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DESCRIPTION

TITLE OF INVENTION: OBSTACLE DETECTION DEVICE OF ARTICULATED
VEHICLE, OPERATION SYSTEM OF ARTICULATED VEHICLE, AND

OBSTACLE DETECTION METHOD OF ARTICULATED VEHICLE

TECHNICAL FIELD
[0001]

The present disclosure relates to an obstacle detection device of an
articulated vehicle, an operation system of an articulated vehicle, and an obstacle

detection method of an articulated vehicle.

BACKGROUND ART
[0002]

In the articulated vehicle, a towing vehicle on a head side and a towed
vehicle on a chassis side are connected by a coupling mechanism comprised of a
coupler on the head side and a kingpin on the chassis side. Since the articulated
vehicle configured in this way has a large inner wheel difference, there is a risk of
entrapping surrounding obstacles when turning while driving.

[0003]

In order to prevent the entrapment of surrounding obstacles when turning
the articulated vehicle, there is a technique for predicting the turning trajectory of the
articulated vehicle and determining whether or not an obstacle exists in the predicted
trajectory (see Patent Literature 1).

[0004]
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In the vehicle entrapment prevention device using such a technology, for
example, an actual steering angular speed is calculated from the actual steering angle
of the detected articulated vehicle, and the future turning trajectory of the articulated
vehicle is calculated based on the actual steering angle, the actual steering angular
speed, and the detected vehicle speed. Then, the device then sets an area through
which the articulated vehicle will pass after a predetermined time based on the future
turning trajectory, and detects obstacles that may be entrapped by determining
whether or not an obstacle recognized by a scanning radar that monitors the
surrounding of the vehicle exists in the set area. This entrapment prevention device
of vehicle can predict the turning trajectory from the start of the turn of the articulated
vehicle to the steady turn, and can set the area to be monitored when turning the

articulated vehicle.

CITATION LIST
PATENT LITERATURE
[0005]
Patent Literature 1: Japanese Patent Laid-Open Publication No. 2000-

171560

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM
[0006]
When the articulated vehicle turns, a connection angle between the towing
vehicle and the towed vehicle changes according to the steering angle, and the

relative position of the towed vehicle with respect to the towing vehicle and the
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attitude of the articulated vehicle are also changed. Therefore, when the scanning
radar used for obstacle detection processing as described above is installed on the
towing vehicle, a part of the towed vehicle is included in the detection range by the
scanning radar, and the towed vehicle may be mistakenly recognized as an obstacle.
Further, when the scanning radar is installed on the towed vehicle, a part of the towing
vehicle is included in the detection range by the scanning radar, and there is a risk
that the towing vehicle is mistakenly recognized as an obstacle. If such a false
recognition occurs, the detection accuracy of obstacles that may be entrapped when
turning the articulated vehicle may be reduced.
[0007]

An object of the present disclosure is to provide an obstacle detection device
of an articulated vehicle, an operation system of an articulated vehicle, and an
obstacle detection method of an articulated vehicle, which can accurately detect an

obstacle that may be entrapped when the articulated vehicle is turning while driving.

SOLUTION TO PROBLEM
[0008]

An obstacle detection device of an articulated vehicle, of the present
disclosure, is connected to an obstacle sensor configured to detect obstacles in a
surrounding of a towing vehicle and a towed vehicle towed by the towing vehicle.
The obstacle detection device comprises a surrounding area calculation unit
configured to calculate a surrounding area in a turning direction of the towing vehicle
and the towed vehicle when the towing vehicle and the towed vehicle turn, a passage
area calculation unit configured to calculate a passage prediction area when the

towing vehicle and the towed vehicle turn, a monitoring area calculation unit
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configured to calculate an area in which the surrounding area detected by the
surrounding area calculation unit and the passage prediction area calculated by the
passage area calculation unit overlap as a monitoring area, and an obstacle detection
unit configured to output an obstacle detection information indicating that an obstacle
that may be entrapped by a turning of the towing vehicle and the towed vehicle has
been detected, in response to the obstacle detected by the obstacle sensor being
detected within the monitoring area.

[0009]

The monitoring area calculation unit may calculate an area excluding an area
in front of the towing vehicle as the monitoring area.
[0010]

The passage area calculation unit may calculate, as the passage prediction
area, an area to be passed by the towing vehicle and the towed vehicle before
traveling a braking distance on a turning trajectory.

[0011]

The passage area calculation unit may calculate, as the passage prediction
area, a first passage prediction area through which the towing vehicle and the towed
vehicle pass before moving the braking distance by stopping suddenly, and a second
passage prediction area through which the stopped towing vehicle and the towed
vehicle pass before moving the braking distance by stopping slowly. The monitoring
area calculation unit may calculate an area in which the surrounding area and the first
passage prediction area overlap as a first monitoring area, and an area in which the
surrounding area and the second passage prediction area overlap as a second
monitoring area. The obstacle detection unit may output an obstacle detection

information to which information indicating whether a position of the detected
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obstacle is in the first monitoring area or the second monitoring area is added in
response to the obstacle being detected by the obstacle sensor in the first monitoring
area or the second monitoring area.

[0012]

An operation system of an articulated vehicle, of the present disclosure
comprises an operation control unit connected to the obstacle detection device. The
operation control unit may output a stop instruction to the towing vehicle in response
to acquiring the obstacle detection information output from the obstacle detection
device.

[0013]

An operation system of an articulated vehicle, of the present disclosure,
comprises an operation control unit connected to the obstacle detection device. The
operation control unit may determine whether a position of the obstacle is within the
first monitoring area or the second monitoring area based on the information added
to the obstacle detection information in response to acquiring obstacle detection
information output from the obstacle detection device, output a sudden stop
instruction to the towing vehicle in response to determining that the position of the
obstacle is within the first monitoring area, and output a slow stop instruction to the
towing vehicle in response to determining that the position of the obstacle is within
the second monitoring area.

[0014]

The operation control unit may output an instruction to maintain a current
steering angle in response to acquiring the obstacle detection information output from
the obstacle detection device.

[0015]
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The towing vehicle may include an autonomous driving mechanism. The
operation control unit may output the stop instruction and the instruction to maintain
the steering angle to the autonomous driving mechanism.

[0016]

An obstacle detection method of an articulated vehicle, of the present
disclosure, detects an obstacle in a surrounding of a towing vehicle and a towed
vehicle towed by the towing vehicle. The obstacle detection method comprises a
surrounding area calculation step for calculating a surrounding area in a turning
direction of the towing vehicle and the towed vehicle when the towing vehicle and
the towed vehicle turn, a passage prediction area calculation step for calculating a
passage prediction area when the towing vehicle and the towed vehicle turn, a
monitoring area calculation step for calculating an area in which the surrounding area
detected by the surrounding area calculation step and the passage prediction area
calculated by the passage prediction area calculation step overlap as a monitoring
area, and an obstacle detection step for outputting an obstacle detection information
indicating that an obstacle that may be entrapped by a turning of the towing vehicle
and the towed vehicle has been detected, in response to the obstacle detected by the
obstacle sensor being detected within the monitoring area, wherein the obstacle
sensor is configured to detect an obstacle in a surrounding of the towing vehicle and

the towed vehicle.

