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COLLISION PREDICTION APPARATUS
BACKGROUND OF THE INVENTION

0001 1. Field of the Invention
0002 The present invention relates to a collision predic
tion apparatus which predictively determines a collision
between a vehicle, on which the collision prediction appara
tus is mounted, and an obstacle in front of the vehicle along a
route of travel (hereinafter simply referred to as a “front
obstacle').
0003 2. Description of the Related Art
0004 Conventionally, as disclosed in, for example, Japa
nese Patent Application Laid-Open (kokai) No. 11-263.190,
there has been known an occupant protection apparatus for a
vehicle which operates on the basis of results of determina
tion as to probability of occurrence of a collision. The dis
closed collision prediction apparatus acquires predetermined
data items, such as position information and vehicle speed
information, as information pertaining to the vehicle, and
determines the probability of occurrence of a collision of the
vehicle on the basis of the predetermined data items. When
the probability of occurrence of a collision (hereinafter may
be referred to as “collision probability”) becomes high, the
predetermined data items are transmitted to a counterpart
vehicle with which the vehicle may collide, to thereby secure
reliable operation of an occupant protection apparatus of the
couterpart vehicle.
0005. Further, as disclosed in, for example, Japanese
Patent Application Laid-Open (kokai) No. 2000-142321,
there has been known an occupant protection Supporting
apparatus which monitors the travel conditions of a vehicle
and the Surrounding environment, and operates on the basis of
the results of monitoring. This occupant protection Support
ing apparatus monitors the travel conditions of the vehicle
and the Surrounding environment by use of a radar for detect
ing inter-vehicle distance, a G sensor for detecting decelera
tion, and an image detecting device. The occupant protection
Supporting apparatus processes the monitoring results so as to
predict the collision probability of the vehicle. On the basis of
the results of the prediction, the occupant protection Support
ing apparatus operates an occupant protection apparatus or a
warning device, or performs communications for requesting
assistance after occurrence of an accident.

0006 Furthermore, as disclosed in, for example, Japanese
Patent Application Laid-Open (kokai) No. 2000-247210,
there has been known an occupant protection apparatus for a
vehicle which executes a predetermined operation upon
reception of a collision prediction signal. This occupant pro
tection apparatus for a vehicle checks, on the basis of a detec
tion signal from an ultrasonic sensor, an infrared sensor, a
radar, or the like, whether an obstacle is present in front of the
vehicle, or whether an approaching moving object is present
behind the vehicle; and determines whether the obstacle or

the moving object will collide with the vehicle. In response to
a front collision prediction signal or arear collision prediction
signal, which is generated when the collision probability is
determined to be high, the occupant protection apparatus
restricts an occupant's specific operation, to thereby ensure
reliable operation of the occupant protection apparatus.
0007 Each of the above-mentioned conventional appara
tuses determines the collision probability by utilizing data
output from respective detection devices as they are, as data
(parameters) used to determine the collision probability,
without checking whether detection is performed properly or
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erroneously. In some cases, the occupant protection (Support
ing) apparatus may erroneously recognize a collision object,
depending on the shape of a road on which the vehicle travels
and the environment Surrounding the vehicle (e.g., a tunnel or
an iron bridge). In such a case, the occupant protection (Sup
porting) apparatus may perform a useless operation. There
fore, demand has arisen for further improvement in the accu
racy of collision determination by accurately recognizing a
collision object; in particular, a front obstacle present along a
route of travel of a vehicle.
SUMMARY OF THE INVENTION

0008. The present invention was accomplished so as to
cope with the above-described problems, and an object of the
present invention is to provide a collision prediction appara
tus for a vehicle which can accurately recognize a front
obstacle that is highly likely to collide with the vehicle, to
thereby improve the accuracy of predictive collision determi
nation.

0009. The present invention provides a collision predic
tion apparatus mounted on a vehicle, the collision prediction
apparatus comprising front obstacle detection means for
detecting a front obstacle present on a route of travel of the
vehicle and adapted to predictively determine whether the
vehicle will collide with the detected front obstacle as a result

of traveling of the vehicle. The collision prediction apparatus
further comprises: road information acquisition means for
acquiring road information regarding a road from a naviga
tion apparatus mounted on the vehicle; presence state estima
tion means for estimating, on the basis of the road informa
tion, a state of presence of the front obstacle detected by the
front obstacle detection means; and predictive collision deter
mination means for predictively determining whether the
vehicle will collide with the front obstacle whose state of

presence has been estimated.
0010. The present invention provides another collision
prediction apparatus mounted on a vehicle, the collision pre
diction apparatus comprising front obstacle detection means
for detecting a front obstacle present on a route of travel of the
vehicle and adapted to predictively determine whether the
vehicle will collide with the detected front obstacle as a result

of traveling of the vehicle. The collision prediction apparatus
further comprises: road information acquisition means for
acquiring road information regarding a road from a naviga
tion apparatus mounted on the vehicle; presence state estima
tion means for estimating, on the basis of the road informa
tion, a state of presence of the front obstacle detected by the
front obstacle detection means; parameter value detection
means for detecting a parameter value representing a state of
traveling of the vehicle; parameter value correction means for
correcting, on the basis of the road information, the parameter
value detected by the parameter value detection means; and
predictive collision determination means for predictively
determining whether the vehicle whose state of traveling is
represented by the corrected parameter value will collide with
the front obstacle whose state of presence has been estimated.
0011. The present invention provides another collision
prediction apparatus mounted on a vehicle, the collision pre
diction apparatus comprising front obstacle detection means
for detecting a front obstacle present on a route of travel of the
vehicle and adapted to predictively determine whether the
vehicle will collide with the detected front obstacle as a result

of traveling of the vehicle. The collision prediction apparatus
further comprises: road information acquisition means for
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acquiring road information regarding a road from a naviga
tion apparatus mounted on the vehicle; parameter value
detection means for detecting a parameter value representing
a state of traveling of the vehicle; parameter value correction
means for correcting, on the basis of the road information, the
parameter value detected by the parameter value detection
means; and predictive collision determination means for pre
dictively determining whether the vehicle whose state of trav
eling is represented by the corrected parameter value will
collide with the front obstacle detected by the front obstacle
detection means.

0012. By virtue of these configurations, in each of the
collision prediction apparatuses, road information can be
acquired from the navigation apparatus mounted on the
vehicle, by use of the road information acquisition means.
Further, the state of presence of the detected front obstacle
can be estimated on the basis of the acquired road information
by use of the presence state estimation means. Therefore,
each of the collision prediction apparatuses can accurately
estimate the state of presence of the front obstacle; e.g., the
state in which the front obstacle is present on the road surface,
on the basis of the acquired road information. Accordingly,
the collision prediction apparatus can accurately select a col
lision object with which the vehicle is highly likely to collide,
without erroneously recognizing the front obstacle as a col
lision front object.
0013 Further, the parameter value detected by the param
eter value detection means can be collected on the basis of the

road information. Therefore, the collision prediction appara
tus can accurately grasp the State of traveling of the vehicle.
Moreover, the predictive collision determination means can
predictively determine whether the vehicle will collide with
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parameter value representing a turning direction of the
vehicle and a parameter value representing an inclination
direction of the vehicle. Preferably, the road shape informa
tion includes information regarding a curved road. Further,
the road shape information includes information regarding a
gradient of a road. Preferably, the predictive collision deter
mination means predictively determines the manner of a col
lision between the vehicle and the front obstacle, in addition

to predictively determining whether the vehicle will collide
with the front obstacle.

0017. By virtue of these configurations, in each of the
collision prediction apparatuses, road shape information can
be acquired from the navigation apparatus by use of the road
information acquisition means. Further, when the state of
presence of the front obstacle is a movable state, the heading
direction of the front obstacle can be estimated by means of
the presence state estimation means. Further, the parameter
value regarding the heading direction of the vehicle can be
corrected by means of the parameter value correction means.
Therefore, each of the collision prediction apparatuses can
accurately estimate the heading direction of the front
obstacle, and predictively determine a collision while accu
rately correcting the heading direction of the vehicle. Accord
ingly, each of the collision prediction apparatuses can predic
tively determine occurrence of a collision between the vehicle
and the front obstacle with very high accuracy.
0018. The operation of the predictive collision determina
tion means is not limited to mere predictive determination of
the probability of occurrence of a collision between the
vehicle and the front obstacle. That is, the predictive collision
determination means can predictively determine occurrence

the front obstacle, on the basis of the front obstacle whose

of a collision on the basis of the front obstacle with which the

state of presence has been estimated and the corrected param
eter value. Accordingly, the collision prediction apparatus
can predictively determine occurrence of a collision on the
basis of the accurate state of traveling of the vehicle and a
front obstacle with which the vehicle is highly likely to col
lide, to thereby perform predictive collision determination
with higher accuracy.
0014) Another feature of the present invention resides in
that the road information acquired by the road information
acquisition means is road shape information representing a
shape of the road; the presence State estimation means esti
mates aheading direction of the front obstacle on the basis of
the road shape information when the presence State estima
tion means estimates that the state of presence of the front
obstacle detected by the front obstacle detection means is a
movable state; and the predictive collision determination
means predictively determines whether the vehicle will col
lide with the front obstacle, by use of the estimated heading

vehicle is highly likely to collide and the accurate state of
traveling of the vehicle. For example, a portion of the vehicle
which collides with the front obstacle and the degree of dam
age (the manner of collision between the vehicle and the front
obstacle) can be predictively determined with high accuracy.
0019. Further, when the road shape information contains
information regarding a curved road, the collision prediction
apparatuses can acquire the information regarding a curved
road by use of the road information acquisition means.
Examples of the curved road information include a radius of

direction of the front obstacle.

