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(54) Vehicle control system

(57) In a vehicle control system, data regarding co-ordinate points constituting a road is stored eg in a
CD-ROM 2 and the data corresponding to a number of reference points in the vicinity of the detected present
position of the vehicle is extracted and used to judge the shape of a bend in the road. The vehicle is then
controlled 13, 14 in accordance with the judged shape of the road eg to follow the bend or to control the
vehicle speed so that the bend is safely negotiated.
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FIGS First embodimerit (determination of steering angle)
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FIG4

First embodiment (determination of safe passing speed)

Road

Position of subject vehicle

A



5/19

F|G5 Second embodiment (corresponding to FIG.3)
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F I G6 Third embodiment (control system)
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FIG7

Third embodiment (flow of operation)
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F IGQA Third embodiment (extraction of reference points)
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Third embodiment (illustration of road shape patterns)
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FIG11

Third embodiment (judgment of shape of road)
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F |G1 2 Fourth embodiment (control system)
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FIG14

Fourth embodiment (determination of shape of road)
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FIG15

Fourth embodiment
(determination of radius of curvature of arcuate curve)
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' 2286905

VEHICLE CONTROL SYSTEM

The present invention relates to a vehicle control system for controlling a vehicle
relative to the shape of a road on which it is traveling and in which the shape of the road

is judged based on a map information comprised of a plurality of coordinate points

constituting the road.

There is a known vehicle control system designed to transmit information such as
an approach speed and a steering angle required for a vehicle to smoothly pass through
a curve from a transmitter placed at a location short of an inlet of the curve so as to
control a traveling state of a vehicle on the basis of such information (see Japanese
Patent Application Laid-open No. 149700/91), and there is a known vehicle control
system designed to control an auto-cruising device or the like of a vehicle on the basis
of information such as the gradient of a road, the condition of a road surface and the
radius of a curve which have been stored in a CD-ROM (see Japanese Patent
Application Laid-open No. 15799/92).

The former system is disadvantageous in that it is difficult to place it on all roads,
because costs for equipment and maintenance become too expensive, and the latter
system is disadvantageous in that it is difficult to realize because it requires a very large

amount of data. The present invention overcomes the disadvantages of the known

systems.



Accordingly, it is an object of the present invention to judge the shape of a road
“ahead of a subject vehicle on 'the basis of map -information comprised of a set of
coordinate points constituting the road and to appropriately control the traveling state
of a vehicle on the basis of the judged shape of the road.

To achieve the above object, according to the present invention, there is provided
a vehicle control system comprising: a map information outputting means for outputting
map information comprised of a plurality of coordinate points constituting a road; a
subject vehicle position indicating means for indicating a position of a subject vehicle on
the road; a reference coordinate point extracting means for extracting at least-three
reference coordinate points on a road ahead of the position of the subject vehicle; a road
shape judging means for judging a shape of the road based on the extracted reference
coordinate points; and a vehicle control means for controlling the vehicle based on the
judged shape of the road.

In addition, according to the present invention, there is provided a veh'i-cle control
System comprising: a map information outputting means for outputting map information
comprised of a plurality of coordinate points constituting a road; a subject vehicle
position indicating means for indicating a position of a subject vehicle on the road; a
reference coordinate point extracting means for extracting at least four reference
coordinate points on a road ahead of the position of the subject vehicle; an angle
calculating means for calculating angles formed by lines comnecting the reference
coordinate points; a road shape judging means for judging a shape of the road based on
an arrangement of the reference coordinate points determined based on the calculated

angles; and a vehicle control means for controlling the vehicle based on the judged shape

of the road.



Further, according to the present invention, there is provided a vehicle control
system comprisihg: a map information outputting means for outputting map information
comprised of a plurality of coordinate points constituting a road; a subject vehicle
position indicating means for indicating a position of a subject vehicle on the road; a
reference coordinate point extracting means for extracting at least three adjacent
reference coordinate points on a road ahead of the position of the subject vehicle; an
angle calculating means for calculating angles formed by lines connecting the reference
coordinate points; a distance calculating means for calculating distances between the
reference coordinate points; a road shape judging means for judging a shape of the road
based on an arrangement of the reference coordinate points determined from the
calculated angles and the calculated distances; and a vehicle control means for controlling
the vehicle based on the judged shape of the road.

With the above vehicle control systems according to the invention, servicing of an
infrastructure requiring increased equipment and maintenance costs is not required and
moreover, it is possible to judge the shape of the road with a minimum amount of data _
storable in a CD-ROM or IC card to control the vehicle.

The above and other objects, features and advantages of the invention will become

apparent from the following description of preferred embodiments taken in conjunction

with the accompanying drawings.

