS) and detects a traveling position (latitude/longitude) of the vehicle
traveling.

[0020] The navigation device 220 includes accessible map information 222 and road information 223. It suffices that
the map information 222 and the road information 223 can be read by the navigation device 220. The map information
222 and the road information 223 may be stored in a database configured to be physically separated from the navigation
device 220 or may also be stored in a server from which the stored information is readable via a communication device
30 (or a communication device provided in the onboard apparatus 200).

[0021] The map information 222 is a so-called electronic map that represents information in which the latitude and
longitude are associated with the map information. The map information 222 has the road information 223 which is
associated with each point.

[0022] The road information 223 is defined by nodes and links connecting between the nodes. The road information
223 includes information for specifying a road by a position/region of the road, information on the road type and road
width of each road, and information on the shape of a road. The road information 223 is stored such that identification
information of each road link is associated with the position of an intersection, the entering direction into the intersection,
the type of the intersection, and other information regarding the intersection. In addition or alternatively, the road infor-
mation 223 may be stored such that the identification information of each road link is associated with the road type, the
road width, the road shape, whether or not the straight-ahead traveling is permitted, the priority relationship in traveling,
whether or not the overtaking is permitted (whether or not the lane change to an adjacent lane is permitted), and other
information regarding the road.

[0023] The navigation device 220 specifies a travel route along which the subject vehicle travels, on the basis of the
current position of the subject vehicle detected by the position detection device 221. The travel route is a planned travel
route for the subject vehicle and/or a travel route along which the subject vehicle has actually traveled. The travel route
may also be a route to a destination designated by the user or a route to a destination estimated on the basis of the
travel history of the subject vehicle V1/user. The travel route along which the subject vehicle travels may be specified
for each road, specified for each road on which the inbound/outbound direction is provided, or specified for each single
lane in which the subject vehicle actually travels. The navigation device 220 refers to the road information 223, which
will be described later, to specify the road link for each lane of the travel route along which the subject vehicle travels.
[0024] The travel route includes specifying information (coordinate information) for one or more points through which
the subject vehicle V1 will travel in future. The travel route includes at least a point that suggests the next traveling
position at which the subject vehicle travels. The travel route may be composed of a continuous line or may also be
composed of discrete points. Although not particularly limited, the travel route is specified by a road identifier, a lane
identifier, and/or a link identifier. These road identifier, lane identifier, and link identifier are defined in the map information
222 and/or the road information 223.

[0025] The onboard apparatus 200 includes the object detection device 230. The object detection device 230 detects
the situation around the subject vehicle. The object detection device 230 of the subject vehicle detects the existence
and existing positions of objects including obstacles that may exist around the subject vehicle. Although not particularly
limited, the object detection device 230 includes a camera 231. The camera 231 is, for example, an imaging device
comprising an imaging element such as a CCD. The camera 231 may be an infrared camera or a stereo camera. The
camera 231 is disposed at a certain position of the subject vehicle and captures images of objects around the subject
vehicle. The term "around the subject vehicle" as used herein encompasses the concepts of "ahead of the subject
vehicle," "behind the subject vehicle," "laterally to the subject vehicle on the left side," and "laterally to the subject vehicle
on the right side." Objects include two-dimensional signs such as stop lines painted on the road surface. Objects include
three-dimensional objects. Objects include stationary objects such as traffic signs. Objects include moving objects such
as pedestrians, two-wheel vehicles, and four-wheel vehicles (other vehicles). Obj ects include road structures such as
guardrails, median strips, and curbstones.

[0026] The object detection device 230 may analyze the image data and identify the type of an object on the basis of
the analysis result. The object detection device 230 uses a pattern matching technique or the like to identify whether or
not the object included in the image data is a vehicle, a pedestrian, or a traffic sign. The object detection device 230
processes the obtained image data to acquire the distance from the subject vehicle to an object existing around the
subject vehicle on the basis of the position of the object. In particular, the object detection device 230 acquires the
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positional relationship between the object and the subject vehicle.

[0027] The object detection device 230 may include a radar device 232. Examples of the radar device 232 include
those, such as millimeter-wave radar, laser radar, ultrasonic radar, and laser range finder, which are of schemes known
at the time of filing of the present application. The object detection device 230 detects presence or absence of objects,
positions of the objects, and distances to the objects on the basis of the received signals from the radar device 232. The
object detection device 230 may detect presence or absence of objects, positions of the objects, and distances to the
objects on the basis of clustering results of point cloud information which is acquired using the laser radar.