0015. Another feature of the present invention resides in
that the road information acquired by the road information
acquisition means is road shape information representing a
shape of the road; the parameter value correction means cor
rects, on the basis of the road shape information, a parameter
value regarding a heading direction of the vehicle; and the
predictive collision determination means predictively deter
mines whether the vehicle will collide with the front obstacle,

the state of traveling of the vehicle being represented by the
corrected parameter value regarding the heading direction.
0016. In this case, the parameter value regarding the head
ing direction of the vehicle is preferably at least one of a

curvature of the curved road and the number of lanes of the

curved road. From these pieces of information, the collision
prediction apparatus can more accurately estimate the head
ing direction of the front obstacle (e.g., the radius of curvature
or the lane on which the front obstacle is present), and can
more accurately correct the parameter value regarding the
heading direction of the vehicle; i.e., the parameter value
representing the turning direction of the vehicle.
0020. Further, when the road shape information contains
information regarding a gradient of a road, the collision pre
diction apparatuses can acquire the information regarding a
gradient of a road by use of the road information acquisition
means. Examples of the road gradient information include an
amount of inclination and length of a road section. From the
gradient information, the collision prediction apparatus can
more accurately estimate the heading direction of the front
obstacle (e.g., whether going down or going up a sloping road
section), and can more accurately correct the parameter value
regarding the heading direction of the vehicle; i.e., the param
eter value representing the inclination direction of the
vehicle.
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0021. Another feature of the present invention resides in
that the collision prediction apparatus further comprises
travel-related-information acquisition means for acquiring,
from the outside, travel-related information regarding travel
conditions of the vehicle; and the parameter value correction
means corrects the parameter value on the basis of not only
the road information but also the travel-related information

acquired by the travel-related-information acquisition means.
0022. Another feature of the present invention resides in
that the collision prediction apparatus further comprises
occupant-protection-apparatus control means for starting
operation of an occupant protection apparatus when the pre
dictive collision determination means predictively deter
mines that the vehicle collides with the front obstacle, the
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a state of traveling of the vehicle; predictive collision deter
mination means for comparing the parameter value detected
by the parameter value detection means and a predetermined
collision determination reference value used for predictive
determination of a collision of the vehicle with the front

obstacle, and predictively determining that the vehicle will
collide with the front obstacle when the parameter value
reaches the predetermined collision determination reference
value; and changing means for changing the predetermined
collision determination reference value on the basis of the

travel environment information acquired by the travel envi
ronment information acquisition means.
0026. In this case, preferably, the travel environment infor
mation is travel environment information which represents a

occupant protection apparatus including at least an apparatus
mounted on the vehicle and adapted to avoid collision or an
apparatus mounted on the vehicle and adapted to mitigate
impact at the time of collision.
0023. Another feature of the present invention resides in
that the navigation apparatus mounted on the vehicle com
prises at least present location detection means for detecting
a present location of the vehicle, and storage means for Stor
ing the road information in a retrievable manner. Another
feature of the present invention resides in that the front

travel environment in which the front obstacle detection

obstacle detection means is formed of a millimeter-wave

information. Preferably, the travel environment information
is travel environment information which represents a travel
environment in which the vehicle travels on a highway; and
the changing means decreases the predetermined collision

radar which is provided at a front end portion of the vehicle
and which detects the front obstacle on the basis of a period of
time between transmission of a millimeter wave and receipt
of the wave.

0024. By virtue of these configurations, the collision pre
diction apparatuses can acquire the latest travel-related infor
mation from the outside (for example, an information provid
ing center or a traffic information providing center) by use of
the travel-related-information acquisition means. Examples
of the travel-related information include information regard
ing traffic congestion or weather in a region where the vehicle
is presently traveling. The parameter value correction means
can correct the parameter value by use of the acquired latest
travel-related information. Therefore, the parameter value
correction means can correct the parameter value more accu
rately in accordance with the present conditions. In this case,
the travel-related-information acquisition means may be
incorporated in the navigation apparatus mounted on the
vehicle, and the collision prediction apparatus may acquire
the travel-related information therefrom. The occupant-pro
tection-apparatus control means enables the occupant protec
tion apparatus to be operated at an optimum timing on the
basis of the result of the predictive collision determination.
Moreover, when the front obstacle detection means is formed

of a millimeter-wave radar which can be used by other appa
ratuses mounted on the vehicle, the manufacturing cost of the
vehicle can be reduced.

0025. The present invention provides another collision
prediction apparatus mounted on a vehicle, the collision pre
diction apparatus comprising front obstacle detection means
for detecting a front obstacle present on a route of travel of the
vehicle and adapted to predictively determine whether the
vehicle will collide with the detected front obstacle as a result

of traveling of the vehicle. The collision prediction apparatus
further comprises: travel environment information acquisi
tion means for acquiring travel environment information
regarding a travel environment of the vehicle from a naviga
tion apparatus mounted on the vehicle; parameter value
detection means for detecting a parameter value representing

means detects a continuous stationary object present near the
vehicle; and the changing means increases the predetermined
collision determination reference value in accordance with

the travel environment information. Preferably, the travel
environment information is travel environment information

which represents a travel environment in which the vehicle
waits to make a right turn at an intersection; and the changing
means increases the predetermined collision determination
reference value in accordance with the travel environment

determination reference value in accordance with the travel

environment information. Preferably, the predetermined col
lision determination reference value is determined on the

basis of a time necessary for avoiding collision between the
vehicle and the front obstacle. Preferably, the collision pre
diction apparatus further comprises occupant-protection-ap
paratus control means for starting operation of an occupant
protection apparatus when the predictive collision determi
nation means predictively determines that the vehicle will
collide with the front obstacle, the occupant protection appa
ratus including at least an apparatus mounted on the vehicle
and adapted to avoid collision oran apparatus mounted on the
vehicle and adapted to mitigate impact at the time of collision.
Preferably, the navigation apparatus mounted on the vehicle
comprises at least present location detection means for
detecting a present location of the vehicle, and storage means
for storing the travel environment information in a retrievable
manner. Preferably, the front obstacle detection means is
formed of a millimeter-wave radar which is provided at a
front end portion of the vehicle and which detects the front
obstacle on the basis of a period of time between transmission
of a millimeter wave and receipt of the wave.
0027. By virtue of these configurations, the collision pre
diction apparatus can acquire travel environment information
regarding the travel environment of the vehicle from the navi
gation apparatus by use of the travel environment information
acquisition means. Here, the term “travel environment” refers
to environmental conditions including the conditions around
a road on which the vehicle is traveling, and a travel pattern of
the vehicle. The collision prediction apparatus can cause the
predictive collision determination means to compare the
detected parameter value that represent the state of traveling
of the vehicle and the predetermined collision determination
reference value to thereby predictively determine occurrence
of a collision between the vehicle and the front obstacle.

Further, the collision prediction apparatus can change the
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predetermined collision determination reference value on the
basis of the acquired travel environment information by
means of the changing means. Accordingly, the collision
prediction apparatus can accurately select a front obstacle
with which the vehicle is highly likely to collide, to thereby
prevent erroneous determination in relation to predictive col
lision determination.

0028. When the changing means acquires, during travel of
the vehicle, travel environment information which represents
a travel environment in which the front obstacle detection

means detects a continuous stationary object present near the
vehicle, the changing means can increase the predetermined
collision determination reference value. An example of the
continuous stationary object present near the vehicle is the
wall of a tunnel. When the changing means acquires travel
environment information which represents a travel environ
ment in which the vehicle waits to make a right turn at an
intersection, the changing means can increase the predeter
mined collision determination reference value.

0029. By virtue of the operation of the changing means for
increasing the predetermined collision determination refer
ence value, the front obstacle can be made difficult to select,

during the predictive collision determination, as a collision
front object with which the vehicle is highly likely to collide.
This reduces the number of operations for predictively deter
mining occurrence of a collision between the vehicle and a
front obstacle which is highly unlikely to collide with the
vehicle, such as a statically object which is continuously
detected by the front obstacle detection means, and other
vehicles passing in front of the vehicle at the time of waiting
to make a right turn. Accordingly, erroneous determination,
which would otherwise occur in prediction of collision with
these front obstacles, can be reduced greatly.
0030. When the changing means acquires travel environ
ment information which represents a travel environment in
which the vehicle travels on a highway, the changing means
decreases the predetermined collision determination refer
ence value. By virtue of the operation of the changing means
for decreasing the predetermined collision determination ref
erence value, the front obstacle can be made easy to select,
during the predictive collision determination, as a collision
front object with which the vehicle is highly likely to collide.
Thus, when the vehicle travels on a highway, a front obstacle
with which the vehicle is highly likely to collide can be
detected in an early stage, and the predictive collision deter
mination can be performed properly. Accordingly, the occu
pant-protection-apparatus control means can operate the
occupant protection apparatus at a propertiming on the basis
of the results of the predictive collision determination.
0031. The present invention provides another collision
prediction apparatus mounted on a vehicle, the collision pre
diction apparatus comprising front obstacle detection means
for detecting a front obstacle present on a route of travel of the
vehicle, and predictive collision determination means for pre
dictively determining whether the vehicle will collide with
the detected front obstacle, on the basis of a predetermined
collision determination reference value. The collision predic
tion apparatus further comprises: pass-through information
acquiring means for acquiring pass-through information rep
resenting that the vehicle is passing through an automatic fee
settlement site; pass-through information acquisition deter
mination means for determining whether the pass-through
information has been acquired by the pass-through informa
tion acquiring means; front obstacle determination means for
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determining whether the front obstacle detected by the front
obstacle detection means is a stationary object existing gen
erally in front of the vehicle and the distance between the
vehicle and the front obstacle is equal to or less than a prede
termined distance; and predictive determination prohibition
means for prohibiting the predictive collision determination
means from performing the predictive determination when
the pass-through information is determined to have been
acquired by the pass-through information acquiring means
and when the front obstacle determination means determines

that the front obstacle is a stationary object existing generally
in front of the vehicle and the distance between the vehicle

and the front obstacle is equal to or less than a predetermined
distance.

