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(57) Abrégé/Abstract:
An off-road dump truck includes a vehicle body, a peripheral recognition device, and an obstacle discrimination device. The
peripheral recognition device detects obstacle candidates in front of the vehicle body. The obstacle discrimination device classifies
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(57) Abrégé(suite)/Abstract(continued):

the obstacle candidate, which have been detected by the peripheral recognition device, into obstacles and non-obstacles and
outputs, as obstacles, the obstacle candidates classified as the obstacles. The obstacle discrimination device includes a travel state
determination section, a distance filter section, and a reflection intensity filter section. The travel state determination section
determines whether each obstacle candidate is a moving object or a stationary object. The distance filter section compares a
distance, where the stationary object was first detected, with a distance threshold. The reflection intensity filter section calculates
statistical information based on reflection intensity information on the obstacle candidate, and based on a comparison result of the
statistical information with a threshold, classifies the obstacle candidate.



ABSTRACT

An off-road dump truck includes a vehicle body, a
peripheral recognition device, and an obstacle
discrimination device. The peripheral recognition device
detects obstacle candidates in front of the vehicle body.
The obstacle discrimination device classifies the obstacle
candidate, which have been detected by the peripheral
recognition device, into obstacles and non-obstacles and
outputs, as obstacles, the obstacle candidates classified as
the obstacles. The obstacle discrimination device includes
a travel state determination section, a distance filter
section, and a reflection intensity filter section. The
travel state determination section determines whether each
obstacle candidate is a moving object or a stationary
object. The distance filter section compares a distance,
where the stationary object was first detected, with a
distance threshold. The reflection intensity filter section
calculates statistical information based on reflection
intensity information on the obstacle candidate, and based
on a comparison result of the statistical information with a

threshold, classifies the obstacle candidate.
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OFF-ROAD DUMP TRUCK AND OBSTACLE DISCRIMINATION DEVICE

Technical Field

[0001] This invention relates to an off-road dump truck and
an obstacle discrimination device.
Background

[0002] As a conventional technique relating to the avoidance
ofacollisionwithaprecedingvehicle oranobstacle, Patent
Document 1 discloses an object recognition device for a
vehicle, that, in order to determine whether an object
detected by an obstacle detection device is a vehicle or
not, “if plural reflected waves are received fromreflecting
objects, first determines whether the reflecting objects
from which the plural reflected waves have occurred are a
single reflecting cbject, and, if determined tobe the single
reflecting object through the determination, compares the
highest one of intensities of the reflected waves from the
single reflecting object with a reference intensity to
determine whether the single reflecting object is a vehicle
or a non-vehicle. (extracted from the Abstract)”.

[0003] Patent Document 1: JP 2004-184332 A
Summary

[0004] The surface of an unpaved off-road in a mine or the
like is bumpy compared with the surface of a paved road so
that, when a mining dump truck travels on the bumpy road
surface, the truck body violently jolts in up-and-down and

left-and-right directions, and following these jolts, an
1
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obstacle detection device, such as amillimeter wave radar,
mounted on the vehicle body also considerably shakes in
up-and~down and left-and-right directions. Hence, a
millimeter wave or laser light is radiated against a
preceding vehicle from an oblique direction or lateral
directioninsteadof squarelyopposing the precedingvehicle,
and the reflection intensitymaybecome lower than that which
wouldbeobtainedifdetectedsquarelyopposing thepreceding
vehicle. On the other hand, a reflection intensity from
a bump on or pothole in the surface of a travel road may
be detected higher than that detected from a leveled road
surface.

{0005} In general, reflection intensity from a vehicle is
overwhelmingly higher than that froma road surface, so that
the setting of a threshold for reflection intensities can
distinguish the vehicle and theroadsurface. Onthesurface
of an unpaved off-road, however, reflection intensity from
the off-road surface may be of an equal level to that from
a vehicle for the above-described reason, and therefore the
distinction between the vehicle and the off-road surface
cannot be made depending simply upon the magnitudes of
reflection intensities from them. If the technique
disclosed in Patent Document 1 is applied to a vehicle
traveling on the surface of an unpaved off-road, a problem
therefore arises that the accuracy of determination as to
whether an obstacle is the vehicle or a non-vehicle is

lowered.
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[0006] The present invention, therefore, has as an object
thereof the provision of a technigque that suppresses
misrecognition of a non-vehicle as a vehicle on the surface
of an unpaved off-~rcad, the surface having bumps and
potholes.

[0006.1] Certain exemplary embodiments can provide an off-road
dump truck comprising: a peripheral recognition device
configured to radiate an electromagnetic wave forward in a
moving direction, to receive reflected waves from a
plurality of obstacle candidates, and to detect intensities
of the reflected waves, distances from the dump truck to
the obstacle candidates and relative speeds of the obstacle
candidates to the dump truck, a speed sensor configured to
detect a travel speed of the dump truck, and an obstacle
discrimination device configured to classify obstacles and
non-obstacles 1in the obstacle candidates, and to output,
as obstacles, the obstacle candidates classified as the
obstacles, where obstacle di minati

includes: a travel state determination section that based

on the relative speed of each obstacle candidate and the
travel speed of the dump truck, determines whether the
obstacle candidate is a stationary object or a moving
object, and, when the obstacle candidate has been

