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(54) Title: WARNING APPARATUS

(57) Abstract: A warning apparatus (1) that notifies the
driver of a host vehicle that a risk has been detected in-
cludes environment recognition means (103, 104), predic-
tion means (105), at least two units of warning means
(106, 107, 108), warning selection means (105) and com-
mand means (105). The environment recognition means
recognizes an environment in which the driver is in. The
prediction means predicts the risk. The at least two units
of warning means (106, 107, 108) notify prediction of the
risk by stimuli that are different in kind from each other
(haptic, sound, light). The warning selection means (105)

selects from the foregoing warning means the warning
means for notifying the driver of the prediction of the risk

according to the driver's environment. The command
means gives the warning means selected by the warning
selection means a command to notity the driver that the
risk has been detected by the prediction means.
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WARNING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a warning apparatus and, more particularly, to a
'warning apparatus that is mounted in a mbbile unit such as a motor vehicle or the like.
- 2. Description of the Related Art

[0002] In recent years, fmobile units, such as m.otor‘ vehicles and the like, are
equipped with warning apparatuses that predict and notify, for example, a risk of
colliding with an object such as an on-road stationary object, an oncofning vehicle, a
preceding vehicle, etc. An example of such warning apparatuses is an inter-vehicle
distance warning apparatus described in Japanese Patént Application Publication No.
2000-36098 (JP-A-2000-36098) (hereinafter, referred to as “related-art technology™).

[0003] This relatéd-ért technology determines the possibility of collision with an
object, and notiﬁeé a pfedicted risk to a driver with a waming ‘light‘ and/or a warhing

sound commensurate with the level of the determined possibility.‘

SUMMARY OF THE INVENTION -

[0004]  The foregoing related-art technology has problems as fqllows. That is,
a \}ehicle operated by a driver travels in an environment that changes in, for example, the
ambient illumination intensity of illuminan‘ce; the environmental sound, etc. For
example, when the .Vehiclé 6perated by the driver is in an eﬁvironment in whiéh there is
~ excessively great énvironmental sound, it sometimes happens fhat if the foregoing
" related-art technology predicts a risk and notifies the risk to the driver with a warning
| sound, the warning sqund is not percéived by the .driver. ‘Besides, for example, when the |
vehicle operated b.y the dri\/er is in an environment that is illuminated at excessively high
illuminance by a strong light source, it also sometimes happens that if the relafed-art
technology pfedicts a risk and notifies the risk to the driver with a wamiﬁg light, the

warning light is not recognized by the driver. |

CONFIRMATION COPY
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[0005] That is, since the foregoing related-art technology does not take into

‘account the environment around the vehicle that is operated by a driver, the technology is
not ablev to ceftainly'notify the driver of a predicted risk.

[0006] The invention provides a warning apparatus that is capable of certainly
notifying a predicted risk to a driver of a vehicle by taking the environment around the
vehicle into account. | |

. [0007] The invention relates to a warning apparatus that notifies a driver of a
host vehicle that a risk has been detected.  This warning abparafus includes environment -
recognition means, prediction means, at least two units of warning means, warning
'selectio; fneaﬁs, and command meaﬁs. The environment recognition means is provided
for fécoghizing an enviro;lme'nt in which the driver is. The prediction means is
provided for predicting the risk. The af least two units of -waming means is provided for
nbtifying prediction of the risk by using stimuli that are respectively different in kind
from each other. The warning selection Iﬁeans is provided for selecﬁng from the
foregoing warning means the warning means for notifying the driver' of the prediction of
the risk according to the environment. The command means is provided for giving the
warning means selected by the warning selection means a command to notify the-driver
that the risk has been detected by the prediction means.

[0008] In the warning apparatus in the foregoing aspect of the invention, the
warning means selected by the Warnihgvseleétion means may notify the vprediction of the
risk by using a stimulus that is different from stimuli that are being given to the driver
from the environment. |

[0009] Besides, in the warning apparatus in this aspect, the command means
may continue giVing the command to the warning means selected by the warning
selection means untﬂ the risk that has been predicted disappears. |

[0010] Beéides, in the warning apparatus in'this aspec't; if the warning means
different from fhe warning méans that has already been selected by the warning selection
means is selected by the wafning selection means according to the environment during a

time from selection of the warning means that has already been selected till

N
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disappearance of the risk that has been predicted, the command means may givé the -
command to the warning means that has already been selected and to the different
warning means that has just been sele_cted. |

{0011] The invention can provide a Wéming apparatus_ that is Capable of
certainly notifying the predicted risk to the driver by taking into account the environment

around the vehicle.

. BRIEF DESCRIPTION OF THE DRAWINGS
[0‘0712] - The features, advantages, and technical and industrial significance of this
invention will be described below with reference to the accompanying drawings, in
.which like humerals denote like elements, and wherein: | '
FIG. 1 is a diagram showing a general construction of a warning apparatus in
'y accordance with an embodiment of the inyention; ‘ o
‘FI'G. 2 is a flowchart showing proce‘sses performed by a lane' departure warning
ECU in accordance wifh the embodiment of the invention;
'.FIG. 3 is a flowchart showing processes performed by the lane departﬁre warning
ECU in accordance with the embodiment of the invention;
FIG. 4 is a flowchart showing processes performed by the lane departure warning
ECU in accordance with a first modification of the embodiment of thé invention; and

FIG. 5 is a flowchart showing processes performed by the lane departure warning

ECU in accordance with a second modification of the embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

| [0013] FIG. 1 is a block diagram showing é general construction of a waming
apparatus 1 in accordance with an e'mbodim_ent of the invention. The warning apparatus
"1 in accordance with the embodiment includes division line detection means 101, torque
detection means 102, sound pressure detection means 103, illuminance detection means
104, a lane departure waming ECU (Electronic Control Unit) 105, first Warning means

106, second warning means 107, and third warning means 108. Incidentally, in the
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description of this embodiment, it is assumed that the warning apparatus 1 is mounfed in
a host vehicle.

