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SAFETY RUNNING SYSTEM FOR VEHICLE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a safety running 
System for a vehicle for preventing a Subject vehicle from 
coming into contact with an oncoming vehicle on an adja 
cent lane of the road for opposite traffic by using an object 
detection unit Such as a radar device. 

0003 2. Description of the Related Art 

0004. A safety running system for a vehicle as described 
above is well known in the official gazette of Japanese Patent 
Unexamined Publication (Kokai) No. HEI 7-14100. 
0005 The safety running system disclosed in the above 
official gazette is adapted to avoid a collision of a Subject 
vehicle with an oncoming vehicle on an adjacent lane of the 
road for opposite traffic by generating an alarm to the driver 
of the subject vehicle to make the driver perform a voluntary 
collision avoidance operation or automatically applying the 
brakes of the subject vehicle in the event that the subject 
vehicle enters the adjacent lane for opposite traffic to thereby 
encounter a possible collision with the oncoming vehicle on 
the same lane. 

0006. As shown in FIG. 3, a transverse travelling dis 
tance Y of the subject vehicle Ai from the vehicle body axis 
thereof is calculated from a future travelling locus of the 
subject vehicle Ai estimated based on the vehicle velocity Vi 
and yaw rate yi thereof. Further, a relative transverse dis 
tance Y from the vehicle body axis of the subject vehicle Ai 
to the oncoming vehicle AO is calculated with a radar device. 
And, a collision possibility of the subject vehicle Ai with an 
oncoming vehicle AO on an adjacent lane for opposite traffic 
is judged by comparing the transverse travelling distance Y 
with the relative transverse distance Y2. 

0007 As shown in FIG. 14, however, in a case where the 
driver of the Subject vehicle Ai tries to overtake a preceding 
vehicle Af, the driver first steers the steering wheel right 
ward to change the path of movement of the vehicle to the 
right-hand side of the road (in the case of left-hand Side 
traffic) and then steers it back leftward to return to the 
original path of movement of the vehicle or the left-hand 
side lane after the driver's vehicle Ai has over taken the 
preceding vehicle Af. Due to this, with the Safety running 
system described in FIG. 3, there is caused a problem that 
a possible collision of the Subject vehicle with an oncoming 
vehicle AO is erroneously judged as occurring as Soon as the 
Steering wheel of the Subject vehicle is Steered rightward 
even when in reality there is no Such collision possibility. 

0008 Further, as shown in FIG. 13, when a subject 
vehicle Ai approaches an end of a rightward curve in a 
left-hand Side traffic road, Since the driver Steers the Steering 
wheel leftward to enter a Straight path from the curved path, 
an actual transverse travelling distance becomes shorter than 
an estimated transverse travelling distance Y. As a result of 
this, a judgement is made that there is a collision possibility 
when in reality there is no Such collision possibility, this 
triggering the performance of an unnecessary collision 
avoidance control, thereby causing a risk of the driver 
feeling a physical disorder. 
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0009 Moreover, the aforementioned conventional safety 
running System is adapted to judge a possible collision with 
an oncoming vehicle by estimating a deviation of a Subject 
vehicle to an adjacent lane of the road for opposite traffic. 
Therefore, this deviation to an adjacent lane of the road for 
opposite traffic is determined in accordance mainly with the 
azimuth of the travelling Subject vehicle (an angle formed by 
the vehicle body axis of the subject vehicle and the center 
line of the road) Due to this, for instance in a case where the 
Subject vehicle is Steered So as to avoid an obstacle on the 
road Side, an erroneous judgement of a collision possibility 
is made only when the azimuth of the travelling Subject 
vehicle is temporarily directed to the Side of the adjacent 
lane for opposite traffic, and therefore there is caused a 
problem that every time Such an erroneous judgement is 
made, an unnecessary collision avoidance control is per 
formed to make the driver feel troublesome. 

SUMMARY OF THE INVENTION 

0010. The present invention was made in view of the 
aforesaid circumstances and an object thereof is to prevent 
the performance of an unnecessary collision avoidance 
control by making a judgement of a possible collision with 
an oncoming vehicle in an accurate fashion, and further, to 
prevent the occurrence of a collision avoidance operation 
based on an erroneous judgement of a possible collision 
between the Subject vehicle and an oncoming vehicle when 
the driver of the Subject vehicle tries to overtake a preceding 
vehicle, or when the Subject vehicle approaches an exit 
portion of a curve or bend. 
0011 To solve the above object, according to a first 
aspect of the invention, there is provided a Safety running 
System for a vehicle including, object detection unit for 
detecting an object existing in a direction in which a Subject 
vehicle travels, a travelling locus estimation unit for esti 
mating a future travelling locus of the Subject vehicle, a 
relative transverse deviation calculation unit for calculating 
a relative transverse deviation between the subject vehicle 
and an oncoming vehicle based on the results from the 
detection by the object detection unit and the future travel 
ling locus of the Subject vehicle, a contact possibility judge 
ment unit for judging that there is a contact possibility of the 
subject vehicle with the oncoming vehicle when the relative 
transverse deviation calculated by the relative transverse 
deviation calculation unit falls within a predetermined 
range, a curve exit detection unit for detecting that the 
Subject vehicle approaches an exit portion of a curve, and a 
correction unit for correcting the relative transverse devia 
tion based on the results of the detection by the curve exit 
detection unit. 

0012 Further, according to the second aspect of the 
present invention, there is provided a Safety running System 
including, an object detection unit for detecting an object 
present in a travelling direction of a Subject vehicle, a 
travelling locus estimation unit for estimating a future 
travelling locus of the Subject vehicle, a relative transverse 
deviation calculation unit for calculating a relative trans 
verse deviation between the Subject vehicle and an oncom 
ing vehicle on an adjacent lane for opposite traffic based on 
the result of the detection of the object detection unit and a 
future travelling locus of the subject vehicle estimated by the 
travelling locus estimation unit, a contact possibility judge 
ment unit for judging that there is a contact possibility of the 
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Subject vehicle with the oncoming vehicle when a relative 
transverse deviation calculated by the relative transverse 
deviation calculation unit falls within a predetermined 
range, a contact avoidance unit for automatically performing 
a contact avoidance operation when the contact possibility 
judgement unit judges that there is a contact possibility of 
the Subject vehicle with the oncoming vehicle, and an 
overtaking judgement unit for judging whether or not the 
Subject vehicle is in course of overtaking a preceding 
vehicle, wherein when the overtaking judgement unit judges 
that the Subject vehicle is in course of overtaking a preceding 
vehicle, the contact avoidance unit restrains a contact avoid 
ance operation or ceases a contact avoidance operation being 
performed. 
0013 In addition, according to a third aspect of the 
present invention, there is provided a Safety running System 
comprising, an object detection unit for detecting an object 
present in a travelling direction of a Subject vehicle, a 
travelling locus estimation unit for estimating a future 
travelling locus of the Subject vehicle, a relative transverse 
deviation calculation unit for calculating a relative trans 
verse deviation between the Subject vehicle and an oncom 
ing vehicle on an adjacent lane for opposite traffic based on 
the result of the detection of the object detection unit and a 
future travelling locus of the subject vehicle estimated by the 
travelling locus estimation unit, a contact possibility judge 
ment unit for judging that there is a contact possibility of the 
Subject vehicle with the oncoming vehicle when a State in 
which a relative transverse deviation calculated by the 
relative transverse deviation calculation unit remains within 
a predetermined range continues for a predetermined time 
period or longer, and a contact avoidance unit for performing 
contact avoidance Steering when the contact possibility 
judgement unit judges that there is a contact possibility of 
the Subject vehicle with the oncoming vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is an overall structural view of a vehicle 
equipped with a safety running System according to a first 
embodiment of the present invention; 
0.015 FIG. 2 is a block diagram of the safety running 
System according to the first embodiment; 
0016 FIG. 3 is a drawing showing a relative relationship 
between a Subject vehicle Ai and an oncoming vehicle Ao, 
0017 FIG. 4 is an explanatory drawing explaining a 
function of an electronic control unit; 
0.018 FIG. 5 is a block diagram describing a circuit for 
a head-on collision avoidance control unit according to the 
first embodiment; 

0019 FIG. 6 is a flowchart of a collision avoidance 
control routine according to the first embodiment; 
0020 FIG. 7 is a map for retrieving a correction coeffi 
cient K1 from a steering Speed d0/dt and a turning radius R 
according to the first embodiment; 
0021 FIG. 8 is a drawing explaining a transverse trav 
elling distance Y1 and a corrected transverse travelling 
distance Y1' at an exit of a curve; 

0022 FIG. 9 is an overall structural view of a vehicle 
provided with a Safety running System according to a Second 
embodiment of the present invention; 
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0023 FIG. 10 is a block diagram of the safety running 
System according to the Second embodiment; 
0024 FIG. 11 is a block diagram describing a circuit of 
a head-on collision avoidance control unit according to the 
Second embodiment; 
0025 FIG. 12 is a flowchart of a head-on collision 
avoidance control routine according to the Second embodi 
ment, 

0026 FIG. 13 is a flowchart of flag setting routine 
according to the Second embodiment; 
0027 FIG. 14 is a drawing explaining an operation of the 
Safety running System when overtaking a preceding vehicle. 