EFFECTS OF INVENTION
[0017]
According to the obstacle detection device of the articulated vehicle, the

operation system of the articulated vehicle, and the obstacle detection method of the
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articulated vehicle, of the present disclosure, can accurately detect an obstacle that

may be entrapped when the articulated vehicle is turning while driving.

BRIEF DESCRIPTION OF DRAWINGS
[0018]

[Fig. 1A] Fig. 1A is a diagram viewed from side of an articulated vehicle
equipped with an autonomous driving system using an obstacle detection device
according to the first embodiment.

[Fig. 1B] Fig. 1B is a diagram viewed from above of an articulated vehicle
equipped with an autonomous driving system using the obstacle detection device
according to the first embodiment.

[Fig. 2] Fig. 2 is a block diagram showing an example of a configuration of
an autonomous driving system using the obstacle detection device according to the
first embodiment or the second embodiment.

[Fig. 3] Fig. 3 is a flowchart showing an example of an operation performed
by the obstacle detection device according to the first embodiment when the
articulated vehicle turns.

[Fig. 4] Fig. 4 is a flowchart showing an example of an operation of a
calculation process of a monitoring area executed by the obstacle detection device
according to the first embodiment.

[Fig. 5] Fig. 5 is a diagram showing a surrounding area calculated by the
obstacle detection device according to the first embodiment.

[Fig. 6] Fig. 6 is an explanatory diagram of a turning center and a turning
radius of the axle of the towing vehicle X calculated by the obstacle detection device

according to the first embodiment.
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[Fig. 7] Fig. 7 is an explanatory diagram of the predicted braking distance
and monitoring area of the towing vehicle X calculated by the obstacle detection
device according to the first embodiment.

[Fig. 8] Fig. 8 is an explanatory diagram of a vehicle stop model held by the
obstacle detection device according to the first embodiment.

[Fig. 9] Fig. 9 is a diagram showing a passage prediction area of the towed
vehicle Y calculated by the obstacle detection device according to the first
embodiment.

[Fig. 10A] Fig. 10A is a diagram viewed from side of an articulated vehicle
equipped with an autonomous driving system using the obstacle detection device
according to the second embodiment.

[Fig. 10B] Fig. 10B is a diagram viewed from above of an articulated vehicle
equipped with an autonomous driving system using the obstacle detection device
according to the second embodiment.

[Fig. 11] Fig. 11 is a flowchart illustrating an example of an operation
executed by the obstacle detection device according to the second embodiment when
the articulated vehicle turns.

[Fig. 12] Fig. 12 is an explanatory diagram of the first predicted braking
distance, a second predicted braking distance, a first monitoring area, and a second
monitoring area of the towing vehicle X, calculated by the obstacle detection device
according to the second embodiment.

[Fig. 13A] Fig. 13A is an explanatory diagram of a first vehicle stop model
held by the obstacle detection device according to the second embodiment.

[Fig. 13B] Fig. 13B is an explanatory diagram of a second vehicle stop

model held by the obstacle detection device according to the second embodiment.
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[Fig. 14] Fig. 14 is a diagram showing the surrounding area calculated by

the obstacle detection device according to another embodiment.

DESCRIPTION OF EMBODIMENTS

[0019]

[First Embodiment]

(Configuration of an autonomous driving system using an obstacle detection device
of an articulated vehicle according to the first embodiment)

The configuration of an autonomous driving system using an obstacle
detection device of an articulated vehicle according to the first embodiment will be
described with reference to Figs. 1A, 1B, and 2. The autonomous driving system 1A
according to the present embodiment is mounted on, for example, an articulated
vehicle C. The articulated vehicle C exemplified in the figure is comprised of a
towing vehicle X on the head side and a towed vehicle Y on the chassis side, and the
towing vehicle X and the towed vehicle Y are connected by a coupling mechanism Z.
Further, the towing vehicle X may include an autonomous driving mechanism (not
shown). In the following description, a vehicle equipped with the autonomous driving
mechanism is referred to as an autonomous driving vehicle.

[0020]

The autonomous driving mechanism of the towing vehicle X can control an
autonomous driving function of the towing vehicle X based on instructions output
from an operation control unit 50 described later. The configuration of the
autonomous driving mechanism is not particularly limited. For example, the
autonomous driving mechanism may include an ECU (Electronic Control Unit, not

shown), a steering control unit (not shown), and a brake control unit (not shown).
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The operation control unit 50 may also serve as the ECU. The steering control unit
may be, for example, a steering actuator that drives in response to a signal output
from the ECU. That is, the steering control unit can set the steering angle of the
towing vehicle X. The brake control unit may be, for example, a brake motor driven
in response to a signal output from the ECU. The brake motor can set a pressing force
of a brake pad on a brake rotor and control a deceleration of the towing vehicle X.
That is, the brake control unit can control the deceleration of the towing vehicle X.
In addition, by-wire technology may be applied to the autonomous driving
mechanism. The by-wire technology may include steering-by-wire technology and
brake-by-wire technology. The autonomous driving function is a function that
automatically controls the operation of the vehicle based on the surrounding
conditions of the vehicle, the state of the vehicle, and the like, regardless of driving
operations such as steering and pedal operation by the occupants. When the towing
vehicle X is equipped with an autonomous driving function, the towing vehicle X is
capable of autonomous driving that automatically accelerates, decelerates, steers, and
the like without operation by the occupants. Further, the autonomous driving may
include a case where acceleration, deceleration, steering, etc. of the towing vehicle
X are automatically performed without operation by the occupant in a predetermined
traveling environment such as in any facility, for example.

[0021]

Fig. 1A 1s a diagram viewed from the side of the articulated vehicle C
equipped with the autonomous driving system 1A, and Fig. 1B is a diagram viewed
from above when the articulated vehicle C is turning to the left. Fig. 2 is a block
diagram showing an example of the configuration of the autonomous driving system.

[0022]
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The towing vehicle X exemplified in the figure includes front wheels W
and W> and rear wheels W3 and W4 connected in the vehicle width direction by axles
WA . The rear wheels W3 and W4 are drive wheels. That is, the axle WA is a drive
shaft that connects a pair of drive wheels in the width direction. The drive shaft is
not limited to an integrally formed shaft, and may be divided, for example, at a
predetermined position. Further, the towed vehicle Y includes wheels Ws and W
connected by axles WA».

[0023]

As illustrated in Fig. 2, the autonomous driving system 1A includes an
obstacle detection device 40 and an operation control unit 50. Further, the
autonomous driving system 1A exemplified in the figure includes obstacle sensors
30a and 30b as obstacle sensors 30. The obstacle sensor 30 can detect one or more
obstacles in the vicinity of the towing vehicle X and the towed vehicle Y. The obstacle
sensor 30 is connected to the obstacle detection device 40. Further, an angle sensor
10 and a vehicle speed sensor 20 may be connected to the obstacle detection device
40.

