
United States Patent [191 

llllllllllllllllllllllllllll||||lllll|l|lllllllllllllllllllllllllllllllllll 
USOO5483453A 

[11] Patent Number: 5,483,453 
Uemura et a]. [45] Date of Patent: Jan. 9, 1996 

[54] NAVIGATION CONTROL SYSTEM WITH 5,245,422 9/1993 Boreherts et a1. ............... .. 364/424.02 
ADAPTIVE CHARACTERISTICS 5,249,128 9/1993 Markandey et al. 364/426.04 

5,357,432 10/1994' Margolis 6t a1. .... .. 364/424.02 

[75] Inventors: Hiroki Uemura; Tetsuro Butsuen; gins; -------- -~ ' . '. ' ' , , n1 6 . ..... .. . 

g?gfgg?zggm?g; Kemch' 5,390,118 2/1995 Margolis et a1. .. 364/424.02 
’ ’ 5,416,477 5/1995 Shibata .................................. .. 364/443 

[73] 

Tomohiko Adachi; Naotsngu Masuda, 
all of Hiroshima, Japan 

Assignee: Mazda Motor Corporation, Japan 

FOREIGN PATENT DOCUMENTS 

63-214900 9/1988 Japan. 
2-270005 11/1990 Japan. 

[21] APPL No_; 50,560 Primary Examiner-Kevin J. Teska 
Assistant Examiner—Tyrone V. Walker 

[22] Filed: APB 20’ 1993 Attorney, Agent, or Firm—Fish & Richardson 

[30] Foreign Application Priority Data [57] ABSTRACT 

Apr. 20, 1992 [JP] Japan .................................. .. 4-099818 when the v?hicle has deviated or is deviating from a lane on 
Sep. 29, 1992 [JP] Japan .................................. .. 4-259847 which the vehicle has been or is running’ the deviation of the 

[51] Int. Cl.6 ......................... .. G06F 165/00; GOSD 1/02; vehicle from the 19119 can be Suppressed, for example, by 
B62D 1/02 allowing the steering wheel to be operatively rotated prior to 

[52] US. Cl. .................. .. 364/424.02; 364/443; 364/447; an intenti‘m °f the °Perat°1Th°timiI1g 0f suppressing the 
364/460; 318/587; 180/179 deviation of the vehicle can be altered in accordance with 

[58] Field of Search ............................. .. 364/424.02 443 conditions including’ for example’ the. “ism” .Of a lane in 
364/447 460 461_ 318/587_ 180/167’ 168’ the direcnon of deviation of the veh1cle on wl'nch another 

’ ’ ’ 169’ 179_ 3 611/909; vehicle is running in the same d1rect1on, the existence of an 
’ ’ obstacle in the direction of deviation of the vehicle, the 

- existence of an adjacent lane in the direction of deviation of 
[56] References Clted the vehicle on which another vehicle is running in the 

US. PATENT DOCUMENTS opposite direction, a state of the lane on which the vehicle 

4 802 096 1,1989 Hainsworth et al 364/461 is running, such as a curved lane or a straight lane, a 
4:809:l78 2/1989 Ninomiya et a1. 1.21:3: 364/461 direction of deviation is outside or inside the curved lane of 
4,970,509 11/1990 Kissinger, Sr. ...... .. 364/460 3 lane Width’ 3 Vehicle Speed, a Steering angle of a Steering 
5,155,426 10/1992 Kurami ............. .. 364/424.02 Wheel, an extent of vision, and $0 on‘ 

5,172,315 12/1992 Asanurna et a1. 364/424.02 
5,233,527 8/1993 Shinnosuke ...................... .. 364/424.02 37 Claims, 15 Drawing Sheets 

10 A 
J 1 /3 

SUPERSONIC ___. _.______> ALARM 
RADAR UNIT 

[2 [3 f5 /’ 6 
SIGNAL STEERlNG 

4/, CAMERA -> PROCESSING » C O SRNTTROL ACTUATOR 
1 UN 1T 2 1: 1 UN“ 

ANGLE 3 Q 
SENSOR l l 2 

LEFT RADAR J ,13 5 7 
HEAD UNIT 1 l 2 9\ / 

SIGNAL 
MOTOR PROCESSING —* E E 

u NIT % 12> E 0 13 
\ RIGHT RADAR l. 2mm 69% 
1'5 HEAD UNIT 85 ‘$9 3 :1 

l2 :0 *2" OO 
o 10 z 



US. Patent ' Jan. 9, 1996 Sheet 1 0f 15 5,483,453 

F | s .1 (a) 

21(21a)\ * J 

1‘\ m1 }24(24a) 
21 mew’ }2z.<z4¢> 

zuzm/ 
F I G .1 (b) 

2mm)?’ 12142461) 
,7; ‘w’ 1 

21(21e) \ 1 \1 N1 1242“) 
' / 

2mm)’ 



US. Patent Jan. 9, 1996 Sheet 2 of 15 5,483,453 

:23 

R G nNvO W. R TA ELS CC EGN E1 N RD T E IN SAS 
DI Al. 

