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ALERTING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to an alerting apparatus isgues an alert to a

driver of a host vehicle that is entering an irgetsn.

2. Description of Related Art
[0002] Japanese Patent Application Publication No. 200824 (JP

2008-242544 A) describes technology related topgasatus that issues an alert to a driver
of a host vehicle. JP 2008-242544 A describespparatus that sets a virtual safety zone
that extends out in front from a perimeter of tlsthvehicle and alerts (i.e., warns) a driver
when another vehicle enters this safety zone. ,Alke technology described in JP
2008-242544 A extends the width of the safety ztmanclude a crosswalk (i.e., a
pedestrian crossing) when the host vehicle tugig @t an intersection. This safety zone

is long enough to cover the entire intersectiothafront-rear direction of the host vehicle.

SUMMARY OF THE INVENTION
[0003] With the apparatus described above, there mayirhest when, for

example, at an intersection where a traveling roadvhich a host vehicle is traveling
crosses a two-lane crossroad (i.e., a crossroddong lane on each side) in a cross-shape,
in a left-hand traffic jurisdiction, the host vel@@nters the intersection to turn left into the
near lane of the crossroad from the traveling raad, another vehicle that is attempting to
go through the intersection while traveling in thelane of the crossroad enters the safety
zone and an alert regarding the other vehiclessed. However, the paths of the host
vehicle that is turning left into the near lanetloé crossroad and the other vehicle that is
traveling in the far lane of the crossroad will wobss, so the probability that the vehicles

will contact one another is low. Therefore, thévelr of the host vehicle may find the
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alert regarding the other vehicle to be annoying.

[0004] The invention thus provides an alerting appara@sable of inhibiting
annoyance the driver by an alert at an intersection

[0005] One aspect of the invention relates to an alerjpgaratus that issues an
alert regarding a moving obstacle to a driver bbat vehicle, when the host vehicle enters
an intersection of a crossroad that is connected toaveling road on which the host
vehicle is traveling, and the traveling road, ileff-hand traffic jurisdiction. The alerting
apparatus includes an ECU configured to determirteaeling direction of the host
vehicle entering the intersection; set an intersietermination range that extends out in
front of the host vehicle from the host vehiclesdxh on a result of the determination;
obtain position information of the moving obstaastimate a path of the moving obstacle,
based on the position information of the movingtabtle; determine whether the path of
the moving obstacle intersects with the intersestiemnination range; issue the alert
regarding the moving obstacle to the driver whers iletermined that the path of the
moving obstacle intersects with the intersect aet@mtion range; and set the intersect
determination range to be shorter in length inamthrear direction of the host vehicle
when the traveling direction of the host vehicleaideft turn than when the traveling
direction of the host vehicle is a right turn.

[0006] With the alerting apparatus according to this aspét¢he invention, the
intersect determination range is set shorter igtkernn the front-rear direction when the
host vehicle that is traveling in a left-hand ti@flrisdiction turns left at the intersection,
than when the host vehicle turns right at the sgetion. Accordingly, with this alerting
apparatus, when the host vehicle will turn lefbithe near lane of a two-lane crossroad,
for example, it is possible to reduce the likelidoaf the path of the moving obstacle
traveling in the far lane of the crossroad (elge path of the other vehicle) intersecting
with the intersect determination range and, consetllyy an alert being issued for this
moving obstacle for which the host vehicle is ualjkto come into contact with, compared
to when the length of the intersect determinatamge is not shortened. Thus, with this

alerting apparatus, it is possible to inhibit arenroge to the driver by an alert at the
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[0007] In the alerting apparatus according to this aspkttie invention, the ECU
may be configured to set the intersect determinatamge to have a length in the front-rear
direction that is equal to or less than one-haldabad width of the crossroad when the
traveling direction of the host vehicle is a leftrt.

[0008]  With this alerting apparatus, when the host vehvalé turn left into the
near lane of a two-lane crossroad in a left-hamdfidr jurisdiction, for example, an
intersect determination range having a length enftbhnt-rear direction that is equal to or
less than one-half of the road width of the crosdris set. Therefore, with this alerting
apparatus, it is possible to avoid the path of @ingpobstacle traveling in the far lane of
the crossroad from intersecting with the intersgetermination range, and thus more
appropriately inhibit annoyance to the driver byaert at the intersection. Setting the
intersect determination range to have a lengtiénftont-rear direction that is equal to or
less than one-half of the road width of the croadrs not limited to a case in which the
alerting apparatus recognizes the road width atgltee intersect determination range to
be equal to or less than one-half of the road widttd may also include a case in which
the alerting apparatus does not recognize the wadith, and as a result, sets the intersect
determination range to have a length that is eguat less than one-half of the road width.

[0009] Another aspect of the invention relates to an ialgrapparatus that issues
an alert regarding a moving obstacle to a drivea diost vehicle, when the host vehicle
enters an intersection of a crossroad that is adaddo a traveling road on which the host
vehicle is traveling, and the traveling road, inright-hand traffic jurisdiction. The
alerting apparatus includes an ECU configured terdane a traveling direction of the
host vehicle entering the intersection; set arrsetet determination range that extends out
in front of the host vehicle from the host vehidiased on a result of the determination;
obtain position information of the moving obstaastimate a path of the moving obstacle,
based on the position information of the movingtabtle; determine whether the path of
the moving obstacle intersects with the intersestiemnination range; issue the alert

regarding the moving obstacle to the driver whers iletermined that the path of the
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moving obstacle intersects with the intersect deit@gmtion range; and set the intersect
determination range shorter in length in a fromtrréirection of the host vehicle when the
traveling direction of the host vehicle is a rigintn than when the traveling direction of the
host vehicle is a left turn.

[0010]  With the alerting apparatus according to this aspécthe invention, the
intersect determination range is set shorter igtlern the front-rear direction when the
host vehicle that is traveling in a right-hand ficafjurisdiction turns right at the
intersection, than when the host vehicle turns defthe intersection. Accordingly, with
this alerting apparatus, when the host vehicle twith right into the near lane of a two-lane
crossroad, for example, it is possible to redueelikelihood of the path of the moving
obstacle traveling in the far lane of the crossréag., the path of the other vehicle)
intersecting with the intersect determination raagd, consequently, an alert being issued
for this moving obstacle for which the host vehideaunlikely to come into contact with,
compared to when the length of the intersect detextion range is not shortened. Thus,
with this alerting apparatus, it is possible toilathannoyance to the driver by an alert at
the intersection.

[0011] In the alerting apparatus according to this otlsmreat described above,
the ECU may be configured to set the intersectrdetation range to have a length in the
front-rear direction that is equal to or less tlwere-half of a road width of the crossroad
when the traveling direction of the host vehicla isght turn.

[0012]  With this alerting apparatus, when the host vehidleturn right into the
near lane of a two-lane crossroad in a right-hamaffi¢ jurisdiction, for example, an
intersect determination range having a length enftbnt-rear direction that is equal to or
less than one-half of the road width of the crosdrs set. Therefore, with this alerting
apparatus, it is possible to avoid the path of @ingpobstacle traveling in the far lane of
the crossroad from intersecting with the intersgetermination range, and thus more
appropriately inhibit annoyance to the driver byaert at the intersection. Setting the
intersect determination range to have a lengtiénftont-rear direction that is equal to or

less than one-half of the road width of the crazdris not limited to a case in which the
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alerting apparatus recognizes the road width atglthe intersect determination range to
be equal to or less than one-half of the road widtid may also include a case in which
the alerting apparatus does not recognize the wodith, and as a result, sets the intersect
determination range to have a length that is eguat less than one-half of the road width.

[0013] In the alerting apparatus of each of the aspedsribed above, the ECU
may be configured to set a timing of the alert rdopg the moving obstacle to an earlier
timing when the moving obstacle is positioned dafaside of the host vehicle than when
the moving obstacle is positioned on a right siti¢he host vehicle, when the traveling
direction of the host vehicle is a left turn; argt the timing of the alert regarding the
moving obstacle to an earlier timing when the mgwaistacle is positioned on the right
side of the host vehicle than when the moving astis positioned on the left side of the
host vehicle, when the traveling direction of tlestwehicle is a right turn.

[0014]  With this alerting apparatus, when the host vehitims left at the
intersection, it is more difficult for the drives hotice a moving obstacle positioned on the
left side of the host vehicle (e.g., a moving oblgtahat will be traveling in the opposite
direction from the host vehicle after the host e#hiturns left), than a moving obstacle
positioned on the right side of the host vehiclgy.(ea moving obstacle that will be
traveling in the same direction as the host vehafter the host vehicle turns left).
Therefore, when a moving obstacle for which thdreutd be an alert (i.e., a moving
obstacle with a path that intersects the interdet#rmination range) is positioned on the
left side of the host vehicle, the timing of theralis set to an earlier timing than when the
moving obstacle is positioned on the right sidehef host vehicle. Similarly, with this
alerting apparatus, when the host vehicle will tught at the intersection, the timing of an
alert is set to an earlier timing when a movingtable for which there should be an alert is
positioned on the right side of the host vehickntivhen the moving obstacle is positioned
on the left side of the host vehicle. Thereforéhwhis alerting apparatus, the driver of
the host vehicle that will turn left or right cae lmade aware early on of a moving obstacle
positioned in a direction where the driver may easily notice it.

[0015] Still another aspect of the invention relates toadarting apparatus that
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issues an alert regarding a moving obstacle toieerdof a host vehicle, when the host
vehicle enters an intersection of a crossroadishebnnected to a traveling road on which
the host vehicle is traveling, and the travelingdo The alerting apparatus includes an
ECU configured to determine a traveling directioh tbe host vehicle entering the
intersection; obtain position information of the vimgy obstacle; estimate a path of the
moving obstacle, based on the position informatérthe moving obstacle; determine
whether the path of the moving obstacle interseatis a preset intersect determination
range that extends out in front of the host vehioben the host vehicle; issue the alert
regarding the moving obstacle to the driver whers iletermined that the path of the
moving obstacle intersects with the intersect deiteaition range; set a timing of the alert
regarding the moving obstacle to an earlier timirigen the moving obstacle is positioned
on a left side of the host vehicle than when the/ingpobstacle is positioned on a right
side of the host vehicle, when the traveling dimtbf the host vehicle is a left turn; and
set the timing of the alert regarding the movingtable to an earlier timing when the
moving obstacle is positioned on the right sidehaf host vehicle than when the moving
obstacle is positioned on the left side of the hatticle, when the traveling direction of
the host vehicle is a right turn.
[0016] With the alerting apparatus according to this aspkthe invention, when

the host vehicle turns left at the intersections imore difficult for the driver to notice a
moving obstacle positioned on the left side oftibst vehicle (e.g., a moving obstacle that
will be traveling in the opposite direction fromethost vehicle after the host vehicle turns
left), than a moving obstacle positioned on thétrgjde of the host vehicle (e.g., a moving
obstacle that will be traveling in the same dimttias the host vehicle after the host
vehicle turns left). Therefore, when a moving abk for which there should be an alert
(i.e., a moving obstacle with a path that intersebe intersect determination range) is
positioned on the left side of the host vehicles timing of the alert is set to an earlier
timing than when the moving obstacle is positionadthe right side of the host vehicle.
Similarly, with this alerting apparatus, when thesh vehicle will turn right at the

intersection, the timing of an alert is set to anlier timing when a moving obstacle for
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which there should be an alert is positioned orritigt side of the host vehicle than when
the moving obstacle is positioned on the left siithe host vehicle. Therefore, with this
alerting apparatus, the driver of the host vehibk will turn left or right can be made
aware early on of a moving obstacle positioned gliraction where the driver may not
easily notice it.
[0017] Thus, the alerting apparatus according to eachhef dspects of the
invention described above is able to inhibit anmmgathe driver by an alert at an

intersection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Features, advantages, and technical and indussighificance of
exemplary embodiments of the invention will be disd below with reference to the
accompanying drawings, in which like numerals denide elements, and wherein:

FIG. 1 is a block diagram of an alerting apparadgsording to a first example
embodiment of the invention;

FIG. 2A is a plan view of a setting of an intetsdetermination range when the
traveling direction at an intersection of a hoshigke traveling in a left-hand traffic
jurisdiction is a right turn;

FIG. 2B is a plan view illustrating the relationshbetween the intersect
determination range when the host vehicle will tright at the intersection in a left-hand
traffic jurisdiction, and the path of another véaijc

FIG. 3A is a plan view of a setting of the intetsdetermination range when the
traveling direction at the intersection of the hwgshicle traveling in a left-hand traffic
jurisdiction is straight ahead,;

FIG. 3B is a plan view illustrating the relationshbetween the intersect
determination range when the host vehicle travietsght at the intersection in a left-hand
traffic jurisdiction, and the path of another vegijc

FIG. 4A is a plan view of a setting of the intatsdetermination range when the

traveling direction at an intersection of the hwshicle traveling in a left-hand traffic
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FIG. 4B is a plan view illustrating the relationshbetween the intersect
determination range when the host vehicle will tlefh at the intersection in a left-hand
traffic jurisdiction, and the path of another vegijc

FIG. 5A is a plan view of a setting of the intetsdetermination range when the
traveling direction at the intersection of the hweshicle traveling in a right-hand traffic
jurisdiction is a left turn;

FIG. 5B is a plan view illustrating the relationshbetween the intersect
determination range when the host vehicle will tigfbor travel straight at the intersection
in a right-hand traffic jurisdiction, and the pathanother vehicle;

FIG. 6A is a plan view of a setting of the intatsdetermination range when the
traveling direction at the intersection of the heshicle traveling in the right-hand traffic
jurisdiction is a right turn;

FIG. 6B is a plan view illustrating the relationshbetween the intersect
determination range when the host vehicle will tught at the intersection in a right-hand
traffic jurisdiction, and the path of another végjc