[0014] The division line detection means 101 is typically constructed mainly of
a carﬁera that takes images by using a CCD (Charge Coupled Device) element, a CMOS
(Complementary Metal Oxide Semic‘onductor) elefnent, etc., and a proc,essing”circuit that
processes the images taken by the camera. The division.line détection means 101 takes
images 'that include the division lines of the current traveling lane in which the host
vehicle is traveling, by using the foregoing camera, and then successively detects the
right and left-side division lines of the traveling lane of the host vehicle, by performing a
well—known process on the .ilmage,s in the foregoing processing circuit. Furthermore, _the
division ‘line detection means 101 at least successively detects the lane width of the
traveling lane of the host vehicle, and the-offsét V(;f the host vehicle relative to its current
traveling léne._ The term offset herein means the distance from the center of the width of
the tréveling lahe of the host vehicle to the center of the host vehicle in the width
direction. The division line detection means 101 su'cces_sively generates traveling lane
information that shows at least the lane width and the éffset detectedby the division line
detection means 101. |

[0015] The torque detection means 102 is typically a tofque sensor that
successively detects the twist of a steering shaft of the host vehicle By a potentiomefer,
and that successively converts the detected twist into a forque that occurs on the steering
shaft. The torque detection means 102 successively generates torque information that
shows the converted torque. o

[0016] The sound pressure detection means 103 succéssively detécts the sound
pressure in a cabin of the host Vehicle,‘ and successively genefates .sound pressure
information that shows the detected soﬁnd pressure. The sound pressure detection
means 103 used herein may be a sensor that detects the sound pressure .by substantially
the same principle as a well-known sound pressure meter. |

[0017] The illuminance detection means 104 is typically constructed mainly of a

photodiode, and successively detects the illuminance (illumination intensity) around the
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host vehicle, and successively generates illuminance information that shows the detected

+illuminance.

[0018]  The lane departure warning ECU 105‘acquires the torque information,
the sound pressuré information and the illuminance information, and selects an arbitrary
one of the first warning means 106, the second warning means 107 and the third warning
means 108 that are described belbw, on the basis of the acquired information.

[0019] Besides, the lane departure warning ECU 105 acquires the traveling lane
iﬁformation, and predicts the risk of the host vehicle departing from the current traveling
lane, on the basis of the acquired traveling lane in.formation. For example, when the
offset of the host vehicle shown by the acquired traveling lane ihformation exceeds a
predetermined propoftion of the width. of the lane shown by the -traveling lane

“information, the lane departure warning ECU 105 detects that the host vehicle is about to
depért from the current traveling lane.

[0020] Then, upon predicting the risk of the host vehicle departing from the
current traveling lane, the lane departure warning ECU 105 commands that the selected
warning means notify the prediction of the risk. Details 'of thé process of the lane
departure warning ECU 105 in accordance with this embodiment will be described below.
_ | [0021] The first warning means 106, upon receiving from the lane departure:

~ warning ECU 105 the command to notify that the risk has been predicted, notifies the
prediction of the risk to the driver by giving the driver a stimulus of vibration that i.s
caused by vibrating the stéering wheel of the host vehicle. |

[0022] The second warning means 107, upon receiving from the lane departure
warning ECU 105 the command to notify that the risk has been predicted, notifies the .
| prediction of the risk to the driver by giving the driver a stimulus of sound tha£ is caused
by producing a warning sound from a spéaker that is provided in the caibin of the host
vehicle.

[0023] The third wafning means 108, upon receiving from the lane departure
warning ECU 105 the command to notify that the risk has been predicted, notifies the

prediction of the risk to the driver by giving the driver a stimulus of light that is caused
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by producing a display picture that is able to notify the prediction of the risk to the driver
in a display screen that is provided at such a location in the cabin of the host vehicle that
the displayed picture is visual‘ly recognizable by the driver sitting in the driver’s seat, or
by turﬁing on a warning light that is provided at such a loéation in thc cabin of the host
vehicle thatvthe warning light is visually recognizable by the driver sitting in the driver’s
seat. | |

[0024] The general construction of the Waming apparatus 1 in accordance with

~ this embodiment vhas been described above. Next, the lane departure warning ECU 105
in accordance with this embodiment will be described in detail.

[0025] After acq'ﬁiring the torque information generated by the torque detection
means 102, the lané departure %varning ECU 105 in aécordance with this embodiment
recognizes the magnitude of the vibration of the host vehicle on the basis of the torque
shown by the acquired torque information. ~Concretely, the lane departure warning ECU
105 calculates the magnitude of a change in tofqﬁe (hereinafter, termed the amount of
change in torque tr) by differentiatihg the torque shown by the acquired - torque
information. ~The lane departure warning ECU.. 105, after calculating _the amount of
change in torque tr, compares the calculated amount of change in‘ torque tr with a
ﬁredetermined threshold amouﬁt of change in_.torque thl. ' Then, when the. lane departure

| warning ECU 105 has determined that the calculated amount of change in torque. tr is
greétef than or equal to the threshold amount of change in torque th1, the lane departure
warning ECU 105 recogni‘ze‘s that the driver of the host vehicle is in an environment in
which the driver is being- given vibration _of the host vehicle as a stimulus.

10026]  Next explained will a reason why the lane departure warning ECU 105
can determine that vibration of the vehicle is beihg given to the driver as a stimulus when
the amount .Of change in tbrque tr is greater than or equal to the threshold amount of
change in tofque thl. For example, when the host vehicle is traveling on a road with
great irregularity, and is therefore vibrating, the front wheels also vibrate according to the
irregularity, and thereforé the vibration of the front wheels propagates to the steering

