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VEHICLE CONTROL DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a vehicle control device.
2. Description of the Related Art
| [0002] In a vehicle qontro_l device of the related art, a control has been
developed that causes the vehicle to travel‘autématically in order to facilitate drivihg
when the vehicle travels and reduce a driving load on the driyer. For exar.nple,. in a travel
control plan generating system described inlJ_apane‘se Patent Application .Publication
2008-129804 (JP-A-2008-129804), travel planning 1s performed by including a travel
trajectory or speed patternv of a vehicle and also including a travel frajectbry of a
peripheral vehicle, thereby éﬂabling aufomatic traveling that is flexibly adaptéd' to
-variations in conditions of surrounding environment, while satisfying the travel objectives
of the host \’/ehicle. | | '

[0003] In this case, when the control is performed to cause the vehicle to travel
automatically, various types of jinformation are detected with detection means such asv
sensors that detect the position of the host vehicle and surrounding environment, but
reliability of these detection means during detection changes dépending on the state in -
which each type of information is detected. When rvelviability of the detection means thus.
changes, reliability attained when the travel control of the vehicle is performed is

decreased and adequate travel control is sometimes difficult to perform.

SUMMARY OF INVENTION
[0004]  The invention provides a vehicle control devicé capable of performing
vehicle travel control with better accuracyf
[0005] One aspect of the invention relates to a vehicie control device including

travel condition detection means for detecting conditions around a vehicle, the vehicle
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control device performing travel control of thé vehicle according to the conditions around-
the Vehicle by controlling "a plurality éf actuators that_enable the vehicle to travel
according to information detected by the travel condition detection means, wherein the
travel conditioﬁ detection means is provided in plurality, and a control amount of at least
one of the actuators, from among the plurality of actuators, is restricted according to

reliability of a plurality of pieces of the information detected by the plurality of travel

- condition detection means.

[0006] In the vehicle control device according to the aforementioned aspect, a
control amount of at least one of the actuators, from among the plurality of actuators, may

be restricted according to reli~abi1ity of a plurality of pieces of the information detected by

the plurality of travel condition detection means, when the reliability of the information is

low.
[0007] In the vehicle control device according to the aforementioned aspect,

when a control amount of at least one of the actuators is restricted according to reliability

~of a plurality of pieces of the information detected by the plurality of travel condition

detection means, a control amount of another actuator,‘from among the plurality of

actuators, may be increased.
[0008] In the vehicle control device according to the aforementioned aspect,

when a control amount of at least one of the actuators is restricted according to reliability

of a pluraiity of pieces of the information detected by the plurality of travel condition

detection means, the actuator for which the control amount is restricted may be changed
according to the travel condition detection means that has detected the information.

[0009] In the vehicle control device according to the aforementioned éspeét,

- when the reliability of the information detected by at least one of the travel condition

detection means, from among the plurality of travel condition detection means, is low, a
control amount of at least one of the actuators may be restricted so as to restrict the travel
control of the vehicle in a direction in which the information with low _reliability is
detected by the at least one of ’the travel condition detection means.

[0010]  The vehicle control device acéording to the aforementioned aspect may
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further include a travelable region derivation unit that derives a region in which the
vehicle can travel around the vehicle, wherein the travelable region derived by the

travelable region derivation unit may be changed according to reliability of a plurality of

pieces of the information detected by the plurality of travel condition detection means,

and a control amount of at least one of the actuators may be restricted so as to restrict the
travel control of the vehicle according to the travelable region.
[0011}) In the vehicle control device according to the aforementioned aspect, the

plurality of travel condition detection means may include at least transverse condition

detection means for measuring a position of the vehicle in a transverse direction, and a

control amount of the actuator, from among the plurality of actuators, that performs travel
contr01 of the vehicle in the transverse direction may be restricted when reliability of the
information detected by the transverse condition detection means is low.

. [0012] In the vehicle control devic.e according to the aforeinehtioned aspect,
when a control amount of the actuator that performs travel control of the vehicle in the
t'yansverse direction is restricted due to the. low reliability of the ihformation’ detected by
the transverse condition detection means, a control amount of the acfuator, from among
the plurality of actuators, that performs travel control of the vehicle in a lo‘ngitudinalr
direction may be increaéed. | |

[0013]  In the vehicle control device accbrding to the aforémentioned aspect, the
plurality of travel cohdition detection means may include ét least longitudinal condition
detection means for measuring a position of the vehicle in a longitudinal direction, and a
cont.ro'l amount of the actuator, from among the plurality of actuators, that performs travel
control of the vehicle in the longitudinal direétion may be restricted when reliability of
the inforrnatibn detected by the longitudinal condition detection means is low.

[0014] 'In the vehicle control device according to the aforemenﬁoned aspect,
Wheh a control amount of the actuator that performs travel control of the vehicle in the
longitudinal direction is restricted due to the low reliability of the i.nform'ation detected by
the longitﬁdinal éondition detection means, a control amount of the actuator, from among

the plurality of actuators, that performs travel control of the vehicle in the transverse
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direction may be increased.
[0015] The vehicle control device in accordance with the invention is capable of

performing vehicle travel control with better accuracy.

BRIEF DESCRIPTION OF DRAWINGS

[0016] The foregoing and/or furtehr objects, features and advantages of the
invention will become more apparent from the following description of example
emboidments with reference .to the accompanying drawings, in which like numerals are
used to represent like elements, and wherein:

FIG. 1 is a schematic diagram of a vehicle provided with a vehicle control device of
an embodimént of the invention; .

FIG. 2A and FIG. 2B arerpfincipal schematic diagrams of the vehicle control device
shown 1n FIG. 1;

FIG. 3. is a schematic diagfam\relating to the case in which travel control of a
vehicle is performed on the basis of environment in which the vehicle travels in an
embodiment of the invention; |

| FIG 4 is an explanatoyry diagram illustrating the relationship between a reduction
amount of the tfavelable region and reliability bf the detected information in ‘the
embodiment of the invention; |

FIG. 5A and FIG. 5B are flowcharts relating to the case in which vehicle travel

control is performed on the basis of environment in which the vehicle travels in the

. embodiment of the invention; -

FIG. 6A is an explanatory drawing illustratiﬁg reliability when a travelable region is
derived by using a global positioning system (GPS) in the embodiment of the 'irilvention;

FIG. 6B is an explanatory drawing illustrating reliability when a travelable region 1s
derived by using a GPS in the embodiment of the invention;

FIG. 6C is an explanatory drawing iliustrating reliability when a travelable region is
derived by using a GPS in the embodiment of the invention;

FIG. 6D is an explanatory drawing illustrating reliability when a travelable region is
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derived by using a GPS in the eﬁqbodiment of the invention;

'FIG. 7 is a flowchart illustrating a processing procedure in the case in which a drive
state of the vehicle is estimated on the basis of detection results obtained with a radar in
the embodiment of the invention;

FIG. 8 is a schematic diagram illustrating a base model of a tire friction circle in the
embodimeﬁt of the invention;

FIG 9 is .an explanatory drawing illustrating the case in which a limit of the tire
genefated force in the transverse direction is decreased in the embodiment of the
invention; |

FIG. 10 is an explanatory drawing illustrating travel control in the case in which a

limit of the tire generated force in the transverse direction is decreased in the embodiment

of the invention;

FiG. 11 is an explanatory drawing illustrating the case in which a limit of the tire
generated force in the longitudinal direction is decreased in the embodiment of the
invention; | |

FIG. 12 is an éxplanatory drawing illustrating travel control in the case in which a
limit of the tire generated force in the longitudinal direction is decreased in the
embodiment of the invention;

FIG. 13 is an explanatory drawing illustrating the case in which a travel pat};_is

computed according to the trajectory generation optimization algorithm in t,hev

-embo_diment of the invention;

FI1G.'14 is a flowchart of compﬁtation of the travel path perfofmed according to_the
trajectory generation optimization algorithm in the embodiment of the invention;
~ FIG. 15 is an explanatory drawing illustrating the calculation of longitudinal and
transverse forces on the vehicle body that aie necessary to realize fhe shortest avoidance
in the embodiment of the invention;
FIG. 16 is a schematic diagram illustrating means for calculating the shortest
avoidance distance when a vehicle acceleration is given by a fixed value in the

embodiment of the invention;
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FIG. 17 is an explanatory drawing illustrating an example of a map to be used in
determining whether to start the control in the embodiment of the invention;