determined as the moving object, outputs the obstacle

candidate as an obstacle, a distance filter section that,

3
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when the obstacle candidate has been determined as the
stationary object, determines the obstacle candidate to be
an object other than that which is to be outputted if a
distance where the obstacle candidate was first detected
is smaller than a distance threshold set to distinguish a
vehicle from a non-vehicle, and a reflection intensity
filter section that, with respect to the obstacle candidate
of which the distance first detected by the distance filter
section is equal to or greater than the distance threshold
and which was determined as an object to be outputted,
calculates statistical information based on reflection
intensity information indicating the intensities of the
reflected waves from the obstacle candidate, and determines
the obstacle candidate to be an object other than that
which is to be outputted if the statistical information
based on the reflection intensity information is less than
a reflection intensity threshold set to distinguish the
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stacle
candidate as an obstacle if the statistical information
based on the reflection intensity information is equal to
or greater than the reflection intensity threshold, and
the reflection intensity filter section outputs the
obstacle candidate as an obstacle when cumulative

statistical information calculated using the reflection

intensity information detected from the first detection of

3a
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a reflected wave from the obstacle candidate until a
current time 1s equal to or greater than cumulative
information threshold, and moving statistical information
calculated using the reflection intensity information
detected during a predetermined time period to a
predetermined time point preceding the current time is
equal to or greater than a moving statistical information

threshold.

[0006.2] Certain exemplary embodiments can provide an obstacle
discrimination device for wuse 1in a vehicle with a
peripheral recognition device and a speed sensor mounted
thereon, the peripheral recognition device radiates an
electromagnetic wave forward in a moving direction, to
receive reflected waves from obstacle candidates, and to
detect intensities of the reflected waves, distances from
the vehicle to the obstacle candidates and relative speeds

£ +h
L 1

a ahat
Lile OO

~~1la ~a At
Latite Cdall dad

ca A~ R
LT O L L

¢ the vehicle, and the speed
sensor being configured to detect a travel speed of the
vehicle, the obstacle discrimination device includes: a

travel state determination section that, based on the
relative speed of each obstacle candidate and the travel
speed of the wvehicle, determines whether the obstacle

candidate 1s a stationary object or a moving object, and,

when the obstacle candidate has been determined as the

3b
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moving object, outputs the obstacle candidate as an
obstacle, a distance filter section that, when the obstacle
candidate has been determined as the stationary object,
determines the obstacle candidate to be an object other
than that which i1s to be outputted if a distance where the
obstacle candidate was first detected is smaller than a
distance threshold set to distinguish other vehicles from
a non-vehicle, and a reflection intensity filter section
that, with respect to the obstacle candidate of which the
distance first detected by the distance filter section is
equal to or greater than the distance threshold and which
was determined as an object to be outputted, calculates
statistical information based on reflection intensity
information indicating the intensities of the reflected
waves from the obstacle candidate, and determines the
obstacle candidate to be an object other than that which
is to be outputted if the statistical information based on
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reflection intensity threshold set to distinguish the other
vehicles from the non-vehicle and outputs the obstacle
candidate as an obstacle 1f the statistical information
based on the reflection intensity information is equal to
or greater than the reflection intensity threshold, and
the reflection intensity filter section outputs the

obstacle candidate as an obstacle when cumulative
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statistical information calculated using the reflection
intensity information detected from the first detection of
a reflected wave from the obstacle candidate until a
current time is equal to or greater than a cumulative
information threshold, and moving statistical information
calculated wusing the reflection intensity information
detected during a predetermined time ©period to a
predetermined time point preceding the current time is
equal to or greater than a moving statistical information

threshold.

[0007] Other embodiments describe an off-road dump truck that
includes a peripheral recognition device configured to
radiate an electromagnetic wave forward in a moving
direction, to receive reflected waves from obstacle
candidates, and to detect intensities of the reflected
waves, distances from an own vehicle to the obstacle
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candidates to the own vehicle, a speed sensor configured
to detect a travel speed of the own wvehicle, and an

obstacle discrimination device configured to classify
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obstacles and non-obstacles in the obstacle candidates,
and to output, as obstacles, the obstacle candidates
classified as the obstacles, wherein the obstacle
discrimination device includes a travel state
determination section that based on the relative speed
of each obstacle candidate and the travel speed of the
own vehicle, determines whether the obstacle candidate
is a stationary object or a moving object, and, if the
obstacle candidate has been determined as the moving
object, ocutputs the obstacle candidate as an obstacle,
adistance filtersectionthat, if theobstacle candidate
has been determined as the stationary object,
determines the obstacle candidate to be an object other
than that which is to be outputted if a distance where
the obstacle candidate was first detected is smaller
than a distance threshold set to distinguish vehicles
and non-vehicles, and a reflection intensity filter
section that, 1f the distance where the obstacle
candidate determined as the stationary object was first
detected is equal to or greater than the distance
threshold, calculates statistical information based on
reflection intensity information indicating the
intensities of the reflected waves from the obstacle
candicate, and determines the obstacle candidate to be
an object other than that which is to be outputted if

the reflection intensity information is less than a



reflection intensity threshold set to distinguish
vehicles and non-vehicles but outputs the obstacle
candidate as an obstacle if the reflection intensity
information is equal to or greater than the reflection
intensity threshold.

[0008] According to the present invention, it is possible
to provide a technigque that suppresses misrecognition
of a non-vehicle as a vehicle on a surface of an unpaved
off-road, the surface having bumps and potholes.
Problems, configurations and advantageous effects other
than those described above will become apparent from
the following description of an embodiment.

Brief Description of the Drawings

{0009] FIG. 1 is a perspective view showing an outline
of a dump truck.

FIG. 2 is a block diagram illustrating functional
configurations of a control server and the dump truck,
which make up an autonomous travel dump truck system.

FIG. 3isadiagramshowing one example of detection
data by millimeter wave radar.

FIG. 4 is a flow chart illustrating one example
of classification processing of an obstacle and a
non-obstacle.

FIG. 5 is a diagram illustrating relationships

between respective reflection intensities from a
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vehicle, road surface/shoulder and a road surface and
a first cumulative average threshold.