| shaft. If the vibration of the front wheels propagates to the steering shaft, this vibration
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fluctuates the torque that occurs on the steering éhaft', and the torque fluctuation is-
detected by the aforementioned 'potentiomete'r. In this embodiment, the torque that
occurs according to the vibration of the front wﬂeels is detected by the torque detection
means 102. Therefore, when the magnitude_ of the change in torque that occurs as
described above, that is, the amount of change in torque tr, is greater than or equal to the
threshold amount of change in torque thl, it can be considered that a relatively large
§ibration is occurring on the host vehicle. Therefore, when the amount of change in
torque tr is greater than or equal to the threshold amount of change in torque fhl , the lane
'departuvre.\‘zvarning ECU 105 is able to recognize that the driver of the host vehicle is in an
environment in which the driver is being given vibration of the hosf vehicle as a stimulus.
| [0027] ‘Besides, the lane departure warning ECU 105 according to the
embodiment,' after acquiring tlllei sound pressure information generafed by the sound
pressure detection means 103, recognizes the n{agnitude of the sound pressure in the
cabin of the host vehicle on the basis of the sound pressure shown by the acquired sound
pressuré information. Concretely, after acqﬁiring the sound Iplv‘essure information, the
lane departure Waming ECU 1>05 compares the s-ound pressure shown by the acquired
sound pressure information (hereinafter, termed the sound pressure sp) with a
predetermined threshold sound pressure value th2.  When the lane departure wéming
ECU 105 has determined that the soﬁnd pressure sp is greater than or equal to the
threshold sound pressure value th2, the lane de‘parture,warning ECU 105 recognizes that |
- the driver of the host vehicle is in an environment in which the drivér is being given a
stimulus of sound. | | |
[0028] The lane departure warning ECU 105 in accordance with this
embodiment, after acquiring illuminance information generated by the illumina:nce
detection means 104, recognizes the illumihance (illumination intensity) on the driver of
the host vehicle on thevbasis of the illuminance shown by the acquired illuminance
information. Concret_ely,{ after acquiring the illuminance information, the léne departure

warning ECU 105 compares thé illuminance shown by the acquired illuminance

information (hereinafter, termed the illuminance il) with a predetermined threshold
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illuminance value th3. When the lane depai‘"ture. Warni‘ng ECU 105 has determined that
the illuminance il is greater than or eQual to the threshold illuminance value th3; the 1an¢
departure wafning ECU 105 recognizes that the driver of the host vehicle is .in an
environment in which the driver is being given é stimulus of light.

[00291 Incidentally, while the drier is driving the host vehicle, the host vehicle is
vibrating even when the host vehicle is fraveling on a flat road. Besides, while the
driver is driving the host vehicle, sounds, such as road noise, engine sound, etc. propagate
into the cabin even Whén the driver is not in an environment in which a particular noise is
occﬁrring, 6r when the car audio or the like is not being used. Furthermore, while the
~driver is drfving the host vehicle, thé driver is illuminated with light such as sun light,
street lamps, etc.. That is, the driver of the host vehicle is in an envlironment in which
the driver is always given stimuli of vibration, sound, light, etc. that naturally occur.
However, if the environment in Which_the driver is given such naturally occurring stimuli
of vibration, sound, light, etc. is recognized by the lane departure warning ECU 105 as an
environment in which the driver is in, the lane departure warning ECU 105 will recognize
that the driver is being given all kinds' of stimuli, and will be unable to select from the

first to third warning means 106 to 108 the warning means that is able to notify the driver
of the prediction of the risk by a stimulus that is different from the stimuli that are being
given to the driver.

[0030] Hence, the threshold amount of Change in torque th1, the threshold sound

pressure value th2 and the threshold iliuminance value th3 that are descfibed above need
“to be determined beforehand as threshf)‘ld values whose magnitudes are such as to ‘be able
| to divide naturally-occufring levels of stimuli of vibration, sound, light, etc. and levels of
stimuli thereof that niake the stimuli for notifying the prediction of a risk hard for ciriVers

to recognize. The threshold amount of change in torque thl, the threshold sound

pressure value th2 and the threshold illuminance value th3 may be determined beforehand, -

for example, on the basis of results of experiments.
- [0031] The lane departure warning ECU . 105 in accordance with this

embodiment, as described above, com_pares"the amount of change in torque tr, the sound
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pressure sp and fhe illuminance il with the threshold émount of change in torque thl, the
threshold sound pressure value th2 and the threshold illuminance value th3, respectively,
to recognize the environment in which the driver is'in, and determines the stimuli that are
being given to fhe driver from the recognized environment. Upon detecting a risk as
des'cribed. above, the lane departure warning ECU 105 selects from the first to third
warning means 106 to 108 the warning means that is able to notify the prediction of the
risk to the driver by a stimulus that is different from the stimuli that are being given to the
driver. | |

[0032] Concretely, vfor_ example, when the lane departure warning ECU 105 has
‘determined that the driver is being given a stimﬁlus of vibration, the lane departure/\'
warning ECU 105 selects from the first to third warning means 106 to 108 at le.:ast' one of
the warning means other than the first warning means 106 for notifying the prediction of
th¢ risk by stimulus of vibration. Besides, when the lane-departure warning ECU 105
has determined that the driver is being given a stimulus of sound,the lane départure
warning ECU 105 selects from the first to third warning means 106 to 108 af least one of
the warning means other than the second warning means 107 for noﬁfying the predictioﬁ
of the risk by the stimulus of sound. When the lane departuré warning ECU 105 has
determined that the driver is being given stimuli of sound‘ and of light, the lane departure
warning ECU 105 selects the first warning means 106 for notifying the driver of the
prediction of the risk by giving a stimulus of Vibratio.n. |

[0033]  Thus, by notifying the predictibn of the risk to the driver by a stimulus
that is different from the stimuli that are being given to the driver, the lane departure
warning ECU 105 is able to avoid an incident in which the stimulus for notifying the
prediction of the risk is indistinét ambng the stimuli that are being given to the driver, and
therefore cannot be récognized by the dfiver.