0032. In this case, preferably, the pass-through informa
tion is Supplied from a navigation apparatus amounted on the
vehicle. Preferably, the navigation apparatus comprises
present location detection means for detecting a present loca
tion of the vehicle, and storage means for storing at least the
location of the automatic fee settlement site in a retrievable

manner, and Supplies the pass-through information on the
basis of the present location detected by the present location
detection means and the location of the automatic fee settle

ment site stored in the storage means. Preferably, the collision
prediction apparatus further comprises. Occupant-protection
apparatus control means for starting operation of an occupant
protection apparatus when the predictive collision determi
nation means predictively determines that the vehicle will
collide with the front obstacle, the occupant protection appa
ratus including at least an apparatus mounted on the vehicle
and adapted to avoid the collision oran apparatus mounted on
the vehicle and adapted to mitigate impact at the time of the
collision. Preferably, the front obstacle detection means is
formed of a millimeter-wave radar which is provided at a
front end portion of the vehicle and which detects the front
obstacle on the basis of a period of time between transmission
of a millimeter wave and receipt of the wave.
0033. By virtue of the above configuration, the collision
prediction apparatus can acquire pass-through information
representing that the vehicle is passing through an automatic
fee settlement site (ETC (Electrical Toll Collection System)
gate) by means of the pass-through information acquiring
means. When the collision prediction apparatus is configured
to acquire the pass-through information from the navigation
apparatus, separate provision of an apparatus for Supplying
the pass-through information becomes unnecessary. Further,
by use of the front obstacle determination means, the collision
prediction apparatus can determine whether the front obstacle
detected by the front obstacle detection means is a stationary
object existing generally in front of the vehicle and the dis
tance between the vehicle and the front obstacle is equal to or
less than a predetermined distance. Moreover, by use of the
predictive determination prohibition means, the collision pre
diction apparatus can prohibit the predictive collision deter
mination means from performing the predictive determina
tion, on the basis of the results of the determination by the
front obstacle determination means.

0034. Thus, when the vehicle passes through an ETC gate,
an ETC gate bar which is present in front of the vehicle so as
to stop the vehicle can be detected. Here, the ETC gate bar is
a stationary object (front obstacle) existing generally in front
of the vehicle, and the distance between the vehicle and the

front obstacle is equal to or less than a predetermined dis
tance. Since collision prediction is prohibited as a result of the
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front obstacle being determined to be an ETC gate bar, an
erroneous determination that the vehicle will collide with the

ETC gate bar can be prevented, whereby the accuracy of the
predictive collision determination can be improved.
BRIEF DESCRIPTION OF THE DRAWINGS

0035 Various other objects, features and many of the
attendant advantages of the present invention will be readily
appreciated as the same becomes better understood by refer
ence to the following detailed description of the preferred
embodiments when considered in connection with the

accompanying drawings, in which:
0036 FIG. 1 is a block diagram schematically showing the
overall configuration of a collision prediction system accord
ing to a first embodiment of the present invention;
0037 FIG. 2 is a block diagram schematically showing a
collision prediction apparatus of FIG. 1;
0038 FIG. 3 is a block diagram schematically showing a
navigation apparatus of FIG. 1;
0039 FIG. 4 is a flowchart showing a collision prediction
program executed by a collision prediction ECU (microcom
puter) of FIG. 2:
0040 FIG. 5 is a flowchart showing a routine that the
collision prediction ECU (microcomputer) of FIG. 2 per
forms in order to check the presence of an obstacle on a
curved road;

0041 FIG. 6 is a flowchart showing a routine that the
collision prediction ECU (microcomputer) of FIG. 2 per
forms in order to check the presence of an obstacle on a
sloping road;
0042 FIG. 7 is a flowchart showing a routine that the
collision prediction ECU (microcomputer) of FIG. 2 per
forms in order to change collision avoidance time;
0043 FIG. 8 is a flowchart showing a routine that the
collision prediction ECU (microcomputer) of FIG. 2 per
forms in order to check an ETC gate;
0044 FIG. 9 is a block diagram schematically showing a
navigation apparatus according to a second embodiment of
the present invention;
0045 FIG. 10 is a block diagram schematically showing a
collision prediction apparatus according to a modification of
the first and second embodiments of the present invention;
and

0046 FIG. 11 is a block diagram schematically showing a
collision prediction system according to a modification of the
first and second embodiments of the present invention.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

0047 A first embodiment of the present invention will
now be described with reference to the drawings. FIG. 1 is a
block diagram schematically showing the overall configura
tion of a collision prediction system according to the first
embodiment, which system predictively determines a colli
sion between a vehicle on which the collision prediction
system is mounted and a front obstacle, and operates an
occupant protection apparatus on the basis of the results of the
predictive determination. The collision prediction system
includes an collision prediction apparatus 10 which predicts a
collision and determines the collision probability; and a navi
gation apparatus 20 which provides route guidance for a
driver and Supplies various types of information.
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0048. The collision prediction apparatus 10 and the navi
gation apparatus 20 are connected with each other in a com
municable manner via a bus 30, a gateway computer 40, and
a LAN (Local Area Network) 50. The gateway computer 40 is
a computer which generally controls the flow of various data
shared between the collision prediction apparatus 10 and the
navigation apparatus 20 and the flow of control signals that
control the operation linkage between these apparatuses 10
and 20. Moreover, an occupant protection apparatus 60, com
prising an apparatus for avoiding collision of the vehicle and
an apparatus for mitigating damage upon collision of the
vehicle, among other apparatuses, is also connected to the bus
3O.

0049. As shown in FIG. 2, the collision prediction appa
ratus 10 includes a collision prediction electronic control unit
11 (hereinafter simply referred to as the “collision prediction
ECU 11). The collision prediction ECU 11 includes, as a
main component, a microcomputer consisting of a CPU,
ROM, RAM, a timer, etc. The collision prediction ECU 11
acquires various signals Supplied from the navigation appa
ratus 20 and various sensors, and executes programs shown in
FIGS. 4 to 8. Therefore, a vehicle speed sensor 12, a steering
angle sensor 13, a yaw rate sensor 14, a radar sensor 15, and
an acceleration sensor 16 are connected to the collision pre
diction ECU 11. Detection values output from these sensors
are output to the bus 30 via a bus interface 17, which will be
described later, thus, the navigation apparatus 20 and the
occupant protection apparatus 60 can use the detection Val
US

0050. The vehicle speed sensor 12 detects the vehicle
speed V on the basis of a pulse signal whose pulse rate varies
in accordance with the vehicle speed, and outputs a signal
indicative of the detected vehicle speed V. The steering angle
sensor 13 outputs a signal corresponding to the steering angle
8 of the front wheels. The collision prediction ECU 11 detects
the steering angle 8 of the front wheels on the basis of the
signal output from the steering angle sensor 13. The yaw rate
sensor 14 detects the yaw rate y of the vehicle on the basis of
a signal corresponding to the angular Velocity of rotation
around the center of gravity of the vehicle, and outputs a
signal indicative of the detected yaw ratey.
0051. The radar sensor 15 is built in, for example, a front
end portion of the vehicle (e.g., near the front grille). On the
basis of a period of time between transmission of a millimeter
wave and receipt of the wave, the radar sensor 15 detects and
outputs a relative distance L indicative of the distance
between the vehicle and a front obstacle which exists in a

predetermined area in front of the vehicle, as well as a relative
speed VR indicative of the speed of the vehicle relative to the
front obstacle. Further, the radar sensor 15 detects the relative

direction (upward, downward, leftward, rightward) of the
front obstacle with respect to the vehicle, and outputs pres
ence direction information indicating the direction of the
front obstacle. The acceleration sensor 16 is provided at the
approximate center of gravity of the vehicle. The acceleration
sensor 16 detects the acceleration G in the vertical direction

on the basis of a signal corresponding to the displacement
velocity of the vehicle in the vertical direction, and outputs a
signal indicative of the detected acceleration G.
0052 Moreover, the bus interface 17 is connected between
the collision prediction ECU 11 and the bus 30. The bus
interface 17 supplies to the collision prediction ECU 11 vari
ous types of information from the navigation apparatus 20,
and outputs to the navigation apparatus 20 and the occupant
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protection apparatus 60 various types of information and
various detection values of the respective sensors 12, 13, 14,
15, and 16, which are supplied from the collision prediction
ECU 11.

