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(57) Abrégée/Abstract:
On a basis of a relative position of an obstacle 401, a size of the obstacle in an own vehicle 12 width direction and a width of the
own vehicle 12, a maximum amount D,, of movement of the own vehicle 12 in the vehicle width direction as required to avoid the
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(57) Abrege(suite)/Abstract(continued):

obstacle 401 Is calculated. A point displaced over the maximum amount of movement toward a side of the adjacent lane from the
relative position of the obstacle 401 Is determined as an avoiding point 250. If a distance d between the avoiding point 250 and the

adjacent lane Is greater than the width WWm of the own vehicle 12, an avoiding path Is generated for allowing the own vehicle 12 to
pass the avoiding point 250.
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ABSTRACT

On a pbasis of a relative position of an obstacle 40,
a s1ze of the obstacle 1in an own vehicle 12 width direction
andawidth of the ownvehicle 12, amaximumamount D of movement
of theownvehilicle 12 1nthe vehiclewidthdirection as required
to avoid the obstacle 401 1s calculated. A point displaced
over themaximumamount of movement towardaside of theadjacent
lane from the relative position of the obstacle 401 1s

determined as an avoiding point 250. If a distance d between

the widthWmof the ownvehicle 12, anavoidingpath is generated
for allowing the own vehicle 12 to pass the avoiding point

250.



OBSTACLE AVOIDANCE SYSTEM

Technical Field
[0001] 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

[0002] There 1s known an'autonomous travel system that
connects autonombusly~t£aveling haulagé vehicles
(hereinafter called “"unmanned dump trucks”), which can
perfbrm autono'mousitraveling without operators on board,
for communications with a traffic control system via
a wireless communication network in an surface mine or
the like. Inaminingenvi ronmeht, 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#amployees,'etc.)'and
sprinkler.vehicles. The traveling positions and
operation conditions of these unmaﬁned dump trucks,
gr'aders, bulldozers and manned vehicles are controlled

by an autonomous travel system, and are subjected to
trafflic 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.

CA 2957627 2018-02-09
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[0003] On a travel road, an obstacle other than those o

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 vehilcle, to the own vehicle as detected by
a relative position detecting means for detecting the
relative positions of the own vehicle and the obstacle
1s 1n a first region ahead of the own vehicle, and the
steering assist control 1s performed i1if the detected
relative position of the obstacle exists in a second
region that 1s located outside the first region and is
broad 1in a vehlicle width direction” (see the Abstract).

Prior Art Document

Patent Document

(0C04] Patent Document 1: JP-A-2011-51547
Disclosure of the Invention

Problem to Be Solved by the Invention
(00057 In Patent Document 1, however, an operation 1s

performed for the avoidance of the obstacle on the basis

of the own vehicle, which 1s detectable by a sensor such



as a radar mounted on the vehicle. There is, accordingly,
a potential problem that a determination tc permit avoidance
steering to an oncoming lane may be made, for example, even
when there 1s a vehicle traveling from a distance in the
ocncoming 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 1f such contact does not takeplace, another

problem may arise that the efficiency of hauling work would

be lowered due to an unplanned deceleration or the like.
NO conslderation 1s made about such a danger or problem in
Patent Document 1.
sSummary -

[0006] Withthe foregoingcircumstancesinview, itisanobject
of the present invention to safely and efficiently avoid
an obstacle on a travel road without interfering with the
travelingofavehicleinanadjacent laneprovidedinparallel
withatravel laneof theownvehicleuponavoidingthe obstacle
on the travel road.

[0006a] Certain exemplary embodiments can provide an ocbstacle
avoldance system for allowing an own vehicle, which is in
a travel lane with an adjacent lane provided in parallel

wlith the travel lane and is applied to a mine where the own

vehicle autonomously travels on the travel lane and a same

CA 2957627 2018-12-20



Lype 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 ¢cf an output from an environmental sensor
mountedontheownvehicle, arelativepositionof 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 direction and a width of the own vehicle, a
maximum amount of movement of the own vehicle in the vehicle
widthdirectionas requiredtoavoidthe obstacle, an avoliding
path generation unit configured to determine, as an avoliding
point, a point displaced over the maximum amount of movement
towardthesideof theadjacent lane fromtherelative position
of the obstacle and, 1f a distance between the avolding point
aﬁd 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

3a
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and links connecting adjacent ones of the nodes, and map
informationdefinedusingwidthinformationalongthevehicle
widthdirectionwith the target trajectoryservingas a center,
a travel-permitted region setting unit configured to set
a first travel-permitted region, whgrecnﬂgrthecwwlvehicle
1s 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
Cravel-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 regiondefinedby a lengthalong the target
trajectory in the adjacent lane and the width of the another
vehlcle 1n 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

3b

CA 2957627 2018-12-20



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
to depart from the 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
avolding path generation unit, wherein, the departure
acceptance/rejection determination unit prohibits the own

vehicle fromdeparting fromthe first travel-permittedregion

1f the another vehicle is determined to be a manned vehicle

including a navigation ECU to which a display device for
a displaylng instruction contents received from a traffic
controller for managing vehicles in the mine is connected,

on the other hand, i1f the another vehicle is determined to

pe an wunmanned vehicle including a vehicle ECU which

autonomously travels according to a control instruction

recelived from the traffic controller, and the own vehicle

determined to enter an advancing region of the other vehicle,

and thereisanavoidanceregion forallowingtheother vehicle
to avoid the own vehicle and i1f the another vehicle can take
an avoldance action to avoid the own vehicle in time, allows

the own vehicle from departing from the first travel-

3C
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permitted region, i1f 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, if
anover_.appingregionwiththe secondtravel-permittedregion
occurs when the width of the first travel-permitted region
1s 1ncreased, 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
Cravel-permitted region after 1ncreased in width.

