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(57) Claim
1. An apparatus for controlling the movement of a vehicle,

wherein said apparatus includes electric wave transmitting means for
transmitting a first electric wave, a second electric wave and a third
electric wave in synchronization with each other from predetermined
positions on the ground different from each other and an unit mounted on
the vehicle comprises:

a first antenna and a second antenna arranged on the vehicle
in parallel with each other with a predetermined distance kept
therebetween,

first time difference detecting means for detecting the
difference between the time when said first electric wave reaches said
first antenna and the time when said second electric wave reaches said
first antenna as well as the difference between the time when said first
electric wave reaches said first antenna and said third electric wave
reaches said first antenna,

position detecting means for detecting the position where the
vehicle is presently located, based on said time differences detected by
said first time difference detecting means,

second time difference detecting means for detecting the /2
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difference between the time when said first electric wave reaches said
first antenna and the time when said first electric wave reaches said
second antenna,

attitude angle detecting means for detecting the attitude
angle with which the vehicle is moving, based on said time difference
detected by said second time difference detecting means,

storing means for allowing target courses for the vehicle to

be stored therein,

calculating means for calculating a steering angle command for
allowing the vehicle to move along one of said target courses, based on
the position where the vehicle is presently located, the attitude angle
with which the vehicle is moving and the target courses, and

steering control means for controlling a steering angle to be
assumed by the vehicle to a certain magnitude in conformity with said

steering angle command.
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A travelling control apparatus used for the guided travelling of a vehicle, such asa dump truck. According to this appara-
tus, first, second and third synchronized radio waves (m1), (m2), (m3) are transmitted from different predetermined positions on
the ground. These radio waves (m1), (m2), (m3) are received by a vehicle (20), and the position and attitude angle of the vehicle
o f‘iﬁf{}iegecled' on the basis of differences in the time of reception between the radio waves. A steering command for moving the ve-

<P te/;g‘b g a preset travelling path is determined on the basis of the preset travelling path and the position and attitude angle of
c

the ve e, and a vehicle steering angle is controlled to a level which is in conformity with this steering command.
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ABSTRACT

An apparafus for controlling the movement of a vehicle
such as a dump truck or the like so as to allow the movement
of the vehicle to be correctly induced is disclosed.

With the apparatus constructed according to the present
invention, a first electric wave (ml), a second electric
wave'(mz) and a third.electric wave (my) are transmitted in
synchronization with each other from predetermined locations
on the ground different from each other. |

Theh, the electric wave (ml), the electric wave (m2)
and the electric wave (m3) are received by two antennas
mounted on the vehicle (20), whereby the position where the
vehicle (20) is presently located and the attitude angle
assumed by the vehicle (20) are detected based on the
difference between the time the electric'wave (ml) reaches
the vehicle (20) and the time when the electric wave (mz)
reaches the vehicle (20) as well as the difference between

the time when the electric wave (m reaches the vehicle

1)
(20) and the time when the electric wave (m3) reaches the

vehicle (20).
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SPECIFICATION

APPARATUS FOR CONTROLLING

MOVEMENT OF VEHICLE

TECHNICAL FIELD
The present invention relates to an apparatus for
controlling the movement of a working vehicle such as a dymp
truck or the 1like wherein the apparatus is intended to
assist the vehicle to properly perform a given operation and
moreover allow the vehicle to move in an unmanned manner,
tn control of

i.e., without necessity for any driver to bej=idden—en the

vehicle.

BACKGROUND ART
With respect to an apparatus for allowing a vehicle to
move along a preset target course while the movement of the
vehicle is automatically induced, it is essential that the
apparatus exactly detects the position where the vehicle is
presently located, and performances of the apparatus are
practically determined depending on how exactly the present
position of the vehicle is detected.
A conyentional apparatus of the foregoing type which
assures that the target course can be changed to another:

one, i.e., a conventional apparatus of the foregoing type

18
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having excellent flexibility in respect of a target course
to be assumed by the vehicle is typically disclosed in an
official gazette of, e.g., Japanese Laid-Open Patent NO.
70618/1986 which is titled "System for allowing a vehicle to
move in an unmanned manner". Accprding to the system of the
prior invention, as the vehicle moves, a distance of
movement of the vehicle on a two—dimensional coordinate is

sequentially calculated with reference to the speed of

‘movement of the vehicle and the orientation angle of

movement of the vehicle so that the present position of the
vehicle on the two-dimensional coordinate is detected based
on the sequentially calculated values.