0053 As shown in FIG. 3, the navigation apparatus 20
includes a navigation electronic control unit 21 (hereinafter
simply referred to as the “navigation ECU 21). The naviga
tion ECU 21 includes, as a main component, a microcom
puter consisting of a CPU, ROM, RAM, a timer, etc. A GPS
(Global Positioning System) receiver 22, a gyroscope 23, a
storage apparatus 24, and a LAN interface 25 are connected to
the navigation ECU 21.
0054. The GPS receiver 22 receives from satellites radio
waves for detecting the present location of the vehicle, and
detects and outputs the present location of the vehicle in the
form of, for example, coordinate data. The gyroscope 23
detects and outputs the turning speed of the vehicle for detect
ing the heading direction of the vehicle. The navigation ECU
21 detects the present location of the vehicle while obtaining
the detection values output from the GPS receiver 22 and the
gyroscope 23, as well as the vehicle speed V output from the
vehicle speed sensor 12.
0055. The storage apparatus 24 includes a recording
medium, such as a hard disk, CD-ROM, or DVD-ROM, and

a drive unit for the storage medium. The storage apparatus 24
stores unillustrated programs to be executed by the navigation
ECU 21, and various data, including road data. The road data
include road type data representing the road type of each road
(highway, interstate route, state route, etc.); road environment
data representing the environment around each road (tunnel,
iron bridge, etc.); road shape data representing the shape of
each road section (the number of lanes, the radius of curva
ture, etc.); road Surface condition data representing the Sur
face conditions of each road section (the friction coefficient LL
of road Surface, etc.); and road gradient data representing the
gradient and length of each road section.
0056. The LAN interface 25 is connected to the LAN 50
installed within the vehicle, and enables communications

between the navigation ECU 21 and the gateway computer
40. Specifically, via the LAN 50, the LAN interface 25 sup
plies to the gateway computer 40 various types of information
from the navigation ECU 21, and acquires from the gateway
computer 40 various types of information supplied from the
collision prediction apparatus 10 and Supplies the same to the
navigation ECU 21.
0057 The occupant protection apparatus 60 consists of an
apparatus for controlling the traveling state of the vehicle on
the basis of the collision prediction by the collision prediction
apparatus 10 So as to avoid collision of the vehicle, and an
apparatus for mitigating damage to occupants at the time of
collision of the vehicle. Examples of the occupant protection
apparatus 60 include an apparatus for decreasing the speed of
the vehicle; an apparatus for assisting the brake pedal
depressing force of the driver, an automatic steering appara
tus for automatically rotating the steering wheel so as to avoid
collision; an apparatus for preventing advance movement of
occupants at the time of collision; an apparatus for optimizing
the operation of an airbag and the impact absorbing efficiency
of the operated airbag; an apparatus for changing the impact
energy absorption load; an apparatus for moving the opera
tion pedals; and a cutoff circuit for stopping Supply of elec
trical power to apparatuses other than the occupant protection
apparatus 60 and the apparatus for controlling the traveling
state of the vehicle.
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0058. The respective apparatuses which constitute the
occupant protection apparatus 60 operate immediately before
or immediately after the occurrence of a collision of the
vehicle, and do not directly relate to the present invention.
Therefore, detailed descriptions of operations of the respec
tive apparatus are omitted in the present specification; how
ever, their operations will be briefly described below.
0059. The apparatus for decreasing the speed of the
vehicle automatically operates the brake apparatus so as to
decrease the speed of the vehicle when the relative distance or
the relative speed with respect to a detected front obstacle
falls outside a predetermined range, to thereby secure a
proper relative distance or relative speed. The apparatus for
assisting the brake pedal depressing force of the driver assists
the depressing force of the driver (specifically, increases the
brake hydraulic pressure and maintains the increased pres
sure) when the driver operates the brake pedal to stop the
vehicle for avoidance of collision, to thereby reliably operate
the brake apparatus of the vehicle. The automatic steering
apparatus is an apparatus for automatically rotating the steer
ing wheel so as to avoid collision; for example, an apparatus
for assisting the steering operation of the driver for avoidance
of collision or reliably rotating the steering wheel to a direc
tion for avoidance of collision.

0060 An example of the apparatus for preventing advance
movement of occupants at the time of collision is a seatbelt
take-up apparatus. The seatbelt take-up apparatus prevents an
occupant from moving forward, which movement would oth
erwise occur because of inertia upon collision of the vehicle
with a front obstacle. Specifically, upon detection of a colli
sion of the vehicle, the seatbelt take-up apparatus takes up the
seatbelt and locks the belt at the taken up position, to thereby
prevent the seatbelt from being pulled out further. Notably, in
order to realize this function, there is implemented an appa
ratus for taking up and locking the sheet belt by use of an
electric motor or compressed gas.
0061 An example of the apparatus for optimizing the
operation of an airbag and the impact absorbing efficiency of
the operated airbag is a column moving apparatus for moving
the steering column in accordance with whether the occupant
wears the seat belt or in accordance with the physique
(weight) of the occupant. The column moving apparatus is
designed to move the steering column so as to change the
distance between the driver and the steering wheel to a dis
tance necessary for deployment of an air bag, to thereby
efficiently absorb impact. In order to realize this function,
there is implemented, for example, an apparatus for changing
the angle of the steering column, an apparatus for changing
the distance between the steering wheel and the driver, or an
apparatus for moving the seat along the front/back direction.
0062 An example of the apparatus for changing the
impact energy absorption load is an impact energy absorbing
apparatus for mitigating impact of the driver against the steer
ing wheel through energy absorption upon deformation of the
steering column. The impact energy absorbing apparatus is
designed to operate when the driver collides with the steering
wheel during a vehicle collision and properly mitigate the
impact energy produced upon the collision, by energy absorp
tion attained upon deformation of the steering column. In
order to realize this function, there is implemented, for
example, an impact energy absorbing apparatus which
includes a conical pin inserted into the outer circumferential
wall of the steering column by a predetermined amount and
which utilizes a deformation resistance generated when the
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pin moves relative to the outer circumferential wall of the
steering column, while tearing the wall.
0063. An example of the apparatus for moving the opera
tion pedals includes a pedal moving apparatus for moving the
operation pedals toward the front of the vehicle immediately
before occurrence of a vehicle collision or immediately upon
occurrence of a vehicle collision. Upon detection of a vehicle
collision, the pedal moving apparatus moves the operation
pedals toward the front of the vehicle in order to avoid colli
sion between the legs of the driver moved forward because of
inertia and the operation pedals (e.g., an acceleration pedal, a
brake pedal, etc.). Notably, in order to realize this function,
there is implemented, for example, a pedal moving apparatus
which, by means of drive force of an electric motor, moves the
operation pedals or moves the acceleration pedal and the
brake pedal at different timings.
0064. The cutoff circuit for stopping supply of electrical
power to apparatuses other than the occupant protection appa
ratus 60 and the apparatus for controlling the traveling state of
the vehicle is a cutoff circuit which cuts off the supply of
electrical power to apparatuses other than the occupant pro
tection apparatus 60 and vehicle traveling control apparatuses
(such as an ABS, a vehicle stability control apparatus, etc.) in
order to preferentially supply electrical power to the occupant
protection apparatus 60 and the vehicle traveling control
apparatuses. That is, the cutoff circuit stops Supply of electri
cal power to apparatuses which are not necessary for collision
prediction and collision avoidance, such as audio equipment.
0065. Next, operation of the collision prediction system
according to the present embodiment having the above-de
scribed configuration will be described in detail. When an
unillustrated ignition Switch is activated, the collision predic
tion ECU 11 of the collision prediction apparatus 10 starts to
execute a collision prediction program of FIG. 4 at predeter
mined short intervals.

0066. The collision prediction ECU 11 starts the collision
prediction program from step S10. In step S11, the collision
prediction ECU 11 acquires the relative distance L between
the front end of the vehicle and a front obstacle and the

relative speed VR of the vehicle relative to the front obstacle,
which are output from the radar sensor 15. The collision
prediction ECU 11 stores the acquired relative distance L and
relative speed VR, as a present relative distance Lnew and a
present relative speed VR new, respectively, where “new”
indicates that these data are acquired through present execu
tion of the program.
0067. After storage of the present relative distance Lnew
and the present relative speedVRnew, the collision prediction
ECU 11 determines in step S12 whether the present relative
speed VR new is positive. When the present relative speed
VRnew is not positive, the collision prediction ECU 11 makes
a “No” determination in step S12, and proceeds to step S24 in
order to end the program. When the present relative speed
VRnew is not positive, this means that the relative distance L.
between the front end of the vehicle and the front obstacle

does not change or increases. In this case, since the vehicle is
unlikely to collide with the front obstacle, collision prediction
is unnecessary.
0068. When the present relative speed VR new is positive,
the collision prediction ECU 11 makes a “Yes” determination
in step S12, and proceeds to step S13. In step S13, the colli
sion prediction ECU 11 determines whether the absolute
value Öl of the steering angle 8 detected on the basis of the
output signal from the steering angle sensor 13 is greater than
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a preset steering angle Ös. Through this determination, the
collision prediction ECU 11 can determine whether the
vehicle is currently traveling along a curved road section.
That is, when the absolute value Öl of the steering angle 8 is
not greater than the preset steering angle Ös, the vehicle is not
traveling along a curved road section, and therefore, the col
lision prediction ECU 11 makes a “No” determination and
proceeds to step S16.
0069. Meanwhile, when the absolute value Öl of the steer
ing angle 8 is greater than the preset steering angle Ös, the
vehicle is traveling along a curved road section, and therefore,
the collision prediction ECU 11 makes a “Yes” determination
and proceeds to step S14. In step S14, the collision prediction
ECU 11 executes a curved-road obstacle checking routine.
This curved-road obstacle checking routine properly selects a
front obstacle with which the vehicle is highly likely to col
lide, among front obstacles detected by the radar sensor 15,
while excluding obstacles (e.g., a vehicles traveling in the
opposite lane, and signboards disposed in the opposite lane)
with which the vehicle is actually highly unlikely to collide,
because the vehicle is traveling along a curved road.
0070. As shown in FIG. 5, this curved-road obstacle
checking routine is started from step S100. In step S101, the
collision prediction ECU 11 calculates the radius of curvature
R1 of a road section along which the vehicle is currently
traveling. Specifically, the collision prediction ECU 11 cal
culates the radius of curvature R1 from the steering angle 8 on
the basis of the output signal from the steering angle sensor 13
and the yaw rate y from the yaw rate sensor 14, and proceeds
to step S102.
(0071. In step S102, the collision prediction ECU 11 deter
mines whether the relative distance between the vehicle and

the front obstacle; i.e., the present relative distance Lnew, is
not greater than a predetermined distance (e.g., 50 m). When
the present relative distance Lnew is 50m or less, the collision
prediction ECU 11 makes a “Yes” determination, and pro
ceeds to step S103. Meanwhile, when the present relative
distance Lnew is greater than 50 m, the collision prediction
ECU 11 makes a “No” determination, and proceeds to step
S107. In the comparative determination of the present relative
distance Lnew, the collision prediction ECU 11 may perform
the determination for relative distance upon satisfaction of
other conditions. For example, the collision prediction ECU
11 may perform the determination for relative distance when
the present relative speed VR new is not greater than 120
km/h, or when the time before collision between the vehicle
and the front obstacle is 1.5 sec or less.