0028 FIG. 15 is an overall structural view of a vehicle 
provided with a Safety running System according to the third 
embodiment of the present invention; 
0029 FIG. 16 is a block diagram of the safety running 
System according to the third embodiment; 
0030 FIG. 17 is a drawing showing a relative relation 
ship between the Subject vehicle Ai and running lanes 
according to the third embodiment; 
0031 FIG. 18 is a block diagram describing a circuit of 
a head-on collision avoidance control unit according to the 
third embodiment; 
0032 FIG. 19 is a flowchart of a main routine according 
to the third embodiment; 
0033 FIG. 20 is a flowchart of flag setting according to 
the third embodiment; 
0034 FIG. 21 is an explanatory drawing explaining a 
procedure for judging a collision possibility; 
0035 FIGS. 22A and 22B are maps for retrieving cor 
rection coefficients K, K for the time period TS for use for 
judging a collision possibility according to the third embodi 
ment; and 
0036 FIG. 23 is a map for retrieving a threshold to for a 
target transverse avoidance magnitude S. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

0037. A first embodiment of the present invention, which 
prevents the occurrence of an erroneous judgement that is a 
collision possibility between the subject vehicle and an 
oncoming vehicle when the Subject vehicle approaches an 
exit of a curve or bend will be described below with 
reference to the accompanying drawings. 
0038 FIGS. 1 to 8 show the first embodiment of the 
present invention. As shown in FIGS. 1 and 2, a vehicle 
fitted with front left and right wheels Wf, Wf and rear left 
and right wheels Wr, Wr includes a steering handle or wheel 
1 for steering the front left and right wheels Wif, Wf and an 
electric power Steering device 2 for generating a steering 
force for assisting the driver in operating the Steering wheel 
1 and avoiding a collision. An electronic control unit U for 
controlling the operation of the electronic power Steering 
device 2 receives Signals input from a radar information 
processor 4 connected to a radar 3, an image processor 6 
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connected to a camera 5, vehicle Velocity Sensors S. . . for 
detecting the number of revolutions of the respective wheels 
Wf, Wf; Wr, Wr, a yaw rate sensor S for detecting a yaw 
rate of the vehicle, a steered angle Sensor S for detecting an 
angle at which the Steering wheel is Steered, and a Steering 
torque sensor S for detecting a steering torque applied by 
the driver to the steering wheel 1. The electronic control unit 
U controls the electronic power Steering device 2 based on 
Signals from the radar information processor 4, image pro 
ceSSor 6 and respective Sensors S. . . , S2, S, S and it also 
controls operations of an indicator 7 composing of a liquid 
crystal display and an alarm 8 Such as a buzzer and lump. 
0.039 The radar 3 transmits electromagnetic waves 
toward left and right predetermined ranges in front of the 
Subject vehicle and receives reflected waves resulting when 
electromagnetic waves So transmitted are reflected off an 
object. The radar information processor 4 constituting an 
object detection unit of the present invention calculates 
based on Signals from the radar 3 a relative position rela 
tionship between the Subject vehicle Ai and the oncoming 
vehicle Ao. As shown in FIG. 3, the relative positional 
relationship between the Subject vehicle Ai and the oncom 
ing vehicle AO is constituted by a relative distance AL 
between the Subject vehicle Ai and the oncoming vehicle Ao, 
a relative velocity AV between the subject vehicle Ai and the 
oncoming vehicle AO(in other words, a difference between 
the vehicle velocity Vi of the subject vehicle Ai and the 
vehicle Velocity Vo of the oncoming vehicle AO), and a 
relative transverse distance Y of the oncoming vehicle AO 
relative to the vehicle axis of the subject vehicle Ai. The 
relative transverse distance Y can be calculated based on an 
angle B formed by the oncoming vehicle AO relative to the 
vehicle body axis of the subject vehicle Ai and the relative 
distance AL between the Subject vehicle Ai and the oncom 
ing vehicle AO. The radar 3 can detect a preceding vehicle 
and a Stationary object on the road as well as the oncoming 
vehicle Ao, and moreover it can also identify the oncoming 
vehicle AO from a preceding vehicle and a Stationary object 
based on the magnitude of the relative velocity AV. In 
addition, in this embodiment, a millimetric wave is used 
which can detect the aforesaid relative relationships (AL, 
AV, B) between the subject vehicle Ai and the oncoming 
vehicle AO through a Single transmitting and receiving 
operation. 

0040. The image processor 6 detects a center line of the 
road based on an image in front of the Subject vehicle 
imaged by the camera 5 constituting an imaging unit accord 
ing to the present invention and judges on an exit portion (a 
transition portion from a curved path to a straight path) of a 
curve or bend from the degree of curvature of the center line 
So detected. 

0041 As shown in FIG. 4, the electronic control unit U 
includes an electric power Steering control unit 11, a head-on 
collision avoidance control unit 12, a Switching unit 13 and 
an output current determination unit 14. In normal times, the 
Switching unit 13 is connected to the side of the electric 
power Steering control unit 11, and the electric power 
Steering device 2 performs a normal power Steering function. 
In other words, the output current determination unit 14 
determines an output current that is to be output to an 
actuator 15 in response to a steering torque input into the 
Steering wheel 1 and the vehicle Velocity, and outputs this 
output current So determined to the actuator 15 via a driving 

Aug. 30, 2001 

circuit 16 to thereby assist the driver in operating the 
Steering wheel 1. On the other hand, in a case where there 
is a possible head-on collision of the subject vehicle Ai with 
the oncoming vehicle AO, the Switching unit 13 is then 
connected to the Side of the head-on collision avoidance 
control unit 12 to thereby control the driving of the actuator 
15 with the head-on collision avoidance control unit 12, thus 
effecting automatic Steering for avoiding a head-on collision 
with the oncoming vehicle Ao. The details of this automatic 
Steering will be described at a latter part. 
0042. As shown in FIG. 5, provided in the interior of the 
head-on collision avoidance control unit 12 of the electronic 
control unit U are a travelling locus estimation unit M1, a 
relative transverse deviation calculation unit M2, a contact 
possibility judgement unit M3, a curve exit detection unit 
M4, a correction unit MS, a contact avoidance unit M6 and 
a transverse travelling distance calculation unit M7. 
0043. The travelling locus estimation unit M1 estimates a 
future travelling locus of the subject vehicle Ai based on the 
vehicle velocity Vi and yaw rate yi of the subject vehicle Ai. 
The transverse travelling distance calculation unit M7 cal 
culates a future transverse travelling distance Y of the 
Subject vehicle Ai based on the travelling locus estimated by 
the travelling locus estimation unit M1. The relative trans 
verse deviation calculation unit M2 calculates a relative 
transverse deviation AY between the subject vehicle Ai and 
the oncoming vehicle AO based on the future travelling locus 
(i.e., the transverse travelling distance Y) of the Subject 
vehicle Ai and the relative distance AL, relative velocity AV 
and angle B between the Subject vehicle Ai and the oncom 
ing vehicle AO that are detected by the object detection unit 
4 (radar information processor 4). 
0044) The contact possibility judgement unit M3 judges 
that there is a possible collision of the subject vehicle Ai 
with the oncoming vehicle AO when the relative transverse 
deviation AY resides in a State -es Ase. At this moment, 
when the curve exit detection unit M4 judges that the subject 
vehicle Ai is at an exit of a rightward curve (in the case of 
left-hand side traffic) or an exit of a leftward curve (in the 
case of right-hand side traffic) based on outputs from the 
imaging unit 5 (camera 5) or the Steered angle detection unit 
S (steered angle sensor S), the correction unit M5 corrects 
the relative transverse deviation AY between the subject 
vehicle Ai and the oncoming vehicle AO. Then, the contact 
avoidance unit M6 effects contact avoidance Steering via the 
electric power Steering device 2 So as to avoid a contact of 
the subject vehicle Ai with the oncoming vehicle Ao based 
on the relative transverse deviation AY after correction. 

0045 Next, referring to a flowchart shown in FIG. 6, an 
operation of the first embodiment of the present invention 
will be described. 

0046) First of all, at Step S1 on the flowchart in FIG. 6, 
read in the electronic control unit U from the radar infor 
mation processor 4 are the relative distance AL between the 
Subject vehicle Ai and the oncoming vehicle AO, the relative 
velocity AV between the subject vehicle Ai and the oncom 
ing vehicle Ao, and the relative transverse distance Y2 of the 
oncoming vehicle Ao relative to the vehicle body axis of the 
subject vehicle Ai. At the following Step S2, a transverse 
travelling distance Y is calculated based on the vehicle 
velocity Vi of the subject vehicle Ai detected by the vehicle 
Velocity Sensors S. . . and the yaw rate yi of the Subject 
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vehicle Ai detected by the yaw rate Sensor S. AS shown in 
FIG. 3, the transverse travelling distance Y is a transverse 
distance produced when the Subject vehicle Ai travels to the 
current position of the oncoming vehicle AO and is calcu 
lated as follows. In other words, Since a time t taken before 
the Subject vehicle Ai reaches the current position of the 
oncoming vehicle AO is given by dividing the relative 
distance AL by the vehicle velocity Vi of the subject vehicle 
Ai, AL/Vi, a transverse travelling distance Y of the Subject 
vehicle Ai after the elapse of time t=AL/Vi is obtained by 
using the vehicle velocity Vi and yaw rate yi of the subject 
vehicle Ai as follows; 

Y=(2) Viyi (AL/Vi)? . . . (1) 

0047. At the following Step S3, whether or not the 
Subject vehicle Ai is approaching an exit of a rightward 
curve on a left-hand Side traffic road is judged based on the 
degree of curvature of the center line detected by the image 
processor 6. If an answer to Step S3 is YES and it is judged 
once that the Subject vehicle Ai is approaching the exit of the 
rightward curve of the left-hand side traffic road, at Step S4, 
whether or not there has been a steering wheel 1 Steering 
back operation by the driver is judged based on a steered 
angle 0 detected by the Steered angle Sensor S. In other 
words, let a steering velocity d0/dt when the steering wheel 
1 is Steered rightward a positive value, if the Steering 
velocity d0/dt is a negative value, this confirms that the 
steering wheel 1 is steered back leftward by the driver at the 
exit portion of the rightward curve. 

0.048 Thus, in a case where either of answers to Steps S3 
and S4 is NO, it is finally judged that the subject vehicle Ai 
has not approached yet the exit of the rightward curve, and 
then move to Step S7. At Step S7, a relative transverse 
deviation AY is calculated by Subtracting the transverse 
travelling distance Y from the relative transverse travelling 
distance Y. 