[0006b] Certaln exemplary embodiments can provide an obstacle
avoldance 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
vehlicle 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

mountedonthe ownvehicle, arelativepositionof the obstacle

3d
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wlith respect to a center position in a width directicn of
the own vehicle as a reference and a size of the obstacle
1n 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 of the own vehicle, a
maximum amount of movement of the own vehicle in the vehicle
widthdirectionasrequiredtoavoidthe obstacle, an avoiding
path generation unit configured to determine, as an avoiding
polint, a point displaced over the maximum amount of movement
towardthesideof theadjacent lane fromtherelative position
of the obstacle and, 1f 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,
amap information storageunit that storesthemapinformation
of the respective lanes,'auxi a travel-permitted region
setting unit 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

avolding path generation unit, wherein the map information

3e
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1s defined using a target trajectory defined froma 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 consisting of a part of the target trajectory, wherein
the avoiding path generation unit generates the avoiding
path such that the own vehicle travels with a predetermined
distance from the another vehicle traveling on the target
trajectory on the adjacent lane, if a distance from the
avolding point to the target trajectory in the adjacent lane
1s greater than the width of the own vehicle.

[0007] Other embodiments provide 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 avold an obstacle, which is located ahead in the travel

lane, by passing

3f
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the obstacle on a side of the ad'jacent lane, the obstacle
avoidance system includes an obstacle detection unit
configured to detect, on a basls of an output from an
environmental sensor mounted on the own vehicle, a
relative position of the obstacle with respect to the
own vehilcle as a reference and a size of the obstacle
1n a vehilicle width direction, a movement amount
calculation unit configured to calculate, on a basis
of the relataive position of the obstacle, the size of
the ocbstacle 1in the vehicle width direction and a width
of the own vehicle, a maximum amount of movement of the
own vehicle 1n the vehicle width direction as required
to avolid the obstacle, and an avoiding path generation
unlit configured to determine, as an avoiding point, a
polint displaced over the maximum amount of movement
toward the si1ide of the adjacent lane from the relative
position of the obstacle and, 1f a distance between the
avolding point and a center line of the adjacent lane
1s greater than the width of the own vehicle, to generate
an avoiding path for allowing the own vehicle to pass
through the avoiding point.
Advantageous Effects of the Invention

[0008] According to the present 1nvention, an own vehicle
can sately andefficiently avoid an obstacle on a travel
road without interfering with the traveling of a vehicle

1n an adjacent lane provided 1n parallel with a travel
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lane of the own vehicle upon avoiding the obstacle on
the travel road. Objects, configurations and
advantageous effects other than those described above
will become apparent from the following description of
embodiments.

Brief Description of the Drawings

FIG. 1 1s a schematic diagram 1llustrating the
configuration of an obstacle avoidance system.

FIG. 2 15 a block diagram 1llustrating the
configuration of a traffic control subsystem.

FIG. 3 1s a block diagram 1llustrating the
configuration of an unmanned dump truck.

FIG. 4 1s a diagram showing 1llustrative map
information of an approach lane and a return lane 1n
a first embodiment.

F'1IG. 5 1s a flow chart 1llustrating a flow of

obstacle avoidance processing.

FIG. 6 1s a flow chart 1llustrating a flow of
determination processing of acceptance/rejection of a
departure from a travel-permitted region.

FIG. / shows a case that an obstacle exists outside
an advancing region of the unmanned vehicle.

FIGS. 8A and B are diagrams 1llustrating a case
that an obstacle exists 1n an advancing region of the
unmanned vehicleandcanbeavoidedinatravel-permitted

region, 1n which FIG. 8A 1s an overall diagram and FIG.

I
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8B is anenlargeddiagram of surroundings of the vehicle.

FIG. 9 1s a diagram 1illustrating how a path 1s

generated to return to a travel path after an obstacle

avoidance action 1n the case of FIGS. 8A and 8B.

FIG. 10 1is a diagram illustrating a case that an
obstacle exists 1n an advancing region of the unmanned
dump truck and the dump truck has to depart from a
travel-permitted region.

FIG. 11 1s a diagram i1llustrating a renewal of the
travel-permitted region 1n the case of FIG. 10.

FIG. 12 1sadlagramillustrating a case that there
1s a traveling unmanned dump truck 1n an adjacent lane.

FIG. 13 1s a diagram 1llustrating a renewal of a
travel-permitted region 1n the case of FIG. 12.

FIG. 14 1s adiagramillustrating a case that there
1s a traveling unmanned dump truck 1n an adjacent lane
and a travel-permitted region overlaps an advancing

region of the unmanned dump truck traveling 1n the

adjacent lane 1f a travel-permitted region 1s changed

to avoid an obstacle.

FIG. 15 15 a diagram 1llustrating one example of
a posltional relation between an own vehicle and an
adjacent lane according to a second embodiment.

FIG. 16 1s a block diagram 1llustrating the
configuration of a traffic control subsystem according

to a further embodiment .
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Modes for Carrying out the Invention

(0010 ] Embodiments of the present 1nvention will

hereinafter be described using the drawings. In the
following embodiments, a description will be made by

dividing each embodiment into plural sections or

When the numbers of elements and the like (i1ncluding
the numbers of parts or components, numerical values,
amounts, ranges, and so on) are referred to 1n the
following embodiments, they shall not be limited to any
speclfic numbers and may be greater or smaller than such
speclfic numbers unless specifically indicated or
unless apparently limited to such specific numbers in
princliple. In the followiling embodiments, theilr
constituent elements (including processing steps and
the like) are not absolutely essential unless

specifically indicated or unless clearly considered to

be essential 1n principle.