FIG. 18 is an explanatory drawing illustrating conditions under which
straightforWard braking ensures the shortest avoidance in the embodiment of the
invention; . |

FIG. 19A is a schematic diégram relating to the case in which travel control of the
vehicle Iis performed with the vehicle control device according to the related art;

FIG. 19B is an explanatory drawing illustrating a state that is closer to the control
limit than that shown in FIG. 19A in the configuration according to the related art;

FIG. 19C is an explanatory drawing illustrating a state in which control is performed
on the control limit during the control performved ‘with the ‘vehicle control device -
according_ to the relafed art; | |

FIG. 19D is an explanatory drawing illustrating a state in which the cbntrol limit is

exceeded during the control performed with the vehicle control device éccording to the

- related art;

FIG. 20A is a schematic diagram relating to the case in which‘vehiclé travel control
is performed with the vehicle ‘control device acéording to the embodiment of the .
in{/ention; |

FIG. 20B is an éxplanatory drawing illustrating é state in which a control limit is
detected with the vehicle control device according to the. embodiment of the invention;

FI.G. 20C is ah explanatory draWing illustrating a state in whicﬁ a control limit is
detected‘with the vehicle control device according to the embodiment of the invention;
and

FIG. 20D is an explanatory drawing illustrating a state in which the control is
perforrhed within a control limif[ range in the vehicle controll device according to the

embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017]  An embodiment of the vehicle control device according to the ihvehtio_n
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- will be described below in greater detail with reference to the appended drawings. The

embodiment places no limitation on the invention. The constituent elements in the
below-described embodiment include those readily replaceable by a person skilled in the
art or those substantially identical thereto.

[0018] FIG 1 is a .schematic di'agram of a vehicle provided with a’ Vehicle:
control device of an embodiment of the invention. A vehicle 1 including a vehicle control
device 2 of the present embodiment carries an engine 12 that is an internal combustion
engine as a power source and can travel. by ﬁsing the power of the engine 12. An
automatic transmission 15, which is an example of a transmission device, is connected to
the engine 12, and the power generated by the vengine 412 can be transmitted to the
automatic transmiésion 15. The automatic transmission 15 has a plurality of gear stages
with different shift ratios, and ‘the power converted by the automatic transmission 15 is
transmitted as drive power to left and right front wheels 6 provided as drive wheels, from
among the wheels 5 of the vehicle 1, via a powef transmission train. As a result, the
vehicle 1 can travel. A device that can transmit drive power to the front wheels 6, which
are the drive wheels, such as the engine 12 and the automatic transmission 15, is provided
as a drive deviéé 10. The automatic transmission 15 constituting the drive device 10 is
provided with a vehicle speed sensor 16, which is vehicle speed detection means capable
of detecting the vehicle speed by detecting the revolution speed of én output shaft (not
shown in the figure) of the automatic transmission 15.

[0019]  Further, the vehicle 1 is also provided with an accelerator pedal 20 and a
brake pedal 25 that are used wheﬁ the driver opérates the vehicle, ahd an accelerator
depression amount sensor 21 and a brake sensor 26 are provided to detect the operation
amounté of these pedals. | |

[0020]  The vehicle 1 including the vehicle control device 2 of the present
embodiment 'is' the so-calléd front wheel drive vehicle in which the power generated by
the engine 12 is transmitted to the front wheels 6vand the drive power is generatéd at the
front wheels 6, but the Vehicic 1 may be of a drive system other than thelfront wheel drive

system, for example, a rear wheel drive vehicle in which the drive power is generated at
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rear wheels 7 or a four wheel drive vehicle in which the drive power is generated at all of
the wheels 5. Further, the engine 12 may be a spa‘rk-ignition internal combustion engine
of a reciprocating system or a compression-ignition internal combustion engine of a
reciprocating syetem. .The drive device 10 may also use a power source other than the -
internal combustion engine. For example, an electric drive device 10 using an electric
motor as a power source or a hybrid drive device 10 using both the engine 12 and an
electric motor may be used.

[0021] The front wheels 6 are priovided as drive wheels and are also pro&ided as

steered wheels. Therefore, the front wheels 6 are provided to be steerable by a handle 30

used by the driver when operating the vehicle. The handle 30 is connected to an electric
power steering (EPS) device 35, and provided so that the front wheels 6 can be steered

via the EPS device 35. A steering angle sensor 36, which is steering angle detection

means for detecting a steering angle, which is a rotation angle of the handle 30, is

provided in the EPS device 35 that is nrovided in the above-described manner. The
steering of the front wheels 6 can be performed by a variable gear ratio éteering (VGRS)
38 that can change a gear ratio of Steering according to the vehicle speed and steering
angle. | :

- [0022] A hydraulically operated wheel cylinder 51 and a brake disk 52 that is
provided in cornbination with the wheel cylinder 51 and rotates integrally With the wheel
5 when the wheel 5 rotates are provi‘ded in the vicinity of each wheel 5. Furthef, the
vehicle 1 is provided with a brake hydraulic control device 50 that is connected by a
hydraulic path 53 to the wheel cylinder 51 and controls the hydranlic pressure acting
upon the wheel cylinder 51 during a brake operation. The brake hydraulic control device

50 is provided to enable independent\ hydraulic control of each wheel cylinder 51

provided in the vicinity of each wheel 5. As a result, the brake hydraulic control device

- 50 is provided to enable independent control of the brake forces of a plurality of wheels 5.

[0023] These engine 12, automatic transmission 15, EPS device 35, VGRS 38,
and also brake hydraulic control device 50 and wheel cylindefs 51 are provided as

actuators that enable the vehicle 1 to travel. Among these actuators, the engine 12,
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‘automatic transmission 15 and also brake hydraulic control device 50 and wheel cylinders

51 .can perform acceleration or brake control. Therefore, these components are provided
as actuators that perform travel control of the vehicle 1 in the longitudinal direction. The
EPS device 35 and VGRS 38 can change the advance direction of the vehicle 1 by
changing the orientation of the front wheels 6. Therefore, these components aré provided
as actuators that perform trévél control in the lateral direction of the vehicle 1, that is,
transverse direction of the vehicle 1.

[0024] A camera 60, which is image pick-up means for picking up an image of a
state in front of the Vvehiclev 1, andva radar 61, which is vehicle-to-vehicle distance

detection means for detecting the distance to another vehicle that travels in front of the

‘host vehicle, are provided at the front end of the vehicle 1. Among these devices, the

camera 60 uses a charge coupled device (CCD) and performs electric proceésing of the
picked-ﬁp image. The vehicle 1 is also provided with a car navigation system 65. The
car navigation system 65 is é deyicé that makes it possible for thé driver to récognize the
present positibon of the host vehicle and surrounding road conditions by using a GPS (not

shown in the ﬁgure) and map information stored in a storage unit (not shown in the

- figure) prOVided in the car navigation system 65.

[0025]  These camera 60, radar 61, and car navigation system 65 are all provided

“as travel condition detection means for detecting conditions around the vehicle 1. vAmong

these travel condition detection means, the camera 60 is provided as tran}sver‘se condition
detection means for measuring a position of the vehicle 1 in the transverse direction, énd
the radar 61 is provided as longitudinal condition detection means for meaéuring a
position of the vehicle 1 in the longitudinal direction.

[.0026] FIG. 2A andvFIG. 2B are prihcipa_l structural diagrams of the vehicle
control device shown in FIG 1. Among the aforemenﬁonéd devices carried on the
vehicle 1, the engine 12 and the automatic transmission 15 constitutiné the cirive device
10 and also the EPS device 35, VGRS 38, and brake hydraulic control device 50 are
connected to a drive control electronic control ﬁnit (ECU) 70 that is carried by the vehicle

1 and performs drive control of the vehicle 1 and are controlled and actuated by the drive
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control ECU 70. Further, the accelerator depression amount sensor 21, brake sensor 26,

and vehicle speed sensor 16 are also connected to the drive control ECU 70, and these -

~accelerator depression amount sensor 21, brake sensor 26, and vehicle speed sensor 16

detect the depression amounts of the accelerator pedal 20 and the brake pedal 25 and the

vehicle speed-and transmit the\ detection results to the drive control ECU 70.