(0072. In step S103, the collision prediction ECU 11 esti
mates the radius of curvature R2 of a road section on which

the front obstacle is present. Specifically, the collision pre
diction ECU 11 acquires from the navigation apparatus 20
road shape data and road Surface condition data regarding the
road section on which the front obstacle is present. Here, there
will be described operation of the collision prediction ECU
11 for communicating with the navigation ECU 21 of the
navigation apparatus 20 So as to obtain the road shape data
and the road Surface condition data. First, the collision pre
diction ECU 11 supplies the present relative distance Lnew
(relative distance to the front obstacle) to the gateway com
puter 40 via the bus 30.
0073. The gateway computer 40 supplies the supplied
present relative distance Lnew to the navigation ECU 21 of
the navigation apparatus 20 via the LAN 50. The navigation
ECU 21 receives the present relative distance Lnew via the
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LAN interface 25, and temporarily stores it in unillustrated
RAM. The navigation ECU 21 receives respective detection
values from the GPS receiver 22, the gyroscope 23, and the
vehicle speed sensor 12, and detects the present location and
heading direction of the vehicle. The navigation ECU 21
determines the position of the front obstacle through utiliza
tion of the detected present location and heading direction of
the vehicle and the stored present relative distance Lnew.
Subsequently, the navigation ECU 21 searches the storage
apparatus 24 So as to acquire road shape data and road Surface
condition data regarding a road section along which the front
obstacle whose position has been determined, and Supplies
the acquired data to the gateway computer 40 via the LAN50.
0074. Upon receipt of the road shape data and the road
Surface condition data from the navigation ECU 21, the gate
way computer 40 supplies the received data to the collision
prediction ECU 11 via the bus 30. The collision prediction
ECU 11 receives the supplied road shape and road surface
condition data, and temporality stores them in unillustrated
RAM. Subsequently, the collision prediction ECU 11 esti
mates the state of presence of the front obstacle; i.e., the
radius of curvature R2 of the road section by use of the stored
road shape data. Since the stored road shape data include data
representing the number of lanes of the road section, the
collision prediction ECU 11 specifies the lane on which the
front obstacle is present, through use of the present relative
distance Lnew and the presence direction information.
0075. The collision prediction ECU 11 estimates the
radius of curvature of the specified lane, as the radius of
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clothoid parameter. Notably, the calculated curve is not lim
ited to a clothoid curve. For example, the collision prediction
ECU 11 may calculate a curve whose radius of curvature
changes from R1 to R2 at a location corresponding to half the
present relative distance Lnew. After completion of calcula
tion of a curve, the collision prediction ECU 11 proceeds to
step S105.
(0079. In step S105, the collision prediction ECU 11 cal
culates a curve whose radius of curvature is R3 and which

passes through a point along the curve calculated in step
S104, the point being ahead of the vehicle by the present
relative distance Lnew. Specifically, the collision prediction
ECU 11 selects a point which is located along the curve
calculated in step S104 and is separated from the vehicle by
the present relative distance Lnew. Subsequently, the colli
sion prediction ECU 11 calculates a curve whose radius of
curvature is R3 and which passes through the selected point
and the reference point of the vehicle, and then proceeds to
step S106.
0080. In step S106, the collision prediction ECU 11 cal
culates a relative lateral distance Xr; i.e., a relative lateral
distance between the front obstacle and the vehicle at the time

when the vehicle travels along the curve whose radius of
curvature is R3 by the present relative distance Lnew.
Although one method for calculating the relative lateral dis
tance Xr will be described below, various methods can be

used for Such calculation. In the present embodiment, the
relative lateral distance Xr will be described as an offset
distance between the center axis of the vehicle and a side

curvature R2 of the road section on which the front obstacle is

surface of the front obstacle. Further, there will be described

present. When the front obstacle is moving, the collision
prediction ECU 11 may estimate the radius of curvature R2
more accurately by correcting the radius of curvature R2
estimated on the basis of the road shape data, by use of the
stored road Surface condition data. After estimating the radius
of curvature R2, the collision prediction ECU 11 proceeds to
step S104.
0076. In step S104, through utilization of a known calcu
lation method, the collision prediction ECU 11 calculates a

the case where the relative lateral distance Xr is calculated

curve. Such as a clothoid curve, which connects a curve hav

ing the radius of curvature R1 calculated in step S101 and a
curve having the radius of curvature R2 estimated in step
S103 with the present relative distance Lnew. Since the pro
cess of calculating a clothoid curve is known, its detailed
description is omitted in the present specification; however,
the calculation process will be briefly described below.
0077. The clothoid curve refers to a curve whose curvature
is proportional to the arc length thereof, and is represented by

a basic formula RxL=A, where L represents the curve length

from the clothoid origin to an arbitrary point P R represents
the radius of curvature at the arbitrary point P, and A repre
sents a clothoid parameter. Such a clothoid curve having the
above-described characteristics peculiar thereto has been uti
lized in, for example, road design, as a curve for connecting
together arcs, lines, or a line and an arc.
0078. The collision prediction ECU 11 connects the curve
having the radius of curvature R1 and the curve having the
radius of curvature R2 by use of the clothoid curve. Specifi
cally, the collision prediction ECU 11 calculates a clothoid
curve by use of the above-described basic formula for
clothoid curves. In this case, L represents the distance
between the vehicle and the front obstacle; i.e., the present
relative distance Lnew, R represents the radius of curvature at
the position of the front obstacle, and A is a predetermined

from the radius of curvature R3 of the curve along which the
vehicle travels and the present relative distance Lnew
between the vehicle and the front obstacle.

0081 For calculation of the above-described relative lat
eral distance Xr, the collision prediction ECU 11 first detects
an instantaneous relative lateral distance X between the cen
ter axis of the vehicle and the side surface of the front

obstacle. Specifically, the collision prediction ECU 11 detects
the relative lateral distance X by use of the present relative
distance Lnew to the front obstacle and the curve having a
radius of curvature R2 which is estimated in step S103 and
along which the front obstacle is present, and on the basis of
the presence direction (heading direction) of the front
obstacle in a state in which the position and heading direction
of the vehicle are used as references.

0082 Since the detected relative lateral distance X is an
instantaneous relative lateral distance X at the time of present
execution of the program, it represents a relative lateral dis
tance X in a case where the vehicle is assumed to travel

straight toward the front obstacle. However, in the case where
the vehicle travels while curving, at the radius R3, the vehicle
does not travel straight toward the front obstacle. Therefore,
the collision prediction ECU 11 calculates a correction
amount on the basis of the radius of curvature R3 and the

present relative distance Lnew to the front obstacle, in accor

dance with an equation Lnew /(2xR3). Subsequently, the

collision prediction ECU 11 corrects the detected relative
lateral distance X by the correction value so as to obtain the
relative lateral distance Xr. After completion of calculation of
the relative lateral distance Xr, the collision prediction ECU
11 proceeds to step S108.
I0083. When the present relative distance Lnew is greater
than 50 m, the collision prediction ECU 11 makes a “No”
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determination in step S102, and then proceeds to step S107. In
step S107, in a manner similar to that in step S106, the
collision prediction ECU 11 calculates a correction amount
on the basis of the radius of curvature R1 calculated in step

S101, in accordance with an equation Lnew/(2xR1). Subse

quently, the collision prediction ECU 1 i corrects the detected
relative lateral distance X by the correction value so as to
obtain the relative lateral distance Xr. After completion of
calculation of the relative lateral distance Xr, the collision

prediction ECU 11 proceeds to step S108.
0084. After completion of the calculation processing in
step S106 or S107, in step S108, the collision prediction ECU
11 compares a predetermined distance AW and the relative
lateral distance Xr calculated in step S106 or S107 so as to
determine whether the relative lateral distance Xr is not

greater than the predetermined distance AW. Here, the prede
termined distance AW is determined to correspond to half the
preset width of a region (the lane along which the vehicle
travels) which is necessary for the vehicle to travel without
colliding with the front obstacle. Specifically, when the rela
tive lateral distance Xr is not greater than the predetermined
distance AW, the front obstacle is present in the lane along
which the vehicle travels. In this case, the collision prediction
ECU 11 makes a “Yes” determination, and proceeds to step
S109. In step S109, the collision prediction ECU 11 recog
nizes the front obstacle as a collision object with which the
vehicle is highly likely to collide, and then proceeds to step
S111.

0085 Meanwhile, when the relative lateral distance Xr is
greater than the predetermined distance AW, the front
obstacle is not present in the lane along which the vehicle
travels. In this case, the collision prediction ECU 11 makes a
“No” determination, and proceeds to step S110. In step S110,
the collision prediction ECU 11 recognizes the front obstacle
as a front object, with which the vehicle is highly unlikely to
collide, and removes the front obstacle from collision objects,
and then proceeds to step S111. In step S111, the collision
prediction ECU 11 ends the curved-road obstacle checking
routine.

