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(57) ABSTRACT 

A collision predicting apparatus detects Subject targets 
present in the traveling course of the own vehicle by using 
the relative distance and the relative velocity, etc. The 
apparatus also calculates the predicted collision time of each 
subject target on the basis of the relative distance and the 
relative velocity. The apparatus also detects the relative 
lateral position of each Subject target, and corrects the 
relative lateral position. The apparatus then executes a 
collision-predicted target selecting routine, in which the 
predicted collision time of each Subject target that does not 
meet a predetermined condition is set at a predetermined 
maximum value. The apparatus selects a subject target that 
meets the predetermined condition as a collision Subject 
target, and predicts whether the collision Subject target will 
collide with the own vehicle. 
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COLLISION PREDICTING APPARATUS AND 
COLLISION PREDICTING METHOD 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The invention relates to a collision predicting appa 
ratus and a collision predicting method for predicting 
whether an own vehicle and a collision target will collide. 
0003 2. Description of the Related Art 
0004 With regard to collision prediction systems, 
related-art technologies are disclosed in, for example, Japa 
nese Patent Application Laid-Open Publication No. 8 
254576. In a collision prediction system in the related-art 
technology, ultrasonic waves are transmitted, and a relative 
velocity of the own vehicle with respect to a specific 
obstacle (subject target) present around the own vehicle is 
calculated with high accuracy from the time needed to 
receive Doppler waves reflected from the obstacle (subject 
target). For the calculation of a relative velocity, this colli 
sion prediction system averages data that serve as a basis for 
the calculation of a relative velocity in order to select 
effective data. Subsequently, the system further averages 
selected effective data, and adopts average value data 
obtained through the averaging, so as to calculate a highly 
accurate relative velocity. On the basis of the highly accurate 
relative velocity, the system predicts (forecasts) collision 
with a specific obstacle (Subject target). 
0005 The aforementioned collision prediction system 
makes a prediction (forecast) about collision of the own 
vehicle, with respect to a detected specific obstacle (subject 
target). Therefore, if there are a plurality of obstacles (sub 
ject targets) that have possibility of colliding with the own 
vehicle and Such obstacles (subject targets) are instanta 
neously replaced by another obstacle (Subject target), the 
system sometimes fails to make an accurate prediction about 
a collision. It is often the case that there are a plurality of 
collision targets that have a possibility of collision with the 
own vehicle. It is desirable to successively and accurately 
select, from Such collision targets, collision targets having a 
high possibility of collision with the own vehicle, and to 
make an accurate prediction about the collision of the 
selected collision target with the own vehicle. 

SUMMARY OF THE INVENTION 

0006 The invention has been accomplished in order to 
cope with the aforementioned problems, and provides a 
collision predicting apparatus that accurately selects a col 
lision target having a high possibility of collision with an 
own vehicle and accurately predicts a collision of the 
selected collision target with the own vehicle. 
0007 An aspect of the invention provides a collision 
predicting apparatus. The collision predicting apparatus 
comprising: Subject target detection means for detecting a 
plurality of Subject targets that exist in a course of the own 
vehicle and that have a possibility of colliding with the own 
vehicle; relative quantity detection means for detecting a 
relative quantity between the own vehicle and each of the 
Subject targets detected by the Subject target detection 
means; collision time calculation means for predicting and 
calculating a collision time of each of the Subject targets 
preceding a collision with the own vehicle, by using the 
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relative quantity between the own vehicle and each of the 
Subject targets detected by the relative quantity detection 
means; collision Subject target selection means for selecting 
a collision Subject target having a high possibility of collid 
ing with the own vehicle based on at least the collision time 
of each of the subject targets calculated by the collision time 
calculation means; and collision prediction means for pre 
dicting a collision between the collision Subject target 
selected by the collision Subject target selection means and 
the own vehicle, by using the collision time of the collision 
Subject target. 

0008 An aspect of the invention, the collision predicting 
apparatus includes: a Subject target detector portion that 
detects a plurality of Subject targets which exist in a course 
of the own vehicle and which have a possibility of colliding 
with the own vehicle: a relative quantity detector portion 
that detects a relative quantity between the own vehicle and 
each of the Subject targets detected by the Subject target 
detector portion; a collision time calculator portion that 
predicts and calculates a collision time of each of the Subject 
targets preceding a collision with the own vehicle, by using 
the relative quantity between the own vehicle and each of the 
subject targets detected by the relative quantity detector 
portion; a collision Subject target selector portion that selects 
a collision Subject target having a high possibility of collid 
ing with the own vehicle based on at least the collision time 
of each of the subject targets calculated by the collision time 
calculator portion; and a collision predictor portion that 
predicts a collision between the collision subject target 
selected by the collision Subject target selector portion and 
the own vehicle, by using the collision time of the collision 
Subject target. 
0009. In this apparatus, the collision subject target selec 
tion means may select, as a collision Subject target, a subject 
target that has a shortest collision time among the collision 
times of the subject targets calculated by the collision time 
calculation means. 

0010 Another aspect of the invention provides a collision 
predicting method. The collision predicting method includes 
the steps of detecting a plurality of Subject targets that exist 
in a course of the own vehicle and that have a possibility of 
colliding with the own vehicle; detecting a relative quantity 
between the own vehicle and each of the subject targets 
detected; predicting and calculating a collision time of each 
of the Subject targets preceding a collision with the own 
vehicle, by using the relative quantity between the own 
vehicle and each of the Subject targets detected; selecting a 
collision Subject target having a high possibility of colliding 
with the own vehicle based on at least the collision time of 
each of the Subject targets calculated; and predicting a 
collision between the collision subject target selected and 
the own vehicle, by using the collision time of the collision 
Subject target. 