(00117 Further, the individual configurations,
functions, processing units, processing means and the
Llike 1in the following embodimentsmay be partly or wholly
realized, for example, as i1ntegrated circuits or other
hardware. Alternatively, the below-described
individual configurations, functions, processing units,
processing means and the li1kemay be realized as programs

to be executed on a computer, 1n other words, mavy be
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[0013]
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realizedas software. Informationonprograms, tables,

files and the like, which realize the individual
configurations, functions, processing units,
processing means and the like, can be stored 1in storage
devices such as memories, harddisks or SSDs (solid state
drives) or the like or storage media such as IC cards,
oD cards or DVDs.

It is to be noted that throughout the drawings that

show or 11lustrate the embodiments, members having the

same functions are 1dentified by the same or related

designations, and their repeated descriptions will be
omitted.

Ineachofthe followingembodiments, adescription
will be made about an obstacle avoidance system for
allowing an own vehicle, which 1s 1n a travel lane with
an adjacent lane provided 1in parallel with the travel
lane, to avoilid an obstacle, which 1s located ahead 1n

the travel lane, by passing the obstacle on a side of

the adjacent lane. FEach embodiment will be described
by taking, as an example, a case that the adjacent lane
15 an oncoming lane. However, the adjacent lane may
be a lane (parallel travel lane)] on a haul rocad including
two or more lanes 1n each direction. The travel lane
and adjacent lane may be adjacent toeach other, or these

two lanes may be provided apart from each other.

<First Embodiment>

3
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With reference to FIGS. 1 through 4, a description
will be made about the schematic configuration of an
obstacle avoidance system 10 according to thils
embodiment. FIG. 1 is a schematicdiagramillustrating
theconfigurationofanobstacleavoldancesystem. FIG.
2 1s a block diagram i1llustrating the configuration of
a traffic control system shown in FIG. 1. FIG. 3 1is
a block diagram i1llustrating the configuration of an
unmanned dump truck shown 1n FIG. 1. FIG. 4 13 a diagram
showing i1llustrativemap information of anapproach lane
and a return lane 1n the first embodiment.

As 1llustrated 1n FIG. 1, the obstacle avoldance
system 10 according to this embodiment 1s 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 1s configured to control
worxKk contents and traveling positions and conditions
wlth respect to each of the own vehicle 12 and manned
vehicle 13 which perform work at a working site such
as a mine, and also to assume a role to 1nstruct the
own vehicle 12 and manned vehicle 13 actions to be taken
1n accordance with a work schedule at the working site.

The traffic controller 11 1ncludes four devices
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consisting of a traffic ECU (Electronic Control Unit)
20, a display device 61, an input device 62 and a
communicationdevice 81, andis configuredof thetraffic

ECU 20 and the display device 61, 1nput device ©2 and

communicationdevice 8l electrically connectedtogether,

respectively.

The traffic ECU 20 1s an electronic control unit

L]

(ECU) having various function means to be realized
through execution, by CPU (Central Processing Unit),

of programs stored in a memory. As 1llustrated 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 1information 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,

and the map database 28 stores i1nformation of travel

paths and travel-permitted regions at the working site.

28, the first embodiment employs two-dimensional map

information, which 1ncludes plural points (nodes)

10
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arrayed along the travel direction of each lane, a target

trajectory (the center 1ine of the lane) defined by 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.

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 unlit 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 1s 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 1nformation
of an oncoming lane (adjacent lane) and the current
positions of the own vehicle 12 and manned vehicle 13,
all of which are stored 1n the map database Z28.

The travel condition setting unit 24 1s 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 basilis of speed

limits and curvatures of the respective lanes, waiting

11
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times to a loading position, and the like as defined
in relation to the map i1nformation.

The travel-permitted region setting unit Z5> 1S
configured, with reference to the map information of

the travel lanes, to set for each vehicle a

permitted to travel and the other vehicle 1is prohibited

to enter there. 1In other words, the travel-permitted

region settingunit 25 is configuredto set, on the travel

vehicle is permitted to travel, as a travel-permitted

region. FEachvehiclecantravel inthe travel-permitted
region (which corresponds tothe first travel-permitted
region) set for the own vehicle, but 1s not permitted
to depart from the travel-permitted region by 1ts 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-dimensionalmapinformationis employed
in the first embodiment, the travel-permitted region
setting unit 25 1s 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 1n

the vehicle width direction with the target trajectory

12
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in the travel lane serving as the center. the
travel-permitted region setting unit 25 1s also
configured, when the other vehicle travels 1n the
adjacent lane, to set a second travel-permitted region,
where only the other vehicle 1s permitted to travel,
for the other 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 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 1s configured, when the own vehicle 1s determined
to depart from the first travel-permitted region 1f an

obstacle avoidance action 1s 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

the first travel-permitted region.

The travel paths andtravel-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 a mining site. The haul road consilists

of two lanes, one belng an approach lane and the other

13
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areturn lane. InFIG. 4, theownvehicle lZ is traveling
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 1s defined using plural
nodes (unfilledcircles) arrayed in the 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 ] In FIG. 4, a target 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

lane as viewed in an advanciling dlrection, 1s defined
using nodes 221 and links 222, and similarly a left
boundary line 226, which 1s located on a left side ot
the travel lane as viewed 1n the advancing direction,
1s 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

3\

directicn will hereinafter be called “right boundary
line” and “left boundary line”, 1rrespective of a
parallel lane or an oncoming lane. Similarly, the map
information of the concoming lane includes a target

1

trajectory 510 consisting of nodes 511 and links 5172,

14
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a right boundary line 523 defined using nodes 521 and

links 522, and a left boundary line 526 defined using
nodes 524 and links 5205.