[0027] The camera 60, radar 61, and car navigation system 65 are connected to a
drive plan generating ECU 80 thét generates a drive plan for the travel of the vehicle 1,
and information a_équired by the afbrementiqnéd devices is transmitted to the drive plan

generating ECU 80. These drive control ECU 70 and drive plan generating ECU 80 are

connected to each other and can exchange information or signals. The hardware

configurations of the drive control ECU 70 and the drive plan generating ECU 80 are

conventional configurations provided with a processing uhit heiving' a central processing
unit (CPU) or the like and a storage unit such as a random access me»mory‘ (RAM), and
the description thereof is herein omitted.

[0028] Amorig these ECU, the drive control ECU 70 has an engine contfol unit
71 that performs drive control of the engine 12, a brake control unit 72 that controls a
brake force by controlling thev brake hydraulic control device 50, a steering angle control
unit 73 that controls the EPS device 35, and a VGRS control unit 74 that controls the
VGRS 38 by adjusting the-ratio of steering of the front Wheels 6 to the steering angle
according to the Vehicle speed and steering angle.

[0029] . The drive plan generating ECU 80 has a host vehicle position acquisition
unit 81 that acquires a position through which tﬁe vehicle 1 trévels, that is, a position of
the host vehicle, by using the car navigation system 65, a travelable region derivatidn unit
82 that derives a travelable region, which is a region around the host vehicle in_which the
host vehicle can travel, a reliability determination unit 83 that determines reliability of
information used when the travelable region is derived, a white line recognition unit 85
that recognizes a white line on the road where the vehicle 1 is traveling on the basis of an
image -picked up by the camera 60, a radar detection resulf ‘acquisition unit 86 that

acquires detection results obtained with the radar 61, a travel path calculation unit 90 that
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calculates a planned travel path of the vehicle 1, and an upper limit adjustment unit 98
that adjusts an upper limit value of a tire generated force according to the derived
travelable region.

[0030] . Further, among the aforementioned units, the travel path calculation unit
90 has an obstacle state detection unit 91 that detects a correlation between the vehicle 1
and an obstacle, an avoidance force calculation unit 92 that calculates a force necessary to
avoid the obstacle at the shortest distance, an avoidance distance calculation unit 93 that
calculates the shortest avoidance diétance which is the shortest distance between the host
vehicle z;nd the obstacle that is necessary to avoid the obstacle, a control start
determination unit 94 that determines whether or not to start the control to avoid the
obstacle, a straightforward braking determination unit 95 that de‘termines whether or not
to perform straightforward braking when avoiding the obstacle, and a cont-rolr amount
calculation unit 96 that calculates a control amount when avoiding the obstacle.

[0031] = The vehicle control device 2 according to the present embodiment has
the above-described configuration, and the operation thereof will be described below. In
the usual travel mode of the vehicle 1, the driver operates the handle 30, accelerator pedal
20, and brake pedal 25, thereby operating the éctuators such as the engine 12, the brake
hydraulic control device 50, and the EPS device 35, and t_he vehicle 1 fravels according to
the driving operations performed by the driver. |

- [0032) The vehicle controlldevice 2 of the present embodiments assisfs the
driver, as ~necessafy, on the basis of driver's intentions, for example, when the driver
switéhes a changeover switch (not shown in the figure), and can read surrounding
conditions of a road where the vehicle 1 is traveling or the like, and perfonn travel control
of the vehicle 1. 'Thus', ‘the Vehi.cle control device is provided to enable the drive support
control, and when the drive support control is performed, the vehicle control device
acquires information on surrounding conditions of the road where the vehicle 1 is
traveling, for exafnple with the camera 60 or the radar 61, and performs travel control of
thé vehicle 1 on the basis of the acquired information.

[0033] Where information on surrounding conditions of the road where the

/

[
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vehicle 1 is traveling is acquired when such a travel control is performed, the information

is acquired on the basis of detection results obtained with a plurality of travel condition

detection means such as the camera 60 and the radar 61, but reliability of these detection

means can vary depending on the stafe at the time the information is detected. For this
reason, in the vehicle control device 2 of the present embodiment, information on
surrounding conditions of the road where the vehicle 1 is traveling is dete(‘:tedv by a
plurality of travel condition. detection means, conditions around the vehicle 1 are
estimated on the basis of the detected information and reliability of each detection means
at the time of detection, and travel control of the vehicle 1 is performed according to the
estimation results.

[0034] FIG. 3 is a schematic diagram illustrating a state in which travel control
of the vehicle is performed on the basis of environment surrounding thé traveling Vehiéle.
The case in which drive support travel control is performéd by acquiring information on
surrounding conditions of the road where the vehicle 1 is traveling will be summarily
explained below. Where such control is performed, surrounding conditions are detected
with a plurality of travel condition detection meané v)\(/\hen the surrounding cognitions are
detected and reliability of each travel condition detection means is determined to perform
travel control of the vehicle. For example, travel control of the vehicle 1 is performed on
the basis of detection results obtéined with a transverse direction recognition sensor 105,
which is transverse condition detection means for detecting information in the transverse
direction of the road where the vehicle 1 is tfaveling, such as the camera 60, and detection
results obtained with a longitudinal direction recognition sensor 106, which is>

longitudinal direction conditions detection means for detecting information in the

“longitudinal direction of the vehicle 1, such as the radar 61. The travel control of the

yehicle 1 performed on the basis of such detection results obtained with the transverse
direction recognition sensor 105 and detection resulté obtained with the longitudinal
direction recognition sensor 106 will be successively explained below. The transverse
direction reco_gnﬁion sensor 105 senses the travelable region of the road where the vehicle

1 is traveling. Thus, the transverse direction recognition sensor 105 such as the camera
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60 s_ensés a width of the road or a width of the laﬁe (step ST101).

[0035] Once the trav.elablev region has thus been deteéted by the transverse
direction recognition sensor 105, a reduction amount of the detected travelable region is
detefmi'ned according to reliability of information detected by the transverse direction
recognition sensor 105, on the basis of the present detection state of the transverse

direction recognition sensor 105 (step ST102). FIG. 4 is an explanatory diagram

- illustrating the relationship between a reduction amount of the travelable region and -

reliability of the detected information. When a reduction amounf of the travelable region
is determined according to reliability of information detected by the transverse direction
recognition sensor 105, the travelable region detected by the transverse direction
recbgnition sensor 105 is reduced as reliability of information detected by the transverse
direction recognition sensor 105 decreases, on the basis of the detection state in the

transverse direction recognition sensor 105. Conversely, when reliability of information

detected by the transverse direction recognition sensor 105 is high, a reduction amount of

the travelable region detected by the transverse direction recognition sensor 105 is
decreased as reliability of the information increases, on the basis of the detection state in
the transversé direction recognition sensor 105, and the travelable region is maintained.

[0036]) A road width that is a travelable region of the road used to perform travel
control of the vehicle 1 is deﬁned_ on the basis of reliability of information detected by the
transverse direction recognition sensor 105 when the travelable region is thus detected by
the transverse direction recognition éensor 105 (step ST103).

._ [0037] Furth_ef, the longitudinal direction recognition sensor 106 similarly

senses a road margin in the longitudinal direction of the vehicle 1 (step ST111). Once the

‘road margin in the longitudinal direction of the ‘ve'hicle 1 is thus detected by the

longitudinal direction recognition sensor 106, a reduction amount of the detected road
margin in the longitudinal direction is determined according to reliability of detection in

the longitudinal direction recognition sensor 106 on the basis of the present detection

. state of the longitudinal direction recognition sensor 106 (state ST112, see FIG. 4). Thus,

a road margin in the longitudinal direction detected by the longitudinal direction
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recognitién ' sensor 106’ is- reduced as reliability of information détected by .the
longitudinal direction recognition sensor 106 decreases, and a reduction amount of the
road margin in the longitudinal direction detected by the longitudinal direction
recognition sensor 106 is reduced as reliability of information detected by the

longitudinal direction recognition sensor 106 increases, on the basis of the detection state

of the longitudinal direction recognition sensor 106, and the road margin in the

longitudinal direction is maintained.