[0024]

The angle sensor 10 detects the connection angle between the towing vehicle
X and the towed vehicle Y by the coupling mechanism Z. The vehicle speed sensor
20 detects the vehicle speed of the articulated vehicle C. The obstacle sensor 30a may
be installed on the left side of the towing vehicle X and may be able to detect
obstacles that are within the range F, for example, 180° along the left side of the
towing vehicle X, as exemplified in Fig. 1B. The obstacle sensor 30b may be installed
on the right side of the towing vehicle X and may be able to detect obstacles within

the range of, for example, 180° along the right side of the towing vehicle X. The
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obstacle sensors 30a and 30b may be configured with, for example, an optical sensor.
[0025]

The obstacle detection device 40 includes a surrounding area calculation unit
41, a passage area calculation unit 42, a monitoring area calculation unit 43, and an
obstacle detection unit 44. The obstacle detection device 40 may include a general -
purpose microcomputer having a CPU (Central Processing Unit), a memory, an input
/ output unit, and the like. In the memory of the microcomputer, a computer program
is installed that includes a predetermined rule or instruction for detecting obstacles
that may be entrapped by the turning of the articulated vehicle C. By executing the
computer program, the microcomputer can perform a process for detecting the
obstacle. Further, the obstacle that may be entrapped by the turning of the articulated
vehicle C is, for example, an obstacle that may collide with the side of the towing
vehicle X or the side of the towed vehicle Y on the turning direction side when the
traveling articulated vehicle C turns. That is, "entrapment" means a collision between
an obstacle on the side of the turning direction side of the articulated vehicle C.
[0026]

The surrounding area calculation unit 41 calculates, for example, a
surrounding area on the turning direction side of the towing vehicle X and the towed
vehicle Y in a case that the towing vehicle X and the towed vehicle Y turn when the
connection angle is equal to or greater than a predetermined value and the vehicle
speed is equal to or greater than a predetermined value. The surrounding area is an
area extending around the articulated vehicle C and surrounds the articulated vehicle
C. The passage area calculation unit 42 calculates, for example, a passage prediction
area in a case that the connection angle detected by the angle sensor 10 is equal to or

greater than a predetermined value and the vehicle speed detected by the vehicle
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speed sensor 20 is equal to or greater than a predetermined value. The passage
prediction area may be an area in which the towing vehicle X and the towed vehicle
Y are predicted to pass by the time they move the braking distance on the turning
trajectory. The braking distance is the distance traveled from the time the brakes are
applied to the time the vehicle stops.

[0027]

The monitoring area calculation unit 43 calculates a monitoring area. The
monitoring area is an area in which the surrounding area calculated by the
surrounding area calculation unit 41 and the passage prediction area calculated by
the passage area calculation unit 42 overlap. Among the obstacles detected by the
obstacle sensors 30a and 30b, the obstacle detection unit 44 detects an obstacle within
the monitoring area calculated by the monitoring area calculation unit 43 as an
obstacle that may be entrapped by the turning of the towing vehicle X and the towed
vehicle Y. Further, if the obstacle sensors 30a and 30b detect one obstacle and the
obstacle is within the monitoring area, the obstacle may be detected as an obstacle
that may be entrapped by the turning of the towing vehicle X and the towed vehicle
Y. When the obstacle detection unit 44 detects an obstacle that may be entrapped due
to the turning of the towing vehicle X and the towed vehicle Y, an obstacle detection
information is output to the operation control unit 50. The obstacle detection
information is information indicating that an obstacle that may be entrapped by the
turning of the towing vehicle X and the towed vehicle Y has been detected.

[0028]

The operation control unit 50 is connected to the obstacle detection device

40 and can control the traveling of the towing vehicle X. The operation control unit

50 may control the traveling of the towing vehicle X by outputting an instruction to
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the autonomous driving mechanism. Further, when the operation control unit 50
acquires the obstacle detection information from the obstacle detection unit 44, it
outputs a command to maintain the steering angle to the towing vehicle X, and further
outputs a stop instruction to control the autonomous driving mechanism. The stop
instruction is an instruction to stop the operation of the towing vehicle X. The
operation control unit 50 may include a general-purpose microcomputer having a
CPU, a memory, an input / output unit, and the like. In the memory of the
microcomputer, a computer program is installed that includes default rules or
instructions for controlling the traveling of the towing vehicle X. By executing the
computer program, the microcomputer can execute a process for controlling the
traveling of the towing vehicle X.
[0029]
(Operation of the autonomous driving system according to the first embodiment)
Next, an example of the operation of the autonomous driving system 1A
according to the present embodiment will be described with reference to the
flowchart of Fig. 3. In the present embodiment, while the articulated vehicle C is
traveling, the angle sensor 10 detects the connection angle between the towing
vehicle X and the towed vehicle Y under the coupling mechanism Z at a
predetermined time interval, and the vehicle speed sensor 20 detects the vehicle speed
of the articulated vehicle C at a predetermined time interval. Further, the obstacle
sensor 30a detects obstacles in the surrounding of the left side of the towing vehicle
X and the towed vehicle Y at a predetermined time interval, and the obstacle sensor
30b detects obstacles in the surrounding of the right side of the towing vehicle X and
the towed vehicle Y.

[0030]
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When the vehicle speed sensor 20 detects a vehicle speed equal to or greater
than a first threshold and the angle sensor 10 detects a connection angle equal to or
greater than a second threshold ("YES" in step S1), the obstacle detection device 40
executes a calculation process of the monitoring area for monitoring the presence or
absence of obstacles (step S2). Here, a speed at which it can be recognized that the
articulated vehicle C is traveling may be set in advance as the first threshold. Further,
an angle at which it can be recognized that the articulated vehicle C is turning may
be set in advance as the second threshold.

[0031]

An example of the calculation process of the monitoring area executed by
the obstacle detection device 40 in step S2 will be described with reference to the
flowchart of Fig. 4. When the calculation process of the monitoring area is started,
the surrounding area calculation unit 41 first calculates the surrounding area on the
turning direction side of the towing vehicle X and the towed vehicle Y (step S21).
[0032]

For example, when the articulated vehicle C is turning to the left as shown
in Fig. 5, the surrounding area D on the left side of the towing vehicle X and the
towed vehicle Y is calculated, based on the vehicle widths of the towing vehicle X
and the towed vehicle Y and the detected connection angle. As the vehicle width of
the towing vehicle X used for the calculation of the surrounding area D, a value Dh1
may be used, wherein the value Dhl is obtained by adding a margin o for absorbing
a cumulative error and a measurement error to an actual vehicle width Dh of the
actual towing vehicle X. Further, as the vehicle width of the towed vehicle Y, a value
Dcl may be used wherein the value Dcl is obtained by adding the margin a to the

actual vehicle width Dc.
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[0033]

Further, when the calculation process of the monitoring area is started, the
passage area calculation unit 42 calculates the passage prediction area until the
towing vehicle X and the towed vehicle Y move by the braking distance on the turning
trajectory. An example of the calculation process of the passage prediction area of
the towing vehicle X and the towed vehicle Y will be described with reference to Figs.
6-8.

[0034]

First, the passage area calculation unit 42 calculates the turning center and
the turning radius of the axle WA of the rear wheels W3 and W4, which are the drive
wheels of the towing vehicle X, based on the connection angle detected by the angle
sensor 10 (step S22 in Fig. 4). As shown in Fig. 6, the angle sensor 10 detects the
angle 0 formed by the line Qh and the line Qc as the connection angle. The line Qh
is a line connecting the connection position Po and the center Ph of the axle WA in
the direction in which the axle WA1 is extended. The line Qc is a line connecting the
connection position Po between the towing vehicle X and the towed vehicle Y and
the center Pc of the axle WA in the direction where the axle WA of the towed vehicle
Y is extended. This connection angle is equal to the angle formed by the axle WA of
the towing vehicle X and the axle WA» of the towed vehicle Y, and the passage area
calculation unit 42 recognizes this angle as the turning angle 6.