In FIG. 4, travel-permitted regions 220,520 are
set for the own vehicle 17 and the another vehicle 13,
respectively. Between the travel-permitted regions

220 and 520, a safety margin distance A 1s provided to

avolid an interference between the own vehicle 12 and
the another vehicle 18. Numeral 300 1ndicates shoulders
provided along opposite side edges of the haul road.

The travel path setting unit 23 1s configured to
set a travel path for each vehicle by using the
comblination of all the nodes 211 and links 212 or the
combination of all the nodes 511 and links 512 from the
current polnt to the destination.

I[f the own vehicle 12 should need to depart from
the first travel-permitted region 220 for taking an
obstacle avoildance action during traveling, the own

vehicle 12 requests for acceptance of a departure to

the traffic control unit 22. The traffic control unit
272, which has been requested to accept the departure,

determines the acceptance or rejection of the departure

from the first travel-permitted region 220 of the own

travel-permitted region 520 of the another vehicle 18.

If the departure 1s accepted, a new first

15
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travel-permitted region of the own vehicle 12 1s set
at the travel-permitted region setting unit 25.

Tn FIG. 4, the own vehicle 12 1is 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 a travel path beyond
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 (3). By
repeating this procedure up to the destination, the own
vehicle 12 isallowed to safely travel to thedestination
without contact to the another wvehicle 18.

Referring back to FIG. 1, the display device o1
is a user interface for displaying travel-permitted
regions and travel paths allotted to the own vehilcle
12 and manned vehicle 13 and controlled by the traffic
controller 11, travel speeds, current positions, and

the 1ike to an operator, ana 1s configured, for example,

of LCD (liguid crystal display).

allowing the operator toc perform an 1nput operation for

giving an instruction to the traffic controller 11 when

16
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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 lilke 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 workilng
site extends over a wire area, communications that use
wireless technologlies are used 1n 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 eqguipment 70, all of which are mounted on the

own vehicle 12. The own vehicle 12 1s configured of

the vehicle ECU 30 and the obstacle detection sensor
40, own vehicle position detection sensor 55U,
communication device 82 and vehicle control eguipment

70 electrically connected, respectively.

17
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(0036] 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 1s
configured using the sensor that can detect an obstacle,
which blocks the unmanned vehicle 12 to travel, such
asafallenrockorahole or bumpon a travel 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 pbeam until the return ot
a reflected beam, and/or a stereo camera 42 (see FIG.
3) that two cameras are provided at a certalin interval
therebetween and a distance to an object of shooting
or the object can be recognized on the basis of 1mages
shot at the same time by the two cameras. However, one
or more sensors other than these may be used.

[0037] The own vehicle position detection sensor 50 1s
used to detect vehicle motion information such as the
position, attitude, travel speed and acceleration of
the own vehicle. As i1llustrated in FIG. 3, for example,
the own vehicle positicon detection sensor 50 may 1nclude
a GPS receiver 51, a gyro device 53, an acceleration
sensor 54, and a wheel speed sensor 5. The GPS receiver

51 can detect the position and attitude of the vehicle

by receiving at an antenna 52 radio waves transmitted

18
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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
speedof thevehicle. Theownvehiclepositiondetection
sensor 50 shall not be limited to the above-described
examples.

The communication device 82 establishes wireless
communicative connections between the own vehicle 17
and the traffic controlier 11.

The vehicle control equipment 70 includes a brake
device 71 for decelerating or stopping the own vehicle
12, asteeringdevice 72 for changing the steering angle,
and adrive controldevice 73 for increasing cr decreasing

the fuel i1njection rate.

The vehicle ECU 30 1is an electronic control unit

(ECU) having various function means to be realized

through execution of programs stored 1n a memory by CPU.

As 1llustrated 1in FIG. 3, the vehicle ECU 30 1ncludes
an obstacle detection unit 31, an own vehicle position
detection unit 32, a communicatiocon control unit 36, a
map database 37, a vehicle control unit 33, an avoiding
path generation unit 34, and a departure
exlstence/non-existence determination unit 35.

The obstacle detection unit 31 has functions to

detect the relative position and relative speed of an

19
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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 obstacle detection
sensorsd4( 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 i1nformation 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
anavoidingpath fortheownvehicle toavoidtheobstacle.
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 ot
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the obstacle toward the side of the adjacent lane and,
if the distance between the avoiding point and the target
trajectoryintﬂueadjacentlane:Msgreaterthantjmawidth
of the own vehicle, generates an avoiding path for
allowing the own vehicle to pass through the avoiding
point. Conseguently, it 1is possible to avolid an
interference between both the vehicles even 1f the own
vehicle and the oncoming vehicle pass each other at the
avolding point.

I1f 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

lane can be vacated more promptly. It 1s possible to
avoid an interference with another obstacle.

The curvatures of the avoiding path and return path
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 1s allowed to
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an acute angle even during an obstacle avoidance/return
action.

If the own vehicle 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 1s 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 thne
travel conditions 1in the travel-permitted region set
on the travel path. Conseguently, the own vehicle 12
autonomously travels to the destinatron.

The vehicle control unit 33 also has a function

as a movement amount calculation unit that calculates
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3 maximum amount of movement in the width direction of

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.

configuration of the manned vehicle 13. As illustrated
inFIG. 1, themanned vehicle 13 includes adisplaydevice
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 1s configured of the

navigation ECU 90 and the display device 63, input device
64, own vehicle position detection sensor 6o and
communication device 83 electrically connected,

respectively.