FIG. 6 isaflowchartillustratinganother example
of the classification processing of an obstacle and a
non-obstacle.

FIG. 7 is a diagram illustrating relationships
between respective reflection intensities from a
vehicle, road surface/shoulder and a road surface and
a cumulative average threshold and moving average
threshold.

FIG. 8 is a flow chart illustrating a further
example of the classification processing of an obstacle
and a non-obstacle.

FIG. 9 is a flow chart illustrating yet another
example of the classification processing of an obstacle
and a non-obstacle.

FIG. 10 is a diagram illustrating relationships
between respective reflection intensities from a
vehicle, road surface/shoulder and a road surface, and
a first cumulative average threshold, second cumulative
average threshold and moving average threshold.

FIG. 11 is a flow chart illustrating a yet further
example of the classification processing of an obstacle
and a non-obstacle.

FIG. 12 is a flowchart illustrating still another

example of the classification processing of an ocbhstacle



and a non-obstacle.

FIG. 13isaflowchartillustratingastill further
example of the classification processing of an obstacle
and a non-obstacle.

DPetailed Description

[0010] An embodiment of the present invention will
hereinafter bedescribedwith reference to the drawings.
In the following embodiment, a description will be made
by taking an autonomous travel dump truck (hereinafter
simply called “dump truck”), which autonomously travels
in a mine, as one example of an off-road dump truck.
Referring first to FIGS. 1 and 2, a description will
be made about the configuration of the autonomous travel
dump truck system according to the embodiment. FIG.
1 is a perspective view showing an outline of the dump
truck. FIG. 2 is a block diagram illustrating
functional configurations of a control server and the
dump truck, which make up the autonomous travel dump
truck system.

[0011) As shown in FIG. 1, the dump truck 1 is provided
with a vehicle body la, a cab 1b disposed above a front
section of the vehicle body la, a vessel lc mounted
pivotally up and down on the vehicle body la, hoist
cylinders (not shown) that raise or lower the vessel
lc, and left and right, front wheels 1d and rear wheels

le on which the vehicle body la is supported for
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traveling, .

The dump truck 1 is also providedwithamillimeter
wave radar 21 and a laser radar 22 on a front wall of
the vehicle body la. The millimeter wave radar 21 and
laser radar 22 each radiate an electromagnetic wave and
receive a reflected wave to detect a preceding vehicle
such anothexr dump truck 1 or the like. They hence
correspond to a peripheral recognition device 2 (see
FIG. 2). In FIG. 2, a sensor fusion architecture with
themillimeter wave radar 21 and laser radar 22 mounted
therein is illustrated as the peripheral recognition
device 2, but the peripheral recognition device 2 may
be configured of the millimeter wave radar 21 alone or
the laser radar 22 alone.

Subsequent to reflection of a radiated
electromagnetic wave by a vehicle, obstacle or the like
in a periphery, the millimeter wave radar 21 and laser
radar 22 each receive a reflected wave, and generate
and output information on a position (distance and angle
from an own vehicle) of, a relative speed of and a
reflection intensity from the vehicle, obstacle or the
likeintheperiphery. Thedescriptionwillhereinafter
be continued with a focus being placed on a case that
detection has been made by the millimeter wave radar
21. However, similar results are alsc obtained when

detection has been made by the laser radar 22 or when



detection has been made by the millimeter wave radar
21 and laser radar 22.
[0014] As illustrated in FIG. 2, on the dump truck 1, the

peripheral recognition device 2, travel drive devices

3, a vehicle control device 4, an obstacle
discrimination device 5, and onboard sensors 6 are
mounted. The wvehicle control device 4 includes a

collision determination section 41, a payload weight
detecting section 42, an own position estimating
section 43, an onboard navigator 44, a communication
section 45, a map information storage section 46, and
an alarm generating section 80. In this embodiment,
an example in which the vehicle control device 4 and
the obstacle discrimination device 5 are configured as
discrete modules is illustrated, but these devices may
be configured as an integral unit. On the other hand,
the control server 10 1s configured including a
communication section 11, a storage section 12, a fleet
management section 13, a dispatch management section
14, and a traffic control section 15. The
communication section 11 of the control server 10
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section 45 of the dump truck 1, and also receives
position information and collision determination
information on the own vehicle from the communication
section 45 of the dump truck 1.

[0015] The onboard sensors 6 include a GPS device 61 as a

position detecting device that detects the position
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of the dump truck 1, i.e., the own vehicle, an inertial
measurement unit (IMU) 62 for detecting an acceleration
and inclination of the vehicle body la, a strain sensor
63, a suspension sensor 64 that detects a stroke of a
suspension connecting a wheel and the vehicle body la
each other, and a speed sensor 65 that detects a travel
speed of the dump truck 1. The speed sensor 65 may be
configured with a wheel rotational~speed sensor, which
detects a rotational speed of one of the front wheels
1d that function as driven wheels, and detects the speed
of the dump truck 1 from the rotational speed.

When the millimeter wave radar 21 has received a
reflected wave, there is either a situation where the
dump truck 1 needs to take a collision avoidance action
(for example, whenapreceding vehicle has beendetected)
or a situation where a reflected wave from a bump on
or pothole in a road surface has been received and no
collision avoidance action is needed. Therefore, in
this embodiment, an output result from the millimeter
wave radar 21 is called “an obstacle candidate”, which
is then called “an obstacle” if a collision avoidance
action is needed or “a non-obstacle” if no collision
avoidance action is needed. The obstacle
discrimination device 5 performs processing that
discriminates an obstacle candidate to be an obstacle

or a non-obstacle.
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The obstacle discrimination device 5, therefore,
includes a travel state determination section 51, a
distance filter section 52, and a reflection intensity
filter section 53.