N 

BR /m 0 

H m EW :2: Wu? 
JOEPZOU 

WK 

‘ Zm<._< 
@\ 

i N.O_u 

N; 

.523 0461 $404K {PIQE 
mp 

.2205 a if 

me \ 

@OPOZ 

I 

C 23 
02 mmwuOma .3205 

\\ 

C2D K404i EZOWEwnSW 
OP 

i 





Sheet 4 0f 15 US. Patent Jan. 9, 1996 

FIG.5 

@ 
DETECT CURRENT 
POSITION o a. 
TRANSVER ELY MOVING 
VELOCITY vy 

I 
RECOGNINE NO. OF 
LANES & RUNNING 
LANE 

RIGHT 

5,483,453 

S1DE7LANE 
m :TH YES-i=1 SIDLEEZLNE 

1 Q4 YES.i=2 {58 I-3 59 

' 5‘6 I15‘ :11? R5112 
S10 ‘<—_|_ v I l 

SEPARATING 
ZONE? s) 3 

RUNNING IN 
OPPOSITE NO 



_ US. Patent Jan. 9, 1996 Sheet 5 of 15 5,483,453 

PEDESTRIAN 
WALK WAY 

7 



US. Patent Jan. 9,1996 Sheet 6 of 15 5,483,453 

FIG.7 

y1=y0+T1L-vy 331 
HR = 1 \ S32 

] $30 No 

i YES /533 
I ( RETURN ) 

STEERING FOR 
CORRECTION /S36 

65E 



US. Patent Jan. 9, 1996 Sheet 7 of 15 5,483,453 

FIG . 8 

I 

INSTRUCT 54,5 
TO STEER N 

Y 

DETECT yo & vy S47 
ASSUME y} W' 



US. Patent Jan. 9, 1996 Sheet 8 of 15 5,483,453 > 

:z: @0233 @2555 
@n 

momzwm Hoz< 025mm; 
N 

/m w 

T A Mm .n 

f} :z: A; w W 
6528 

Q 

m 9 w\ 2%? 

36% m . O _ u 



US. Patent Jan. 9, 1996 Sheet 9 0f 15 5,483,453 

FIG . I O 

I START I 

DETECT SHAPE OF 
RUNNING LANE 

\S 51 

DETECT CURRENT 
POSITION yo & 
TRANSVERSELY 
MOVING VELOCITY VyA/SSZ 

ASSUME POSITION 
OF VEHICLE AFTER 
GIVEN TIME TO GO 

COMPUTE Dc 

DEVIATING INO 
FROM Dc . . 

9 

YES_ ‘ 

INSTRUCT I TO STEER I 
‘560) I 

( RETURN ') 

INSTRUCT 
TO STEER 

557/ 



US. Patent Jan. 9, 1996 Sheet 10 of 15 5,483,453 

F I G . 1 1 

D5 D5 
1 

' b0 

2&4 I /21 

d1. L 1LL ‘dR 

‘I /‘r'~‘—” 
; ‘w 

W 
2L 

F-' I G .1 2 

1 
COMPUTE DISTANCES dL & dR 

SET 05 



US. Patent Jan. 9, 1996 Sheet 11 of 15 5,483,453 

FIG.13 

| 

COMPUTE DISTANCES dL 8.dR 

CURVING 
TO RIGHT '? 

COMPUTE 
~S73 Dc3 & Dcb 

5754 

SET Dcl 8. DcZ 

F 

57:. 
dL <Dc1 OR dR<Dc2 



U.S. Patent Jan. 9, 1996 ‘ Sheet 12 of 15 5,483,453 

F I G . 1 4 



U.S. Patent Jan. 9, 1996 Sheet 13 0f 15 ' 5,483,453 

F|G.16 

( START I 

DETECT WIDTH OF 
RUNNING LANE S81 

DETECT CURRENT 
posnwow yo & 
TRANSVERSEU! S82 
MOVING VELOCITY vy 

ASSUME POSITION 
OF VEHICLE AFTER M883 
GIVEN TIME TO GO 

s _ I 

COMPUTE D : HDO) '\wS84 I 

DEVIATED 
FROM D ? 