[0028] The onboard apparatus 200 includes the output device 240. The output device 240 includes a display 241 and
a speaker 242. The output device 240 outputs various information items regarding the driving assistance to the user or
to occupants of surrounding vehicles. The output device 240 outputs information regarding a prepared driving action
plan and travel control based on the driving action plan. The output device 240 preliminarily informs the subject vehicle’s
occupants that the steering operation and/or acceleration or deceleration will be executed, via the display 241 and/or
the speaker 242, as information in accordance with the control information for the subject vehicle to travel on the travel
route (target route). In addition or alternatively, the occupants of the subject vehicle or the occupants of other vehicles
may be preliminarily informed of such information items regarding the driving assistance via exterior lamps and/or interior
lamps. In addition or alternatively, the output device 240 may output various information items regarding the driving
assistance to external devices of the Intelligent Transport Systems (ITS) and the like via a communication device. When
the travel route has been corrected, the output device may output the information that the travel route is corrected and
the information on the corrected travel route.

[0029] The driving assistance apparatus 100 will then be described.

[0030] The driving assistance apparatus 100 comprises a drive planning device 10, an output device 20, and a com-
munication device 30. The output device 20 achieves the same functions as those of the previously-described output
device 240 of the onboard apparatus 200. The display 241 and the speaker 242 are used as components of the output
device 20. The drive planning device 10 and the output device 20 can exchange information with each other via a wired
orwireless communication line. The communication device 30 performs information exchange with the onboard apparatus
200, information exchange within the driving assistance apparatus 100, and information exchange with the external of
the driving assistance system 1.

[0031] The drive planning device 10 will first be described.

[0032] The drive planning device 10 includes a processor 11 that serves as a control device of the drive planning
device 10. The processor 11 is a calculation device that performs an another vehicle determination process, a travel
route correction process, and a driving assistance process. The another vehicle determination process includes deter-
mining the presence or absence of another vehicle located laterally to the subject vehicle. The travel route correction
process includes correcting the travel route of the subject vehicle in accordance with the position of another vehicle
located laterally to the subject vehicle. The driving assistance process includes performing the driving assistance so
that the subject vehicle travels on the travel route. During the driving assistance, the travel route includes a travel route
presented in the preparation of the driving plan or a travel route corrected in the correction process. Specifically, the
processor 11 is a computer comprising a read only memory (ROM) that stores programs for executing the another
vehicle determination process, the travel route correction process, and the driving assistance process, a central process-
ing unit (CPU) as an operation circuit that executes the programs stored in the ROM to serve as the drive planning
device 10, and a random access memory (RAM) that serves as an accessible storage device.

[0033] The processor 11 according to the present embodiment executes the following processes:

(1) a process of calculating a travel route along which the subject vehicle travels, detecting another vehicle located
in the perpendicular direction to the tangential direction of the travel route, and determining the presence or absence
of the other vehicle located laterally to the subject vehicle on the basis of the position of the detected other vehicle
(another vehicle determination process);

(2) a process of correcting the travel route of the subject vehicle in accordance with a determination result determined
by the another vehicle determination process (travel route correction process); and

(3) a process of acquiring (detecting/extracting) a plurality of events encountered when traveling along the travel
route and controlling the subject vehicle in an automated or autonomous manner to travel along the travel route
using the relationship between each extracted event and the subject vehicle (automated or autonomous driving
process).

[0034] The processor 11 has a first block that realizes the another vehicle determination process, a second block that
realizes the travel route correction process, and a third block that executes the automated or autonomous driving process.
The processor 11 executes each of the above functions by cooperation of software for realizing each function or for
executing each process and the above-described hardware.

[0035] The calculation process for the travel route will first be described.
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[0036] The processor 11 calculates the travel route along which the subject vehicle is traveling or traveling is planned.
To calculate the travel route, the processor 11 acquires the subject vehicle information. The processor 11 acquires the
current position of the subject vehicle from the position detection device 221. The processor 11 refers to the map
information 222 to calculate the travel route using the acquired current position and traveling direction. The processor
11 may acquire the planned travel route, which is obtained by the navigation device 220, as the travel route. The processor
11 may acquire the guidance route from the current position to the destination, which is obtained by the navigation device
220, as the travel route. For the calculation process for the route of the subject vehicle, a scheme known at the time of
filing of the present application can be appropriately used.