Into the travel state determination section 51,
travel speed information on the own vehicle is inputted
fromthe speed sensor 65. Further, thedetection result
of the obstacle candidate as received at themillimeter
wave radar 21 is also inputted. The travel state
determination section 51 then calculates a travel speed
of the obstacle candidate based on the travel speed of
the own vehicle and the relative speed of the obstacle
candidate, and sets a threshold for travel speeds to
discriminate stationaryobjectsandtravelingvehicles.
The travel state determination section 51 outputs the
travelingvehicle as anobstacle, or outputs information
on the obstacle candidate, which has been discriminated
as a stationary object, to the distance filter section
52.

Toremovenon-obstacleshavingnoriskofcollision,
such as road surfaces, from obstacle candidates
determined as stationary objects at the travel state
determination section 51, the distance filter section
52 discriminates eachstationaryobject, whichwas first
detected at a predetermined distance or shorter, to be

a non-obstacle. The term “predetermined distance” as

11
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usedhereinmeans adistance thresholdset todistinguish
vehicles and non-vehicles (for example, rcad surfaces
and shoulders). As a vehicle has higher reflection
intensity than a non-vehicle, the vehicle begins to be
detected from a further distance. Based on this
characteristic, a distance threshold to distinguish
vehicles and non-vehicles can be set at a distance where
the non-vehicle begins to be first detected.

Finally, the reflection intensity filter section
53 calculates statistical information of reflection
intensities from the obstacle, distinguishes a vehicle
and a non-vehicle based on the calculated statistical
information of the reflection intensities, and removes
the obstacle, which is the non-vehicle, as a
non-obstacle.

The obstacle discrimination device 5 outputs, to
the ceollision determination section 41, information on
eachobstacle candidatediscriminated tobe an obstacle,
especially information of its relative distance to the
own vehicle. As a consequence, information on the
obstacle canbe coutputted to the collisiondetermination
section 41 after removing the non-obstacle from the
obstacle candidates detected by the peripheral
recognition device 2, whereby unnecessary stop
operations and brake operations can be suppressed.

The dump truck 1 travels while detecting obstacle

12
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candidates by the millimeter wave radar 21 in a moving
direction, specifically in a forward direction in this
embodiment. One example of detection data by the
millimeter wave radar 21 is shown in FIG. 3.

As shown in FIG. 3, in the detection data from the
millimeter wave radar 21, for every identification
information (for example, ID=1, ID=2, -- -, ID-n) for
uniguely identifying each detected obstacle candidate,
the clock times at which reflected waves were received
from the corresponding obstacle candidate, its
distances from the own vehicle, the angles at which the
reflected waves were received, and the reception
intensities (reflection intensities) of the reflected
waves, all at theose clock times, are correlated.

As a vehicle has relatively high reflection
intensity, the reception of a reflected wave from the
vehicle makes it possible to detect the vehicle even
if the vehicle i1s at a distant position. On the other
hand, a non-vehicle (road surface) has relatively low
reflectionintensitysothat thereisatendencytodetect
a road surface at positions close to the own vehicle.
In the example of FIG. 3, ID=1 begins to be detected
from a point where the relative distance to the own
vehicle is 45 m, and further its reflection intensity
is not very high. 1ID=2, on the other hand, bhegins to

be detected from a point where the relative distance
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to the own vehicle is 80 m, and further its reflection
intensity is relatively high. Accordingly, the

obstacle candidate labeledby ID=1hasahighpossibility
of being a non-vehicle (road surface), and the obstacle
candidate labeled by ID=2 is estimated to be a vehicle.

It is one of characteristic features of this
embodiment that, if vehicles and non-vehicles (for
example, road surfaces) are included in obstacle
candidates outputted from themillimeter wave radar 21,
every non-vehicle (for example, road surface) is
excluded as a non-obstacle from the obstacle candidates
based on the above-described characteristic of
reflected waves.

With reference to FIGS. 4 and 5, adescriptionwill
hereinafter be made about one example of a method of
classifying a road surface, which is-'a non-vehicle, as
a non-obstacle. FIG. 4 is a flow chart illustrating
one example of classification processing of an obstacle
and a non-obstacle. FIG. 5 is a diagram illustrating
relationships between respective reflection
intensities from a vehicle, road surface/shoulder and
a road surface anda first cumulative average threshold.

Using themillimeter wave radar 21, the dump truck
1 performs detection processing of each obstacle
candidate, which is located ahead inamovingdirection,

during traveling. The travel state determination

14
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section 51 calculates a travel speed Vob of the obstacle

candidate based on a travel speed of the own vehicle

as acquired from the speed sensor 65 and a relative speed

of the ocbstacle candidate as acquired fromthemillimeter
wave radar 21 (S701).

The travel state determination section 51
determines whether the travel speed Vob of the obstacle
candidate is equal to or lower than a speed threshold
Vob th set beforehand for classifying moving objects
(for example, traveling vehicles) and stationary
objects, and if negative (8S702/NO), classifies the
obstacle candidate to be a moving object (traveling
vehicle) (8703). Ifaffirmative (S702/YES), the travel
state determination section 51 classifies the obstacle
candidate to be a stationary object, and the processing
proceeds to step s705 (S704).

The distance filter section 52 acquires a distance
Lfi where the obstacle candidate classified to be the
stationary object was first detected (S705). In the
case of ID=1 in FIG. 3, for example, the distance Lfi
corresponds to the distance of 45 mm where ID=1 was first
detected.