YES_ 

INSTRUCT TO STEER 

‘x586 

( RETURN ) 



US. Patent Jan. 9, 1996 Sheet 14 of 15 5,483,453 

F|G.17 

9 
COMPUTE DISTANCES dL 8. dR 

\ 
S91 

COMPUTE D: 

(be —W)/2k 

I 
l 
{ 

S93 

YES 





5,483,453 
1 

NAVIGATION CONTROL SYSTEM WITH 
ADAPTIVE CHARACTERISTICS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a'navigation control 

system for an automotive vehicle and, more particularly, to 
a navigation control system for an automotive vehicle, 
having a deviation suppressing means so adapted as to return 
the vehicle to its original lane on which the vehicle is 
running, when the vehicle has been deviated from its origi 
nal lane, or as to allow the vehicle to hold its original or 
current lane when it is deviating therefrom. 

2. Description of the Related Art 
Heretofore, automotive vehicles have been equipped with 

seat belts and air bags in order to ensure safety of passen 
gers. Further, devices for preventing an accident from occur 
ring have been developed. As described in Japanese Patent 
Laid-open Publication (kokai) No. 632l4,900, for example, 
it is known a device for giving an alarm to the operator when 
the automotive vehicle has been deviated from its given lane 
without steering which is effected under conscious control 
by the operator. 

Further, Japanese Patent Laid-open Publication (kokai) 
No. 2-270,005 discloses a navigation control system having 
an image pick-up unit for reading a guide line partitioning 
lanes of a road, such as a center line, a white line or the like, 
and an image processing unit for processing signals from the 
image pick-up unit, the navigation control system being 
adapted to control the body of the automotive vehicle so as 
to run in a given position on the lane of the road de?ned and 
delimited between the guide lines indicated on the road. 

These conventional techniques, however, do not take into 
account the timing of operating the action to hold the vehicle 
at its original lane or to return the vehicle to its original lane, 
when the vehicle running on the lane has gone beyond one 
of the guide lines on the lane and deviated from the lane into 
the adjacent lane or when it is going or about to go beyond 
the adjacent guide line. Hence, for instance, if the navigation 
control system as described in Japanese Patent Laid-open 
Publication No. 2-27,000 would be so arranged as to uni 
forrnly operate the action for correcting the steering of the 
vehicle at an earlier timing, it is preferred that the situation 
in which the vehicle is deviating from the current lane can 
be suppressed, whereas it is disadvantageous that the early 
timing of operating the action to correct the steering of the 
vehicle may give rise to a feeling of unpleasantness because 
the action to correct the steering of the vehicle should be 
carried out at a high frequency. On the other hand, if the 
action to correct the steering of the vehicle is to be uniformly 
carried out at a later timing, the conventional navigation 
control system suifers from the disadvantage that the action 
of the vehicle to deviate from the lane on which the vehicle 
is running cannot be suppressed to a su?icient extent, 
although a frequency of operating the action to correct the 
steering of the vehicle is reduced to thereby ensure a feeling 
of comfortableness. 

SUMMARY OF THE INVENTION 

Therefore, the object of the present invention is to provide 
a navigation control system for an automotive vehicle so 
adapted as to be capable of suppressing the vehicle from 
deviating from the lane on which the vehicle is running and 
holding the vehicle at the current lane as well as capable of 
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2 
preventing the control of suppressing the deviation of the 
vehicle from its original lane from being carried out at a high 
frequency. 

In order to achieve the aforesaid object, the present 
invention consists of a navigation control system for an 
automotive vehicle, which comprises: 

deviation suppressing means for suppressing deviation of 
the vehicle from the lane of a road, when the vehicle has 
deviated from the lane into an adjacent lane or when the 
vehicle is going to deviate from the lane; 

detection means for detecting a predetermined condition 
aifecting the deviation of the vehicle from the lane; and 

control means for altering a timing of operating said 
deviation suppressing means in accordance with said pre 
determined condition to be detected by said detection 
means. 