FIGS. 1 to 4 illustrate a first embodiment of the present invention, wherein

FIG. 1 is a block diagram illustrating the entire arrangement of a vehicle control

system according to the present invention;

FIG. 2 is a block diagram of a control system;



FIG. 3 is a diagram for explaining a way for determining a steering angle;

FIG. 4 is a diagram for explaining a way for detefmiﬁing a passable vehicle speed;

FIG. 5 is a diagram similar to FIG. 3, but illustrating a second embodiment in
which three reference nodes are used;

FIGS. 6 to 11 illustrate a third embodiment of the present invention, wherein

FIG. 6 is a block diagram of a control system;

FIG. 7 is a flow chart illustrating the operation;

FIG. 8 is a diagram for explaining a way for determining the shape of a road;

FIGS. 9A and 9B are diagrams for explaining a way of extracting reference
coordinate points;

FIGS. 10A-10E are diagrams illustrating road shape patterns;

FIG. 11 is a diagram illustrating a criterion for judging the shape of a road;

FIGS. 12 to 19 illustrate a fourth embodiment of the present invention, wherein

FIG. 12 is a block diagram of a control system;

FIG. 13 is a diagram for explaining a range;

FIG. 14 is a diagram for explaining a way for determining the shape of a road;

FIG. 15 is a diagram for explaining a way for determining a radius of curvature
of an arcuate curve;

FIG. 16 is a diagram illustrating road shape patterns;

FIG. 17 is a diagram illustrating road shape patterns;

FIG. 18 is a diagram for explaining a way for judging a non-arcuate curve; and

FIG. 19 is a diagram illustrating a criterion for judging the shape of a road.



A first embodiment of the present invention will now be described with reference
to FIGS. 1 to 4. |

In FIG. 1, NV is a navigation system for a vehicle, which includes a well-known
navigating device 1, 2 map information outputting means 2 using an IC card or CD-
ROM, and a control section 3 for performing various calculations which will be described
hereinafter.

The navigating device 1 receives a signal from a vehicle speed detecting means 6
in addition to subject vehicle position information, road information, traffic information
and the like from satellite communication equipment 4 or proximity communication
equipment 5, and calculates a current position of a subject vehicle and a course to a
destination on the basis of such signal and map information from the map information
outputting means 2 to display them on a CRT 9 through a man-machine interface 8.

The map information output from the map information outputting means 2 is
comprised of an aggregation of phantom nodes N disposed on a road. Each ot: the nodes
N is defined by coordinates N (X, Y). When there is a turn, a junction or an intersection
on a road, they are preferentially selected as node points N.

The control section 3 performs various calculations (which will be described
hereinafter) on the basis of outputs from the navigation device 1, the map outputting
means 2 and the vehicle speed detecting means 6 to display results and provide an alarm,
a control of steering angle and a control of vehicle speed.

C is a vehicle control device which includes, therein, a display means 11, a sound
means 12, a vehicle speed control means 13 and a steering control means 14. The
display means 11 may be, for example, a head-up display, and gives an alarm to a driver

by displaying a radius of curvature of a curve ahead of the subject vehicle, a vehicle



6
speed permitting the subject vehicle to safely pass through the curve or the like. The

sound means 12 may be a buzzer, chime or the like and gives various alarrﬁs to the driver
along with the display means 11. The vehicle speed control means 13 may be a brake
device, an auto-cruising device, a shift control device, a throttle control device or the like,
and automatically adjusts the vehicle speed, so that the subject vehicle can safely pass -
through a curve. The steering control means 14 may be a steering device for controlling
the steering angle or the steering torque, and automatically adjusts the steering, so that
the subject vehicle can safely pass through a curve.

FIG. 2 is a block diagram illustrating a control system according to the present
invention. The control system includes a vehicle speed detecting means M1
corresponding to the vehicle speed detecting means 6, a map information outputting
means M2 corresponding to the map information outputting means 2, a subject vehicle
position indicating means M3 corresponding to the navigatingr device 1, a reference
coordinate points extracting means M4 and a road shape judging means M5 which
correspond to the control section 3, and a vehicle control means M6 corresponding to
the vehicle control device C. The vehicle control means M6 includes a steering control
means M7 corresponding to the steering control means 14, a vehicle spéed control means
M8 corresponding to the vehicle speed control means 13, a display means M9
corresponding to the display means 11, and a sound means M10 corresponding to the
sound means 12.

The reference coordinate point extracting means M4 extracts four node points N 17
N, N3 and N, (which will be referred to as reference nodes hereinafter) for judging the
shape of a road from a large number of nodes N established on a road.

The road shape judging means M5 judges the shape of a road on the basis of an

arrangement of the four reference nodes Ny, N, N3 and Ny
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The arrangement shown in FIG. 1 is also directly applied to second, third and
t'u.urth embodiments which will be described hereinafter, and the arrangement shown in
FIG. 2 is also directly applied to the second embodiment.