AY=Y-Y, ... (2) 

0049. As is clear from FIG. 3, the relative transverse 
deviation AY corresponds to a transverse deviation resulting 
between the current position of the oncoming vehicle AO and 
an estimated position of the Subject vehicle Ai when the 
Subject vehicle travels to the current position of the oncom 
ing vehicle Ao. The relative transverse deviation AY has a 
positive or negative value, and in the case of the left-hand 
side traffic described in this embodiment, if the relative 
transverse deviation AY has a positive value because of 
Y>Y, the estimated travelling locus of the subject vehicle 
Ai passes on the left-hand Side of the current position of the 
oncoming vehicle Ao. On the other hand, if the relative 
transverse deviation AY has a negative value because of 
Y<Y, the estimated travelling locus of the subject vehicle 
Ai passes on the right-hand Side of the current position of the 
oncoming vehicle AO. In addition, as the absolute value of 
the relative transverse deviation becomes Smaller, the poS 
sibility of a contact of the subject vehicle Ai with the 
oncoming vehicle Ao becomes higher. 

0050. At the following Step S8, whether or not the 
relative transverse deviation AY resides within a preset 
range is judged. In other words, if the relative transverse 
deviation AY resides within a predetermined range based on 
a predetermined value e preset in turn based on the width of 
the vehicle body of the vehicle (for instance.2 m), and 
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-esAse ... (3) 

0051) is obtained, it is judged that there is a possible 
collision of the subject vehicle Ai with the oncoming vehicle 
Ao. On the other hand, if the above equation is not obtained, 
it is judged that the Subject vehicle Ai passes through on the 
left-hand Side or right-hand Side of the oncoming vehicle Ao, 
causing no collision, and return to Step S1 without perform 
ing automatic Steering for avoiding a collision. 
0.052 At the following Step S9, with a view to determin 
ing a timing when a collision avoidance control is initiated, 
a time to taken before the Subject vehicle Ai reaches a 
collision predicted point is calculated, and the time t. So 
calculated is then compared with a preset threshold value to. 
The time to taken before the Subject vehicle Ai reaches a 
collision predicted point is calculated by dividing the rela 
tive distance AL by the relative velocity AV of the subject 
vehicle Ai and the oncoming vehicle Ao. 

to-ALAV ... (4) 

0053. In addition, the aforesaid threshold value to corre 
sponds to a timing when the driver initiates a Voluntary 
collision avoidance Steering and can be obtained in an 
experimental fashion. Thus, when to becomes equal to or leSS 
than to at Step S9, then at Step S10, the indicator 7 and the 
alarm 8 are activated So as to generate an alarm to the driver 
and automatic Steering is performed for avoiding a collision. 
0054) On the other hand, where both answers to Steps S3 
and S4 are YES, it is finally judged that the subject vehicle 
Ai is approaching the exit of the rightward curve, and then 
at the following Step S5, what results by multiplying the 
transverse travelling distance Y by the correction coeffi 
cient K is designated as a corrected transverse travelling 
distance Y'. 

Y'=YK ... (5) 

0055. A map shown in FIG. 7 is used to retrieve the 
correction coefficient K based on a turning radius R of the 
subject vehicle Ai at the curve and the absolute value d0/dt 
of the Steering Speed. The turning radius R is calculated from 
the configuration of the center line detected by the image 
processor 6. AS is clear from this map, the correction 
coefficient K becomes Smaller as the turning radius R 
becomes smaller or the absolute value d0/dt of the steering 
Speed becomes greater, and in response to this, the corrected 
transverse travelling distance Y," also becomes Smaller. 
0056 FIG. 8 shows a state in which the subject vehicle 
Ai is approaching the exit of the rightward curve, and the 
transverse travelling distance Y is one estimated based on 
the current vehicle velocity Vi and yaw rate Yi. However, 
Since the driver Steers the Steering wheel 1 leftward at a 
transition part of the road from a curved path to a Straight 
path, the transverse travelling distance actually produced 
becomes Smaller the aforesaid transverse travelling distance 
Y. In other words, the corrected transverse distance Y' 
corrected So as to be reduced by multiplying the transverse 
travelling distance Y by the correction coefficient K, which 
is equal to or less than 1 approximates an actual transverse 
travelling distance that is actually produced where the road 
transitions from a curved path to a Straight path. 
0057 Thus, at Step S6, a corrected transverse deviation 
AY is calculated by Subtracting the corrected transverse 
travelling distance Y' from the relative transverse travelling 
distance Y. 
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AY=Y-Y, . . . (6) 

0.058. Then, at Step S8, a judgement on a collision 
possibility is made based on the equation (3), whereby an 
accurate judgement can be made even at the exit of the 
CWC. 

0059 Further, although the relative transverse deviation 
AY is corrected by correcting the transverse travelling 
distance Y in the above embodiment, it is possible to correct 
relative transverse deviation AY by correcting the future 
travelling locus of the subject vehicle Ai by the radius R of 
the curve or the absolute value d0/dt of the steering speed. 

Second Embodiment 

0060 A second embodiment of the present invention, 
which prevents the occurrence of a collision avoidance 
operation based on an erroneous judgement of a possible 
collision between the Subject vehicle and an oncoming 
vehicle when the driver of the subject vehicle tries to 
overtake a preceding vehicle will be described with refer 
ence to FIGS. 3, 4 and 9 - 14. Portions represented by the 
Same reference numeral as the first embodiment are identical 
to those of the first embodiment, and the descriptions of 
them are omitted. 

0061 FIGS. 9 and 10 show an overall structural view of 
a vehicle provided with a Safety running System of the 
Second embodiment of the present invention, and a block 
diagram of the Safety running, respectively. The vehicle 
shown in FIGS. 9 and 10 has the same equipment as that of 
the first embodiment except for the camera 5 and the image 
processor 6. Of course, the vehicle shown in FIGS. 1 and 
2 can be applied to the Second embodiment. 

0.062. In addition, the electronic control unit U includes 
an electric power Steering control unit 11, a head-on colli 
Sion avoidance control unit 12, a Switching unit 13 and an 
output current determination unit 14 as well as that of the 
first embodiment shown in FIG. 4. In normal times, the 
Switching unit 13 is connected to the side of the electric 
power Steering control unit 11, and the electric power 
Steering device 2 performs a normal power Steering function. 
In other words, the output current determination unit 14 
determines an output current that is to be output to an 
actuator 15 in response to a steering torque input into the 
Steering wheel 1 and the vehicle Velocity, and outputs this 
output current So determined to the actuator 15 via a driving 
circuit 16 to thereby assist the driver in operating the 
Steering wheel 1. On the other hand, in a case where there 
is a possible head-on collision of the subject vehicle Ai with 
the oncoming vehicle AO, the Switching unit 13 is then 
connected to the Side of the head-on collision avoidance 
control unit 12 to thereby control the driving of the actuator 
15 with the head-on collision avoidance control unit 12, thus 
effecting automatic Steering for avoiding a head-on collision 
with the oncoming vehicle Ao. The details of this automatic 
Steering will be described at a latter part. 

0063 As shown in FIG. 5, provided in the interior of the 
head-on collision avoidance control unit 12 of the electronic 
control unit U are a travelling locus estimation unit M1, a 
relative transverse deviation calculation unit M2, a contact 
possibility judgement unit M3, a contact avoidance unit M6, 
an overtaking judgement unit M8 and a preceding vehicle's 
velocity detection unit M9. 
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0064. The travelling locus estimation unit M1 estimates a 
future travelling locus of the subject vehicle Ai based on the 
vehicle velocity Vi and yaw rate yi of the subject vehicle Ai. 
The relative transverse deviation calculation unit M2 calcu 
lates a relative transverse deviation AY between the subject 
vehicle Ai and the oncoming vehicle AO based on the future 
travelling locus (i.e., the transverse travelling distance Y) of 
the Subject vehicle Ai and the relative distance AL, relative 
velocity AV and angle f3 between the subject vehicle Ai and 
the oncoming vehicle AO that are detected by the object 
detection unit 4 (radar information processor 4). The contact 
possibility judgement unit M3 judges that there is a possible 
collision of the subject vehicle Ai with the oncoming vehicle 
Ao when the relative transverse deviation AY resides in a 
State -es Ase. A contact avoidance unit M6 performs a 
contact avoidance operation via an electric power Steering 
device 2 in order to avoid a contact between the Subject 
vehicle Ai and the oncoming vehicle AO when the contact 
possibility judgement unit M3 judges that there is a contact 
possibility therebetween. 
0065. When this happens, if the overtaking judgement 
unit M8 judges that the subject vehicle Ai is in course of 
overtaking a preceding vehicle Af, the contact avoidance 
unit M6 restrains a contact avoidance operation or ceases a 
contact avoidance operation being performed, thereby mak 
ing it possible to avoid an unnecessary contact avoidance 
operation based on an erroneous judgement of a contact 
possibility during overtaking. 

0066. The judgement of the initiation of overtaking of a 
preceding vehicle by the overtaking judgement unit M8 is 
performed based on the relative velocity AV' of the preced 
ing vehicle Af detected by an object detection unit 4, a 
relative distance AL to the preceding vehicle Afdetected by 
the object detection unit 4 and a steered angle 0 detected by 
a steered angle detection unit S (a steered angle sensor S) 
. And, the judgement of the completion of overtaking of the 
preceding vehicle by the overtaking judgement unit M5 is 
performed based on a travel distance of the Subject vehicle 
Ai, a travel distance of the preceding vehicle Af and the 
relative distance AL to the preceding vehicle Af. In this 
process, the travel distance of the Subject Vehicle Ai is 
calculated based on the vehicle velocity Vi of the subject 
vehicle Ai detected by vehicle velocity detection unit S 
(vehicle velocity sensors S). The travel distance of the 
preceding vehicle Af is calculated based on the vehicle 
velocity Vf of the preceding vehicle Af calculated by a 
preceding vehicle's vehicle Velocity calculating unit M6 
from the relative velocity AV' of the preceding vehicle Af 
and the vehicle velocity Vi of the subject vehicle Ai. 

0067 Next, referring to a flowchart shown in FIGS. 12 
and 13, an operation of the second embodiment of the 
present invention will be described. 