FIG. 7 is a flowchart illustrating traffic juriscion determining control in the alerting
apparatus according to the first example embodiment

FIG. 8 is a flowchart illustrating alert contrai the alerting apparatus according to
the first example embodiment;

FIG. 9 is a plan view showing the relationshipwesn an intersect determination
range of the host vehicle and the path of anotbbicle, when the traveling direction at an
intersection (a T-intersection) of the host vehitiat is traveling in a left-hand traffic
jurisdiction is a left turn;

FIG. 10A is a plan view showing the relationshgiveen an intersect determination
range of the host vehicle and the paths of othkicles, when the traveling direction at an
intersection of the host vehicle that is travelin@g left-hand traffic jurisdiction is straight
ahead or a right turn;

FIG. 10B is a plan view showing the relationshgiviieen the intersect determination
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range of the host vehicle and the paths of othbicies, when the traveling direction of the
host vehicle that is traveling in a left-hand ti@jtirisdiction is a left turn;

FIG. 11A is a plan view of the setting of the nstect determination range when the
traveling direction at the intersection of the hwgshicle traveling in a left-hand traffic
jurisdiction is a right turn, in an alerting appasiaccording to a modified example of the
first example embodiment;

FIG. 11B is a plan view showing the relationshgivieen the intersect determination
range when the host vehicle will turn right at timersection in a left-hand traffic
jurisdiction, and the paths of other vehicles;

FIG. 12A is a plan view of the setting of the nstect determination range when the
traveling direction at an intersection of the hwshicle traveling in a left-hand traffic
jurisdiction is a left turn, in the alerting appasaccording to the modified example of the
first example embodiment;

FIG. 12B is a plan view showing the relationshgivieen the intersect determination
range when the host vehicle will turn left at thdersection in a left-hand traffic
jurisdiction, and the path of another vehicle;

FIG. 13 is a block diagram of an alerting appasaacording to a second example
embodiment of the invention;

FIG. 14A is a plan view showing the timings ofrédeof other vehicles, when the
traveling direction at the intersection of the hwgshicle traveling in a left-hand traffic
jurisdiction is a left turn;

FIG. 14B is a plan view showing the timings ofredeof other vehicles, when the
traveling direction at the intersection of the hwgshicle traveling in a left-hand traffic
jurisdiction is a right turn;

FIG. 14C is a plan view showing the timings ofreeof other vehicles, when the
traveling direction at the intersection of the hgshicle traveling in a left-hand traffic
jurisdiction is straight ahead,;

FIG. 15A is a plan view showing the timings ofrédeof other vehicles, when the

traveling direction at the intersection of the hweshicle traveling in a right-hand traffic
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jurisdiction is a right turn;

FIG. 15B is a plan view showing the timings ofredeof other vehicles, when the
traveling direction at the intersection of the hweshicle traveling in a right-hand traffic
jurisdiction is a left turn;

FIG. 15C is a plan view showing the timings ofreeof other vehicles, when the
traveling direction at the intersection of the hweshicle traveling in a right-hand traffic
jurisdiction is straight ahead,;

FIG. 16 Ais a flowchart illustrating alert conitin the alerting apparatus according to
the second example embodiment;

FIG. 16 B is a flowchart illustrating alert contiialthe alerting apparatus according to
the second example embodiment;

FIG. 17A is a plan view showing the timings ofrédeof other vehicles, when the
traveling direction at the intersection of the hwgshicle traveling in a left-hand traffic
jurisdiction is a right turn, in the alerting appfirs according to a modified example of the
second example embodiment; and

FIG. 17B is a plan view showing the timings ofrtdeof other vehicles when the
traveling direction at the intersection of the hwashicle traveling in a left-hand traffic
jurisdiction is a left turn, in the alerting appasaccording to the modified example of the

second example embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0019] Hereinafter, example embodiments of the inventiolh ve described in
detail with reference to the accompanying drawings.

[0020]

FIG. 1 is a block diagram of an alerting apparatgsording to a first example
embodiment of the invention. The alerting appaditshown in FIG. 1 is mounted in a
host vehicle such as a passenger vehicle, for eeamapd issues an alert regarding a
moving obstacle to a driver of the host vehicle. mAving obstacle is, for example, an

obstacle that is able to move, such as anotheclegla pedestrian, or a bicycle or the like.
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Another vehicle may also include a two-wheeled siehas well as a four-wheeled vehicle.
The alert regarding a moving obstacle is, for eXamprocessing that calls the driver’s
attention to the moving obstacle by audio outpainfra speaker in the host vehicle, or an
image display on a display in the host vehicle. afert regarding a moving obstacle may
also be issued by both audio output and an imag@agi  More specifically, the alerting
apparatus 1 may convey an approaching directioa wloving obstacle to the driver by
audio output, or may indicate to the driver a posior the like of the moving obstacle by
an image display on a display, as the alert reggrttie moving obstacle.

[0021] The alerting apparatus 1 issues an alert regartiagmoving obstacle
when the host vehicle enters an intersection. marsection in this case is a location
where a traveling road on which the host vehicléraseling crosses a crossroad that
intersects the traveling road, for example. Anelis¢ction includes a crossroads
intersection and a T-intersection, for example. créssroads intersection is an intersection
where the traveling road and the crossroad crosa nross-shape, for example. A
T-intersection is an intersection where an endhef traveling road is connected in a
T-shape midway in the crossroad, for example. hAtibtersection, the traveling road and
the crossroad do not have to be orthogonal, and miysect at an angle. The
intersection is not limited to a crossroads intetisea and a T-intersection. Also, the
intersection includes an intersection formed ia@llity such as a parking lot. That is, the
traveling road and the crossroad may also includead in a facility such as a parking lot.
The crossroad is connected to the traveling roadhs intersection does not include a
grade separated crossing (an interchange) in whielcrossroad is not connected to the
traveling road. The alerting apparatus 1 does nmetessarily have to recognize the
intersection.

[0022] An example of when the host vehicle enters thersetgion is when the
host vehicle has crossed a stop line provided hglbre the intersection on the traveling
road. When the host vehicle enters the intersectay also be when the distance
between the host vehicle and a stop line right feefioe intersection has become equal to

or less than a preset distance (e.g., 2 meterd)e preset distance may be an arbitrary
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distance. When the host vehicle enters the intBosemay be when the host vehicle on a
traveling road enters an area where the traveliagl overlaps with the crossroad. The
alerting apparatus 1 does not necessarily havectmgnize when the host vehicle enters an
intersection.

[0023] When it is determined that the vehicle speed ohibe vehicle is equal to
or less than a preset vehicle speed threshold Mileealerting apparatus 1 assumes that the
host vehicle will enter an intersection and stamscessing an alert at the intersection.
The alerting apparatus 1 determines whether thieleedpeed of the host vehicle is equal
to or less than the preset vehicle speed thresraice based on a detection result from a
vehicle speed sensor, for example. The presetcleelsipeed threshold value is not
particularly limited, but is 10 km/h, for exampleThe vehicle speed threshold value may
be any value between 5 km/h and 25 km/h, inclusiviéhe vehicle speed threshold value
may be a fixed value or a varying value.

[0024]  Alternatively, the alerting apparatus 1 may deteenwvhether the distance
between the intersection and the host vehicle erirdveling road is equal to or less than a
preset distance threshold value based on map iat@mand position information of the
host vehicle. When it is determined that the distabetween the host vehicle and the
intersection is equal to or less than the presstadce threshold value, the alerting
apparatus 1 recognizes that the host vehicle eriagtan intersection and starts processing
an alert at the intersection. In this case, tbedialy apparatus 1 does not necessarily have
to determine whether the vehicle speed of the fekicle is equal to or less than the
vehicle speed threshold value. The preset distéim@shold value is not particularly
limited, and may be any appropriate value betwe8&nnieters and 2.5 meters, inclusive,
for example. The distance threshold value may fbeed value or a varying value.

[0025] Also, the alerting apparatus 1 determines whethmioaing obstacle that
will be an alert candidate is present. The algrtapparatus 1 obtains the position
information of the moving obstacle based on obstadbrmation from radar, for example.
The alerting apparatus 1 estimates the path ofnibvéng obstacle based on a change over

time in the position information of the moving olde. The alerting apparatus 1
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recognizes a moving obstacle that is moving inraation toward the host vehicle as an
alert candidate, for example. The alerting appardt may also recognize all moving
obstacles for which position information is obtalrees alert candidates.

[0026] The alerting apparatus 1 determines the travelingction of the host
vehicle based on the detection results from a tlmeandicator detecting portion of the
host vehicle, for example. The alerting apparataetermines the traveling direction of
the host vehicle when the vehicle speed of the taekicle is equal to or less than the
vehicle speed threshold value, and it is determthatla moving obstacle that will be an
alert candidate is present. Alternatively, thertalg apparatus 1 may determine the
traveling direction of the host vehicle when itletermined that the host vehicle is entering
an intersection based on the map information amrdpibsition information of the host
vehicle, and it is determined that a moving obstablat will be an alert candidate is
present. The traveling direction of the host vighis a left turn, a right turn, or straight
ahead at an intersection, for example.

[0027]  When the alerting apparatus 1 determines that disé \ehicle is entering
an intersection based on the map information amedpibsition information of the host
vehicle, it is unlikely that this will be confusedth the vehicle traveling around a curve,
so the traveling direction of the host vehicle nadso be determined based on a steering
angle of the host vehicle. In this case, the ialgrapparatus 1 determines that the
traveling direction of the host vehicle is a rigintn, when a right steering angle of the host
vehicle is equal to or greater than a preset tigieshold value, for example. The alerting
apparatus 1 determines that the traveling direatfathe host vehicle is a left turn, when a
left steering angle of the host vehicle is equalrtgreater than a preset left threshold value,
for example.

[0028] The alerting apparatus 1 sets an intersect detatimmrange that extends
in front of the host vehicle, based on the deteatiom result of the traveling direction of
the host vehicle. The intersect determination eaisga range that is used to determine
whether a moving obstacle that is an alert targetvhich an alert should be issued to the

driver of the host vehicle is present. This intetdetermination range will be described
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in detail later. The alerting apparatus 1 estim#te path of a moving obstacle that is an
alert candidate, based on a change over time inptistion information of a moving
obstacle recognized as an alert candidate, for pbeam When the alerting apparatus 1 has
determined that the path of the moving obstacleithan alert candidate intersects with the
intersect determination range, the alerting apparatrecognizes this moving obstacle as
an alert target. The alerting apparatus 1 thepessan alert regarding the moving
obstacle recognized as an alert target to therrive

[0029] Hereinafter, the setting of the intersect determmarange, and the
determination of intersection between the pathhef moving obstacle and the intersect
determination range, will be described with refeeeto the drawings. FIG. 2A is a plan
view showing the setting of an intersect deternmiimatange when the traveling direction
at an intersection of the host vehicle travelingaiteft-hand traffic jurisdiction is a right
turn. A left-hand traffic jurisdiction is a regiar country where a vehicle must travel on
the left-hand side of the road (i.e., to the Iéfth@ center of the road).

[0030] In FIG. 2A, the intersection is denoted by refeermaharacter T, the
traveling road is denoted by reference characterthi®acrossroad is denoted by reference
character Rb, the far lane of the crossroad Rbedefrom the host vehicle is denoted by
reference character Rb1, the near lane of the rmaddkb viewed from the host vehicle is
denoted by reference character Rb2, and the hbstleas denoted by reference character
M. Also, the intersect determination range settly host vehicle M is denoted by
reference character A. Further, an XY coordingtstesn is shown in which a width
direction of the host vehicle M is an X axis ditent and a front-rear direction of the host
vehicle M is a Y axis direction. The intersectidnshown in FIG. 2A is a crossroads
intersection in which the traveling road Ra thaeexds in the Y axis direction crosses the
crossroad Rb that extends in the X axis directioa cross shape. The traveling road Ra
shown in FIG. 2A is a minor road (i.e., a non-ptyroad), and the crossroad Rb is a
major road (i.e., a through road or priority road).

[0031] As shown in FIG. 2A, the alerting apparatus 1 sats intersect

determination range A of a length L1 when the tlagedirection of the host vehicle M
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that will enter the intersection T is a right tufe.g., when the direction indicator is
illuminated on the right side).

[0032] A distance La shown in FIG. 2A is a distance betwde host vehicle M
when the alerting apparatus 1 sets the interseéetrdmation range A, and a stop line SL at
an entrance to the intersection T. This distangedrresponds to the distance threshold
value described above. That is, when it is deteechithat the distance between the host
vehicle M and the intersection T is equal to osl#gn the preset distance threshold value
La, the alerting apparatus 1 may determine theeliray direction of the host vehicle M
and set the intersect determination range. Theirajeapparatus 1 does not necessarily
have to use the distance threshold value La, anddetermine the traveling direction of
the host vehicle M and set the intersect deternanatinge when the vehicle speed of the
host vehicle M is equal to or less than the velspleed threshold value.

[0033] The intersect determination range A includes adetermination range AL
that extends forward from a left front end of trestvehicle M, and a right determination
range AR that extends forward from a right front erfi the host vehicle M, for example.
The left determination range AL and the right detieation range AR are linear ranges
that are parallel to one another. The shape ofrfeesect determination range A is not
limited to the shape shown in FIG. 2A. The shapthe intersect determination range A
may be a linear range that extends forward fromctvger of the front end of the host
vehicle M, or a rectangular range that extends &dwfrom the front end of the host
vehicle M. Also, the left determination range Alaynbe set so as to extend forward from
a position offset in the vehicle width directiowrin a left front end of the host vehicle M,
and the right determination range AR may be seissto extend forward from a position
offset in the vehicle width direction from a rigiiont end of the host vehicle M. The
same also applies to an intersect determinatioger@ithat will be described later.