The operation in judging the shape of a road to provide a control of steering will
be described below.

First, a vehicle speed Vj; is read from the vehicle speed detecting means M1, and
map information (i.e., coordinates (X, Y) of the nodes N) is read from the map
information outputting means M2. Further, a position of the subject vehicle is read from
the subject vehicle position indicating means M3.

Then, the four reference nodes Ny to N, for judging the shape of road are
extracted by the reference coordinate points extracting means M4. As shown in FIG. 3,
the second reference node N, is set at the position of the subject vehicle; the first
reference node Nj is set at a position behind of the second reference node N, by the
distance a; the third reference node Nj is set at a position ahead of the second reference
node N, by the distance a; the fourth reference node N is set at a position ahead of the
third reference node Ny by a distance a. The distance a is determined as a product of
a-vehicle speed V|, and a predetermined time t; (a = Vj x t).

In this way, the distance a between the adjacent reference nodes Ny to N4 can be
determined in accordance with the vehicle speed V|, and thus, when the vehicle speed
V, is large, the distance between the adjacent reference nodes Ny to Ny can be
determined at a large value, and a sufficient calculating time for judging the shape of
road can be insured.

If there is no node N existing at a position which is established by a multiple of
the distance a on the basis of a virtual position of the subject vehicle, i.e., there is not a

road at the position, the nodes N in closest proximity to such position are extracted as



8
reference nodes N 1 to Ny. In addition, if data of the nodes N are coarse and there is no
node N existing within a range of the distance a, consecutive four nodes N are selected
as reference nodes N; to Ny.

Provided that the shape of a road is curved and four reference nodes N; to Ny
exist substantially on a circular arc, an angle 8 of turning of the subject vehicle from the
second reference node N, which is a position of the subject vehicle to the next third node
N3 is determined by the road shape judging means M5 in the following manner, with
reference to FIG. 3.

First, the following vectors are calculated: a vector Vy, (X;5, Y;,) connecting the
first reference node Ny (X, Y;) and the second reference node N, (X5, Y5), a vector
Va3 (X33, Yp3) connecting the second reference node Ny (X5, Y,) and the third
reference node N3 (X, Y3), and a vector V3, (X34, Y34) connecting the third reference
node N3 (X3, Y3) and the fourth reference node Ny (X, Yy).

At this time, if an angle formed by the vector V12 and the vector Vy3 is
represented by 64, a following expression (1) is established from an inner product of the
vector V5 and the vector V3, and an angle 8, is determined from such expression (1):

Kigx Xo3+ Yygx Yo3

= Xyp? + Y5 x (Xp3? + Yp59)% x cosey ¢y

In addition, if an angle formed by the vector V,3; and the vector Vs, is
represented by 8, a following expression 2 is established from an inner product of the
vector Vo4 and the vector V34, and an angle 8, is determined from such expression (2):

Xo3 X X34 + Yoz x Yoy

= (X352 + Yp32) % x (X342 + Y34% x cose, 2)
Thus, an angle 6 of turning of the subject vehicle from the second reference node

N, to the third reference node Nj is determined according to a following expression (3):



6 = (6, + 8)2 ®3)

And a radiué R of curvature of a circular arc is determined according to a
following expression (4):

R = 2a/(8; + 6,) 4)

A steering angle 8grpg In turning of the subject vehicle from the second
reference node N, to the third reference node N3 can be obtained according to a
following expression (5):

6strg = (1 + Ax Vg2 x bx NR

= (8, +6) x (1+Ax Vg x bx Np2a )
wherein A is a stability factor;
b is a wheel base; and
Nisa steering gear ratio.

- If the presence of a curve in the road ahead of the subject vehicle is judged in the
above manner, a driver is informed of the radius R of curvature of the curve and the
steering angle 85 by the display means M9 and the sound means M10, and an
automatic steering control is conducted by the steering control means M7, so that the
subject vehicle can reliably pass through the curve.

In this way, the shape of the road is judged on the basis of the map information
comprising the plurality of coordinates N (X, Y) of the plurality of nodes N, and the
steering angle is controlled on the basis of the judged shape of the road. Therefore, the
servicing of an infrastructure requiring increased equipment and maintenance costs is
needless, and a control of traveling of the vehicle can be carried out with a minimum
amount of data storable in the CD-ROM or the IC card with the present invention.

The operation in judging the shape of a road to perform a control of vehicle

speed will be described below with reference to FIG. 4.