The own vehicle position detection sensor 65 13

of the manned vehicle 13, and similar to the sensor

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

23
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example, of LCD. Conseguently, thedriver of the manned
vehicle 13 can confirm at which position of the mining
site the manned vehicle 13 1s traveling currently.

The input device 64 is used to glive 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 B3 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 1s 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

that the own vehicle positionmay depart, or may produce
a warning when the own position should have departed

from the travel-permitted region.

Withreference to FIGS. 5 through l4, adescription
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size of an obstacle which the cwn vehicle 12 has detected
during traveling on the travel path. FIG. 5> 1s a flow
chart illustrating a flow of obstacle avoldance

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
acasethatanobstacleexistsoutsideanadvanclingreglion

of the unmanned vehicle. FIGS. 8A and 8B are diagrams

avoided in a travel-permitted region, in which FIG. 8A
is an overall diagram and FIG. 8B 1s an enlarged dliagram
of surroundings of the vehicle. FIG. 9 1s a diagram
illustrating how apathis generated toreturntoatravel

path after an obstacle avoidance action 1n the case of

FIGS. 8A and 8R. FIG. 10 is a diagram i1llustrating a

the unmanned dump truck and the dump truck has to depart
from a travel-permitted region. FIG. 11 1s 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
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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 anadvancing
region of the unmanned dump truck traveling 1in the
adjacent lane if the travel-permitted region 1s changed
to avoid an obstacle. A description will hereinafter
be made in the order of the respective steps 1in FIG.
5.

In step S501, the obstacle detection unit 31
performs acquisition of obstacle detection information
(S501). As 1llustrated in FIG. 7, the obstacle
detectionsensor 40 generatedetectiondataof the inside
of a detection area 150, and outputs 1t to the obstacle
detection unit 31. The obstacle detection unit 31
detects an obstacle 400 in the detection area 150 on
thebasisof thedetectiondata, andoutputs thedetection

result of the obstacle 400 to the vehicle ceontrol unit

33. At the vehicle control unit 233, arelative distance

is calculated 1in & coordinate system created along the
travel path by using, as an origin, a point ot

intersection between the travel path anda vertical line

drawn down onto the travel path from the center of a
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rear axle of the own vehicle 12; as an X-ax1l1s, the
advancing direction of the vehicle; and as a Y-axis,
the direction of the vehicle width that 1s perpendicular
to the advancing direction of the vehicle.

In step S502, a determination 1s 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, 1s located ahead of the
current position of the own vehicle 12, extends in the
advancing direction of the vehicle, and has a width 1n
the vehicle width direction. The width W 1s set at a
length equal to the width Wm of the own vehicle 12 (W=Wm) .
Here, a determination formula for whether the obstacle
exists 1in the advancing region 230 1s expressed by the
following formula:

formula 1]

W+ W
0<D
2 2 ...(1)

1
~

If the obstacle 400 does not exist 1n the advancing
region 230 (S502/NO), 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 5501, where

detection 1s continued for any front opstacle.

NG
g
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(0061 ] If the obstacle 400 exists in the advancing region

230 (S502/YES), for example, 1f 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 1s 1nitiated.

(0062 ] In step 5503, the avoiding path generation unit

34 implemented in the vehicle ECU 30 calculates an amount
of lateral movement required for avoiding the obstacle

(S503) . Aboutgenerationprocessingofanavoidingpath,

and 8B. The avoiding path generationunit 34 calculates
an amount Dof lateral movement over which the own vehicle
12 has to move 1in 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 froma central position
of the obstacle 401 by a distance D¢ (see FIG. 8B)

representedkn/thebeiow~describedformula (2}, 1inwhich

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

28



[0063]

(G064 ]

CA 029857627 20177-02—-08

HH-1509
PCT/JP2015/056702

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 Yavoiding point 2507,
At the avoiding point 250, the amount D of lateral

movement from the current position of the own vehicle

12 1n the direction of a Y-axis lncreases to a maximum

amount of movement.

[formula 2]

W W
=—0 4y

D, =2+~
2 e (2)

Therefore, the amount Dof movement fromthe travel

path 1s calculated by the following formula (3):

| formula 3]

D = De=Yo. . . (1)

In step S504, the vehicle control unit 33
determines 1n 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
region at the avoliding point 250 is assumed toc be W,;, W,
on left and right si1des, 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

29
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the formula (5) is a determination formula when the own

vehicle 12 averts to the left side relative to the

advancing path.

[formula 4]

D+E£$Vﬂ
7 c « - (4)

formulia 9]

2 . -« (5)
I1f the formula (4) or the formula (5) is satisfied,

in other words, i1f the own vehicle 12 is determined not

and the processing advances to step S505, where an
obstacle avoidance action 1is taken. The positional
relation between the dump truck 12 and the obstacle 401
as illustrated in FIGS. 8A and 8B changes from step 5504
to step S505 because the formula (4) 1s satisfied.
If neither the formula (4) nor the formula (5) 1s

satisfied, in other words, 1f the own vehicle 12 1s

determined to depart from the travel-permitted region

220 (S504/Yes), the processing advances to executlon

lane {step S508 and onwards). Details of the execution
processing will be mentioned subsequently herein.

In step $S505, the vehicle control unit 33 next
performs, onthe basis of the amount Dof lateral movement

as calculated by the avoiding path generation unit 34

30
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in step $503, steering control on the steering device
72 of the vehicle control equipment 70 to avoid the
obstacle 401 (5500).

As illustrated in FIGS. 8A and 8B, for example, a
steering control method may comprise calculating a
clothoid curve that connects polint 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

However, the steering control method is not limited to
this method, and another steering control method may
be used.

