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(57) Abstract: In avoiding an obstacle on a travel path, the obstacle is avoided safety and etficiently without interfering with travel
of vehicles in an adjacent lane disposed to the side of the lane in which the subject vehicle is traveling. An obstacle avoidance sys -
tem in which a traveling lane 210 of a subject vehicle and an adjacent lane 510 are disposed side by side, and in which an obstacle
401 to the front on the traveling lane 210 is avoided by passing on the side of the obstacle 401 closest to the adjacent lane, wherein
the relative position of the obstacle 401 relative to the subject vehicle 12, and the size wo of the obstacle 401 in the width direction
of the vehicle are detected on the basis of an output from an external environment sensor mounted in the subject vehicle 12. Further,
a maximum movement amount Dt of the subject vehicle 12 in the width direction of the vehicle in order to avoid the obstacle 401 is
calculated on the basis of the relative position of the obstacle 401, the size of the obstacle in the width direction of the vehicle, and
the width of the subject vehicle 12. Then a location displaced from the position of the obstacle 401 toward the adjacent lane, through
the maximum movement amount, is obtained as an avoidance location 250, and if a distance d between the avoidance location 250
and the adjacent lane 510 is greater than the vehicle width Wm of the subject vehicle 12, then an avoidance route for the subject
vehicle 12 to pass through the avoidance location 250 is created.
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[0001]

[0002]

DESCRIPTION

Title of the Invention: OBSTACLE AVOIDANCE SYSTEM
Technical Field

This invention relates to an obstacle avoidance
system, and especially to an avoidance system for an
obstacle on a haul road with plural lanes included
therein.
Background Art

There is known an autonomous travel system that
connects autonomously—-traveling haulage vehicles
(hereinafter called “unmanned dump trucks”), which can
perform autonomous travelingwithout operators on board,
for communications with a traffic control system via
a wireless communication network in an surface mine or
the like. Inamining environment, unmanned dump trucks,
graders and bulldozers are operated together with
vehicles driven by operators (hereinafter called
“manned vehicles”) such as light vehicles (for
supervision or transportation of employees, etc.) and
sprinkler vehicles. The traveling positions and
operation conditions of these unmanned dump trucks,
graders, bulldozers and manned vehicles are controlled
by an autonomous travel system, and are subjected to
traffic control on the basis of map data, which have
been created beforehand, and the traveling positions

so that these vehicles do not interfere with each other.
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[0003]

[0004]

On a travel road, an obstacle other than those to
be subjected to traffic control, such as a fallen rock
or an object fallen on the travel road, may exist. As
a technology for avoiding such an obstacle, Patent
Document 1, for example, discloses the following
technology: “To perform precise cooperative control
between automatic brake control and steering assist
control, the automatic brake control is performed if
the relative position of an obstacle, which exists ahead
of an own vehicle, to the own vehicle as detected by
a relative position detecting means for detecting the
relative positions of the own vehicle and the obstacle
is in a first region ahead of the own vehicle, and the
steering assist control is performed if the detected
relative position of the obstacle exists in a second
region that is located outside the first region and is
broad in a vehicle width direction” (see the Abstract).

Prior Art Document
Patent Document

Patent Document 1: JP-A-2011-51547

Summary of the Invention

[0005] In Patent Document 1, however, an operation is

performed for the avoidance of the obstacle on the basis
of only the positional relation with the obstacle ahead
of the own vehicle, which is detectable by a sensor such

as a radarmountedonthe vehicle. Thereis, accordingly,
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[0006]

a potential problem that a determination to permit
avoidance steering to an oncoming lane may be made, for
example, even when there is a vehicle traveling from
a distance in the oncoming lane. Depending on the
positional relation with the oncoming vehicle and the
amount of stick-out to the oncoming lane, a danger of
contact with the oncoming vehicle may arise or, even
if such contact does not take place, another problem
may arise that the efficiency of hauling work would be
lowered due to an unplanned deceleration or the like.
No consideration is made about such a danger or problem
in Patent Document 1.

With the foregoing circumstances in view, it may
be desirable for an embodiment of the present invention
to safely and efficiently avoid an obstacle on a travel
road without interferingwith the traveling of a vehicle
in an adjacent lane provided in parallel with a travel
lane of the own vehicle upon avoiding the obstacle on

the travel road.

[0007] An aspect of the present invention is directed to

an obstacle avoidance system forallowinganownvehicle,
which is in a travel lane with an adjacent lane provided
in parallel with the travel lane and is applied to a
mine where the own vehicle autonomously travels on the
travel lane and a same type of another vehicle

autonomously travels on the adjacent lane, to avoid an
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obstacle, which is located ahead in the travel lane,
by passing the obstacle on a side of the adjacent lane,
the obstacle avoidance system includes an obstacle
detection unit configured to detect, on a basis of an
output from an environmental sensor mounted on the own
vehicle, arelativepositionof theobstaclewith respect
to a center position in a width direction of the own
vehicle as a reference and a size of the obstacle in
avehiclewidthdirection, amovement amount calculation
unit configured to calculate, on a basis of the relative
position of the obstacle, the size of the obstacle in
the vehiclewidthdirectionandawidthof the ownvehicle,
a maximum amount of movement of the own vehicle in the
vehiclewidthdirectionas requiredtoavoidthe obstacle,
an avoiding path generationunit configuredto determine,
as an avoiding point, a point displaced over the maximum
amount of movement toward the side of the adjacent lane
from the relative position of the obstacle and, if a
distance between the avoiding point and a center line
of the adjacent lane is greater than the width of the
own vehicle, to generate an avoiding path for allowing
the own vehicle to pass through the avoiding point, a
map information storage unit configured to store, about
each of the travel lane and adjacent lane, a target
trajectory defined from a plurality of nodes along a

travel direction and links connecting adjacent ones of
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the nodes, and map information defined using width
information along the vehicle width direction with the
target trajectory serving as a center, a
travel-permitted region setting unit configured to set
a first travel-permitted region, where only the own
vehicle is permitted to travel, for the own vehicle with
reference to the map information of the travel lane by
employing a two—-dimensional region defined by a length
along the target trajectory in the travel lane and the
width of the own vehicle in the vehicle width direction
with the target trajectory in the travel lane serving
as the center and, if another vehicle travels in the
adjacent lane, also to set a second travel-permitted
region, where only the another vehicle is permitted to
travel, for the another vehicle with reference to the
map information of the adjacent lane by employing a
two-dimensional region defined by a length along the
target trajectory in the adjacent lane and the width
of the another vehicle in the vehicle width direction
with the target trajectory in the adjacent lane serving
as the center, a departure existence/non-existence
determination unit configured to determine whether the
own vehicle may depart from the first traveling region
if the own vehicle travels along the avoiding path, a
departure acceptance/rejection determination unit

configured, if determinedthat theownvehiclemaydepart
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from the first travel-permitted region, to determine,
on a basis of at least one of a position of the another
vehicle and a position of the second travel-permitted
region, whether to allow the own vehicle to depart from
the first travel-permitted region, andavehicle control
unit configured to make the own vehicle autonomously
travel along the first travel-permitted region which
has been set on the avoiding path generated by the
avoidingpath generationunit, wherein, if the departure
acceptance/rejection determination unit allows the
departure, the travel-permitted region setting unit
increases a width of the first travel-permitted region
toawidthsufficient toembracetheownvehicletraveling
on the avoiding path.

Inanembodiment, ifanoverlappingregionwiththe second
travel-permitted region occurs when the width of the
first travel-permitted region is increased, the
travel-permitted region setting unit may increase the
width of the first travel-permitted region to a width
sufficient to embrace the own vehicle traveling on the
avoiding path and also decreases a width of the second
travel-permitted region to avoid overlapping the first
travel-permitted region after increased in width.

In an embodiment, if the environmental sensor of the
own vehicle does not detect a new obstacle different

from the front obstacle while traveling on the avoiding
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path, the avoiding path generation unit may further
generate a return path for allowing the own vehicle to
return from the avoiding point to the target trajectory
in the travel lane.

In an embodiment, the avoiding path generation unit may
determine curvatures of the avoiding path and return
path so that lateral accelerations applied to the own
vehicle during traveling on the avoiding path and return
path do not exceed a reference lateral acceleration set
for preventing the own vehicle from overturning.

In an embodiment, when the own vehicle travels on the
return path and returns to the target trajectory in the
travel lane, the travel-permitted region setting unit
may decrease the increased width of the first
travel-permittedregiontothewidthbefore the increase
and increases the decreased width of the second
travel-permitted region to the width before the
decrease.