0011. In this method, a subject target that has a shortest 
collision time among the collision times calculated with 
regard to the Subject targets may be selected as a collision 
Subject target. 
0012. According to the collision predicting apparatus and 
the collision predicting method described above, among a 
plurality of subject targets present forward of the own 
vehicle, Subject targets having high possibility of colliding 
with the own vehicle can be accurately selected, and colli 
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sion of the own vehicle with such a subject target can be 
predicted, by using relative quantities between the own 
vehicle and the subject targets. Therefore, the accuracy of 
collision prediction can be improved. 

0013 In the collision predicting apparatus, the collision 
Subject target selection means may reset a selection of the 
collision Subject target already selected, and may newly 
select a collision Subject target. In the collision predicting 
method, a selection of the collision Subject target already 
selected may be reset, and a collision Subject target may be 
newly selected. Therefore, it becomes possible to reliably 
and accurately select a collision Subject target. 
0014. In the collision predicting apparatus, the collision 
Subject target selection means may select a collision Subject 
target based on the collision time and predetermined infor 
mation that is used by the Subject target detection means to 
detect a subject target. In this case, it is preferable that the 
predetermined information be extrapolation flag information 
that is output if the collision Subject target is temporarily not 
detected by the subject target detection means. Furthermore, 
in this case, it is preferable that the collision subject target 
selection means select the collision Subject target if the 
number of times of output of the extrapolation flag infor 
mation is within a predetermined range. 

0015. In the collision predicting method, a collision sub 
ject target may be selected based on the collision time and 
predetermined information that is used to detect a subject 
target. In this case, it is preferable that the predetermined 
information be extrapolation flag information that is output 
if the collision Subject target is temporarily not detected. 
Furthermore, in this case, it is preferable that a subject target 
in which the number of times of output of the extrapolation 
flag information is within a predetermined range is selected 
as the collision Subject target. 

0016. According to the above-described constructions, it 
becomes possible to reliably and further accurately select a 
collision Subject target. For example, even if Subject targets 
are instantaneously replaced by another Subject target, a 
collision Subject target can be precisely selected. 
0017. The collision predicting apparatus may further 
include collision time correction means for correcting the 
collision time predicted and calculated by the collision time 
calculation means using a predetermined relative quantity 
among the relative quantities detected by the relative quan 
tity detection means. In this case, it is preferable that the 
collision time correction means correct the collision time by 
setting the collision time at a predetermined maximum value 
if it is determined that the predetermined relative quantity 
mused is greater than a pre-set value. Furthermore, in this 
case, it is preferable that the predetermined relative quantity 
used by the collision time correction means be a quantity of 
offset of the subject target from a center line of the own 
vehicle which extends in a direction that coincides with a 
traveling direction of the own vehicle. 
0018. In the collision predicting method, the collision 
time predicted and calculated may be corrected by using a 
predetermined relative quantity among the relative quanti 
ties detected. In this case, it is preferable that the collision 
time be corrected by setting the collision time at a prede 
termined maximum value if it is determined that the prede 
termined relative quantity used is greater than a pre-set 
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value. Furthermore, in this case, it is preferable that the 
predetermined relative quantity be a quantity of offset of the 
subject target from a center line of the own vehicle which 
extends in a direction that coincides with a traveling direc 
tion of the own vehicle. 

0019. According to the above-described constructions, 
since the collision time of a Subject target that has low 
possibility of colliding with the own vehicle among the 
Subject targets present in the traveling direction of the own 
vehicle is set at a maximum value, the Subject target having 
low possibility of collision can be excluded from the selec 
tion Subjects, so that the accuracy of selection can be 
improved. 

0020. In the collision predicting apparatus and the colli 
sion predicting method described above, it is preferable that 
the relative quantity detected includes at least one relative 
quantity selected from the group consisting of a relative 
distance of each Subject target, a relative Velocity of each 
Subject target, and a direction of existence of each subject 
target from the own vehicle 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The above mentioned embodiment and other 
embodiments, objects, features, advantages, technical and 
industrial significance of this invention will be better under 
stood by reading the following detailed description of the 
exemplary embodiments of the invention, when considered 
in connection with the accompanying drawings, in which: 
0022 FIG. 1 is a schematic overall block diagram of a 
collision predicting apparatus in accordance with an 
embodiment and a modification of the invention; 
0023 FIG. 2 is a flowchart illustrating a collision pre 
diction program executed by an ECU (microcomputer) 
shown in FIG. 1 in accordance with the first embodiment of 
the invention; 
0024 FIG. 3 is a flowchart illustrating a collision-pre 
dicted target selecting routine executed by the ECU (micro 
computer) shown in FIG. 1 in accordance with the first 
embodiment of the invention; and 
0025 FIG. 4 is a flowchart illustrating a collision-pre 
diction program executed by the ECU (microcomputer) 
shown in FIG. 1 in accordance with a modification of the 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0026. In the following description, the invention will be 
described in more detail in terms of exemplary embodi 
mentS. 

0027 FIG. 1 is a schematic overall block diagram of a 
collision predicting apparatus in accordance with an 
embodiment. The collision predicting apparatus actuates 
occupant protection devices 20 on the basis of a prediction 
of vehicle collision provided by an electronic control unit 
10. 

0028. The electronic control unit 10 (hereinafter, simply 
referred to as “ECU 10') has, as a main component, a 
microcomputer formed by a CPU, a ROM, a RAM, a timer, 
etc. The ECU 10 acquires detection values from various 
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sensors and devices, and executes programs illustrated in 
FIGS. 2 and 3. The ECU 10 is connected to a vehicle speed 
sensor 11, a steering angle sensor 12, a yaw rate sensor 13, 
and a radar sensor 14, via communication lines (not shown) 
arranged in the own vehicle (e.g., LAN lines or serial lines). 
Since the detection values from the various sensors are 
output to communication lines, the detection values are 
available for the sensors and devices installed in the own 
vehicle. 