[0034] The v‘lane departure warning ECU 105 in acéordance with the
embodifnent has been described in detail above. Next, a flow of a process performedvby
the lane departure warning ECU 105 in accordance with the e'mb@diment will be

described with reference to a flowchart shown in FIG. 2. Incidentally, it is assumed that
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the process shown in the flowchart in FIG. 2 is started, for example, when the igni.tion
switch of the host vehicle or the accessory switch is turned on, and the process is ended
“when the ignition switch of the host vehicle or the accessory switch is turned off.
| [0035]  Upon starting the process, the lane departure warning ECU 105 acquires
the torque information from the torque detection means ‘1 02, and differentiates the torque
s}rown by the acquired torque information to calculate an amount of change in torque tr,
and stores the calculated amount of change in torque trinto a Storage portion (not ‘shown)
(step S101). Next, the lane departure warning ECU 105 acquires the sound pressure
information from the sound pressure detection means 103, and stores'_ the sound pressure
sp shown by the acquired sound predsure information into a storage (not shown) (step
$102). Then, the lane departure warning ECU 105 acquires the illuminance information ,
from the illuminance detection means 10;1, and stores the illuminétnce shown by the
acquired illuminance irrfermation _into a storage portion-(not shown) (step S103). After
storing the amount of change in torque tr, the sound pressure sp_arld the illuminance il
into their respective storage pertions, the lane departure .Warning ECU 105 performs a
warning selection process (step S104) of determrning' the stimuli that are being given
from the environment in which the driver is in, on the basis of the stored information, and
of selecting frem the first to thrrd warning means 106 to 108 the waming means for
notifying the prediction of the risk to the driver by a stimulus that is different frorrl the
~ determined stimuli. Details of the warning selection process of the larre departure
warning ECU 105 will be described later. After selecting' the warning means in the
warning selection process, the lane departure warning ECU 105 stores information that
shows the Selected warning means as selected warning information into a storage portion |
(ot shown) (step S105). | |
[0036]  Next, the lane departure warning ECU 105 acquires the traveling lane |
inforrhatien from the division line detection means 101, and predicts whether there is a
risk of the host vehicle departing from the current traveling lane, on the basis of the lane
width and the offset shown by the acquired traveling lane information (step S106).

When the lane departure warning ECU 105 has predicted the risk of the host vehicle
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departing from the traveling lane V(YE.S in step S106), the lane departure warning ECU
105 cvommar.lds the warning means shown by.the éeylected warning information stored in
fhe storage portion (not shown) to notify the prediction of the risk (step 8107), and
returns to step Sl>01. On the other hand, if the lane departure warning ECU 105 does
not predict the risk of the host vehicle departing from the traveling lane (NO in step
S106), the lane departure warning ECU 105 does not give the command to notify the
predictiqn of the risk, but deletes all the information stored in the storage portions (not
shown) (step S108), aﬁd returns to step S101. If the lane departure warning ECU 105
performs a proceés'of step S108 after giving the command to notify the prediction of the.
risk, the lane departure Warning ECU 105 first gives a comﬁiand to stop the warning to
the warning means shown by the selected warning inforrhatioh stored in the storage
portion (not shown), and then delefes vall the information stbred in the storage portions, -
and returns to step S101. | |

o [0037]  Next, with refereﬁce to a flowchart shown in FIG, 3,a warhing selection
process performed by the lane departure warning ECU 105 in accordance with thié
embodiment will be described in detail.

[0038] Upon starting the wérning selection process, the lane dépérture warning
ECU 105 firstly determines whether or not the stimulus of vibration is,béing given to the
drive'r'by determining whether or not the amount of change in torque tr stored in the
storage portion (not shown) is greater than or equal to the threshold amount of chang\e in
torque thl (step S201). If it is determined that the amount of change in torque tr 1s
greater than‘or equal to the threshold amount of change in torque thl, and therefore that
the stimulus of vibration is being given to the driver, then thé lane departuré warning
ECU 105 determines whether or not the sound pressure sp stored in the‘ storage portion
(hot shown) is greatér than or equaI tob the threshold sound préssure value th2 and thereby
}determinés whether or not the stimulus of sound is being given to the driver (step S202).

| [0039] If the lane departure warning ECU 105 determines that the sound
pressﬁre. sp stored in the storage portion (not shown) is Lgreater‘than or equal to the

threshold sound pressure value th2 (YES in step S202) after determining that the stimulus -



WO 2011/121409 PCT/1IB2011/000595
| 12

- of vibration is being given to the driver (YES in step S201), then the lane departure
warning ECU 105 determines wh.ether br not the illuminance il stored in the storage
portion (not shown) is greyater than or equal to the threshold illuminance value th3 (étep
-S§203). On the other hand, if the lane departure warning ECU 105 defermines that the
‘sound pressure sp stored in the. storage portion (ndt §hown)' is less than the threshold
sound pressure value th2 and therefore that the stimulus of sound is not being given to the
driver (NO in step S202) after determining that the stimulus of vibration is being given to
the driVer (YES in sfep S201), then the lane deparfure warning ECU 105 determines
whether or not the illumi’nanqe il stored in the storage portion (not shown) is greater .than
or equal to the threshold illuminance value th3. | |

[0040] If the lane departure wafningECU 105 determines that the stimulus of
vibration is being given to the dfiver (YES in step S20l): and determines that the
stimulus of sound is being given to the driver (YES in step S202), and determines that the
illuminance il stored in the storage portion‘(not shown) is greater than or equal to the
threshold illuminance value th3 and therefore that the stimulus of light is being given to
the drivér (YES in step S203), then the laﬁe departure warning ECU 105 selects all of the
first to third Warhing means 106 to 108 for notifying the prediction (step S204). A
~ reason why the lane departure war'r:ling ECU 105 selects all the warning means after
determining that all of the stimuli of vibration, sound and light are being éiven to the
driV.er is that no matter which one of the warnihg means is selected, it is considered that
the stimulus prodqced from the selected warning means will be indistinct among the
stimuli that are naturally given to the driver, and therefore that it is desirable to maximize
the posSibility of the driver récoghizing the ho_tiﬁcation of the pfediction of the risk.

[0041] On the other ﬁand, if the lane departure_ warning ECU 105- determines N
jthat_ the stimulus vof ‘vibration is being given to the driver (YES ih step S201), and
determines that the stimulus of sound is being given to the driver (IYES in step S202), and
determines that the illuminance il stored in the storage portioh (not shown) is less than
the threshold illuminance value th3 and therefore that the stimulus of light is not being

given to the driver (NO in step S203), then the lane departure warning ECU 105 selects
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the third warning meaﬁs 108 for notifying. the prediction of the risk by the stimulus of
light, which is not being given to the driver (step S205).