10

In performing the control of vehicle speed, the manner in which the four reference
nodes Ny, N,, N3 and N, are extracted is different from that in performing the control
of steering angle. More specifically, as shown in FIG. 4, a virtual position of the subject
vehicle is set at a position ahead of the position of the subject vehicle by a preread
distance S, and the second reference node Nj is set at this virtual position of the subject
vehicle. The first reference node N is set at a position behind the second reference
node N, by a distance a; the third reference node N3 is set at a position ahead of the
second reference node N, by the distance a; and the fourth reference node N 4 1s set at
a position ahead of the third reference node N3 by a distance a. The preread distance
S is provided as a distance permitting the vehicle to be stopped within a predetermined
time t, upon speed-reduction at a predetermined deceleration g from the vehicle speed
V, as the following expression (6):

S=Vyx ty-(8x t,22) (6)

If it is required to effect the speed-reduction in accordance with the judged shape
of road, a time margin therefor can be provided by setting the preread distance S.

Now, a passable vehicle speed Vg permitting the subject vehicle to pass between
the second and third reference nodes N, and Nj at a reference lateral acceleration « or
less is given by a following expression (7):

Vs =R x a)” )
wherein R is a radius of curvature of a road. The above-described expression (4) is
applied to this expression (7) to provide a following expression (8):

Vg = {22 x o/(8; + 6,)}" | (8
More specifically, if the vehicle speed V| is equal to or lower than the passable speed
Vg, it is possible for the vehicle to safely pass through the curve between the second and

third reference nodes N, and N3 without speed-reduction. If the vehicle speed V; is
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higher than the passable speed Vs, it is impossible for the vehicle to safely pass through
the curve between thé second and third reference nodes N, and Na, unless the speed is
reduced down to the passable speed V.

If it is determined that there is a curve in a road ahead of the subject vehicle, the
driver is informed of the radius R of curvature of the curve and the passable vehicle
speed Vg by the display means M9 and the sound means M10, and when the vehicle
speed V| is higher than the passable vehicle speed Vg, an automatic reduction in speed
is carried out by the vehicle speed control means M8, so that the subject vehicle can
reliably and safely pass through the curve.

As described above, the shape of the road is judged on the basis of the map
information comprising the plurality of coordinates N (X, Y) of the plurality of nodes N,
and the vehicle speed is controlled on the basis of the judged shape of the road.
Therefore, the servicing of an infrastructure requiring increased equipment and
maintenance costs is not required, and a control of traveling of the vehicle can be carried
out with a minimum amount of data storable in the CD-ROM or the IC card according
to the present invention.

In carrying out the above-described automatic steering and automatic speed
reduction, it is required that the subject vehicle be traveling on a set course, and if the
subject vehicle has deviated from the set course by a driver’s intention or due to a
mistake, it is desirable to turn the system OFF. It can be judged in the following manner
whether or not there is a possibility that the subject vehicle may deviate from the set
course.

Referring to FIG. 3, when the vehicle has been turned on a rightful course from
the second reference node N, to the third reference node N3, a target angle 6 of turning

of the vehicle is given by an expression, 8 = (8; + 8,)/2 (see the expression (3) above).
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An actual angle y of turning of the vehicle is determined by integrating an actual yaw
rate dy/dt detected by a yaw rate sensor mounted on the vehicle over a time period ti
(t; = a/Vy) from a time point when the vehicle passes through the second reference
node N, to a time point when the vehicle reaches the third reference node N3. Then,
a deviation |6 - y| between the target turning angle 8 and the actual turning angle y is
calculated. If the deviation |8 - y| is equal to or lower than a predetermined value, it
is determined that there is no possibility that the vehicle may deviate from the set course.
If the deviation |6 - v | exceeds the predetermined value, it is determined that there is
a possibility that the vehicle may deviate from the set course, and an alarm can be given
to the driver.

A limit of the deviation |6 - y | can be set as a value in which the vehicle does not
go off of a road having a width W, according to a following expression (9), for example,
while the vehicle is traveling through the distance a from the second reference node N,
to the third reference node N3:

ax [8-y|s W2 ©)

A second embodiment of the invention will now be described with reference to
FIG. 5, which is similar to FIG. 3 in the first embodiment. In the above-described first
embodiment, the shape of the road is judged on the basis of the four reference nodes Ny
to Ny to perform the control of the vehicle, but in the second embodiment, three
reference nodes N 1 N and N3 are employed in place of the four reference nodes Ny
to Ny in the first embodiment.

As shown in FIG. 5, an angle 6 formed by the vector Vi, (X5, Y;5) and the
Vector Vo3 (Xp3, Yp3) is determined according to a following expression (10):

Xip x X53 + Yo x You
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The angle 8 determined in this manner is an approximate value substituted for an
angle of turning from a midpoint betwéen the first and second reference nodes N, and
N, to a midpoint between the second and third reference nodes N, and N3. Therefore,
when the three reference nodes Ny, N, and N3 are used, a radius R = a/e of curvature
can be used in place of the above-described expression (4); a steering angle 8gpg =
8x (1+Ax VOZ) x b x N/a can be used in place of the above-described expression

(5), and a passable vehicle speed Vg = (a x cz/G)l/2 can be used in place of the above-

described expression (8).