The systemmay further comprise an obstacle information
storage unit configured to store obstacle information
that indicates a position of the obstacle on the travel
lane and the size of the obstacle in the vehicle width
direction, wherein the avoiding path generation unit
generates the avoiding path with reference to the
obstacle information.

The systemmay further comprise an obstacle information

9036317_1 (CHMatters) P105146.AU
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management unit configured to acquire detection results
from the obstacle detection unit, to compare the
detection results with the obstacle information stored
in the obstacle information storage unit, and, if the
acquired detection results of the obstacle detection
unit are not included in the obstacle information, to
add the detection results of the obstacle detectionunit
to the obstacle information storage unit.

Another aspect of theinventionisdirectedtoanobstacle
avoidance system for allowing an own vehicle, which is
in a travel lane with an adjacent lane provided in
parallel with the travel lane and is applied to a mine
where the own vehicle autonomously travels on the travel
lane and a same type of another vehicle autonomously
travels onthe adjacent lane, to avoid an obstacle, which
is located ahead in the travel lane, by passing the
obstacle on a side of the adjacent lane, comprising:
an obstacle detection unit configured to detect, on a
basis of an output from an environmental sensor mounted
on the own vehicle, a relative position of the obstacle
with respect to a center position in a width direction
of theownvehicleasareferenceandasizeof theobstacle
in a vehicle width direction, a movement amount
calculation unit configured to calculate, on a basis
of the relative position of the obstacle, the size of

the obstacle in the vehicle width direction and a width
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of the own vehicle, a maximum amount of movement of the
own vehicle in the vehicle width direction as required
to avoid the obstacle, an avoiding path generation unit
configured to determine, as an avoiding point, a point
displaced over the maximum amount of movement toward
the side of the adjacent lane from the relative position
of the obstacle and, 1if a distance between the avoiding
point and a center line of the adjacent lane is greater
thanthewidthof theownvehicle, togenerateanavoiding
path for allowing the own vehicle to pass through the
avoiding point, a map information storage unit that
stores the map information of the respective lanes, and
a travel-permitted region setting unit configured to
set a partial region of the travel lane, where the own
vehicle travels, as atravel-permitted region whereonly
the own vehicle is permittedto travel, a vehicle control
unit configured to make the own vehicle autonomously
travel along the first travel-permitted region which
has been set on the avoiding path generated by the
avoiding path generation unit, wherein the map
informationisdefinedusingatarget trajectorydefined
from a plurality of nodes along a travel direction in
each of the lanes and links connecting adjacent ones
of the nodes, wherein the travel-permitted region is
defined by a one-dimensional region consistingof a part

of the target trajectory, wherein the avoiding path
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generationunit generates the avoidingpathifadistance
from the avoiding point to the target trajectory in the
adjacent lane is greater than the width of the own

vehicle.

10
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[0008] Accordingtoanembodiment of the present invention,

[0009]

an own vehicle may safely and efficiently avoid an
obstacle on a travel road without interfering with the
traveling of a vehicle in an adjacent lane provided in
parallel with a travel lane of the own vehicle upon
avoiding the obstacle on the travel road. Embodiments,
configurations and advantageous effects other than
those described above will become apparent by way of
example only from the following description of
embodiments with reference to thenon-limiting figures.
Brief Description of the Drawings

FIG. 1 is a schematic diagram illustrating the
configuration of an obstacle avoidance system.

FIG. 2 is a block diagram illustrating the
configuration of a traffic control subsystem.

FIG. 3 is a block diagram illustrating the
configuration of an unmanned dump truck.

FIG. 4 is a diagram showing illustrative map
information of an approach lane and a return lane in
a first embodiment.

FIG. 5 is a flow chart illustrating a flow of
obstacle avoidance processing.

FIG. 6 is a flow chart illustrating a flow of
determination processing of acceptance/rejection of a
departure from a travel-permitted region.

FIG. 7 shows a case that an obstacle exists outside

11
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an advancing region of the unmanned vehicle.

FIGS. 8A and 8B are diagrams illustrating a case
that an obstacle exists in an advancing region of the
unmanned vehicle andcanbe avoidedinatravel-permitted
region, in which FIG. 8A is an overall diagram and FIG.
8B is anenlargeddiagramof surroundings of the vehicle.

FIG. 9 is a diagram illustrating how a path is
generated to return to a travel path after an obstacle
avoidance action in the case of FIGS. 8A and 8B.

FIG. 10 is a diagram illustrating a case that an
obstacle exists in an advancing region of the unmanned
dump truck and the dump truck has to depart from a
travel-permitted region.

FIG. 11 is a diagram illustrating a renewal of the
travel-permitted region in the case of FIG. 10.

FIG. 12 isadiagramillustrating a case that there
is a traveling unmanned dump truck in an adjacent lane.

FIG. 13 is a diagram illustrating a renewal of a
travel-permitted region in the case of FIG. 12.

FIG. 14 is adiagramillustrating a case that there
is a traveling unmanned dump truck in an adjacent lane
and a travel-permitted region overlaps an advancing
region of the unmanned dump truck traveling in the
adjacent lane if a travel-permitted region is changed
to avoid an obstacle.

FIG. 15 is a diagram illustrating one example of

12
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[0010]

[0011]

a positional relation between an own vehicle and an
adjacent lane according to a second embodiment.

FIG. 16 is a block diagram illustrating the
configuration of a traffic control subsystem according
to a further embodiment.

Modes for Carrying out the Invention

Embodiments of the present invention will
hereinafter be described using the drawings. In the
following embodiments, a description will be made by
dividing each embodiment into plural sections or
embodiments wherever needed for the sake of convenience.
When the numbers of elements and the like (including
the numbers of parts or components, numerical values,
amounts, ranges, and so on) are referred to in the
following embodiments, they shall not be limited to any
specific numbers and may be greater or smaller than such
specific numbers unless specifically indicated or
unless apparently limited to such specific numbers in
principle. In the following embodiments, their
constituent elements (including processing steps and
the like) are not absolutely essential unless
specifically indicated or unless clearly considered to
be essential in principle.

Further, the individual configurations,
functions, processing units, processing means and the

like in the following embodiments may be partly or wholly

13
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realized, for example, as integrated circuits or other
hardware. Alternatively, the below-described
individual configurations, functions, processingunits,
processingmeans and the likemay be realized as programs
to be executed on a computer, in other words, may be
realizedas software. Informationonprograms, tables,
files and the like, which realize the individual
configurations, functions, processing units,
processing means and the like, can be stored in storage
devices such asmemories, harddisks or SSDs (solid state
drives) or the like or storage media such as IC cards,
SD cards or DVDs.

[0012] It is to be noted that throughout the drawings that
show or illustrate the embodiments, members having the
same functions are identified by the same or related
designations, and their repeated descriptions will be
omitted.

[0013] Ineachofthe followingembodiments, adescription
will be made about an obstacle avoidance system for
allowing an own vehicle, which is in a travel lane with
an adjacent lane provided in parallel with the travel
lane, to avoid an obstacle, which is located ahead in
the travel lane, by passing the obstacle on a side of
the adjacent lane. Each embodiment will be described
by taking, as an example, a case that the adjacent lane

is an oncoming lane. However, the adjacent lane may

14
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[0014]

[0015]

[0016]

be a lane (parallel travel lane) on a haul road including
two or more lanes in each direction. The travel lane
and adjacent lane may be adjacent to each other, or these
two lanes may be provided apart from each other.

<First Embodiment>

With reference to FIGS. 1 through 4, a description
will be made about the schematic configuration of an
obstacle avoidance system 10 according to this
embodiment. FIG. 1l is a schematic diagramillustrating
theconfigurationof anobstacleavoidance system. FIG.
2 is a block diagram illustrating the configuration of
a traffic control system shown in FIG. 1. FIG. 3 is
a block diagram illustrating the configuration of an
unmanned dump truck shown in FIG. 1. FIG. 4 is a diagram
showingillustrativemap informationof an approach lane
and a return lane in the first embodiment.

As illustrated in FIG. 1, the obstacle avoidance
system 10 according to this embodiment is configured
of a traffic controller 11 and an own vehicle 12 and
a manned vehicle 13, which are respectively connected
for wireless communications to the traffic controller
11.

The traffic controller 11 is configured to control
work contents and traveling positions and conditions

with respect to each of the own vehicle 12 and manned

15
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[0017]

[0018]

vehicle 13 which perform work at a working site such
as a mine, and also to assume a role to instruct the
own vehicle 12 and manned vehicle 13 actions to be taken
in accordance with a work schedule at the working site.