[0034] The length L1 shown in FIG. 2A is a length of thé&ersect determination
range A in the front-rear direction of the hostic#hM (i.e., the Y axis direction). The
length L1 may be any suitable length between 6 &nmdeters, inclusive, for example.

The length L1 may be a fixed value or a varyingueal The length L1 may also be a
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length that is the same as a road width H of tlessroad Rb, or that exceeds the road
width H, when the alerting apparatus 1 is ablesttbgnize the road width H. The length
L1 may also be set to a length that is less thamdhd width H of the crossroad Rb. Also,
when the length L1 is a variable value, the algriapparatus 1 may recognize the road
width H of the crossroad Rb based on the map irdtion or image information from a
camera, and set the intersect determination rang® the length L1 that is equal to or
greater than the road width H. Even if the roadtiwiH of the crossroad Rb is unable to
be obtained, when the alerting apparatus 1 haggneced a plurality of lanes (i.e., a
plurality of lanes on one side) of the crossroad tRb alerting apparatus 1 may increase
the length L1 as the number of lanes increasesso,Adven if the alerting apparatus 1 has
finished setting the intersect determination raAgehe alerting apparatus 1 may change
the intersect determination range A such that ¢éingth L1 increases as the vehicle speed
of the host vehicle M increases.

[0035] FIG. 2B is a plan view illustrating the relationgstetween the intersect
determination range when the host vehicle M willkkena right turn in a left-hand traffic
jurisdiction, and the path of another vehicle. FIG. 2B, the far lane of the crossroad Rb
viewed from the host vehicle M is denoted by rafesecharacter Rb1, and the near lane
with respect to the host vehicle M is denoted dgremnce character Rb2. Also, another
vehicle traveling in the far lane Rbl is denotedréference character N1, and another
vehicle traveling in the near lane Rb2 is denotgddierence character N2. The path of
the host vehicle M that turns right at the intetecT is denoted by reference character
CM, the path of the other vehicle N1 is denotedddgrence character C1, and the path of
the other vehicle N2 is denoted by reference chardd2.

[0036] The alerting apparatus 1 determines whether thegsett determination
range A and the path C1 of the other vehicle Nérgdct. As shown in FIG. 2B, the
intersect determination range A of the length Lihis same length as the road width H of
the crossroad Rb, so the intersect determinatingerad extends across both the far lane
Rb1l and the near lane Rb2 of the crossroad Rbenfrint-rear direction of the host

vehicle M. This intersect determination range feisects with both of the paths C1 and
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C2 of the other vehicles N1 and N2 traveling ondfessroad Rb. The alerting apparatus
1 determines that the left determination range Althe intersect determination range A
and the path C1 of the other vehicle N1 on thedief¢ of the host vehicle M intersect, and
thus sets the other vehicle N1 as an alert tangétissues an alert to the driver. The
alerting apparatus 1 determines that the rightroetation range AR of the intersect
determination range A and the path C2 of the otleéicle N2 on the right side of the host
vehicle M intersect, and thus sets the other velN2 as an alert target and issues an alert
to the driver. The alerting apparatus 1 does moessarily have to divide the intersect
determination range into left and right ranges.

[0037] FIG. 3Ais a plan view of a setting of the inteitsdetermination range A
when the traveling direction at the intersectiorofTthe host vehicle M traveling in a
left-hand traffic jurisdiction is straight aheadAs shown in FIG. 3A, the alerting
apparatus 1 sets the intersect determination rAngfethe length L1 even when the host
vehicle M is traveling straight ahead. The algrtapparatus 1 may also change the shape
(including the length) of the intersect determioatirange depending on whether the
traveling direction of the host vehicle M is stii@tigghead or a right turn.

[0038] FIG. 3B is a plan view illustrating the relationshietween the intersect
determination range when the host vehicle M tragdlaight at the intersection T in a
left-hand traffic jurisdiction, and the path of déimexr vehicle. In FIG. 3B, a path CM of
the host vehicle M is a path that passes strafgbugh the intersection. In the scenario
shown in FIG. 3B, the alerting apparatus 1 deteesiithat the intersect determination
range A and the paths C1 and C2 of the other vehidll and N2 intersect, and thus sets
the other vehicles N1 and N2 as alert targets ssuks alerts to the driver.

[0039] FIG. 4A is a plan view of a setting of the intettsdetermination range
when the traveling direction at an intersection fTttee host vehicle M traveling in a
left-hand traffic jurisdiction is a left turn. Ashown in FIG. 4A, when the traveling
direction of the host vehicle M is a left turn, thkerting apparatus 1 sets an intersect
determination range B of a length L2. The intersltermination range B includes, for

example, a left determination range BL that extefodeard from a left front end of the
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host vehicle M, and a right determination rangetB& extends forward from a right front
end of the host vehicle M. The intersect detertinarange B shown in FIG. 4A is
shorter in the front-rear direction of the host ieceh M than the intersect determination
range A shown in FIGS. 2A and 3A. That is, whee traveling direction of the host
vehicle M is a left turn in a left-hand traffic jadiction, the alerting apparatus 1 sets an
intersect determination range that is shorter mgtle than when the traveling direction of
the host vehicle M is a right turn or straight aheaThe intersect determination range B
may also have a different shape than the intetstetmination range A.

[0040] The length L2 is a length that is shorter thanlémgth L1. The length
L2 may be set to an appropriate length betweend35ameters, inclusive, for example.
The length L2 may be a fixed value or a variableiwa The length L2 may be a length
obtained by subtracting a predetermined length ftbenlength L1. The preset length
may be set to an appropriate length between 1 aneltérs, inclusive, for example.

[0041]  Also, when the alerting apparatus 1 is able togeiz® the road width H
of the crossroad Rb based on map information, @ssel communication (e.g.,
roadside-to-vehicle communication, vehicle-to-véhic communication, or
pedestrian-to-vehicle communication), or image rimfation from a camera, the alerting
apparatus 1 may also set a length that is shdréar the length L1 and shorter than the
road width H of the crossroad Rb, as the length LPhe alerting apparatus 1 may also set
a length that is the same as one-half the roachwid(i.e., H / 2) of the crossroad Rb, or a
length that is less than one-half the road widtHdd example, as the length L2. That is,
the alerting apparatus 1 may set an intersectrdatation range B of the length L2 that is
equal to or less than the road width H / 2. WHham length L2 is a value that varies
according to the road width H, the alerting appedt may set a minimum value (e.g., the
vehicle width of the host vehicle M + 1 meter) tkatbles the length L2 to be shortened.
Even if the road width H of the crossroad Rb ishi@do be recognized, when the number
of lanes of the crossroad Rb is able to be receghithe alerting apparatus 1 may shorten
the length L2 when there are fewer lanes. Als@neafter the intersect determination

range B is set, the alerting apparatus 1 may ch#mgeéntersect determination range B
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such that the length L2 becomes longer as the lee$peed of the host vehicle M increases.
In this case as well, the length L2 is shorter tthenlength L1 under the same conditions.

[0042] FIG. 4B is a plan view illustrating the relationghietween the intersect
determination range when the host vehicle M tuefisdt the intersection T in a left-hand
traffic jurisdiction, and the path of another véaic In FIG. 4B, the path CM of the host
vehicle M is a path that turns to the left. Théhp@M is a path whereby the host vehicle
M will enter the near lane Rb2 of the crossroadi@in the traveling road Ra, but does not
reach the far lane Rb1l. As shown in FIG. 4B, titersect determination range B of the
length L2 is a length equal to or less than thel nwadth H / 2 of the crossroad Rb, and
thus does not reach the far lane Rb1 of the cradsRb. Therefore, the path C2 of the
other vehicle N2 traveling in the near lane Rb2rns¢cts with the intersect determination
range B, but the path C1 of the other vehicle Nidling in the far lane Rb1l does not
intersect with the intersect determination range B this case, the alerting apparatus 1
sets only the other vehicle N2 having the path @& tntersects with the intersect
determination range B as the alert target and ssanealert to the driver. As a result, the
alerting apparatus 1 is able to avoid alertingdheer of the other vehicle N1 in the far
lane Rb1 with which there is little possibility obntact because the path CM of the host
vehicle M does not intersect with the path C1 efdther vehicle N1.

[0043] Continuing on, FIG. 5A is a plan view of a settio§ the intersect
determination range A when the traveling directibrthe intersection T of the host vehicle
M traveling in a right-hand traffic jurisdiction &left turn. FIG. 5A is a view of the same
scenario as that shown in FIG. 4A, with the exaepof the right-hand traffic jurisdiction.
When the host vehicle M is traveling in a right-tatmaffic jurisdiction, the alerting
apparatus 1 sets the intersect determination r#&ngé the length L1 even when the
traveling direction of the host vehicle M is a leftn. A right-hand traffic jurisdiction is a
region or country where the vehicle must travektom right-hand side of the road (i.e., to
the right of the center of the road).

[0044] FIG. 5B is a plan view illustrating the relationshietween the intersect

determination range when the host vehicle M tuefisdr travels straight at the intersection
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T in a right-hand traffic jurisdiction, and the patf another vehicle. As shown in FIG.
5B, the alerting apparatus 1 sets the other vehidle and N2 as alert targets and issues
alerts to the driver, because both the path Chefother vehicle N1 traveling in the far
lane Rb1 and the path C2 of the other vehicle 2eling in the near lane Rb2 intersect
with the intersect determination range A.

[0045] FIG. 6A is a plan view of a setting of the intertsdetermination range B
when the traveling direction at the intersectiorfTthe host vehicle M traveling in the
right-hand traffic jurisdiction is a right turn. sAshown in FIG. 6A, when the host vehicle
M traveling in a right-hand traffic jurisdiction Witurn right, the alerting apparatus 1 sets
the intersect determination range B of the lendth LThat is, when the traveling direction
of the host vehicle M in a right-hand traffic jutistion is a right turn, the alerting
apparatus 1 sets an intersect determination rdregast of a shorter length than when the
traveling direction of the host vehicle M is sti@tigghead or a right turn.

[0046] FIG. 6B is a plan view illustrating the relationgstetween the intersect
determination range when the host vehicle M turnightrat the intersection T in a
right-hand traffic jurisdiction, and the path ofoéimer vehicle. As shown in FIG. 6B, the
intersect determination range B of the length La length that is equal to or less than the
road width H / 2 of the crossroad Rb, and thus du#seach to the far lane Rbl of the
crossroad Rb. The alerting apparatus 1 sets belypther vehicle N2 having the path C2
that intersects the intersect determination ranges Bhe alert target and issues an alert to
the driver.

[0047] The length L2 does not necessarily have to be gtheequal to or less
than the road width H / 2. For example, if thegitnL2 of the four-lane crossroad Rb
(i.e., two lanes on each side) is equal to or feas 3/4 of the road width H, the intersect
determination range B is able to at least avoidrggcting with the path of another vehicle
traveling in the farthest lane of the crossroadfien the host vehicle M, so unnecessary
alerts are able to be inhibited. Also, the lenigthis shorter than the length L1 of the
intersect determination range A in the intersecfipmnd is thus at least shorter than the

road width H. Therefore, by setting the interstiermination range B of the length L2,
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the alerting apparatus 1 is able to avoid havingtidcle traveling at an end portion of the
far lane Rb1 of the crossroad Rb being set asehtakget, and is thus able to inhibit an
alert that is unnecessary for the driver, comp&vedhen the intersect determination range
Als set.

[0048] The alerting apparatus 1 does not necessarily @ configured to
support both a left-hand traffic jurisdiction andight-hand traffic jurisdiction, and may
instead be configured to support only one typauasgliction, i.e., either a left-hand traffic
jurisdiction or a right-hand traffic jurisdiction.Also, a case in which the moving obstacle
is another vehicle (i.e., the other vehicles N1 Bi2) on the crossroad Rb is given as an
example, but the moving obstacle does not haveetarmother vehicle. That is, the
moving obstacle may also be a pedestrian or a leicydVhen the path of a pedestrian or a
bicycle traveling along the crossroad Rb intersadth the intersect determination range,
the alerting apparatus 1 recognizes the pedegiribitycle as an alert target.

[0049] Hereinafter, the structure of the alerting appardt according to the
first example embodiment will be described witherehce to the drawings. As shown in
FIG. 1, the alerting apparatus 1 includes an &€t (Electronic Control Unit) 2 that
controls the running of the host vehicle M. THeraECU 2 is an electronic control unit
that includes a CPU (Central Processing Unit), RMad Only Memory), and RAM
(Random Access Memory) and the like. The alert EEW@xecutes various types of
vehicle control by loading programs stored in tl@\NRinto the RAM, and executing these
programs with the CPU. The alert ECU 2 may alséobmed by a plurality of electronic
control units. Also, some of the functions of thert ECU 2 described below may be
executed in a computer at a facility such as aormétion management center capable of
communicating with the host vehicle M.

[0050] The alert ECU 2 is connected to a communicatioh 3ina laser radar 4, a
stereo camera 5, a vehicle speed sensor 6, aidirdodicator detecting portion 7, a
steering angle sensor 8, a navigation system 9aartdMI| (Human Machine Interface) 10.

[0051] The communication unit 3 obtains various informatieia a wireless

communication network (such as a mobile phone comeation network or a
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communication network such as VICS (registeredetnaark) (Vehicle Information and
Communication System) or the like). The commumcatunit 3 obtains road
environment information about the traveling road Réa roadside-to-vehicle
communication with a computer at a facility suchaasinformation management center
that manages traffic information, for example. &de-to-vehicle communication is
communication between a vehicle and an informati@magement center or the like via a
roadside transmitter (such as an optical beacoand'S (Intelligent Transport Systems)
spot or the like) provided on the side of the rofm, example. Roadside-to-vehicle
communication also includes communication betweenehicle and an information
management center or the like via the wireless comication network described above.