In step 8506, 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
advancing path of the vehicle (3506). As thegeneration

of the return path, a path that allows the own vehicle

12 to move by the amcunt D of movement to the side of

as in step 8S505. FIG. 9 illustrates processing in this
step. The own vehicle 12, which 1s located at the

avoiding point, 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

31
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an amount of steering in step S505 until shortly before

a return path 270 by reversing the clothoid curve, which
was calculated in step S505, about an axis 1n the
advancing direction of the vehicle.

The vehicle control unit 33 then performs steering

return path generated in step S506, and allows the own
vehicle 12 to the target trajectory 210 1n 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 venhicle
12 from the travel-permitted region 220 in accordance

with the following formulas (6}, (7) (5508).

[formula 6]

| W
D, mw,m[m J
2 (6)

[formula 7]

. W
Dy, =W, _( D+ m)
' 2 * &+ 0 ( "j’ )

32
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Instep S509, the vehicle control unit 33 confirms,
with reference to the map information stored 1n The map
database 28, whether there is an adjacent lane 1n the
direction of a departure from the travel-permitted
region 220. This is a determination condition under
theassumptioncﬁhacasetﬂuﬂ:thetravelgﬁﬂjuhasaasingle
lane. As there is a potential danger in the case of
a single lane that the own vehicle 12 may fall down from
a cliff 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-permitted region 220, tostep S613, where

the own vehicle 12 1s stopped.
If there is an adjacent lane (S509/Yes), the

departure acceptance/rejection determination unit 26

travel-permitted region 220 (S510). Referring to FIG.

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

33
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departure acceptance/rejection determination unit 256
makes a determination of acceptance/rejectlion.

"0077]

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 vehilcle
traveling in the adjacent lane is an unmanned dump truck
(S602) .

0078] If the vehicle traveling in the adjacent lane 1S
determined to be amanned vehicle instep $S602 (S602/No),
the unmanned vehicle 12 1s prohibited from departing
from the travel-permitted region 220 (5606). As the
display device 63, which displays the positional

relation between the travel-permitted region and the
owrnn vehicle to the driver, 1s mounted on the manned
vehicle, it 1s possible to inform that the own vehicle
12 is coming closer to the side of the manned vehicle.

However, theownvehicle 12 1s stoppedas asafetymeasure

in case that the driver should fail to notice this

information (So0o6 to So511,5517).

(0079] Tf the other vehicle travelling 1n the adjacent
lane is an unmanned dump truck (5602/Yes), on the otherx
hand, a determination 1s made as to whether the own
vehicle may enter the advancing region of the other

vehicle (S6eU3) . If determined to enter (5603/Yes), the

o4
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departure acceptance/rejection determination unit 26
determines that the own vehicle may depart from the
travel-permitted region (S005), provided that there is
an avoldance region for allowing the other vehicle to
avold the own vehicle and an avoidance action can be
taken 1n time (S604/Yes) .

If no travel-permitted region 1s set for the other
vehicle 1n the adjacent lane (S601/No; see FIG. 10) or
1f the own vehicle does not enter the advancing region
of the other wvehicle (S603/No), the departure
acceptance/rejection determination unit 26 determines
that theownvehiclemaydepart fromthe travel-permitted
reglion (S605).

If the other vehicle traveling in the adjacent lane
1s not an unmanned dump truck, in other words, a manned
vehicle (S5602/No) or 1f 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 avoldance action can be taken in time despite the
exlstence of an avoiding region {(8604/No), on the other
hand, the departure acceptance/rejectiondetermination

unit 2o determines rejection of a departure (35606).

own vehicle may depart (S511/Yes), the travel-permitted

reglion setting unit 25 performs a change to the shape

3o
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of the travel-permitted region 220 1in accordance with
the amount D4 of a departure from the travel-permittec
region, and notifies the wvehicle, for which the
travel-permitted region 220 has been set, of the change
to the shape of the travel-permitted region (5512). 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 1s
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 1ncrease 1n width.

has performed the change to the width of the

travel-permitted region 220, the communication device
81 of the traffic controller 11 transmits 1nformation,
which indicates the contents of the above-descriped

change, to the communicatlondevice 82 of the ownvehicle

12, and the 1nformation i1s inputted to tne vehicle ECU

36
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30.

On the basis of the results of the change, tThe own
vehicle 12 performs processing for anobstacle avolidance
action (S513), the generation of a return path to the
targett&ajemﬁqur(8514)andﬁjuaperformancecﬁhareturn
action to the target trajectory (S515) 1in this order
as in steps S505 through S$507, whereby the obstacle
avoidance action is completed to advance to step So516.

In step S516, the return of the own vehicle 12 €O
the target trajectory via the communication device 82
is notified to the traffic controllexr 11. The
travel-permitted region setting unit 25 decreases the
width of the travel-permitted region 220 to reilnstate
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

avoidance seguence 1n 1ts entirety.

With reference to FIG. 11, a description will Dbe

travel-permitted region 220, 1n other words, of an
increase of the width of the travel-permitted region
220 in the width direction sc that the amount D of a

departure is embraced. The travel-permitted region
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setting unit 25 increases a width W, of the
Cravel-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 1s 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 1nterfere 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 1llustrates a state that an obstacle cannot

pe avolded unless the own vehicle 12 departs from a

travel-permittedregionZ220setcurrently. Inthiscase

1ncreased 1n accordance with the amcunt Dy, a region
285 which overlaps the travel-permitted region 520

currently set for the other vehicle 18 traveling in a

not enter an advancing region 530 of the other vehicle

33
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18. Therefore, 1in the determination of “DOES OWN

NTER ADVANCING REGION OF OTHER VEHICLE?"” 1in

&

VEHICLE

step S603 of FIG. 6, “"No” is determined, and a departure

is determined to be acceptable (Soc03).