With the conventional apparatus as described above, the
speed of movement of the vehicle is detected by a vehicle
speed sensor and the orientation angle of movement of the
veliicle is detected by a gyro-compass serving as an
orientation sensor. For the reason, it is unavoidable that
detection errors derived from these sensors are increased
accumulatively. Especially, an error of the running speed
appearing due to slippage of tires during movement of the
vehicle and an error of the orientation angle appearing due
to offset drift of the gyro-compass remarkably degrade the
detection accuracy in respect of the position of the vehicle
to be detected.

Therefore, the conventional apparatus has a drawback
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that Vinduction control is generally accomplished with a
deteriorated accuracy.

To obviate the foregoing drawback, a proposal has been
made such that a station having suitable marks and induction
cables laid thereon is installed at a known important
location on the target course and a sensor is mounted on the
vehicle to detect the .magnetic field generated by the marks
and the induction cables, whereby the detection error
derived from the speed sensor and other components is
periodically corrected based on outputs from the sensor.
According to the aforementioned proposal having exterior
induction units such as marks or the like employed therefor,
however, the conventional apparatus has still a drawback
that it fails to secure certain flexibility in respect of
variation of the target course to another one to be assumed
by the vehicle, because the target course is unchangeably
determined.

The present invention has been made with the foregoing
background in mind.

Therefore, an object of the present invention is to
provide an apparatus for controlling the movement of a
vehicle whefein the apparatus assures that the movement of
the vehicle can exactly be induced while an advantage of
flexibility in respect of a target course to be assumed by -

the vehicle is sustained.
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DISCLOSURE OF THE INVENTION

According to one aspect of the present invention there is disclosed
an apparatus for controlling the movement of a vehicle, wherein said
apparatus includes electric wave transmitting means for transmitting a
first electric wave, a second electric wave and a third electric wave in
synchronization with each other from predetermined positions on the
ground different from each other and an unit mounted on the vehicie
comprises:

a first antenna and a second antenna arranged oin the vehicle in
parallel with each other with a predetermined distance kept therebetween,

first time difference detecting means for detecting the difference
between the time when said first electric wave reaches said first antenna
and the time when said second electric wave reaches said first antenna as
well as the difference between the time when said first electric wave
reaches said first antenna and said third electric wave reaches said
first antenna,

position detecting means for detecting the position where the
vehicle is presently located, based on said time differences detected by
said first time difference detecting means,

second time difference detecting means for detecting the difference
between the time when said first electric wave reaches said first antenna
and the time when said first electric wave reaches said second antenna,

attitude angle detecting means for detecting the attitude angle

with which the vehicle is moving, based on said time difference detected

amg/0619y
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by said second time difference detecting means,

storing means for allowing target courses for the vehicle to wve
stored therein,

calculating means for calculating a steering angle command for the
allowing the vehicle to move along one of said target courses, based on
position where the vehicle is presently located, the attitude.angle with
which the vehicle is moving and the target courses, and

steering control means for controlling a steering angle to be
assumed by the vehicle to a certain magnitude in conformity with said
steering angle command.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram which schematically illustrates by way of
example the structure of an unit installed on the ground in accordance
with the present invention,

Fig. 2 is a block diagram which schematically illustrates an unit
mounted on a vehicle in accordance with the present invention,

Fig. 3 is a schematic view which illustrates by way of example two
running courses which are preset in working sites,

Fig. 4 is a diagram in the form of a table which illustrates by way

20 of example the content of items stored in target course storing means,

Fig. 5 is an illustrative view which shows a principle for
detecting the position where the vehicle is presently located,
Fig 6 is

amg/0619y
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an illustrative view which shows a principle for detecting
the attitude angle of the vehicle, Fig. 7 is a perspective
view which illustrates the operative state of the vehicle of
which position is deviated from a predetermined one and of
which attitude angle is deviated from a predetermined one,
and Fig. 8(a) and Fig. 8(b) are a schematic view which
illuétrates by way of example the content of items displayed

on the screen of a running monitor, respectively.

BEST MODE FOR CARRYING OUT THE INVENTION

Now, the present invention will be described in detail
hereinafter with reference to the accompanying drawings
which illustrates a preferred embodiment of the present
invention.

An apparatus for controlling the movement of a vehicle
in accordance with the present invention comprises an unit
10 installed on-the ground as shown in Fig. 1 and an unit
100 mounted on the vehicle as shown in Fig. 2.