The distance filter section 52 determines whether
the distance Lfi is equal to or greater than a distance
threshold Lfi_ th set beforehand to classify vehicles

and non-vehicles (road surfaces), and if negative
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($706/NO), classifies the obstacle candidate to be a
non—-obstacle (5707). Ifaffirmative, ontheotherhand,
the reflection intensity filter section 53 calculates
statistical information based on reflection intensity
information on the obstacle candidate (8708). In the
example of FIG. 4, a cumulative average Rlave of
reflectionintensities is calculated as the statistical
information.

The term “cumulative average” as used herein means
the average of reflected intensities from the first
detectionof the obstacle candidate untilmost recently.
The cumulative average of reflection intensities, for
example, from the obstacle candidate labeled by ID=2
in FIG. 3 is determined by the following formula (2):

(10+11+10+12+14+13+10+11) /8= 11.4

The reflection intensity filter section 53
calculates the cumulative average of reflection
intensities from the obstacle candidate and, if the
cumulative average of reflection intensities is smaller
than the first cumulative average threshold RIave thl
set toclassify vehicles and obstacles as non~obstacles
(S709/NQ), classifies the obstacle candidate to be a
non-obstacle (S8710). If equal to or greater than the
firstcumulative average thresholdRIave_thl (S709/YES),

the obstacle candidate is classified to be an obstacle

16
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(S711) .

As illustrated in FIG. 5, the setting of the first
cumulative average threshold at a value, which can
classify those having high reflection intensity, like
vehicles, and those having low reflection intensity,
such as road surfaces, makes it possible to classify
each obstacle candidate based on a comparison between
the cumulative average of reflection intensities from
the obstacle candidate and the first cumulative average
threshold.

Further, in the above-described example of FIG.
4, the number of pieces of data to be processed at the
reflection intensity filter section 53 can be decreased
by sifting moving objects (for example, traveling
vehicles) as obstacles at the distance filter scction
52 to decrease the number of obstacle candidates and
then performing the processing at the reflection
intensity filter section 53. As the reflection
intensity filter section 53 handles statistical
information based on past data and the like, its
processing load is relatively heavy. The processing
load can, therefore, be reduced by decreasing the number
of obstacle candidates to be processed at the reflection
intensity filter section 53.

As the statistical information of reflection

intensities, it is possible to use not only an average
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but also a variance, because a vehicle generally has
a more complex shape than a road surface or a shoulder
and has, as a characteristic thereof, a greater
fluctuation in reflection intensity than the road
surface or shoulder. This characteristic is also seen
in FIG. 5, in which the graph representing reflection
intensifies froma vehicle has a large fluctuation width
whereas the graph representing reflection intensities
from road surface/shoulder or a road surface 1is
substantially constant (flat).

Hence, the reflection intensity filter section 53
may classify the obstacle candidate into an obstacle
or a non-obstacle by using the variance of reflection
intensities as statistical information. Referring to
FIG. 6, a description will be made about classification
processing into an obstacle or a non-obstacle by using
a cumulative variance. FIG. 6 is a flow chart
illustrating another example of the classification
processing of an obstacle and a non-obstacle. 1In the
example of FIG. 6, the cumulative average and cumulative
variance of reflection intensities are used in
combination.

IntheclassificationprocessingofFIG. 6, similar
to the processing of FIG. 4, the processing in step 701
to step 707 is executed to sift each obstacle candidate

into & moving object or a non-obstacle such as a road
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surface. Anoverlappingdescriptionof step 701l tostep
707 is omitted with respect to FIG. 6 and the
below~described, other classification processing of an
obstacle and a non-obstacle.

The reflectioﬁ intensity filter section 53
calculates, as the statistical information based on the
reflection intensity information, the cumulative
average and cumulative variance RIstd of reflection
intensities from each obstacle candidate as detected
at the millimeter wave radar 21 (8901). If the
cumulative average of reflection intensities is equal
to or greater than a first cumulative average threshold
(S902/YES) and if the cumulative variance of reflection
intensities is equal to or greater than a cumulative
variance threshold RIstd_th (S904/YES), the obstacle
candidate is classified to be an obstacle such as a
vehicle (S906), and otherwise (S902/YES, S904/NO), is
classified to be a non-obstacle such as a road surface
(8903, 8S905). The order of execution of the comparison
processing between the cumulative average and the first
cumulative average threshold of reflection intensities
(8$902) and the comparison processing between the
cumulative variance and the second cumulative average
threshold of reflection intensities (5904) may be
reversed.

Inthe above-describedexample, onlyeachobstacle
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candidate, which has reflection intensities of the first
cumulative average threshold or greater and of the
cumulative variance or greater, is classified to be an
obstacle. Even if the cumulative average of reflection
intensities from a non-obstacle with relatively large
reflection intensity, for example, a shoulder is equal
to or greater than the first cumulative average, it is
thus possible to suppress classificationof the shoulder
as an obstacle by using the characteristic that the
cumulative variance is different between a vehicle and
a shoulder.

Referring next to FIGS. 7 and 8, adescriptionwill
be made about a further example of the classification
processing of an obstacle and a non-obstacle. FIG. 7
is a diagram illustrating relationships between
respective reflection intensities from a vehicle, road
surface/shoulder and a road surface and a cumulative
average threshold and moving average threshold. FIG.
8 is a flow chart illustrating the further example of
the classification processing of the obstacle and the
non-obstacle.

In a haulage area of a mine, a shoulder is often
provided adjacent to a haul road. When the dump truck
1 detects a forward obstacle candidate at themillimeter
wave radar 21 while traveling in the haulage area, a

detection value, which indicates the reception of a
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reflected wave from a road surface under the same ID,
may be recorded following a detection value which
indicates the receptionofareflectedwave fromadistant
shoulder at the time of the detection of the forward
obstacle candidate. As a consequence, the shoulder
detected first by the millimeter wave radar 21 and the
road surface detected later by themillimeter wave radar
21 may not be distinguished, so that both the shoulder
and the road surface may be recognized to be the same
obstacle candidate. Thismeans thatthedetectionvalue
of the shoulder is added to the detection value of the
shoulder. Then, the statistical information of
reflection intensities from the shoulder is reflected
to the statistical information of reflection
intensities from the road surface, whereby the
statistical information of reflection intensities from
the road surface is detected Qith a larger value than
the statistical information based on reflection
intensities from only the road surface, leading to a
concern about a reduction in accuracy upon classifying
the road surface as a non-obstacle.