In the above-described first and second embodiments, the following modifications
in design may be made.

Even in performing the control of steering, a preread distance S can be
established. This preread distance S is determined from a vehicle speed V and a
predetermined time t, according to an expression, S = Vj x t,. It is possible for the
vehicle to smoothly pass through a curve by performing the steering to a target steering
angle, while the vehicle is traveling through the preread distance S. In performing the
control of steering, the steering torque may be controlled in place of the steering angle.

A third embodiment of the present invention will now be described with reference
to FIGS. 6 to 11.

FIG. 6 is a block diagram illustrating a control system according to the third
embodiment. The control system includes a map information outputting means M11
corresponding to the map information outputting means 2, a subject vehicle position
indicating means M12 corresponding to the navigating device 1, a reference coordinate
points extracting means M13, an angle calculating means M14 and a road shape judging

means M15 which correspond to the control section 3, and a display means M17

corresponding to the display means 11 and the sound means 12.
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The reference coordinate points extracting means M13 extracts four nodes Njto
Ng4 (which will -be referred to as reference nodes hereinafter) for judging the shape of
road from a plurality of nodes established on a road.

With reference to FIG. 8, the angle calculating means M14 calculates an angle 8;
formed by a vector V, as a vector connecting the reference nodes N 1 and No, and a
vector Vo3 as a vector connecting the reference nodes N, and N3, and an angle 8,
formed by the vector Vy, as a vector connecting the reference nodes N yand N, and a
vector V,, as a vector connecting the reference nodes Nj and Ny, and calculates a
variation rate « for judging the shape of road from such angles 64 and 8,. A procedure
for calculating the variation rate & will be described in detail hereinafter.

The road shape judging means M15 judges the shape of a road by comparing the
variation rate « with a reference value.

The operation of the third embodiment will be described with reference to a flow
chart shown in FIG. 7.

First, a map information (i.e., coordinates N (X, Y) of nodes N) is read from the
map information outputting means M11; a position Py (X, Y),) of the subject vehicle is
read from the subject vehicle position indicating means M12, and a vehicle speed Vj is
read from the vehicle speed detecting means 6 (at step S1).

Then, a preread section S; and a judgment section S, are calculated (at step S2).
As shown in FIG. 8, the preread section Sy is set ahead of the position P of the subject
vehicle and determined as a product (81 = Vg x t;) of a current vehicle speed Vo and
a predetermined time t;, or as a distance Sy = Vgt; - (ﬁt12/2)) required for stopping
of the vehicle within the predetermined time t; upon braking at a predetermined
deceleration 5. The preread section S, is intended to provide a time margin to the

driver for braking or steering after judgment of the shape of a road ahead of the subject
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vehicle.

The judgment section S, is set in a prcdetermiriéd range ahead of a front end of
the preread section Sy (which will be referred to as a virtual position of the subject
vehicle), and for example, is determined as a product (S, = V| x ty) of the current
vehicle speed Vj and a predetermined time t,.

Then, four nodes Ny, Ny, N3 and N (which will be referred to as reference nodes
Ny, Ny, N3 and Ny hereinafter) for judging the shape of a road are extracted by the
reference coordinate points extracting means M13 (at step S3). The second reference
node N, is established at the virtual position of the subject vehicle; the first reference
node Nj is set at a position behind the second reference node N, by a distance a; the
third reference node N3 is set at a position ahead of the second reference node N2 by
a distance a; and the fourth reference node N, is set at a position ahead of the third
reference node N; by a distance a, wherein a is a constant or a product (a = V X t3)

of the vehicle speed V) and a predetermined time t5.

If there is no node N existing at a position established by a multiple of the
distance a on the basis of the virtual position of the subject vehicle, i.e., there is not a
road at the established position, the nodes N in closest proximity to such position are
extracted as reference nodes Ny to Ny.

In this embodiment, the reference nodes N; to N4 have been extracted at
substantially equal distances, but if there are a small number of nodes N established on
a road (i.e., if the nodes are coarse), adjacent nodes N may be directly extracted.

As shown in FIG. 9A, an S-shaped curve of compound curves represents a
severest passing condition. But if the distance a is determined as a constant equal to 30
m, for example, a compact S-shaped curve comprised of two interconnected circular arcs

having a radius R of curvature equal to 30 m can also be reliably judged according to the
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invention.

Further, if there is a bent road such as crank road existing in the judgment section
S,, as shown in FIG. 9B, nodes corresponding to bent points (singular points) are
preferentially extracted as reference nodes Ny to N,. Thus, the shape of a special road
such as a crank road can be reliably judged.

Then, the shape of the road is judged on the basis of coordinates of the four
reference nodes Ny to Ny (at step S4).