The traffic controller 11 includes four devices
consisting of a traffic ECU (Electronic Control Unit)
20, a display device 61, an input device 62 and a
communicationdevice 81, andisconfiguredofthetraffic
ECU 20 and the display device 61, input device 62 and
communicationdevice 8l electrically connectedtogether,
respectively.

The traffic ECU 20 is an electronic control unit
(ECU) having various function means to be realized
through execution, by CPU (Central Processing Unit),
of programs stored in a memory. As illustrated in FIG.
2, the traffic ECU 20 includes an IF control unit 21,
a traffic control unit 22, a communication control unit
27, and a map database 28 (which corresponds to the map
information storage unit). The IF control unit 21
control the input and output of information between the
display device 61 and the input device 62, the traffic
control unit 22 sets travel paths, travel-permitted
regions, travel conditions and the like for the own
vehicle 12 and manned vehicle 13, the communication
control unit 27 controls the input and output of wireless

information to and from the communication device 81,

16
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[0019]

[0020]

[0021]

and the map database 28 stores information of travel
paths and travel-permitted regions at the working site.

As map information to be stored in the map database
28, the first embodiment employs two-dimensional map
information, which includes plural points (nodes)
arrayedalong the travel direction of each lane, a target
trajectory (the center 1line of the lane) definedby links
connecting the adjacent ones of the nodes, and width
information along the width direction of a traveling
vehicle with the target trajectory serving as a center.
Details of the map information will be described
subsequently herein with reference to FIG. 4.

The traffic control unit 22 has a travel path
setting unit 23, a travel condition setting unit 24,
atravel-permittedregionsettingunit 25 andadeparture
acceptance/rejection determination unit 26 to set a
travel path and travel-permitted region of each of all
unmanned vehicles 12 and manned vehicles 13 which work
at the mining site.

The travel path setting unit 23 is configured to
determine a destination for each vehicle and to set a
travel path to the destination, with reference to the
travel path for the own vehicle, the map information
of an oncoming lane (adjacent lane) and the current
positions of the own vehicle 12 and manned vehicle 13,

all of which are stored in the map database 28.

17
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[0022]

[0023]

[0024]

The travel condition settingunit 24 is configured
to set, for each vehicle, travel conditions such as a
maximum speed, a maximum acceleration and the like for
the vehicle on the travel path, on the basis of speed
limits and curvatures of the respective lanes, waiting
times to a loading position, and the like as defined
in relation to the map information.

The travel-permitted region setting unit 25 is
configured, with reference to the map information of
the travel lanes, to set for each vehicle a
travel-permitted region where only the vehicle is
permitted to travel and the other vehicle is prohibited
to enter there. 1In other words, the travel-permitted
region settingunit 25 is configuredto set, onthe travel
path set for each vehicle, a partial region, where the
vehicle is permitted to travel, as a travel-permitted
region. Eachvehiclecantravel inthetravel-permitted
region (which corresponds to the first travel-permitted
region) set for the own vehicle, but is not permitted
to depart from the travel-permitted region by its own
discretion. Further, the other vehicle cannot enter
the travel-permitted region set for the own vehicle,
and the own vehicle cannot enter the travel-permitted
region set for the other vehicle.

As the two-dimensional map information is employed

in the first embodiment, the travel-permitted region

18
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[0025]

setting unit 25 is configured to set the first
travel-permitted region by employing a two—-dimensional
region defined by a length along the target trajectory
in the travel lane and the width of the own vehicle in
the vehicle width direction with the target trajectory
in the travel lane serving as the center. the
travel-permitted region setting unit 25 is also
configured, when the other vehicle travels in the
adjacent lane, to set a second travel-permitted region,
where only the other vehicle is permitted to travel,
for the other wvehicle with reference to the map
information of the adjacent lane by employing a
two-dimensional region defined by a length along the
target trajectory in the adjacent lane and the width
of the other vehicle in the vehicle width direction with
the target trajectory in the adjacent lane serving as
the center.

The departure acceptance/rejectiondetermination
unit 26 is configured, when the own vehicle is determined
to depart from the first travel-permitted region if an
obstacle avoidance action is taken, to determine, on
the basis of at least one of the position of the other
vehicle and the position of the travel-permitted region
(second travel-permitted region) set for the other
vehicle, whether to allow the own vehicle to depart from

the first travel-permitted region.

19
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[0026] The travel pathsandtravel-permittedregionswill
be described using FIG. 4. FIG. 4 shows a scene that
the own vehicle 12 and another vehicle 18 are traveling
on a haul road at amining site. The haul road consists
of two lanes, one being an approach lane and the other
areturnlane. InFIG. 4, theownvehiclel2 istraveling
toward the right side on the paper sheet of FIG. 4, while
the another vehicle 18 is traveling toward the left side.
Map information of each lane is defined using plural
nodes (unfilledcircles) arrayedinthe travel direction,
a target trajectory formed from links connecting the
adjacent ones of the nodes, and left and right boundary
lines of the target trajectory.

[0027] InFIG. 4, atarget trajectory 210 is defined using
nodes 211 and links 212 in the map information of the
travel lane for the own vehicle 12. A right boundary
line 223, which is located on a right side of the travel
lane as viewed in an advancing direction, is defined
using nodes 221 and links 222, and similarly a left
boundary line 226, which is located on a left side of
the travel lane as viewed in the advancing direction,
is defined using nodes 224 and links 225. As the terms
“right boundary line” and “left boundary line”, lane
boundary lines located on left and right sides,
respectively, of the associated lane with respect to

a target trajectory as a center as viewed in an advancing
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[0028]

[0029]

[0030]

direction will hereinafter be called “right boundary
line” and “left boundary line”, irrespective of a
parallel lane or an oncoming lane. Similarly, the map
information of the oncoming lane includes a target
trajectory 510 consisting of nodes 511 and links 512,
a right boundary line 523 defined using nodes 521 and
links 522, and a left boundary line 526 defined using
nodes 524 and links 525.

In FIG. 4, travel-permitted regions 220,520 are
set for the own vehicle 12 and the another vehicle 18,
respectively. Between the travel-permitted regions
220 and 520, a safety margin distance A is provided to
avolid an interference between the own vehicle 12 and
the another vehicle1l8. Numeral 300 indicates shoulders
provided along opposite side edges of the haul road.

The travel path setting unit 23 is configured to
set a travel path for each vehicle by using the
combination of all the nodes 211 and links 212 or the
combination of all the nodes 511 and links 512 from the
current point to the destination.

If the own vehicle 12 should need to depart from
the first travel-permitted region 220 for taking an
obstacle avoidance action during traveling, the own
vehicle 12 requests for acceptance of a departure to
the traffic control unit 22. The traffic control unit

22, which has been requested to accept the departure,
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[0031]

[0032]

determines the acceptance or rejection of the departure
from the first travel-permitted region 220 of the own
vehicle 12 dependingonthe state of settingof the second
travel-permitted region 520 of the another vehicle 18.
If the departure is accepted, a new first
travel-permitted region of the own vehicle 12 is set
at the travel-permitted region setting unit 25.

In FIG. 4, the own vehicle 12 is allowed to travel
to the node (7) along a travel path defined by the seven
nodes of from the node (1) to the node (7) in the first
travel-permitted region 220. Before arriving at the
node (7), the own vehicle 12 makes inquiry to the traffic
controlunit 22 whether it can travel atravel pathbeyond
the node (8). Depending on the state of setting of the
second travel-permitted region 520 for the another
vehicle, the traffic control unit 22 sets a
travel-permitted region of the own vehicle 12 with
respect to the travel path beyond the node (8). By
repeating this procedure up to the destination, the own
vehicle l2 isallowed to safely travel tothe destination
without contact to the another vehicle 18.

Referring back to FIG. 1, the display device 61
is a user interface for displaying travel-permitted
regions and travel paths allotted to the own vehicle
12 and manned vehicle 13 and controlled by the traffic

controller 11, travel speeds, current positions, and
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[0033]

[0034]

[0035]

the 1like to an operator, and is configured, for example,
of LCD (liquid crystal display).

The input device 62 is another user interface for
allowing the operator to perform an input operation for
giving an instruction to the traffic controller 11 when
the contents to be displayed at the display device 61
are switched or work contents are changed for a specific
vehicle, and is configured, for example, of a keyboard
and a mouse, a touch panel, or a trackball.