The unit 10 installed on the ground includes a main
station 11 which has a function of transmitting an electric
wave m,. In addition, the unit 10 includes substations 12
and 13 which have a function of transmitting electric waves
m,, and m4 in synchronization with the electric wave m, -

Specifically, on receipt of the electric wave m

transmitted from the main station 11, the substations 12 and

NON

L
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13 extract a synchronizing signal therefrom and then
transmit the electric waves m, and m4 in synchronization
with the synchronizing signal.

It should be noted that the phase of the electric wave
my is deviated from the phase of the electric wave m, by a
quantity of time which is determined by dividing the
distance between the main station 11 and the substation 12
(constant value) with a transmission speed of the electric
wave, while the phase of the electric wave my is deviated
from the phase of the electric wave my by a quantity of time
which is determined by dividing the distance between the
main station 11 and the substation 13 (constant value) with
the speed of the electric wave.

The main station 11 and the substations 12 and 13 are
installed at predetermined positions in a working site as
shown in Fig. 3 in order to detect the position where a
working vehicle 20 such as a dump truck or the 1like .is
presently located and the attitude angle assumed by the
vehicle 20.

First, description will be made blow with respect to a
principle for detection the position where the vehicle 20 is
presently located.

As shown in Fig. 5, & two-dimensional coordinate system

is established for the working site such that the -

coordinates (known) of the main station 11 and the
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substations 12 and 13 are represented by (0, 0), (al, bl)
and (a2, b2), the coordinate of <the vehicle 20 1is
represented by (X, Y), the distance between the main station
11 and the vehicle 20 is represented by Ll’ the distance
between the substation 12 and the vehicle 20 is represented
by L2 and the distance between the substation 13 and the
vehicle 20 is represented by L3. Thus, the difference A Ll
between the distance L and the distance L and the

1 2

difference A L2 between the distance Ll and the distance L3

can be expressed based on the foregoing assumption in

accordance with the following equation (1).

ALq1 =4 X2 +Y2
-y (X—2a1) 2 + (Y—-b1) *
ALy =4 X2 +Y5°%
=y (X=Ca2)2Z + (Y-Dba) *
(1)

When the position (X, Y) of the vehicle 20 where the
distance difference A Ll assumes a constant value is
sequentially plotted, the result is that, e.g., a curved
line b identified by a solid line in Fig. 5 is scribed.

In other words, the distance difference A Ll assumes a
certain constant wvalue A Ll-b' no matter how far the

position of the vehicle 20 on the curved line b varies.

Similarly, other curved lines a and c to f are scribed
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by sequentially plotting the position (X, Y) of the vehicle
20 where the distance difference A L2 assumes a constant
value in the same manner as mentioned above, respectively.
On the other hand, curved lines g to o identified by
dotted lines in Fig. 5 are scribed by sequentially plotting
the position (X, Y) of the vehicle 20 where the distance
difference A L

5, assumes a constant value, respectively.

Thus, the distance difference A I? assumes a certain

constant wvalue of, e.g., A L2—i' no matter how far +the
position of the vehicle 20 varies on the curved line 1i.

The distance difference A Ll corresponds to the

difference A tl between the time when the electric wave ml

transmitted from the main station 11 reaches the vehicle 20

and the time when the electric wave m, transmitted from the

substation 12 reaches the vehicle 20.

Similarly, the distance difference £>L2 corresponds to
the difference Axtz between the time when the electric wave
m, transmitted from the main station 11 reaches the vehicle
20 and the time when the electric wave m4 transmitted from
the substation 13 reaches the vehicle 20.

Therefore, the present position (X, Y) of the vehicle
20 in the two—dimensional coordinate system can be measured
and determined based on the relationship between the
distance differences A Ll and A L2 expressed by the equation -

(1) by obtaining the distance differences A Ll and A L2 with
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reference to the time differences A t, and A;tz.

1

As shown in Fig. 7, the vehicle 20 1is equipped with
antennas 10la and 10lb on the front and =«eayr sides thereof.
Since the antennas 10la and 10lb are arranged in that way,
determination of the time differences A tl and A t2 can be
accomplished, based on the electric wave received by either
one of the antennas. 10la and 10l1b, by measuring the
difference between the time when the electric wave m, is
received and the time when the electric wave m, is received
as well as the difference between the time when the electric
wave m; is received and the time when the electric wave my
is received.