0068 First of all, at Step S101 on the flowchart in FIG. 
12, read in the electronic control unit U from the radar 
information processor 4 are the relative distance AL between 
the Subject vehicle Ai and the oncoming vehicle AO, the 
relative velocity AV between the subject vehicle Ai and the 
oncoming vehicle Ao, and the relative transverse distance Y. 
of the oncoming vehicle Ao relative to the vehicle body axis 
of the subject vehicle Ai. At the following Step S102, a 
transverse travelling distance Y is calculated based on the 
vehicle velocity Vi of the subject vehicle Ai detected by the 
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vehicle Velocity Sensors S. . . and the yaw rate yi of the 
Subject vehicle Ai detected by the yaw rate Sensor S. AS 
shown in FIG. 3, the transverse travelling distance Y is a 
transverse distance produced when the Subject vehicle Ai 
travels to the current position of the oncoming vehicle AO 
and is calculated as follows. In other words, since a time t 
taken before the Subject vehicle Ai reaches the current 
position of the oncoming Vehicle AO is given by dividing the 
relative distance AL by the vehicle velocity Vi of the subject 
vehicle Ai, AL/Vi, a transverse travelling distance Y of the 
subject vehicle Ai after the elapse of time t=AL/Vi is 
obtained by using the vehicle velocity Vi and yaw rate Yi of 
the subject vehicle Ai as follows; 

Y=(2) Viyi (AL/Vi)? . . . (11) 
0069. At the following Step S103, a relative transverse 
deviation AY is calculated by Subtracting the transverse 
travelling distance Y from the relative transverse travelling 
distance Y. 

AY=Y-Y . . . (12) 

0070. As is clear from FIG. 3, the relative transverse 
deviation AY corresponds to a transverse deviation resulting 
between the current position of the oncoming vehicle AO and 
an estimated position of the Subject vehicle Ai when the 
Subject vehicle travels to the current position of the oncom 
ing vehicle Ao. The relative transverse deviation AY has a 
positive or negative value, and in the case of the left-hand 
side traffic described in this embodiment, if the relative 
transverse deviation AY has a positive value because of 
Y>Y, the estimated travelling locus of the Subject vehicle 
Ai passes on the left-hand Side of the current position of the 
oncoming vehicle Ao. On the other hand, if the relative 
transverse deviation AY has a negative value because of 
Y-Y, the estimated travelling locus of the subject vehicle 
Ai passes on the right-hand Side of the current position of the 
oncoming vehicle AO. In addition, as the absolute value of 
the relative transverse deviation becomes Smaller, the poS 
sibility of a contact of the subject vehicle Ai with the 
oncoming vehicle Ao becomes higher. 
0071. At the following Step S104, whether or not the 
relative transverse deviation AY resides within a preset 
range is judged. In other words, if the relative transverse 
deviation AY resides within a predetermined range based on 
a predetermined value e preset in turn based on the width of 
the vehicle body of the vehicle (for instance, 2 m), and 

... (13) 

0072) is obtained, it is judged that there is a possible 
collision of the subject vehicle Ai with the oncoming vehicle 
Ao, which is a first stage judgement. On the other hand, if 
the above equation is not obtained, it is judged that the 
Subject vehicle Ai passes through on the left-hand Side or 
right-hand Side of the oncoming vehicle AO, causing no 
collision, and return to Step S101 without performing alarm 
or Steering control for avoiding a collision. 

0073) Referred to at Step S105 is the state of an over 
taking judgement flag for identifying whether or not the 
Subject vehicle Ai is in course of overtaking the preceding 
vehicle Af. This overtaking judgement flag is set to “1” when 
the Subject vehicle Ai is overtaking the preceding vehicle Af, 
while it is set to “0” when no overtaking is judged as 
occurring. A description thereof will be made below based 
on the flowchart in FIG. 13. 
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0074 First of all, at Step S111, the relative distance AL' 
between an object including the preceding vehicle Afand 
the subject vehicle Ai is read in from the radar information 
processor 4, and the relative velocity AV between the object 
including the preceding vehicle Afand the Subject vehicle Ai 
is also read in. At the following Step S112, the vehicle 
velocity Vi of the subject vehicle Ai detected by the vehicle 
Velocity Sensors S. . . and the Steered angle e of the Subject 
vehicle Ai detected by the steered angle Sensor S are read 
in. At the following Step S113, the preceding vehicle Afis 
identified from an oncoming vehicle AO based on the 
relative velocity AV". Since the oncoming vehicle Ao travels 
in a direction opposite to a travelling direction of the Subject 
vehicle Ai, the absolute value of the relative velocity AV 
increases. On the other hand, Since the preceding vehicle Af 
travels in the same direction as that in which the Subject 
vehicle Ai travels, the absolute value of the relative velocity 
AV' decreases. Thus, an object exhibiting the absolute value 
of the relative velocity AV' which is equal to or less than a 
predetermined value can be judged as the preceding vehicle 
from the above fact. In addition, when the vehicle velocity 
Vi of the Subject vehicle Ai is greater than the vehicle 
velocity Vf of the preceding vehicle Af, the relative velocity 
AV' becomes a negative value, while when the vehicle 
velocity Vi of the subject vehicle Ai is smaller than the 
vehicle velocity Vf of the preceding vehicle Af, the relative 
velocity AV becomes a positive value. 
0075). At the following Step S114, if the relative velocity 
A V between the subject vehicle Ai and the preceding 
vehicle Afis not a negative value, in other words, when the 
vehicle velocity Vi of the subject vehicle Ai is smaller than 
the vehicle velocity Vf of the preceding vehicle Af, the 
Subject vehicle Ai is judged not to be in an overtaking State, 
and at Step S120, the overtaking judgement flag is reset to 
“0”. In addition, at Step S115, the change in relative distance 
AL'between the Subject vehicle Ai and the preceding vehicle 
Af is monitored, and if the relative distance AL' is not 
reduced, the Subject vehicle Ai is judged not to be in an 
overtaking State, and at Step 20, the overtaking judgement 
flag is reset to “0”. Furthermore, at Step S116, the steered 
angle Sensor S compares the steered angle 0 with a thresh 
old value 0. If 020 is not obtained, the subject vehicle Ai 
is judged not to be in an overtaking State, and at Step120, the 
overtaking judgement flag is reset to “0”. 
0076) On the other hand, if AV"<O is obtained and the 
vehicle velocity Vi of the subject vehicle Ai is greater than 
the vehicle velocity Vf of the preceding vehicle Afat Step 
S114, if the relative distance AL between the subject vehicle 
Ai and the preceding vehicle Afis reduced at Step S115 and 
if 020 is obtained and a steering wheel 1 is largely Steered 
at Step S116, the subject vehicle Ai isjudged to have entered 
an overtaking State, and the overtaking judgement flag is Set 
to “1” at Step 117. 
0077. At the following Step S18, running positions Xi, Xf 
of the Subject vehicle Ai and preceding vehicle Af respec 
tively are calculated by referencing the position of the 
Subject vehicle Ai when overtaking is initiated. The running 
position Xi of the subject vehicle Ai is calculated by 
integrating the vehicle Velocity of the Subject vehicle Ai by 
time and can be obtained with the following equation. 

Xi=f Vidt ... (14) 
0078. In addition, the running position Xf of the preced 
ing vehicle Af can be obtained with the following equation 
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by using the relative distance AL and elapsed time t from the 
initiation of overtaking on the assumption that the preceding 
vehicle Afholds the vehicle velocity Vf when overtaking is 
initiated. 

Xf AL'+Vft ... (15) 

0079 At the following Step S119, the running position Xi 
of the subject vehicle Ai and the running position Xf of the 
preceding vehicle Afare compared with each other, and if Xi 
sXf, it is judged that the Subject vehicle Ai is still located 
to the rear of the preceding vehicle Afand that it is still in 
course of overtaking the preceding vehicle Af, while Xi>Xf, 
it is judged that the subject vehicle Ai runs in front of the 
preceding vehicle Afand that the overtaking is completed. 
Then, when the overtaking is judged to have been com 
pleted, the overtaking judgement flag is reset to “0” at Step 
S120. 

0080 Returning to the flowchart in FIG. 12, in a case 
where the overtaking judgement flag is reset to “0” at Step 
S105 with the subject vehicle Ai being not in course of 
overtaking the preceding vehicle Af, at Step S106, a time t, 
needed until the Subject vehicle Ai reaches a predicted 
collision point with a view to determining an initiation 
timing of collision avoidance control, and this time to is 
compared with a preset threshold value to. The time to 
needed unitl the Subject vehicle Ai reaches the predicted 
collision point can be calculated by dividing the relative 
distance AL between the Subject vehicle Ai and the oncom 
ing vehicle Ao by the relative velocity AV therebetween as 
follows. 

to-AL/AV ... (16) 

0.081 Furthermore, the threshold value to corresponds to 
a timing when the driver initiates a Voluntary collision 
avoidance control and is obtained experimentally. Thus, 
when to becomes equal to or less than to at Step S106, at Step 
S107 not only are an indicator 7 and a warning device 8 
activated So as to generate an alarm to the driver but also 
automatic Steering is performed So as to avoid a collision. 
0082) When a voluntary collision avoidance operation by 
the driver is detected at Step S108 while automatic steering 
is being performed for avoidance of a collision, in other 
words, when it is detected through a steering torque Sensor 
that the driver steers the steering wheel 1 or it is detected 
through a brake pedal Step-down force Sensor that the driver 
applies the vehicle brakes, the generation of an alarm and 
automatic Steering for avoidance of a collision are ceased at 
Step S109. This prevents the voluntary collision avoidance 
operation by the driver from interfering with the automatic 
Steering and priority is given to the collision avoidance 
operation by the driver, thereby making it possible to elimi 
nate a feeling of physical disorder that would otherwise be 
felt by the driver. 
0.083. On the other hand, in a case where the overtaking 
judgement flag is reset to “1” at Step S105 with the subject 
vehicle Ai being in course of overtaking the preceding 
vehicle Af, the Steering control for avoiding a collision is 
restrained at Step S110. The restraining of the steering 
control is attained for instance by reducing a target Steering 
angle or delaying a timing when Steering is initiated. In a 
case where the timing when Steering is initiated is delayed, 
the value of a threshold value to for determining a timing 
when collision avoidance control is initiated only has to be 
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made Smaller than a normal value. This prevents an auto 
matic Steering for avoiding a collision with an oncoming 
vehicle Ao from being effected indiscreetly while the driver 
is overtaking a preceding vehicle based on his/her own will, 
whereby a feeling of physical disorder can be eliminated 
which would be otherwise felt by the driver. In addition, in 
a case where there remains a possible collision with the 
oncoming vehicle, only an alarm is given to the driver So that 
the drivers attention to the oncoming vehicle AO is not 
neglected. 