[0035]

The passage area calculation unit 42 calculates the intersection point
between the extension line of the axle WA of the towing vehicle X and the extension
line of the axle WA, of the towed vehicle Y as the turning center Ptc of the center Ph

of the axle WA . Further, the passage area calculation unit 42 calculates the distance
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between the center Ph of the axle WA | and the turning center Ptc as the turning radius
Rh of the center Ph of the axle WA .
[0036]
The turning radius Rh of the center Ph of the axle WA is calculated by the
following equation (1).
[Equation 1]
L. — Ly /cosB

R, = L, - tanf 1
h <ind +L, - tan (1)

Here, Lc is the distance between the connection position Po and the center Pc of the
axle WA, of the towed vehicle Y, and Lh is the distance between the connection
position Po and the center Ph of the axle WA .

[0037]

Next, the passage area calculation unit 42 calculates the predicted braking
distance of the center Ph of the axle WA (step S23 in Fig. 4). In the state exemplified
in Fig. 7, the towing vehicle X and the towed vehicle Y of the articulated vehicle C
traveling at a predetermined speed are present at the positions indicated by the solid
line. The predicted braking distance of the center Ph of the axle WA | will be explained
by taking as an example a case where the articulated vehicle C is decelerated at a
predetermined speed and stopped by applying a brake from such a state.

[0038]

The passage area calculation unit 42 holds information set in advance, where
the information is on a vehicle stop model and indicates a relationship between a
speed change when the articulated vehicle C stops and a time until the stop. This
model is equivalent to the vehicle stop model used when the articulated vehicle C

detects an obstacle and stops. Fig. 8 shows an example of the vehicle stop model held
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by the passage area calculation unit 42.
[0039]

Fig. 8 shows the vehicle stop model in a case that the articulated vehicle C
travels at a speed V, brakes at time t;, decelerates at deceleration a, and stops at a stop
time t2. The area indicated by the diagonal line in Fig. 8 corresponds to the predicted
braking distance H of the center Ph of axle WA (see Fig. 7). More specifically, the
predicted braking distance H is calculated by the following equation (2).

[0040]

[Equation 2]
VZ
H = (VT +2) xS+H, (2)

Here, T is the time of the difference between the time t; and the time t2, S is a safety
factor reflecting the margin for error and the like, and Hs is the distance of the margin
for detecting contact with the obstacle in advance.

[0041]

The passage area calculation unit 42 calculates the predicted braking
distance H using this vehicle stop model. Further, the passage area calculation unit
42 calculates a position where the center Ph of the axle WA | has moved on the arc S
by the estimated braking distance H as the predicted stop position. The arc S is a
turning trajectory with Ptc as the turning center and Rh as the turning radius. For
example, when the towing vehicle X and the towed vehicle Y are in the positions
indicated by the solid lines of Fig. 7, the passage area calculation unit 42 calculates
the positions of the towing vehicle X and the towed vehicle Y indicated by the dotted
lines as the predicted stop positions.

[0042]
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At this time, the predicted braking distance H corresponds to the distance at
which the center Ph of the axle WA | moved on the arc S by an angle of 6 with respect
to the turning center Ptc, and the angle & is indicated by the following equation (3).

[Equation 3]

H

0 =— (3)

Rp

[0043]

Next, the passage area calculation unit 42 calculates the passage prediction
area until the center Ph of the axle WA moves the predicted braking distance H on
the turning trajectory and stops at the predicted stop position (step S24 in Fig. 4).
This passage prediction area is the area AB that combines the passage prediction area
A of the towing vehicle X and the passage prediction area B of the towed vehicle Y,
which are surrounded by the thick line in Fig. 7. Note that the passage prediction area
A is an area in which the passage of the towing vehicle X is predicted. The passage
prediction area B is the area in which the passage of the towed vehicle Y is predicted.
[0044]

Next, the passage area calculation unit 42 calculates an overlapping area
between the surrounding area D calculated in step S21 and the passage prediction
area AB calculated in step S24 as the monitoring area E (see step S25 in Fig. 4). The
monitoring area E is an area where the presence or absence of obstacles that may be
entrapped by the turning of the articulated vehicle C is monitored. The explanation
of the calculation process of the monitoring area ends.

[0045]

Returning to the flowchart of Fig. 3, the obstacle detection unit 44
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determines whether or not there is an obstacle in the monitoring area E based on the
information detected by the obstacle sensor 30 (step S3). When the obstacle detection
unit 44 determines that there is an obstacle in the monitoring area E ("YES" in step
S3), the obstacle detection information is output to the operation control unit 50. The
obstacle detection information is information indicating that an obstacle that may be
entrapped by the turning of the articulated vehicle C has been detected.

[0046]

When the operation control unit 50 acquires the obstacle detection
information, the operation control unit 50 outputs a command to maintain the steering
angle to the towing vehicle X (step S4), and further outputs a stop instruction (step
S5). Based on the command acquired from the operation control unit 50, the towing
vehicle X stops the vehicle body by decelerating with a deceleration a based on the
vehicle stop model of Fig. 8 while maintaining the steering angle by the autonomous
driving. Maintaining the steering angle of the towing vehicle X may be performed,
for example, by maintaining command value for the steering angle or by locking the
steering. Further, the stop of the towing vehicle X may be executed by outputting a
command to reduce vehicle speed to zero to the ECU or the by-wire device installed
on towing vehicle X.

[0047]

In step S3, when the obstacle detection unit 44 determines that there is no
obstacle in the monitoring area E ("NO" in step S3), the process returns to step Sl
and the process is repeated.

[0048]
According to the above first embodiment, when the traveling articulated

vehicle C turns, it is suppressed that a part of the body of the articulated vehicle C is
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misrecognized as an obstacle. Therefore, it is possible to accurately detect obstacles
that may be entrapped by turning. Thereby, it is possible to suppress the occurrence
of a collision between the detected obstacle and the articulated vehicle C.
Furthermore, it is possible to suppress the deceleration or stop of the articulated
vehicle C due to misrecognition of the obstacle. That is, the articulated vehicle C can
be driven more appropriately.

[0049]

Further, when an obstacle that may be entrapped is detected, the operation
control unit 50 can output an instruction to the autonomous driving mechanism to
perform a brake operation while maintaining the steering angle of the articulated
vehicle C. Therefore, it is possible to suppress an increase in the risk of contact
between the articulated vehicle C and the obstacle due to changing the steering angle
to move toward the obstacle during the idle traveling time after braking operation.
[0050]

Further, the monitoring area E can be accurately calculated by using a model
equivalent to the vehicle stop model for detecting an obstacle and stopping as a
vehicle stop model for calculating the braking distance of the articulated vehicle C
during turning.

[0051]

In the first embodiment described above, since an inner wheel difference
occurs when the articulated vehicle C turns while traveling, the trajectory of
movement of the towing vehicle X is smaller than the trajectory of the movement of
the towed vehicle Y. Therefore, the passage prediction area B of the towed vehicle Y
is larger than the passage prediction area A of the towing vehicle X.