[0038] The longitudinal margin of the road used when performing travel control

of the vehicle 1 is thus defined on the basis of reliability of information detected by the

longitudinal direction recognition sensor 106 at”the time the longitudinal margin is

detected by the longitudinal direction recognition sensor 106 (step ST113).

[0039] The steps performed to define the travelable regioh (steps ST101 to

- ST103) and the steps performed to define the road margin in the longitudinal direction

(steps ST111 to ST113) may be implemented in parallel or sequentially.

[0040]  Once the travelable region and road margin in the longitudinal direction
are thus defined, they are combined (step KST121)>. As a result, it is possible to deﬁn_e a
travelable region that is a region of .high reliability travelable in the widthwise direction
and longitudinal direction of the road where the vehicle 1 is tfav'eling. When travel
control of the Vehicle 1 is performed, an adequate control amount is calculated in
accordance with the desired travel from the travelable région that has thus been defined
(step ST122). | o

[0041] When drive support travel control is performed by acquiring info_rmation
on surrounding conditions of the road where the vehicle 1 is fraveling, the operations are

'

performed in the above-described manner. This control will be described below in

* greater detail. FIG. 5A and FIG. 5B are flowcharts relating to a case in which travel

~ control of a vehicle is conducted on the basis of environment in which the vehicle travels.

When a travelable region is calculated as the vehicle 1 travels, the width of the road
where the vehicle 1 is traveling and the margin in the longitudinal direction of the

traveling vehicle 1 are defined as described hereinabove, but the conditions under which
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the host vehicle, which is the vehicle 1, travels should be recognized in order to increase

the accuracy of the road width and margin in the longitudinal direction of the vehicle.

-For this purpose, it is necessary to recognize a position of the traveling host vehicle and

grasp this position in order to 'deiine a width of the road where the host vehicle is
traveling and the margin in the_longitudinal directidn of the traveling host vehicle.

[0(?42] o T_hus, in order to grasp the position of the traveling host Vehiele, speed
integration is used of a speed that is estimated on the basis of a Dopplet fieeuency shift
determined by the‘ GPS used in the. car nai/igation system 65 (step ST201). Where the
GPS is used to grasp the posi‘iion of the traveling host vehicle, wheri electromagnetic

waves emitted from a satellite used by the GPS are received by the car navigation system

65, the speed estimated from the Doppler frequency shift caused by relative movement of =

the satellite and the host vehicle'_is integrated. This integration is performed in the host
vehicle position acquiéitioh unit 81 provided in the drive plan generating ECU. 80.

[0043] In the vehicle position acquisition unit 81, the positien of the traveling
host vehicle is grasped by so integrating the speed estimated from the Doppler frequency
shift (step ST202). In other words, when the host vehicle travels, a relative position of
the host Vehicle and the satellite emitting electromagnetic waves changes, and when the
electromagnetic waves are received by the cai navigation system 65, while the relative
position thus changes, the frequency -at tiie'time of reception is different from that at the
time of transmission and the so-called Doppler ‘frequency is gene‘rated. Further, the

Doppler frequency shifts according to the relative movement state of the satellite and host -

-vehicle. Therefore, by integrating the speed estimated from the Doppler frequency s_hift,

it is possible to recognize not only the positional relationship of the iraveling host vehicle
and the satellite emitting the electromagnetic waves, but aiso the relative movement
relationship theieof, and the position of the host vehicle can be grasped with higher
accuracy. In the vehicle control device 2 of the present embodiment, the integration of
speed estimation results using the Doppler frequency is explained as representative means

to be used for grasping the position of the traveling host vehicle, but other means for

grasping the position of the traveling host vehicle may be also used. The means for
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grasping the position of the traveling host vehicle may be any means for estimating a
trajectory, and essentially any means may be used, proyided that the position of the
traveling host vehicle can be adequately grasped by estimating a trajectory.

[0044] Oncer the host vehicle position‘has been grasped, the host vehicle position
is superimposed on a highly accurate map (step ST203).‘ As a result, it is possible to
determine the present location, travel Speéd, and travel direétion of the host vehicle. Then, -

it is determined whether the position of the host vehicle superirhposed on the highly

~ accurate map has shifted from the road on the map (step ST204).

[0045] When the host vehicle position is determined to have shifted from the
road on the map, reset with landmarks is performed (step ST205). Thus, the grasped host

vehicle position is reset when the difference between a distance between the host vehicle

| position grasped by integrating the speed estimated from the Doppler frequency shift and

the landmark in the Vicinityvof the host vehicle on the map and the distance between the
landmark on the map and the road close to the landmark is greater than a predetermined
difference. As a result, the actual position of the host vehicle is reflected more correctly

as a position of the host vehicle on the highly accurate map, and the host vehicle position

- acquisition unit 81 acquires the correct position of the host vehicle.

-[0046] Where the position of the host vehicle- superimposed on the highly
accuraté map is determined not to have shifted from the road on the map, the longitﬁdinal
and lateral travelable regions are then grasped (step ST206). In other wordé, travelable
regions in the longitudinal direction and lateral direction of the host vehicle in the road
where the host vehicle is i)resently traveling are derived by the .travelable region
derivation unit 82 of the drive plan generating ECU 80 from the position of the host
vehicle on the map and the state of the road around the host vehicle, and the travelable
regions that are thus derived from the position of the host vehicle computed by using the
GPS are grasped as lorigitudinal and lateral travelable regions by the travelable region
dérivation unit 82.

[0047] Further,.' when the longitudinal and lateral travelaBle regions are thus

derived by integrating the speed estimated from the Doppler frequency shift, reliability of
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information in the process of computing the host vehicle position: by using the GPS is
also grasped (step ST207). The information reliability is grasped by deterrﬁining
reliability with the reliébility determination unit 83 of the drive plan generating ECU 80.
Thus, reliability in the process of deriving the longitudinal\and lateral travelable regions

by integrating the speed estimated from the Doppler frequency shift is determined by the

reliability determination unit 83 according to the state of the GPS.

[0048] A reduction amount of the present longitudinal and lateral travelable

regions of the vehicle 1 grasped by the travelable region derivation unit 82 is then

determined (step ST208, see FIG. 4). In other words, the reduction amount of the

longitudinal and lateral travelable regions grasped by using the car navigation system 65
is inicreased as reliability of information in the process of deriving the longitudinal and

lateral travelable regions decreases, on the basis of the present longitudinal and lateral

‘ travelable‘_regions' grasped by the travelable region derivation unit 82 and reliability of

information in the process of deriving the longitudinal and lateral travelable regions
grasped by the reliability deterfninaﬁon unit 83. Conversely, the reduction amount of the
longitﬁdihal and lateral travelable regions is decreased as reliability of information in the
process of dériving the longitudinal and lateral travelable regi_oﬁs increases;

[0049] The longitudinal and lateral travelable regions (Latgps, Longgps) used

when performing travel control of the vehicle 1 are defined on the basis of reliability of

information in the process of deriving the longitudinal and lateral travelable regions
determined according to the state of GPS (step ST209).

[0050] The travelable regioﬁ in the present position of the traveling host vehicle
on the map can thus be deﬁned by grasping the host vehicle position and superimposing it

on the highly accurate map, but during travel control of the vehicle 1, the travelable

‘regions are derived also on the basis of actual surrounding conditions such as margins in

the longitudinal direction and lateral direction of the vehicle 1. When the travelable

“region is thus derived on the basis of margins in the longitudinal direction and lateral

direction .of the vehicle 1, the surrounding conditions are detected -by u_sing detection

means capable of directly detecting the conditions around the vehicle 1 and the travelable
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region is derived.

[0051] As the detection means for detecting a state in the lateral direction of the
vehicle 1 among the aforementioned means, the camera 60, which is an example of a
transverse direction recognition sensor 105, is used as a white line recognition camera
and a white line on the road is recognized by using the camera 60 (step ST211). In other
words, the surroundings in front of the vehicle 1 on the road where the vehicle 1 is
traveling are picked up with the camera 60 and the white line painted on the road is
recognizé‘d. 4This recognition is per_fofmed with the white line recognition unit 85
provided in the drive plan generating ECU 80. Thus, the white line ‘recogn.ition unit 85
acquires an 'irhage picked up by the camera 60 and recognizes the white line in the image,
thereby recognizing the white line on the road.