The communication device 81 is a device, which for
controlling the own vehicle 12 and manned vehicle 13
at the traffic controller 11, is used to receive
information such as traveling positions and traveling
speeds, the states of the vehicles, and the like and
to notify travel instructions such as travel paths,
travel conditions and travel-permitted regions to the
own vehicle 12 and manned vehicle 13. As the working
site extends over a wire area, communications that use
wireless technologies are used in general.

A description will next be made about the
configuration of an unmanned dump truck. The own
vehicle 12 includes at least one of obstacle detection
sensor 40 (which corresponds to the environmental
sensor), an own vehicle position detection sensor 50,
a vehicle ECU 30, a communication device 82, and vehicle

control equipment 70, all of which are mounted on the
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[0036]

[0037]

own vehicle 12, The own vehicle 12 is configured of
the vehicle ECU 30 and the obstacle detection sensor
40, own vehicle position detection sensor 50,
communication device 82 and vehicle control equipment
70 electrically connected, respectively.

The obstacle detection sensor 40 is a sensor for
detecting an obstacle on the travel road for the unmanned
vehicle 12. The obstacle detection sensor 40 is
configured using the sensor that can detect an obstacle,
which blocks the unmanned vehicle 12 to travel, such
asafallenrockorahole or bumponatravel road surface,
but is not controlled by the traffic controller 11. It
is possible to use, for example, a laser sensor and/or
a millimeter—-wave radar 41 (see FIG. 3) that detects
a distance to a reflecting object by measuring a time
from the emission of a laser beam until the return of
a reflected beam, and/or a stereo camera 42 (see FIG.
3) that two cameras are provided at a certain interval
therebetween and a distance to an object of shooting
or the object can be recognized on the basis of images
shot at the same time by the two cameras. However, one
or more sensors other than these may be used.

The own vehicle position detection sensor 50 is
used to detect vehicle motion information such as the
position, attitude, travel speed and acceleration of

the own vehicle., As illustrated in FIG. 3, for example,
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[0038]

[0039]

[0040]

the own vehicle position detection sensor 50 may include
a GPS receiver 51, a gyro device 53, an acceleration
sensor 54, and a wheel speed sensor 55. The GPS receiver
51 can detect the position and attitude of the vehicle
by receiving at an antenna 52 radio waves transmitted
from a plurality of GPS (Global Positioning Systems).
The gyro device 53 and acceleration sensor 54 can detect
the angular velocity and acceleration of the vehicle.
The wheel speed sensor 55 can detect the wheel rotation
speedofthevehicle. Theownvehiclepositiondetection
sensor 50 shall not be limited to the above-described
examples.

The communication device 82 establishes wireless
communicative connections between the own vehicle 12
and the traffic controller 11.

The vehicle control equipment 70 includes a brake
device 71 for decelerating or stopping the own vehicle
12, a steeringdevice 72 for changing the steering angle,
andadrivecontrol device 73 for increasingor decreasing
the fuel injection rate.

The vehicle ECU 30 is an electronic control unit
(ECU) having various function means to be realized
through execution of programs stored in a memory by CPU.
As illustrated in FIG. 3, the vehicle ECU 30 includes
an obstacle detection unit 31, an own vehicle position

detection unit 32, a communication control unit 36, a
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[0041]

[0042]

[0043]

[0044]

[0045]

map database 37, a vehicle control unit 33, an avoiding
path generation unit 34, and a departure
existence/non-existence determination unit 35.

The obstacle detection unit 31 has functions to
detect the relative position and relative speed of an
obstacle in surroundings of the own vehicle 12, the size
of the obstacle in the vehicle width direction, and the
like on the basis of output data from ocbstacle detection
sensors40 of various kinds mounted on the own vehicle
12 and to notify the vehicle control unit 33 of obstacle
information to be needed.

The own vehicle position detection unit 32 has
functions to detect the position, attitude and speed
of the own vehicle 12 on the basis of output data from
the own vehicle position detection sensor 50 mounted
on the own vehicle 12 and to notify these information
to the vehicle control unit 33.

The communication control unit 36 has a function
to control mutual communications between the traffic
controller 11 and the own vehicle 12 by using the
communication device 82.

The map database 37 stores information of travel
paths at the working site and information of travel
conditions and travel-permitted regions for the travel
paths as notified from the traffic controller 11.

The avoiding path generation unit 34 generates
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[0046]

[0047]

anavoidingpath fortheownvehicletoavoidtheobstacle.
Described more specifically, the avoiding path
generation unit 34 determines, as an avoiding point,
a point where the own vehicle has changed its position
over a maximum amount of movement from the position of
the obstacle toward the side of the adjacent lane and,
if the distance between the avoiding point and the target
trajectory in the adjacent lane is greater than the width
of the own vehicle, generates an avoiding path for
allowing the own vehicle to pass through the avoiding
point. Consequently, it is possible to avoid an
interference between both the vehicles even if the own
vehicle and the oncoming vehicle pass each other at the
avoiding point.

If the obstacle detection sensor (environmental
sensor) of the own vehicle do not detect a new obstacle
different from the front obstacle while traveling on
the avoiding path, the avoiding path generation unit
34 further generates a return path for allowing the own
vehicle to return from the avoiding point to the target
trajectory in the travel lane. This allows the own
vehicle to return when no additional obstacle exists
further ahead of the front obstacle, so that the adjacent
lane can be vacated more promptly. It is possible to
avoilid an interference with another obstacle.

The curvatures of the avoidingpath and return path

27

9036317_1 (CHMatters) P105146.AU



2015326186 21 Feb 2018

[0048]

[0049]

may be set so that a lateral acceleration to be applied
to the own vehicle, which is traveling on the avoiding
path, does not exceed a reference lateral acceleration
provided for the prevention of overturning of the own
vehicle. Consequently, the own vehicle is allowed to
travel more safely without needing steering control at
an acute angle even during an obstacle avoidance/return
action.

Iftheownvehicle travels along the avoiding path,
the departure existence/non-existence determination
unit 35 determines whether the own vehicle may depart
from the first travel-permitted region. If determined
not to depart, an avoidance action is feasible within
the first travel-permittedregionsothat theownvehicle
can take the avoidance action without affecting the
oncoming lane. If determined to depart, the acceptance
or rejection of an avoidance action can be determined
by taking, into consideration, effects to the oncoming
lane.

The vehicle control unit 33 has a function to give
a control instruction to the vehicle control equipment
70 so that, on the basis of the travel condition, travel
path and travel-permitted region instructed from the
traffic controller 11 and the own vehicle position
information notified from the own vehicle position

detection unit 32, the own vehicle 12 travels under the
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[0050]

[0051]

[0052]

travel conditions in the travel-permitted region set
on the travel path. Consequently, the own vehicle 12
autonomously travels to the destination.

The vehicle control unit 33 also has a function
as a movement amount calculation unit that calculates
a maximum amount of movement in the width direction of
the own vehicle, which is required to avoid an obstacle,
on the basis of the relative position of the obstacle,
the size of the obstacle in the width direction and the
width of the own vehicle. Itsdetailswill be described
subsequently herein.

A description will next be made about the
configuration of the manned vehicle 13. As illustrated
inFIG. 1, themannedvehicle 13 includes adisplay device
63, an input device 64, anown vehicle positiondetection
sensor 65, a communication device 83 and a navigation
ECU 90, all of which are mounted on the manned vehicle
13. The manned vehicle 13 is configured of the
navigation ECU 90 and the display device 63, input device
64, own vehicle position detection sensor 65 and
communication device 83 electrically connected,
respectively.

The own vehicle position detection sensor 65 is
usedtodetect thetravelingposition, attitude and speed
of the manned vehicle 13, and similar to the sensor

mounted on the own vehicle 12, may use a GPS receiver
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[0053]

[0054]

[0055]

[0056]

or the like.

The display device 63 displays the travel path,
travel-permitted region and the position of the own
vehicle, which have been instructed from the traffic
controller 11, on a display screen constructed, for
example, of LCD., Consequently, thedriver of the manned
vehicle 13 can confirm at which position of the mining
site the manned vehicle 13 is traveling currently.

The input device 64 is used to give a switching
instruction to the display screen of the display device
63, and to allow the driver to obtain for the traffic
controller 11 an acceptance of a departure from the
travel-permitted region.

The communication device 83 performs control on
wireless communications between the manned dump truck
13 and the traffic controller 11.