I0086 Referring back to the flowchart of FIG. 4, in step
S15, the collision prediction ECU 11 determines whether it
has recognized the front obstacle on the curved road section
as a collision object. Specifically, when the collision predic
tion ECU 11 has removed the front obstacle from the collision

objects through execution, in step S14, of the curved-road
obstacle checking routine, the collision prediction ECU 11
makes a “No” determination, and proceeds to step S24 so as
to end the program. When the collision prediction ECU 11 has
recognized the front obstacle as a collision object, the colli
sion prediction ECU 11 makes a “Yes” determination, and
proceeds to step S16.
I0087. In step S16, the collision prediction ECU 11 deter
mines whether the absolute value |G| of the acceleration G

output from the acceleration sensor 16 is greater than a preset
acceleration Gs. Through this determination, the collision
prediction ECU 11 can determine whether the vehicle is
currently traveling along a sloping road section. That is, when
the absolute value |G| of the acceleration G is not greater than
the preset acceleration Gs, the vehicle is not traveling along a
sloping road section, and therefore, the collision prediction
ECU 11 makes a “No” determination and proceeds to step
S19.

0088. Meanwhile, when the absolute value |G| of the
acceleration G is greater than the preset acceleration Gs, the
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vehicle is traveling along a sloping road section, and there
fore, the collision prediction ECU 11 makes a “Yes” deter
mination and proceeds to step S17. In step S17, the collision
prediction ECU 11 executes a sloping-road obstacle checking
routine. This sloping-road obstacle checking routine properly
selects a front obstacle with which the vehicle is highly likely
to collide, among front obstacles detected by the radar sensor
15, while excluding obstacles (e.g., signboards and bridges)
which are detected when a vertical motion (vibration) of the
vehicle is generated, for example, upon passage of a step and
with which the vehicle is highly unlikely to collide.
I0089. As shown in FIG. 6, the sloping-road obstacle
checking routine is started from step S150. In step S151, the
collision prediction ECU 11 calculates the slope gradient of a
sloping road section along which the vehicle is currently
traveling. Specifically, the collision prediction ECU 11 has a
slope gradient map which stores the relation between accel
eration G and slope gradient value, which increases with
acceleration G. The collision prediction ECU 11 calculates a
slope gradient value corresponding to the detected accelera
tion G with reference to the slope gradient map, and then
proceeds to step S152.
(0090. In step S152, the collision prediction ECU 11
checks whether the slope gradient value calculated in step
S151 is proper, by use of road gradient data of the navigation
apparatus 20. Specifically, the collision prediction ECU 11
acquires from the navigation apparatus 20 road gradient data
regarding a road section where the vehicle is present, and
confirms that the acceleration G detected by the acceleration
sensor 16 is an acceleration Stemming from traveling along a
sloping road section; i.e., that the acceleration G is not an
acceleration stemming from a vertical motion caused by pas
sage of a step or by acceleration and deceleration.
(0091. Here, operation of the collision prediction ECU 11
for acquiring road gradient data from the navigation appara
tus 20 will be described. The navigation ECU 21 of the
navigation apparatus 20 repeatedly detects the present loca
tion while the vehicle is traveling, and specifies a road on
which the vehicle is present. The navigation ECU 21 searches
the storage apparatus 24, and acquires road gradient data
regarding the specified road. Subsequently, the navigation
ECU 21 Supplies the acquired road gradient data to the gate
way computer 40 via the LAN 50. The gateway computer 40
Supplies the Supplied road gradient data to the collision pre
diction ECU 11 via the bus 30.

0092. Upon receipt of the road gradient data, the collision
prediction ECU 11 compares a gradient value contained in the
road gradient data with the slope gradient value calculated in
step S151 to thereby check whether the vehicle is present on
a sloping road section. That is, when the deviation of the
calculated slope gradient value from the acquired gradient
value falls within a predetermined range, the collision predic
tion ECU 11 determines that the vehicle is present on a
sloping road section. When the collision prediction ECU 11
confirms that the vehicle is present on a sloping road section,
the collision prediction ECU 11 performs subsequent pro
cessing by use of the calculated slope gradient value. In the
case where the deviation of the calculated slope gradient
value from the acquired gradient value falls outside the pre
determined range in spite of the vehicle being present on a
sloping road section, the collision prediction ECU 11 corrects
the calculated slope gradient value to match the acquired
gradient value.
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0093. When an acceleration G is detected in spite of the
vehicle being determined to be present on a horizontal road
section on the basis of the gradient value contained in the road
gradient data, the collision prediction ECU 11 performs sub
sequent processing under the assumption that the vehicle is
present on a horizontal road section. Specifically, when the
collision prediction ECU 11 confirms, on the basis of the
gradient value contained in the road gradient data, that the
vehicle is definitely present on a horizontal road section, the
collision prediction ECU 11 handles the. detected accelera
tion G as an acceleration which is generated, for example, as
a result of vertical motion (vibration) of the vehicle caused by
passage of a step on the road Surface, and recognizes that the
vehicle is present on a horizontal road section. Through the
above operation, the collision prediction ECU 11 can accu
rately check whether the vehicle is present on a sloping road
section.

0094. After completion of the confirmation processing in
step S152, in step S153, the collision prediction ECU 11
determines whether the front obstacle is present on a sloping
road section. Specifically, the collision prediction ECU 11
acquires the presence direction information output from the
radar sensor 15, specifies a direction in which the front
obstacle is present, and compares the present relative distance
Linew; i.e., the distance between the vehicle and the front

obstacle, with a road length contained in the road gradient
data.

0095. When this comparison reveals that the present rela
tive distance Linew; i.e., the distance between the vehicle and

the front obstacle present in the specified direction, is smaller
than the road length, the front obstacle is present on the
sloping road section. In this case, the collision prediction
ECU 11 makes a “Yes” determination, and proceeds to step
S154. In step S154, the collision prediction ECU 11 recog
nizes the front obstacle present on the sloping road section as
a collision object, with which the vehicle is highly likely to
collide, and then proceeds to step S156.
0096. Meanwhile, when this comparison reveals that the
present relative distance Linew; i.e., the distance between the
vehicle and the front obstacle present in the specified direc
tion, is greater than the road length, the front obstacle is not
present on the sloping road section. In this case, the collision
prediction ECU 11 makes a “No” determination, and pro
ceeds to step S155. In step S155, the collision prediction ECU
11 recognizes the front obstacle as an object with which the
vehicle is highly unlikely to collide, and removes the front
obstacle from the collision objects, and then proceeds to step
S156. Examples of front obstacles which are removed in this
manner include bridges and signboard provided above roads.
In step S156, the collision prediction ECU 11 ends the slop
ing-road obstacle checking routine.
0097. Referring back to the flowchart of FIG. 4, in step
S18, the collision prediction ECU 11 determines whether it
has recognized the front obstacle on the sloping road section
as a collision object. Specifically, when the collision predic
tion ECU 11 has removed the front obstacle from the collision

objects through execution, in step S17, of the sloping-road
obstacle checking routine, the collision prediction ECU 11
makes a “No” determination, and proceeds to step S24 so as
to end the program. When the collision prediction ECU 11 has
recognized the front obstacle as a collision object, the colli
sion prediction ECU 11 makes a “Yes” determination, and
proceeds to step S19.
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(0098. In step S19, the collision prediction ECU 11
executes a collision-avoidance-time changing routine. As
shown in FIG. 7, this collision-avoidance-time changing rou
tine is started from step S200. In step S201, the collision
prediction ECU 11 determines whether or not the vehicle is
currently passing over an iron bridge or through a tunnel.
Specifically, the collision prediction ECU 11 communicates
with the navigation apparatus 20 via the bus 30, the gateway
computer 40, and the LAN 50. Thus, the collision prediction
ECU 11 acquires from the navigation ECU 21 of the naviga
tion apparatus 20 road environment data regarding a road
section along which the vehicle is currently traveling. For
Supplying the road environment data, the navigation ECU 21
detects the present location of the vehicle, and searches the
road environment data stored in the storage apparatus 24 by
use of the detected present location.
0099. When, on the basis of the acquired road environ
ment data, the vehicle is determined to be passing overan iron
bridge or through a tunnel, the collision prediction ECU 11
makes a “Yes” determination, and proceeds to step S203.
When the vehicle is not passing overan ironbridge or through
a tunnel, the collision prediction ECU 11 makes a “No”
determination, and proceeds to step S202. In step S202, the
collision prediction ECU 11 determines whether the vehicle
is waiting at an intersection to make a right turn (assuming
that vehicles travel on the left side of the road).
0100 Specifically, the collision prediction ECU 11 com
municates with the navigation apparatus 20 via the bus 30, the
gateway computer 40, and the LAN 50. Thus, the collision
prediction ECU 11 requests the navigation ECU 21 of the
navigation apparatus 20 to check whether the vehicle is cur
rently located at an intersection. Further, the collision predic
tion ECU 11 acquires the vehicle speed V output from the
vehicle speed sensor 12, and checks whether the vehicle is
currently stopped.
0101 Subsequently, on the basis of the results of these
checking operations, the collision prediction ECU 11 deter
mines whether the vehicle is waiting at an intersection to
make a right turn. When the vehicle is waiting at an intersec
tion to make a right turn, the collision prediction ECU 11
makes a “Yes” determination, and proceeds to step S203. In
step S203, the collision prediction ECU 11 increases a colli
sion avoidance time Tc, which represents a collision determi
nation reference value; i.e., a time required to avoid collision
between the vehicle and the front obstacle. The operation of
increasing the collision avoidance time Tc is performed for
the following reason. When the collision prediction ECU 11
makes a “Yes” determination in step S201 or S202, a front
obstacle with which the vehicle is highly unlikely to collide is
detected, and the front obstacle must be made difficult to