Accordingly, a moving average RIavem may be used
as the statistical information of reflection
intensities. The term “moving average” as used herein
means the average of reflection intensities detected

in a predetermined time period preceding a reference
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time clock, for example, the current time clock. The
use of themovingaverage can facilitatetoremoveeffects
of detection values of a shoulder as acquired before.
If the moving average of reflection intensities from
the obstacle candidate labeled by ID=3 in FIG. 3 is
assumed to be the average to the 4™ unit time before
recently, the moving average can be determined by the
following formula (3):

(241+243) /4=2 ceeemerene (3)

Among the detection values of ID=n, the reflection
intensities at clock times of 0.6 to 0.8 are 5, 6 and
4 and are higher than the detection values at the
remaining clock times, and therefore have a possibly
of being detection values of reflected waves from the
shoulder having higher reflection intensity than the
road surface. The cumulative average is calculated
including these reflection intensities 5, 6 and 4, and
hence tends to have a greater value than the moving
average (see FIG. 7). 1Inthe case of themovingaverage,
on the other hand, by determining a time period (the
number of samples) preceding the reference time and to
be taken into consideration in the calculation of an
average, it is possible to reduce effects of reflection
intensities from an obstacle candidate or obstacle
candidates different from the recently detected

obstacle candidate and hence to classify obstacles and
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non-obstacles with improved accuracy.

[0044] As illustrated in FIG. 8, the reflection intensity
filter section 53 therefore calculates, as the
statistical information based on the reflection
intensity information, the cumulative average of
reflection intensities from an obstacle candidate as
detected at themillimeter wave radar 21 and their moving
average as an average from the current clock time to
aclock time before a predetermined time period (S1101),
classifies the obstacle candidate to be an obstacle
{51106) if the cumulative average of reflection
intensities is equal to or greater than the first
cumulative average threshold (S1102/YES) and if the
moving average of reflection intensities is equal to
orgreater than themoving average threshold (S1104/YES),
and otherwise (S1102/N0O, S$1104/N0) classifies the
obstacle candidate to be a non-obstacle (S1103, S1105).
The order of execution of the comparison processing
between the cumulative average of reflection
intensities and the first cumulative average threshold
($1102) and the comparisonprocessing between the moving
average of reflectionintensities and themoving average
threshold may be reversed.

0045} Owing to the classification processing of the
obstacle and non-obstacle as illustrated in FIG. 8, even

if the detection value of a reflected wave from a
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different obstacle candidate ismixedwith the detection
value of a reflected wave from an obstacle candidate
as an object to be determined, the calculation of
statistical information by the use of the detection
values of most recent plural reflected waves from the
obstacle candidate as the object to be determined makes
it possible to perform the classification processing
by reducing effects of the detection value from the
obstacle candidate different f;om the obstacle
candidate as the object to be determinate. As a
consequence, the accuracy of the classification
processing can be improved.

As vet another example of the classification
processing of an obstacle and a non-obstacle, a
cumulative average, moving average and moving variance
may be used in combination. This example will be
described with reference to FIGS. 9 and 10. FIG. 9 is
a flow chart illustrating the yet another example of
the classification processing of the obstacle and the
non-obstacle. FIG. 10 is a diagram illustrating
relationships between respective reflection
intensities from a vehicle, road surface/shoulder and
aroadsurface, anda firstcumulative average threshold,
second cumulative average threshold and moving average
threshold.

As illustrated in FIG. 9, the reflection intensity
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filter section 53 calculates, as statistical
information based on reflection intensity information,
the cumulative average of reflection intensities, a
moving average as the average of reflection intensities
from the current time clock to a time clock before a
predetermined time period, and a moving variance RIstdm
as the variance of the reflection intensities to the
clock time before the predetermined time period (51201},
classifies the obstacle candidate to be an obstacle
(51208) if the cumulative average of reflection
intensities is equal to or greater than the second
cumulative average thresholdRIave th2 (81202/YES), and
the moving average of reflection intensities is equal
fo or greater than the moving average threshold
(S1204/YES), and the moving variance of reflection
intensities is equal to or greater than the moving
variance thresholdRIstdm_th (S1206/YES), andotherwise
(S1202/N0O, S1204/N0, S1206/N0O) classifies the obstacle
candidate to be a non-obstacle such as a road surface
(51203,81205,81207) .

| The second cumulative average threshold RIave_th2
has a smaller value than the first cumulative average
threshold RIave_thl used in the processing of FIGS. 4,
6 and 8 (see FIG. 10). Therefore, the detection values
from only the road surface are classified to the

non-obstacle (51202/NO, $1203), but the cumulative
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average of detection values mixed with detection values
of reflected waves from road surface/shoulder becomes
equal to or greater than the second cumulative average
threshold RIave thZ and the rocad surface/shoulder
remainasobstacle candidates. Here, themovingaverage
and the moving variance are used in combination to
suppress classification of the road surface as an
obstacle under the effects of reflected waves from the
shoulder.

In other words, the use of the moving average
lowers the effects of detection values of a shoulder
detectedat adistance, and the use of themoving variance
classifies anobstacle candidate havinga large variance
of reflection intensities, like a vehicle, and an
obstacle candidate having a small variance of reflection
intensities, like a shoulder or road surface.