The navigation control system having the con?guration as 
described hereinabove can alter the timing of operating the 
deviation suppressing means in accordance with the prede 
termined condition to always make the operating timing 
optimal or nearly optimal, thereby suppressing the vehicle 
from deviating from the current lane on which the vehicle is 
currently running and suppressing the control of suppressing 
the deviation of the vehicle from being carried out too 
frequently to thereby prevent the occurrence of the situation 
that provides the passenger with a feeling of unpleasantness. 

For the navigation control system according to the present 
invention, a variety of the conditions for altering the timing 
for operating the deviation suppressing means can be set. 
They may include, for example, the position of the vehicle 
on the road on which the vehicle is running, the presence or 
absence of a vehicle running behind, a state of a road on 
which the vehicle is running, a factor affecting the likelihood 
of the vehicle to deviate from the lane on which the vehicle 
is mnning, a factor affecting stability in navigation of the 
vehicle, a factor indicative of an extent to which the vehicle 
is approaching to another vehicle or the another vehicle is 
approaching to the vehicle, a factor aifecting a vision of the 
passenger, and so on. 

More speci?cally, the position of the vehicle on a lane of 
the road on which the vehicle is currently running, particu 
larly the position of the vehicle located in the longitudinal 
direction of the lane of the road (i.e. the longitudinal position 
of the vehicle on the lane), may aifect the action to alter the 
timing of operating the deviation suppressing means for 
suppressing the vehicle from suppressing from its current or 
original lane on which the vehicle is or has been running. 
The timing of carrying out the action to alter the timing of 
operating the deviation suppressing means may be changed 
in accordance with the state of the road on which the vehicle 
is running. In other words, the timing of operating the 
deviation suppressing means may di?’er from the state of the 
road in which there is no adjacent lane on the road in the 
direction in which the vehicle is deviating or from the state 
of the road in which there is another lane adjacent to the 
current lane on which the vehicle is running. The timing of 
operating the deviation suppressing means can be set earlier 
when the road has the adjacent lane in ‘the direction of 
deviation of the vehicle than when the road has no adjacent 
lane in the direction of deviation thereof. If there is no 
adjacent lane on the road in the direction in which the 
vehicle is deviating, there should be an obstacle, such as a 
road shoulder, wall, guard rail, and so on, or another lane on 
which vehicles are running in the opposite direction, on the 
side of the current lane on which the vehicle is deviating. 

Further, the timing of operating the deviation suppressing 
means may vary with the situation in which there is a lane 
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adjacent to the current lane in the direction of deviation of 
the vehicle, and the vehicle is currently running, and another 
vehicle is running on the adjacent lane or is not running on 
the adjacent lane. If the vehicle is deviating from its current 
lane into the adjacent lane and another vehicle on the 
adjacent lane is running ahead or behind the deviating 
vehicle, the deviation of the vehicle should be suppressed at 
the timing earlier when another vehicle is running on the 
adjacent lane in the position closer to the deviating vehicle 
than when there is no vehicle running on the adjacent lane. 

In addition, the state of the road on which the vehicle is 
running, that is, whether the road is curved or straight, can 
affect the action to alter the timing of operating the deviation 
suppressing means. The timing of operating the deviation 
suppressing means may be set earlier when the road is 
curved than when the road is straight. Further, whether the 
vehicle is deviating in the direction outside or inside the 
curved road can affect the action to alter the timing of 
operating the deviation suppressing means. If the vehicle is 
deviating outside the curved lane, the timing of operating the 
deviation suppressing means may be set earlier than when 
the vehicle is deviating inside the curved lane. Furthermore, 
a lane width of the lane on which the vehicle is running 
should be taken into account as the condition for altering the 
timing of operating the deviation suppressing means. The 
timing of operating the deviation suppressing means may be 
set earlier when the lane width is wider than when the lane 
width is narrower. 

Further, as the other conditions for altering the timing of 
operating the deviation suppressing means, there may be 
illustrated a variety of the factors as described hereinabove, 
including the factor affecting the likelihood of the vehicle to 
deviate from the lane on which the vehicle is running, such 
as, for example, a vehicle speed, a steering angle of a 
steering wheel, and so on; the factor a?’ecting stability in 
navigation of the vehicle, such as, for example, a road 
surface friction coe?icient u, an angle at which an accelera 
tor is open, an amount in which the brake is operated, and 
so on; the factor indicative of an extent to which the vehicle 
is approaching to another vehicle, such as, for example, a 
distance between two vehicles, and so on; and the factor 
affecting the vision of the passenger, such as, for example, 
a day time, a night time, or the presence or absence of fog. 