0084 AS has been described heretofore, since the judge 
ment of the initiation of overtaking is made based on the 
relative positional relationship between the Subject vehicle 
Ai and the preceding vehicle Afand the Steered angle 0 of 
the Subject vehicle Ai, it is possible to improve the judge 
ment accuracy when compared with a case in which Such a 
judgement is made based only on a Steered angle 0. In 
addition, Since the judgement of the completion of overtak 
ing is made based on the running position Xi of the Subject 
vehicle Ai and the running position Xf of the preceding 
vehicle Af, it is possible to make a judgement of the 
completion of overtaking without providing a Side Sensor for 
detecting the preceding vehicle Affrom the Side thereof. 
0085 For instance, although in the second embodiment 
the Steering control for avoiding a collision is restrained 
during overtaking, the Steering control may be ceased. In 
addition, although in the embodiment only the case is 
described in which the preceding vehicle is overtaken, the 
present invention may be applied Similarly to a case in which 
a collision with a preceding vehicle Afstopped on the road 
or an obstacle dropped on the road is avoided by Steering a 
Subject vehicle clear of the Side of the Stopped preceding 
vehicle or the dropped obstacle. Therefore, the preceding 
vehicle Af of the present invention includes a stopped 
preceding vehicle or a Stationary object on the road as well 
as a preceding vehicle on the move. In addition, the Steered 
angle 0 detected by the Steered angle Sensor S may be 
Substituted by a steered or turned angle of a wheel. 

Third Embodiment 

0086 A third embodiment of the present invention, 
which prevents the performance of an unnecessary collision 
avoidance control by making a judgement of a possible 
collision with an oncoming Vehicle in an accurate fashion 
will be described with reference of FIGS. 3, 4 and 15 - 23. 
Portions represented by the same reference numeral as the 
first embodiment are identical to those of the first embodi 
ment, and the descriptions of them are omitted. 
0087 FIGS. 15 and 16 show an overall structural view 
of a vehicle provided with a Safety running System of the 
Second embodiment of the present invention, and a block 
diagram of the Safety running, respectively. The vehicle 
shown in FIGS. 15 and 16 has the same equipment as that 
of the first embodiment except for the Steered angle Sensor 
S3. Of course, the vehicle shown in FIGS. 1 and 2 can be 
applied to the third embodiment. In this embodiment, the 
image processor 6 calculates an angle 0 formed by the center 
line of the road and the vehicle body axis of the subject 
vehicle Ai and a distance d between the subject vehicle Ai 
and the center line based on an image in front of the Subject 
vehicle imaged by the camera 5, as shown in FIG. 17. 
0088. In addition, the electronic control unit U includes 
an electric power Steering control unit 11, a head-on colli 
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Sion avoidance control unit 12, a Switching unit 13 and an 
output current determination unit 14 as well as that of the 
first embodiment shown in FIG. 4. In normal times, the 
Switching unit 13 is connected to the side of the electric 
power Steering control unit 11, and the electric power 
Steering device 2 performs a normal power Steering function. 
In other words, the output current determination unit 14 
determines an output current that is to be output to an 
actuator 15 in response to a steering torque input into the 
Steering wheel 1 and the vehicle Velocity, and outputs this 
output current So determined to the actuator 15 via a driving 
circuit 16 to thereby assist the driver in operating the 
Steering wheel 1. On the other hand, in a case where there 
is a possible head-on collision of the subject vehicle Ai with 
the oncoming vehicle AO, the Switching unit 13 is then 
connected to the Side of the head-on collision avoidance 
control unit 12 to thereby control the driving of the actuator 
15 with the head-on collision avoidance control unit 12, thus 
effecting automatic Steering for avoiding a head-on collision 
with the oncoming vehicle Ao. The details of this automatic 
Steering will be described at a latter part. 
0089. As shown in FIG. 18, provided in the interior of the 
head-on collision avoidance control unit 12 of the electronic 
control unit U are a travelling locus estimation unit M1, a 
relative transverse deviation calculation unit M2, a contact 
possibility judgement unit M3, a contact avoidance unit M6, 
and a lane deviation calculation unit M10. 

0090 The travelling locus estimation unit M1 estimates a 
future travelling locus of the subject vehicle Ai based on the 
vehicle velocity Vi and yaw rate yi of the subject vehicle Ai. 
The relative transverse deviation calculation unit M2 calcu 
lates a relative transverse deviation AY between the subject 
vehicle Ai and the oncoming vehicle Ao based on the future 
travelling locus (i.e., the transverse travelling distance Y) of 
the Subject vehicle Ai and the relative distance AL, relative 
velocity AV and angle f3 between the subject vehicle Ai and 
the oncoming vehicle Ao that are detected by the object 
detection unit 4 (radar information processor 4). 
0.091 A contact possibility judgement unit M3 once 
judges that there is a contact possibility of the Subject 
vehicle Ai with the oncoming vehicle when the relative 
transverse deviation AY continues to be in a State expressed 
by -es AYse over a predetermined time period Ts or 
longer. When this happens, a lane deviation calculating unit 
M10 calculates a deviation 8 to a running lane for the 
oncoming vehicle when the Subject Vehicle Ai meets with 
the oncoming vehicle AO and repeatedly judges that there is 
a contact possibility of the subject vehicle Ai with the 
oncoming vehicle AO when the deviation Ö is equal to or 
greater than a predetermined threshold value Öo. As a result 
of this, a contact avoidance unit M4 performs contact 
avoidance Steering in order to avoid a contact between the 
Subject vehicle Ai and the oncoming vehicle Ao. 
0092 Next, referring to a flowchart shown in FIGS. 19 
and 20, an operation of the third embodiment of the present 
invention will be described. 

0093 First of all, at Step S201 on the flowchart in FIG. 
19, read in the electronic control unit U from the radar 
information processor 4 are the relative distance AL between 
the Subject vehicle Ai and the oncoming vehicle AO, the 
relative velocity AV between the subject vehicle Ai and the 
oncoming vehicle Ao, and the relative transverse distance Y2 
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of the oncoming vehicle Ao relative to the vehicle body axis 
of the subject vehicle Ai. At the following Step S202, a 
transverse travelling distance Y is calculated based on the 
vehicle velocity Vi of the subject vehicle Ai detected by the 
vehicle Velocity Sensors S. . . . and the yaw rate yi of the 
Subject vehicle Ai detected by the yaw rate Sensor S. AS 
shown in FIG. 21, the transverse travelling distance Y is a 
transverse distance produced when the Subject vehicle Ai 
travels to the current position of the oncoming vehicle AO 
and is calculated as follows. In other words, a transverse 
travelling distance Y of the subject vehicle Ai after the 
elapse of time t=AL/Vi is obtained by using the vehicle 
velocity Vi and yaw rate Yi of the subject vehicle Ai as 
follows; 

Y=(%)-Viyi (AL/Vi)? . . . (21) 
0094. At the following Step S203, a relative transverse 
deviation AY is calculated by Subtracting the transverse 
travelling distance Y from the relative transverse travelling 
distance Y. As is clear from FIG. 21, the relative transverse 
deviation AY corresponds to a transverse deviation resulting 
between the current position of the oncoming vehicle AO and 
an estimated position of the Subject vehicle Ai when the 
Subject vehicle travels to the current position of the oncom 
ing vehicle Ao. The relative transverse deviation AY has a 
positive or negative value, and in the case of the left-hand 
side traffic described in this embodiment, if the relative 
transverse deviation AY has a positive value because of 
Y>Y, the estimated travelling locus of the subject vehicle 
Ai passes on the left-hand Side of the current position of the 
oncoming vehicle Ao. On the other hand, if the relative 
transverse deviation AY has a negative value because of 
Y<Y, the estimated travelling locus of the subject vehicle 
Ai passes on the right-hand Side of the current position of the 
oncoming vehicle AO. In addition, as the absolute value of 
the relative transverse deviation becomes Smaller, the poS 
sibility of a contact of the subject vehicle Ai with the 
oncoming vehicle Ao becomes higher. 
0.095 At the following Step S204, whether or not the 
relative transverse deviation AY resides within a preset 
range is judged. In other words, if the relative transverse 
deviation AY resides within a predetermined range based on 
a predetermined value e preset in turn based on the width of 
the vehicle body of the vehicle (for instance, 2 m), and 

-esAse 

0096) is obtained, it is judged that there is a possible 
collision of the subject vehicle Ai with the oncoming vehicle 
Ao, which is a first stage judgement. On the other hand, if 
the above equation is not obtained, it is judged that the 
Subject vehicle Ai passes through on the left-hand Side or 
right-hand Side of the oncoming vehicle AO, causing no 
collision, and return to Step S201 without performing alarm 
or Steering control for avoiding a collision. 
0097. At the following Step S5, if a state in which the 
aforesaid equation (22) is obtained continues over the pre 
determined time period TS, a Second Stage judgement of a 
contact possibility of the subject vehicle Ai with the oncom 
ing vehicle AO is made. On the other hand, return to and 
remain at Step S204 until the state in which the aforesaid 
equation (22) is Satisfied is maintained over the predeter 
mined time period TS. And, if the aforesaid equation (22) 
becomes untrue before the predetermined time period Ts 
elapses, an answer to Step S4 becomes No and return to Step 

. . . (22) 
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S201. The predetermined time period Ts is variable. Assum 
ing that Tso regards as a reference value, and K and K2 as 
correction coefficients, and then the following equation is 
obtained. 