[0037] With reference to FIG. 2, the process of setting a vehicle determination region will be described. FIG. 2 is a
diagram for describing the vehicle determination region. The description will be made with reference to an exemplary
case as illustrated in FIG. 2 in which the subject vehicle travels along a road with three lanes each way having a certain
curvature. Various control processes executed by the processor 11 can be applied not only to a road with three lanes
each way having a certain curvature but also to other road environments such as a straight road with two lanes each way.
[0038] The processor 11 acquires the positional information of the subject vehicle from the navigation device 220 and
acquires the external information of the subject vehicle from the object detection device 230. The processor 11 extracts
information on other vehicles from the acquired external information. The processor 11 specifies the direction in which
another vehicle is present, with respect to the current position of the subject vehicle. It suffices that the direction allows
the right side and the left side to be distinguished with respect to the current position of the subject vehicle. The right
side and the left side are in the perpendicular direction to the traveling direction of the subject vehicle. In addition, the
processor 11 specifies the vehicle speed of another vehicle from the external information.

[0039] The processor 11 sets a vehicle determination region on a lane other than the traveling lane of the subject
vehicle with reference to the travel route which is calculated by the calculation process for the travel route. The lane
other than the traveling lane of the subject vehicle is, for example, a lane adjacent to the lane in which the subject vehicle
is traveling at the moment (this lane will also be referred to as an "adjacent lane," hereinafter). The vehicle determination
region is set in accordance with the position of the vehicle, the speed of the vehicle, etc.

[0040] The vehicle determination region is represented by a closed area along the road shape. For example, when
the road shape is a curved shape as illustrated in FIG. 2, the vehicle determination region P is represented by a closed
area that includes curved lines. When the road shape is a linear shape, the vehicle determination region is represented
by a rectangular shape.

[0041] The processor 11 sets the travel route as a first axis and sets the lateral direction with respect to the subject
vehicle as a second axis, provided that the current position of the subject vehicle is the point of origin (0) on the map
data. The first axis and the second axis are the coordinate axes of the coordinate system which represents the vehicle
determination region. As illustrated in FIG. 2, for example, it is assumed that the subject vehicle V is traveling in a curve-
shaped lane. In this case, the first axis corresponds to the X axis illustrated in FIG. 2, and the second axis corresponds
to the Y axis illustrated in FIG. 2. The X axis is represented by a trajectory of a curved line along the curve-shaped lane.
The traveling direction of the subject vehicle is the positive direction of the X axis. The left side of the subject vehicle
(the left side with respect to the traveling direction) is in the positive direction of the Y axis.

[0042] The vehicle determination region is surrounded by two curved lines parallel to the X axis and two straight lines
parallel to the Y axis. When the vehicle determination region is expressed in the coordinate system, the straight line (d)
on the side of the traveling direction of the subject vehicle (the positive direction of the X axis) out of the two straight
lines is X=X, while the straight line (d,) on the opposite side to the traveling direction of the subject vehicle (in the
negative direction of the X axis) is X=X,. The right-side curved line (c;) out of the two curved lines is Y=Y, while the left-
side curved line (c,) is Y=Y, Values (X,, Xy, Y,, Y),) representing the curved lines and straight lines correspond to
threshold values for determining the position and size of the vehicle determination region.

[0043] The processor 11 calculates the threshold values (X, X, Y. Y},) using the following method in accordance
with the position of the subject vehicle, the direction of another vehicle, the vehicle speed of the subject vehicle, and the
vehicle speed of the other vehicle.

[0044] The processor 11 compares the absolute speed (V) of the subject vehicle with the absolute speed (V,) of the
other vehicle. When the absolute speed (V) of the subject vehicle is less than the absolute speed (V,) of the other
vehicle, the processor 11 calculates the threshold values (X, X;) using the following Equations (1) and (2).

[Equation 1]

X =0 (1)

[Equation 2]
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X, =(W,-V,)xT (2)

Here, T represents a margin time remaining for one vehicle to come close to the other vehicle and is preliminarily set.
The time (T) is, for example, a Time To Collision (TTC).

[0045] On the other hand, when the absolute speed (V) of the subject vehicle is not less than the absolute speed
(V) ofthe other vehicle, the processor 11 calculates the threshold values (X, X,) using the following Equations (3) and (4).
[Equation 3]

Xa:(I/e_Va)xT (3)

[Equation 4]

X, =0 (4)

[0046] The processor 11 specifies the direction of the other vehicle with respect to the current position of the subject
vehicle. The processor 11 also specifies the width of the lane on the basis of the external information of the subject
vehicle or the map information 222. When the width of the lane cannot be specified, the processor 11 specifies the
vehicle width (W) of the subject vehicle. The vehicle width (W) may be set to a larger width than the actual vehicle width
of the subject vehicle. For example, the vehicle width (W) may be setto a comparable length to an average width of lanes.
[0047] When the other vehicle is present on the left side of the subject vehicle, the processor 11 calculates the threshold
values (Y, Y),) using the following Equations (5) and (6).