[0052] The lateral travelable region is then grasped by the travelable region
derivation unit 82 on the basis of the white line recognized by the white line recognition
unit 85 (ST212). In the travelable region derivation unit 82, the width of the road where
the vehicle 1 is presently traveling is grasped on the basis of the position of the white line
recognized by the white iine fecognition unit'85. Thus, the travelable regidn derivatién
unit 82 calculates a distance between the white line pésition in the lateral direction in the
traveling direction of the Vehicle 1, or a distance between the white line and a road
shoulder as a width of the lane where the vehicle 1 is traveling, on the basis of the white
line recognized\by the white line recognition unit 85, aﬁd derives and gfasps the width of
the lane as the lateral travelable region;

-[0053] Further, when the lateral travelable region is thus grasped on the basis of
the white line recognized by the white line recognition unit 85, reliability of information
obtained when the lateral travelable region is grasped on the basis of fhe image picked up
by the camera 60 is also grasped by the reliability determinétion unit 83 (step ST213).
The reliability determination unit 83 determines and grasps reliability of informatiop
obtained when the lateral travelable region,v which is the travelable region in the lateral
direction in the advance direction of the vehicle 1 or in the widthwise direcﬁon of the

road where the vehicle is traveling, according to the image picked up by the camera 60.
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[0054] Then, a reductioﬁ amount of the preSent lateral travelable region of the
vehicle 1 grasped on the basis of the lane width iﬁ the travelable region derivation unit 82
is determined (step ST214, see FIG. 4). In other words, from the present lateral trévelable
region grasped by the travelable region derivation unit 82 on the basis of the lane width
and reliability of information obtained when deriviﬁg the lateral travelable region
determined in the reliability determination unit 83‘ on the basis of the image picked up by
the camera 60, the fravelable region derivation unit 82 _increaseé the reduction amount of

the lateral travelable region according to the decrease in the reliability. Conversely, the

travelable region derivation unit 82 decreases the reduction amount of the lateral

travelable region according to the increase in the reliability.

[0055] The travelable region derivation unit 82 defines the lateral travelable -
region (Latcmr) that has been thus derived on the basis of the ifnage picked up by the
camera 60 used as a white line recognition camera, on the basis of reliability of
information of the lateral tfaQelable region determined according to the image picked ﬁp
by the camera 60 (step ST215). |

[0056] Further, a configuration in which the radar 61 serving as a laser radar
capablg or recognizing a state around the vehicle 1 with a laser is used as an example of a
longitudinal direction recognition sensor 106 is used as detection means for detecting a
longitudinal mafgi'n of the thicle 1 (step ST221). In other words, an obstacle present in
the longitudinal direction of the host vehicle is. detected by causing the radar 61 to emit a
laser beam in a predetermined direction and receiving a reflected laser beam that is
obtained by reﬂectjon of the emitted laser beam from the obstacle such as another vehicle.
The detection result is trénsmitted to the radar detection result acquisition unit 86 of the
drive plan generating ECU 80 and acqﬁired by thé radar detection result acquisition unit
86. By acquiring the detection result obtained w1th the radar 61, the radar detection result
acquisition unit 86 recognizes conditions around the host vehicle, for example, recognizes
the presence of another vehicle traveling in front of the hosf vehiéle.

[0057] A longitudinal road margin is grasped in the travelable region derivation

unit 82 on the basis of the conditions around the host vehicle recognized by acquiring the
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detection result obtained with the radar 61 with the radar detection reéult recognition unit
86 (step ST222).’ Iﬁ the travelable region derivation unit 82, a present margin in the
longitudinal directioh of the host vehicle is derived and grasped on the basis of the
conditions around the host vehicle recognized by the radar detection result acquisition
unit 86. Thus, the travelable region derivation unit 82 calculatesvthe distance between the
host vehicle and another vehicle or the like on the basis of the conditions around the host
vehicle recognized by the radar detéction result acquisition unit 86, mainly the conditions
in front vof the vehicle 1 in the advance direction'thereof,v and derives and grasps the
calculated diétaﬁce as a road margin in the longitudinal direction. | _
v[0058] When the longitudinal road margin is thus grasped on the basis of the
detection result obtained with the radar 61 and acquired by the radar detection result
acquisition unit 86, reliability of information obtained when the longitudinal road margin
is grasped on the basis of the detection result obtained with the radar 61 is.also
determined and grasped byvthe reliability determination unit 83 (step ST223).. The |

reliability determination unit 83 determines and grasps reliability of information obtained

_when deriving the road margin in the longitudinal direction of the vehicle 1 according to

the detection result obtained with the radar 61.
[0059] A reduction amount of the road margin in the longitudinal direction of

the vehicle 1 grasped by the travelable region derivation unit 82 on the basis of the

detection result obtained with the radar 61 is then determined (step ST224, see FIG. 4). In

other words, from the present longitudinal ~r0‘ad margin grasped by the travelable region
derivation unit 82 on the basis of the detec‘tionq result obtained with the radar 61 and
reliability of information obtained when deriving the longitudinal road margin deterrpined
in the reliability determinaﬁon unit 83 on the basis of the detection result obtained with
the radar 61, the travelable region derivation unit 82 increases the reduction amount of the
longitudinal road rﬁargjn accordling to the decrease in the reliability. Conversely, the
travelable region derivation unit 82 decreases the reduction amount of the. longitudinal
road margin ion according to the increase in the reliability.

[0060]  The travelable region derivation unit 82 defines the longitudinal road



10

15

20

25

WO 2011/110913 PCT/IB2011/000387
21

rriargin (Longrdr) that has thus been derived on the basis of the detection result obtained

with the radar 61, on the basis of reliability of information relating to the longitudinal

- road margin determined according to the detection result obtained with the radar 61 (step

ST225).

[0061]  The processing of these steps (steps ST201 to ST209) performed to

define the longitudinal travelable region, steps (steps ST211 to ST215) perfofmed to

define the lateral travelable region, and steps (steps ST221 to ST225) performed to define

the longitudinal road margin may be carried out in parallel or the steps may be performed

. sequentially.

[0062] * The travelable region derivation unit 82 that has so derived the
longitudinal and lateral travelable regions (Latgps, Longgps), lateral travelable region
(Latcmr), and longitudinal road margin (Longrdr) by uéi_ng the car navigation system 65, |
camera 60, and radar 61 then defines the -fravelable region by using the derivati(')h results

(step ST23.1). The travelable region derivation unit 82 that has derived these travelable

regions defines travelable regions with small values, from among the travelable regions in

the longitudinal direction and lateral direction obtained when the vehicle 1 travels, as

travelable regions in respective directions.
[0063] More specifically, the travelable region derivation unit 82 compares the
lorigitudinal travelable region (Longgps) derived by using the car navigation system 65

with the longitudinal road margin (Longrdr) derived on the basis of the detection result

* obtained with the radar 61 and defines the smaller of the two as a travelable region in the

longitudinal direction. Likewise, the travelable region derivation unit 82 compares the
laierél travelable regio.n (Latgps) derived by using the car navigation system 65 with the
lateral travelable regibn (Latcmt) derived on the basis of the image picked up by the
camera 60 and defines the smaller of the two as a travelable region in the lateral dil;ection.
Iﬁ other words, the travelable region derivation unit 82 defines the travelable region in the
longitudinal direction by deriving with {Longitudihal Direction = MIN (Longgps, . °
Longrdr)} and defines the travelable region in the lateral direction by deriving with

{Lateral Direction = MIN (Latgps, Latcmr)}.
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[0064] A future travel plan path is then defined (step ST232). The future travel

plane path is defined by deriving'a travel plan path of the vehicle 1 for the interval from
the present time till a predetermined time will elapse by the travel path calculation unit 90
provided in the drive plan generating ECU 80 on the basis of drive operations of the
driver or the path to the target zbne of the vehicle 1 inputted to the car navigation system
65.

n n

[0065] " The travelable region is then replaced on a plane with p" of a tire

.friction circle (step ST233). This replacerrient is performed by an upper limit adjustment

unit 98 of the drive plan generating ECU 80. The upper limit adjustment unit 98 replaces

the travelable region derived and defined by the travelable region derivation unit 82 with .