[0052] Also, the communication unit 3 may obtain inforroatiabout another
vehicle by vehicle-to-vehicle communication. Tlenenunication unit 3 obtains position
information of the other vehicle and road environm@formation detected by the other
vehicle and the like, via vehicle-to-vehicle comnwation, for example. Also, the
communication unit 3 may obtain information aboytealestrian or the driver of the host
vehicle via pedestrian-to-vehicle communicationedé&strian-to-vehicle communication
is wireless communication between the host velitlend a mobile information terminal
(e.g., a smartphone, a tablet terminal, or a natelmmmputer or the like) carried by the
pedestrian or the driver of the host vehicle. Tdwmmmunication unit 3 performs
pedestrian-to-vehicle communication via the wirglesmmunication network described
above, for example. The communication unit 3 tnaitsthe information of the obtained
communication results to the alert ECU 2.

[0053] The laser radar 4 is provided on a front end ofhbst vehicle M, for
example, and detects an obstacle in front of theclee using radar. The laser radar 4
detects an obstacle by transmitting a laser oftroimt of the host vehicle M, and receiving
the laser reflected off of an obstacle such ashamotehicle. The laser radar 4 outputs
obstacle information related to the detected obestacthe alert ECU 2. Millimeter-wave
radar or the like may also be used instead ofakerlradar 4.

[0054] The stereo camera 5 has two imaging portions peavih a back surface
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of a front windshield of the host vehicle M, foraemple. These two imaging portions are
arranged lined up in the vehicle width directiontbé& host vehicle M, and capture an
image of the area in front of the host vehicle M.he stereo camera 5 transmits the image
information for the area in front of the host vééit to the alert ECU 2. A monocular
camera may also be used instead of the stereo ad&mer

[0055] The vehicle speed sensor 6 is a detector that tdettee vehicle speed of
the host vehicle M. A wheel speed sensor thatasiged on a wheel of the host vehicle
M or a drive shaft or the like that rotates togetiwth the wheel, may be used as the
vehicle speed sensor 6. This vehicle speed séhdmnsmits detected vehicle speed
information (wheel speed information) to the alE@U 2.

[0056] The direction indicator detecting portion 7 is pgdmd on a direction
indicator lever of the host vehicle M, for exampded detects operation of the direction
indicator by the driver. The direction indicatatecting portion 7 detects whether there
is an on (illuminating) operation of a left diramti indicator or an on operation of a right
direction indicator by the driver. The directiordicator detecting portion 7 transmits the
detected direction indicator information to theraleCU 2.

[0057] The steering angle sensor 8 is provided on a stpeahaft of the host
vehicle M, for example, and detects a steeringeangla steering wheel that is connected
to the steering shaft. The steering angle senswar&mits steering angle information
related to the steering angle to the alert ECU 2.

[0058] The navigation system 9 guides the driver of thet heehicle M to a
destination set by the driver. The navigationays® has, for example, a GPS receiving
portion 11 for measuring the position informatiof tbe host vehicle M, and a map
database 12 within which map information is storefihe GPS receiving portion 11
measures the position information (such as longitadd latitude) of the host vehicle M,
by receiving signals from three or more GPS s&tslli The map information of the map
database 12 includes, for example, road positiforrmation, road type information, and
road shape information and the like.

[0059] The navigation system 9 recognizes the traveliregl ron which the host
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vehicle M is traveling, and the traveling lane imigh the host vehicle M is traveling,
based on the position information of the host viehM measured by the GPS receiving
portion 11, and the map information in the map lblase. The navigation system 9
calculates the route from the position of the hadticle M to the destination, and guides
the driver along that route by a display on a natwgn display and audio output from a
speaker in the host vehicle M. The navigation esyst9 transmits the position
information of the host vehicle M, the informatiahout the traveling road (traveling lane)
of the host vehicle M, and information about thedguroute of the host vehicle M, for
example, to the alert ECU 2. The alerting appardtudoes not necessarily have to be
provided with the navigation system 9.

[0060] The HMI 10 is an interface for inputting and outmg information
between the driver and the alerting apparatus he HMI 10 includes, for example, a
display for outputting image information, a speaf@routputting audio information, and
an operating button or a touch panel or the liketthe driver to perform input operations.
The HMI 10 may include a wearable device that theed has on his or her person, and
the driver may be alerted by vibration. The HMI dOtputs information to the driver
from the display or the speaker, according to d@robsignal from the alert ECU 2. The
alerting apparatus 1 does not necessarily have tprévided with the HMI 10. At the
very least, the HMI 10 need simply be configuredoto able to output an image on a
display or output audio from a speaker in the keskicle M.

[0061] Next, the functional structure of the alert ECU @l e described. The
alert ECU 2 has a traffic jurisdiction determinipgrtion 20, a vehicle speed determining
portion 21, an intersection recognizing portion 22,moving obstacle information
obtaining portion 23, a path estimating portion 24traveling direction determining
portion 25, an intersect determination range sgtpiartion 26, an intersect determining
portion 27, and an alerting portion 28.

[0062] The traffic jurisdiction determining portion 20 deanines if the host
vehicle M is traveling in a left-hand traffic judietion or in a right-hand traffic jurisdiction.

The traffic jurisdiction determining portion 20 detines whether the host vehicle M is
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traveling in a left-hand traffic jurisdiction or ia right-hand traffic jurisdiction based on,
for example the position information of the hoshieéee M and the map information.
Information regarding left-hand traffic jurisdictiar right-hand traffic jurisdiction may be
in the map information. The map information is hotited to map information stored in
the map database 12, and may be map informatienerefed by an external database by
communication via the communication unit 3. Thmeapplies below.

[0063]  Also, the traffic jurisdiction determining portioB0 may recognize an
oncoming vehicle traveling in the opposite directad the traveling direction (forward) of
the host vehicle M, based on the image informafiiom the stereo camera 5, the obstacle
information from the laser radar 4, or vehicle-ghicle communication via the
communication unit 3, or the like. In this case traffic jurisdiction determining portion
20 is able to determine the traffic jurisdiction kbgtermining whether the oncoming
vehicle is traveling on the left or the right okthost vehicle M, based on the recognition
result of the oncoming vehicle. A well-known sstital method for ensuring sufficient
reliability, for example, may be used for this detmation. When the determination
result for the traffic jurisdiction changes, thaffic jurisdiction determining portion 20
may also request that the driver confirm this ckangThe alert ECU 2 does not
necessarily have to include the traffic jurisdintidetermining portion 20. In this case,
the alert ECU 2 may recognize that the trafficgdittion in which the host vehicle M is
traveling is a right-hand traffic jurisdiction orlaft-hand traffic jurisdiction, based on a
setting when the host vehicle M is shipped (i.daaory setting), a setting at the time of
maintenance, or a setting by the driver.

[0064] The vehicle speed determining portion 21 determimiesther the vehicle
speed of the host vehicle M is equal to or lesa thareset vehicle speed threshold value,
based on the vehicle speed information from thaclelspeed sensor 6. When the alert
ECU 2 includes the intersection recognizing port®2, the alert ECU 2 does not
necessarily have to include the vehicle speed nhgtérg portion 21.

[0065] The intersection recognizing portion 22 recogniites intersection T in

front of the host vehicle M, based on the positidormation of the host vehicle M and the
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map information, for example. The intersectionogeuzing portion 22 may also
recognize the intersection T based on roadsideetoele communication or
vehicle-to-vehicle communication via the communaatunit 3. Also, the intersection
recognizing portion 22 may recognize the intersecli by image processing of the image
information from the stereo camera 5. The intdiseaecognizing portion 22 recognizes
a stop line SL on the entrance side of the intéised (the host vehicle M side of the
traveling road Ra) based on the map informationnathe intersection T is recognized, for
example.

[0066] The intersection recognizing portion 22 determimdgether a distance
between the host vehicle M and the intersectioa &qual to or less than a preset distance
threshold value, based on the position informatérthe host vehicle M and the map
information, for example. The intersection recagmy portion 22 may employ the
distance between the host vehicle M and the stop 8L on the entrance side of the
intersection T, as the distance between the hdstlkeeM and the intersection T. The
alert ECU 2 does not necessarily have to includerttersection recognizing portion 22.

[0067] The moving obstacle information obtaining portio® @btains moving
obstacle information. The moving obstacle inforigratobtaining portion 23 obtains the
moving obstacle information based on at least dnéhe obstacle information from the
laser radar 4 and the image information from tleeest camera 5. The moving obstacle
information includes position information of the wig obstacle. Further, the moving
obstacle information obtaining portion 23 may obtée moving obstacle information
based on wireless communication (e.g., roadsidesloele communication,
vehicle-to-vehicle communication, or pedestriansticle communication or the like) via
the communication unit 3. The moving obstacle nmfation may include information
regarding the traveling direction or path of theving obstacle, information regarding the
speed of the moving obstacle, information regardimg type of moving obstacle (i.e.,
information about the type, such as a four-wheeledicle, a two-wheeled vehicle, a
pedestrian, a bicycle or the like), and informatiegarding the size of the moving obstacle

(including information about the width), and thlegli
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[0068] The moving obstacle information obtaining portidhdetermines whether
there is a moving obstacle that will be an alertdidate, based on the obtained moving
obstacle information. The moving obstacle inforigrabbtaining portion 23 recognizes a
moving obstacle that is moving in a direction tosvelre host vehicle M, for example, as an
alert candidate. When the intersection recognipiodion 22 recognizes an intersection
T in front of the host vehicle M, the moving obsgaimformation obtaining portion 23 may
also recognize a moving obstacle approaching titersection T as an alert candidate.
Also, the moving obstacle information obtaining tpmr 23 may recognize all moving
obstacles for which information is obtained astatandidates.

[0069] The path estimating portion 24 estimates the patheomoving obstacle,
based on the moving obstacle information. The patimating portion 24 estimates the
path of the moving obstacle based on a changetiowerin the position information of the
moving obstacle, presuming that the change ovee iimthis position information will
continue, for example. The path estimating porednmay also estimate the path of the
moving obstacle based on the position informatibthe moving obstacle according to
another known method. The path estimating porBdmmay estimate a path having the
same width as the width of the moving obstacle. e path estimating portion 24 may
estimate a path of the moving obstacle such tHatlitws a road on the map, based on the
map information. Also, the path estimating port@¥hmay estimate a plurality of paths
for a single moving obstacle. The length of théhpaay be finite or infinite. In the
drawings, the paths are indicated by arrows oftdinéngths due to the nature of the
drawings.

[0070]  When information of a planned path of another Viehis able to be
obtained via vehicle-to-vehicle communication, &ample, the path estimating portion
24 may estimate that path as the path of the otkhicle. Also, even if a moving
obstacle such as another vehicle is stopped temilypfar example, the path estimating
portion 24 may estimate a path extending in theatiion that the moving obstacle is facing
(e.g., the direction in front of another vehicle iar the direction that the face of a

pedestrian is facing or the like) when the orientabf the moving obstacle is able to be
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recognized by image processing of the image infaondrom the stereo camera 5 or the
like.

[0071] The traveling direction determining portion 25 detmes the traveling
direction of the host vehicle M. The traveling etition determining portion 25
determines the traveling direction of the host glehM that will enter the intersection T,
based on the direction indicator information of theection indicator detecting portion 7,
for example. When the direction indicator on tightr side of the host vehicle M is on
(i.e., illuminated), the traveling direction detening portion 25 determines that the
traveling direction of the host vehicle M is a ttighrn.  When the direction indicator on
the left side of the host vehicle M is on (i.elunhinated), the traveling direction
determining portion 25 determines that the tragglirection of the host vehicle M is a
left turn.  When the direction indicator is offe(i, not illuminated), the traveling direction
determining portion 25 determines that the travglkirection of the host vehicle M is
straight ahead. Straight ahead also includesainashich there is a curve following the
road.

[0072] The traveling direction determining portion 25 detmes the traveling
direction of the host vehicle M when it is deterednby the vehicle speed determining
portion 21 that the vehicle speed of the host \ehit is equal to or less than the vehicle
speed threshold value, for example. Also, theeliag direction determining portion 25
may determine the traveling direction of the hasigle M when it is determined by the
intersection recognizing portion 22 that the distabetween the host vehicle M and the
intersection T is equal to or less than the distahceshold value La.

[0073] The intersect determination range setting porti@ s2ts an intersect
determination range in front of the host vehicledob&ed on the determination result of the
traveling direction determining portion 25. Theeirsect determination range setting
portion 26 sets an intersect determination rangegathe ground, for example. When the
traveling direction of the host vehicle M is stid@ighead, the intersect determination range
setting portion 26 sets a straight intersect dateation range A (an intersect determination

range of length L1).
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[0074] When the traveling direction of the host vehicleidMa left turn in a
left-hand traffic jurisdiction, the intersect detenation range setting portion 26 sets the
intersect determination range B that is shortelemgth in the front-rear direction of the
host vehicle M than when the traveling directiontioé host vehicle M is a right turn.
More specifically, when the traveling direction thie host vehicle M is a right turn in a
left-hand traffic jurisdiction, for example, thetémsect determination range setting portion
26 sets the intersect determination range A faglat turn. When the traveling direction
of the host vehicle M is a left turn in a left-hamihffic jurisdiction, the intersect
determination range setting portion 26 sets thersect determination range B for a left
turn (i.e., an intersect determination range ofjtari.2).

[0075] Similarly, when the traveling direction of the hesticle M is a right turn
in a right-hand traffic jurisdiction, the intersetgtermination range setting portion 26 sets
the intersect determination range B that is shantégngth in the front-rear direction of the
host vehicle M than when the traveling directiontioé host vehicle M is a left turn.
More specifically, when the traveling direction thie host vehicle M is a right turn in a
right-hand traffic jurisdiction, for example, thetersect determination range setting
portion 26 sets the intersect determination rangerBa right turn. When the traveling
direction of the host vehicle M is a left turn imight-hand traffic jurisdiction, the intersect
determination range setting portion 26 sets thersect determination range A for a left
turn.