0029. The vehicle speed sensor 11 detects and outputs the 
vehicle speed V on the basis of a pulse signal at periods 
corresponding to the vehicle speed. The steering angle 
sensor 12 detects the front wheel steering angle 8 via the 
ECU 10, and outputs a signal corresponding to the front 
wheel steering angle. The yaw rate sensor 13 detects and 
outputs the yaw rate Y of the own vehicle on the basis of a 
signal corresponding to the rotation angular speed of the 
own vehicle about its center of gravity. 

0030 The radar sensor 14 is attached to a front end of the 
own vehicle (e.g., near a front grille). With respect to n 
number (n=1, 2, . . . ) of Subject targets present forward of 
the own vehicle, the radar sensor 14 detects relative dis 
tances Lin (n=1, 2, . . . ) indicating the relative distances of 
the subject targets from the own vehicle, and relative veloci 
ties VRn (n=1, 2, . . . ) indicating the relative velocities of 
the subject targets on the basis of the time required between 
the transmission of millimeter waves and the reception 
thereof. Specifically, the radar sensor 14 transmits millime 
ter waves forward of the own vehicle, and receives reflected 
waves from the n number of subject targets present forward 
of the vehicle. Then, the radar sensor 14 detects the relative 
distances Ln of the subject targets and the relative velocities 
VRn thereof, from the time needed between the transmission 
and reception of millimeter waves. Furthermore, the radar 
sensor 14 detects the directions of existence of the n number 
of subject targets present forward of the vehicle, with 
reference to the vehicle, and also detects direction-of-exist 
ence information indicating the directions of existence. 
Then, the radar sensor 14 outputs the relative distances Ln, 
the relative velocities VRn, and direction-of-existence infor 
mation detected as described above, to the communication 
lines. 

0031 When outputting the relative distance Ln, the rela 
tive velocity VRn and the direction-of-existence informa 
tion, the radar sensor 14 provides these detection values with 
information that indicates that the output detection value is 
a latest value (e.g., time information). This allows acquisi 
tion of latest relative distances Ln, latest relative velocities 
VRn and latest direction-of-existence information during 
execution of a collision prediction program described below. 

0032. The radar sensor 14 detects the relative distances 
Ln and the relative velocities VRn in every predetermined 
detection cycle, on the basis of the time required between 
transmission and reception of millimeter waves. However, 
since directions of reflection of millimeter waves vary 
depending on Subject targets, there are cases where reflected 
waves sometimes cannot be received within a predetermined 
detection cycle and therefore the Subject target temporarily 
cannot be detected (the Subject target is lost track of). In Such 
a case, the radar sensor 14 outputs, to the communication 
line, flag information indicating that the Subject target is 
temporarily lost tack of (hereinafter, referred to as “extrapo 
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lation flag information'). The extrapolation flag information 
is output in every detection cycle of the radar sensor 14. 
Therefore, upon receiving the extrapolation flag informa 
tion, the ECU 10 is able to grasp the fact that the subject 
target has temporarily been lost track of by the radar sensor 
14, but exists forward of the own vehicle. 
0033. The occupant protection devices 20 are devices that 
control the running state of the own vehicle in order to avoid 
a collision on the basis of a collision prediction, a device for 
reducing the damage to an occupant at the time of a crash of 
the vehicle, etc. Examples of the occupant protection 
devices 20 include a device that reduces and controls the 
speed of the own vehicle, a device that assists the driver's 
depression of the brake pedal, a device that prevents forward 
movement of an occupant at the time of a collision, a device 
that appropriately adjusts the shock absorption efficiency at 
the time of activation of an airbag, a device that changes the 
impact energy absorption load, a device that moves an 
operating pedal, a breaker circuit that cuts off the Supply of 
electric power to the devices other than the occupant pro 
tection devices 20 and the vehicle running state control 
device. These devices that constitute the occupant protection 
apparatus 20 are operated immediately before or after a 
collision of the own vehicle, and are not directly relevant to 
the invention. Therefore, the operations of these devices will 
not be described in detail, but will be described only briefly. 
0034. The device that reduces and controls the speed of 
the own vehicle is a device that, if the relative distance or 
relative velocity of a detected subject target with respect to 
the own vehicle goes out of a predetermined range, reduces 
the speed of the own vehicle by automatically operating a 
brake device so as to secure an appropriate relative distance 
or an appropriate relative velocity. 
0035. The device that assists the driver's depression of 
the brake pedal is a device that assists the depression of the 
brake pedal performed by a driver (more specifically, 
increases the brake fluid pressure or maintains an increased 
brake fluid pressure) so as to ensure reliable operation of the 
brake device of the own vehicle when the driver operates the 
brake pedal to stop the own vehicle in order to avoid a 
collision. 