[0042] - Besides, if the lane departure warning ECU 105 detemines that the
stimulus of vibration is being given to the driver (YES in step S201), and determines that
the stimulus of sound is not being given to the driver (NO in step S202), and determinés
that the illuminance-il stored in the storage portion (not shown) is greater than or equal to
the threshold illuminance value th3 and therefore that the stimulus of light is being given
to the driver (YES in step S206), then the lane departure warning ECU 105 selects the
second warning meaﬁs 107 for vnotifying the prediction of the risk vby the stimulus of
sound, which is not being given to the dfiver (step S207).

[0043] On another hand, if the lane departure warning ECU 105 determines that
the stimulus of vibration is being given to the driver (YES in step S201), and determines
that the stimulus of sound is not being given to the driver (NO in step S202), and
determines that the illuminance il stored in thé storage pbrtion (not shown) is less tha‘n>.
the threshold illuminance value th3 and therefore the stimulus of light is not being gi\}en
to the driver (NO in step S206), then the lane departure warning ECU 105 selects one of
the second warning means 107 and the third warning means 108 for notifying fhe
prediction of the risk by the stimulus of sound and the stimulus of light, r¢spectively,
neither of which is being given to the driver (S208).v , "

[0044] Bésides, if the lane departure warning ECU 105 determines that the
amount of change in torque tr is less than the threshold amount of change in torque thl
‘and therefore that the stimulus of vibration is n:)t.being given to the driver of the vehicle

(NO in step S201), the lane departure warning ECU 105 then deterr_hines whether or not
the sound pressﬁre sp store din tﬁe étorage portion (not shown) is greater than or equal to
the threshold sound pressure value th2 and thereby determines whether or not the
stimulus of sound is beihg given to the driver (step S209).

[0045] If the lane departure warﬁing ECU 105 determines that the sti‘mulus of
vibration is not being given to the driver (NO in step S201), and determines that the

sound pressure sp stored in the storage portion (not shown) is greater than or equal to the
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threshold sound pressure value th2 and therefore that the stimulus of sound is being given
to the driver (YES in step S209), the lane departure warning ECU 105 determlnes
whether or not the illuminance il stored in the storage portion (not shown) is greater than . '
or equal to the threshold illuminance vaiue th3 and thereby determines whether or not the
stimulus of light is being gi\}en to the driver (step S210). |

[0046] If the lane departure warning ECU 105 deterrnines that the stimulus of
vibration is net being given to the driver (NO in step 5201), and determines that the
stimulus of sound is being given to the driver (YES in step S209), and deterinines that the.
illuminance il stored in the storage pertion (not shown) is greater than or equal to the
threshold illuminance value th3 and therefore that the stimulus of light is being given to
the driver (YES in step S210), the lane departure warning ECU 105 selects the- first
Warning means 106 for notifying the prediction of the risk to the driver by the stimulus of
- vibration, which is not being given to the driver (step S211).

[0047] On another hand, if the lane departure warning ECU 105 determines that
the stimulus of vibration is‘ not being given to the driver (NO in step S201), and
determines that the stimulus of sound is being given to the driver (YES in step S209), and
determines that the illuminance il stored in the storage portion (not shewn) is lessthan
the threshold illuminance value th3 and therefore that the stimulus of light is not being
given to the driver (NO in step S210), the lane departure warning ECU 105 selects y"at
~ least one of the first warning means 106 and the third Warning means 108 for notifying
the prediction of the risk by the stimulus of vibration and the stimulus of light,
respectively, neither of which is being giuen to the driver (step S212).. |

[0048] Besides, if the lane departure warning ECU 105 determines that the_
stimulus of vibration is not being given to the driver (NO in step S201), and determines
that the sound pressure sp stored in the storage. portion (not shown) is less than the
threshold sound pressure value th2 and therefore that the stimulus of sound is not being
given to the driver (NO in step S2(i9), the lane departure warning ECU 105 determines
whether or not the illumi:nance il stored in the storage portion (not shown) is greater than

or equal to the threshold illuminance value th3 and thereby determines whether or not the
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stimulus of light is being given to the driver (S213).

| [0049] If the lane departure warning ECU 105 determines that the stimulus of
vibration is not being gi\}en to the driver (NO in step S201), and deferrnines that the
stimulus of sound/ is not being given to the driver (NO in sfep 8209), and determines that
the illuminance il stored in the storage portion (not shown) is greater than or equal to the
threshold illuminance value th3 and therefore that the stimulus of light is béihg given to
the driver (YES in step S213), the lane departure warning ECU 105 selects at leasf one of
the first warning means 106 and the‘ s¢cond warning means 107 for notifying the
prediction of the risk by the stimu]us of vibration and the stimulus of sound, respectively,
neithef of which is being giveﬁ'to the driver (step S214). .

[0050] On the other hand, if the lane departure waming ECU 105 determines.
that the stimulus of vibration is not being given to the driver (NO in step S20l),and
determines that the stimulus of sound is not being 'givén to the arivér (NO in step 8209), |

-and determines that the illuminance il stored in the storage portion (not shown) is less

than the threshold illuminance value th3 and therefore that the stimulus of light is not
~ being given to the driver (NO in step S213), the lane departure warning ECU 105 selects
an arbitrary one of the first to third warning means 106 to 108 (step S215). A reason
‘_;why the lane departure warning ECU 105 vselects an arbitrary one of the first to third
vwarning means 106 to 108 upon determining that all of the stimuli of vibration, sound
and light are being given to the driver is that it is cbnéidered that the prediction of the risk
can certainly be recognized by the driver, whichever warning means is used to stimulate
the driver. ,

- [0051] The warning apparatus 1 in accordance with this embédiment has beeni
described above. According to the warning apparatus‘ 1 in accordance with this
embodiment, since the lane departure warning ECU 105 is able _to recognize the
environment in wilich the driver is in, and is able to notify the prediction of the risk by a
stimulus that is differeht from the stimuli that are being given to the driver from the
environment, that is, by a stimulus that is not being giveri to the driver, it is pbssible to

certainly notify the prediction of the risk to the driver.
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[0052]  Incidentally, with regard to the warning apparatus 1 in accordance with
this embodirhent, in the case where there are a plurality of warning means that can be
selectively ﬁsed, for eXample, Fhe case where an arbitrary one of the first to third warni;ng
means 106 to 108 is selected (step S215), the case where at least oﬁe of the first Waming
means 106 and the second warning ~means 107 1is selected (step S214), etc., it is
permissible to select one.warning means in accordance with a prédetermine;i order of
priority, or to select all the warning means that can be selected.