select as a collision object.
0102 Specifically, the radar sensor 15 detects, as a front
obstacle, an ironbridge, the wall of a tunnel, or other vehicles
passing in front of the vehicle waiting in order to make a right
turn, in spite of low possibility that the vehicle collides with
the bridge, the tunnel wall, or the passing vehicles. Therefore,
there is a possibility that an erroneous determination is made
in the collision determination processing in step S22, which
will be described later, with the result that the occupant pro
tection apparatus 60 operates erroneously. Therefore, in order
to prevent such erroneous determination and erroneous
operation, in step S203, the collision prediction ECU 11
increases the collision avoidance time Tc, which is used in the
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predictive collision determination processing. Subsequently,
the collision prediction ECU 11 ends the present routine in
step S206.
(0103) When the collision prediction ECU 11 determines in
step S202 that the vehicle is not waiting at an intersection to
make a right turn, the collision prediction ECU 11 makes a
“No” determination, and proceeds to step S204. In step S204,
the collision prediction ECU 11 determines whether the
vehicle is currently traveling along a highway. Specifically,
the collision prediction ECU 11 communicates with the navi
gation apparatus 20 via the bus 30, the gateway computer 40,
and the LAN 50. Thus, the collision prediction ECU 11
acquires from the navigation ECU 21 of the navigation appa
ratus 20 road type data regarding the road along which the
vehicle is currently traveling. For Supplying the road type
data, the navigation ECU21 detects the present location of the
vehicle, and searches the road type data stored in the storage
apparatus 24 by use of the detected present location.
0104. When, on the basis of the acquired road type data,
the vehicle is determined to be traveling on a highway, the
collision prediction ECU 11 makes a “Yes” determination,
and proceeds to step S205. In step S205, the collision predic
tion ECU 11 decreases the collision avoidance time Tc, and

then proceeds to step S206. The operation of decreasing the
collision avoidance time Tc is performed for the following
reason. When the determination processing in step S204
determines that the vehicle is traveling on a highway, because
of high vehicle speedV, the collision avoidance time Tc must
be made shorter, and the front obstacle must be made easier to
select as a collision object.
0105 Specifically, when the vehicle is traveling on a high
way, the vehicle speedV is high. Therefore, a collision object
must be detected in an early stage, and the predictive collision
determination processing in step S22, which will be described
later, must be executed properly. Therefore, the collision pre
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the ETC gate. The output ETC pass-through signal is supplied
to the collision prediction ECU 11 via the LAN 50, the gate
way computer 40, and the bus 30.
0108. When the collision prediction ECU 11 is not receiv
ing the ETC pass-through signal, the collision prediction
ECU 11 makes a “No” determination, and proceeds to step
S254. Meanwhile, when the collision prediction ECU 11 is
receiving the ETC pass-through signal, the collision predic
tion ECU 11 makes a “Yes” determination, and proceeds to
step S252. In step S252, the collision prediction ECU 11
determines whether the front obstacle is a stationary object
located in front of the vehicle and within a predetermined
range (for example, 30 m). That is, the collision prediction
ECU 11 determines whether the front obstacle detected when

the vehicle passes through the ETC lane is an ETC gate bar.
0109 Specifically, when the vehicle passes through an
ETC gate, the ETC gate bar remains closed and is located in
front of the vehicle until toll-fee settlement processing ends.
Therefore, the collision prediction ECU 11 checks the front
obstacle on the basis of the present relative distance Lnew, the
present relative speed VR new, and the vehicle speed V. Spe
cifically, through utilization of the present relative distance
Lnew, the collision prediction ECU 11 checks whether the
distance between the front end of the vehicle and the front

obstacle falls within a predetermined range. Further, the col
lision prediction ECU 11 checks whether the front obstacle is
stationary, on the basis of the present relative speed VRnew
and the vehicle speed V.
0110. When the front obstacle is determined to be present
within the predetermined distance range as measured from
the front end of the vehicle and to be stationary, the collision
prediction ECU 11 makes a “Yes” determination, and pro
ceeds to step S253. In step S253, the collision prediction ECU
11 determines that the front obstacle is an ETC gate bar.

diction ECU 11 shortens the collision avoidance time Tc used

Meanwhile, when the front obstacle is determined not to be

in the predictive collision determination processing. Mean
while, when, on the basis of the acquired road type data, the
vehicle is determined not to be traveling on a highway, the
collision prediction ECU 11 makes a “No” determination,
and proceeds to step S206 so as to end the collision-avoid
ance-time changing routine.
0106 Referring back to the flowchart of FIG. 4, in step
S20, the collision prediction ECU 11 performs a routine for
checking an automatic fee settlement site; i.e., an ETC (Elec
tronic Toll Collection) gate. This routine checks whether the
front obstacle detected in the above-described respective
steps is an ETC gate bar for stopping a vehicle. This checking
operation is performed for the following reason. When the
front obstacle detected as a collision object is an ETC gate
bar, this must be removed from the collision objects, because
when the vehicle passes through the ETC gate, the ETC gate
bar is automatically raised, whereby collision is avoided.
0107 This ETC gate checking routine is started from
S250. In step S251, the collision prediction ECU 11 deter
mines whether the collision prediction ECU 11 is presently
receiving an ETC pass-through signal from the navigation
apparatus 20. This will be described in detail. The navigation
ECU 21 of the navigation apparatus 20 detects the present

present within the predetermined distance range as measured
from the front end of the vehicle or to not be stationary, the
collision prediction ECU 11 makes a “No” determination,
and proceeds to step S254. In step S254, the collision predic

location of the vehicle, and determines whether the vehicle is

currently present on a lane for use of the ETC gate. When the
vehicle is currently present on the lane for use of the ETC
gate, the navigation ECU 21 outputs the ETC pass-through
signal indicating that the vehicle is currently passing through

tion ECU 11 determines that the front obstacle is not an ETC

gate bar. After completion of the processing in step S253 or
S254, the collision prediction ECU 11 proceeds to step S255.
In step S255, the collision prediction ECU 11 ends the ETC
gate checking routine.
0111 Referring back to the flowchart of FIG. 4, in step
S21, the collision prediction ECU 11 determines whether it
has recognized the front obstacle as an ETC gate bar. Specifi
cally, when the collision prediction ECU 11 has determined
that the front obstacle is an ETC gate barthrough execution of
the ETC gate checking routine in step S20, the collision
prediction ECU 11 makes a “Yes” determination, and pro
ceeds to step S24 so as to end the program. The reason why
this program is ended is that since the front obstacle is an ETC
gate bar, collision between the vehicle and the front obstacle
is automatically avoided.
0112 Meanwhile, when the front obstacle is not an ETC
gate bar, the collision prediction ECU 11 makes a “No”
determination, and proceeds to step S22. In step S22, the
collision prediction ECU 11 determines the possibility of
collision between the vehicle and the detected front obstacle.

Specifically, the collision prediction ECU 11 compares the
present relative distance Lnew and a distance calculated
through multiplication of the collision avoidance time Tc by
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the present relative speed VR new, to thereby determine
whether the vehicle will collide with the front obstacle.

0113 Specifically, the collision prediction ECU 11 pre
dicts a moving distance of the vehicle by multiplying the
collision avoidance time Tc by the present relative speed
VRnew, and predicts a collision between the vehicle and the
front obstacle through comparison between the predicated
moving distance and the present relative distance Lnew.
When the present relative distance Lnew is greater than the
predicated moving distance, the collision prediction ECU 11
makes a “No” determination, and proceeds to step S24 so as
to end the program. Meanwhile, when the present relative
distance Lnew is less than the predicated moving distance, the
collision prediction ECU 11 makes a “Yes” determination,
and proceeds to step S23. Notably, the method for predictive
collision determination is not limited to the above-described

method, and various predictive collision determination meth
ods can be conceived. Therefore, needless to say, predictive
collision determination can be executed by use of any one of
other predictive collision determination methods.
0114. In step S23, the collision prediction ECU 11 sets a
collision determination flag FRG used for instructing opera
tion of the occupant protection apparatus 60 to “1,” which
indicates operation of the occupant protection apparatus 60.
Subsequently, the collision prediction ECU 11 outputs to the
bus 30 the collision determination flag FRG set to “1,” The
reason for setting the flag to “1” is that the occupant protec
tion apparatus 60 must be operated in order to avoid collision
between the vehicle and the front obstacle or protect occu
pants when the collision is unavoidable.
0115. When the collision determination flag FRG set to
“1” is output to the bus 30, the occupant protection apparatus
60 acquires the collision determination flag FRG. Subse
quently, the occupant protection apparatus 60 operates the
respective apparatuses; e.g., operates the ABS and the trac
tion control so as to control the state of traveling of the vehicle
to thereby avoid the collision, and/or controls operation of the
pedal moving apparatus and operation of the cutoff circuit,
etc., to thereby mitigate the damage to occupants caused by
the collision. After completion of the processing in step S23,
the collision prediction ECU 11 proceeds to step S24 so as to
end the program.
0116. As can be understood from the above description,
the collision prediction ECU 11 of the collision prediction
apparatus 10 according to the first embodiment can accu
rately estimate the state of presence of a front obstacle; i.e.,
the radius of curvature R2 of a curve where the front obstacle

is present. Further, the collision prediction ECU 11 can check
and accurately correct a parameter which indicates the sate of
traveling of the vehicle; i.e., acceleration G detected by the
acceleration sensor 16. This estimation and correction can be

performed on the basis of various types of data supplied from
the navigation apparatus 20; i.e., road shape data, road Surface
condition data, and road gradient data.
0117. Moreover, the collision prediction ECU 11 can
increase the collision avoidance time Tc, which serves as a
collision determination reference value, when the vehicle

travels on a road section along which a stationary object (the
wall of a tunnel, etc.) is disposed or when the vehicle starts
traveling from a state in which it is waiting at an intersection
to make a right turn. Increasing the collision avoidance time
Tc makes the front obstacle difficult to select, during the
predictive collision determination, as a collision object with
which the vehicle is highly likely to collide. By virtue of this
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operation, a stationary object which is continuously detected
as a front obstacle, or another vehicle passing in front of the
vehicle at the time of waiting to make a right turn, can be
excluded as a front obstacle with which the vehicle is unlikely
to collide. Accordingly, erroneous determination, which
would otherwise occur in prediction of collision with these
front obstacles, can be reduced greatly.
0118 Moreover, the collision prediction ECU 11 can
decrease the collision avoidance time Tc when the vehicle

travels on a highway. Decreasing the collision avoidance time
Tc makes the front obstacle easy to select, during the predic
tive collision determination, as a collision front object with
which the vehicle is highly likely to collide. By virtue of this
operation, when the vehicle travels on a highway, a front
obstacle with which the vehicle is highly likely to collide can
be detected in an early stage, and predictive collision deter
mination can be performed properly. Accordingly, for
example, the occupant protection apparatus 60 can be oper
ated at a proper timing on the basis of the results of the
predictive collision determination.
0119 Furthermore, when the vehicle passes through an
ETC gate, the collision prediction ECU 11 can detect an ETC
gate bar which is present in front of the vehicle so as to stop
the vehicle. When the front obstacle is determined to be an