In addition to those conditions as aifecting the action to 
alter the timing of operating the deviation suppressing 
means, further conditions may be set: they include, for 
example, a state in which the suppression of the deviation is 
strongly required and a state in which the suppression of the 
deviation is not so strongly required. In the state in which the 
suppression of the deviation of the vehicle is strongly 
required, an addition of these conditions can serve as con 
trolling the deviation of the vehicle with high certainty. On 
the other hand, in the state in which the suppression of the 
deviation of the vehicle is not so strongly required, the 
condition as described hereinabove can help preventing the 
situation in which the deviation of the vehicle is forcibly 
controlled. 

Other objects, features and advantages of the present 
invention will become apparent in the course of the descrip 
tion of the present invention, with reference to the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a schematic representation showing the 
instance of correcting the steering of the vehicle so as to 
allow the vehicle deviated from its middle course to run on 
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4 
a course of the lane close to the center line of the road. 

FIG. 1(b) is a schematic representation showing the 
instance of correcting the steering of the vehicle running on 
a course of the lane close to the shoulder of the road. 

FIG. 2 is a block diagram showing the con?guration of the 
navigation control system for performing the correction of 
the steering of the vehicle. 

FIG. 3 is a schematic representation showing a vehicle 
having the navigation control system as described herein 
above and an outline of a road on which the vehicle is 
running. 

FIG. 4 is a schematic representation showing the 
instances in which each of three vehicles is deviating from 
the lane on a three-lane road on each of which a vehicle is 
running. 

FIGS. 5 to 8 are a ?ow chart showing the operations of the 
navigation control system as described hereinabove. 

FIG. 9 is a block diagram showing a navigation control 
system according to a second embodiment of the present 
invention. 

FIG. 10 is a ?ow chart showing the action of the navi 
gation control system according to the second embodiment 
of the present invention in accordance with the state of the 
road. 

FIG. 11 is a schematic representation showing the 
instance in which the vehicle is running on a straight lane. 

FIGS. 12 and 13 are a ?ow chart showing the action of the 
navigation control system according to the present invention 
when the vehicle is running on the straight lane. 

FIGS. 14 and 15 are each a schematic representation 
showing the instance in which the vehicle is running on a 
curved lane. 

FIGS. 16 and 17 are a ?ow chart showing the action of the 
navigation control system according to the present invention 
when the vehicle is running on the curved lane. 

FIG. 18 is a schematic representation showing a lane 
illustrated for a description of the operations of the naviga 
tion control system as shown in FIG. 16. 

FIG. 19 is a block diagram showing the con?guration of 
a further embodiment of the navigation control system 
according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIIVIENTS 

The present invention will be described in more detail by 
way of examples with reference to the accompanying draw 
ings. 
A description will be made of a ?rst embodiment of the 

navigation control system according to the present invention 
with reference to FIGS. 1 to 8. 

The navigation control system for the automotive vehicle 
according to the ?rst embodiment of the present invention is 
constituted by the elements as shown in FIG. 2. A camera 2 
is mounted to a front end face of the body 1 of the vehicle 
and connected with an operation unit 4 through a signal 
processing unit 3. As shown in FIG. 3, the camera 2 is 
arranged to pick up guide lines, as generally indicated by 
reference numeral 23, drawn or formed on a road, a lane 24 
extending in a forward direction and delimited between a 
pair of the guide lines 23 which exist before the running 
vehicle, other lanes extending forwards, as generally indi 
cated by reference numeral 24, other vehicles running ahead 
on the road, a pedestrian walkway 25, a lane-separating zone 
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or line, guard rails, and so on. Image signals generated from 
the camera 2 are processed with the signal processing unit 3 
into signals to be processible with the operation unit 4, 
followed by entering into the operation unit 4. The operation 
unit 4 can compute a current position y0 of the vehicle 1 
running on the lane 24, an estimated position y1 of the 
vehicle 1 in which the vehicle 1 will be running in a 
predetermined time after the time when the current position 
of the vehicle 1 has been detected, a target position y2 of the 
vehicle 1, a transversely moving velocity Vy of the vehicle 
1 at which the vehicle 1 is moving in a transverse direction 
on the lane 24, a lane width b0 of the lane 24, and so on, on 
the basis of the input signals entered from the signal pro 
cessing unit 3, in a manner as will be described hereinafter. 
In addition, the operation unit 4 can recognize the lane 24 on 
which the vehicle 1 is running and the number of lanes 24 
that extend parallel to the lane 24 on which the vehicle 1 is 
running as well as a direction in which the vehicle 1 is 
deviating from its original position or lane. In accordance 
with the ?rst embodiment of the present invention, the 
camera 2, the signal processing unit 3 and the operation unit 
4 constitute lane-position detecting means for detecting the 
position of the vehicle 1 on the lane on which the vehicle 1 
is running and direction detecting means for detecting the 
direction in which the vehicle 1 is deviating from its original 
position on the lane 24. 
The body of the vehicle 1 is provided at its front end face 