In this case, it is assumed that the position of the
antenna which has been practically used for the purpose o:f
receiving the electric wave coincides with the position (X,
Y) of the vehicle 20.

Next, description will be made below with respect to a
principle for obtaining the attitude angle of the vehicle
20.

As shown in Fig. 6, the angle defined by the 1line
segment extending between the main station 11 and the

substation 12 and the line segment extending between the

main station 11 and the rear antenna 101lb is represented by

8, the angle defined by the line segment extending between -

the antennas 10la and 10lb and the line segment extending

(0
Wy
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from the rear antenna 10l1b while intersecting the 1line
segment e'xtending between the main station 11 and the front
antenna 10lb at a right angle is represented by « , the
angle defined by the line segment between the main station
11 and the front antenna 10la and the line segment extending
between the main station 11 and the rear antenna 101lb is
represented by B8, the.distance between the main station 11
and the front antenna 10la is represented by ’Ql’ the
distance between the main station 11 and the rear antenna
101b is represented by { 20 the distance between the front
antenna 10la and the rear antenna 101b is represented by a
(known wvalue), and the attitude angle of the vehicle 20
relative to a X-coordinate is represented by ¢ . Then, the
relationship expressed by the following equations (2) to (7)

is established among the foregoing parameters.

g =tan- (Y /X) oo (2)
AL =481 — L2 (3)
a-sina=.A.Q o (4)
L2 =4 X2 +Y2= - (5)
L2 *sinB=2a-+cosa . v (6)
¢ =n/2-6—a+ B o (7))

The distance difference A { represented by the equation
(3) can be expressed below in a modified state by using the -

difference Ate between the time when the electric wave




10

15

20

25

transmitted from the main station 11 reaches the front
antenna 10la and the time when the electric wave transmitted

from the main station 11 reaches the rear antenna 101lb.

AL =c - At v (8)

where c¢ designates the speed with which the electric wave
has been transmitted to the front antenna 10la and the rear
antenna 101b.

The angle © can be obtained in accordance with the
equation (2), when the coordinate (X, ¥) of the vehicle can
be measured and determined in accordance with the
aforementioned principle for measuring the respective
positions.

In addition, the angle « can be obtained based on the
distance difference A £ in accordance with the equation (4),
when the distance difference A £ is determined by measuring
the time difference A‘te shown in the equation (8), and the
angle B can be obtained based on the distance Q¢ 5 and the
angle &« in accordance with the equation (6), when the
distance £ 5 is derived from the coordinate (X, Y¥Y) in
accordance with the equation (5).

Once the angles 8, « and 8 are determined, the attitude
angle ¢ of the vehicle 20 can be obtained in accordance with
the equation (7).

Referring to Fig. 6, it is assumed that the position
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where the rear antenna 101lb is arranged on the vehicle 20
coincides with the position (X, Y¥Y) of the vehicle 20.

Although the time difference A te represented by the
equation (8) is determined by using the electric wave
transmitted from the main station 11, it is possible to
detect the attitude angle ¢ by using the electric wave
transmitted from the .substation 12 oxr 13 in place of the
electric wave transmitted from the main station 11.

As shown in Fig. 3, two target courses A and B  are
preset in order to assure that the vehicle 20 moves to the
working site while the movement of the vehicle 20 is
correctly induced.

Referring to Fig. 4, respective coordinates Y

(Xppr ¥a1)
to (XAn' YAn) in the two-dimensional coordinate system for a

plurality of positions Al to An on the target course A,

respective coordinates (X to (X Y in the

Bl Yp1) Bn’ ‘Bn!
two-dimensional coordinate system for a plurality of
positior. Bl to Bn on the target course B, a series of
vehicle speed commands at the positions Al to An as well as

1

allowing the vehicle 20 to work at a specific position among

at the positions B, to B and a series of work commands for

the foregoing positions are shown in the drawing in the form
of a table.
The content of items shown on the table in Fig. 4 is

preliminarily stored in target course storing means 103 by
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actuating course input selecting means 102 (e.g., a key
board) in the unit 100 mounted on the vehicle 20 as shown in
Fig. 2. In addition, designation for the target courses A
and B shown in Fig. 2 is accomplished by actuating the
course input selecting means 102.

Now, it is supposed that, e.g., the target course A is
designated by actuating the course input selecting means
102. 1In this case, the following control is carried out in
order to assure that the movement of the vehicle 20 along
the target course A is correctly induced.