0036) Examples of the device that prevents forward 
movement of an occupant at the time of a collision include 
a seatbelt retracting device. The seatbelt-retracting device 
prevents inertial forward movement of an occupant when the 
own vehicle collides with a subject target. Specifically, upon 
detection of a collision of the own vehicle, the seatbelt 
retracting device retracts the seatbelt, and locks the seatbelt 
at the retracted position to prevent the seatbelt from being 
pulled out. In order to realize this function, a device for 
retracting and locking a seatbelt through the use of an 
electric motor or compressed gas has been embodied. 
0037 Examples of the device that appropriately adjusts 
the shock absorption efficiency at the time of activation of an 
airbag include a column moving device that moves a steer 
ing column in accordance with whether an occupant wears 
a seatbelt or with the occupant’s physical constitution (body 
weight). The column-moving device moves the steering 
column so as to change the distance between the steering 
wheel and an occupant to a distance needed for the airbag 
deployment and therefore allow efficient impact absorption. 
In order realize this function, various devices have been 
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embodied, including a device that changes the angle of a 
steering column, a device that moves a seat forward or 
backward, etc. 
0038 Examples of the device that changes the impact 
energy absorption load include an impact energy absorbing 
device that reduces the colliding impact of a driver on a 
steering wheel by absorbing energy via deformation of the 
steering column. The impact energy-absorbing device pre 
cisely reduces the impact energy caused by collision of a 
driver with the steering wheel due to the energy absorption 
involved in deformation of the steering column if the driver 
should collide with the steering wheel at the time of a 
collision of the vehicle. In order to realize this function, a 
plurality of devices have been embodied, for example, an 
impact energy absorbing device that incorporates a conical 
pin inserted into a steering column in a direction of the outer 
peripheral Surface of the steering column, and that utilizes 
the deformation resistance caused when the pin inserted by 
a certain amount of insertion relatively moves while tearing 
an outer peripheral wall of the steering column. 
0.039 Examples of the device that changes the impact 
energy absorption load include a pedal moving device that 
moves an operating pedal in a forward direction relative to 
the vehicle immediately before or at the time of a collision 
of the vehicle. The pedal moving device, upon detection of 
a collision of the vehicle, moves the operating pedal in a 
forward direction relative to the vehicle in order to avoid the 
collision between an operating pedal (e.g., the accelerator 
pedal, the brake pedal, etc.) and a drivers foot or leg thrown 
toward the pedal by inertia. In order to realize this function, 
a pedal moving device that moves an operating pedal via the 
drive force from an electric motor, a pedal moving device 
that moves an accelerator pedal and a brake pedal at different 
timings, etc., have been embodied. 
0040. The breaker circuit that cuts off the supply of 
electric power to the devices other than the occupant pro 
tection devices 20 and the vehicle running state control 
device is a breaker circuit for Supplying electric power to the 
occupant protection devices 20 and the vehicle running state 
control device (e.g., ABS, a vehicle stability control device, 
etc.) with higher priority by cutting off the supply of electric 
power to the other devices. The breaker circuit cuts off the 
supply of electric power to the devices that are not needed 
for avoidance of a vehicle collision and other crashes, for 
example, an audio device and the like. 
0041 Operation of the collision predicting apparatus in 
accordance with the first embodiment constructed as 
described above will next be described. When an ignition 
switch (not shown) is turned on, the ECU 10 starts to 
cyclically execute a collision prediction program illustrated 
in FIG. 2 at every predetermined short time. The execution 
of the collision prediction program is started in step 100. 
Subsequently in step 102, the selection of subject targets 
having high possibility of collision (hereinafter, referred to 
as “collision Subject target”) selected during the previous 
execution of the program is reset. 
0.042 A collision subject target is selected by execution 
of a collision-predicted target selecting routine in step 116 as 
described below. In some cases, however, the collision 
subject target selected by the previous execution of the 
collision-predicted target selecting routine comes to have a 
reduced possibility of collision, for example, due to a 
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movement, with elapse of time (elapse of the program 
execution time). Furthermore, the collision Subject target 
may be instantaneously replaced by another Subject target 
due to different relative velocities of subject targets. There 
fore, the collision Subject target previously selected is reset, 
and the collision-predicted target selecting routine is 
executed again. Hence, it becomes possible to reliably and 
accurately select a collision Subject target. 
0043. At the time of the initial execution of the collision 
prediction program, no collision Subject target has been 
selected. However, the state where no collision subject target 
is selected is the same as the state where the selection of the 
collision Subject target has been reset by execution of step 
102. Therefore, the action of resetting does not become a 
problem or the like. 
0044. After resetting the selection in step 102, the ECU 
10 executes the process of step 104 and the subsequent steps. 
In step 104, the ECU 10 detects a plurality of subject targets 
present forward of the own vehicle, and inputs the relative 
distance Ln and the relative velocity VRn of each detected 
subject target. That is, the ECU 10 acquires the relative 
distances Ln and the relative velocities VRn output to the 
communication lines by the radar sensor 14. As for the 
acquisition, the ECU 10 acquires the latest relative distances 
Ln and the latest relative velocities VRn with reference to 
the time information provided with the relative distance and 
velocity data. In this manner, the ECU 10 detects the subject 
targets that exist forward of the own vehicle (more specifi 
cally, detects the position of the subject targets, the number 
thereof, etc.), and inputs the acquired relative distances Ln 
and the acquired relative velocities VRn. 
0045. Subsequently in step 106, the ECU 10 selects the 
relative velocities VRn having positive values, among the 
relative velocities VRn input in step 104. This operation 
selects only the Subject targets approaching the own vehicle, 
among the detected Subject targets. That is, a relative Veloc 
ity VRn that is not positive means that the relative distance 
Ln between the subject target and the own vehicle has not 
changed or has increased. In such a case, the Subject target 
has no possibility of colliding with the own vehicle, and 
therefore there is no need for collision prediction. 
0046) After the selecting process in step 106, the ECU 10 
proceeds to step 108, in which the ECU 10 calculates a 
collision time Tsin of each one of the subject targets selected 
in step 106 which is expected to elapse prior to the collision 
thereof with the own vehicle (hereinafter, referred to as 
“predicted collision time Tsn'). Specifically, the ECU 10 
calculates the predicted collision time Tsn (=Ln/VRn) of 
each subject target selected in step 106 by dividing the 
relative distance Ln between the subject target and the own 
vehicle by the relative velocity VRn of the subject target. 
0047 Subsequently in step 110, the ECU 10 acquires the 
extrapolation flag information output to the communication 
lines by the radar sensor 14, and performs the count process 
thereof. The extrapolation flag counter process will be 
briefly described. The extrapolation flag information is out 
put if a Subject target is once detected by the radar sensor 14 
in a detection cycle of the radar sensor 14, but temporarily 
cannot be detected in a later cycle of detection. In Such a 
case where the radar sensor 14 cannot detect a subject target, 
output of the relative distance and the relative velocity 
thereof is impossible, so that the ECU 10 cannot acquire 
latest information regarding the Subject target. 
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0.048 However, if a subject target once detected by the 
radar sensor 14 cannot be detected thereby in a later detec 
tion cycle, there is a high possibility that the Subject target 
is present forward of the own vehicle. Therefore, the ECU 
10 acquires the extrapolation flag information output to the 
communication lines by the radar sensor 14, and counts the 
number of times that the extrapolation flag information has 
been output, and temporarily stores the number of times of 
output of the information into a RAM (not shown). In this 
manner, the ECU 10 grasps the number of times that the 
radar sensor 14 has failed to detect the subject target. Then, 
the number of times that the extrapolation flag information 
has been output which is temporarily stored in the RAM is 
used for selection of a collision subject target in the colli 
sion-predicted target selecting routine of step 116 described 
below. 