The navigation ECU 90 has a function to compute,
on the basis of the travel-permitted region obtained
via the communicationdevice 83, theownvehicleposition
information outputted from the own vehicle position
detection sensor 65 and the travel path information
stored in the navigation ECU 90, at which position the
manned vehicle 13 is travelling relative to the travel
path and travel-permitted region. If determined that
the own vehicle position may depart from the

travel-permitted region, the navigation ECU 90 may use
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[0057]

the display device 63 to notify the driver to the effect
that the own vehicle position may depart, or may produce
a warning when the own position should have departed
from the travel-permitted region.

With reference to FIGS. 5throughl4, adescription
will hereinafter be made about a flow that performs an
avoidance action in accordance with the position and
size of an obstacle which the own vehicle 12 has detected
during traveling on the travel path. FIG. 5 is a flow
chart illustrating a flow of obstacle avoidance
processing. FIG. 6 is a flow chart illustrating a flow
of determination processing of acceptance/rejection of
a departure froma travel-permitted region as described
in step $510 of FIG. 5. FIG. 7 a diagram illustrating
acasethat anobstacleexistsoutsideanadvancingregion
of the unmanned vehicle. FIGS. 8A and 8B are diagrams
illustrating a case that an obstacle exists in an
advancing region of the unmanned vehicle and can be
avoided in a travel-permitted region, in which FIG. 8A
is an overall diagram and FIG., 8B is an enlarged diagram
of surroundings of the vehicle. FIG. 9 is a diagram
illustratinghowapath is generatedtoreturntoatravel
path after an obstacle avoidance action in the case of
FIGS. 8A and 8B. FIG. 10 is a diagram illustrating a
case that an obstacle exists in an advancing region of

the unmanned dump truck and the dump truck has to depart
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[0058]

from a travel-permitted region. FIG. 11 is a diagram
illustrating a renewal of the travel-permitted region
inthecaseofFIG. 10. FIG. l2isadiagramillustrating
a case that there is a traveling unmanned dump truck
in an adjacent lane. FIG. 13 is a diagram illustrating
a renewal of a travel-permitted region in the case of
FIG. 12. FIG. 14 is a diagram illustrating a case that
there is a traveling unmanned dump truck in an adjacent
lane anda travel-permitted regionoverlaps an advancing
region of the unmanned dump truck traveling in the
adjacent lane if the travel-permitted region is changed
to avoid an obstacle. A description will hereinafter
be made in the order of the respective steps in FIG.
5.

In step S501, the obstacle detection unit 31
performs acquisition of obstacle detection information
(S501). As illustrated in FIG. 7, the obstacle
detection sensor 40 generate detectiondataof theinside
of a detection area 150, and outputs it to the obstacle
detection unit 31. The obstacle detection unit 31
detects an obstacle 400 in the detection area 150 on
thebasisofthedetectiondata, andoutputs thedetection
result of the obstacle 400 to the vehicle control unit
33. At the vehicle control unit 33, a relative distance
(X6, Y,) of the obstacle 400 fromthe own vehicle 12, which

is anunmanned dump truck, and its size (W,) are detected.
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[0059]

[0060]

Here, it is tobe noted that the relative distance (X,, Yo)
is calculated in a coordinate system created along the
travel path by using, as an origin, a point of
intersection between the travel path and a vertical 1line
drawn down onto the travel path from the center of a
rear axle of the own vehicle 12; as an X-axis, the
advancing direction of the vehicle; and as a Y-axis,
the direction of the vehicle width that is perpendicular
to the advancing direction of the vehicle.

In step S502, a determination is next made as to
whether the detected obstacle 400 exists in an advancing
region of the own vehicle 12. As illustrated in FIG.
7, the advancing region is a region 230 that in the
travel-permitted region 220, is located ahead of the
current position of the own vehicle 12, extends in the
advancing direction of the vehicle, and has a width in
the vehicle width direction. The width W is set at a
length equal tothe width Wm of the own vehicle 12 (W=Wm) .
Here, a determination formula for whether the obstacle
exists in the advancing region 230 is expressed by the
following formula:

[formula 1]

W+ W W+ W
LEX S -
2 2 R

If the obstacle 400 does not exist in the advancing
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[0061]

[0062]

region 230 (S502/N0O), the own vehicle 12 does not
interferewith the obstacle 400 even when the own vehicle
12 continues to travel in the advancing region 230. The
processing, therefore, returns to step S501, where
detection is continued for any front obstacle.

If the obstacle 400 exists in the advancing region
230 (S502/YES), for example, if the above-described
formula (1) is not satisfied similar to the positional
relation between an obstacle 401 and the own vehicle
12 as illustrated in FIGS. 8A and 8B, the own vehicle
12 interferes with the obstacle 400 when the own vehicle
12 continues to travel in the advancing region 230. The
processing then advances to step S503, where a front
obstacle avoidance action is initiated.

In step S503, the avoiding path generation unit
34 implemented in the vehicle ECU 30 calculates an amount
of lateral movement required for avoiding the obstacle
(S503). About generationprocessingofanavoidingpath,
a description will be made with reference to FIGS. 8A
and 8B. The avoidingpathgenerationunit 34 calculates
an amount D of lateral movement over which the own vehicle
12 has to move in a lateral direction relative to the
travel path for avoiding the obstacle (see FIG. 8A).
To prevent the own vehicle 12 from coming into contact
with the obstacle 401, the own vehicle 12 has to travel

through a position that is apart from a central position
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[0063]

[0064]

of the obstacle 401 by a distance D¢ (see FIG. 8B)
represented by the below-described formula (2), inwhich
o represents a clearance distance of the own vehicle
12 from the obstacle 401 when the own vehicle 12 has
approached adjacent to the obstacle 401. ©Now, the
position, which is adjacent to the obstacle and through
which the own vehicle 12 has to pass upon avoidance of
the obstacle 401, will be called an “avoidingpoint 250".
At the avoiding point 250, the amount D of lateral
movement from the current position of the own vehicle
12 in the direction of a Y-axis increases to a maximum
amount of movement.
[formula 2]

W W

Q=ff+—ﬂ+a
2 2 v some (9

Therefore, the amount D of movement fromthe travel
path is calculated by the following formula (3):
[formula 3]

D = De-¥s.owis)

In step S504, the vehicle control unit 33
determines in accordance with the following formula (4)
whether the own vehicle 12 may depart from the
travel-permitted region 220 when moving over the amount
D of lateral movement as calculated in accordance with
the formula (3) and passing through the avoiding point

250. Here, the lateral width of the travel-permitted
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region at the avoiding point 250 is assumed to be W;, W,
on left and right sides, respectively, relative to the
advancing path. Further, the formula (4) is a
determination formula when the own vehicle 12 averts
to the right side relative to the advancing path, while
the formula (5) is a determination formula when the own
vehicle 12 averts to the left side relative to the
advancing path.
[formula 4]

W

D+—2<W
2 < e (4)

[formula 5]

D+Eﬁsw
2 (5)

[0065] If the formula (4) or the formula (5) is satisfied,
in other words, if the own vehicle 12 is determined not
todepart fromthe travel-permitted region 220 (S504/No),
and the processing advances to step S505, where an
obstacle avoidance action is taken. The positional
relation between the dump truck 12 and the obstacle 401
as illustrated in FIGS. 8A and 8B changes from step S504
to step S505 because the formula (4) is satisfied.

[0066] If neither the formula (4) nor the formula (5) is
satisfied, in other words, if the own vehicle 12 is
determined to depart from the travel-permitted region
220 (S504/Yes), the processing advances to execution

processing of an avoidance action that uses the adjacent
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lane (step $S508 and onwards). Details of the execution
processing will be mentioned subsequently herein.

[0067] In step S505, the vehicle control unit 33 next
performs, onthebasis of the amount D of lateral movement
as calculated by the avoiding path generation unit 34
in step S503, steering control on the steering device
72 of the vehicle control equipment 70 to avoid the
obstacle 401 (S505).

[0068] As illustrated in FIGS. 8A and 8B, for example, a
steering control method may comprise calculating a
clothoid curve that connects point 255 on a target
trajectory at the current position of the unmanned dump
truck 12 and the avoiding point 250 together, and then
performing steering control so that the unmanned dump
truck 12 travels on and along the clothoid curve.
However, the steering control method is not limited to
this method, and another steering control method may
be used.