" n

n" of a tire friction circle, which is a circle indicating a resultant force of friction forces
of wheels 5 in the longitudinal and lateral directions, thereby reflecting the state of the

travelable region in a tire generated force indicated by using the tire friction circle. The -

“size of the tire generated force serving as a reference when establishing an upper limit for

control when performing the travel control of the Vehiclé 1 is thereby adj‘usted according

to the defined travelable region. . For example, when there is a margin in the travelable

region in the longitudinal direction, but no”significant margin is present in the travelable

region in the lateral direction, "n" of the tire friction circle in the transverse direction is

feduced and the tire friction circle indicating the tire generated force is adjﬁsted so that a

ratio of force generated in the transverse direction of the vehicle 1 decreases when the
travel control of the vehicle 1 is perfbrmed.

[0066] A travel path is then calculated according to trajectory generation -
optimization algorithfn (step ST234). This calculation is performed by the travel path
calculation unit 90. The travel path calculation unit 90 calculates the travel path by fitting
the tire generated force that has been set by the upper limit adjustment unif 98 in the
trajectbry generation optimization algorithm that has been set in advance as a method for

calculating the travel trajectory and stored in the storage unit of the drive plane generating

ECU 80 when travel control of the vehicle 1 is performed.

[0067]  An ideal travel plan is then calculated (step ST235). The ideal travel
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plane is calculated by the travel path-calculation unit 90 as an ideal travel plan when -
performing the travel control of the vehicle 1. The travel path calculation unit 90
performs calculatioﬁs by fitting the travé} path .calculated by uéing the trajectory
generation optimization algofithm in the future travel plan path defined by the travel path
calculatioﬁ ﬁﬁit 90 and matching the two. As a result, the travel path calculation unit 90
calculates the ideal travel plan by the tire generated force. Therefore, the ideal travel plan
is calculated aécording to the travelable region in the longitudiﬁal direction or lateral

direction. In other words, the ideal travel plan is calculated according to reliability of

information obtained when deriving the travelable region.-

[0068]  Vehicle drive control is then executed according to thé ideal travel plan
(step ST236). - The drive coﬁtrol is pelrformed by the drive control ECU 70. The drive
control ECU 70 executes travel control according to the ideal travel plan calculated by the
travel path calculation unit 9_0_.by controlling each actuator when the vehicle 1 is caused to
travel by the engine 12 or the like With the control Uhits such as the engine control unit 71
and the brake control unit 72 provided in the drive control ECU 70. As a result, the |
vehicle 1 travels according to the ideal travel plan.

[0069]  Where a travelable region is derived when per/forming drive suppért
control with the vehicle control device 2 in the present embodiment, the travelable region

is reduced according to reliability of information obtained Whgn detecting the conditions .

around the vehicle 1 by using the travel condition detection means used to derive the

- travelable région. A way to determine the reliability of information obtained when

deriving the travelable region by using these travel condition detection means will be
explained below. 'FIGS. 6A to 6D are explanatory drawings illustrating the reliability
when the travelable region is derived by using a GPS. Wheﬁ an accuracy .‘of GPS speed
eé_timation by speed integration estimated from the Doppler frequency shift is_determinéd
and reli;ibility of the derived information is determined when deriving the travelable
region, the reliability is determined according to the state of the satellite used for GPS.
For example, the determination is performed by changing the feliability by the numbér of

visible satellites, as shown in FIG. 6A. In other words, satellites used in the GPS are
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positioned in the space over the entire surface of the earth so that a satellite can be viewed

from any position‘ on the earth, but the numb¢r of the visible satellites, which are saj[ellites

positidnéd in a range Visii)le from the earth, differs depending on the po.int on the earth‘.

Furthér, the accuracy attained when the speed of the vehicle 1 is estimated by using a

GPS tends to increase ‘with the increase in the number of visible satellites. For this reason,
when the reliability is changed according tb the number of visible satellites, the reliability

is determined By increasing the reliability as the number of visible satellites incfeases and |
decreasing the reliability as the number of visible satellites decreases.

[0070] Further, reliability of information obtained when thé travelable region is

“derived by using a GPS may be also determined by satellite information. In other words,

with a satellite that is visible but has an angle of elevation equal to or less than a given

value or a low signal to nose (S/N) ratio, electromagnetic waves transmitted from the

satellite can be affected by reflection or diffraction, and the accuracy of speed estimation

performed with such a satellite can decrease. Therefore, reliability is determined by

decreasing the reliability with the increase in the number of satellites, among the visible

satellites, that have an angle of elevation equal to or less than a given value and

increasing the reliability with the decrease in the number of satellites that have an angle
of elevation equalvto or less than a given value, for example, as shown in FIG. 6B.
Likewise, reliability is determined by decreasing the reliability with the increase in the
number of satellites with a S/N ratio ¢qual to or less than a given vallie and increasing the
reliability with the decrease in the number 6f satellites with a S/N ratio equal to or less
than a given value, for example, as shown in FIG. 6C.

[0071]' Further, reliability of information obtained when the travelable region is

derived by using a GPS may be also determined by a difference between an estimated

speed and a relative speed.. For éxample, when the number of visible satellites is equél to.

or greater than five, a difference between a speed estimation result and a speed relative to
the satellites may be calculated and reliability may be determined according to the
difference..

[0072] A method for calculating the difference is explained‘below. Since a line

{
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of sight of a satellite centered on the host vehicle can be computed from the position of

the host vehicle, a host vehicle speed in the direction from the host vehicle to the satellite

is calculated by converting the host vehicle speed calculated in an absolute system of

coordinates centered on the host vehicle into a compdnent in the line of sight. The
calculated host vehicle speed is taken as Vvi.

[0073] Further, since the satellite speed can be determined on the basis of the
Kepler laws, and the line of site of the host vehicle can be caiculated as described
hereiﬁabove, the satellite speed in the direction from the host vehicle to the satellite is
calculated by converting thé satellite speed into a component in the line of sigh:[. The
c>alculated satellite speed is taken as Vsi. |

[0074] A Doppler frequency shift amount is available as an obse_rvation value
obtained from a GPS receiver (not shown in the figures) of the car navigation system 65
carried by the vehicle 1, and this Doppler frequency shift. amount can be recalculated as a
relative speed of the vehicle in the satellite direction. This speed is takeﬁ as Vv2si.

[0075] Further, when the host vehicle ‘position ‘is calculated using a GPS, the

calculation is performed by using a timing used in the GPS as an important element, but

“where a clock bias drift, which is a variation of clock error used in the receiver, is

estimated and the estimated clock bias drift is taken as Cvb, when no error is present in
the above-described speeds (Vvi, Vsi, Vv2si), the relationshiﬁ thereof can be represented
as (Vv2si = Vsi - Vvi + Cvb). Where the right side in this equation is taken.as an‘
estimated value and denoted by Vv2si_ést, when the sum total for all of the satellites
(I Vv2si = Vv2si_estl) is small, the reliability of the estimated value can be assumedto
be high. Conversely, where this sum total is large, the. error as a whole is large and thé
reliability of the estimated value can be assumed to be low.

[0076] When the difference between a relative speed of the host vehicle and the
satellite calculated from the estimated host vehicle speed and satellite speed and an
observation value calculated from the Doppler frequency shift amount and indicating the
relative speed of the host vehicle and the satellite is calculated and this difference is large,

it is possible to determine that reliability of information obtained when a travelable region
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1s derived by using a GPS is low. Therefore, when the number of visible satellites is
equal to or greater than five, this difference is estimated, the reliability of information is .
determined as high according to the decrease in the caléulated difference, and the
reliability of information is determined as low according to the increase in the calculated
difference, as shown in FIG. 6D. |

[0077] In the case in which reliability of information is determined according to
the state of the satellites used in the GPS when deriving a tra‘welable region, each of the
above-described determination methods may bé used individually ora combination of the
determination methods may be us‘e‘:d‘.» By conducting the determination with a
combination of é plurality of the determination methods, it is possible to increase further
the accuracy of reliability determination. |

[0078]  Explained below is a method for determining reliability of information
obtained when a lateral travelable regioni is derived on the basis of the image picked up
by the camera 60. In the case in which the lateral travelable region is derived on the basis
of the image picked up by the camera 60, when reliability is determined by estimating a
drive state of the vehicle 1 or estimating a posture of the vehicle 1 on the basis of the
picked-up image, reliability is determined with respect to each of the estimation results.
First, the determination of .information reliability will be explainéd with respect to the
case in which the drive state of the vehicle 1 is estimated.