0049. After the extrapolation flag counter process of step 
110, the ECU 10 proceeds to step 112, in which the ECU 10 
executes a correcting calculation of a lateral position of the 
Subject target selected in step 106. The correcting calcula 
tion will be described below. As for the correcting calcula 
tion, there are various calculations. In the description of this 
embodiment, the lateral position is defined as an amount of 
offset Xn (1,2,...) between a center axis of the own vehicle 
and a side Surface of each Subject target (in the following 
description, the offset amount Xn will be referred to as 
“relative lateral position Xin'). The correction of the lateral 
position will be described with regard to a case where the 
lateral position is corrected through the use of the radius R 
of a curve along which the own vehicle is running and the 
relative distance Ln between the own vehicle and the subject 
target. 

0050. To perform the aforementioned correction of lat 
eral position, the ECU 10 first detects the relative lateral 
position Xn between the center axis of the own vehicle and 
the side surface of each subject target. Specifically, the ECU 
10 detects the relative lateral position Xn between the center 
axis of the own vehicle and the aforementioned recognized 
portion of each subject target on the basis of the relative 
distance Ln of each subject target and the direction-of 
existence information indicating the direction in which a 
detected Subject target exists, the distance and the informa 
tion having been acquired via the communication lines. 
0051. The amount of correction of the relative lateral 
position Xn will next be described. The relative lateral 
positions Xin detected as described above are relative lateral 
positions Xn occurring at the moment of the present execu 
tion of the program. That is, the relative lateral positions Xin 
detected are relative lateral positions Xn provided on the 
assumption that the own vehicle travels linearly relatively to 
the subject targets. However, if the own vehicle is running 
along a curve having a radius R in order to avoid a collision 
with a subject target, the own vehicle does not linearly 
approach the Subject target. Therefore, in Some cases, a 
detected relative lateral position Xn is different from the 
actual relative lateral position Xn. Hence, the ECU 10 
corrects the detected relative lateral position Xn through the 
use of the radius of curve R and the distance Ln to the 
subject target. The radius R of curve is estimated by the ECU 
10. That is, the ECU 10 estimates the radius R of curve by 
acquiring a signal corresponding to the steering angle and a 
yaw rate Y output to the communication lines from the 
steering angle sensor 12 and the yaw rate sensor 13. 
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0.052 Next, the ECU 10 corrects the relative lateral 
position on the basis of the amount of correction calculated 
in step 112, and calculates an estimated relative lateral 
position. After calculating the estimated relative lateral 
position, the ECU 10 proceeds to step 116. 

0053. In step 116, the ECU 10 executes a collision 
predicted target selecting routine. The collision-predicted 
target selecting routine is a routine of selecting a collision 
Subject target having high possibility of colliding with the 
own vehicle. This routine is started in step 150 as illustrated 
in FIG. 3. Subsequently in step 152, the ECU 10 determines 
whether each detection value acquired is effective. The ECU 
10 and the sensors 11, 12, 13, 14 are interconnected via 
communication lines, and therefore communicate with each 
other. On the basis of whether the communication therebe 
tween is reliable, it is determined whether the detection 
values acquired by the ECU 10 are effective. That is, if the 
state of communication regarding the acquired detection 
values is bad and the communication with the sensors 11, 12. 
13, 14 is not reliable, the ECU 10 makes a determination of 
“NO, and proceeds to step 160. 

0054 Conversely, if the state of communication regard 
ing the acquired detection values is good and the commu 
nication with the sensors 11, 12, 13, 14 is good, the ECU 10 
makes a determination of “YES, and proceeds to step 154. 
In step 154, the ECU 10 determines whether the relative 
lateral position Xn of each subject target detected in step 112 
in the main program is less than a predetermined distance 
AW. Thus, the ECU 10 determines whether, among the 
subject targets that actually exist forward of the own vehicle, 
there is any Subject target that exists within a region of the 
predetermined distance AW, that is, a region of a distance 
that is needed for the own vehicle to run without colliding 
with the subject target. In this manner, the ECU 10 selects 
a subject target that has a great possibility of colliding with 
the own vehicle as the own vehicle runs. 

0055. The predetermined distance AW is a preset width 
of region (own lane) that is needed for the own vehicle to run 
without colliding with a Subject target. In this embodiment, 
for example, the predetermined distance AW is determined 
as /3 of the own lane. In this case, a predetermined distance 
map storing a relationship between the relative velocity VR 
and the predetermined distance AW in which the predeter 
mined distance AW increases as the relative velocity VR 
increases is provided in the ECU 10. If the relative velocity 
is great, the own vehicle and the Subject target approach each 
other in a short time, so that it is necessary to increase the 
predetermined distance AW set for collision avoidance. The 
ECU 10 determines a predetermined distance AW corre 
sponding to the relative velocity VRn of each of the selected 
Subject targets, with reference to the predetermined distance 
map. 