Specifically, for example, a station 104 mounted on the
vehicle 20 shown in Fig. 2 determines the difference A‘tl
between the time when the electric wave my reaches the rear
antenna 10lb and the time when the electric wave m, reaches
the rear antenna 10lb and the differenceAt2 between the
time when the electric wave mq reaches the rear antenna 101b
and the time when the electric wave mq reaches the rear
antenna 101b.

It should be noted that the station 104 mounted on the
vehicle 20 includes detecting means for detecting the phase
difference between the phase of the electric wave my and the
phase of the electric wave m, and the phase difference
between the phase of the electric wave my and the phase of

the electric wave m5 SO that the time difference A tl and -

the time difference A t2 are determined based on the

1+
A
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foregoing phase differences.

As mentioned above, the time difference A tl and the
time difference A t2 correspond to the distance difference
A‘Ll and the distance difference A L2 represented by the
equation (1l). Thus, vehicle position detecting means 105
determines the position (X, Y) of the vehicle 20, i.e., the
position (X, Y) of the rear antenna 10lb based on the time
differences A.tl and At2 in accordance with the equation
(1).

On the other hand, in response to the electric wave
transmitted from a specific station among the main station
11 and the substations 12 and 13, e.g, the main station 10,
the station 104 mounted on the vehicle 20 determines the
difference between the time when the glectric wave reaches
the front antenna 10la and the time when the electric wave
reaches the rear antenna 101lb, i.e, the time differenceAte
between the foregoing times represented by the equation (8)
between the _electric wave so as to allow a signal
corresponding to the time difference A te to be outputted to
vehicle attitude angle detecting signal 105°.

It should be noted that the time difference A‘te is
detected based on the difference between the phase of the
electric wave transmitted from the main station 11 and

received by the front antenna 10la and the phase of the

electric wave transmitted from the main station 11 and
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received by the rear antenna 101b.

The vehicle attitude angle detecting means 105°
determines the attitude angle ¢ of the vehicle 20 based on
the time difference A;te in accordance with the equations
(2), (4) and (7).

In such a manner as mentioned above, the  vehicle
position detecting means 105 and the vehicle attitude angle
detecting means 105° determine the presenf position (X, Y)
of the vehicle 20 and the attitude angle ¢ at an interval of
time ¢ , respectively, so that signals representing the
present position (X, Y) and the attitude angle¢ assumed by
the vehicle 20 are added to vehicle control calculating
means 106.

In response to the inputted foregoing signals, the
vehicle <control calculating means 106 sequentially reads
from the target course storing means 103 a series of vehicle
speed commands with respect to the positions Al to An on the
target course A as well as the coordinates (XAl' YAl) to
(XAn' YAn) indicating the positions Al to An shown in Fig.
4. Subsequently, the vehicle control calculating means 106
calculates a steering command based on the coordinates
representing the positions Al to An' the present position
(X, Y) where the vehicle 20 is presently located and the

attitude angle ¢ of the vehicle 20.

Here, a step of calculating the steering command will
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be described below with reference to Fig. 7.

It is conéidered that the target course A is composed
of a plurality of bent lines, each extending between the
adjacent coordinates, i.e., two coordinates selected from a

series of the coordinates (Y (X

a1 Yarl)e (Xape Xpo)e === (Xpn.

YAn). Then, it is assumed that the movement course of the

vehicle 20 is successively shifted one after another in

accordance with the order as represented by A - A_A, =

182 283
It should be added that determination of the

"= AnoiPge
foregoing shifting is made based on the present position (X,
Y) of the vehicle 20 which has been detected by the vehicle
position detecting means 105.

Now, it is supposed that the vehicle 20 assumes a line

segment AﬂAm and it is presently located at the position (X,

Y). At this time, the lateral deviation £ of the vehicle 20

from the line segment A Am is expressed by the following

e
equation (9).

(X~ Yp g " Xyp = (Xpam Xy g) " X

E =

Y T Yy ) B (X m Xy ) 8

(Xpn= Xy g0 =Y g

(9)

In addition, the deviation angle A¢ of the vehicle 20
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A,

/f\EJ\L/i
@'

/ < B"! \

\\é‘bm Q"‘ /

relative to the 1line segment Ax Am is expressed by the

following equation (10) in the form of a difference between

the angular inclination of the line segment AgAm and the

attitude angle ¢ shown in Fig. 6.