Ts=Tso K.K., ... (23) 

0098. As shown in FIGS. 10A and 10B, the correction 
coefficients K, K- are retrieved from a map with the relative 
distance AL or the relative velocity AV between the subject 
vehicle Ai and the oncoming vehicle Ao being designated as 
a parameter. Thus, the predetermined time TS is corrected to 
as to reduce it when there is a high collision possibility 
because the relative distance AL is short or the relative 
velocity AV is high. This facilitates the performance of 
collision avoidance automatic Steering when there is a high 
collision possibility, thereby making it possible to ensure 
that a collision with the oncoming vehicle is avoided. 
0099. At the following Step S206, the state of a deviation 
judgement flag is judged which represents the magnitude of 
future deviation of the Subject vehicle Ai to the running lane 
of the oncoming vehicle AO across the center line. The 
deviation judgement flag is Set to “1” when the magnitude of 
deviation to the running lane of the oncoming vehicle is 
large to thereby cause a high collision possibility, and on the 
contrary, it is reset to “0” when the magnitude of deviation 
to the running lane of the oncoming vehicle is Small to 
thereby cause only a low collision possibility. Setting or 
resetting of the deviation judgement flag will be described 
below based on a flowchart shown in FIG. 20. 

0100 First, at Step S221, an angle 0 formed by the 
vehicle body axis of the subject vehicle Ai relative to the 
center line of the road and a distance d between the Subject 
vehicle Ai and the center line are read in from the image 
processor 6. At Step S222, a deviation 8 of the subject 
vehicle Ai to the running lane of the oncoming vehicle AO 
at a point where a collision between the Subject vehicle Ai 
and the oncoming vehicle AO is predicted is calculated. 

0101 AS is clear from FIG. 21, the deviation 8 is given 
by the following equation. 

0102 where to is a time required until the subject vehicle 
Ai reaches the collision predicted point and is obtained by 
dividing the relative distance AL between the subject vehicle 
Ai and the oncoming vehicle Ao by the relative velocity AV 
between the Subject vehicle Ai and the oncoming vehicle AO. 

... (24) 

to-AL/AV 

0103) The first term on the right-hand side of the equation 
(24), Vito 0, is obtained by multiplying the distance Vito 
between the subject vehicle Ai and the collision predicted 
point by the angle 0 formed by the vehicle body axis of the 
subject vehicle Ai relative to the center line. In addition, the 
Second term on the right-hand Side of the equation, Y1", is 
the transverse deviation resulting until the Subject Vehicle Ai 
reaches the collision predicted point and is obtained with the 
following equation by using the vehicle Velocity Vi and yaw 
rate yi of the Subject vehicle Ai and the time to taken until the 
Subject vehicle Ai reaches the collision predicted point. 

... (25) 

Y1"=(4)-Vi Yit? ... (26) 
0104 Consequently, the equation (24) is rewritten by 
using the equation (26) as follows. 
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8=Vitr0+(2) Viyit’-d ... (27) 
0105 Thus, the deviation 8 is calculated in this way at 
Step S222, and then at Step S223 following thereto, the 
deviation 8 is compared with a predetermined threshold 
value Öo. If the deviation 8 is equal to or greater than the 
threshold value Öo, a third Stage judgement is made that there 
is a possible collision of the Subject vehicle Ai with the 
oncoming vehicle Ao, and at Step S224, the deviation 
judgement flag is set to “1”. On the other hand, if the 
deviation 6 is less than the threshold value Öo, it is judged 
that there is no possible collision of the subject vehicle Ai 
with the oncoming vehicle Ao, and at Step S225 the devia 
tion judgement flag is Set to “0”. 
0106 Returning to the flowchart shown in FIG. 19, in a 
case where at the aforesaid Step S206, the deviation judge 
ment flag is set to “1” and there is a possible collision of the 
Subject vehicle Ai with the oncoming vehicle Ao, at Step 
S207, a target transverse avoidance magnitude S for avoid 
ing the collision is calculated. This target transverse avoid 
ance magnitude S results from addition of the relative 
transverse deviation AY calculated at the aforesaid Step S3 
and a predetermined value C, which is Set in advance. 

S-AY=C. ... (28) 

0107 At the following Step S208, with a view to deter 
mining a timing when a collision avoidance control is 
initiated, the threshold to is retrieved from the target trans 
verse avoidance magnitude S based on the map shown in 
FIG. 23. In order to restrain the occurrence of an excessive 
transverse acceleration due to automatic Steering for avoid 
ing a collision, as the target transverse avoidance magnitude 
Sincreases, the threshold to also increases. Then, when the 
time to taken until the Subject vehicle Ai reaches the collision 
predicted point becomes equal to or less than the threshold 
to, at Step S209, an indicator 7 and an alarm 8 are activated 
So as to generate an alarm to the driver and automatic 
Steering is effected So as to avoid a collision. 
0108. During the performance of automatic steering in 
order to avoid a collision, when a Voluntary collision avoid 
ance operation by the driver is detected at Step S210, in 
other words, when it is detected through a Steering torque 
Sensor that the driver Steers the Steering wheel 1 or it is 
detected through a brake pedal Step-down force Sensor that 
the driver applies the vehicle brakes, the generation of an 
alarm and automatic Steering for avoiding a collision are 
ceased at Step S211. This prevents the interference of the 
voluntary collision avoidance operation by the driver with 
the automatic Steering, and the collision avoidance operation 
by the driver overrides the automatic Steering, thereby 
making it possible to eliminate a feeling of physical disorder 
that would otherwise be felt by the driver. 
0109 AS has been described heretofore, since the judge 
ment of a possible collision of the subject vehicle Ai with the 
oncoming vehicle is carried out in Separate three Stages, first, 
at the aforesaid Step S204, it is confirmed that the relative 
transverse deviation AY resides within a preset range, at Step 
S205, it is confirmed that the above confirmed State contin 
ues for the predetermined time period Ts, and further at Step 
S206, it is confirmed that the deviation 8 of the subject 
vehicle Ai to the adjacent lane for opposite traffic is equal to 
or greater than the threshold value Öo, the judgement of a 
possible collision that is finally made becomes highly accu 
rate. In particular, Since it is confirmed that the State in which 
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the relative transverse deviation AY resides within the preset 
range continues for the predetermined time period TS, it is 
prevented that an erroneous judgement of a possible colli 
Sion is made in response to a temporary yaw movement of 
the subject vehicle Ai. 
0110 Thus, while the embodiments of the present inven 
tion has been described in detail heretofore, it should be 
understood that various modifications and alterations in 
design may be possible without departing from the Sprit and 
Scope of the present invention. In addition, the present 
invention can be performed by the combination of the above 
three embodiments. 

0111 AS described the above, according to the first aspect 
of the invention, there is provided a Safety running System 
for a vehicle including, an object detection unit for detecting 
an object existing in a direction in which a Subject vehicle 
travels, a travelling locus estimation unit for estimating a 
future travelling locus of the Subject vehicle, a relative 
transverse deviation calculation unit for calculating a rela 
tive transverse deviation between the Subject vehicle and an 
oncoming vehicle based on the results from the detection by 
the object detection unit and the future travelling locus of the 
Subject vehicle, a contact possibility judgement unit for 
judging that there is a contact possibility of the Subject 
vehicle with the oncoming vehicle when the relative trans 
verse deviation calculated by the relative transverse devia 
tion calculation unit falls within a predetermined range, a 
curve exit detection unit for detecting that the Subject 
vehicle approaches an exit portion of a curve, and a correc 
tion unit for correcting the relative transverse deviation 
based on the results of the detection by the curve exit 
detection unit. 

0112 According to the above construction, the relative 
transverse calculation unit calculates a relative transverse 
deviation between the Subject vehicle and the oncoming 
vehicle based on the State of the oncoming vehicle detected 
by the object detection unit and the future travelling locus of 
the Subject vehicle estimated by the travelling locus estima 
tion unit, and the contact possibility judgement unit judges 
that there is a contact possibility of the subject vehicle with 
the oncoming vehicle when the relative transverse deviation 
resides within the predetermined range. When the curve exit 
detection unit detects that the Subject vehicle approaches the 
exit portion of the curve, Since the correction unit corrects 
the relative transverse deviation, it is possible to ensure that 
an erroneous judgement is prevented from being made with 
high probability at the exit portion of the curve that there is 
a collision possibility between the subject vehicle and the 
oncoming vehicle. 
0113. In addition, the above safety running system may 
further includes a contact avoidance unit for performing 
contact avoidance Steering when the contact possibility 
judgement unit judges that there is a collision possibility 
between the Subject vehicle and the oncoming vehicle. 
0114. According to this construction, Since the contact 
avoidance unit performs contact avoidance Steering when 
there is a collision possibility between the subject vehicle 
and the oncoming vehicle, it is possible to prevent a contact 
between the Subject vehicle and the oncoming vehicle. 

0115 Furthermore, the curve exit detection unit may 
detect that the Subject vehicle approaches an exit portion of 
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a curve based on the road conditions in the travelling 
direction of the Subject vehicle imaged by an imaging unit. 
0116. According to this construction, since the detection 
is carried out based on the road conditions in the travelling 
direction of the Subject vehicle imaged by the imaging unit, 
it is possible to ensure a proper detection. 

0117 Moreover, wherein the curve exit detection unit 
may detect that the Subject vehicle approaches an exit 
portion of a curve based on a steering wheel turning back 
operation by the driver from a turned condition to a Straight 
travelling condition detected by a steered angle detection 
unit. 

0118 According to this construction, Since an exit por 
tion of a curve is detected based on the Steering wheel 
turning back operation by the driver from a turned condition 
to a Straight travelling condition, it is possible to ensure a 
proper detection. 
0119). In addition, the above safety running system may 
further includes a transverse travelling distance calculation 
unit for calculating a future transverse travelling distance of 
the Subject vehicle based on the travelling locus estimated 
by the travelling locus estimation unit and wherein the 
correction unit corrects the transverse travelling distance 
Such that it is reduced. 