[0076]  When the road width H of the crossroad Rb is ableet recognized based
on the map information, wireless communicationjmage information from the stereo
camera 5 or the like, the intersect determinatimmge setting portion 26 may set the
intersect determination range A of the length LAttls equal to or greater than the road
width H.  Similarly, when the road width H of theossroad Rb is able to be detected, the
intersect determination range setting portion 2§ s&t an intersect determination range of
the length L2 that is equal to or less than onédfahe road width H (i.e., H/ 2).

[0077] The intersect determining portion 27 determinesthdrethe path of the

moving obstacle estimated by the path estimatimjqo24 intersects with the intersect
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determination range set by the intersect determoimarange setting portion 26.
Intersection of the path of the moving obstacle @radintersect determination range refers
to a state in which the path and the intersect ro@t@tion range cross in a
two-dimensional plane irrespective of the heighteclion. In the scenarios shown in
FIGS. 2B, 3B, and 5B, for example, the intersedemhining portion 27 determines that
the path C1 of the other vehicle N1 and the pattofCthe other vehicle N2 intersect with
the intersect determination range A. In the saemashown in FIGS. 4B and 6B, for
example, the intersect determining portion 27 detees that the path C2 of the other
vehicle N2 intersects with the intersect determamatange B. When a moving obstacle
has a path that heads directly towards the hostheell, the intersect determining portion
27 may set the moving obstacle as an alert targst & the intersect determination range
does not intersect with that path.

[0078] The alerting portion 28 issues an alert to theatrnegarding the moving
obstacle that is an alert target for which the rsget determining portion 27 has
determined that the intersect determination ramgersects with the path. The alerting
portion 28 issues the alert to the driver by asteme of image information output from
the display and audio output from the speakerréysimitting a control signal to the HMI
10, for example. The alerting portion 28 doesiastie an alert to the driver regarding a
moving obstacle for which the intersect determirpiogtion 27 does not determine that the
intersect determination range intersects with & .p

[0079] Here, traffic jurisdiction determination controlf dhe alerting
apparatus 1 according to the first example embodinagll be described. FIG. 7 is a
flowchart illustrating the traffic jurisdiction detmining control in the alerting apparatus
according to the first example embodiment. Thaffitr jurisdiction determination control
is performed each time the host vehicle M travelpreset distance (e.g., 10 km), of
example.

[0080] As shown in FIG. 7, with the alert ECU 2 of therafeg apparatus 1, in
step S1, information for the traffic jurisdictioretérmination is obtained in the traffic

jurisdiction determining portion 20. The traffiurisdiction determining portion 20
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obtains information (information related to the ffica jurisdiction) for the traffic
jurisdiction determination based on the positicioimation of the host vehicle M and the
map information (map information that includes mmh@ation regarding left- and right-hand
traffic jurisdictions). The traffic jurisdiction elermining portion 20 may obtain
information for the traffic jurisdiction determinatn by wireless communication via the
communication unit 3. Also, the traffic jurisdicti determining portion 20 may
recognize an oncoming vehicle based on the obstaidanation from the laser radar 4,
and obtain information for the traffic jurisdictiodetermination through well-known
statistical processing.

[0081] In step S102, the traffic jurisdiction determinipgrtion 20 determines
whether the host vehicle M is traveling in a ledinld traffic jurisdiction based on the
obtained information. If it is determined that tin@st vehicle M is traveling in a left-hand
traffic jurisdiction, the traffic jurisdiction detmining portion 20 sets the traffic jurisdiction
of the host vehicle M to the left-hand traffic gdliction (S103). If it is determined that
the host vehicle M is not traveling in a left-hamdffic jurisdiction (i.e., the vehicle is
traveling in a right-hand traffic jurisdiction),ehraffic jurisdiction determining portion 20
sets the traffic jurisdiction of the host vehicletéthe right-hand traffic jurisdiction (S104).
The alerting apparatus 1 does not necessarily bavgerform this traffic jurisdiction
determination control.

[0082] Next, the method of alert control of the alertiegparatus 1
according to the first example embodiment will besatibed. FIG. 8 is a flowchart
illustrating alert control in the alerting appaatwaccording to the first example
embodiment. Here, in this description, the traffigsdiction where the host vehicle M is
traveling is a left-hand traffic jurisdiction. TEhialert control is repeatedly executed at
preset intervals of time (such as every 0.1 secadisdsexample), in the host vehicle M
while the host vehicle M is traveling, for example.

[0083] In step S201, the alert ECU 2 of the alerting apjpesr 1 determines, with
the vehicle speed determining portion 21, whetheniehicle speed of the host vehicle M

iIs equal to or less than a preset vehicle speesshbid value. The vehicle speed
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determining portion 21 determines whether the Velspeed of the host vehicle M is equal
to or less than a preset vehicle speed thresholdevhased on the vehicle speed
information from the vehicle speed sensor 6. i§itletermined that the vehicle speed of
the host vehicle M is not equal to or less thanvileicle speed threshold value, the alert
ECU 2 ends this cycle of the alert control. Thaditer a preset period of time has passed,
the alert ECU 2 repeats step S201 again. If, @ dther hand, the alert ECU 2
determines that the vehicle speed of the host leeMcis equal to or less than the vehicle
speed threshold value, the process proceeds ¢ep&202.

[0084] In step S201, the alert ECU 2 determines, with theersection
recognizing portion 22, whether the distance betwéee host vehicle M and the
intersection T is equal to or less than a pressgtdce threshold value. The intersection
recognizing portion 22 recognizes the intersection front of the host vehicle M based on
the position information of the host vehicle M ah@& map information, and determines
whether the distance between the host vehicle Mtlamdntersection T is equal to or less
than the preset distance threshold value. Indhge, it is not absolutely necessary to
determine the vehicle speed of the host vehicle #h whe vehicle speed determining
portion 21 described above. If it is determineat tine distance between the host vehicle
M and the intersection T is not equal to or lesstthe distance threshold value, the alert
ECU 2 ends this cycle of the alert control. If,thie other hand, it is determined that the
distance between the host vehicle M and the intBse T is equal to or less than the
distance threshold value, the alert ECU 2 proceeds step S202.

[0085] In step S202, the alert ECU 2 determines, with itih@ving obstacle
information obtaining portion 23, whether a movoigstacle that will be an alert candidate
iIs present. The moving obstacle information olt@rportion 23 obtains the moving
obstacle information based on at least one of bstacle information from the laser radar
4 and the image information from the stereo carbefar example. The moving obstacle
information obtaining portion 23 then determinesettier a moving obstacle that will be
an alert candidate (e.g., a moving obstacle thapisroaching the host vehicle M) is

present, based on the obtained moving obstaclennafion.
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[0086] If it is determined that a moving obstacle that Wé an alert candidate is
not present, the alert ECU 2 ends this cycle ofaleet control and repeats the routine
again from step S201. If, on the other hand, degermined that a moving obstacle that
will be an alert candidate is present, the aleftyEXJporoceeds on to step S203.

[0087] The alert ECU 2 does not necessarily have to miaé&edétermination in
step S202. If the determination in step S202 tsmade, then the paths of all moving
obstacles for which information is able to be atedi are estimated in the next step S203.

[0088] In step S203, the alert ECU 2 estimates, with #ih gstimating portion
24, the path of the moving obstacle that is art alendidate. The path estimating portion
24 estimates the path of the moving obstacle baseal change over time in the position
information of the moving obstacle, for example.

[0089] In step S204, the alert ECU 2 determines, with ttheeling direction
determining portion 25, whether the traveling dii@t of the host vehicle M is a left turn.
The traveling direction determining portion 25 detmes the traveling direction of the
host vehicle M based on the direction indicatootinfation from the direction indicator
detecting portion 7, for example. If it is detened that the traveling direction of the host
vehicle M is a left turn, the alert ECU 2 proceeddo step S205. If, on the other hand, it
is determined that the traveling direction of thesthvehicle M is not a left turn, the alert
ECU 2 proceeds on to step S206.

[0090] In step S205, the alert ECU 2 sets, with the ietErgetermination range
setting portion 26, the intersect determinationgearB for a left turn (an intersect
determination range of length L2) in front of th@sh vehicle M. The intersect
determination range setting portion 26 sets therseict determination range B having the
length L2 of a preset fixed value, for example. eiWhhe road width H of the crossroad
Rb is able to be obtained based on the map infeamaftor example, the intersect
determination range setting portion 26 may alsdtseintersect determination range B of
length L2 that is equal to one-half of the roadtwiH (i.e., H/ 2). Then, the alert ECU 2
proceeds on to step S209.

[0091] In step S206, the alert ECU 2 determines, with ttiageling direction
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determining portion 25, whether the traveling dii@t of the host vehicle M is a right turn.
If it is determined that the traveling directiontbe host vehicle M is a right turn, the alert
ECU 2 proceeds on to step S207. |If it is deterchitheat the traveling direction of the
host vehicle M is not a right turn, the alert EClgraceeds on to step S208.

[0092] In step S207, the alert ECU 2 sets, with the iedrdetermination range
setting portion 26, the intersect determinationgear for a right turn (i.e., an intersect
determination range of length L1) in front of th@sh vehicle M. The intersect
determination range setting portion 26 sets therseict determination range A having the
length L1 that is a preset fixed value, for exampl&he length L1 of the intersect
determination range A is longer than the lengthoE#he intersect determination range B.
If the road width H of the crossroad Rb is ableb® obtained based on the map
information, the alert ECU 2 may also set the seet determination range A of the length
L1 that is equal to the road width H. Then, thertaECU 2 proceeds on to step S209.

[0093] In step S208, the alert ECU 2 sets, with the iedrdetermination range
setting portion 26, the intersect determinatiorgeaA for straight ahead in front of the host
vehicle M. The intersect determination range A $traight ahead is the same as the
intersect determination range A for a right turifhe intersect determination range A for
straight ahead may also differ in shape and lefigth the intersect determination range A
for arightturn. Then, the alert ECU 2 proceeddastep S209.

[0094] In step S209, the alert ECU 2 determines, withitiersect determining
portion 27, whether the path of the moving obstacleersects with the intersect
determination range. The alert ECU 2 may also atguty make the determination in
step S209 until it is determined that the vehigeesl of the host vehicle M is equal to or
less than the vehicle speed threshold value. wdterely, the alert ECU 2 may make the
determination in step S209 until it is determiniegt the host vehicle M has passed through
the intersection T, based on the position infororaf the host vehicle M and the map
information. If it is determined that the pathtbE moving obstacle does not intersect
with the intersect determination range, the al€@tJE2 ends this cycle of the alert control

and repeats the routine again from step S201.onlthe other hand, it is determined that
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the path of the moving obstacle intersects withitibersect determination range, the alert
ECU 2 proceeds on to step S210. If it is deterchithat the path of at least one moving
obstacle intersects with the intersect determinatamge, the alert ECU 2 proceeds on to
step S210.

[0095] In step S210, the alert ECU 2 issues an alertaalttver with the alerting
portion 28, with the moving obstacle having a pd#termined to intersect with the
intersect determination range as a moving obstidheleis an alert target. The alerting
portion 28 issues the alert to the driver by asteme of image information output from
the display and audio output from the speakerréysimitting a control signal to the HMI
10, for example.

[0096] Then, the alert ECU 2 ends this cycle of the ateritrol, and, after a
preset period of time has passed, repeats theneocagiain from step S201. The alert ECU
2 may also store the moving obstacle for whichlart as been issued, and not repeat an
alert for the same moving obstacle.

[0097] Further, when the alert ECU 2 has assumed thahake vehicle M will
enter the intersection T and issued an alert whendetermined that the vehicle speed of
the host vehicle M is equal to or less than theickehspeed threshold value without
recognizing the intersection T using the positioioimation of the host vehicle M and the
map information, the alert ECU 2 may assume thathibst vehicle M has passed through
the intersection T when the vehicle speed of thet fiehicle M then exceeds a preset upper
limit vehicle speed threshold value, and end tleet abntrol.

[0098] Above, the alert control in a left-hand traffic igdiction has been
described, but in a right-hand traffic jurisdictjdhe intersect determination range A of the
length L1 is set for a left turn in step S205, émel intersect determination range B of the
length L2 is set for a right turn in step S208.

[0099] With the alerting apparatus 1 according to thestfiexample
embodiment described above, the intersect detetimmeange B is set shorter in length in
the front-rear direction when the host vehicle Mttls traveling in a left-hand traffic

jurisdiction turns left at the intersection T, thahen the host vehicle M turns right at the
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intersection T. Accordingly, with this alerting@aratus 1, when the host vehicle M will
turn left into the near lane Rb2 of the two-lanessroad Rb, for example, it is possible to
reduce the likelihood of the path of the movingtabk traveling in the far lane Rbl of the
crossroad Rb (e.g., the path C1 of the other veHit) intersecting with the intersect
determination range B and, consequently, an a@nghissued for this moving obstacle for
which the host vehicle M is unlikely to come intontact with, compared to when the
length of the intersect determination range is slwdrtened. Thus, with this alerting
apparatus 1, it is possible to inhibit annoyanciaéodriver by an alert at the intersection T.

[0100] Also, in this alerting apparatus 1, when the hagdticle M will turn left
into the near lane Rb2 of the two-lane crossroadnRbleft-hand traffic jurisdiction, it is
possible to avoid the path of a moving obstacleeliag in the far lane Rbl of the
crossroad Rb from intersecting with the intersestiedmination range B, and thus more
appropriately inhibit annoyance to the driver byadert at the intersection T, by setting the
intersect determination range B of which the lenigthin the front-rear direction is equal
to or less than one-half of the road width H of thessroad Rb.