Y - Y
A ¢ =1t an- Am A4 - ¢ < (1 0)

Xpn— X A 2

The steering angle command & required for allowing the
movement of the vehicle 20 along the running course A to be
correctly induced is determined in accordance with the
following equation (11) based on the lateral displacement €

and the deviation angle A¢ of tne vehicle 20.
§ =K1 + e +Ka + A ¢ o (1 1)

where Kl and K2 are a constant, respectively.

Thus, the steering angle command & can be determined
when the lateral deviation ¢ and the deviation angle A¢ of
the vehicle 20 are obtained.

The vehicle control calculating means 106 shown in Fig.
2 obtains the steering angle command § of the vehicle 20 in
the above-described manner so that the signal representing
the steering angle command & as well as the signals
representing the vehicle speed commands in correspcndence to

the coordinates (X

YAQ) and (xAm read from the .

target course storing means 103 are added to steering

1%
»
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control means 108 via vehicle control selecting means 107.
The steering control means 108 obtains the deviation of
the signal representing the steering angle command & from
the output signal outputted from a steering angle sensor 109
for indicating the actual steering angle of the vehicle 20

so that a flow rate of pressurized hydraulic oil flowing

through a servo-valve 110 is controlled correctly.

The pressurized hydraulic oil which has been controlled
by the servo-valve 110 is fed to a hydraulic cylinder 112
via an electromagnetic switching wvalve 111, whereby the
hydraulic cylinder 112 is actuated such that the actual
steering angle coincides with the angle which has been set
in response to the steering angle command ¢ .

Consequently, the vehicle 20 is steered in such a
direction that the lateral deviation & and the deviation
angle ¢ are eliminated. This leads to the result that the
vehicle 20 runs along the course A.

On the other hand, the vehicle control selecting means
107 is ©perated in conformity with the aforementioned
vehicle commands and the actual vehicle speed detected by a
vehicle speed sensor 113 in such a manner that the signal
representing a governor position command is added to
governor controlling means 114, the signal representing a
speed stage command is added to transmission controlling

means 115, the signal representing a retarder brake pressure
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command is added to retarder controlling means 116 and the
signal representing a brake command is added to brake
controlling means 1l17.

The governor controlling means 114 determines the
deviation of the signal representing the governor position
command from the output signal outputted from a governor
sensor 118 to represent the actual governor position so that
a motor 119 for driving a governor 121 is driven depending
on the foregoing deviation.

As a result, the position of a fuel control lever in
the governor 121 operatively connected to the motor 119 via
a clutch 120 is adjusted to the position which has been
determined in conformity with the foregoing governor
position command.

In response to the signal representing the speed stage
command, the transmission controlling means 115 actuates an
electromagnetic switching valve 124 when the actual engine
speed of an engine 123 detected by an engine speed sensor
122 reaches the engine speed adapted to the command speed
stage, whereby the speed stage of a transmission 125 is set
to the command speed stage.

The retarder controlling means 116 obtains the

deviation of the signal representing the retarder brake

pressure command from the output signal outputted from an .

air pressure sensor 126 to represent the actual retarder

P S S S S
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brake pressure, whereby a flow rate of pressurized hydraulic
oil flowing through an air servo-valve 127 is correctly
controlled depending on the foregoing deviation. This
causes a retarder 128 to be driven thereby to determine a
braking force in conformity with the foregoing command.

In response to the signal representing the brake
command, the brake controlling means 117 drives a brake 129
and stops the vehicle 20.

As the respective components 114 to 117 as mentioned
above function correctly, the vehicle 20 runs at the speed
corresponding to the vehicle speed command.

As shown in Fig. 4, a working command w at the position
(XAZ’ YAZ) on the target course A is stored in the target
course storing means 103 shown in Fig. 2.

In the case where the working command w is stored in
that way, the vehicle control selecting means 107 shown in
Fig. 2 receives the working command w via the vehicle
control calculating means 106 so that the signal
representing the work command w is added to working machine
controlling means 130.

As a result, the working machine controlling means 130
drives a working machine driving cylinder 131 at the
position (XAZ’ YAZ) on the target course A so that the
working machine (a vessel in the case of a dump truck)

conducts a work in conformity with the working command.

2(
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It should be noted that obstacle recognizingvmeané 132
(e.g., a TV camera) photographs the direction of movement of
the vehicle 20 so that the signal derived from the foregoing
photographing is added to obstacle position detecting means
133.