[0053] A first modification of the foregoing embodiment of the invention will
be described. In the warning apparatus 1 in accordance with the foregoing embo‘diment,m
the lahe departure warning ECU 105 alWays sélects»the warning means for notifying the
driver of the prediction of the risk by a stimulus that is not being given to the driver, from
the first to third ‘warning means 106 to 108. However, according to the lane departure
“warning ECU 105 in accordance with the embodiment, if the stimuli that are being giyen
to the dr_iver change, for example, from the stimuli of light and sound to thé stimuli of -
Vibraﬁon and sound, befofe the risk that has been pfedicted disappears, the warning
means fhat is selected also changes from the first yvafning means 106 for giving a
stimulus by vibration to the sound pressure detection means 103 for giving a stimulus by
light. However, if the lane departure warning ECU 105 changes the stimulus that the
ECU 105 gives to the driver before a risk that the ECU 105 has predicfed disappears, the
driver 'méy -sometimes be discomforted or méy sometimes misunderstand that a risk
different from the one that has already been notified has been predicted.

[0054] Therefore,- a warning apparatus 1 in accordance with a first modification
of the embodiment, after having caused the selected warning means to notify brediction
of a risk, does not change the selected warning means until the predicted risk disappears.
Hereinafter, the warning apparatus 1 in accordance with this modification will be
described. Incidentally, the general construction of the warning apparatus' 1 in
accordance with this modification is the sameM as that of the warning apparatus 1 in
accordance with the foregoing embodiment. ~ Therefore, the same portions and the like

of the warning apparatus 1 of the modification as those of the warning apparatus 1 of the '
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foregoing embodiment are denoted by the same reference characters, ancl descriptions
thereof are omitted below. . | |

[0055] FIG. 4isa flowchart showing a flow of processes performed by the lane
departure warning ECU 105 in accordance with this modification. The flow of the
processes performed by the lane departure warning ECU 105 of this embodiment shown
in FIG: 4 is different from the flow of the processes performed by thc lane departure
warning ECU 105 in accordance with the first embodiment, as is apparent from FIG. 4, in
that when the land departure warning ECU 105 has detected a risk of the host vehicle
departing from the current traveling lane (YES in step S106), the vlane departure warning
ECU 105 cdmmandé the selected warning means to noﬁfy the prédiction of the risk (step
‘ S107), and then predicts again whether or not there is a risk of the host vehicle departing
~from the current traveling lane (step 8106). Then, when the lane departure warning
ECU 105 in accordance with the modification no longer predicts the risk of the host
Vehicle departing from the current traveling lane, that is, when the risk that the lane
departure war_hing ECU 105 hbas predicted disappears (NO in step S106), the lane
departure warning ECU 105 commands the selected warning means to stop the waming,
and deletes all the information stored in the storage portion (not sho%) (step S108), and
then returns the pfocess to the step S101.  After that, the lane departure warhing ECU
105 pverforms the warning selection process in step S104 again.

‘ [0056] The warning apparatus 1 in accordance vﬁth the modification has been
described aBov’e. In the warning apparatus 1 in acccrdant:e'with this modification, once |
the lane departure warning ECU 105 detects a risk, the lane departure warning ECU 105
~ does not change the warning means that the lane departure warning ECU 105 selects,
until the risk disappears. Therefore, tﬁe‘ warning apparatus 1 in accordance with this’
modification is able to prevent the driver from beiag discomfortcd and from
misunderstanding that a risk different from the risk that has already been noti_ﬁéd has
been predicted. |

[0057] A second modification of the embodiment of the invention will be

described below. In the foregoing first modification of the embodiment of the invention,
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a construction in which once a risk is predicted, the warning means that is selected is not
changed until the predicted riskv disappearé is adopted in order to prevent the driver from
miéﬁnderstanding that a‘risk different from the risk that has already been notified has
been predicted. However, another construction may also be adopted in order to prevent
the driver from fnisunderstanding that a risk different from the one that has already been -
notified has been ‘predictved. That is, it is also perrhissible t0 addpt é construction in
which if after a risk is predictéd, a change occurs in the stimuli that are being givén td the
driver from the ‘environment so that the ‘Warning selection process selects different
warning means, both the warning means selected prior to thé change. and the warning
means selected subsequently to the change are caused to notify the prediction of the risk.
Due to this construction, it is possible to cause the warning means selected prior to a
change in the stimuli given to the driver to continue to notify the prediétion of the risk to
the driver after the change and, at the same time, certainly notify the prediction of the risk
by also using a stimulus different from the stimulus used prior to the change. A wafning
appafatus 1 in accordance with the 'se.:c.c;nd modification of the embodiment of the
/invention will be described below. Incidentally, the general construction of the waming
apparatus 1 in accordance with this modification is the same as that of the Waming
appafatus 1-in accordance vx:lith the foregoing embodiment. Therefo;*e, the same portions
and the like of the warning apparatus~1.of the modification as those of the warning-
~apparatus 1 of the foregoiﬁg embodiment are denoted by the same reference characters, -
and descriptions thereof are omitted below.
[0058] FIG. 5 is a flowchart showing a flow of processes performed by the lane
departure warning ECU 105 in accordance -with this modification. Of the processes
‘shown in the ﬂowchart in FIG. 5, the same processes as those in the flowchart showing
the flow of processes performed by the lane departure v;/aming ECU 105 in accbrdaﬁce
with the first embodimenf are denoted by thé same refgrence characteré, and descriptions
*thereof are omitted below.
| [0059] After selecﬁng warning means through the warning selection process

(step S104), the lane departure warning ECU 105 in accordance with this modification |
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determines whether or not the presently selected warning means is different from the
warning means that has already been selected, with reference to re-selected warning
information stored in the storage portion (not shown) as described below (step S301). If
the lane departure warning ECU 105 determines that the presently selected warning
means is different from the warning means that has already been selected (YES in step
S301), the lane departure warning ECU 105 stores information that .ShOWS the warning -
means selected after the change in the stimuli as the foregoing selected warning
information into the storage portion (notshown) (step S302), and stores information that
shows the warning means selected prior to the change as re-selected warning information -
into the storage portion (not shown) (step S303). On the other hand, if the lane
departure warning ECU 105 determines that the pre_sentlyv selected warning means is not
different from 'the warning means that haé already been selected (NO in step S301), the ~
lane departure warning ECU 105 stores the re-selected warning information that shows‘
_ the warning means selected prior to the change into the storage portion (not shown)
without storing selected Waming information that shows the warning means selected after
the change (step S303).