It is to be noted that in FIG. 9, the order of
execution of step 1202, step 1204 and step 1206 is not
limited to the order of FIG. 9 and may be arbitrary.

Referring to FIG. 11, a description will be made
about a yet further example of the classification
processing of an obstacle and a non-obstacle. FIG. 11
is a flow chart illustrating the yet further example
of the classification processing of the obstacle and
the non-obstacle. As illustrated in FIG. 11, the

reflection intensity filter section 53 calculates, as
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statistical information based on reflection intensity
information, the cumulative average and the moving
average of reflection intensities(S1401), classifies
the obstacle candidate to be an obstacle (81407) if the
cumulative average of reflection intensities is equal
toorgreater thanthe first cumulative average threshold
(S1402/YES) or if the cumulative average of reflection
intensities is equal to or greater than the second
cumulative average threshold but is smaller than the
first cumulative average threshold (S1402/NO,
S1403/YES), and if the moving average threshold of the
reflection intensities is equal to or greater than the
moving average threshold (S1405/YES), and otherwise
(S1403/N0O, S1405/N0) classifies the obstacle candidate
to be a non-obstacle {(31404,51406).

According to this example, obstacle candidates
with relatively high reflection intensity, like
vehicles, are classified to be obstacles, and among
remaining obstacle candidates, those having relatively
high reflection intensity (for example, an obstacle
candidate consisting of a road surface only) are
classifiedas non-obstacles. Still remaining obstacle
candidates are then subjected to classification based
on their moving averages, whereby the effects of a
shoulder or vehicle detected at adistance can be removed

and a near road surface can be classified to be a
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non-obstacle with higher accuracy.

[0053] Concerning the order of execution of step 1403 and
step 1405 in FIG. 11, whichever step may be executed
first.

{0054] As a yet further example of the classification
processing of anobstacle and a non-obstacle, comparison
processing between the moving variance of reflection
intensities and the moving variance threshold may be
added to the classification processing of FIG. 11.
Described specifically, as illustrated in FIG. 12, the
reflection intensity filter section 53 further
determines the moving average as statistical
information that uses reflection intensity information
(81501), classifies the obstacle candidate to be an
obstacle (81509) if the cumulative average of reflection
intensities is equal to or greater than the first
cumulative average threshold (S1502/YES) or if the
cumulative average of reflection intensities is equal
to or greater than the second cumulative average
threshold but is smaller than the first cumulative
average threshold (S1502/N0O, S1503/YES), and if the
moving average of reflection intensities is equal to
orgreater than themoving average threshold (S1505/YES),
and if the moving variance of reflection intensities
is equal toor greater than themoving variance threshold

(51507/YES), and otherwise (S1503/N0, S1505/NO,
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S1507/NO) classifies the obstacle candidate to be a
non-cobstacle (S1504,51506,51508) .

AsillustratedinFIG. 13, thereflectionintensity
filter section 53 may further compare the moving average
of the obstacle candidate, the cumulative average of
reflection intensities of which has been determined to
be equal to or greater than the first cumulative average
threshold (S1502/YES), with the moving average
threshold (81601) in addition to the respective steps
(8701 to S81509) in FIG. 12. If the moving average is
smaller than the moving average threshold (S1601/NO),
the reflection intensity filter section 53 classifies
the obstacle candidate to be a non-obstacle (81602).
If the moving average is equal to or greater than the
moving average threshold (S1601/YES), the reflection
intensity filter section 53 classifies the obstacle
candidate to be an obstacle (51509).

Even in the case of an ocbstacle candidate with
strong reflection intensity, the obstacle candidate is,
therefore, classified tobe anon-obstacle if variations
of reflection intensity, the variations being
characteristic toavehicle, issmall so that an obstacle
such as a vehicle can be classified with still higher
accuracy.

As has been described above, according to this

embodiment, 1f a dump truck has detected obstacle
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candidates by a peripheral recognition device like a
millimeter wave radar, a threshold is set for travel
speeds of the obstacle candidates toclassify stationary
objects and travel vehicles (which fall under the
category of obstacles), and among the obstacle
candidates classified to be the stationary objects, the
stationary objects which were first detected at a
predetermined distance or shorter are excluded as
non-obstacles. Further, another threshold is set for
statistical information of reflection intensities from
the stationaryobjects to remove the stationary objects,
which are non-vehicles, as non-obstacles, whereby
detection of a non-obstacle as an obstacle is suppressed
while increasing the detection accuracy of an obstacle.
As a consequence, it is possible to suppress unnecessary
decelerations, stops and alarm operations.

[0058] The above-described embodiment does not restrict
the present invention, and various modifications
without departing from the spirit of the present
invention are included in the present invention. For
example, the foregoing embodiment has been described
tofacilitate the understanding of the present invention,
and therefore the present invention shall not be
absolutely restricted to those including all the
configurations described.

[0059] For example, the reflection intensity filter
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section 53 is applied not only to a stationary object
the travel speed of which is close to zerc, but may also
be applied likewise to a moving object, for example,
a traveling vehicle.