In a case where an obstacle appears on the screen of
the obstacle recognizing means 132, the obstacle position
detecting means 133 performs a conventional image processing
operation to detect the position of the obstacle so that the

signal representing the position of the obstacle is added to

. danger predicting means 134.

When the position of the obstacle is located in the

‘direction of movement of the vehicle 20, the danger

predicting means 134 is operated such that the signal
representing a danger is added to the vehicle control

selecting means 107. This causes the vehicle control

selecting means 107 to output a steering control signal to-

the steering control means 108 so as to allow the vehicle 20
to move around the obstacle. Otherwise, the vehicle control
selecting means 107 outputs a vehicle stop signal to the
brake contrdlling means 117.

Additionally, the vehicle control selecting means 107

executes the following function. Specifically, in response

to signals from the target course storing means 103, the -

vehicle position detecting means 105, the steering angle

o — o ol o
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sensor 109, the engine speed sensor 122 and the vehicle
speed sensor 113, the vehicle control selecting means 107
allows the present position of the vehicle 20 on the target
course A to be displayed on the screen of a running monitor
135, e.g., as shown in Fig. 8(a). In addition, the actual
steering angle, the actual engine speed and the actual
vehicle speed are displayed at suitable locations on the
screen of the running monitor 135.

It should be added that a certain 1location in the
vicinity of the position where the vehicle 20 is presently
located may be displayed on the screen of the running
monitor 135 in an enlarged scale, as shown in Fig. 8(b).

On the other hand, the signals representing the target
course A, the position where the vehicle 20 is presently
located, the actual steering angle, the actﬁal engine speed
and the actual vehicle speed are added to wvehicle data
transferring means 136 from the vehicle control selecting
means 107.

The vehicle data transferring means 136 transmits to
vehicle data receiving means 14 of the unit 10 installed on
the ground shown in Fig. 1 the foregoing signals and the
signal representing a vehicle number given to the vehicle 20
via an electric wave.

The vehicle data receiving means 14 serves to allow the -

respective received signals to be added to the vehicle
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monitor 15 and vehicle controlling means 16. This causes
the vehicle monitor 15 to display the position where the
vehicle 20 is presently located on the target course A, the
actual steering angle, the actual engine speed and the
actual vehicle speed on the screen thereof. In addition, in
response to signals transmitted from other vehicle, the
vehicle monitor 15 displays similar data to the foregoing
ones on the screen thereof with respect to the other
vehicle.

In response to the aforementioned signals, the vehicle
controlling means 16 practically recognizes the current
status on the movement of the vehicle 20. Additionally, in
response to the signals transmitted from the other wvehicle,
the vehicle controlling meauns 16 practically recognizes the
current status on the movement of the other vehicle. -

The content of various items displayed on the screen of
the vehicle monitor and the current status on the movément
of the wvehicles practically recognized by the vehiéie
controlling means 16 are utilized for properly controlliﬁg
each of the vehicles.

It should be noted that a manual valve 137 shown in
Fig. 2 1is actuated when a manual steering operation is
performed. An acceleration pedal 138 is operatively linked
to the fuel control lever of the governor 121.

It should be added that the target course storing unit

- — o
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17 shown in Fig. 1 is arranged in order to transfer an
information on the running courses and other informations
shown by way of example in Fig. 4 to the vehicle 20 from the
ground side.

Specifically, the in¥ormation on the running courses
and other informations stored in the target course storing
unit 17 are transmitted to the main station 11 via an
electric wave. At this time, the station 104 mounted on the
vehicle 20 shown in Fig. 2 receives the information on the
running courses and other informations and they are then
stored in the target course storing means 103.

With such construction as mentioned above, there is no
need of allowing the information on the running courses and
other informations to be inputted into the course input
selecting means 102.

The present invention has been described above with
respect to the embodiment wherein two antennas 10la and 101b
are mounted on the vehicle 20 at the front part and the rear
part of the same to detect the attitude angle of the vehicle
20. However, the present invention should not be limited
only to this embodiment. Alternatively, the antennas 1l01la
and 10l1b may be mounted, e.g., on the both sides of the
vehicle 20, i.e., on the left-hand and right-hand sides of
the same. In other words, the antennas 1l0la and 10lb can be'

mounted at arbitrarily determined positions on the vehicle
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20, provided that an adequate distance is maintained
therebetween (It should be noted that it is not allowable
that they &are mounted in the spaced relationship in the

vertical direction).