First, the angles 8; and 6, are calculated by the angle calculating means M14.
More specifically, following vectors are calculated: a vector V5 (X1, Y;5) connecting
the first reference node N1 (Xl, Yl) and the second reference node N, (Xz, Y2), a
vector Vo3 (X53, Yo3) connecting the second reference node N, (X, Y,) and the third
reference node N3 (X3, Y3), and a vector V., connecting the second reference node N,
(X2, Y5) and the fourth reference node Ny (X, Y,) as shown in FIG. 8.

At this time, if an angle formed by the vector V, and the vector Vos is
represented by 64, a following expression [1]:

Xip X X9z + Y5 x Yy

= (X2 + Y122)" x (Xps? + Y32 x cose, [1]

is established from an inner product of the vector V, and the vector V3, and cos; is
determined from this expression [1]. |

In addition, if an angle formed by the vector V;, and the vector Vo, is
represented by 6, a following expression [2]:

Rya X Xog + Yy x Yoy

= (X192 + Y122 x (Xp4% + Yp4%)" x cosb, 2]

is established from an inner product of the vector Vy, and the vector V,,, and cosé, is

determined from such expression [2].
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Then, a variation rate « is calculated according to a following expression [3]:

@ = (cos@; - cosb,)/cos, ' . [3]

As apparent from the expression [3], a case where the absolute value of the
variation rate is small corresponds to a case where 8, and 6, are substantially equal to
each other, and a road is bent to a small extent (i.e., it is nearly straight). Conversely,
a case where the absolute value of the variation rate is large, corresponds to a case
where 6; and 6, are largely different from each other, and a road is bent to a large
extent (i.e., it is a crank road or a sharp curve).

A direction of bending of the road can be judged by an outer product of the
vector Vy, and the vector Vg, i.e., by whether the result of X2 % Yo3-Y 5 x Xyais

positive or negative,

Thus, the road shape judging means M15 judges the shape of any of various roads
in accordance with the value of the variation rate e, as shown in FIGS. 10A-10E and 11.

If the shape of the road judged in the above manner is a curve (at step S4), it is
judged whether or not the curve is an S-shaped curve or a crank road (at step S5). If
the shape of the road is a simple curve, an advance notice of the curve is displayed on
the display means M17 (at step S6). If the shape of the road is an S-shaped curve or a
crank road through which it is difficult for the vehicle to pass, an advance notice of the
S-shaped curve or the crank road is displayed on the display means M17 (at step S7).

Then, it is judged whether or not the current vehicle speed V is appropriate for
the judged shape of the road (at step S8). If the current vehicle speed Vj is too large,
as compared with a vehicle speed permitting the subject vehicle to safely pass through
a curve ahead thereof, an alarm is given to the driver by the display means M17 (at step
S9). Despite the alarm given to the driver, if the speed is not reduced down to an

appropriate vehicle speed which permits the subject vehicle to reliably pass through the
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curve (at step S10), an automatic speed-reduction is carried out by the vehicle speed
control means 13 (at step S11). When the subject vehicle has passed through the subject
curve, or the vehicle speed V) is reduced down to such appropriate vehicle speed (at
step S12), the automatic speed-reduction is stopped, returning to step S1.

If NO at steps S8 and S10 and the automatic speed-reduction is not required, it
is judged whether or not the processing has been conducted for the entire area of the
judgment section S, (at step S13). If NO at step S13, i.e., the processing for the entire
area is not completed, the processing at step S13 is returned to step S3, at which the
reference nodes N; to N, are displaced forwardly, and the above-described processing
is repeated. As a result, the answer at step S13 is changed to YES, whereby all the
processings are completed, returning to step S1.

As described above, the shape of the road is judged on the basis of the map
information comprised of the plurality of coordinates N (X, Y) of the plurality of nodes
N. Therefore, the servicing of an infrastructure requiring increased equipment and
maintenance costs is needless with the present invention, and instead it is possible to
judge the shape of the road with a minimum amount of data storable in the CD-ROM

or IC card.

A fourth embodiment of the present invention will now be described with
reference to FIGS. 12 to 19.

The fourth embodiment is intended to judge the shape of a road on the basis of
three adjacent reference nodes N 1 Np and N3, and is different from the third
embodiment in that the shape of the road is judged on the basis of an output from the
angle calculating means M14 and an output from a distance calculating means M16, as
shown in FIG. 12. The remaining arrangement is the same as in the third embodiment.

In map information according to the fourth embodiment, the position of each of
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the nodes is determined so that a distance (which will be referred to as a range
hereinafter) between a line connecting the adjacent nodes and a road is equal to or
smaller than a reference value k according to a rule for making data. Thus, the range
is suppressed to a value equal to or smaller than the reference value k by determining
the distance between the adjacent nodes in a road section having a small radius of
curvature at a small value, as shown in FIG. 13.