[0079] The estimation of the drive state of the vehicle 1 performed on the basis
of the image pipked up by the camera 60 is explained below. When the drive state is
estimated, first, a characteristic point in the picked-up image is extracted and the
extracted characteristic -point is tracked in a time sequence. Fof example, a point
positioned on a contour of a white line on the road, a point in a specific portion of an
installation such as a road mark, and a point in a specific portioﬁ of another means of
communication can be extracted as a characteristic point. An angular Vafiation' and a
translational movement amoﬁnt' of a plurality of tracked characteristic points are taken as
estimation parameters sefving as references when estimating .a variation mode of the

portion picked up by the camera 60, and a parameter with a high verification degree
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between time sequences, from among the estimation parameters, is taken as an estimation
value.
[0080] The verification degree mentioned hereinabove will be explained below.
For a stationary object positioned in the image plck up dlrection of the camera 60, a
positional relationship with the camera 60 changes as the host Vehicle moves. Therefore,
for a characteristic point on the stationary object, a projected position in the image is
determined according to the movement of the host vehicle. Accordingly, when images
picked lip at a time t1 at which the image has been picked up and a time t2 at which the
image has been picked up after a predeterrnined time has elapsed since tl are compared
and the stationary object is picked up in the images, all of the characteristic points on the
stationary object are ccnverted from the image at tl to the image at t2 according to the

same movement. As a result, the movement of the vehicle 1 can be estimated by tracking

“the characteristic points.

[0081] However, when variations of characteristic points in the imagesl are
tracked by comparing the images in the case the predetermined time has elapsed and the
tracking resiilts are erroneous, the estimation accuracy of movement is affected. Where
erroneous estimation results are cbta_ined when the movement of the vehicle 1 is
estimated and the characteristic points of the image are thereafter tracked, some of the
characteristic points can correspcnd to the estimation results, but some other
characteristi¢ points can differ from the estimation results. A high verification degree
shows that the number of characteristic points t"ollowing the movement estimation results(
when the characteristic points are tracked between time sequences is high.

[0082] | Accorcii‘ngly, in the case in which an angular variation and translational |
movement of characteristic points a.re’taken as estimation ya_lues of a travel state iof the
vehicle 1 used to derive the lateral travelable region'of the vehicle 1 inb the process of
determining the reliability of inforrriation based on the image picked up b}r the camera 60,
when angular Variation and translational movement of characteristic points in the case of

tracking the characteristic points of the picked-up image are tracked as estimation

parameters, a parameter with a large number of characteristic points following the



10

15

20

25

WO 2011/110913 PCT/IB2011/000387
28

movement estimation result is used as an estimation value.

[0083]  Where a movable object is present in the image picked up by the camera
60, it is possible that the estimation accuracy in estimating the travel state of the vehicle 1
will decrease. When the characteristic points are tracked in such a case, the ratio of
tracking results that do not conform to the estimated parameters increases. When the

ratio of tracking results that do not conform to the estimated parameters in the case of |

~ tracking the singular points is high, the reliability of the estimation value is decreased and

when a large number of tracking results match the estimated parameters, the reliability of
the estimatioh value is increased. Thus, whenvcharacteristic pdints in the image picked up
by the camera 60 are tracked, the reliability of the estimation value is increésed with the
increase in thé ratio at Which the variation of the tracked characteristic points matches the
estimated variation of the .characteristic points caused'by\ the movement of the vehicle .1.

[0084]  Next, the determination of information reliability in the case in which a -

posture of the vehicle 1 is estimated on the basis of the image picked up by the camera 60

will be explained.‘ The estimation of the posture of the vehicle 1 pefformed on the .bas_is
of the image picked up by the camera 60 is explained below. When the posture of the
vehicle 1 is estimated, a yaw angle or a pitch angle with respect to the white line of the
road in the picked;up image is calculated. For example, a yaw angle or a pitch éngle with
respect to the white line is calculated by takingva contour of the .vséhite line in the picked-
up image as an edge, calculating a direction of the edge by the Hough _transformation or

the like, and calculating the direction of the dptical axis of the camera 60 with respect to

the edge direction. In this case, the i)itch angle is calculated from a ‘degre'e of variation in

the white line width calculated from the white line edge in thé image or from a degree of

variation in the distance between the white lines, and the yaw angle is calculated from a

white line angle or a positiop of a vanishing point obtained by extending the edge
direction.

[0085] The pOSfure of the vehicle 1 can thus be ‘estir.nated on the basis of the
edge in the picked-upvimage, but when the posture of the vehicle 1 is estimated on the

basis of the edge, the estimation accuracy increases when using a large number of edges
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of objects positioned in the proximity of the vehicle 1, but the estimaﬁon accuracy can
decrease when using a large number of edges of distant‘objects. Théreforev, where a
voting number of proximal points is large in voting results of the Hough transforfnation’
when an edge direction is calculated by the Hough transformation, the reliability of
calculated information is ihcreased and when the voting number vof distant poi.nts is large,
the reliability of calculated information is decreased. _ |

[0086] When the pbsture of the vehicle 1 is thus _estimated‘ by calculating the
edge direction by the Hough transformation, reliabilify is decreased when the lvoting
number is small. For ¢xample, where an erronebus edge other than that of the white line
is used when an edge in the picked-ﬁp image is éalculated, the Votipg humber of ’the
Hough transformation sometimes decreases. Therefore, .When the voting number of the

Hough transformation becomes equal to or less than a given value, the reliability of

calculated information, that is, information relating to the estimated posture of the vehicle

1 is decreased.
[0087] In the ‘case in which reliability of information is determined when
deriv'ing the lateral travelable region on the basis of the image picked up by the camera 60, -

a determination method relating to estimation of a drive state and a determination method

~ relating to estimation of a posture of the vehicle 1 may be used individually or a

combination of these determination methods may be used. By conducting the

_determination with a combination of the determination methods, it is possible to increase

further the accuracy of reliability determination.
[0088] A method for determining feliability of information when deriving a
longitudinal road margin on the basis of the detection result obtained with the radar 61

will be explained below. When the longitudinal road margin is derived on the basis of the

- detection result obtained with the radar 61 a drive state of the vehicle 1 is estimated or a

posture of the vehicle 1 is estimated and reliability is determined for the respective

procedure, similarly to the case in which a lateral travelable region is derived on the basis
of the image picked up by the camera 60. First, determination of reliability in the case in

which a drive state of the vehicle 1 is estimated on the basis of the detection result
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obtained with the radar 61 will be explained.

[0089] When a drive state of the {/ehicle 1 is estimated on the basis of the
detection result obtained with the radar 61, an angular variation or a translational
movement amount is used as an estimation parameter, similarly to the case in which a
lateral travelable region is derived oﬁ the basis of the image picked up by the camera 60,
but when the detection result is verified with the time sequence to estimate the drive state,
it is possible that the verification degree during verification between time sequences be
low. In 6ther words, it fs possible that the distance sum be large. Thereforé, reliability at

this time is evaluated according to a sum of differences in distance between the reflection’

points between time sequences.

[0090] The. sum of differences in distance to the reflection points will be

explained below. When the state outside the vehicle 1 is detected with the radar 61,

where an emission-point of the radar 61 from which a laser beam is emitted is considered
as an origin point, reflection points of the detection object when the object is detected
with the radar 61 will have a fan-liké arrangement about the origin pdint as a center. A
distance to each reflection point at a timing t1 during detection with the radar 61 will be
denoted by Ri(t]) and a distance to each reflection point at a timing t2 will be denoted b‘y
Ri(t2). With such a definition, when the state of the vehicle 1 changes between the timing

t1 and the timing t2, Ri(t2) at the timing t2 can be represented as R(Ri(t1) + T) where a

~ variation amount of the host vehicle position is a translation T and a variation amount of

direction is a rotation R.

- [0091]  When the drive state of the vehicle 1 is cbneétly estimated, R(Ri(t1) + T)
expeéte(i\ at the same direction br the same angle and the actually measured Ri(t2) will
assume equal values, but in the case of an error, a difference will appéar therebetween.