[0060] After storing the re-selected warning information into the storage portion
(not shown) (step S303), the lane departure warning ECU 105 determines whether or not
the host vehicle will likely depart from the current traveling lane (step S106). If a risk
~of the departure is predicted (YES in steb S106), the lane departdre warning ECU 105
- gives the izvarning means shown by the information stored in the storage portion (not
'shown) a command to notify the prediction of the risk (step S107), and then returns to
step S101. Then the lane departure warning ECU 105 performs the warning selection
process (step-S104) again in which it is determined whether or not the Wammg means.
selected by the present execution of the process 1s different from the warning means that
has already been selected.

[0061] Incidentally, when the lane departure warning ECU 105 in accordance
with this modiﬁcation performs the process of step S301 for the first time, for example,

immediately after the lane departure warning ECU 105 starts the ﬂow. of processes shown
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by the flowchart in FIG. 5, or the like, only the re-selected warning information is stored
into the storage portion (not shown) because the warning selection process of step S104

has been performed only once. Therefore, when the lane departure warning ECU 105

performs the process of step S301 for the first time, the lane departure warning ECU 105

regards the first warning means to be selected as the warning means selected prior to the
change, and stores information that shows the first selected warning means as reselected
warning information into the storage portion (not shown).

{

[0062] Besides, if the lane departure warning ECU 105 in accordance with this

- modification repeats the process shown by the flowchart in FIG. 5 several times, at least

one of the selected warning information and the re-selected warning information is stored
into the storage portion (not shown). When the lane departure warning ECU 105 is to

perform the proéesses'. of step S302 and step S303 while at least one of the selected

‘warning information and the re-selected warning information has been selected as

described above, the lane departure warning ECU 105 does not re-store the selected

warning information or the re-selected warning information that has already been stored

 in the storage portion (not shown), but updates the ‘stored information with new

information.

[0063] Besides, in the process of step S108, after giving the wamiﬁg means
shown by the selected warning infométion and the re-selected warning information
stored in the storage portion (not shdwn) a command to stop notifying the prediction of
the' risk, the-llane depérture warning ECU 105 in accordance with. this modiﬁcatic;n"

deletes all the information as described above in conjunction with the first embodiment or

with the first modification. After that the lane departure warning ECU 105 returns to

step S101.
[0064] The warning apparatus 1 in accordance with the second modification of

the embodiment of the invention has been described above. According to the warning

_ apparatus 1,in accordance with this modification, by causing the warning means selected

prior to a change in the stimuli given to the driver to continue to notify the prediction of

the risk, it is possible to prevent the driver from being discomforted and from
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rﬁisunderstanding that a different risk has been predicted, and, at the same time, certainly
notify the prediction of the risk by also using a stimulus different from the stimulus used
prior to the change. 5

[0065] Incidentally, in the first embodime’nf,-the lane departure wérning ECU
105 calculates the amount of change in torque tr obtained by differentiating the torque
shown by the torquevinformation, in order to determine whether or not the driver of the
host vehicle is being given a stimul_us of vi.bratiqn'. However, in ahother embodiment,
the lane departure warning ECU 105 may ‘calculate an integral value of ‘the‘torque shown
by the torque information or an absolute value thereof, and‘may compare.the calculated
value with the threshold amount of change in torque thl, in order to determine whether or
not the driver of the host vehicle is being givén a stimulus of vibration. |

- [0066] | Besides, in the .vwaming apparafus 1 in accordance with the fofegoing

embodiment, whether or nof the driver is being given a stimulus of sound is defermined
on the basis of the sOﬁnd pressure detected by the sound pressure detection means 103.
Hovx;ever, in a warning apparatus 1 in accordance with another emb’odi.ment, sound
volume detection means may be uéed instead of the sound pressure detection means 103.
The sound volume detection ﬁems, for example, when the sound volume of a car audio
(not shown) is operated by the driver, A-detects the sound volume with reference to the
stofage means for storing the sound volume that has been operated, énd generates sound
volume information Ythat shows the detected sound volume. In the case where the sound
volume detection means is used instead of the sound pressure detection means 103, the
lane departure warning ECU 105 is éble to acquiré sound volume information instead of
sound pressure informétion, and is able to determine that the stimulﬁs of sound is being
given to the driver, if the sound yolume shown by the acquired sound volume information
is greater than a predeterrﬁined threshold sound volume value th4.

[0067] Besides, in a warning apparatus 1 inl accordance With another
embodiment, whether or not the driver is being given a stimulus of sound may be
determined By using both the soﬁnd pressure’detection means 103 and the sound volume

detection means. In this case, the lane departure warning ECU 105 may determine that
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the driver is being given the stimulus of sound, if it is determined that at least one of the
condition that the sound pressure sp is greéter than or equal to the threshold sound
pressure value th2 and the condition that the sound volume shown by the sound volume
information generated by thé sound volume detection means is greater than or equal to
the threshold sound volume value th4 is satisfied.