The configurations described in the
above-described embodiment are not limited to mining
vehicles, but can alsoc be applied to vehicles, which
travel in construction sites, and general automotive

vehicles, and can bring about similar advantageous

effects.
Legends
1 - dump truck (mining haul vehicle),
2 - peripheral recognition device, 5 -+ obstacle
discrimination device, 10 - control server
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CLAIMS

1. An off-rocad dump truck comprising:

a peripheral recognition device configured to radiate
an electromagnetic wave forward in a moving direction, to
receive reflected waves from a plurality of obstacle
candidates, and to detect intensities of the reflected
waves, distances from the dump truck to the obstacle
candidates and relative speeds of the obstacle candidates
to the dump truck,

a speed sensor configured to detect a travel speed of
the dump truck, and

an obstacle discrimination device configured to
classify obstacles and non-obstacles in the obstacle
the obstacle

Taoa o
1&€5, Uie

Q

o output, as obsta
candidates classified as the obstacles, wherein
the obstacle discrimination device includes:

a travel state determination section that based on
the relative speed of each obstacle candidate and the
travel speed of the dump truck, determines whether the
obstacle candidate is a stationary object or a moving
object, and, when the obstacle candidate has been
determined as the moving object, outputs the obstacle
candidate as an obstacle,

a distance filter section that, when the obstacle
candidate has been determined as the stationary object,

determines the obstacle candidate to be an object other

than that which is to be outputted if a distance where the
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obstacle candidate was first detected is smaller than a
distance threshold set to distinguish a vehicle from a non-
vehicle, and
a reflection intensity filter section that, with

respect to the obstacle candidate of which the distance
first detected by the distance filter section is equal to
or greater than the distance threshold and which was
determined as an object to be outputted, calculates
statistical information based on reflection intensity
information indicating the intensities of the reflected
waves from the obstacle candidate, and determines the
obstacle candidate to be an object other than that which is
to be outputted if the statistical information based on the
reflection intensity information is less than a reflection
intensity threshold set to distinguish the vehicle from the
non-vehicle but outputs the obstacle candidate as an
obstacle if the statistical information based on the
reflection intensity information i1s equal to or greater
than the reflection intensity threshold, and

the reflection
obstacle candidate as an obstacle when cumulative
statistical information calculated using the reflection
intensity information detected from the first detection of
a reflected wave from the obstacle candidate until a
current time is equal to or greater than cumulative
information threshold, and moving statistical information
calculated using the reflection intensity information

detected during a predetermined time period to a
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predetermined time point preceding the current time is
equal to or greater than a moving statistical information

threshold.

2. The off-road dump truck according to claim 1,
wherein:

the reflection intensity threshold is set to separate
reflection intensities from a vehicle and reflection

intensities from a road surface.

3. The off-road dump truck according to claim 1,
wherein:

if the reflection intensity information of the
reflected wave from a shoulder located distant from the
dump truck and the reflection intensity information of the
reflected wave from a road surface near the dump truck are
included in the reflection intensity information on the
obstacle candidate, the predetermined time period is a time
period sufficient to permit extraction of only the

+
U

information of th
Yy initormatl CcI Tl

roflection b o roeflected wave fraom
rerieCtlio 1 m on e rerileCted wWave Irom

intens
n o oinens

11

the road surface near the dump truck.

4. The off-road dump truck according to claim 1,
wherein:

the reflection intensity filter section sets, for the
cumulative statistical information, a first cumulative
information threshold to discriminate vehicles and non-

vehicles and a second cumulative information threshold
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smaller in value than the first cumulative information
threshold, and discriminates the obstacle candidate to be
an obstacle when the cumulative statistical information
based on the reflection intensity information on the
obstacle candidate is equal to or greater than the first
cumulative information threshold or when the cumulative
statistical information is equal to or greater than the
second cumulative information threshold but less than the
first cumulative information threshold and is equal to or
greater than the moving statistical information threshold

set to discriminate vehicles and non-vehicles.

5. The off-road dump truck according to claim 1,
wherein:
4+ 1~ T L I e | [ N N R | | —~ 4+~ - £1 ~ A
Lile ostatlostitCdadl LIlLOLHldue 1LOUll doscUu Ul cLne rerieCtlion

intensity information is at least one of an average and a

variance.

6. An obstacle discrimination device for use in a
vehicle with a perinheral recognition device and a spneed
vvvvvv with a periphera eCcog Cion device ana a speed

sensor mounted thereon, the peripheral recognition device
radiates an electromagnetic wave forward in a moving
direction, to receive reflected waves from obstacle
candidates, and to detect intensities of the reflected
waves, distances from the vehicle to the obstacle
candidates and relative speeds of the obstacle candidates

to the vehicle, and the speed sensor being configured to
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detect a travel speed of the vehicle, the obstacle
discrimination device includes:

a travel state determination section that, based on
the relative speed of each obstacle candidate and the
travel speed of the vehicle, determines whether the
obstacle candidate is a stationary object or a moving
object, and, when the obstacle candidate has been
determined as the moving object, outputs the obstacle
candidate as an obstacle,

a distance filter section that, when the obstacle
candidate has been determined as the stationary object,
determines the obstacle candidate to be an object other
than that which is to be outputted if a distance where the
obstacle candidate was first detected is smaller than a

v I 14 AR P

distance threshold set to distinguish other v

ehicles from a
non-vehicle, and
a reflection intensity filter section that, with

respect to the obstacle candidate of which the distance

first detected by the distance filter section is equal to

determined as an object to be outputted, calculates
statistical information based on reflection intensity
information indicating the intensities of the reflected
waves from the obstacle candidate, and determines the
obstacle candidate to be an object other than that which is
to be outputted 1f the statistical information based on the
reflection intensity information is less than a reflection

intensity threshold set to distinguish the other wvehicles
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from the non-vehicle and outputs the obstacle candidate as
an obstacle if the statistical information based on the
reflection intensity information is equal to or greater
than the reflection intensity threshold, and

the reflection intensity filter section outputs the
obstacle candidate as an obstacle when cumulative
statistical information calculated using the reflection
intensity information detected from the first detection of
a reflected wave from the obstacle candidate until a
current time is equal to or greater than a cumulative
information threshold, and moving statistical information
calculated using the reflection intensity information
detected during a predetermined time period to a
predetermined time point preceding the current time is
than a moving statistical in

threshold.
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