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 wlth an
amount Dgof 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 Z223a),
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) (8S612). In FIG. 13, the travel-permitted region

220 has been increased 1n width to a travel-permitted

region 520 has been decreased 1n width to &

travel-permitted region 520a. As a result, no

each other.

With reference to FIG. 14, adescriptionwill also

processing. FIG. 14 1s different from the case of FIG.
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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 1s larger. An overlapplng region
290 is, therefore, formed between the advancing region
530 of the other vehicle 18 anda travel-permitted region
220b after an increase of 1ts width. In step S603, the
own vehicle 1s hence determined to enter the advancing
region of the other vehicle 1n step S603 (S6003/yes),
and the processing advances to step Sol4.

Then, a determination i1s made about whether the
other vehicle 18 may depart from 1ts travel-permitted
region 520 when the other vehicle 18 avoids the
overlapping region 290, and another determination 1s
made whether a spacing L 1s sufficiently ensured between
the own vehicle 12 and the other wvehicle 18 when the
owrni vehicle 12 avoids the obstacle 403 on the basis of
the amount D of a lateral movement. Assuming that the
wilidth of the overlapping region 290 1s Disp and the amount
of a lateral movement over which the other vehicle 18
has to laterally move to avoid the overlapping region
290 1s D1, it 1s possible to determine by the formula
(5) whether the other vehicle 18 may depart from the
travel-permitted region 520 when the other vehicle 18
avold the overlapping region 290.

As the formula (5) 1s satisfied in FIG. 14, it 1is

determined that the other vehicle 18 can avoid the
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overlapping region 290 within the travel-permitted

region 520. Now assume that a time at which the own

obstacle 403 1s t0 and the distance between the own
vehicle 12 and the other vehicle 18 along the path at
that time is L0O. 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 vehilcle 172
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]

L=L0--~Xomv,0,.33’—-
V.ma + » +» (8)

Whether the spacing L 1s sufficiently ensured can
be determined, for example, by ascertainling braking

avoidance limit distances Lth for travel speeds of

unmanned dump trucks in advance and checking 1f L>Lth.

Assuming that the unmanned dump trucks have a maximumn

deceleration A and the relative speed between unmanned

dump trucks is Vr, the braking avoidance limit distance
Lth can be calculated by Lth=Vr2/2A. In the exampie of
FIG. 14, the spacing L 1s assumed to be longer than tine
braking avoidance limit distance Lth. As a result ot

the determination in step S604 as described above, the
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processing advances to step S605, where the own vehicle
12 1s 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 i1s similar to FIG. 13,
but 1s different in that the other vehicle 18 laterally
moves over an amount D1 of lateral movement in step SH13.
The avoidance action of the own vehicle 12 has been
completed in i1ts entirety, and the traffic control
subsystem 1is notified 1n step S516 to the effect that
the return to the travel path has been completed, whereby
the travel-permitted regions of both the unmanned dunp
trucks are reinstated. Consequently, theother vehicle
18 performs reinstation to the original travel path from
the state that 1t has laterally moved over the amount
D1 of lateral movement. By the foregoing, the avoidance
sequence has now been completed in 1ts entirety.
According to thisembodiment, thedilistance between
an avoiding point and the center line of an adjacent
lane 1s set broader than the width of an own vehicle
so that, even 1f the own vehicle and another vehicle
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

decreasing the width of a travel-permitted region of
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the another vehicle, and also allowling the another
vehicle to take an avoidance action while takling into
consideration the position of the another vehicle 1in
an adjacent lane and the state of setting of the
travel-permitted region set for the another vehicle,
it 1s possible to perform an avoldance action of the
obstacle by using the adjacent lane while reducing

effects to the traveling state of the another vehicle

1n 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
baslis of the results of a comparison of distances d
between a target trajectory, an avoiding path, and a
target trajectory 1n an adjacent lane. The second
embodiment 1s different from the first embodiment 1in
that the map i1nformation i1s not two-dimensional
information but one—-dimensional i1nformation, and the
remaining elements of ccocnfiguration and the flow of

processing are the same, so that overlapplng description

1s omitted. Referring to FIG. 15, a description will

path according to the second embodiment. FIG. 15 1s

a diagram 1llustrating one example of a positional
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relation between an own vehicle and an adjacent lane
according to a second embodliment.

The map information in the second embodiment 1s
defined using a one-dimensional target trajectory,
which is in turn defined from plural nodes arrayed 1n
a travel direction of each lane and 1links connecting
the adjacent ones of the nodes. A travel-permitted
region is defined by aone-dimensional regionconsisting
of a partial region of the target trajectory. The
avolding path generation unit 34 generates an avoiding

path when the distance from the avoiding point to the

the width of the own vehicle.

Described specifically, asi1llustratedin FIG. 15,
the own vehicle 12 avoids the obstacle 403 by being
allowed to travel through the avoiding point 250 of the
own vehiclel? when the distance d between the avoiding
polnt 250 and a target trajectory 210 1s n times the
width Wof the own vehicle 12 (n>1}). Consequently, when
the unmanned aump truck 18 traveling 1n the adjacent
lane and the own vehicle 12 have the same width and the
other vehicle 18 1s traveling on the target trajectory
in the adjacent lane, a margin(d-Wm) can be ensured to
avold an 1nterference between both the vehicles even
1f the own vehicle 12 and the other vehicle 18 pass each

other while coming closest to each other.