[0101] Similarly, according to this alerting apparatus fhe intersect
determination range B is set shorter in lengthhea front-rear direction when the host
vehicle M traveling in a right-hand traffic jurisdion turns right at the intersection T, than
when the host vehicle M turns left at the intensectl. Therefore, with this alerting
apparatus 1, when the host vehicle M will turn tigio the near lane Rb2 of the two-lane
crossroad Rb, for example, it is possible to redbedikelihood of the path of the moving
obstacle traveling in the far lane Rbl of the amasd Rb (e.g., the other vehicle N1)
intersecting with the intersect determination ramy@and, consequently, an alert being
issued for this moving obstacle for which the heshicle M is unlikely to come into
contact with, compared to when the length of thergect determination range is not
shortened. Thus, with this alerting apparatug i possible to inhibit annoyance to the
driver by an alert at the intersection T.

[0102] Similarly, in this alerting apparatus 1, when thasthvehicle M will turn

right into the near lane Rb2 of the two-lane croadrRb in a right-hand traffic jurisdiction,
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it is possible to avoid the path of a moving obistataveling in the far lane Rbl of the
crossroad Rb from intersecting with the intersestiedmination range B, and thus more
appropriately inhibit annoyance to the driver byadert at the intersection T, by setting the
intersect determination range B of which the lerigkhin the front-rear direction is equal
to or less than one-half of the road width H of thessroad Rb. The alerting apparatus 1
may be configured to support only one type of pliggon, i.e., either a left-hand traffic
jurisdiction or a right-hand traffic jurisdiction.

[0103] Continuing on, the operation and effects of thetialg apparatus 1 will
now be described with reference to the drawingdG. B is a plan view showing the
relationship between an intersect determinatiogeast the host vehicle M and the path of
another vehicle, when the traveling direction airdgarsection (a T-intersection) T2 of the
host vehicle M that is traveling in a left-handfficajurisdiction is a left turn. The
intersection T2 shown in FIG. 9 differs from théeirsection T shown in FIG. 2 in that it is
a T-intersection, and that the crossroad Rb isreowaroad. This crossroad Rb is a
narrow road with a narrow road width and is notidid into lanes, so it is difficult for
four-wheeled vehicles to pass each other. Theratbbkicle N1 shown in FIG. 9 is a
two-wheeled vehicle.

[0104] In the scenario shown in FIG. 9, the traveling clign of the host vehicle
M is a left turn, so the alerting apparatus 1 sle¢sintersect determination range B of a
length L2 that is shorter than when the traveliirgalion of the host vehicle M is a right
turn. Here, the alerting apparatus 1 does noterée map information or the like, and
thus does not recognize the road width of the coass Rb. In this case, the alerting
apparatus 1 sets the intersect determination rBnafethe short length L2, but because the
crossroad Rb is a narrow road, the paths C1 an@fGBe other vehicles N1 and N2
traveling on the crossroad Rb intersect with thtersect determination range B. When
the crossroad Rb is a narrow road and there issailgbity of contact between the other
vehicle N1 and the host vehicle M in this way, titeer vehicle N1 traveling on the far
side when viewed from the host vehicle M is not tbexli as an alert target, so the driver

can be appropriately alerted, with both of the ptrehicles N1 and N2 being alert targets.
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[0105] Even if the alerting apparatus 1 does recognizerdbd width H of the
crossroad Rb based on map information, the aledpmaratus 1 does not have to set the
length L2 shorter than equal to or less than oriediahe road width H of the crossroad
Rb that is a narrow road. The alerting apparatmay set the length L2 so that it will not
be equal to or less than a minimum value (e.g.regers) for which the length L2 is set to
avoid contact between the host vehicle M and therotehicle.

[0106] FIG. 10A is a plan view showing the relationshigween an intersect
determination range of the host vehicle M and thép of other vehicles, when the
traveling direction at an intersection T3 of thestwehicle M that is traveling in a left-hand
traffic jurisdiction is straight ahead or a righiri. The intersection T3 shown in FIG.
10A differs from the intersection T shown in FIG\ i that the traveling road Ra is a
two-lane road (i.e., one lane on each side), aacctbssroad Rb is a four-lane road (i.e.,
two lanes on each side).

[0107] In FIG. 10A, the crossroad Rb has a first far I&idl1, a second far lane
Rb12, a first near lane Rb21, and a second nearR#22. The first far lane Rb11l is the
farthest lane from the host vehicle M. The secfamdane Rb12 is one lane closer than
the first far lane Rb11. The first near lane Rl bne lane closer than the second far
lane Rb12, and the center line of the crossroadsRiandwiched between this first near
lane Rb21 and the second far lane Rb12. The setwmsdane Rb22 is the nearest lane to
the host vehicle M. Another vehicle N11 is anotiehicle that is traveling from the left
side to the right side of the host vehicle M, ie first far lane Rb11l. Another vehicle
N12 is another vehicle that is traveling from tledt Iside to the right side of the host
vehicle M, in the second far lane Rb12. Anothdnicle N21 is another vehicle that is
traveling from the right side to the left side bkthost vehicle M, in the first near lane
Rb21. Another vehicle N22 is another vehicle ikataveling from the right side to the
left side of the host vehicle M, in the second rieae Rb22.

[0108] In the scenario shown in FIG. 10A, the travelingediion of the host
vehicle M is straight ahead or a right turn, so #herting apparatus 1 sets the intersect

determination range A of the length L1. Here, #herting apparatus 1 recognizes the
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crossroads intersection T3 with the intersecti@ogaizing portion 22, and recognizes the
road width H of the crossroad Rb of the intersectiB3. In this case, the alerting
apparatus 1 sets the intersect determination rangkethe length L1 that is equal to the
road width H of the crossroad Rb, for example. a\sesult, the alerting apparatus 1
recognizes all of the other vehicles N11, N12, N&id N22 having paths C11, C12, C21,
and C22 that intersect with the intersect detertrinaange A as alert targets, and is able
to alert the driver.

[0109] The alerting apparatus 1 does not necessarily tavecognize the road
width H of the crossroad Rb, and the length L1 dueshave to be equal to or greater than
the road width H of the crossroad Rb. The Lendgthmiay be one-half of the road width
H of the crossroad Rb from the position of the hesticle M shown in FIG. 10A. In this
case, the host vehicle M will move forward to goaght or turn right, so the intersect
determination range A will reach all the way to thst far lane Rb11 and the second far
lane Rb12. As a result, the other vehicles N11db# are also able to be appropriately
set as alert targets. In this case, the lengtbfitBe intersect determination range B when
the host vehicle M will turn left is shorter thdretlength of one-half of the road width H.

[0110] FIG. 10B is a plan view showing the relationshigween the intersect
determination range of the host vehicle M and ththg of other vehicles N, when the
traveling direction of the host vehicle M thatriaveling in a left-hand traffic jurisdiction is
a left turn. In the scenario shown in FIG. 10R: thaveling direction of the host vehicle
M is a left turn, so the alerting apparatus 1 ffstsintersect determination range B of the
length L2. The alerting apparatus 1 may also reizegthe road width H of the crossroad
Rb, and set the length L2 to one-half of the ro&dtlwH, for example.

[0111] If the length L2 is shorter than the length L1, teegth L2 may be set
longer than one-half of the road width H. Eveth# length L2 were to reach all the way
to the second far lane Rb12, it is possible to ébe path C11 of the other vehicle N11
traveling in the first far lane Rb11 from intersagtwith the intersect determination range
B. As aresult, it is possible to avoid the othehicle N11 that is unlikely to contact the

host vehicle M from becoming an alert target, dngstinhibit annoyance to the driver.
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[0112] Also, even if the length L2 were to reach all thaywo a portion of the
first far lane Rb11, when the length L2 is shottem the road width H of the length L2 in
the intersection, it is possible to reduce thelilled that a two-wheeled vehicle or a
bicycle traveling on a shoulder of the first fandaRb11 will become an alert target.
Moreover, even if both the length L1 and the lengghare longer than the road width H
and extend beyond the intersection T3, when theelireg direction of the host vehicle M
is a left turn, it is possible to reduce the likelbd that a pedestrian or a bicycle that is
attempting to cross the traveling road Ra fartlegiold the intersection T3 will become an
alert target, and thereby possible to inhibit armmme to the driver, by setting the intersect
determination range B of the length L2 that is sgrathan the length L1.

[0113] Next, a modified example of the alerting apparatascording to the
first example embodiment will be described. Thertalg apparatus 1 according to the
modified example differs from the alerting appasatl according to the first example
embodiment in that the intersect determination eaAgoends and deforms (i.e., curves)
according to the steering angle of the host vettle

[0114] Here, FIG. 11A is a plan view of the setting of thiersect determination
range when the traveling direction at the intetisact of the host vehicle M traveling in a
left-hand traffic jurisdiction is a right turn. €hscenario shown in FIG. 11A is similar to
the scenario shown in FIG. 2A, so a detailed dpson thereof will be omitted. In the
scenario shown in FIG. 11A, the traveling directajrthe host vehicle M is a right turn, so
the alerting apparatus 1 according to the modiéeample sets the intersect determination
range A of the length L1. In the scenario showrFi®. 11A, the host vehicle M is
traveling straight (i.e., the steering angle is stabtially zero), so the intersect
determination range A remains a linear shape withending and deforming.

[0115] FIG. 11B is a plan view showing the relationshigween the intersect
determination range when the host vehicle M wilintuight at the intersection T in a
left-hand traffic jurisdiction, and the paths ohet vehicles. As shown in FIG. 11B, when
the steering angle to the right increases dueeterisig by the driver of the host vehicle M,

the alerting apparatus 1 according to the modiéeample sets the intersect determination
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range A that curves to the right farther away frdm host vehicle M. The alerting
apparatus 1 according to the modified example beadd deforms the intersect
determination range A based on the steering arfgleechost vehicle M, for example. At
this time, the overall length of the intersect d@ieation range A increases due to the
bending deformation, but the length L1 of the iséet determination range A in the
front-rear direction of the host vehicle M remaitie same. By having the alerting
apparatus 1 bend and deform the intersect detetioringange A to the right according to
the steering angle of the host vehicle M, for exi@ng path CP of a pedestrian P1 crossing
at a crosswalk E1 on the right side of the intdieecT intersects with the intersect
determination range A, so the alerting apparatissable to recognize the pedestrian P1 as
an alert target.

[0116] FIG. 12A is a plan view of the setting of the iisiert determination range
when the traveling direction at an intersectiorthef host vehicle traveling in a left-hand
traffic jurisdiction is a left turn. The scenashown in FIG. 12A is similar to the scenario
shown in FIG. 4A, so a detailed description theredf be omitted. In the scenario
shown in FIG. 12A, the traveling direction of theshvehicle M will be a left turn, so the
alerting apparatus 1 according to the modified elansets the intersect determination
range B of the length L2. Also, in the scenariovsh in FIG. 12A, the host vehicle M is
traveling straight ahead, so the intersect detatinin range B remains a linear shape
without bending and deforming.

[0117] FIG. 12B is a plan view showing the relationshigween the intersect
determination range when the host vehicle will tlefh at the intersection in a left-hand
traffic jurisdiction, and the path of another vdbdic As shown in FIG. 12B, when the
steering angle to the left increases due to stgdiynthe driver of the host vehicle M, the
alerting apparatus 1 according to the modified glansets the intersect determination
range B that curves to the left farther away frdra host vehicle M. At this time, the
overall length of the intersect determination rar§eincreases due to the bending
deformation, but the length L2 of the intersectedmination range B in the front-rear

direction of the host vehicle M remains the samé&hat is, even if the intersect
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determination range B bends and deforms, the lebgtm the front-rear direction of the
host vehicle M is still shorter than the length LBy having the alerting apparatus 1 bend
and deform the intersect determination range Bieédeft according to the steering angle of
the host vehicle M, for example, the path CP oédgstrian P2 crossing at a crosswalk E2
on the right side of the intersection T interseudtd the intersect determination range B, so
the alerting apparatus 1 is able to recognize duegtrian P2 as an alert target.

[0118] FIG. 13 is a block diagram block diagram of arrtalg apparatus 31
according to a second example embodiment of thenitan. The alerting apparatus 31
according to the second example embodiment showiGn 13 differs from the alerting
apparatus 1 according to the first example embadtirmethat the length of the intersect
determination range does not change based onabelitrg direction of the host vehicle M,
and the timing of the alert changes.

[0119] Here, FIG. 14A is a plan view showing the timingsaterts of other
vehicles, when the traveling direction at the is¢éetion T of the host vehicle M traveling
in a left-hand traffic jurisdiction is a left turn.As shown in FIG. 14A, even if the traveling
direction at the intersection T of the host vehidlahat is traveling in a left-hand traffic
jurisdiction is a left turn, the alerting apparaBissets the intersect determination range A
of a fixed length L1 in front of the host vehicle. MIn the scenario shown in FIG. 14A,
the alerting apparatus 31 determines that botipétie C1 of the other vehicle N1 and the
path C2 of the other vehicle N2 intersect with thiersect determination range A, and
therefore sets both the vehicle N1 and the velN@eas alert targets.

[0120]  When the traveling direction at the intersectiomfTthe host vehicle M
that is traveling in a left-hand traffic jurisdiohi is a left turn, the alerting apparatus 31 sets
the timing of the alert related to the other vehibll that is positioned on the left side of
the host vehicle M earlier than that for the othelnicle N2 that is positioned on the right
side of the host vehicle M. The other vehicle R&ttis positioned on the left side of the
host vehicle M is another vehicle that will be fagithe host vehicle M after the host
vehicle M turns left. On the other hand, the othehicle N1 that is positioned on the

right side of the host vehicle M is another vehitiat will be traveling away from the host
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vehicle M in the opposite direction after the hashicle M turns left.