ETC gate bar, the collision prediction is stopped, whereby an
erroneous determination that the vehicle will collide with the

ETC gate bar can be prevented, and thus, the accuracy of the
predictive collision determination can be improved.
0.120. In the above-described embodiment, the collision
prediction ECU 11 is configured to check the presence of a
front obstacle on a curved road section, the slope gradient of
a road section where the vehicle is present, and the travel
environment of the vehicle on the basis of road data previ
ously stored in the storage apparatus 24 of the navigation
apparatus 20 mounted on the vehicle.
I0121. However, the navigation apparatus 20 may be con
figured so as to communicate with the outside (for example,
with an information providing center or a traffic information
providing center) in order to acquire the latest travel-related
information, and so as to Supply the acquired latest travel
related information to the collision prediction ECU 11. This
second embodiment will be described in detail; however,

portions identical with those of the first embodiment are
denoted by the same reference numerals, and their repeated
descriptions are omitted.
I0122. As shown in FIG. 9, a navigation apparatus 20
according to the second embodiment has a communication
unit 26, which enables the navigation apparatus 20 to com
municate with the outside. The communication unit 26 is

connected to the navigation ECU 21, and communicates with
the outside at predetermined intervals to thereby acquire the
latest travel-related information. Therefore, the communica
tion unit 26 has an antenna 26.a for radio communications

with the outside. Examples of such latest travel-related infor
mation include information regarding traffic congestion and
weather near the present location of the vehicle, or traffic
accident information reporting that many accidents have
occurred along a road on which the vehicle is presently trav
eling. Other usable examples of communications between the
communication unit 26 and the outside include communica

tions between the vehicle and other vehicles (inter-vehicle
communications) and communications between the vehicle
and roads (road-vehicle communications).
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0123. The latest travel-related information acquired by the
communication unit 26 is supplied to the navigation ECU 21.
The navigation ECU 21 stores the supplied latest travel-re
lated information in an predetermined storage area of unil
lustrated RAM, and then supplies that information to the
storage apparatus 24. The storage apparatus 24 stores the
supplied latest travel-related information inan predetermined
storage area of for example, a hard disk.
0.124. In the second embodiment configured as described
above as well, the collision prediction ECU 11 executes the
collision prediction program shown in FIGS. 4 to 8. Specifi
cally, the collision prediction ECU 11 executes the curved
road obstacle checking routine in step S14 of FIG. 4. In step
S103 of the curved-road obstacle checking routine shown in
FIG. 5, the collision prediction ECU 11 acquires road shape
data, road Surface condition data, and the latest travel-related

information from the navigation ECU 21 of the navigation
apparatus 20. Since the collision prediction ECU 11 acquires
the latest travel-related information, through utilization of
weather information contained in the latest travel-related

information, the collision prediction ECU 11 can execute
more accurately the calculation of the radius of curvature R2
in step S103, the calculation of the radius of curvature R3 and
the relative lateral distance Xr in steps S104 to S106, and the
determination as to presence of a front obstacle in step S108.
0.125. As can be understood from the above description,
since the collision prediction ECU 11 of the collision predic
tion apparatus 10 according to the second embodiment can
correct the parameters that represent the state of traveling of
the vehicle on the basis of the latest travel-related information

(e.g., weather information), the collision prediction ECU 11
can recognize a front obstacle more accurately. Accordingly,
the collision prediction ECU 11 can more accurately predict
the probability of occurrence of a collision between the
vehicle and a front obstacle.

0126 The embodiments of the present invention have
been described above. However, the present invention is not
limited to the embodiments and modifications thereof, and

various modifications may be practiced without departing
from the scope of the present invention.
0127. For example, in the first and second embodiments,
the collision prediction apparatus 10 and the navigation appa
ratus 20 are provided in order to practice the present inven
tion. However, in a vehicle which is not equipped with the
navigation apparatus 20, a navigation function may be incor
porated into the collision prediction apparatus 10.
0128. This modification will be described specifically
with reference to FIG. 10. The GPS receiver 22, the gyro
Scope 23, the storage apparatus 24 of the navigation apparatus
20, as well as the communication unit 26 are connected to the

collision prediction ECU 11 of the collision prediction appa
ratus 10. This configuration enables the collision prediction
ECU 11 to directly obtain the present location of the vehicle,
road data, latest information, etc., and execute the collision

prediction program shown in FIGS. 4 to 8 by use of these data
and information.
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acquiring an ETC pass-through signal from the navigation
apparatus 20. However, the collision prediction apparatus 10
may be configured to acquire an ETC pass-through signal
from an ETC terminal unit which is mounted on the vehicle

and adapted to automatically settle toll fees. This modifica
tion will be described with reference to FIG. 11; however,

since the details of operation of the ETC terminal unit do not
relate directly to the present invention, its detailed description
is omitted.

I0131 When the vehicle approaches an ETC gate with a
predetermined distance remaining therebetween, an ETC ter
minal unit 70 receives a wave transmitted from an ETC main

computer provided at the ETC gate. Subsequently, the ETC
terminal unit 70 transmits to the ETC main computer infor
mation (e.g., information regarding a traveled section of high
way, and information regarding the amount of money remain
ing on a settlement card) necessary for settlement of toll fees.
The ETC terminal unit 70 is connected to the bus 30 in order

to Supply an ETC pass-through signal to the collision predic
tion apparatus 10.
0.132. Upon receipt of a wave transmitted from the ETC
main computer, the ETC terminal unit 70 supplies an ETC
pass-through signal to the collision prediction ECU 11 via the
bus 30. The collision prediction ECU 11 acquires the ETC
pass-through signal supplied from the ETC terminal unit 70.
Thus, the collision prediction ECU 11 can determine whether
the vehicle is passing through an ETC gate. Accordingly, in
this modification as well, effects similar to those of the first
and second embodiments can be attained.

1-24. (canceled)
25. A collision prediction apparatus mounted on a vehicle,
the collision prediction apparatus comprising front obstacle
detection means for detecting a front obstacle present on a
route of travel of the vehicle, and predictive collision deter
mination means for predictively determining whether the
vehicle will collide with the detected front obstacle, on the

basis of a predetermined collision determination reference
value, the apparatus further comprising:
pass-through information acquiring means for acquiring
pass-through information representing that the vehicle is
passing through an automatic fee settlement site;
pass-through information acquisition determination means
for determining whether the pass-through information
has been acquired by the pass-through information
acquiring means;
front obstacle determination means for determining
whether the front obstacle detected by the front obstacle
detection means is a stationary object existing generally
in front of the vehicle and the distance between the

vehicle and the front obstacle is equal to or less than a
predetermined distance; and
predictive determination prohibition means for prohibiting
the predictive collision determination means from per
forming the predictive determination when the pass
through information is determined to have been
acquired by the pass-through information acquiring

0129. Therefore, in this case as well, effects similar to

means and when the front obstacle determination means

those of the first and second embodiments can be attained.

determines that the front obstacle is a stationary object
existing generally in front of the vehicle and the distance
between the vehicle and the front obstacle is equal to or
less than a predetermined distance.
26. A collision prediction apparatus according to claim 25.
wherein the pass-through information is Supplied from a
navigation apparatus amounted on the vehicle.

Moreover, since a mounting space for mounting the naviga
tion apparatus 20 on the vehicle is not required, the collision
prediction system can be made compact.
0130. In the first and second embodiments, the collision
prediction apparatus 10 is configured to determine whether
the vehicle is currently passing through an ETC gate, by
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27. A collision prediction apparatus according to claim 26,
wherein the navigation apparatus comprises present location
detection means for detecting a present location of the
vehicle, and storage means for storing at least the location of
the automatic fee settlement site in a retrievable manner, and

Supplies the pass-through information on the basis of the
present location detected by the present location detection
means and the location of the automatic fee settlement site

stored in the storage means.
28. A collision prediction apparatus according to claim 25.
furthering comprises occupant-protection-apparatus control
means for starting operation of an occupant protection appa
ratus when the predictive collision determination means pre
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dictively determines that the vehicle will collide with the
front obstacle, the occupant protection apparatus including at
least an apparatus mounted on the vehicle and adapted to
avoid the collision oran apparatus mounted on the vehicle and
adapted to mitigate impact at the time of the collision.
29. A collision prediction apparatus according to claim 25.
wherein the front obstacle detection means is formed of a

millimeter-wave radar which is provided at a front end por
tion of the vehicle and which detects the front obstacle on the

basis of a period of time between transmission of a millimeter
wave and receipt of the wave.
c

c

c

c

c