,_,1 z’l
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According to this embodiment, an obstacle
avoldance 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 1nvention, and there are various
embodiments which do not depart from the spirit of the
present 1nvention. For example, the avoiding path
generation unit 34 and departure

exlstence/non-existence determination unit 35 in the

vehicle ECU 30 mounted on the own vehicle may be stored

in the traffic ECU 20 1n the traffic controller 11. 1In
this case, obstacle detection i1nformation 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

obstacle detection i1nformation such as the position,
s1ze and the like of an obstacle an avoidance of which
15 determined to be needed. The notification to the
trafficcontroller 11l canmakeefficient themaintenance

activities for the mining site. A description will be
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made with reference to a block diagram of 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 controllerx
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 2o may set a
travel-permitted regionon the avoidingpath. Further,
the traffic controllerll may be additionally provided
with an obstacle information management unit 2%a, 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 thedetectionresultsof theobstacledetection
unit 31 are not contained in the obstacle 1nformation,
adds the detection results of the obstacle detection
unit 31 to the obstacle 1nformation.

Legends

10: Obstacle avoidance system, 11: Traffic controller,
18: Unmanned dump truck, 13: Manned vehicle, Z220:
Travel-permitted region, 225: Target trajectory of own

vehicle.
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CLAIMS

1. An obstacle avoidance system for allowing an own
vehicle, which 1s 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

1s 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 1n 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, onabasisof therelativepositionof the obstacle,
the size of the obstacle in the vehicle width direction and
a width 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

g

maximum amount of movement toward the side of the adjacent
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lane from the relative position of the obstacle and, if a
distance between the avoiding point and a center line of
the adjacent lane isgreater thanthewidthof 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 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 regiondefined by a length 'along
the target trajectory in the travel lane and the width of
the own vehicle inthe vehiclewidthdirectionwith the target
trajectory in the travel lane serving as the center and,
1f 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 regiondefined by a length along
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the target trajectory 1n 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.if1juacmw1vehicle
CLravels 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
andapositionof the secondtravel-permittedregion, whether
to allow the own vehicle to depart from the 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 avolding

path generated by the avoiding path generation unit,

wherein,

the departure acceptance/rejection determination

unit prohibits the own vehicle from departing from the first
travel-permitted region if the another vehicle is determined

to be a manned vehicle including a navigation electronic

control unit to which a display device for a displaying
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instruction contents received froma traffic controller for

managing vehicles 1n the mine 1s connected, on the other
hand, 1f the another vehicle is determined to be an unmanned
vehicle including a vehicle electronic control unit which
autonomously travels according to a control instruction
received from the traffic controller, and the own vehicle
determined to enter an advancing region of the other vehicle,
and there 1s an avoidance region for allowing the other
vehicle to avoid the own vehicle and if the another vehicle
can take an avoidance action to avoid the own vehicle in
time, allows the own vehicle from departing from the first
travel-permitted region,

1f the departure acceptance/rejection determination
unit allows the departure, the travel-permitted region

setting unit increases awidth of the first travel-permitted

region to a width sufficient to embrace the own vehicle
traveling on the avoiding path,

1f 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 avoliding path and also

decreases a width of the second travel-permitted region to

20
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avoid overlapping the first travel-permitted region after
increased in width.

2 . The obstacle avoidance system according to claim 1,

wherein:

1f the environmental sensor of the own vehicle does not
detect a new obstacle different from the obstacle which is
located ahead i1n the travel lane while traveling on the
avoliding path, the avoiding path generation unit further
generates areturnpath forallowing the own vehicletoreturn
fromthe avoiding point tothe target trajectory inthe travel
lane.

3. The obstacle avoidance system according to claim 2,

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 exceed

a reference lateral acceleration set for preventing the own
vehilcle from overturning.

4, The obstacle avoidance system according to claim 3,

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

o1
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width before the increase and increases the decreased width
of the second travel-permitted region to the width before
the decrease.
0. The obstacle avoidance system according to claim 1,
further comprising:
an obstacle information storage unit configured to

store obstacle 1nformation that indicates a position of the

obstacle on the travel lane and the size of the obstacle
in the vehicle width direction,

whereln the avoiding path generation unit generates

the avoidingpathwithreferencetotheobstacleinformation.

0. The obstacle avoidance system according to claim 5,
further comprising:

an obstacle information management unit configured to

acquire detection results from the obstacle detection unit,

LO compare the detection results with the obstacle

information stored in the obstacle information storage unit,

and, 1f the acquired detection results of the obstacle

detection unit are not included in the obstacle information,

Lo add the detection results of the obstacle detection unit

to the obstacle information storage unit.
7. An obstacle avoidance system for allowing an own

vehicle, which is in a travel lane with an adjacent lane

provided 1n parallel with the travel lane and is applied

to a mine where the own vehicle autonomously travels on the
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travel lane and a same type of another vehicle autonomously
travels on the adjacent lane, to avoid an obstacle, which
1s 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 bas;s 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, onabasisof therelativepositionof theobstacle,
the size of the obstacle in the vehicle width direction and
a width 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, if a
distance between the avoiding point and a center line of
the adjacent lane isgreater thanthewidthof the own vehicle,
Lo generate an avoiding path for allowing the own vehicle

to pass through the avoiding point,
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a map information storage unit that stores the map

information of the respective lanes, and

a travel=-permitted region setting unit configured to
set apartial regionof the travel lane, where the own vehicle
travels, as a travel-permitted region where only the own

vehicle 1is 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
trajectory defined 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 consisting of a part
of the target trajectory, wherein the avoiding path

generation unit generates the avoiding path such that the

own vehicle travels with a predetermined distance from the
another vehicle traveling on the target trajectory on the
adjacent lane, if a distance from the avolding point to the
target trajectory in the adjacent lane is greater than the

width of the own vehicle.

o4
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FIG. 6
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