with a forward-detection supersonic radar unit 10 (not 
shown in FIG. 3) for detecting the forward direction of the 
lane 24 in which the vehicle 1 is running. The supersonic 
radar unit 10 is arranged to transmit supersonic waves and 
receive waves re?ected from an obstacle existing ahead in 
the direction in which the vehicle 1 is running. Hence, the 
supersonic radar unit 10 comprises a transmission section 
from which the supersonic waves are transmitted in the 
forward direction and a receiving section that can receive the 
supersonic waves re?ected from the obstacle existing in the 
forward direction in which the vehicle 1 is running, such as 
cars running ahead in the same direction and running in the 
opposite direction, the lane-separating zone, the guard rails, 
and so on. Further, the operation unit 4 can compute a 
distance between the vehicle 1 and the obstacle existing in 
the forward position and a relative velocity of the vehicle 1 
relative to the obstacle including other cars running ahead, 
in addition to the existence of the obstacle before the vehicle 
1, on the basis of the input from the signal processing unit 
3. Hence, the operation unit 4 can distinguish the front 
obstacles, such as the cars running in the forward direction 
or in the opposite direction, the lane-separating zones, guard 
rails, and so on from others. In other words, the camera 2, 
the signal processing unit 3, the operation unit 4, and the 
supersonic radar unit 10 constitute obstacle detecting means 
for detecting the obstacle existing in the direction or position 
in which the vehicle 1 is moving towards the front. It can be 
noted herein that the front obstacles can also be distin 
guished only by the input from the signal processing unit 3. 

Further, the body of vehicle 1 is provided with a left radar 
head unit 11 and a right radar head unit 12 at its left-hand 
door mirror 1a and right-hand door mirror 112, for example, 
respectively, as shown in FIG. 3. Each of the radar head units 
11 and 12 is so arranged as to transmit radar waves towards 
the rear of the vehicle 1 and to receive the radar waves 
re?ected from an obstacle existing in the rearward direction 
or position. Hence, each of the radar head units 11 and 12 
comprises a transmission section for transmitting the radar 
waves towards the rear and a receiving section for receiving 
the radar waves re?ected from the obstacle existing in the 
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6 
rearward direction or position. The radar waves re?ected 
from the rear obstacle are received by the receiving section 
of the radar head unit 11 or 12 and then transmitted as signals 
to a signal processing unit 13 that processes the signals into 
signals which can be processed by the operation unit 4. The 
operation unit 4 can compute the distance between the 
vehicle 1 and other cars running behind the vehicle 1 and a 
relative velocity of the other car with respect to the vehicle 
1 on the basis of the period of time required for receiving the 
re?ected radar waves from the transmission of the radar 
waves. Hence, the left-hand and right-hand radar head units 
11 and 12, the signal processing unit 13, and the operation 
unit 4 constitute rear-vehicle detecting means for detecting 
the other vehicle running behind the vehicle 1. 
The direction in which the radar waves are to be trans 

mitted from and to be received by the left-hand and right 
hand radar head units 11 and 12 can be changed by driving 
the left-hand and right-hand radar head units 11 and 12 by 
a motor 15 that in turn is controlled by the operation unit 4. 
An angle sensor 14 is so disposed as to detect the direction 
of transmitting and receiving the radar waves on the basis of 
the angle of rotation of the motor 15. The operation unit 4 
can compute the distance between the vehicle 1 and the car 
running behind the vehicle 1 and the relative velocity of the 
vehicle 1 with respect to the car running behind the vehicle 
1 while considering the direction of transmission and receipt 
of the radar waves to be detected by the angle sensor 14. 