[0069] In step S$506, the generation of a return path to
the travel path is then performed if the vehicle control
unit 33 determines that no obstacle exists on the
advancingpath of the vehicle (S506). As the generation
of the return path, a path that allows the own vehicle
12 to move by the amount D of movement to the side of
thetarget trajectorymaybegeneratedinasimilarmanner

as in step S505. FIG. 9 illustrates processing in this
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[0070]

[0071]

[0072]

[0073]

step. The own vehicle 12, which is located at the
avoildingpoint, performsmonitoring for a front obstacle
in the advancing direction of the vehicle by obstacle
detection sensor 40. If no obstacle exists, the own
vehicle 12 may generate a return path on the basis of
an amount of steering in step S505 until shortly before
a passage through the avoidingpoint 250, ormay generate
a return path 270 by reversing the clothoid curve, which
was calculated in step S$505, about an axis in the
advancing direction of the wvehicle.

The vehicle control unit 33 then performs steering
control so that the own vehicle 12 travels along the
return path generated in step S506, and allows the own
vehicle 12 to the target trajectory 210 in the travel
lane (S507). By the foregoing processing, the obstacle
avoidance and return action in the travel-permitted
region as illustrated in FIGS. 8A and 8B and FIG. 9 has
been completed.

A description will next be made about a case that
the own vehicle 12 has been determined to depart from
the travel-permitted region (S504/Yes).

In step S508, the vehicle control unit 33
calculates the amount of a departure of the own vehicle
12 from the travel-permitted region 220 in accordance

with the following formulas (6), (7) (3S508).
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[0074]

[0075]

[formula 6]

D, =W, —[D+&]
2 (6)

[formula 7]

D, =W, (D 1 W'“]
2 (7)

Instep S509, thevehicle control unit 33 confirms,
with reference to the map information stored in the map
database 28, whether there is an adjacent lane in the
direction of a departure from the travel-permitted
region 220. This is a determination condition under
the assumption of a case that the travel path has a single
lane. As there is a potential danger in the case of
a single lane that the own vehicle 12 may fall down from
acliff or may collide with a banking if it departs from
the travel-permitted region, the processing is allowed
to advance, without allowing the own vehicle 12 to depart
fromthe travel-permittedregion 220, tostep S613, where
the own vehicle 12 is stopped.

If there is an adjacent lane (S509/Yes), the
departure acceptance/rejection determination unit 26
of the traffic controller 11 makes a determination as
to whether the own vehicle 12 may depart from the
travel-permitted region 220 (S510). Referring to FIG.
6, a description will be made about determination
processing to be performed in this step for the

acceptance/rejection of a departure from the
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[0076]

[0077]

[0078]

travel-permitted region.

There are the following four determination
conditions for the departure acceptance/rejection of
a departure from the travel-permitted region. In the
order of the individual steps shown in FIG. 6, the
departure acceptance/rejection determination unit 26
makes a determination of acceptance/rejection.

In step S601, the departure acceptance/rejection
determination unit 26 first determines whether a
travel-permitted region has been set for the other
vehicleintheadjacent lane. Ifaffirmative (S601/Yes),
a determination is made as to whether the wvehicle
traveling in the adjacent lane is an unmanned dump truck
(5602) .

If the vehicle traveling in the adjacent lane is
determined to be amanned vehicle in step S602 (S602/No),
the unmanned vehicle 12 is prohibited from departing
from the travel-permitted region 220 (S606). As the
display device 63, which displays the positional
relation between the travel-permitted region and the
own vehicle to the driver, is mounted on the manned
vehicle, it is possible to inform that the own vehicle
12 is coming closer to the side of the manned vehicle.
However, the own vehicle 12 is stoppedas asafetymeasure
in case that the driver should fail to notice this

information (S606 to S$511,S8517).
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[0079]

[0080]

[0081]

If the other vehicle travelling in the adjacent
lane is an unmanned dump truck (S602/Yes), on the other
hand, a determination is made as to whether the own
vehicle may enter the advancing region of the other
vehicle (S603). If determinedto enter (S603/Yes), the
departure acceptance/rejection determination unit 26
determines that the own vehicle may depart from the
travel-permitted region (S605), provided that there is
an avoidance region for allowing the other vehicle to
avoilid the own vehicle and an avoidance action can be
taken in time (S604/Yes).

If notravel-permitted region is set for the other
vehicle in the adjacent lane (S601/No; see FIG. 10) or
if the own vehicle does not enter the advancing region
of the other vehicle ($S603/No), the departure
acceptance/rejection determination unit 26 determines
that theownvehiclemaydepart fromthetravel-permitted
region (S605).

Iftheothervehicletravelinginthe adjacent lane
is not an unmanned dump truck, in other words, a manned
vehicle (S602/No) or if an avoiding region for allowing
the other vehicle to avoid the own vehicle does not exist
in the travel-permitted region of the other vehicle or
no avoidance action can be taken in time despite the
existence of an avoiding region (S604/No), on the other

hand, the departure acceptance/rejection determination
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[0082]

[0083]

unit 26 determines rejection of a departure (5606) .

If the departure acceptance/rejection
determination unit 26 determines in step $605 that the
own vehicle may depart (S511/Yes), the travel-permitted
region setting unit 25 performs a change to the shape
of the travel-permitted region 220 in accordance with
the amount Dy of a departure from the travel-permitted
region, and notifies the vehicle, for which the
travel-permitted region 220 has been set, of the change
to the shape of the travel-permitted region (S512). For
example, the travel-permitted region setting unit 25
increases the width of the travel-permitted region 220
to a width that embraces the own vehicle 12 travelling
on the avoiding path. If a region that overlaps the
travel-permitted region 520 of the other vehicle 18 is
generated when the width of the travel-permitted region
220 is increased when the width of the travel-permitted
region 220 is increased, the travel-permitted region
setting unit 25 increases the width of the
travel-permitted region 220 to a width that embraces
the own vehicle traveling on the avoiding path, and
decreases the width of the travel—-permitted region 520
of the other vehicle 18 to avoid overlapping the first
travel region after the increase in width.

After the travel-permitted region setting unit 25

has performed the change to the width of the
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[0084]

[0085]

[0086]

travel-permitted region 220, the communication device
81 of the traffic controller 11 transmits information,
which indicates the contents of the above-described
change, to the communicationdevice 82 of the own vehicle
12, and the information is inputted to the vehicle ECU
30.

On the basis of the results of the change, the own
vehicle 12 performs processing for an obstacle avoidance
action (S513), the generation of a return path to the
target trajectory (S514) and the performance of a return
action to the target trajectory ($S515) in this order
as in steps S$505 through S$507, whereby the obstacle
avoidance action is completed to advance to step S516.

In step $516, the return of the own vehicle 12 to
the target trajectory via the communication device 82
is notified to the traffic controller 11. The
travel-permitted region setting unit 25 decreases the
width of the travel-permitted region 220 to reinstate
the same. If the width of the travel-permitted region
520 of the other vehicle 18 has been reduced, the
travel-permitted region 520 is widened to reinstate the
same. Further, thetrafficcontrollerllagainnotifies
the own vehicle 12 of the reinstation of the shape of
the travel-permitted region 220 (S516) to complete the
avoidance sequence in its entirety.

With reference to FIG. 11, a description will be
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[0087]

[0088]

made about an example of a change to the shape of the
travel-permitted region 220, in other words, of an
increase of the width of the travel-permitted region
220 in the width direction so that the amount D of a
departure is embraced. The travel-permitted region
setting unit 25 increases a width W, of the
travel-permitted region 220 by an amount, which
corresponds to the amount Dy of the departure, on the
right side thereof relative to the target trajectory
(the right boundary line 223 of the travel-permitted
region 220 is shifted to 223a in FIG. 11) so that, when
traveling on the avoiding path and return path 270, the
own vehicle 12 is controlled not to depart from a new
travel-permitted region 220 set for the own vehicle.
As the other vehicle does not enter the travel-permitted
region 220 allotted to the own vehicle (closed control),
the own vehicle 12 does interfere with the other vehicle
at the time of an avoidance action for an obstacle 402,
and can safely travel.

Referring to FIGS. 12 through 14, a description
will hereinafter be made about one example of passing
control processing.

FIG 12 illustrates a state that an obstacle cannot
be avoided unless the own vehicle 12 departs from a
travel-permittedregion220 setcurrently. Inthiscase,

if the width of the travel-permitted region 220 is
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[0089]

increased in accordance with the amount D4, a region
285 which overlaps the travel-permitted region 520
currently set for the other vehicle 18 traveling in a
adjacent lane is generated, but the own vehicle 12 does
not enter an advancing region 530 of the other vehicle
18. Therefore, in the determination of “DOES OWN
VEHICLE ENTER ADVANCING REGION OF OTHER VEHICLE?” in
step S603 of FIG. 6, “No” is determined, and a departure
is determined to be acceptable (S605).