[0052]
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Therefore, when used for the calculation of the monitoring area E, the
passage prediction area A of the towing vehicle X may not be calculated, and only
the passage prediction area B of the towed vehicle Y may be calculated as shown by
the thick line in Fig. 9. In this case, the passage prediction area A of the towing
vehicle X may not be considered in the calculation of the monitoring area E. Further,
the monitoring area E may be calculated using a preset fixed area or an area set by
approximate calculation as the passage prediction area A of the towing vehicle X.
[0053]

When the passage prediction area A is set by approximate calculation, for
example, the vehicle body passage area may be set as the passage prediction area A
by assuming that the towing vehicle X moves a predicted braking distance H in the
direction of travel and moves in translation by the vehicle length of towing vehicle
X multiplied by tan & in a direction perpendicular to the direction of travel. By
performing this process, it is possible to reduce the additional processing when the
obstacle detection device 40 calculates the monitoring area E.

[0054]

In the first embodiment, the case where the obstacle sensors 30a and 30b are
installed on the towing vehicle X has been described, but as shown in Figs. 10A and
10B, the obstacle sensors 30c and 30d as obstacle sensors 30 may be installed in the
left and right portions of the towed vehicle Y. In this case, for example, as shown in
Fig. 10B, the obstacle sensor 30c on the left side of the towed vehicle Y may detect
an obstacle within the range of 180° along the left side of the towed vehicle Y.
[0055]

[Second Embodiment]

Since the articulated vehicle loads and transports luggage, if it stops
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suddenly, a strong force is applied to the luggage, and there is a risk that the luggage
will come into contact with each other. Therefore, when the articulated vehicle turns
and an obstacle that may be entrapped by the turn is detected, it is desirable to stop
the articulated vehicle before it comes into contact with the obstacle while avoiding
a sudden stop.

[0056]

In the second embodiment, the autonomous driving system 1B will be
described. When the articulated vehicle turns, the autonomous driving system 1B sets
the deceleration according to the area in which an obstacle that may be entrapped by
the turn is detected and stops the articulated vehicle.

[0057]
(Configuration of an autonomous driving system according to the second
embodiment)

As illustrated in Figs. 10A and 10B, the configuration of the autonomous
driving system 1B according to the second embodiment is the same as that of the
autonomous driving system 1A of the first embodiment, except that the obstacle
sensors 30c and 30d are installed on the towed vehicle Y. A detailed description of
the parts having the same function is omitted.

[0058]

In the present embodiment, the passage area calculation unit 42 calculates a
first passage prediction area as the passage prediction area. The first passage
prediction area may be an area through which the towing vehicle X and the towed
vehicle Y pass before moving the braking distance by stopping suddenly. Further, the
passage area calculation unit 42 calculates a second passage prediction area as the

passage prediction area. The second passage prediction area may be an area through

23



10

15

20

25

which the towing vehicle X and the towed vehicle Y pass before moving the braking
distance by stopping slowly. The sudden stop of the towing vehicle X and the towed
vehicle Y may be performed by decelerating the speed of the towing vehicle X and
the towed vehicle Y with a deceleration a; described later, which is a first deceleration.
That is, the first passage prediction area may be an area through which the towing
vehicle X and the towed vehicle Y decelerated by the deceleration a; pass before
moving the braking distance. Further, the slow stop of the towing vehicle X and the
towed vehicle Y may be performed by decelerating the speed of the towing vehicle
X and the towed vehicle Y with a deceleration a» described later, which is a second
deceleration. That is, the second passage prediction area may be an area through
which the towing vehicle X and the towed vehicle Y decelerated by the deceleration
a2 smaller than the deceleration a; pass before moving the braking distance.

[0059]

Further, in the present embodiment, the monitoring area calculation unit 43
calculates an area in which the calculated surrounding area and the first passage
prediction area overlap as a first monitoring area. Further, the monitoring area
calculation unit 43 calculates an area in which the calculated surrounding area and
the second passage prediction area overlap as a second monitoring area.

[0060]

Further, in the present embodiment, the obstacle detection unit 44 outputs
obstacle detection information when detecting an obstacle within the first monitoring
area or the second monitoring area among the obstacle detected by the obstacle
sensors 30c and 30d. At that time, the obstacle detection unit 44 outputs the obstacle
detection information by adding information indicating whether the position of the

detected obstacle is within the first monitoring area or the second monitoring area.
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Further, when the obstacle sensors 30c and 30d detect one obstacle and the obstacle
is within the first monitoring area or the second monitoring area, the obstacle
detection unit 44 may output the obstacle detection information.

[0061]

Further, in the present embodiment, when the operation control unit 50
acquires the obstacle detection information output from the obstacle detection unit
44, the operation control unit 50 determines whether the position of the obstacle is
within the first monitoring area or the second monitoring area based on the
information added to the obstacle detection information. When it is determined that
the position of the obstacle is within the first monitoring area, the operation control
unit 50 outputs a sudden stop instruction as a first stop instruction to the towing
vehicle X, and when it is determined that the position of the obstacle is within the
second monitoring area, the operation control unit 50 outputs a slow stop instruction
as a second stop instruction to the towing vehicle X. The sudden stop instruction is
an instruction to stop the towing vehicle X suddenly. When stopping the towing
vehicle X suddenly, the traveling speed of the towing vehicle X may be reduced by
deceleration ai, for example. The slow stop instruction is an instruction to stop the
towing vehicle X slowly. When stopping the towing vehicle X slowly, the traveling
speed of the towing vehicle X may be reduced by deceleration a», for example. Here,
the value of the deceleration a> is set to a value smaller than the value of the
deceleration a;. That is, the deceleration az of the towing vehicle X set in the slow
stop instruction may be smaller than the deceleration a; of the towing vehicle X set
in the sudden stop instruction.

[0062]

(Operation of the autonomous driving system according to the second embodiment)
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Next, an example of the operation of the autonomous driving system 1B
according to the present embodiment will be described with reference to the
flowchart of Fig. 11. When the vehicle speed sensor 20 detects a vehicle speed equal
to or greater than the first threshold and the angle sensor 10 detects a connection
angle equal to or greater than the second threshold ("YES" in step S11), the obstacle
detection device 40 executes the calculation process of the first monitoring area and
the second monitoring area (step S12). The calculation process of the first monitoring
area and the second monitoring area is the same process as the process shown in the
flowchart of Fig. 4 described in the first embodiment.

[0063]

Here, in the step of the calculation process of the monitoring area
corresponding to step S23, when the passage area calculation unit 42 calculates the
predicted braking distance, two predicted braking distance, i.e., a first predicted
braking distance H; and a second predicted braking distance H» are calculated. The
first predicted braking distance H; is the predicted braking distance of the center Ph
of the axle WA when the towing vehicle X stops suddenly at a large deceleration.
The second predicted braking distance H» is the predicted braking distance of the
center Ph of the axle WA when the towing vehicle X stops slowly at a small
deceleration. That is, as shown in Fig. 12, the first predicted braking distance H; is a
shorter distance than the second predicted braking distance H».