The extraction of the three reference nodes Ny, N5 and N3 is carried out in the
following manner. The rearmost node N; among the three reference nodes Ny, N, and
N; is set at a leading end of a preread section Sy, and is defined as the first reference
node; the adjacent node N ahead of the first reference node Nl is defined as the second
reference node N,; and the adjacent node N ahead of the second reference node N, is
defined as the third reference node N3. The three reference nodes N 1» Np and N3 are
extracted sequentially at forwardly displaced locations.

A procedure for judging the shape of a road on the basis of coordinates of the
three reference nodes Ny, N, and N3 will be described below.

First with reference to FIG. 14, an angle 8 formed by a vector V;, (X2, Y15)
connecting the first reference node Ny (Xy, Y1) and the second reference node N, (X,
Y,) and a vector V,3 (X3, Yo3) connecting the second reference node N, (X,, Y,) and
the third reference node N3 (X3, Y3) is calculated by the angle calculating means M14.

More specifically, a following expression [4]:

Xig x K93 + Y9 X Yp3

= (Xpo2 + Y12% x (Xp3% + Yp3%)"2 x cosB [4]
is established from an inner product of the vectors Vj, and V,3, and the angle is

determined according to the expression [4].

Then with reference to FIG. 15, the following distances are calculated by the
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distance calculating means M16: a distance L, between the first reference node N; X5,
Y,) and the se'cond'reference_ node Ny (X5, Y5), a distance L,; between the second
reference node N, (X5, Y5) and the third reference node N3 (X3, Y3), and a distance

L3 between the first reference node N; (Xy5 Y;) and the third reference node N3 (X5,

Y3).
Lip = (Xp? + Yp))* [5]
Lys = (Xp52 + Yp52) [6]
Lyz = (Xq3” + Y330)” [7]

Here, the vector connecting the first reference node Ny (X4, Y1) and the third
reference nodg N3 (X3, Ys) i§ defined as a vector Vi3 (X3, Yq3)-

As apparent from FIG. 15, provided that the three reference nodes N 1» No and
N3 exist on a common circular arc, i.e., when the curve is arcuate, a radius R of
curvature of the arcuate curve is determined, if L5 « L,3, according to a following
expression [8]:

R = L;3/(2sin6) 8]

Thus, it can be judged on the basis of this radius R of curvature whether or not it is
possible for the subject vehicle to pass through the curve.

When the angle 8 and the distance L3 have been determined in the above
manner from the three reference nodes Ny, N, and Nj, the shape of the road can be
judged on the basis of the magnitude of the angle 8 and the magnitude of the distance
Li3. As shown in FIG. 16, as the angle 6 is larger and the distance L3 is smaller, the
radius of curvature of the curve is smaller. As the angle 6 is smaller and the distance
L3 is larger, the radius of curvature of the curve is larger.

If the three reference nodes N 1» N and N3 exist on a common circular arg, i.e.,

if the curve is arcuate, the shape of the road can be judged, as shown in FIG. 16, and the
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inlet of a curve gradually decreased in radius of curvature and the outlet of a curve
gradually increased in radius of curvature other than the arcuate curve can be judged in
the following manner.

| Supposing that the three reference nodes N, N, and Nj exist on a common
circular arc, as shown in FIG. 18, a radius R of curvature is calculated in the above-
described manner, and a range between the longer one of the vectors V{5 and Vo3 and
the circular arc having the radius R of curvature is determined. If the determined range
is not more than a reference value k such as discussed above, it is determined that the
three reference nodes Ny, Ny and Nj exist on the circular arc having the radius R of
curvature. If the determined range exceeds the reference value k, it is determined that
the three reference nodes Ny, N5 and N3. cannot exis"c o'n sucﬁ circular arc, and they exist
on a non-arcuate curve gradually varied_in radius of curvature at the three reference
nodes Ny, N, and N3 (i.e., on a curve inlet or outlet).

This will be further described in detail. As shown in FIG. 17, if the distance Ly,
between the first and second reference nodes N; and N, is larger than the distance L3
between the second and third reference nodes N, and N3, and a range between the
vector Vi, connecting the first and second reference nodes N; and N, and a circular arc
extending through the three reference nodes Ny, N, and N3 exceeds the reference value
k, it is determined that the shape of the road is of the inlet of a curve gradually
decreased in radius of curvature. On the other hand, if the distance L5 is larger than
the distance L;,, and a range between the vector Vo3 and the circular arc exceeds the
reference value k, it is determined that the shape of the road is of the outlet of a curve
gradually increased in radius of curvature.