The control signals are generated from the operation unit 
4 to a control unit 5 that can control operations of a steering 
actuator unit 6 and an alarm 8 on the basis of the operation 
results obtained from the operation unit 4, the input from a 
steering angle sensor 9, and an operation of a direction 
indicator 7, in such a manner as will be described herein 
after. 
The steering angle sensor 9 is so adapted as to sense a 

steering angle, and the steering actuator unit 6 is so adapted 
as to alter the steering angle. The alarm 8 is disposed in an 
instrument panel mounted within a cabin of the body to 
thereby give an alarm to the operator. 
When the operation unit 4 is arranged to detect an extent 

of deviation of the body of the vehicle 1 from a guide line 
21, the current position y0 of the vehicle 1 on the lane 24 and 
a transversely moving velocity Vy of the vehicle 1 are 
detected and the estimated position y1 of the vehicle 1 is 
computed from the formula: yl=yo+ Vy>(l"1. Whether the 
vehicle 1 is deviating from the guide line 21 can be deter 
mined by the operation unit 4 on the basis of the estimated 
position y1 of the vehicle 1. When the deviation of the 
vehicle 1 from the guide line 21 is detected by the operation 
unit 4, the control unit 5 is so adapted as to correct the 
steering of the steering actuator unit 6 in order to avoid the 
deviation of the vehicle 1 from the guide line 21 or to return 
the vehicle 1 deviated from the guide line 21 to the original 
lane 24 on which the vehicle 1 has been running. 

As is apparent from the above-mentioned formula, the 
estimated position y1 of the vehicle 1 is so set as to vary with 
a set value T1. When the set value T1 is set to a larger value, 
the estimated position y1 becomes a value which indicates 
that the vehicle 1 is deviated to a larger extent; hence, the 
timing at which the steering is to be corrected by the control 
unit 5 is set to become earlier. Therefore, the navigation 
control system according to the present invention is basi 
cally so arranged as to set the set value T1 individually for 
each of the lanes 24 in accordance with the lane 24 on which 
the vehicle 1 is currently running, thereby altering the 
operating timing of correcting the steering of the steering 
actuator unit 6. 
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A description will now be made of the procedure for 
setting the set value T1. As shown in FIG. 4, a road is 
provided with three running lanes, as indicated by reference 
symbols 24a, 24b, and 240, for example, which extend 
parallel to each other and on which cars are running in the 
same direction. It can be noted herein that an emergency 
rating for correcting the steering should be varied with the 
lane on which the vehicle 1 is running and the direction in 
which the vehicle 1 is deviating on the lane, so that the set 
value T1 is set to T10, T11, and T12, in accordance with the 
cases as will be described hereinafter. 

(1) The set value T1 may be set to T10 when the vehicle 
1 is running on the right side end lane 24a and it is deviating 
from a center line 21a positioned at the right-hand side of the 
guide line 21. 

(2) The set value Tl may be set to T10 when the vehicle 
1 is running on the left side end lane 24c and it is deviating 
from the left-hand side guide line 21d towards the shoulder 
of a road. 

(3) The set value T1 may be set to T12 when the vehicle 
1 is deviating in the instances other than the instances (1) 
and (2) as described hereinabove. 

In these cases, the set values T10, T11, and T12 are so set 
as to satisfy the relationships as follows: T10 >T12 and 
T1,>T12, in which the relationship between the set values 
T10 and T11 may conveniently vary with situations. 

In each of the cases (1), (2), and (3) as described here 
inabove, the set value T1 may be set in accordance with 
conditions as follows: 

(1a) The set value T1 may be set to T13 when a car is 
running on a lane in the direction opposite to the direction 
in which the vehicle 1 is running on a different lane. 

(1b) The set value Tl may be set to T10 when no car is 
running in the direction opposite to the direction in which 
the vehicle 1 is running. 

(10) The set value Tl may be set to T1‘, when there is a 
lane-separating zone that separates the lane on which the 
vehicle 1 is running from the different lane on which cars are 
running in the opposite direction. 

It should be noted in the conditions (la) through (1c) as 
described hereinabove that the relationship among the set 
values T10, T13, and T14 are set as follows: T13>T14>T1o). 

(2a) The set value T1 may be set to T11 when there is an 
obstacle such as a guard rail or the like upon which the 
vehicle 1 may be crashed. 

(2b) The set value T1 may be set to T11 when there is no 
such an obstacle as in the condition (2a) above. 

(20) The set value T1 may be set to T16 when there is a 
pedestrian walkway. 