[0048] [Equation 5]

w
Ya=——2— (5)

[Equation 6]

0]/ 4
="’2“ (6)

[0049] When the other vehicle is present on the right side of the subject vehicle, the processor 11 calculates the
threshold values (Y, Y),) using the following Equations (7) and (8).
[0050] [Equation 7]

I

R/ 4
y =22

[Equation 8]
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/4
Y, =—— (8)

[0051] With reference to the example of FIG. 3, the vehicle determination region set by the processor 11 will then be
described. As illustrated in FIG. 3, another vehicle B is traveling in the left-side adjacent lane to the traveling lane of the
subject vehicle A, and still another vehicle C is traveling in the right-side adjacent lane. The vehicle speed Vj of the
other vehicle B is smaller than the vehicle speed V4 of the subject vehicle A. The vehicle speed Vc of the other vehicle
C is larger than the vehicle speed V, of the subject vehicle A.

[0052] The processor 11 acquires the current positional information of the subject vehicle A and sets the current
position of the subject vehicle A to a reference point (corresponding to the point of origin of the coordinate system) for
setting the vehicle determination region. The processor 11 specifies that the other vehicle B is traveling ahead of the
subject vehicle A on the left side and that the other vehicle C is traveling behind the subject vehicle A on the right side.
[0053] The vehicle speed (V,) of the subject vehicle A is larger than the vehicle speed (Vi) of the other vehicle B;
therefore, the processor 11 calculates the threshold values (X, X;) using the Equations (3) and (4). The threshold (X,)
is (Vp-Vg) XT. The threshold value (X,=(V5-Vg)XT) is a positive value. The threshold value (Xy,) is zero. In addition, the
other vehicle B is located on the left side of the subject vehicle A; therefore, the processor 11 calculates the threshold
values (Y, Y},) using Equations (5) and (6). The threshold (Y ,) is W/2 and the threshold (Y}) is 3W/2. Then, the vehicle
determination region Py represented by the threshold values (X, X, Y, Y},) is set on the left-side adjacent lane to the
subject vehicle A, as illustrated in FIG. 3.

[0054] The processor 11 sets a vehicle determination region Pc also in the right-side adjacent lane because the other
vehicle C is traveling in the right-side adjacent lane. The vehicle speed (V,) of the subject vehicle A is smaller than the
vehicle speed (V) of the other vehicle C; therefore, the processor 11 calculates the threshold values (X, X,)) using the
Equations (1) and (2). The threshold value (X,) is zero. The threshold (X,) is (Vp-Vc)XT. The threshold value
(Xp=(Va-V)XT) is a negative value. In addition, the other vehicle C is located on the right side of the subject vehicle A,
therefore, the processor 11 calculates the threshold values (Y, Y,,) using Equations (7) and (8). The threshold (Y,) is
-(3W/2) and the threshold (Y},) is -(W/2). Then, the vehicle determination region Pc represented by the threshold values
(X4 Xp, Ya, Yp) is set on the right-side adjacent lane to the subject vehicle A, as illustrated in FIG. 3.

[0055] As described above, the processor 11 sets the vehicle determination regions on the adjacent lanes laterally to
the position of the subject vehicle. When the subject vehicle A comes relatively close to another vehicle traveling ahead
in the adjacent lane, the processor 11 sets the vehicle determination region on the adjacent lane ahead. When another
vehicle traveling behind in the adjacent lane comes relatively close to the subject vehicle, the processor 11 sets the
vehicle determination region on the adjacent lane behind.

[0056] The process of determining the presence or absence of another vehicle will then be described. After setting
the vehicle determination region, the processor 11 specifies the current position of the other vehicle on the basis of the
output result of the object detection device 230. Then, the processor 11 determines whether or not the current position
of the other vehicle falls within the vehicle determination region. Specifically, the processor 11 calculates coordinates
representing the current position of the other vehicle. When the position coordinates (X, Y) of the other vehicle satisfy
the following Equations (9) and (10), the processor 11 determines that the other vehicle is present laterally to the subject
vehicle. On the other hand, when the position coordinates (X, Y) of the other vehicle do not satisfy the following Equations
(9) and (10), the processor 11 determines that the other vehicle is not present laterally to the subject vehicle.
[Equation 9]

A
A

X, EX=X, (9)

[Equation 10]

Y,SY=SY, (10)

[0057] The travel route correction process will be described.

[0058] The processor 11 corrects the travel route in accordance with the determination result of the vehicle determi-
nation process. When another vehicle comes relatively close to the subject vehicle, the processor 11 corrects the travel
route of the subject vehicle so that the subject vehicle travels laterally away from the other vehicle.
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[0059] Specifically, the processor 11 calculates the position and vehicle speed of another vehicle present within a
vehicle determination region from the external information acquired from the object detection device 230. The processor
11 calculates each of the position of another vehicle located on the left side with respect to the traveling direction of the
subject vehicle and the position of still another vehicle located on the right side with respect to the traveling direction of
the subject vehicle.