In FIG. 19, a right and lower region having a large angle 6 and a small distance

L3 corresponds to a sharp curve having a small radius of curvature, an intersection, a
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branch road or the like, and a left and upper region having a small angle 6 and a large

distance L4 corresponds to a gentle curve having a large radius of curvature or a straight
road. Each of ky, ko, k3 and k4 represents a reference value of a range (ky > ky > kg
> k4). If a point determined by the calculated angle 6 and distance L5 exists, for
example, in a left and lower region having the reference value ko, the shape of the road
is a comstant arcuate curve. If such point exists in a right and upper region having the
reference range ks, the shape of the road is a non-arcuate curve varied in radius of
curvature.

If the judged shape of the road is a non-arcuate line, a radius of curvature for
judging whether or not it is possible for the vehicle to safely pass through the curve is
determined in the following manner. The radius R of curvature determined as shown in
FIG. 18 does not reflect an actual radius of curvature, and an actual radius of curvature
in the vicinity of the curve outlet (i.e., in the vicinity of the second and third reference
nodes Ny and Nj) is smaller than such radius R of curvature. Therefore, if a position
N’ at the distance L3 from the second reference node N, is taken on a line connecting
the first and second reference nodes Ny and N,, and a radius R’ of cun./aturc of a’
circular arc extending through the three points N 1’» Np and Nj is determined, such radius ‘
R’ of curvature assumes an appropriate value for Jjudging whether or not it is possible for
the vehicle to safely pass through the curve.

In the third and fourth embodiments, it is, of course, also possible to control the
vehicle speed and the steering angle on the basis of the judged shape of the road by the
vehicle control means M6 including the vehicle speed control means 13 and the steering
angle control means 14 as in the first and second embodiménts.

Although the embodiments of the present invention have been described in detail,

it will be understood that the present invention is not limited to these embodiments, and

various modifications may be made.
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CLAIMS:

1. A vehicle control system'comprising:

a map information outputting means for outputting map information comprised of a
plurality of coordinate points constituting a road;

a subject vehicle position indicating means for indicating a position of a subject
vehicle on the road;

a reference coordinate point extracting means for extracting at least three reference
coordinate points on the road ahead of the position of the subject vehicle;

a road shape judging means for judging a shape of the road based on the extracted

reference coordinate points; and

a vehicle control means for controlling the vehicle based on the judged shape of
the road.
2. A vehicle control system according to claim 1, further including a vehicle speed
detecting means for detecting a vehicle speed of the subject vehicle, and wherein a
distance between the reference coordinate points extracted by said reference ;:;Jordinate

point extracting means are adjusted based on the vehicle speed detected by said vehicle

speed detecting means.
3. A vehicle control system comprising:

a map information outputting means for outputting map information comprised of a
plurality of coordinate points constituting a road;

a subject vehicle position indicating means for indicating a position of a subject

vehicle on the road;

a reference coordinate point extracting means for extracting at least four reference
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coordinate points on the road ahead of the position of the subject vehicle;
an angle calculating means for calculating an angle formed by lines connecting the
reference coordinate points;
a road shape judging means for judging the shape of the road based on an arrangement
of the reference coordinate points determined based on the calculated angle; and\

a vehicle control means for controlling the vehicle based on the judged shape of

the road.
4. A vehicle control system comprising:

a map information outputting means for outputting map information comprised of a
plurality of coordinate points constituting a road;

a subject vehicle position indicating means for indicating a position of a subject
vehicle on the road;

a reference coordinate point extracting means for extracting at least three adjacent
reference coordinate points on a road ahead of the position of the subject vehicle;

an angle calculating means for calculating an angle formed by lines conﬁéﬁting the
reference coordinate points;

a distance calculating means for calculating distances between the reference
coordinate points;

a road shape judging means for judging a shape of the road based on an arrangement
of the reference coordinate points determined based on said calculated angle and said

calculated distances; and

a vehicle control means for controlling the vehicle based on the judged shape of

the road.
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5. A vehicle control system according to claim 1, 3 or 4, wherein said vehicle control
means includes a'éteering-angle control means for contfolling'at least one of a steering
angle and a steering torque based on the shape of the road judged by said road shape
Jjudging means.

6. A vehicle control system according to claim 1, 3 or 4, wherein said vehicle control
means includes a vehicle speed control means comprising at least one of a brake device
and an auto-cruising device and controlling the vehicle speed based on the shape of
the road judged by said road shape judging means.

7. A vehicle control system according to claim 1, 3 or 4, wherein said vehicle control
means includes at least one of a display means and a sound means for giving an alarm
to a driver based on the shape of the road judged by said road shape judging means.
8. A vehicle control system according to claim 1, 3 or 4, further including means for
setting a virtual position of the subject vehicle on a road ahead of the position of
the subject vehicle by a predetermined distance, and said reference coordinate points

are extracted based on said virtual position of the subject vehicle.

9, A vehicle control system, substantially as hereinbefore

described with reference to the accompanying drawings.
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