[0064]

The passage area calculation unit 42 holds information on a first vehicle stop
model and a second vehicle stop model set in advance. The first vehicle stop model
is a model that shows the relationship between the speed change when the articulated

vehicle C stops suddenly and the time until the stop. The second vehicle stop model
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is a model that shows the relationship between the speed change when the articulated
vehicle C stops slowly and the time until the stop. Fig. 13A is an example of the first
vehicle stop model held by the passage area calculation unit 42. Fig. 13B is an
example of the second vehicle stop model held by the passage area calculation unit
42.
[0065]

Fig. 13A shows the vehicle stop model in a case that the articulated vehicle
C travels at speed V1, brakes suddenly at time t;, decelerates at deceleration a;, and
stops at stop time t3. For example, the deceleration a; may be a greater value than the
deceleration a (see Fig. 8). The area indicated by the diagonal line in Fig. 13A
corresponds to the first predicted braking distance Hi of the center Ph of the axle
WA when the towing vehicle X stops suddenly, and specifically, the first predicted

braking distance H; is calculated by the following equation (4).

[0066]
[Equation 4]

V1?2
Hy= (V1T + E) xS+H, (4)

Here, T is the time of the difference between time t; and time t3. S is a safety factor
that reflects the margin against errors. Hs is the distance of the margin for detecting
contact with an obstacle in advance.
[0067]

Fig. 13B shows the vehicle stop model when the articulated vehicle C travels
at speed V2, brakes suddenly at time ti, decelerates at deceleration a, and stops at
stop time t4. The value of the deceleration a» is set to a value smaller than the value

of the deceleration a;. Further, the deceleration a> may be, for example, a value
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smaller than the deceleration a; and smaller than the deceleration a. The area
indicated by the diagonal line in Fig. 13B corresponds to the second predicted braking
distance H> of the center Ph of the axle WA | when the towing vehicle X stops slowly,
and specifically, the second predicted braking distance H» is calculated by the
following equation (5).
[0068]
[Equation 5]

V22

Hp = (VT + =) X S+H, (5)

2{12

Here, T is the time of the difference between time t; and time t4. S is a safety factor
that reflects the margin against errors. Hs is the distance of the margin for detecting
contact with an obstacle in advance.
[0069]

Next, as illustrated in Fig. 12, the passage area calculation unit 42 calculates
the first passage prediction area A1Bi. The first passage prediction area A1B; is a
passage prediction area until the center Ph of the axle WA | moves the first predicted
braking distance H; on the turning trajectory and stops. Further, the passage area
calculation unit 42 calculates the second passage prediction area A>B»>. The second
passage prediction area A;B; is a passage prediction area until the center Ph of the
axle WA | moves the second predicted braking distance H» on the turning trajectory
and stops.
[0070]

Next, the monitoring area calculation unit 43 calculates an overlapping area
between the calculated surrounding area and the first passage prediction area A 1B as

the first monitoring area E; when the articulated vehicle C stops suddenly. Further,
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the monitoring area calculation unit 43 calculates an area excluding the first
monitoring area E; from an overlapping area between the calculated surrounding area
and the second passage prediction area A>B> as the second monitoring area E> when
the articulated vehicle C is stopped slowly. That is, the first monitoring area E; is an
area adjacent to the vehicle body of the towing vehicle X and the towed vehicle Y,
and the second monitoring area E> is adjacent to the first monitoring area E;.

[0071]

Returning to the flowchart of Fig. 11, the obstacle detection unit 44
determines whether or not there is an obstacle in the calculated first monitoring area
E1 or the second monitoring area E> based on the information detected by the obstacle
sensor 30 (step S13). Here, the second monitoring area E» is adjacent to the first
monitoring area E; and exists on the traveling side of the articulated vehicle C, and
the obstacle sensors 30c and 30d are installed on the rear towed vehicle Y to detect
obstacles. Therefore, the occurrence of the occlusion area is suppressed, and the
presence or absence of obstacles in the monitoring areas E; and E> can be more
reliably monitored.

[0072]

When the obstacle detection unit 44 determines that there is an obstacle in
these areas ("YES" in step S13), the obstacle detection unit 44 outputs obstacle
detection information to the operation control unit 50, wherein information indicating
whether the position of the obstacle is within the first monitoring area E; or within
the second monitoring area E: is added to the obstacle detection information. In step
S13, when the obstacle detection unit 44 determines that there are no obstacles in the
monitoring areas E; and E> ("NO" in step S13), the process returns to step S11 and

the process is repeated.
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[0073]

When the operation control unit 50 acquires the obstacle detection
information, the operation control unit 50 outputs a command to maintain the steering
angle to the towing vehicle X (step S14). Further, the operation control unit 50
determines whether the position of the obstacle is in the first monitoring area E or
the second monitoring area E> based on the information added to the obstacle
detection information (step S15).

[0074]

Here, when the operation control unit 50 determines that the position of the
obstacle is within the first monitoring area E; ("YES" in step S15), the operation
control unit 50 outputs the sudden stop instruction to the towing vehicle X (step S16).
When the towing vehicle X acquires the sudden stop instruction from the operation
control unit 50, for example, performs a braking operation to stop suddenly at
deceleration a; based on the first vehicle stop model of Fig. 13A while maintaining
the steering angle.

[0075]

Further, in step S15, when the operation control unit 50 determines that the
position of the obstacle is within the second monitoring area E» ("NO" in step S15),
the operation control unit 50 outputs the slow stop instruction to the towing vehicle
X (step S17). When the towing vehicle X acquires the slow stop instruction from the
operation control unit 50, for example, performs a brake operation to stop slowly at
deceleration a> based on the second vehicle stop model of Fig. 13B while maintaining
the steering angle.

[0076]

According to the above second embodiment, when an obstacle that may be
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entrapped when the traveling articulated vehicle C turns is detected, the obstacle
detection device 40 can provide highly accurate obstacle detection information to the
operation control unit 50 with information on the position of the obstacle. The
operation control unit 50 uses information on the position of the obstacle added to
the obstacle detection information. Therefore, while avoiding the sudden stop of the
articulated vehicle C more reliably, it is possible to more reliably suppress contact
between the articulated vehicle C and the obstacle.

[0077]

In the first embodiment and the second embodiment described above, the
towing vehicle X that is an autonomous driving vehicle may be equipped with a
function to monitor the area in front thereof. In the autonomous driving systems 1A
and 1B, the monitoring area calculation unit 43 may calculate an area excluding the
area in front of the towing vehicle X as the monitoring area to monitor the presence
or absence of obstacles.

[0078]

Taking the first embodiment as an example, when the surrounding area
calculation unit 41 calculates the surrounding area D, the area up to the front end of
the towing vehicle X may be calculated as shown in Fig. 14. Further, the monitoring
area calculation unit 43 may calculate the monitoring area excluding the area in front
of the towing vehicle X. Thereby, it is possible to suppress a decrease in the
monitoring accuracy when monitoring an obstacle that may be entrapped by the
turning of the articulated vehicle C, and to reduce the processing load of the obstacle
detection device 40. When the towing vehicle X turns, the obstacle detection range
in front of the towing vehicle X, which is the direction of travel, changes greatly in

a short time. Therefore, the processing load is greatly reduced.
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[0079]

Further, in the first embodiment and the second embodiment described
above, the case where the towing vehicle X is an autonomous driving vehicle has
been described, but the towing vehicle X may be a vehicle driven by a human. That
is, the autonomous driving systems 1A and 1B may be an operation system of an
articulated vehicle that is not the autonomous driving vehicle. Further, the
autonomous driving systems 1A and 1B may be used when the towing vehicle X
which is an autonomous driving vehicle is operated by the operation of the occupants.
In that case, for example, when the operation control unit 50 outputs the command to
maintain the steering angle, the steering of the towing vehicle X is locked, and when
the stop instruction is output, a warning to the driver may be performed.