0056 Although in this embodiment, the predetermined 
distance AW is determined as /3 of the own lane as men 
tioned above, the predetermined distance AW may also be 
changed in accordance with the magnitude of the curve 
radius R (more specifically, the absolute value R of the 
curve radius R, which applies in the following description as 
well). This is because the amount of correction changes 
depending on the magnitude of the radius of a curve along 
which the own vehicle runs. Therefore, if the curve radius R 
is large, that is, if the amount of correction is Small, the 
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predetermined distance AW is determined as % of the own 
lane as in the above description. Conversely, if the curve 
radius R is Small, that is, if the amount of correction is large, 
the predetermined distance AW is determined via the mul 
tiplication by a variable that changes in accordance with the 
curve radius R This manner of setting is also possible. 
0057 The determination of the predetermined distance 
AW is not limited to the above-described determination 
based on a pre-set value, Such as % of the own lane, or the 
like. For example, the predetermined distance AW may also 
be determined by calculation from the relative lateral posi 
tion X, the curve radius R, and the relative velocity VR. 
0058. In step 154, the ECU 10 compares the predeter 
mined distance AW determined as described above with the 
relative lateral position Xn of each subject target. If the 
relative lateral position Xn of a Subject target is greater than 
the predetermined distance AW, that is, if the subject target 
does not exist in the own lane, the ECU 10 makes a 
determination of “NO”, and proceeds to step 160. Con 
versely, if the relative lateral position X is less than the 
predetermined distance AW, that is, if the subject target 
exists within the own lane, the ECU 10 makes a determi 
nation of “YES', and proceeds to step 156. 
0059. In step 156, the ECU 10 determines whether the 
estimated relative lateral position calculated in step 112 is 
less than the predetermined distance AW. Due to this step, 
the Subject targets that have high possibility of existing in 
the own lane and colliding with the own vehicle despite the 
collision avoiding run of the own vehicle are selected from 
the Subject targets selected as Subject targets that exist in the 
own lane in step 154. That is, the ECU 10 compares the 
estimated relative lateral position with the predetermined 
distance AW. If the ECU 10 determines that the estimated 
relative lateral position of a Subject target is greater than the 
predetermined distance AW and therefore the subject target 
has moved out of the own lane as a result of a collision 
avoiding run, the ECU 10 makes a determination of “NO”. 
and proceeds to step 160. Conversely, if the ECU 10 
determines that the estimated relative lateral position is less 
than the predetermined distance AW and therefore the sub 
ject target still exists in the own lane despite a collision 
avoiding run, the ECU 10 makes a determination of “YES’. 
and proceeds to step 158. 

0060. In step 158, the ECU 10 determines whether the 
number of times that the extrapolation flag information has 
been output which is temporarily stored in the RAM is less 
than a predetermined number. If the number of times of 
output of the extrapolation flag information has reached or 
exceeded the predetermined number, the ECU 10 makes a 
determination of “NO, and proceeds to step 160. That is, if 
the extrapolation flag information has been output at least 
the predetermined number of times, it is determined that the 
Subject target no longer exists forward of the own vehicle. 
Conversely, if the number of times of output of the extrapo 
lation flag information is less than the predetermined num 
ber, the ECU 10 makes a determination of “YES, and 
proceeds to step 162 to return to the main program. 

0061) If the ECU 10 makes a determination of “NO” in 
any one of steps 152, 154, 156, 158, the ECU 10 proceeds 
to step 160. In step 160, the ECU 10 sets the predicted 
collision time Tsin of the Subject target at a predetermined 
maximum value. As indicated above, if the determination 
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regarding a subject target is made so that the ECU 10 
proceeds to step 160, the Subject target is not a collision 
subject target. By setting the predicted collision time Tsin of 
Such a Subject target at a maximum value in Step 160, a 
subject target with the determination of “YES being made 
in each of steps 152, 154, 156 and 158 can be selected as a 
collision Subject target. After setting the predicted collision 
time Tsin of the above-described subject target at the maxi 
mum value in step 160, the ECU 10 proceeds to step 162, 
and returns to the main program. 
0062. Description will be made with reference to the 
flowchart of FIG. 2 again. After executing the collision 
predicted target selecting routine, the ECU 10 proceeds to 
step 118. In step 118, the ECU 10 sets a state flag indicating 
a state where the occupant protection devices 20 are actu 
ated, on the basis of the predicted collision time Tsin of the 
collision Subject target selected by executing the collision 
predicted target selecting routine of step 116. 
0063 More specifically, the ECU 10 is provided with a 
state flag setting map that stores the actuation of the occu 
pant protection devices 20 in correspondence to the pre 
dicted collision time Tsin. For example, a state flag that 
indicates the actuation of a device that reduces and controls 
the running speed of the own vehicle, a state flag that 
indicates the actuation of a device that controls the running 
state of the vehicle, a state flag that indicates the actuation 
of a device that prevents forward movement of an occupant 
at the time of a collision, and the like are pre-set. That is, on 
the basis of the predicted collision time Tsin of the collision 
subject target, the ECU 10 selects an occupant protection 
device 20 to be actuated, and sets the state flag of the 
selected device. 

0064. After the state flag setting process in step 118, the 
ECU 10 proceeds to step 120. In step 120, the ECU 10 
compares a predetermined time slot Tc set for prediction of 
a collision and the predicted collision time Tsin of the 
collision subject target, and therefore determines whether 
the collision subject target will collide with the own vehicle. 
It is to be noted herein that the predetermined time slot To 
is set on the basis of a minimum time needed to avoid a 
collision, and that the predetermined time slot Tchas various 
values. 