[0121] The timing of the alert is set based on a TTC (TirmeCollision) between
the host vehicle M and the other vehicles N1 andr\iBe vehicle width direction (i.e., the
X axis direction) of the host vehicle M, for exampl That is, the alerting apparatus 31
sets the TTC that issues an alert for the otheicleeN1 positioned on the left side of the
host vehicle M as a larger value than it does lier ather vehicle N2 positioned on the
right side of the host vehicle M. The alerting afius 31 sets the timing of the alert
related to the other vehicle N2 positioned on tightrside of the host vehicle M to a
normal timing, and sets the timing of the aleratetl to the other vehicle N1 positioned on
the left side of the host vehicle M to an earlyitigpn  The normal timing is an alert timing
preset as a reference. The early timing is a tieaglier than the normal timing. The
early timing may be a timing in which a preset ea(gsuch as 1 second) is added to the
value of the TTC of the normal timing.

[0122] A THW (Time Headway; a vehicle-to-vehicle time) ween the host
vehicle M and the other vehicles N1 and N2 mayropleyed instead of the TTC. Also,
setting the alert timing to an early timing refésssetting the timing of an alert regarding
the other vehicle N1 positioned on the left sidéhef host vehicle M earlier than the timing
of an alert regarding the other vehicle N2 pos#ibion the right side of the host vehicle M,
when the other vehicle N1 and the other vehicleaN2approaching the host vehicle M at
the same speed and from the same distance. S#tanglert timing to an early timing
does not necessarily mean that the alert of theratbhicle N1 positioned on the left side
of the host vehicle M will be issued to the dritemporally earlier than the alert of the
other vehicle N2 positioned on the right side o thost vehicle M, irrespective of the
speed toward the host vehicle M and distance thitisevehicle M.

[0123] FIG. 14B is a plan view showing the timings of tderegarding other
vehicles, when the traveling direction at the is¢éetion T of the host vehicle M traveling
in a left-hand traffic jurisdiction is a right turn As shown in FIG. 14B, when the traveling
direction at the intersection T of the host vehiddhat is traveling in a left-hand traffic

jurisdiction is a right turn, the timing of an dleegarding the other vehicle N2 positioned
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on the right side of the host vehicle M is set toearlier timing than that of an alert
regarding the other vehicle N1 positioned on tife dele of the host vehicle M. The
other vehicle N1 positioned on the right side @& tiost vehicle M is another vehicle that
will be facing the host vehicle M after the hoshite M turns right. On the other hand,
the other vehicle N2 positioned on the left sid¢hef host vehicle M is another vehicle that
will be traveling away from the host vehicle M ihet opposite direction after the host
vehicle M turns right. The alerting apparatus 8fis she timing of the alert of the other
vehicle N1 to the normal timing, and sets the tgnif the alert of the other vehicle N2 to
the early timing.

[0124] FIG. 14C is a plan view showing the timings of tdesf other vehicles,
when the traveling direction at the intersectiorofTthe host vehicle M traveling in a
left-hand traffic jurisdiction is straight aheadAs shown in FIG. 14C, when the traveling
direction at the intersection T of the host vehMlés straight ahead, the alerting apparatus
31 sets the timing of an alert of the other vehidlepositioned on the left side of the host
vehicle M and the timing of an alert of the othehicle N2 positioned on the right side of
the host vehicle M the same. The alerting apparafusets the timings of the alerts of
the other vehicles N1 and N2 to the normal timing.

[0125] Continuing on, FIG. 15A is a plan view showing tiraings of alerts of
other vehicles, when the traveling direction at ihtersection T of the host vehicle M
traveling in a right-hand traffic jurisdiction israght turn. As shown in FIG. 15A, when
the traveling direction at the intersection T of thost vehicle M traveling in a right-hand
traffic jurisdiction is a right turn, the alertingpparatus 31 sets the timing of an alert
regarding the other vehicle N1 positioned on tlghtriside of the host vehicle M to an
earlier timing than that of an alert regarding ¢tieer vehicle N2 positioned on the left side
of the host vehicle M. The alerting apparatus &% she timing of the alert of the other
vehicle N1 to the early timing, and sets the timfighe alert of the other vehicle N2 to the
normal timing, for example.

[0126] FIG. 15B is a plan view showing the timings of tdeof other vehicles,

when the traveling direction at the intersectiorofTthe host vehicle M traveling in a
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right-hand traffic jurisdiction is a left turn. Ashown in FIG. 15B, when the traveling
direction at the intersection T of the host vehidetraveling in a right-hand traffic
jurisdiction is a left turn, the alerting appara8issets the timing of an alert regarding the
other vehicle N2 positioned on the left side of tiwst vehicle M to an earlier timing than
that of an alert regarding the other vehicle Nlitposed on the right side of the host
vehicle M. The alerting apparatus 31 sets thengnaf the alert of the other vehicle N2
to the early timing, and sets the timing of thertaté the other vehicle N1 to the normal
timing, for example.

[0127] FIG. 15C is a plan view showing the timings of tdesf other vehicles,
when the traveling direction at the intersectiorofTthe host vehicle M traveling in a
right-hand traffic jurisdiction is straight aheadAs shown in FIG. 15C, when the traveling
direction of the host vehicle M at the intersectiors straight ahead, the alerting apparatus
31 sets the timing of the alert of the other vehidlil positioned on the right side of the
host vehicle M and the timing of the alert of thieey vehicle N2 positioned on the left side
of the host vehicle M the same. The alerting agjoar31 sets the timings of the alerts of
the vehicles N1 and N2 to the normal timing, foample. Above, a case in which the
moving obstacle is another vehicle is described the moving obstacle does not have to
be another vehicle. That is, the moving obstacy also be a pedestrian or a bicycle or
the like. Also, another vehicle does not necelsshave to be present on both the left and
right sides of the host vehicle M.

[0128] As shown in FIG. 13, the alerting apparatus 3loating to the
second example embodiment differs from the aleripgaratus 1 according to the first
example embodiment with respect to the functionsamfintersect determination range
setting portion 33 and an alerting portion 34 inadéert ECU 32. Structure that overlaps
with the first example embodiment will be denoteyl Itke reference characters and
descriptions of that structure will be omitted.

[0129] The intersect determination range setting porti8rs&s only the intersect
determination range A of a fixed length L1, regasdl of the determination result regarding

the traveling direction of the host vehicle M aabiog to the traveling direction
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determining portion 25. When it is determined bg vehicle speed determining portion
21 that the vehicle speed of the host vehicle Mdsal to or less than a preset vehicle
speed threshold value, and it is determined bynbeing obstacle information obtaining
portion 23 that a moving obstacle that will be &rtacandidate is present, for example, the
intersect determination range setting portion 33 #ee intersect determination range A
that extends out in front of the host vehicle M. ltefnatively, the intersect determination
range setting portion 33 may also set the intergetérmination range A when it is
determined, based on the position information efhbst vehicle M and map data, that a
distance between the host vehicle M and an inteosed in front of the host vehicle M
that has been recognized by the intersection reziognportion 22 is equal to or less than
a preset distance threshold value, and it is deteanby the moving obstacle information
obtaining portion 23 that a moving obstacle thdt e an alert candidate is present. The
intersect determination range setting portion 3§ alao set intersect determination ranges
A or intersect determination ranges B of differlamgths, based on the traveling direction
of the host vehicle M. This will be described etall later.
[0130] The alerting portion 34 sets the timing of an aferta moving obstacle
that is an alert target having a path that intéssesith the intersect determination range A
in the intersect determining portion 27, basedh@ngosition of this moving obstacle, and
the traveling direction of the host vehicle M. Wihie traveling direction of the host
vehicle M is a left turn, the alerting portion 3éts the timing of an alert regarding a
moving obstacle positioned on the left side oflthst vehicle M to an earlier timing than
that of an alert regarding a moving obstacle pas#d on the right side of the host vehicle
M. That is, when the traveling direction of theshwehicle M is a left turn, the alerting
portion 34 sets the timing of an alert regardinm@ving obstacle positioned on the left
side of the host vehicle M to an early timing, fxample. In contrast, the alerting
portion 34 sets the timing of an alert regarding@ving obstacle positioned on the right
side of the host vehicle M to the normal timing, &xample, when the traveling direction
of the host vehicle M is a left turn.

[0131]  Also, the alerting portion 34 sets the timing ofad@rt regarding a moving
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obstacle positioned on the right side of the hesiicle M to the earlier timing than that of
an alert regarding a moving obstacle positionedhanleft side of the host vehicle M.
That is, when the traveling direction of the hoshicle M is a right turn, the alerting
portion 34 sets the timing of an alert regarding@ving obstacle positioned on the right
side of the host vehicle M to an early timing, fxample. In contrast, the alerting
portion 34 sets the timing of an alert regardinm@ving obstacle positioned on the left
side of the host vehicle M to the normal timing, é&xample, when the traveling direction
of the host vehicle M is a right turn.

[0132] When the traveling direction of the host vehicleidstraight ahead, the
alerting portion 34 sets the timings of the aleggarding both moving obstacles to the
same timing, for example. When the traveling dicecof the host vehicle M is straight
ahead, the alerting portion 34 sets all of the rigsi of the alerts regarding moving
obstacles that are alert targets to the normalngmfor example. When the moving
obstacle is positioned on the left or the righttledé host vehicle M, it means that the
moving obstacle is positioned on the left or thghtiof a center axis that extends in the
front-rear direction of the host vehicle M, for exale. When the moving obstacle is
positioned directly in front of the host vehicle Mg alerting portion 34 sets the timing of
the alert to the normal timing, for example.

[0133] Continuing on, a method of alert control of therahg apparatus
according to the second example embodiment will bewdescribed. FIG. 16A and B are
flowchart illustrating alert control in the alemjrapparatus 31 according to the second
example embodiment. This alert control is repdgitedecuted at preset intervals of time
(such as every 0.1 seconds, for example) whildtis¢ vehicle M is traveling, for example.
This alert control may be applied in both left- arght-hand traffic jurisdictions.

[0134] As shown in FIG. 16A and B, in step S301, the ale@U 32 of the
alerting apparatus 31 according to the second ebeaempbodiment determines, with the
intersection recognizing portion 22, whether aatise between the intersection T and the
host vehicle M is equal to or less than a presstadce threshold value. The intersection

recognizing portion 22 determines whether the debetween the intersection T and the
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host vehicle M is equal to or less than the distatireshold value, based on position
information of the host vehicle M from the GPS iet® portion 11 and map information
from the map database 12.

[0135] If the distance between the intersection T andhib& vehicle M is not
equal to or less than the distance threshold véhes the alert ECU 32 ends this cycle of
the alert control. The alert ECU 32 will also detee that the distance between the
intersection T and the host vehicle M is not egoabr less than the distance threshold
value when the intersection recognizing portions2@nable to recognize an intersection in
front of the host vehicle M. If, on the other hanidis determined that the distance
between the intersection T and the host vehiclesMdual to or less than the distance
threshold value, the alert ECU 32 proceeds on é¢p §302. Step S201 in the first
example embodiment may also be used instead oS8@p described above.

[0136] In step S302, the moving obstacle information atata portion 23 of the
alert ECU 32 determines whether a moving obstdwd will be an alert candidate is
present. In step S302, the same process as thatem S202 in the first example
embodiment is performed. If it is determined thahoving obstacle that will be an alert
candidate is not present, the alert ECU 32 endsdyile of the alert control and repeats
the routine again from step S301. If, on the otiand, it is determined that a moving
obstacle that will be an alert candidate is prestra alert ECU 32 proceeds on to step
S303. The alert ECU 32 does not necessarily havaake the determination in step
S302. If the determination in step S302 is notendde paths of all moving obstacles for
which information is able to be obtained are estadan the next step S303.

[0137] In step S303, the alert ECU 32 estimates, withpit estimating portion
24, the path of a moving obstacle that is an atamdidate, and sets the intersect
determination range A in front of the host vehiglavith the intersect determination range
setting portion 33. The step of estimating thehpaftthe moving obstacle is similar to
step S203 in the first example embodiment, for gdam However, the intersect
determination range setting portion 33 sets therseict determination range A of a fixed

length L1, regardless of the traveling directiontloé host vehicle M, which is different
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differs from the first example embodiment. Aftestimating the path of the moving
obstacle and setting the intersect determinatiogea, the alert ECU 32 proceeds on to
step S306.

[0138] In step S306, the alert ECU 32 determines, withirtkersect determining
portion 27, whether the path of the moving obstacleersects with the intersect
determination range A. In this step S306, a posasilar to that in step S209 in the first
example embodiment is performed, for example. t i idetermined that the path of the
moving obstacle does not intersect with the intgrdetermination range A, the alert ECU
32 ends this cycle of the alert control and reptaprocess again from step S301. If, on
the other hand, it is determined that the pathhefmoving obstacle intersects with the
intersect determination range A, the alert ECU &&bgnizes the moving obstacle as an
alert target and proceeds on to step S307.

[0139] In step S307, the alert ECU 32 determines, withttheeling direction
determining portion 25, whether the traveling dii@t of the host vehicle M is a left turn.
In this step S307, a process similar to that ip §204 in the first example embodiment is
performed, for example. If it is determined ths traveling direction of the host vehicle
M is a left turn, the alert ECU 32 proceeds ontapsS308. If, on the other hand, it is
determined that the traveling direction of the heshicle M is not a left turn, the alert
ECU 32 proceeds on to step S311.

[0140] In step S308, the alert ECU 32 determines whetiemioving obstacle
that is an alert target is positioned on the lefe ©f the host vehicle M. The alert ECU
32 determines whether the moving obstacle thahialert target is positioned on the left
side of the host vehicle M, based on the positigiormation of the moving obstacle
obtained by the moving obstacle information obtagnportion 23. The determination of
the position of the moving obstacle that is antdkmget may also be made by the moving
obstacle information obtaining portion 23. If & determined that the moving obstacle
that is an alert target is positioned on the lefe ©f the host vehicle M, the alert ECU 32
proceeds on to step S310. If, on the other hansl determined that the moving obstacle

that is an alert target is not positioned on tliesiele of the host vehicle M, the alert ECU
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32 proceeds on to step S309.