As illustrated in FIG. 13, the travel-permitted
region setting unit 25 hence increases the width of the
travel-permitted region 220 from the travel-permitted
region 220 of the own vehicle 12 in accordance with an
amount Dgqof a departure fromthe travel-permitted region
of the own vehicle 12 (the right boundary line 223 of
the travel-permitted region 220 is shifted to 223a),
and also performs a change to decrease the width of the
travel-permitted region 221 (the right boundary line
523 of the travel-permitted region 520 shifts to
523a) (S612). 1In FIG. 13, the travel-permitted region
220 has been increased in width to a travel-permitted
region 220a, and at the same time, the travel-permitted
region 520 has been decreased in width to a
travel-permitted region 520a. As a result, no
overlapping region exists between the travel-permitted

region 220a and the travel-permitted region 520a, so
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[0090]

[0091]

that the unmanned dump trucks 12,18 do not interfere
each other.

With reference to FIG. 14, a descriptionwill also
be made about another example of obstacle avoidance
processing. FIG. 14 is different from the case of FIG.
12 in that an obstacle 403 has a greater width and the
amount D of a departure fromthe travel-permitted region
of the own vehicle 12 is larger. An overlapping region
290 is, therefore, formed between the advancing region
530 of the other vehicle l8 anda travel-permitted region
220b after an increase of its width. In step $603, the
own vehicle is hence determined to enter the advancing
region of the other vehicle in step S603 (S603/yes),
and the processing advances to step S604.

Then, a determination is made about whether the
other vehicle 18 may depart from its travel-permitted
region 520 when the other vehicle 18 avoids the
overlapping region 290, and another determination is
made whether a spacing L is sufficiently ensured between
the own vehicle 12 and the other wvehicle 18 when the
own vehicle 12 avoids the obstacle 403 on the basis of
the amount D of a lateral movement. Assuming that the
width of the overlapping region 290 is D1,p and the amount
of a lateral movement over which the other vehicle 18
has to laterally move to avoid the overlapping region

290 is D1, it is possible to determine by the formula
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[0092]

[0093]

(5) whether the other vehicle 18 may depart from the
travel-permitted region 520 when the other vehicle 18
avoid the overlapping region 290.

As the formula (5) is satisfied in FIG. 14, it is
determined that the other wvehicle 18 can avoid the
overlapping region 290 within the travel-permitted
region 520. Now assume that a time at which the own
vehicle 12 performed the avoidance processing of the
obstacle 403 is t0 and the distance between the own
vehicle 12 and the other vehicle 18 along the path at
that time is LO. Also assuming that the travel speeds
of the own vehicle and the other vehicle 18 are V100
and V101l and the distance between the own vehicle 12
and the obstacle 403 is Xo, a spacing L between the own
vehicle 12 and the other vehicle 18 when the own vehicle
12 avoided the obstacle 403 is estimated by the following
formula:

[formula 8]

Lo e K Wy 0

100 ¢35 m e
Whether the spacing L is sufficiently ensured can
be determined, for example, by ascertaining braking
avoidance 1limit distances Lth for travel speeds of
unmanned dump trucks in advance and checking if L>Lth.
Assuming that the unmanned dump trucks have a maximum

deceleration A and the relative speed between unmanned
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[0094]

[0095]

dump trucks is Vr, the braking avoidance limit distance
Lth can be calculated by Lth=Vr2/2A. In the example of
FIG. 14, the spacing L is assumed to be longer than the
braking avoidance limit distance Lth. As a result of
the determination in step S604 as described above, the
processing advances to step S605, where the own vehicle
12 is determined by the departure acceptance/rejection
determination unit 26 to be able to avoid the obstacle
403 by departing from the travel-permitted region.
The subsequent processing is similar to FIG. 13,
but is different in that the other vehicle 18 laterally
moves over an amount D1 of lateral movement in step S513.
The avoidance action of the own vehicle 12 has been
completed in its entirety, and the traffic control
subsystem is notified in step S$516 to the effect that
the returntothe travel path has been completed, whereby
the travel-permitted regions of both the unmanned dump
trucks arereinstated. Consequently, theother vehicle
18 performs reinstation to the original travel path from
the state that it has laterally moved over the amount
D1 of lateral movement. By the foregoing, the avoidance
sequence has now been completed in its entirety.
Accordingtothis embodiment, thedistance between
an avoiding point and the center line of an adjacent
lane is set broader than the width of an own vehicle

so that, even if the own vehicle and another vehicle
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[0096]

of the same type pass each other at the avoiding point
upon avoiding an obstacle, the own vehicle does not
interfere with the another vehicle. By increasing the
width of a travel-permitted region of the own vehicle,
decreasing the width of a travel-permitted region of
the another vehicle, and also allowing the another
vehicle to take an avoidance action while taking into
consideration the position of the another vehicle in
an adjacent lane and the state of setting of the
travel-permitted region set for the another vehicle,
it is possible to perform an avoidance action of the
obstacle by using the adjacent lane while reducing
effects to the traveling state of the another vehicle
in the adjacent lane.
<Second Embodiment>

A second embodiment generates the map information
of a haul road (approach lane and return lane) as one
dimensional information by using only nodes and links,
and performs an avoidance action of an obstacle on the
basis of the results of a comparison of distances d
between a target trajectory, an avoiding path, and a
target trajectory in an adjacent lane. The second
embodiment is different from the first embodiment in
that the map information is not two-dimensional
information but one-dimensional information, and the

remaining elements of configuration and the flow of
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[0097]

[0098]

processing are the same, so that overlappingdescription
is omitted. Referring to FIG. 15, a description will
hereinafter be made about the generation of an avoiding
path according to the second embodiment. FIG. 15 is
a diagram illustrating one example of a positional
relation between an own vehicle and an adjacent lane
according to a second embodiment.

The map information in the second embodiment is
defined using a one-dimensional target trajectory,
which is in turn defined from plural nodes arrayed in
a travel direction of each lane and links connecting
the adjacent ones of the nodes. A travel-permitted
regionis definedby a one—-dimensional regionconsisting
of a partial region of the target trajectory. The
avoiding path generation unit 34 generates an avoiding
path when the distance from the avoiding point to the
target trajectory in the adjacent lane is greater than
the width of the own vehicle.

Described specifically, asillustratedinFIG. 15,
the own vehicle 12 avoids the obstacle 403 by being
allowed to travel through the avoiding point 250 of the
own vehiclel2 when the distance d between the avoiding
point 250 and a target trajectory 510 is n times the
width Wof the own vehicle 12 (n>1). Consequently, when
the unmanned dump truck 18 traveling in the adjacent

lane and the own vehicle 12 have the same width and the
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[0099]

[0100]

[0101]

other vehicle 18 is traveling on the target trajectory
in the adjacent lane, a margin(d-Wm) can be ensured to
avoilid an interference between both the vehicles even
if the own vehicle 12 and the other vehicle 18 pass each
other while coming closest to each other.

According to this embodiment, an obstacle
avoidance action, which uses an adjacent lane, can be
taken without performing processing such as a change
to the width of a travel-permitted region.

The above—-described embodiments shall not be taken
as limiting the present invention, and there are various
embodiments which do not depart from the spirit of the
present invention. For example, the avoiding path
generation unit 34 and departure
existence/non-existence determination unit 35 in the
vehicle ECU 30 mounted on the own vehicle may be stored
in the traffic ECU 20 in the traffic controller 11, 1In
this case, obstacle detection information and travel
information, which are needed to realize the functions
of the avoiding path generation unit 34 and departure
existence/non-existence determination unit 35, may be
periodically notified from the own vehicle 12 to the
traffic controller 11.

To enable the traffic controller 11 to conduct
state control of travel paths at a mining site, the

own vehicle 12 may notify the traffic controller 11 of

51

9036317_1 (CHMatters) P105146.AU



2015326186 21 Feb 2018

obstacle detection information such as the position,
size and the like of an obstacle an avoidance of which
is determined to be needed. The notification to the
trafficcontroller 1l canmakeefficient themaintenance
activities for the mining site. A description will be
made with reference to a block diagramof FIG. 16, which
illustrates the configuration of a traffic controller
11. As illustrated in FIG. 16, the traffic ECU 20 of
the traffic controller 11 is provided with an obstacle
information storage unit 29b that stores information
of an obstacle on a travel road, the traffic controller
11 is provided with the function of the avoiding path
generation unit 34 to generate an avoiding path, and
the travel-permitted region setting unit 25 may set a
travel-permitted regiononthe avoidingpath. Further,
the traffic controllerll may be additionally provided
with an obstacle information management unit 2%9a, which
acquires detection results from the obstacle detection
unit 31, compares them with the obstacle information
stored in the obstacle information storage unit 29b,
and, when the detectionresults of theobstacledetection
unit 31 are not contained in the obstacle information,
adds the detection results of the obstacle detection
unit 31 to the obstacle information.