0065. More specifically, if the comparison of the pre 
dicted collision time Tsin and the predetermined time slot Tc 
shows that the predicted collision time Tsin is not contained 
in the predetermined time slot Tc, the possibility of collision 
of the collision subject target with the own vehicle is low. In 
this case, the ECU 10 makes a determination of “NO”, and 
returns to step 102. The ECU 10 executes the process 
starting at step 102 repeatedly until the determination of 
“YES” is made in step 120. Conversely, if the predicted 
collision time Tsin is contained in the predetermined time slot 
Tc, the possibility of collision is high. In this case, the ECU 
10 makes a determination of “YES in step 120, and 
proceeds to step 122. 
0066. In step 122, the ECU 10 operates occupant protec 
tion devices 20 on the basis of the state flag set in step 118. 
That is, the ECU 10 operates the ABS or TRC to control the 
rung state of the own vehicle so as to avoid a collision, or 
operates the occupant protection devices 20 so as to reduce 
the damage to an occupant at the time of a collision by 
controlling the operation of the brake pedal depression assist 
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device, the operation of the pedal moving device, the 
operation of the breaker circuit, etc. After the process of step 
122, the ECU 10 proceeds to step 124, and ends the 
execution of the collision prediction program. 
0067. According to the embodiment, it is possible to 
calculate the predicted collision time Tsn of each one of 
subject targets present forward of the own vehicle which 
precedes the collision of the subject target with the own 
vehicle, through the use of the relative distance Ln and the 
relative velocity VRn of each subject target with respect to 
the own vehicle, as described above. Furthermore, collision 
Subject targets can be selected on the basis of predetermined 
information used to detect a subject target, that is, the 
extrapolation flag information. Then, the collision predicting 
apparatus is able to predict whether the own vehicle will 
collide with a selected collision subject target. 
0068 The collision predicting apparatus is also able to 
use the predicted collision time Tsn and the extrapolation 
flag information in selecting a collision Subject target. This 
allows reliable and accurate selection of collision subject 
targets. For example, even if Subject targets are instanta 
neously replaced by another Subject target, the collision 
predicting apparatus is able to precisely select a collision 
Subject target. Furthermore, since the collision predicting 
apparatus is able to determine whether the own vehicle will 
collide with a collision subject target on the basis of the 
predicted collision time Tsin, the calculation and operation 
for determination can be simplified. 
0069. Furthermore, if the relative lateral position Xn and 
the estimated relative lateral position of a Subject target are 
greater than the predetermined distance AW, the apparatus is 
able to set the predicted collision time Tsin of the subject 
target at a maximum value. That is, if among the Subject 
targets that exist forward of the own vehicle, each subject 
target having low possibility of colliding with the own 
vehicle is provided with a predicted collision time Tsin that 
is set at a maximum value, the Subject targets having low 
possibility of collision can be excluded from the selection, 
and therefore the accuracy of selection can be improved. 
0070. It is to be noted herein that a subject target detec 
tion means (Subject target detector portion) and a relative 
quantity detection means (relative quantity detector portion) 
in the invention are realized by the radar sensor 14 in the 
foregoing embodiment. A collision time calculation means 
(collision time calculator portion) in the invention is realized 
by step 108 in the foregoing embodiment. A collision subject 
target selection means (collision Subject target selector por 
tion) in the invention is realized by step 114 in the foregoing 
embodiment. A collision prediction means (collision predic 
tor portion) in the invention is realized by step 120 in the 
foregoing embodiment. A collision time correction means 
(collision time corrector portion) in the invention is realized 
by step 112 in the foregoing embodiment. 
0071. In the foregoing embodiment, the subject target 
selected through the execution of the collision-predicted 
target selecting routine is selected as a collision Subject 
target, and collision prediction is accordingly carried out. 
That is, in this embodiment, collision prediction is carried 
out even if there are a plurality of collision Subject targets. 
Instead, it is also possible to adopt a modification in which 
predicted collision times Tsin of Subject targets present 
forward of the own vehicle are calculated, and a single 
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subject target that has the shortest predicted collision time Ts 
among the calculated predicted collision times Tsin is 
selected as a collision Subject target, and collision prediction 
is carried out regarding the selected collision Subject target. 

0072 This modification will be described in detail below. 
Portions of the modification comparable to those of the first 
embodiment are represented by comparable reference char 
acters in the drawings, and will not be described in detail 
again. 

0073. In the modification, a collision prediction program 
illustrated by the flowchart shown in FIG. 4 is executed. The 
collision prediction program is modified from the collision 
prediction program in the first embodiment illustrated in 
FIG. 2 by omitting steps 110 to 116 and adding step 200. 
0074) In step 200, the ECU 10 selects a subject target that 
has the shortest predicted collision time Ts among the 
predicted collision times Tsin calculated in step 108, as a 
collision Subject target. The Subject target selected in this 
selecting process is a Subject target that has the highest 
possibility of collision with the own vehicle among the 
detected subject targets. Therefore, the ECU 10 is able to 
accurately select a Subject target having high possibility of 
collision by selecting a Subject target that has the shortest 
predicted collision time Ts. After the selecting process of 
step 200, the ECU 10 executes a process similar to that in the 
first embodiment. That is, in step 118, a state flag is set. 
Subsequently in step 120, determination is conducted 
regarding the possibility of collision of the collision subject 
target selected in step 200. 
0075 According to the above-described modification, it 

is possible to calculate the predicted collision times Tsin of 
a plurality of subject targets present forward of the own 
vehicle, and select and determine a single collision Subject 
target that has the shortest predicted collision time Ts among 
the calculated predicted collision times Tsin. Thus, a subject 
target that has the shortest predicted collision time Ts among 
the calculated predicted collision times Tsin of a plurality of 
Subject targets, that is, a single Subject target that has the 
highest possibility of collision, can be selected as a collision 
Subject target. Therefore, a collision Subject target can be 
accurately selected by simple calculation. Then, with regard 
to the determined collision subject target, collision with the 
own vehicle can be predicted. Thus, by executing a simpli 
fied collision prediction program, the collision predicting 
apparatus of the modification is able to accurately select a 
Subject target having high possibility of collision with the 
own vehicle, and is able to increase the accuracy of the 
prediction of collision with the own vehicle. 
0076. In another modification, a relational expression that 
expresses a relationship between a predetermined relative 
quantity and the probability of collision is determined 
beforehand, and a coefficient is calculated via the relational 
expression, and the calculated coefficient is multiplied by a 
collision time. Therefore, the accuracy of collision predic 
tion can be further improved. 