(2d) The set value T1 may be set to T11 when there is no 
such a pedestrian walkway as in the condition (20) above. 

(2c) The set value T1 may be set to T17 when there is a 
branch lane turned to the left, such as a crossing. 

(2f) The set value T1 may be set to T11 when there is no 
such a branch lane turned to the left, such as a crossing. 

In the conditions (2a) through (2t) as described herein 
above, the relationship can be set to satisfy as follows: 
T,5>T6>T10>T,1>T7. 

(3a) The set value T1 may be set to T13 when there is a car 
running behind the vehicle 1 on the running lane 24a or 24c 
in the direction of which the vehicle 1 is deviating. 

(3b) The set value T1 may be set to T12 when there is no 
car running behind the vehicle 1 on the running lane 24a or 
24c parallel to the direction in which the vehicle 1 is 
running. 
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In the cases (3a) and (3b) as described hereinabove, the 

relationship can be set to satisfy the relationship as follows: 
T18 >Tr2 or TrszTlo 

Then, a description will be made of the operations of the 
navigation control system in the conditions as described 
hereinabove, with reference to the ?owcharts as shown in 
FIGS. 5 to 8. 
As shown in FIG. 5, ?rst, at step S1, the current transverse 

position yo of the vehicle 1 running on the lane 24 and the 
transversely moving velocity vy thereof are detected. More 
speci?cally, as shown in FIG. 3, in this detection operations, 
there is read a width between the guide line 21 and the 
opposite guide line 21, that is, a lane width b0 of the lane 24 
on which the vehicle 1 is running, and there is detected the 
current position yo of the vehicle 1 in the direction of the 
lane width bo from the left guide line 21. The transversely 
moving velocity V), of the vehicle 1 can be computed by 
diiferentiating the transverse positions yO of the vehicle 1. 
The program ?ow then goes to step S2 at which the 

operation unit 4 recognizes the lane 24 on which the vehicle 
1 is running and the number of the lanes 24 on which 
vehicles are running in the same direction. The operation at 
step S2 corresponds to the operation by the means for 
detecting the position of the lane of the vehicle 1 in the 
operation unit 4. 

Then, at step S3, it is decided to deterrrrine if the number 
of the lanes is one. When the result of decision at step S3 
indicates that the number of the lanes is one, on the one 
hand, then the program ?ow goes to step S4 at which a set 
value i, indicative of the lane 24 on which the vehicle 1 is 
running, is set to i=0, a set value T1 R, indicative of an extent 
of deviation towards the right from the lane 24 on which the 
vehicle 1 is running, is set to T1R=T1o, and a set value T1 L, 
indicative of a deviation towards the left from the lane 24, 
is set to T1L=Tn. Then, the program ?ow proceeds to step 
S10. 

When it is decided at step S3 that the number of the lanes 
is not one, on the other hand, then the program ?ow goes to 
step S5 at which a decision is further made to determine if 
the vehicle 1 is running on the right side end lane 24a, for 
example, as shown in FIG. 4. When the result of decision at 
step S5 indicates that the vehicle 1 is running on the right 
side end lane 24a, then the program ?ow goes to step S6 at 
which the set value i is set to i=1, the set value T1 R is set to 
T1R=T10, and the set value T1 L is set to T1L=T12, followed 
by proceeding to step S10. 
On the other hand, when the decision at step S5 gives the 

negative result, then the program ?ow goes to step S7 at 
which a decision is made to determine if the vehicle 1 is 
running on the left side end lane 240, for example, as shown 
in FIG. 4. If the decision at step S7 gives the a?irmative 
result, then the program ?ow goes to step S8 at which the set 
value i is set to i=2, the set value T1 R is set to T1R=T12, and 
the set value T1 L is set to T1L=Tn, followed by proceeding 
to step S10. 

If it is decided at step S7 that the vehicle 1 is not running 
on the left side end lane 24c and that it is running on the 
middle lane 24b, then at step S9, the set value i is set to i=3, 
the set value T1 R is set to T1R=T12, and the set value T1 L is 
set to T1L=T12, followed by proceeding to step S10. 

Then, at step S10, a decision is made to determine if the 
set value i is i=0 or i=1, that is, if the road has only one lane 
24 on which the vehicle 1 is running or if the vehicle 1 is 
running on the right side end lane 24a, for example, as 
shown in FIG. 4. If the decision at step S10 gives the 
a?irmative result, on the one hand, then the program flow 
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