[0141] In step S310 sets the timing of the alert regardivg moving obstacle
determined to be positioned on the left side ofitbst vehicle M to the early timing with
the alerting portion 34. Then, the alert ECU 3@cpeds on to step S315.

[0142] In step S309, the alert ECU 32 sets the timinghefdlert regarding the
moving obstacle determined not to be positionedhenleft side of the host vehicle M to
the normal timing with the alerting portion 34. € the alert ECU 32 proceeds on to
step S315.

[0143] In step S311, the alert ECU 32 determines, withttheeling direction
determining portion 25, whether the traveling diil@t of the host vehicle M is a right turn.
In this step S311, a similar process as that im S206 in the first example embodiment is
performed, for example. If it is determined tHaa traveling direction of the host vehicle
M is a right turn, the alert ECU 32 proceeds ostep S312. |If, on the other hand, it is
determined that the traveling direction of the haahicle M is not a right turn, the alert
ECU 32 proceeds on to step S314. At this timeateg ECU 32 may also recognize that
the traveling direction of the host vehicle M isagght ahead.

[0144] In step S312, the alert ECU 32 determines whetiemioving obstacle
that is an alert target is positioned on the rigitte of the host vehicle M. |If it is
determined that the moving obstacle that is art tdeget is positioned on the right side of
the host vehicle M, the alert ECU 32 proceeds osteép S313. If, on the other hand, it is
determined that the moving obstacle that is art t&eget is not positioned on the right side
of the host vehicle M, the alert ECU 32 proceedsoostep S314.

[0145] In step S313, the alert ECU 32 sets the timinghefdlert regarding the
moving obstacle determined to be positioned orritite side of the host vehicle M to the
early timing with the alerting portion 34. Thehgtalert ECU 32 proceeds on to step
S315.

[0146] In step S314, the alert ECU 32 sets the timinghefdlert regarding the
moving obstacle to the normal timing with the akegtportion 34. That is, when the

traveling direction of the host vehicle M is stfaigashead, the alerting portion 34 sets the
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timing of the alert regarding the moving obstadehe normal timing, regardless of the
position of the moving obstacle. Also, when trevéling direction of the host vehicle M
is a right turn, the alert ECU 32 sets the timifighe alert regarding the moving obstacle
determined not to be positioned on the right sidd® host vehicle M to the normal timing.
Then, the alert ECU 32 proceeds on to step S315.

[0147] In step S315, the alert ECU 32 issues an alethaadtiver regarding the
moving obstacle that is an alert target with trestalg portion 34. When it is determined
that the moving obstacle has reached the set tirafnthe alert based on the moving
obstacle information obtained by the moving obst&miormation obtaining portion 23, for
example, the alert regarding the moving obstaclesiged. Then, the alert ECU 32 ends
this cycle of the alert control, and, after a ptgseriod of time has passed, repeats the
process again from step S301. The alert ECU 32 atsystore the moving obstacle for
which an alert has been issued, and not repededri@a the same moving obstacle.

[0148] With the alerting apparatus 31 according to theosd example
embodiment described above, when the host vehiclerivk left at the intersection T, it is
more difficult for the driver to notice a moving sthcle positioned on the left side of the
host vehicle M (e.g., a moving obstacle that wdltbaveling in the opposite direction from
the host vehicle after the host vehicle turns Jéftan a moving obstacle positioned on the
right side of the host vehicle M (e.g., a movingailcle that will be traveling in the same
direction as the host vehicle M after the host elehM turns left). Therefore, when a
moving obstacle for which there should be an agepbsitioned on the left side of the host
vehicle M, the timing of the alert is set to anlieatiming than when the moving obstacle
is positioned on the right side of the host vehide Similarly, with this alerting
apparatus 31, when the host vehicle M will turrtigt the intersection T, the timing of an
alert is set to an earlier timing when a movingtable for which there should be an alert is
positioned on the right side of the host vehicletin when the moving obstacle is
positioned on the left side of the host vehicle Mherefore, with this alerting apparatus
31, the driver of the host vehicle M that will tueft or right can be made aware early on

of a moving obstacle positioned in a direction vehtdre driver may not easily notice it.
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Hence, this alerting apparatus 31 is able to rediiedikelihood of contact between the
host vehicle M and a moving obstacle such as anwettecle.

[0149]  While various example embodiments of the inventane described, the
invention is not limited to these example emboditeen The invention may be carried out
in a variety of modes that have been modified gorowed in any of a variety of ways
based on the knowledge of one skilled in the afthe structure of the first example
embodiment described above and the structure ofs#wnd example embodiment
described above may also be suitably combined.

[0150] Hereinafter, a mode in which the intersect deteatidon range is set
based on the traveling direction of the host vehM| as in the first example embodiment,
in the alerting apparatus 31 according to the stexample embodiment will be described
with reference to the drawings. Here, a case iichvtihe host vehicle M is traveling in a
left-hand traffic jurisdiction will be described.

[0151] FIG. 17A is a plan view showing the timings of &deof other vehicles,
when the traveling direction at an intersection dfdthe host vehicle M traveling in a
left-hand traffic jurisdiction is a right turn, ithe alerting apparatus 31 according to the
modified example of the second example embodimenhe intersection T4 shown in FIG.
17Ais a crossroads intersection in which the tiageoad Ra crosses the crossroad Rb in
a cross shape. The crossroad Rb is a narrow rdadawnarrow road width and is not
divided into lanes, so it is difficult for four-wkked vehicles to pass each other. Also, the
other vehicle N1 in FIG. 17Ais a two-wheeled védic

[0152] As shown in FIG. 17A, when the traveling directminthe host vehicle M
that is traveling in a left-hand traffic jurisdieti, the alerting apparatus 31 according to the
modified example sets the intersect determinatiamge A of the length L1. In the
scenario shown in FIG. 17A, both the path C1 ofdtieer vehicle N1 and the path C2 of
the other vehicle N2 intersect with the intersestedmination range A, so both the other
vehicle N1 and the other vehicle N2 are alert tisrge

[0153] In this case, when the traveling direction at titensection T4 of the host

vehicle M is a left turn, the alerting apparatuss@is the timing of the alert regarding the
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other vehicle N2 positioned on the right side @& kiost vehicle M to an earlier timing than
that of an alert regarding the other vehicle Nligmosed on the left side of the host vehicle
M. The alerting apparatus 31 according to the firediiexample sets the timing of the
alert regarding the other vehicle N2 that is posid on the right side of the host vehicle
M to the early timing, and sets the timing of thertaregarding the other vehicle N1 that is
positioned on the left side of the host vehicledvite normal timing, for example.

[0154] FIG. 17B is a plan view showing the timings of tdeof other vehicles
when the traveling direction at the intersection afdthe host vehicle M traveling in a
left-hand traffic jurisdiction is a left turn, irhé¢ alerting apparatus 31 according to the
modified example of the second example embodimefs shown in FIG. 17B, when the
traveling direction of the host vehicle M thatriaveling in a left-hand traffic jurisdiction is
a left turn, the alerting apparatus 31 accordinthi® modified example sets the intersect
determination range B of the length L2. In thense® shown in FIG. 17B, the crossroad
Rb is a narrow road, so both the path C1 of therotiehicle N1 and the path C2 of the
other vehicle N2 intersect with the intersect detaation range B of the short length L2,
and thus both the other vehicle N1 and the othkicleeN2 are set as alert targets.

[0155] In this case, when the traveling direction at titensection T4 of the host
vehicle M is a right turn, the alerting apparatdsagcording to this modified example sets
the timing of an alert regarding the other vehile positioned on the left side of the host
vehicle M to an earlier timing than that of an alezgarding the other vehicle N2
positioned on the right side of the host vehicle Mhe alerting apparatus 31 according to
the modified example sets the timing of the alegarding the other vehicle N2 positioned
on the right side of the host vehicle M to the naktrming, and sets the timing of the alert
regarding the other vehicle N1 positioned on tlfiesiele of the host vehicle M to the early
timing, for example.

[0156] Also, when the traveling direction of the host \@iM that is traveling in
a left-hand traffic jurisdiction is a left turn, ahown in FIGS. 4A and 4B, the alerting
apparatus 31 according to the modified example thetsntersect determination range B

having a shorter length in the front-rear directfpe., the Y axis direction) than for a right
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turn. As a result, it is possible to avoid theestlvehicle N1 with which contact is
unlikely being set as an alert target, therebyhitimg annoyance to the driver. That is,
the alerting apparatus 31 according to this madiiéBgample is able to display the effects
of both the first example embodiment and the seexaanple embodiment.

[0157]  As the structure of the alerting apparatus 31 atogrto this kind of
modified example, the intersect determination rasging portion 26 according to the
first example embodiment may be provided insteadhefintersect determination range
setting portion 33 described above, for examplelsoAas the alert control of the alerting
apparatus 31 according to the modified example,fldve from step S203 to step S208
according to the first example embodiment may bedusstead of step S303 described
above. The alerting apparatus 31 according tortbaified example may also deform the
intersect determination range according to therisigengle of the host vehicle M, just as
in the modified example of the first example emipoelnt.

[0158] In addition, the traffic jurisdiction determiningpgiion 20 according to the
first example embodiment may also be provided endterting apparatus 31 according to
the second example embodiment. In this case,léneng apparatus 31 according to the
second example embodiment may perform the traffiisgiiction determining control

shown in FIG. 7.
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CLAIMS:

1. An alerting apparatus that issues an alertrdagga moving obstacle to a driver of
a host vehicle, when the host vehicle enters agattion of a crossroad that is connected
to a traveling road on which the host vehicle svéiing, and the traveling road, in a
left-hand traffic jurisdiction, the alerting appara characterized by comprising:
an ECU (2) configured to
determine a traveling direction of the host vihentering the intersection;
set an intersect determination range that extent front of the host vehicle
from the host vehicle, based on a result of therd@hation;
obtain position information of the moving obstgcl
estimate a path of the moving obstacle, basdti@position information of the
moving obstacle;
determine whether the path of the moving obstetérsects with the intersect
determination range;
issue the alert regarding the moving obstactbeadriver when it is determined
that the path of the moving obstacle intersecth tie intersect determination range; and
set the intersect determination range to be shoart length in a front-rear
direction of the host vehicle when the travelingediion of the host vehicle is a left turn

than when the traveling direction of the host vihis a right turn.

2. The alerting apparatus according to claim ayatterized in that
the ECU (2) is configured to set the intersecedaitnation range to have a length in
the front-rear direction that is equal to or ldsst one-half of a road width of the crossroad

when the traveling direction of the host vehicla ieft turn.

3. An alerting apparatus that issues an alertrdagga moving obstacle to a driver of
a host vehicle, when the host vehicle enters ardattion of a crossroad that is connected

to a traveling road on which the host vehicle svéiing, and the traveling road, in a



TSN201502333SG00
TFN150345-SG
56
right-hand traffic jurisdiction, the alerting apptus characterized by comprising:
an ECU (2) configured to
determine a traveling direction of the host vishentering the intersection;
set an intersect determination range that extent front of the host vehicle
from the host vehicle, based on a result of therd&hation;
obtain position information of the moving obstgcl
estimate a path of the moving obstacle, baseti@position information of the
moving obstacle;
determine whether the path of the moving obstextérsects with the intersect
determination range;
issue the alert regarding the moving obstackheadriver when it is determined
that the path of the moving obstacle intersecth tie intersect determination range; and
set the intersect determination range shortéergth in a front-rear direction of

the host vehicle when the traveling direction af tiost vehicle is a right turn than when

the traveling direction of the host vehicle is t farn.

4. The alerting apparatus according to claim aratterized in that
the ECU (2) is configured to set the intersecedrination range to have a length in
the front-rear direction that is equal to or ldsat one-half of a road width of the crossroad

when the traveling direction of the host vehicla isght turn.

5. The alerting apparatus according to any ondasins 1 to 4, characterized in that
the ECU (2) is configured to

set a timing of the alert regarding the movingtable to an earlier timing when the
moving obstacle is positioned on a left side of twst vehicle than when the moving
obstacle is positioned on a right side of the kesicle, when the traveling direction of the
host vehicle is a left turn; and

set the timing of the alert regarding the movibgtacle to an earlier timing when the

moving obstacle is positioned on the right sidehef host vehicle than when the moving
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obstacle is positioned on the left side of the hagticle, when the traveling direction of

the host vehicle is a right turn.

6. An alerting apparatus that issues an alertrdagga moving obstacle to a driver of
a host vehicle, when the host vehicle enters agattion of a crossroad that is connected
to a traveling road on which the host vehicle svéling, and the traveling road, the
alerting apparatus characterized by comprising:
an ECU (32) configured to

determine a traveling direction of the host vishentering the intersection;

obtain position information of the moving obstgcl

estimate a path of the moving obstacle, basedti@position information of the
moving obstacle;

determine whether the path of the moving obstadersects with a preset
intersect determination range that extends outantfof the host vehicle from the host
vehicle;

issue the alert regarding the moving obstactbeadriver when it is determined
that the path of the moving obstacle intersecth tie intersect determination range;

set a timing of the alert regarding the movingtable to an earlier timing when
the moving obstacle is positioned on a left sidéhef host vehicle than when the moving
obstacle is positioned on a right side of the kesicle, when the traveling direction of the
host vehicle is a left turn; and

set the timing of the alert regarding the moveigstacle to an earlier timing
when the moving obstacle is positioned on the eyt of the host vehicle than when the
moving obstacle is positioned on the left side Il host vehicle, when the traveling

direction of the host vehicle is a right turn.