[0080]

Next, the action effect of the obstacle detection device of the articulated
vehicle, the operation system of the articulated vehicle, and the obstacle detection
method of the articulated vehicle described above will be described.

[0081]

(1) The obstacle detection device 40 of the articulated vehicle C is connected
to an obstacle sensor 30 that detects obstacles in the surrounding of the towing vehicle
X and the towed vehicle Y towed by the towing vehicle X. The obstacle detection
device 40 includes the surrounding area calculation unit 41 that calculates the
surrounding area D in the turning direction of the towing vehicle X and the towed
vehicle Y when the towing vehicle X and the towed vehicle Y turn. Further, the
obstacle detection device 40 includes the passage area calculation unit 42 that
calculates the passage prediction area AB, A, B, A1Bi, and A2B> when the towing

vehicle X and the towed vehicle Y turn. Further, the obstacle detection device 40
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includes the monitoring area calculation unit 43 that calculates the area in which the
surrounding area D detected by the surrounding area calculation unit 41 and the
passage prediction area AB, A, B, AiB1, and A>B; calculated by the passage area
calculation unit 42 overlap as the monitoring area E, E1, and E,. Further, the obstacle
detection device 40 includes the obstacle detection unit 44 that outputs the obstacle
detection information indicating that an obstacle that may be entrapped by the turning
of the towing vehicle X and the towed vehicle Y has been detected, in response to the
obstacle detected by the obstacle sensor 30 being detected within the monitoring area
E, E1, Ex.

[0082]

Thereby, when the traveling articulated vehicle C turns, it is suppressed that
a part of the body of the articulated vehicle C is misrecognized as an obstacle.
Therefore, the obstacle detection device 40 can accurately detect an obstacle that may
be entrapped by the turning of the articulated vehicle C. Further, the obstacle
detection device 40 can output information about the obstacle.

[0083]

(2) The monitoring area calculation unit 43 may calculate the area excluding
the area in front of the towing vehicle X as the monitoring area E, E1, and Eo».
[0084]

Thereby, it is possible to suppress a decrease in the accuracy of monitoring
obstacles that may be entrapped by the turning of the articulated vehicle C, and to
reduce the processing load of the obstacle detection device 40.

[0085]
(3) The passage area calculation unit 42 may calculate, as the passage

prediction area AB, A, B, A1B1, A2B2, the area to be passed by the towing vehicle X
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and the towed vehicle Y before traveling the braking distance on the turning trajectory.
[0086]

Thereby, the obstacle detection device 40 can calculate a more accurate
passage prediction area. Therefore, it is possible to more reliably detect obstacles that
may be entrapped by the turning of the articulated vehicle C.

[0087]

(4) The passage area calculation unit 42 may calculate the first passage
prediction area A1B1 and the second passage prediction area A>B» as the passage
prediction area AB, A, B, A1B1, A2B2, wherein the first passage prediction area A 1B
is an area through which the towing vehicle X and the towed vehicle Y pass before
moving the braking distance by stopping suddenly, and the second passage prediction
area A2B> is an area through which the towing vehicle X and the towed vehicle Y
pass before moving the braking distance by stopping slowly. The monitoring area
calculation unit 43 may calculate the area in which the surrounding area D and the
first passage prediction area A1Bi overlap as the first monitoring area Ei, and may
calculate the area in which the surrounding area D and the second passage prediction
area A2B: overlap as the second monitoring area E>. The obstacle detection unit 44
may output the obstacle detection information to which information indicating
whether the position of the detected obstacle is in the first monitoring area E or the
second monitoring area E» is added in response to the obstacle being detected by the
obstacle sensor 30 in the first monitoring area E| or the second monitoring area Eo>.
[0088]

Thereby, when an obstacle that may be entrapped by the turning of the
articulated vehicle C during traveling is detected, the obstacle detection device 40

can output more accurate obstacle detection information to which information on the
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position of the obstacle is added.
[0089]

(5) The operation systems 1A and 1B of the articulated vehicle C may be the
operation system of the articulated vehicle having the operation control unit 50
connected to the obstacle detection device 40 of the articulated vehicle C. The
operation control unit 50 may output the stop instruction to the towing vehicle X in
response to acquiring obstacle detection information output from the obstacle
detection device 40.

[0090]

Thereby, when the traveling articulated vehicle C turns, it is suppressed that
a part of the body of the articulated vehicle C is misrecognized as an obstacle.
Therefore, it is possible to accurately detect obstacles that may be entrapped in the
turning articulated vehicle C. Then, the operation systems 1A and 1B stop the towing
vehicle X based on the obstacle detection information acquired from the obstacle
detection device 40. Therefore, it is possible to suppress the collision between the
articulated vehicle C and the obstacle at the time of turning of the articulated vehicle
C. Furthermore, it is possible to suppress decelerating or stopping of the articulated
vehicle C due to misrecognition of the obstacle. That is, the articulated vehicle C can
be driven more appropriately.

[0091]

(6) The operation system 1B of the articulated vehicle C may be the
operation system 1B of the articulated vehicle C having the operation control unit
connected to the obstacle detection device 40 of the articulated vehicle C. The
operation control unit 50 may determine whether the position of the obstacle is within

the first monitoring area E; or the second monitoring area E; based on the information
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added to the obstacle detection information in response to acquiring obstacle
detection information output from the obstacle detection device 40. Further, the
operation control unit 50 may output the sudden stop instruction to the towing vehicle
X in response to determining that the position of the obstacle is within the first
monitoring area Ei. Further, the operation control unit 50 may output the slow stop
instruction to the towing vehicle X in response to determining that the position of the
obstacle is within the second monitoring area Eo».

[0092]

Thereby, when an obstacle that may be entrapped when the traveling
articulated vehicle C turns is detected, the obstacle detection device 40 can provide
the operation control unit 50 with highly accurate obstacle detection information to
which information related to the position of the obstacle is added. Then, the operation
control unit 50 outputs the stop instruction using information on the position of the
obstacle added to the obstacle detection information. Therefore, while avoiding the
sudden stop of the articulated vehicle C more reliably, it is possible to more reliably
suppress contact between the articulated vehicle C and the obstacle.

[0093]

(7) The operation control unit 50 may output the instruction to maintain the
current steering angle in response to acquiring obstacle detection information output
from the obstacle detection device 40.

[0094]

Thereby, the risk of contact between the articulated vehicle C and the
obstacle can be more reliably suppressed due to the steering angle being changed to
move toward the obstacle during the idle traveling time after braking operation.

[0095]
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(8) The towing vehicle X includes the autonomous driving mechanism, and
the operation control unit 50 may output the stop instruction and the instruction to
maintain the steering angle to the autonomous driving mechanism.

[0096]

As aresult, when an obstacle that may be entrapped in the turning articulated
vehicle C is detected, the autonomous driving mechanism is controlled so as to
perform braking operation while maintaining the steering angle of the articulated
vehicle C. Therefore, it is possible to reliably suppress the risk of contact between
the articulated vehicle C and the obstacle due to changing the steering angle to move
toward the obstacle during the idle traveling time after braking operation.