INDUSTRIAL APPLICABILITY

As will be apparent from the above description, the
apparatus for properly controlling the movement of a vehicle
in accordance with the present invention is usefully
available for the purpose of allowing the movement of the
vehicle along a predetermined course to be correctly induced
with a high accuracy. Especially, the apparatus of the
present invention is preferably employable in a case where a
vehicle for outdoor works such as a dump truck or the like
vehicle is operated under an unmanned condition, i.e.,

n Con¥7b/ of

without necessity for any driver to be, *+dden—en- the

vehicle.
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The claims defining the invention are as follows:
1.  An apparatus for controlling the movement of a vehicle,

wherein said apparatus includes electric wave transmitting means for

transmitting a first electric wave, a second electric wave and a third

5 electric wave in synchronization with each other from predetermined

o A PR W g A e 2

positions on the ground different from each other and an unit mounted on
the vehicle comprises:
a first antenna and a second antenna arranged on the vehicle
in parallel with each other with a predetermined distance kept
10 therebetween,
first time difference detecting means for detecting the
difference between the time when said first electric wave reaches said
first antenna and the time when said second electric wave reaches said
first antenna as well as the difference between the time when said first
15 electric wave reaches said first antenna and said third electric wave

reaches said first antenna,

position detecting means for detecting the position where the

vehicle is presently located, based on said time differences detected by
safd first time difference detecting means,

20 second time difference detecting means for detecting the
difference between the time when said first electric wave reaches said
first antenna and the time when said first electric wave reaches said
second antenna,

attitude angle detecting means for detecting the attitude

25 angle with which the vehicle is moving, based on said time difference

detected by said second time difference detect1ng means,
storing means for allowing target courses for the vehicle to

be stored therein,
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calculating means for calculating a steering angle command for
allowing the vehicle to move along one of said target courses, based on
the position where the vehicle is presently located, the attitude angle

with which the vehicle is moving and the target courses, and

5 steering control means for controlling a steering angle to be

assumed by the vehicle to a certain magnitude in conformity with said
steering angle command.
2. An apparatus for controlling the movement of a vehicle as
claimed in claim 1, wherein one of the first antenna and the second
10 antenna is arranged on the front part of the vehicle and the other one is

arranged on the rear part of

15

20

25

amg/0619y
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the vehicle.
3. An apparatus for controlling the movement of a vehicle
as claimed in claim 1, wherein said first time difference

detecting means detects the difference between the time when

‘the first electric wave reaches the first antenna and the

time when the second electric wave reaches the first
antenna, based on the difference between the phase of the
first electric wave received by the first antenna and the
phase of the second electric wave received by the first
antenna and moreover detects the difference between the time
when the first electric wave reaches the first antenna and
the time when the third electric wave reaches the first
antenna, based on the difference between the phase of the
first electric wave received by the first antenna and the
phase of the third electric wave received by the first
antenna.

4. An apparatus for controlling the movement of a vehicle
as claimed iﬁ claim 1, wherein said second time difference
detecting means detects the difference between the time when
the first electri¢ wave reaches the first antenna and the
time Qhen the first electric wave reaches the second
antenna, based on the difference between the phase of the
first electric wave received by the first antenna and the
phase of the electric wave received by the second antenna.

5. An apparatus for controlling the movement of a vehicle
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as claimed in claim 1, wherein said storing means serves to allow
coordinates representing a plurality of locations on each of the target
courses to be stored therein as a target course to be assumed by the
vehicle.

6. An apparatus for controlling the movement of a vehicle as
claimed in claim 1, wherein said storing means stores in addition to the
target courses a vehicle speed command indicating a speed to be assumed
by the vehicle on each of the target courses, and wherein the unit
mounted on the vehicle includes means for adjusting the speed of the
vehicle to a speed conforming to said vehicle speed command.

7.  An apparatus for controlling the movement of a vehicle as
claimed in claim 1, wherein said storing means stores in addition to the
target courses a work command indicating a work to be conducted by the
vehicle on one of the target courses, wherein the unit mounted on the
vehicle includes means for allowing the vehicle to conduct a work
conforming to said work command.

8.  An apparatus for controlling the movement of a vehicle, said
apparatus being substantially as described with reference to the

accompanying drawings.

DATED this EIGHTH day of JANUARY 1992

K K Komatsu Seisakusho

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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