0120 According to this construction, since the correction 
unit corrects the transverse travelling distance Such that it is 
reduced, it is possible to prevent the transverse travelling 
distance from being calculated at a greater value than an 
actual one at an exit portion of a curve. 
0121 Further, the correction unit may correct the trans 
verse travelling distance Such that it becomes Shorter as the 
Speed of the Steering wheel turning back operation by the 
driver increases. 

0122) According to this construction, since the correction 
is made Such that the transverse travelling distance becomes 
Shorter as the Speed of Steering wheel turning back operation 
by the driver becomes higher, it is possible to accurately 
correct an error in transverse travelling distance at an exit 
portion of a curve. 
0123. In addition, the correction unit may correct the 
transverse travelling distance Such that it becomes shorter as 
the turning radius at the curve becomes Smaller. 
0.124. According to this construction, since the correction 
unit corrects the transverse travelling distance Such that it 
becomes Shorter as the turning radius at the curve becomes 
Smaller, it is possible to accurately correct an error in 
transverse travelling distance at an exit portion of a curve. 
0.125 Further, according to the second aspect of the 
present invention, there is provided a Safety running System 
including, an object detection unit for detecting an object 
present in a travelling direction of a Subject vehicle, a 
travelling locus estimation unit for estimating a future 
travelling locus of the Subject vehicle, a relative transverse 
deviation calculation unit for calculating a relative trans 
verse deviation between the Subject vehicle and an oncom 
ing vehicle on an adjacent lane for opposite traffic based on 
the result of the detection of the object detection unit and a 
future travelling locus of the subject vehicle estimated by the 
travelling locus estimation unit, a contact possibility judge 
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ment unit for judging that there is a contact possibility of the 
Subject vehicle with the oncoming vehicle when a relative 
transverse deviation calculated by the relative transverse 
deviation calculation unit falls within a predetermined 
range, a contact avoidance unit for automatically performing 
a contact avoidance operation when the contact possibility 
judgement unit judges that there is a contact possibility of 
the Subject vehicle with the oncoming vehicle, and an 
overtaking judgement unit for judging whether or not the 
Subject vehicle is in course of overtaking a preceding 
vehicle, wherein when the overtaking judgement unit judges 
that the Subject vehicle is in course of overtaking a preceding 
vehicle, the contact avoidance unit restrains a contact avoid 
ance operation or ceases a contact avoidance operation being 
performed. 

0126. According to the above construction, when the 
relative transverse deviation calculation unit calculates a 
relative transverse deviation based on the state of the 
oncoming vehicle detected by the object detection unit and 
a future travelling locus of the Subject Vehicle estimated by 
the travelling locus estimation unit, and the contact possi 
bility judgement unit judges that the relative transverse 
deviation So calculated falls within a predetermined range 
and therefore that there is a contact possibility of the Subject 
vehicle with the oncoming vehicle, the contact avoidance 
unit automatically performs a contact avoidance operation in 
order to avoid a contact with the oncoming vehicle, while 
when the overtaking judgement unit judges that the Subject 
vehicle is in course of overtaking a preceding vehicle, the 
contact avoidance unit restrains a contact avoidance opera 
tion or ceases a contact avoidance operation being per 
formed. Thus, Since it is prevented that an unnecessary 
contact avoidance operation is performed while the driver of 
the Subject vehicle is overtaking a preceding vehicle to 
thereby interfere with the driver's overtaking operation, it is 
possible to eliminate a risk of the driver feeling a physical 
disorder while overtaking the preceding vehicle. 
0127. In addition, the contact avoidance operation per 
formed by the contact avoidance unit may steer the Steering 
device of the Subject vehicle in a direction opposite to a 
direction toward the oncoming vehicle which exists in a 
direction in which the Subject vehicle is travelling. 
0128. According to this construction, since the contact 
avoidance unit avoids a contact by Steering the Steering 
device in the direction opposite to the direction toward the 
oncoming vehicle which exists in the direction in which the 
Subject vehicle is travelling, it is possible to ensure that a 
contact of the Subject vehicle with the oncoming vehicle is 
avoided. 

0129. Furthermore, the above safety running system may 
further includes a Steered angle detection unit for detecting 
a Steered angle, and the overtaking judgement unit may 
judge the initiation of overtaking of a preceding vehicle 
based on the relative vehicle Velocity of the preceding 
vehicle detected by the object detection unit, the relative 
distance to the preceding vehicle detected by the object 
detection unit and a steered angle detected by the Steered 
angle detection unit. 
0130. According to this construction, since the overtak 
ing judgement unit judges the initiation of overtaking of the 
preceding vehicle based on the vehicle Velocity of and 
relative distance to the preceding vehicle and the Steered 
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angle of the Subject vehicle, it is possible to make a 
judgement more accurately than a case where a judgement 
of the initiation of overtaking of a preceding vehicle is made 
based only on a steered angle. 
0131. In addition, the above system may further includes 
a vehicle Velocity detection unit for detecting the vehicle 
Velocity of the Subject vehicle and a preceding vehicle's 
vehicle Velocity calculating unit for calculating the vehicle 
Velocity of the preceding vehicle based on the relative 
vehicle velocity of the preceding vehicle and the vehicle 
velocity of the subject vehicle detected by the vehicle 
Velocity detection unit, and the overtaking judgement unit 
may judge the completion of overtaking of the preceding 
vehicle based on a travel distance of the subject vehicle 
calculated from the vehicle velocity of the subject vehicle 
and a travel distance of the preceding vehicle calculated 
from the vehicle Velocity of the preceding vehicle and a 
relative distance to the preceding vehicle when an overtak 
ing is initiated. 
0.132. According to this construction, since the overtak 
ing judgement unit judges the completion of overtaking of 
the preceding vehicle based on the travel distance of the 
Subject vehicle, the travel distance of the preceding vehicle 
and the relative distance to the preceding vehicle when the 
overtaking is initiated, it is possible to make an accurate 
judgement of a completion of overtaking without using a 
Side Sensor for detecting a preceding vehicle from the Side 
thereof. 

0133. In addition, wherein the ceasing of a contact avoid 
ance operation by the contact avoidance unit may be per 
formed by a delay in timing when the Steering device is 
operated or reduction in amount in which the Steering device 
is Steered. 

0134). According to this construction, Since the contact 
avoidance unit delays the timing when the Steering device is 
operated or reduces the amount in which the Steering device 
is Steered, it is possible to accurately cease a contact 
avoidance operation while a preceding vehicle is being 
overtaken. 

0.135 Further, according to the third aspect of the present 
invention, there is provided a Safety running System com 
prising, an object detection unit for detecting an object 
present in a travelling direction of a Subject vehicle, a 
travelling locus estimation unit for estimating a future 
travelling locus of the Subject vehicle, a relative transverse 
deviation calculation unit for calculating a relative trans 
verse deviation between the Subject vehicle and an oncom 
ing vehicle on an adjacent lane for opposite traffic based on 
the result of the detection of the object detection unit and a 
future travelling locus of the subject vehicle estimated by the 
travelling locus estimation unit, a contact possibility judge 
ment unit for judging that there is a contact possibility of the 
Subject vehicle with the oncoming vehicle when a State in 
which a relative transverse deviation calculated by the 
relative transverse deviation calculation unit remains within 
a predetermined range continues for a predetermined time 
period or longer, and a contact avoidance unit for performing 
contact avoidance Steering when the contact possibility 
judgement unit judges that there is a contact possibility of 
the Subject vehicle with the oncoming vehicle. 
0.136 According to the above construction, when the 
relative transverse deviation calculation unit calculates a 
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relative transverse deviation based on the state of the 
oncoming vehicle detected by the object detection unit and 
the future travelling locus of the subject vehicle estimated by 
the travelling locus estimation unit. When the state in which 
the relative transverse deviation remains within the prede 
termined range continues for the predetermined time period 
or longer, the contact possibility judgement unit judges that 
there is a contact possibility of the subject vehicle with the 
oncoming vehicle, and the contact avoidance unit performs 
contact avoidance Steering in order to avoid a contact of the 
Subject vehicle with the oncoming vehicle. Thus, Since the 
contact avoidance Steering is performed on condition that 
the State in which the relative transverse deviation remains 
within the predetermined range continues for the predeter 
mined time period or longer, it is possible to ensure that a 
risk is avoided in which an erroneous judgement of a 
collision possibility is made in response to a temporary yaw 
movement of the Subject vehicle when in reality there is no 
risk of collision with the oncoming vehicle, thereby making 
it possible to prevent the driver from feeling a physical 
disorder that would be caused when unnecessary contact 
avoidance Steering is performed. 
0.137 In addition, the above safety running system may 
further includes a lane deviation calculation unit for calcu 
lating a deviation of the Subject vehicle from its running lane 
to a running lane for the oncoming vehicle when the Subject 
vehicle meets with the oncoming vehicle, and the contact 
possibility judgement unit may judge that there is a collision 
possibility of the subject vehicle with the oncoming vehicle 
when a deviation calculated by the lane deviation calculation 
unit is equal to or greater than a predetermined threshold 
value. 

0138 According to this construction, since the deviation 
of the Subject vehicle from its running lane to the running 
lane for the oncoming vehicle when the Subject vehicle 
meets with the oncoming vehicle is calculated by the lane 
deviation calculation unit and it is judged that there is a 
collision possibility of the subject vehicle with the oncoming 
vehicle when the deviation is equal to or greater than the 
predetermined threshold value, it is possible to improve the 
judgement accuracy when compared with a case where 
whether or not there is a contact possibility is judged only on 
the relative relationship between the subject vehicle and the 
oncoming vehicle. 
0.139. Furthermore, the predetermined time period may 
be set shorter as the relative distance between the subject 
vehicle and the oncoming vehicle becomes shorter or the 
relative velocity between the subject vehicle and the oncom 
ing vehicle becomes greater. 
0140. According to this construction, since the predeter 
mined time period for use for judgement of the continuity of 
the State in which the relative transverse deviation remains 
within the predetermined range is Set Shorter as the relative 
distance between the Subject vehicle and the oncoming 
vehicle becomes shorter or the relative velocity between the 
Subject vehicle and the oncoming vehicle becomes greater, 
the higher the contact possibility becomes, the easier the 
contact avoidance Steering is performed, thereby making it 
possible to ensure that a contact with the oncoming vehicle 
is avoided. 