It is to be understood that, if any prior art publication

is referred to herein, such reference does not constitute
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an admission that the publication forms a part of the common
general knowledge in the art, in Australia or any other
country.

Inthe claims which follow and in the preceding description,
except where the context requires otherwise due to express
language or necessary implication, the word “comprise” or
variations such as “comprises” or “comprising” is used in
aninclusive sense, i.e. tospecifythepresenceof the stated
features but not to preclude the presence or addition of

further features in various embodiments of the system.

Legends

[0102] 10: Obstacle avoidance system, 11: Traffic controller,
18: Unmanned dump truck, 13: Manned vehicle, 220:
Travel-permitted region, 225: Target trajectory of own

vehicle.
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CLAIMS

An obstacle avoidance system for allowing an own
vehicle, which is in a travel lane with an adjacent lane
provided in parallel with the travel lane and is applied
to a mine where the own vehicle autonomously travels
on the travel lane and a same type of another vehicle
autonomously travels on the adjacent lane, to avoid an
obstacle, which is located ahead in the travel lane,
by passing the obstacle on a side of the adjacent lane,
comprising:

an obstacle detection unit configured to detect,
on a basis of an output from an environmental sensor
mounted on the own vehicle, a relative position of the
obstacle with respect to a center position in a width
direction of the own vehicle as a reference and a size
of the obstacle in a vehicle width direction,

a movement amount calculation unit configured to
calculate, on a basis of the relative position of the
obstacle, the size of the obstacle in the vehicle width
directionandawidthof the ownvehicle, amaximumamount
of movement of the own vehicle in the vehicle width
direction as required to avoid the obstacle,

an avoiding path generation unit configured to
determine, as an avoiding point, a point displaced over
the maximum amount of movement toward the side of the

adjacent lane fromthe relative position of the obstacle
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and, ifadistancebetweenthe avoidingpoint anda center
line of the adjacent lane is greater than the width of
theownvehicle, togenerateanavoidingpath forallowing
the own vehicle to pass through the avoiding point,
amapinformationstorageunit configuredtostore,
about each of the travel lane and adjacent lane, a target
trajectory defined from a plurality of nodes along a
travel direction and links connecting adjacent ones of
the nodes, and map information defined using width
information along the vehicle width direction with the
target trajectory serving as a center,
atravel-permitted region settingunit configured
to set a first travel-permitted region, where only the
own vehicle is permitted to travel, for the own vehicle
with reference to the map information of the travel lane
byemployingatwo-dimensional regiondefinedbyalength
along the target trajectory in the travel lane and the
width of the own vehicle in the vehicle width direction
with the target trajectory in the travel lane serving
as the center and, if another vehicle travels in the
adjacent lane, also to set a second travel-permitted
region, where only the another vehicle is permitted to
travel, for the another vehicle with reference to the
map information of the adjacent lane by employing a
two-dimensional region defined by a length along the

target trajectory in the adjacent lane and the width
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of the another vehicle in the vehicle width direction
with the target trajectory in the adjacent lane serving
as the center,

a departure existence/non-existence
determination unit configured to determine whether the
own vehicle may depart from the first traveling region
if the own vehicle travels along the avoiding path,

a departure acceptance/rejection determination
unit configured, if determined that the own vehicle may
depart from the first travel-permitted region, to
determine, on a basis of at least one of a position of
the another vehicle and a position of the second
travel-permitted region, whether to allow the own
vehicle todepart fromthe first travel-permitted region,
and

a vehicle control unit configured to make the own
vehicle autonomously travel along the first
travel-permitted region which has been set on the
avoiding path generated by the avoiding path generation
unit,

wherein, if the departure acceptance/rejection
determination unit allows the departure, the
travel-permitted region setting unit increases a width
of the first travel-permitted region to a width
sufficient to embrace the own vehicle traveling on the

avoiding path.

56

9036317_1 (CHMatters) P105146.AU



2015326186 21 Feb 2018

The obstacle avoidance system according to claim
1, wherein:

if an overlapping region with the second
travel-permitted region occurs when the width of the
first travel-permitted region is increased, the
travel-permitted region setting unit increases the
width of the first travel-permitted region to a width
sufficient to embrace the own vehicle traveling on the
avoiding path and also decreases a width of the second
travel-permitted region to avoid overlapping the first
travel-permitted region after increased in width.

The obstacle avoidance system according to claim
2, wherein:

if theenvironmental sensor of the own vehicle does
not detect a new obstacle different from the front
obstacle while traveling on the avoiding path, the
avoidingpath generationunit further generates a return
path for allowing the own vehicle to return from the
avoiding point to the target trajectory in the travel
lane.

The obstacle avoidance system according to claim
3, wherein:

the avoiding path generation unit determines
curvatures of the avoiding path and return path so that
lateral accelerations applied to the own vehicle during

traveling on the avoiding path and return path do not
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exceed a reference lateral acceleration set for
preventing the own vehicle from overturning.

The obstacle avoidance system according to claim
4, wherein:

when the own vehicle travels on the return path
and returns to the target trajectory in the travel lane,
the travel-permitted region setting unit decreases the
increased width of the first travel-permitted region
to the width before the increase and increases the
decreased width of the second travel-permitted region
to the width before the decrease.

The obstacle avoidance systemaccording to any one
of claims 1 to 5, further comprising:

an obstacle information storage unit configured
to store obstacle information that indicates a position
of the obstacle on the travel lane and the size of the
obstacle in the vehicle width direction,

wherein the avoiding path generation unit
generates the avoiding path with reference to the
obstacle information.

The obstacle avoidance system according to claim
6, further comprising:

an obstacle information management unit
configured to acquire detection results from the
obstacle detection unit, to compare the detection

results with the obstacle information stored in the
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obstacle information storage unit, and, if the acquired
detection results of the obstacle detection unit are
not included in the obstacle information, to add the
detection results of the obstacle detection unit to the
obstacle information storage unit.

An obstacle avoidance system for allowing an own
vehicle, which is in a travel lane with an adjacent lane
provided in parallel with the travel lane and is applied
to a mine where the own vehicle autonomously travels
on the travel lane and a same type of another vehicle
autonomously travels on the adjacent lane, to avoid an
obstacle, which is located ahead in the travel lane,
by passing the obstacle on a side of the adjacent lane,
comprising:

an obstacle detection unit configured to detect,
on a basis of an output from an environmental sensor
mounted on the own vehicle, a relative position of the
obstacle with respect to a center position in a width
direction of the own vehicle as a reference and a size
of the obstacle in a vehicle width direction,

a movement amount calculation unit configured to
calculate, on a basis of the relative position of the
obstacle, the size of the obstacle in the vehicle width
directionandawidthof the ownvehicle, amaximumamount
of movement of the own vehicle in the vehicle width

direction as required to avoid the obstacle,
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an avoiding path generation unit configured to
determine, as an avoiding point, a point displaced over
the maximum amount of movement toward the side of the
adjacent lane fromthe relative position of the obstacle
and, ifadistancebetweenthe avoidingpoint anda center
line of the adjacent lane is greater than the width of
the own vehicle, to gene rate an avoiding path for
allowing the own vehicle to pass through the avoiding
point,

amap information storage unit that stores the map
information of the respective lanes, and

atravel-permitted region settingunit configured
to set a partial region of the travel lane, where the
own vehicle travels, as a travel-permitted region where
only the own vehicle is permitted to travel,

a vehicle control unit configured to make the own
vehicle autonomously travel along the first
travel-permitted region which has been set on the
avoiding path generated by the avoiding path generation
unit,

wherein the map information is defined using a
target trajectorydefinedfromapluralityofnodesalong
a travel direction in each of the lanes and links
connecting adjacent ones of the nodes,

wherein the travel-permitted region is defined by

a one—-dimensional region consisting of a part of the
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target trajectory,

wherein the avoiding path generation unit
generates the avoiding path if a distance from the
avoiding point to the target trajectory in the adjacent

lane is greater than the width of the own vehicle.
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