[0097]

(9) The obstacle detection method of the articulated vehicle C detects
obstacles in the surrounding of the towing vehicle X and the towed vehicle Y towed
by the towing vehicle X. The method includes the surrounding area calculation step
for calculating the surrounding area D in the turning direction of the towing vehicle
X and the towed vehicle Y when the towing vehicle X and the towed vehicle Y turn.
The method includes the passage prediction area calculation step for calculating the
passage prediction area AB, A, B, A1Bi1, A2B> when the towing vehicle X and the
towed vehicle Y turn. The method includes the monitoring area calculation step for
calculating the area in which the surrounding area D detected by the surrounding area
calculation step and the passage prediction area AB, A, B, A1B1, and A;B; calculated
by the passage prediction area calculation step overlap as the monitoring area E, E 1,
and E>. The method includes the obstacle detection step for outputting the obstacle
detection information indicating that an obstacle that may be entrapped by the turning

of the towing vehicle X and the towed vehicle Y has been detected, in response to the
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obstacle detected by the obstacle sensor 30 being detected within the monitoring area
E, Ei, E2, wherein the obstacle sensor 30 detects obstacles in the surrounding of the
towing vehicle X and the towed vehicle Y.

[0098]

Thereby, when the traveling articulated vehicle C turns, it is suppressed that
a part of the body of the articulated vehicle C is misrecognized as an obstacle.
Therefore, it is possible to accurately detect obstacles that may be entrapped by the
turning of the articulated vehicle C. Further, information related to the obstacle can
be output.

[0099]

Although some embodiments have been described, it is possible to modify
or transform the embodiments based on the above disclosure contents. All
components of the above embodiment, and all the features described in the claims,
may be individually extracted and combined as long as they do not contradict each
other.

[0100]

This disclosure can, for example, contribute to Goal 11 of the Sustainable
Development Goals (SDGs), "Make cities and human settlements inclusive, safe,
resilient and sustainable."

[0101]

This application claims priority based on Japanese Patent Application No.

2021-169566 filed on October 15, 2021, and the entire content of this application is

incorporated herein by reference.
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[0102]

1A, 1B autonomous driving system

10

20

angle sensor

vehicle speed sensor

30, 30a, 30b, 30c, 30d obstacle sensor

40 obstacle detection device

41 surrounding area calculation unit

42 passage area calculation unit

43 monitoring area calculation unit

44 obstacle detection unit

50 operation control unit

AB, A, B passage prediction area

A1B1  first passage prediction area (passage prediction area)
AoB>  second passage prediction area (passage prediction area)
C articulated vehicle

D surrounding area

E monitoring area

Ei first monitoring area (monitoring area)

E> second monitoring area (monitoring area)

X towing vehicle

Y towed vehicle
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CLAIMS

[Claim 1]

An obstacle detection device of an articulated vehicle, connected to an
obstacle sensor configured to detect obstacles in a surrounding of a towing vehicle
and a towed vehicle towed by the towing vehicle, comprising:

a surrounding area calculation unit configured to calculate a surrounding
area in a turning direction of the towing vehicle and the towed vehicle when the
towing vehicle and the towed vehicle turn,

a passage area calculation unit configured to calculate a passage prediction
area when the towing vehicle and the towed vehicle turn,

a monitoring area calculation unit configured to calculate an area in which
the surrounding area detected by the surrounding area calculation unit and the
passage prediction area calculated by the passage area calculation unit overlap as a
monitoring area, and

an obstacle detection unit configured to output an obstacle detection
information indicating that an obstacle that may be entrapped by a turning of the
towing vehicle and the towed vehicle has been detected, in response to the obstacle

detected by the obstacle sensor being detected within the monitoring area.

[Claim 2]
The obstacle detection device of the articulated vehicle, according to claim
1, wherein the monitoring area calculation unit is configured to calculate an area

excluding an area in front of the towing vehicle as the monitoring area.
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[Claim 3]

The obstacle detection device of articulated vehicle, according to claim 1 or
2, wherein the passage area calculation unit is configured to calculate, as the passage
prediction area, an area to be passed by the towing vehicle and the towed vehicle

before traveling a braking distance on a turning trajectory.

[Claim 4]
The obstacle detection device of the articulated vehicle, according to claim
3, wherein
the passage area calculation unit is configured to calculate, as the passage
prediction area,
a first passage prediction area through which the towing vehicle and
the towed vehicle pass before moving the braking distance by stopping suddenly, and
a second passage prediction area through which the stopped towing
vehicle and the towed vehicle pass before moving the braking distance by stopping
slowly,
the monitoring area calculation unit is configured to calculate
an area in which the surrounding area and the first passage
prediction area overlap as a first monitoring area, and
an area in which the surrounding area and the second passage
prediction area overlap as a second monitoring area, and
the obstacle detection unit is configured to output an obstacle detection
information to which information indicating whether a position of the detected
obstacle is in the first monitoring area or the second monitoring area is added in

response to the obstacle being detected by the obstacle sensor in the first monitoring
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area or the second monitoring area.

[Claim 5]

An operation system of an articulated vehicle, comprising an operation
control unit connected to the obstacle detection device according to any one of claims
1 to 3, wherein the operation control unit is configured to output a stop instruction to
the towing vehicle in response to acquiring the obstacle detection information output

from the obstacle detection device.

[Claim 6]

An operation system of an articulated vehicle, comprising an operation
control unit connected to the obstacle detection device according to claim 4, wherein
the operation control unit is configured to

determine whether a position of the obstacle is within the first monitoring
area or the second monitoring area based on the information added to the obstacle
detection information in response to acquiring obstacle detection information output
from the obstacle detection device,

output a sudden stop instruction to the towing vehicle in response to
determining that the position of the obstacle is within the first monitoring area, and

output a slow stop instruction to the towing vehicle in response to

determining that the position of the obstacle is within the second monitoring area.

[Claim 7]
The operation system of the articulated vehicle, according to claim 5 or 6,

wherein the operation control unit is configured to output an instruction to maintain
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a current steering angle in response to acquiring the obstacle detection information

output from the obstacle detection device.

[Claim 8]

The operation system of the articulated vehicle, according to claim 7,
wherein

the towing vehicle includes an autonomous driving mechanism, and

the operation control unit is configured to output the stop instruction and the

instruction to maintain the steering angle to the autonomous driving mechanism.

[Claim 9]

An obstacle detection method of an articulated vehicle, detecting an obstacle
in a surrounding of a towing vehicle and a towed vehicle towed by the towing vehicle,
comprising:

a surrounding area calculation step for calculating a surrounding area in a
turning direction of the towing vehicle and the towed vehicle when the towing vehicle
and the towed vehicle turn,

a passage prediction area calculation step for calculating a passage
prediction area when the towing vehicle and the towed vehicle turn,

a monitoring area calculation step for calculating an area in which the
surrounding area detected by the surrounding area calculation step and the passage
prediction area calculated by the passage prediction area calculation step overlap as
a monitoring area, and

an obstacle detection step for outputting an obstacle detection information

indicating that an obstacle that may be entrapped by a turning of the towing vehicle
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and the towed vehicle has been detected, in response to the obstacle detected by the
obstacle sensor being detected within the monitoring area, wherein the obstacle
sensor is configured to detect an obstacle in a surrounding of the towing vehicle and

the towed vehicle.
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