0.141. In addition, the contact avoidance unit may initiate 
the contact avoidance Steering when the time taken until the 
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Subject vehicle meets with the oncoming vehicle becomes 
equal to or less than a predetermined threshold value. 
0142. According to this construction, Since the contact 
avoidance Steering is initiated when the time taken until the 
Subject vehicle meets with the oncoming vehicle becomes 
equal to or less than a predetermined threshold value, it is 
possible to avoid a risk in which the contact avoidance 
Steering is initiated earlier than required So as to interfere 
with a Voluntary contact avoidance operation by the driver. 
0.143 Furthermore, a target avoidance magnitude may be 
Set based on the relative transverse deviation calculated by 
the relative transverse deviation calculating unit. 
0144. According to this construction, Since the target 
avoidance magnitude for the contact avoidance unit is Set 
based on the relative transverse deviation between the 
Subject vehicle and the oncoming vehicle, the target avoid 
ance magnitude can be set accurately neither too much nor 
too leSS. 

0145 Moreover, the contact avoidance steering by the 
contact avoidance unit may be ceased when a Voluntary 
contact avoidance operation by the driver is detected. 
0146 According to this construction, Since the contact 
avoidance Steering by the contact avoidance unit is ceased 
when a contact avoidance operation is performed by the 
driver, it is possible to Securely prevent the interference of 
the voluntary operation by the driver with the contact 
avoidance Steering. 
0147 The present disclosure relates to the subject matter 
contained in Japanese patent application Nos. Hei.10 
233733 filed on Aug. 20, 1998, Hei.10-238543 filed on Aug. 
25, 1998 and Hei.10-238545 filed on Aug. 25, 1998, which 
are expressly incorporated herein by reference in its entirety. 

What is claimed is: 
1. A Safety running System for a vehicle, comprising: 
a detection unit detecting an object existing in a direction 

in which a subject vehicle travels; 
a travelling locus estimation unit estimating a future 

travelling locus of the Subject vehicle; 
a relative transverse deviation calculation unit calculating 

a relative transverse deviation between the Subject 
Vehicle and an oncoming vehicle based on the results of 
the detection by Said object detection unit and Said 
future travelling locus of the Subject vehicle; 

a contact possibility judgement unit judging that there is 
a contact possibility of the subject vehicle with the 
oncoming vehicle when Said relative transverse devia 
tion calculated by Said relative transverse deviation 
calculation unit is within a predetermined range; 

a curve exit detection unit detecting that the Subject 
Vehicle approaches an exit portion of a curve; and 

a correction unit for correcting Said relative transverse 
deviation based on the results of the detection by said 
curve exit detection unit. 

2. A Safety running System for a vehicle according to 
claim 1, further comprising: 

a contact avoidance unit performing contact avoidance 
Steering when said contact possibility judgement unit 
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judges that there is a collision possibility between the 
Subject vehicle and the oncoming vehicle. 

3. A Safety running System for a vehicle according to 
claim 1, wherein Said curve exit detection unit detects that 
the Subject vehicle approaches the exit portion of the curve 
based on the road conditions in the travelling direction of the 
Subject vehicle imaged by an imaging unit. 

4. A Safety running System for a vehicle according to 
claim 1, wherein Said curve exit detection unit detects that 
the Subject vehicle approaches the exit portion of the curve 
based on a steering wheel turning back operation by the 
driver from a turned condition to a Straight travelling con 
dition detected by a steered angle detection unit. 

5. A Safety running System for a vehicle according to 
claim 1, further comprising: 

a transverse travelling distance calculation unit calculat 
ing a future transverse travelling distance of the Subject 
vehicle based on the travelling locus estimated by Said 
travelling locus estimation unit, 

wherein Said correction unit corrects the transverse trav 
elling distance Such that it is reduced. 

6. A Safety running System for a vehicle according to 
claim 5, wherein Said correction unit corrects the transverse 
travelling distance Such that it becomes Shorter as the Speed 
of the Steering wheel turning back operation by the driver 
increases. 

7. A Safety running System for a vehicle according to 
claim 5, wherein Said correction unit corrects the transverse 
travelling distance Such that it becomes shorter as the 
turning radius at the curve becomes Smaller. 

8. A Safety running System for a vehicle, comprising: 
a detection unit detecting an object existing in a direction 

in which a subject vehicle travels; 
a travelling locus estimation unit estimating a future 

travelling locus of the Subject vehicle; 
a relative transverse deviation calculation unit calculating 

a relative transverse deviation between the Subject 
vehicle and an oncoming vehicle based on the results of 
the detection by Said object detection unit and Said 
future travelling locus of the Subject vehicle; 

a contact possibility judgement unit judging that there is 
a contact possibility of the subject vehicle with the 
oncoming vehicle when Said relative transverse devia 
tion calculated by Said relative transverse deviation 
calculation unit is within a predetermined range; 

a contact avoidance unit automatically performing a con 
tact avoidance operation when said contact possibility 
judgement unit judges that there is a contact possibility 
of the Subject Vehicle with the oncoming vehicle; and 

an overtaking judgement unit for judging whether or not 
the Subject vehicle is in course of overtaking a preced 
ing vehicle, 

wherein when Said overtaking judgement unit judges that 
the Subject vehicle is in course of overtaking a preced 
ing vehicle, Said contact avoidance unit restrains a 
contact avoidance operation or ceases a contact avoid 
ance operation being performed. 

9. A Safety running System for a vehicle according to 
claim 8, wherein the contact avoidance operation performed 
by Said contact avoidance unit is performed So that a steering 
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device of the Subject vehicle is Steered in a direction 
opposite to a direction toward the oncoming vehicle which 
exists in a direction in which the Subject vehicle is travelling. 

10. A Safety running System for a vehicle according to 
claim 8, further comprising: 

a steered angle detection unit detecting a steered angle, 
wherein the overtaking judgement unit judges the initia 

tion of overtaking of a preceding vehicle based on the 
relative vehicle Velocity of the preceding vehicle 
detected by Said object detection unit, the relative 
distance to the preceding vehicle detected by Said 
object detection unit and a steered angle detected by 
Said Steered angle detection unit. 

11. A Safety running System for a vehicle according to 
claim 10, further comprising: 

a vehicle Velocity detection unit detecting the vehicle 
velocity of the subject vehicle; and 

a preceding vehicle Velocity calculating unit calculating 
the vehicle Velocity of the preceding vehicle based on 
the relative vehicle velocity of the preceding vehicle 
and the vehicle velocity of the subject vehicle detected 
by Said vehicle Velocity detection unit, 

wherein Said overtaking judgement unit judges the 
completion of overtaking of the preceding vehicle 
based on a travel distance of the Subject vehicle cal 
culated from the vehicle velocity of the subject vehicle 
and a travel distance of the preceding vehicle calculated 
from the vehicle Velocity of the preceding vehicle and 
a relative distance to the preceding vehicle when the 
Overtaking is initiated. 

12. A Safety running System for a vehicle according to 
claim 9, wherein the restraint of the contact avoidance 
operation by Said contact avoidance unit is performed by a 
delay in timing when the Steering device is operated. 

13. A Safety running System for a vehicle according to 
claim 9, wherein the restraint of the contact avoidance 
operation by Said contact avoidance unit is performed by 
reduction in amount in which the Steering device is Steered. 

14. A Safety running System for a vehicle comprising: 
a detection unit detecting an object existing in a direction 

in which a subject vehicle travels; 
a travelling locus estimation unit estimating a future 

travelling locus of the Subject vehicle; 
a relative transverse deviation calculation unit calculating 

a relative transverse deviation between the Subject 
Vehicle and an oncoming vehicle based on the results of 
the detection by Said object detection unit and Said 
future travelling locus of the Subject vehicle; 

a contact possibility judgement unit judging that there is 
a contact possibility of the subject vehicle with the 
oncoming vehicle when a State in which a relative 
transverse deviation calculated by Said relative trans 
Verse deviation calculation unit is within a predeter 
mined range continues for a predetermined time period 
or longer; and 

a contact avoidance unit performing contact avoidance 
Steering when said contact possibility judgement unit 
judges that there is a contact possibility of the Subject 
Vehicle with the oncoming vehicle. 
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15. A Safety running System for a vehicle according to 
claim 14, further comprising: 

a lane deviation calculation unit calculating a deviation of 
the Subject vehicle from its running lane to a running 
lane for the oncoming vehicle when the Subject vehicle 
meets with the oncoming vehicle, 

wherein Said contact possibility judgement unit judges 
that there is a collision possibility of the Subject vehicle 
with the oncoming vehicle when the deviation calcu 
lated by Said lane deviation calculation unit is equal to 
or greater than a predetermined threshold value. 

16. A Safety running System for a vehicle according to 
claim 14, wherein the predetermined time period is Set 
shorter as the relative distance between the subject vehicle 
and the oncoming vehicle becomes Shorter. 

17. A Safety running System for a vehicle according to 
claim 14, wherein the predetermined time period is Set 
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shorter as the relative velocity between the subject vehicle 
and the oncoming vehicle becomes greater. 

18. A Safety running System for a vehicle according to 
claim 14, wherein Said contact avoidance unit initiates the 
contact avoidance Steering when a time taken until the 
Subject vehicle meets with the oncoming vehicle becomes 
equal to or less than a predetermined threshold value. 

19. A Safety running System for a vehicle according to 
claim 14, wherein a target avoidance magnitude of Said 
contact avoidance unit is set based on the relative transverse 
deviation calculated by Said relative transverse deviation 
calculating unit. 

20. A Safety running System for a vehicle according to 
claim 14, wherein the contact avoidance Steering by Said 
contact avoidance unit is ceased when a Voluntary contact 
avoidance operation by the driver is detected. 
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