[0060] FIG. 4isadiagram for describing the travel route correction process and is a conceptual diagram for describing
the travel route of the subject vehicle A and the positional relationships among vehicles A to C. Vehicle A is the subject
vehicle, and vehicles B and C are other vehicles. Notation of coordinate axes (X axis and Y axis) is the same as that in
FIGS. 2 and 3. The position of the other vehicle B is represented by coordinates (Xg, Yg), and the position of the other
vehicle C is represented by coordinates (X, Y¢). Pg represents the vehicle determination region used for determination
of the other vehicle B, and P represents the vehicle determination region used for determination of the other vehicle
C. The dotted arrow indicates the corrected travel route.

[0061] The processor 11 calculates a correction amount (AY ) for the travel route using the following Equation (11).
[Equation 11]

AY, =K,V + K, Y + K,V + Kelo (11)

[0062] Here, Ky, and Ky are correction coefficients, which are preliminarily set. For example, when the other vehicle
B or C is coming close to the subject vehicle A from behind, the correction coefficient (K/) is set such that the correction
amount (K Vg or K\V¢) increases as the vehicle speed of the other vehicle increases. For example, when the subject
vehicle A is coming close to the other vehicle B or C present ahead, the correction coefficient (Ky/) is set such that the
correction amount (K Vg or Ky/V) increases as the vehicle speed of the other vehicle decreases. In addition or alter-
natively, the correction coefficient (Ky) is set such that the correction amount (KyYg or Ky Yg) increases as the lateral
distance between the subject vehicle A and the other vehicle B or C is narrower, that is, as the coordinate in the Y
direction of the other vehicle B or C is smaller.

[0063] The correction amount (AY,) is a shift amount when the current travel route of the subject vehicle is shifted
in the Y-axis direction. That is, when the correction amount (AY ) is a positive value, the travel route of the subject
vehicle is shifted to the left side with respect to the traveling direction. On the other hand, when the correction amount
(AY ) is @ negative value, the travel route of the subject vehicle is shifted to the right side with respect to the traveling
direction. As the correction amount (AY ) increases, the shift amount of the travel route increases.

[0064] The processor 11 may calculate the correction amount (AY ) for the travel route using the following Equation
(12) instead of the above Equation (11).

[Equation 12]

AYref=KV(VB"VA)+KYYB+KV(VC“VA)+KYYC (12)

[0065] Here, the correction coefficient (Ky/) is set such that the correction amount (K\/(Vg-V,) or K\/(V-V,)) increases
as the relative speed (Vg-Vp or V-V, ) between the subject vehicle and the other vehicle increases.

[0066] When respective other vehicles are present in the left-side adjacent lane and the right-side adjacent lane, the
processor 11 calculates a correction amount upper limit (AY o max)- Specifically, the processor 11 calculates a left-side
inter-vehicle distance and a right-side inter-vehicle distance. The left-side inter-vehicle distance is a distance in the
vehicle width direction between the subject vehicle and the other vehicle present in the left-side adjacent lane. The right-
side inter-vehicle distance is a distance in the vehicle width direction between the subject vehicle and the other vehicle
present in the right-side adjacent lane. In the example of FIG. 4, Yg represents the left-side inter-vehicle distance and
Y ¢ represents the right-side inter-vehicle distance. The processor 11 sets a smaller distance of the left-side inter-vehicle
distance and the right-side inter-vehicle distance as the correction amount upper limit (AY ¢ max). When the correction
amount (AY ) is not less than the correction amount upper limit (AY ¢ ax), the processor 11 corrects the correction
amount (AY ) to a smaller value than the correction amount upper limit (AY o¢ max)-

[0067] When another vehicleis present only in the left-side adjacentlane, the processor 11 may calculate the correction
amount (AY ) using the following Equation (13).

[Equation 13]
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AY,,, =K, V. + KT, (13)

[0068] When another vehicle is present only in the right-side adjacent lane, the processor 11 may calculate the cor-
rection amount (AY ) using the following Equation (14).
[Equation 14]

AY, =K,V + K.Y (14)

[0069] Thatis, when determining that another vehicle is present on the left side with respect to the traveling direction
of the subject vehicle, the processor 11 calculates the correction amount such that the travel route shifts to a route on
the right side with respect to the traveling direction, and corrects the travel route. On the other hand, when determining
that another vehicle is present on the right side with respect to the traveling direction of the subject vehicle, the processor
11 calculates the correction amount such that the travel route shifts to a route on the left side with respect to the traveling
direction, and corrects the travel route.