- [0068]  Besides, the warning apparatus 1 in accordance with the embodiment is
described above in conjunction with an example ih which the lane departure warning
ECU 105 notifies the driver by the Warning means that a risk of the host vehicle departing
from tﬁe current»traveling ‘lane has been predicted. However, in a Wérning apparatus 1
in accordance with another embodiment, when an arbitrary risk is predicted, for example,
when the host vehicle comes to a point of a predetermined distance from an object in the

environment and therefore a risk of collision is predicted, or when the inattentive driving
of the driver is detected by &an arbitrary technique and therefore a risk of cau.sing an
accideht or the like is predicted, etc., it is permissible to notify the prediction of the risk
by the Warning means sel-ected' as described above in conjunction with any of the first
“embodiment and its modifications (the first modification and the second modification).
'[0069] Besides, as described above, in the case where the prediction-of a risk is
notified by the warning means selected as described above by the ECU that predicts a
risk of the host Véhicle colliding with an o‘bject around the host vehicle, the warning
apparatus 1 in accordance with tﬁe invention may include, for example, posture detection
'meaﬁé for detecting the posture of thé driver of the host vehicle. The posture detection
means herein is, for exémple, a pressure sensor disposed in a seatback, or the like, and
generates pressure information that shows the pressure that the driver’s back app’lies to
the seatback vfrom the voltage that changes according to the pressure applied to the
seatback. Besides, in this case, the warning appafatus 1 in accordance with the
invention includes safety securement means for securing safety by controlling a motor for
winding up a seatbelt on the driver of the host vehicle so as to heighten the restraining
force of the seatbelt on the driver, upon receiving from the lane departure warning ECU

105 a command to notify the prediction of the risk. This safety securement means can
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also be ﬁsed as fourth warning means for notifying the driver bf the prediction of the risk
by giving the driver a fastening stimulus by the seatbelt. Then, in the case where the
warning apparatus 1 in accordance with the invention includes the posture detection
means, the lane departurebwaming ECU 105 acquires pressure information generatéd by
~ the posture detection means, and then determines whether or not the driver is being given
a fastening fofce by the seatbelt as a stimulus, on the basis of the pressure shown by the
acquired pressure information. Concretely, the lane departure warning ECU 105, after
acquiring the pressure information, compares the pressure shown by the acquired
préssure information with a predetermined threshold pressure. value thS. Then, if it is
detérmined that the pressure is greater than ér equal to the threshold pressure value thS,
the lane departure warning ECU 105 recognizes that the driver of the host vehicle is in an
environment ,.in which the driver is not being gi\}en a stiﬁulus of the fastening by the
seatbelt. The lane departure warning ECU 105 selects the foregoing fourth Warnin‘g
means when in the warning selection process the ECU 105 has recognized that the driver
of the host vehicle is in an environment in which the driver ivs. not being given the
stimulus of the fastening by the seatbelt. Then, when the risk of the hoét vehicle
departing from the current traveling lane is predicted while the fourth warning means has
been selected, the lane departure warning ECU 105 gives the fourth warning means a
command to notify the prediction of the risk. |

[0070]; Besides, the sound pressure detection means 103 in the above-described
embodiment is disposed at an arbitrary position in the cabin of the host vehicle at which it
is possible to accurately detect or estimate the sound pressure of the sound that is audible
to the driver of the host vehicle. |

[0071] Besides, the illuminance detection means - i04 in the embodiment
described in detail above is disposed at an arbitrary position in the host vehicle at which it
is possible to accurately detect the luminance afo_und the host vehicle. |

[0072])  The lane departure warning ECU 105 in the embodiment described in
dé;ail above recognizes the stimuli of vibration, sound and light that are given from the v'

environment in which the driver is in, by using the torque detection means 102, the sound



WO 2011/121409 PCT/IB2011/000595
' 24

pressure detection means 103 and the illuminance detection means 104. However, in
the other embodiment described above, the lane departure warning ECU 105 may also
recognize 6ther arbitrary stimuli of various kinds that are given from the.environment in
" which the driQer is in, by using other arbitrary detection means. In this éase, the
warning apparatus 1 includes various warﬁing means cépable of notifying the driver that
a risk has béen predicted, by a stimulus thth is different from fhe other arbitrary stimuli of .
various kinds that are recognized by the lane departure warning ECU 105.

[0073]  The invention makes it poésible to certainly riotify a user fhat a risk has
been predicted, and is applicable to, for example, waming apparatuses that are mounted-
in mobile units such as motor vehicles and the like.

[0074] " While some embodiments of the invention have been illustrated aBove, it

is to be understood that the invention is not limited to details of the illhstrated
embodiments, but may be embodiéd with various changes, modifications or
improvements, which may occur to ‘{hose skilled in the art, without departing from the

scope of the invention.
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1. A warning apparatus thatA notifies a driver of a host vehicle that a risk has been
predicted, characterized by comprising: |

énvironmcnt recognition means for recognizing an environment in which the driver
is; - | | |

prediction means for detecting the risk;.

at least two units of warning means fof notifying pré_diction of the risk by using
stimuli that are respectively different in kind from each other;

warning selection means for selecting the warning means for notifying the driQer of |
 the prediction of the risk frpm the at least two units of warning means according td the
environment; and | |

c¢ommand means for giving thé warhing meéns‘ selectéd: by the warning selection
means a.command to notify the driver that the risk has_bee,n dete’cted by the prediction

means. -

2. The warning ap‘paratus according to claim 1, wherein the warning means selected by
the warning selection means notifies the prediction of the risk by using a stimulus that is

different from stimuli that are being given to the driver from the environment.

3. The warning apparatus according to claim 1, wherein the command means continues
giving the command to the warning means selected by the warning selection means until

. the risk that has been predicted disappears.

4. The warning apparatus accofding to claim 1, wherein

if the warning means different from the warning means that has.already been selected by
the warning selection means is selected by the warning selection means according to the
environment during a tirﬁe from selection of the warning means that has already been
selected till disappearance of the risk that has.been predicted, the command means gives

the command to the wa-fning means that has already been selected and to the different
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warning means that has just been selected.

5. A warning apparatus that notifies a _drivér of a host vehicle that a risk has beeri detected,
' compfising: | |

an envifonmentbre'co gnition that recognizes an erivifonment_ in which the drivef is;

a predict'ion'portioh _the_it predicts the risk;

at least two warning portions that notify prediction of the risk by using stimuli that
_aré respeétiVely different in kind from each other; |

a warning selection portion that sele‘cts,_ from the at least two warning portioné, the -
warning pértion that notifies the drix}er of the pfedictidn of the risk a.cqo’rdi'ng to‘t}‘le
environment; .and o

a command portion that gives the warning pbrtion selected by the warning selection
portion a command to notify the driver tha;t the risk has been detected by the prediction

means.
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