0077. While the invention has been described with ref 
erence to exemplary embodiments thereof, it is to be under 
stood that the invention is not limited to the exemplary 
embodiments or constructions. To the contrary, the invention 
is intended to cover various modifications and equivalent 
arrangements. In addition, while the various elements of the 
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exemplary embodiments are shown in various combinations 
and configurations, which are exemplary, other combina 
tions and configurations, including more, less or only a 
single element, are also within the spirit and scope of the 
invention. 

1-10. (canceled) 
11. A collision predicting apparatus comprising: 
a subject target detector portion that detects a plurality of 

Subject targets which exist in a course of the own 
vehicle and which have a possibility of colliding with 
the own vehicle; 

a relative quantity detector portion that detects a relative 
quantity between the own vehicle and each of the 
Subject targets detected by the Subject target detector 
portion; 

a collision time calculator portion that predicts and cal 
culates a collision time of each of the Subject targets 
preceding a collision with the own vehicle, by using the 
relative quantity between the own vehicle and each of 
the subject targets detected by the relative quantity 
detector portion; 

a collision Subject target selector portion that selects a 
collision Subject target having a high possibility of 
colliding with the own vehicle based on at least the 
collision time of each of the Subject targets calculated 
by the collision time calculator portion; and 

a collision predictor portion that predicts a collision 
between the collision subject target selected by the 
collision Subject target selector portion and the own 
vehicle, by using the collision time of the collision 
Subject target. 

12. The collision predicting apparatus according to claim 
11, wherein the collision Subject target selector portion 
selects, as the collision Subject target, a Subject target that 
has a shortest collision time among the collision times of the 
Subject targets calculated by the collision time calculator 
portion. 

13. The collision predicting apparatus according to claim 
11, wherein the collision Subject target selector portion 
resets a selection of the collision Subject target already 
selected, and newly selects the collision Subject target. 

14. The collision predicting apparatus according to claim 
11, wherein the collision Subject target selector portion 
selects the collision Subject target based on the collision time 
and predetermined information that is used by the subject 
target detector portion to detect a subject target. 

15. The collision predicting apparatus according to claim 
14, wherein the predetermined information is extrapolation 
flag information that is output if the Subject target is tem 
porarily not detected by the Subject target detector portion. 

16. The collision predicting apparatus according to claim 
15, wherein the collision subject target selector portion 
selects, as the collision Subject target, a subject target in 
which the number of times of output of the extrapolation flag 
information is within a predetermined range. 

17. The collision predicting apparatus according to claim 
11, further comprising collision time corrector portion that 
corrects the collision time predicted and calculated by the 
collision time calculator portion using a predetermined 
relative quantity among the relative quantities detected by 
the relative quantity detector portion. 
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18. The collision predicting apparatus according to claim 
17, wherein the collision time corrector portion corrects the 
collision time by setting the collision time at a predeter 
mined maximum value if it is determined that the predeter 
mined relative quantity used is greater than a pre-set value. 

19. The collision predicting apparatus according to claim 
18, wherein the predetermined relative quantity used by the 
collision time corrector portion is a quantity of offset of the 
subject target from a center line of the own vehicle which 
extends in a direction that coincides with a traveling direc 
tion of the own vehicle. 

20. The collision predicting apparatus according to claim 
411, wherein the relative quantity detected by the relative 
quantity detector portion includes at least one relative quan 
tity selected from the group consisting of a relative distance 
of each Subject target, a relative velocity of each subject 
target, and a direction of existence of each Subject target 
from the own vehicle. 

21. A collision predicting method comprising the steps of: 
detecting a plurality of Subject targets that exist in a 

course of the own vehicle and that have a possibility of 
colliding with the own vehicle: 

detecting a relative quantity between the own vehicle and 
each of the Subject targets detected; 

predicting and calculating a collision time of each of the 
Subject targets preceding a collision with the own 
vehicle, by using the relative quantity between the own 
vehicle and each of the subject targets detected; 

selecting a collision Subject target having a high possi 
bility of colliding with the own vehicle based on at least 
the collision time of each of the Subject targets calcu 
lated; and 

predicting a collision between the collision Subject target 
Selected and the own vehicle, by using the collision 
time of the collision Subject target. 

22. The collision predicting method according to claim 
21, wherein a Subject target that has a shortest collision time 
among the collision times calculated with regard to the 
Subject targets is selected as the collision Subject target. 

23. The collision predicting method according to claim 
21, wherein a selection of the collision Subject target already 
selected is reset, and the collision Subject target is newly 
selected. 

24. The collision predicting method according to claim 
21, wherein the collision subject target is selected based on 
the collision time and predetermined information that is used 
to detect a subject target. 

25. The collision predicting method according to claim 
24, wherein the predetermined information is extrapolation 
flag information that is output if the collision Subject target 
is temporarily not detected. 

26. The collision predicting method according to claim 
25, wherein a subject target in which the number of times of 
output of the extrapolation flag information is within a 
predetermined range is selected as the collision Subject 
target. 

27. The collision predicting method according to claim 
21, further comprising the step of correcting the collision 
time predicted and calculated by using a predetermined 
relative quantity among the relative quantities detected. 

28. The collision predicting method according to claim 
27, wherein the collision time is corrected by setting the 
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collision time at a predetermined maximum value if it is 
determined that the predetermined relative quantity used is 
greater than a pre-set quantity. 

29. The collision predicting method according to claim 
28, wherein the predetermined relative quantity is a quantity 
of offset of the subject target from a center line of the own 
vehicle which extends in a direction that coincides with a 
traveling direction of the own vehicle. 
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30. The collision predicting method according to claim 
21, wherein the relative quantity detected includes at least 
one relative quantity selected from the group consisting of a 
relative distance of each subject target, a relative velocity of 
each Subject target, and a direction of existence of each 
subject target from the own vehicle. 

k k k k k 