[0070] After calculating the correction amount (AY ), the processor 11 corrects the travel route of the subject vehicle
using the calculated correction amount (AY ). Addition of the correction amount (AY ) to the Y coordinate of the travel
route allows the travel route to be corrected because the travel route is represented by the coordinate system using the
X axis and the Y axis. Thus, the processor 11 corrects the travel route by shifting the travel route before correction in
the perpendicular direction to the traveling direction of the subject vehicle. In this operation, if the correction amount
(AY,f) is merely added to the travel route before correction, the corrected travel route may be bent at the correction
point at which the correction is performed. To prevent the occurrence of such a bending point on the corrected travel
route, the processor 11 adds a correction amount through multiple stages so that the travel route before correction
gradually approaches the travel route (corrected traveling route) to which the correction amount (AY ) is added. The
correction amount to be added at each stage is, for example, a value obtained by dividing the correction amount (AY )
by a predetermined correction time. The correction time is a period during which the correction is executed. For example,
the correction time increases as the speed of the subject vehicle increases. That is, the processor 11 corrects the travel
route so that the correction amount increases with time.

[0071] The automated or autonomous driving process will be described.

[0072] The processor 11 controls the drive device 260 and the steering device 270 so that the subject vehicle travels
along the travel route. In this operation, when the travel route of the subject vehicle is corrected by the travel route
correction process, the processor 11 controls the drive device 260 and the steering device 270 on the basis of the
corrected travel route. Although a specific control method in the automated or autonomous driving process is not described
in detail, a control method known at the time of filing of the present application, for example, can be used.

[0073] With reference to FIG. 5, the control flow of the processor 11 will then be described. The control process
executed by the processor 11 includes the another vehicle determination process and the travel route correction process,
which will be described. The processor 11 repeatedly executes the control flow illustrated in FIG. 5 at predetermined
intervals.

[0074] In step S1, the processor 11 acquires the subject vehicle information from the navigation device 220 and the
detection device 250. The subject vehicle information, which is information on the subject vehicle, includes at least the
positional information and vehicle speed information of the subject vehicle.

[0075] Instep S2,the processor 11 acquires the external information from the object detection device 230. The external
information includes at least information on other vehicles. In step S3, the processor 11 calculates the travel route of
the subject vehicle.

[0076] In step S4, the processor 11 sets one or more vehicle determination regions. Specifically, the processor 11
uses the object detection device 230 to detect another vehicle located in the perpendicular direction to the tangential
direction of the travel route of the subject vehicle. The processor 11 sets the vehicle determination region laterally to the
position of the subject vehicle.

[0077] In step S5, the processor 11 determines the presence or absence of another vehicle located laterally to the
subject vehicle, on the basis of the detected position of the other vehicle. When the position of the detected other vehicle
falls within the vehicle determination region, the processor 11 determines that the other vehicle is present laterally to
the subject vehicle. The control flow proceeds to step S6. On the other hand, when the position of the detected other
vehicle does not fall within the vehicle determination region, the processor 11 determines that the other vehicle is not
present laterally to the subject vehicle. The control flow thus concludes.

[0078] In step S6, the processor 11 calculates the correction amount in accordance with the position of the detected
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other vehicle, the speed of the detected other vehicle, the position of the subject vehicle, and the vehicle speed of the
subject vehicle.

[0079] In step S7, the processor 11 corrects the travel route in accordance with the calculated correction amount. The
control flow thus concludes.

[0080] As described above, according to one or more embodiments of the present invention, the travel route of the
subject vehicle is calculated, another vehicle located in the perpendicular direction to the tangential direction of the travel
route is detected, and the presence or absence of another vehicle located laterally to the subject vehicle is determined
on the basis of the position of the detected other vehicle. Through this operation, the presence or absence of another
vehicle can be determined even in a situation in which the lane detection is difficult.

[0081] Accordingto one or more embodiments of the present invention, the vehicle determination region is set laterally
to the position of the subject vehicle, and when the position of the detected other vehicle falls within the vehicle deter-
mination region, a determination is made that the other vehicle is present laterally to the subject vehicle. Through this
operation, the presence or absence of another vehicle present laterally to the subject vehicle can be determined even
in a situation in which the lane detection is difficult.

[0082] According to one or more embodiments of the present invention, the vehicle determination region is set on at
least one of the left side and the right side with respect to the traveling direction of the subject vehicle. Through this
operation, the presence or absence of another vehicle present laterally to the subject vehicle on the left side and/or the
presence or absence of another vehicle present laterally to the subject vehicle on the right side can be determined even
in a situation in which the lane detection is difficult.

[0083] According to one or more embodiments of the present invention, the size of the vehicle determination region
is set in accordance with the speed of the subject vehicle and the speed of the other vehicle. Through this operation,
the presence or absence of a close vehicle can be determined with consideration for the possibility of collision.

[0084] According to one or more embodiments of the present invention, the size of the vehicle determination region
in the perpendicular direction is set in accordance with the width of a lane or the width of a vehicle. The perpendicular
direction refers to a direction perpendicular to the traveling direction. This allows the vehicle determination region to be
set along with the actual traffic environment. Consequently, the accuracy in determination of the presence or absence
of another vehicle can be enhanced.

[0085] According to one or more embodiments of the present invention, the travel route is corrected in accordance
with the determination result made by the vehicle determination process. This allows a safe and secure travel route to
be generated even in a situation in which the lane detection is difficult.

[0086] According to one or more embodiments of the present invention, when another vehicle comes relatively close
to the subject vehicle, the travel route is corrected so that the subject vehicle travels laterally away from the other vehicle.
Through this operation, even in a situation in which the lane detection is difficult, a safe and secure travel route can be
generated when the other vehicle comes close to the subject vehicle.

[0087] According to one or more embodiments of the present invention, when a determination is made that another
vehicle is present on the left side with respect to the traveling direction of the subject vehicle, the travel route is corrected
so that the travel route shifts to a route on the right side with respect to the traveling direction. This allows a safe and
secure travel route to be generated when the other vehicle comes close to the subject vehicle from the left side.
[0088] According to one or more embodiments of the present invention, when a determination is made that another
vehicle is present on the right side with respect to the traveling direction of the subject vehicle, the travel route is corrected
so that the travel route shifts to a route on the left side with respect to the traveling direction. This allows a safe and
secure travel route to be generated when the other vehicle comes close to the subject vehicle from the right side.
[0089] According to one or more embodiments of the present invention, when a determination is made that another
vehicle is present on the left side with respect to the traveling direction of the subject vehicle and still another vehicle is
present on the right side with respect to the traveling direction of the subject vehicle, a shorter distance of the left-side
inter-vehicle distance and the right-side inter-vehicle distance is set as a correction amount upper limit, a correction
amount smaller than the correction amount upper limit is calculated in accordance with the determination result made
by the vehicle determination process, and the travel route is corrected using the calculated correction amount. This can
prevent the corrected travel route from interfering with the travel route of another vehicle or from coming close to the
travel route of another vehicle, and a safe and secure travel route can therefore be generated.

[0090] According to one or more embodiments of the present invention, the correction amount is calculated in accord-
ance with at least one value of the position and speed of another vehicle detected, and the travel route is corrected using
the calculated correction amount. Through this operation, the presence or absence of a close vehicle can be determined
with consideration for the possibility of collision.

[0091] According to one or more embodiments of the present invention, the travel route is corrected by adding the
correction amount to the travel route before correction of the subject vehicle, and the correction amount is increased
with time. This can prevent the travel route from rapidly varying when corrected.

[0092] According to one or more embodiments of the present invention, the travel route is corrected by shifting the
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travel route in the perpendicular direction to the traveling direction of the subject vehicle. For example, when the travel
route is corrected during travel of the subject vehicle in a lane having a certain curvature, the corrected travel route is
shifted parallel in the radial direction. Through this operation, even if variation occurs in the value of the position of a
close vehicle, such as due to recognition errors of the vehicle during gyration, it is possible to suppress disturbance of
the corrected travel route.

[0093] In a modified example of one or more embodiments of the present invention, when the position of another
vehicle becomes a state of falling outside the vehicle determination region during correction of the travel route, the
processor 11 reduces the correction amount with time. Another vehicle as referred to herein is a vehicle to be determined
by the vehicle determination process. In an embodiment according to the modified example, the travel route is corrected
so as to come away from another vehicle which comes close to the subject vehicle. Then, when the other vehicle which
has come close disappears from around the subject vehicle, correction is no longer necessary and the processor 11
therefore returns the corrected travel route to the travel route before correction. In this operation, the processor 11
gradually reduces the correction amount with time. This correction amount corresponds to the difference between the
travel route which has been corrected and the travel route before correction. This can prevent the travel route from
rapidly varying when corrected.

[0094] In one or more embodiments of the present invention, the vehicle determination process and the travel route
correction process can be executed by the processor 11 not only for an adjacent lane but also for a further adjacent
lane to the adjacent lane.

[Description of Reference Numerals]

[0095]
10 Drive planning device
11 Processor

20 Output device

30 Communication device
50 Object detection device
70 Vehicle controller

100 Driving assistance apparatus
120  Navigation device

200 Onboard apparatus
210  Vehicle controller

220  Navigation device

221 Position detection device
222  Map information

223  Road information

230 Object detection device
231 Camera

232 Radar device

240  Output device

241  Display

242  Speaker

250 Detection device

250  Output device

251  Steering angle sensor
252  Vehicle speed sensor
253  Attitude sensor

260 Drive device

261  Braking device

270  Steering device

Claims

1. Avehicle determination method for determining presence or absence of another vehicle using a processor configured
to execute an another vehicle determination process, the vehicle determination method comprising:
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calculating a travel route of a subject vehicle;

detecting the other vehicle located in a perpendicular direction to a tangential direction of the travel route; and
determining the presence or absence of the other vehicle located laterally to the subject vehicle on a basis of
a position of the detected other vehicle.

The vehicle determination method according to claim 1, comprising:

setting a vehicle determination region laterally to a position of the subject vehicle; and
when the position of the detected other vehicle falls within the vehicle determination region, determining that
the other vehicle is present laterally to the subject vehicle.

The vehicle determination method according to claim 2, comprising:
setting the vehicle determination region on each of a left side and a right side with respect to a traveling direction
of the subject vehicle.

The vehicle determination method according to claim 2 or 3, comprising:
setting a size of the vehicle determination region in accordance with a speed of the subject vehicle and a speed of
the other vehicle.

The vehicle determination method according to any one of claims 2 to 4, comprising:
setting a size of the vehicle determination region in the perpendicular direction in accordance with a width of a lane
or a width of a vehicle.

A travel route correction method comprising:
correcting the travel route in accordance with a determination result determined by the vehicle determination method
according to any one of claims 1 to 5.

The travel route correction method according to claim 6, comprising:
when the other vehicle comes relatively close to the subject vehicle, correcting the travel route so that the subject
vehicle travels laterally away from the other vehicle.

The travel route correction method according to claim 6 or 7, comprising:

when determining that the other vehicle is present on a left side with respect to a traveling direction of the subject
vehicle, correcting the travel route so that the travel route shifts to a route on a right side with respect to the traveling
direction.

The travel route correction method according to any one of claims 6 to 8, comprising:

when determining that the other vehicle is present on a right side with respect to a traveling direction of the subject
vehicle, correcting the travel route so that the travel route shifts to a route on a left side with respect to the traveling
direction.

The travel route correction method according to any one of claims 6 to 9, comprising:

when determining that the other vehicle is present on a left side with respect to a traveling direction of the subject
vehicle and still another vehicle is present on a right side with respect to the traveling direction of the subject
vehicle, setting a shorter distance of a left-side inter-vehicle distance and a right-side inter-vehicle distance as
a correction amount upper limit;

calculating a correction amount smaller than the correction amount upper limit in accordance with the determi-
nation result; and

correcting the travel route using the calculated correction amount.

The travel route correction method according to any one of claims 6 to 10, comprising:
calculating a correction amount in accordance with at least one value of a position and a speed of the detected
other vehicle; and

correcting the travel route using the calculated correction amount.

The travel route correction method according to any one of claims 6 to 11, comprising:
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calculating a correction amount for correcting the travel route;
correcting the travel route by adding the correction amount to the travel route before correction; and
increasing the correction amount with time.

The travel route correction method according to any one of claims 6 to 11, comprising:

setting a vehicle determination region laterally to a position of the subject vehicle;

when the position of the detected other vehicle falls within the vehicle determination region, determining that
the other vehicle is present laterally to the subject vehicle;

calculating a correction amount for correcting the travel route;

correcting the travel route by adding the correction amount to the travel route before correction; and

when the position of the other vehicle to be determined becomes a state of falling outside the vehicle determi-
nation region during correction of the travel route, reducing the correction amount with time.

The travel route correction method according to any one of claims 6 to 13, comprising:
correcting the travel route by shifting the travel route before correction in the perpendicular direction.

A vehicle determination apparatus comprising: a sensor acquiring external information of a subject vehicle; and a
processor executing an another vehicle determination process,

the sensor being configured to detect another vehicle located in a perpendicular direction to a tangential direction
of a travel route of the subject vehicle,

the processor being configured to:

calculate the travel route; and
determine presence or absence of the other vehicle located laterally to the subject vehicle on a basis of a
position of the other vehicle detected by the sensor.

A travel route correction apparatus comprising the vehicle determination apparatus according to claim 15,

the processer being further configured to correct the travel route in accordance with a determination result when
determining that the other vehicle is present laterally to the subject vehicle.
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