Thus, when the sum of differences in distance to the reflection points is determined, a

-difference is calculated between a distance to the reflection point predicted by estimating

the drive state of the vehicle 1 and a measured distance to the reflection point, and this
difference is calculated for several measurement points. The sum of differences for

several measurement points is acquired as a sum of differences in distance to the
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reflection points.

[0092] When a drive state of the vehicle 1 is estimated on the basis of the

- detection result obtained with the radar 61, reliability of the estimation value is decreased

as the sum of differences in distance to the reflection points calculated in the above-

‘described manner increases and reliability of the estimation value is increased as the sum

of differences in distance to the reflection points decreases.

[0093] | FIG. 7 is é flowchart illustrating a processing procedure relating to the
case in which a drive state of a vehicle is estimated on the basis of cble'tectionvresults
obtained with a radar. The processing procedure in the case in which a drive state of the -
vehicle 1 is estimated on the basis of the detection result obtained with the:radar 61, that
is, in the case in which an angle variation or a translational movement amount of the
vehicle 1 is estimated on the basis of the detection result obtained with the radar 61 will
be’eXplained below. |

[00_94] When ‘an angle variation or a translational movement amount is
estimated on the basis of the detection result obtained with the radar 61, first, the initial
values of these pafameters are set (step ST301).- This setting of parameters is performed
in the travelable region deriyafion unit 82 provided in the.drive plan generating ECU 80.

The travelable region derivation unit 82 sets the initial values of an angle variation or a -

translational movement amount when these parameters are estimated. The initial values

are usually "0" in a state in which the vehicle 1 does not move.
[0095] A distance between reﬂecti‘on.points of time sequences is then calculated

(step ST302). The distance between reflection point'é of time sequences is calculated by

~ the travelable region derivation unit 82 on the basis of the detection result obtained with

the radar 61 and acquired by the radar detection result acquisition unit 86. | Thus, the
travelable region derivation unit 82 acquires continuously 0r.with a predetermined time
interval the detection result obtained with the radar 61 and acquired by the radar detection
resuit acquisition unit 86 aﬁd calculates a variation of each reflection point between
predetemined time sequences as a distance.

[0096] A sum of differences in distance to the reflection points is then calculated
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(step ST303). The sum of differences in distance to the reflection points is calculated by
the \ftraveiable region derivation unit 82 on the baéis of the detection result obtained with
the radar 61 and acquired by the radar detection result acquisition unit 86. .Thus, in the .
travelable region derivation unit 82, computations are conducted to determine the above-
described sum of differences in distance to the reflection points on the basis of the
detection result obtained with the radar 61 ard the sum of differences in distahce to the
reflection points is calculated. |

[0097] Then, it is determined whether (Sumi < minSum) (step ST304).‘ In other

words, the travelable region derivation unit 82 determines whether the sum (Sumi) of

differences in distance to the reflection points calculated in rthe .current processing loop of
the processing procedure performed to estimate an angle variation or a trénslational
movement amouﬂt of the vehicle 1 is less than a minimum value (minSum) of the present
sum of differences in distance to the reflection points.

[0098] Where the condition (Sumi < minSum) is determined notl to be satisfied,
that .is, thé calculated sum (Sumi) of differences in distance to the reflection points is
determined to be equal to or greater than the minimum value (minSum) of the present
sum of differences in distance to the reflection points by the determination performed in
the travelable region derivation unit 82, the minimuﬁl value and parameters are held (step
VST305). In other words, when the calculated sum of differences in distance to the
reﬂection> points is determined to be equal to or greater than the minimum value of the
present sum of differences in distance to the reﬂectionb points, the minimum value of the
present sum of differences in distance to the reflection points is stored and parameters of
angle variation or translational movement. amount are also held. )
[0099] By contfast, wheh»the condition (Sumi < minSum) is determined to be‘

satisfied, that is, the calculated sum (Sumi) of differences in distance to the reflection

points is determined to be less than the minimum value (minSum) of the preseht sum of

differences in distance to the reflection points by the determination performed in the -

travelable region derivation unit 82, the minimum value of the sum of differences in

distancevto the reflection points is updated and the parameters are updated (Step ST306).
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In other words, (minSum = Sumi) is computed and the minimum value (minSum) of the
present sum of differenées in distance to the reflection points is updated to fhe value of
the sum (Sumi) of differences in distance to the reﬂection.points calculated in the current
f)rocessing loop. When (¢, @, 0) are used as examples of parameters indicating an angular
variation or a translational movement amount, if the present parameters aré denoted by (¢,
¢, 0) and the parameters in the current loop are denoted by (¢1, ¢i, 61), then {(¢, ¢, 6) =
(01, i, B1)} is computed. The parameters are thereby updated. |

‘[‘010_0]‘ When the minimum value of the sum of differences in distance to the
reflection points and the parameters are held (step ST305) or updated (step ST306), it is
then determined whether (i < N) (step ST30‘7). This determination is performed in the
travelable region derivation unit 82. When a drive state of the vehicle 1 is estimated on
the basis of the detection result obtained with the radar 61, the detection of reflection
points is p'erformed‘ a\plura_lity of ti»mes.‘v[orestimate an angular variation or a‘translational
movement amount by variations in detection results between time sequences, and “N”,
which is used for such determination in the travelable region derivation unit 82,.is the
number of times necessary to perfqrm the detection of reflection points when estimating
an angular variation or a tfanslational movement amount of the vehicle 1. This _“N” 1s set
in advance and stored in the storage unit of the drive plan generating ECU 80.

[0101] Further, “i”, which is used for determination in the travelable region
derivation unit 82, is a valué indicating a current processing loop, that is, a value
indicating the number of times the reflection points are detected in the processing
procedﬁre of esfimating an angular Variation or a translational movement amount of the
vehicle 1 by detecting the reflection points a plurality of times. By determining whether
(1< N),A the travelable region derivation unit 82 determines whether the number of times
the reflection points are detected is the number of times necessary to determine an
angular variétion or a translational movement amount of the vehicle 1. |

[0102] When a condition (i < N) is vdetermined not to be satisﬁed, that 1s, a
conditi()n (i 2 N) is determined to be satisfied by the determinaﬁon performed in the

tra_velable' region derivation unit 82, reliability is calculated (step ST308). When a
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condition (i = N) is determined to be satisfied and the number of times the reflection
points are detected is determined to have reached the number of times necessary to
estimate an angular variation or a translational movement amount of the vehicle 1, the

estimation itself can be ended. Therefore, the travelable region derivation unit 82 then

-calculates reliability of estimation values obtained when such estimation was performed.

The reliability is calculated by computing {1/o x (mihimum value of sum of differences
in distance between the reflection points)}. Here, "o used in the computations is a
predetermined coefficient used when reliability is calculated and this coefficient is stored
in advance in the storége unit of the drive plan generating ECU 80. Once the reliability
of the estimation values of the angulér variation or translational movement amount has
been calculated by such' computations after, the estimation thereof, the processing -
procedure is completed. |

[0103] By contrast, when the condition (i < N) is determined to be satisfied by
the determination performed in the travelable region derivation unit 82, the parameters
are updated (step ST309)." In other words, the travelable region derivation unit 82 updates
the parameters used for estimating an angular variation or a translational movement
amount on the basis of the distance between the reflection points of the time sequences
calculated in the current processing loop (step ST302) or a sum of differences in distance
to the reflection points (step ST303). Once the parameters have been updated, the flow
returns to the processing of calculating again the distance between the reflection points of

the time sequences (step ST302) and the above-described processing is repeated.

[0104]  Determination of reliability of information in the case a posture of the

vehicle 1 is estimated on the basis of the detection result obtained with the radar 61 will

be e_xpiained below. First, the estimation of a posture of the vehicle 1 performed on the
basis of the detection result obtained with the radar 61 is explained. When the posture is
estimated on the basis of the detection result obtained with the radar 61, for example, a

correlation between the orientation of reflection points and orientation of the host vehicle

is determined and the posture is estimated by calculating the orientation of a succession

of reflection points by the Hough transformation or the like. In other words, since the
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mounting angle of the radar 61 is obtained in advance and the detection orientation of the

radar 61 in the vehicle 1 is also obtained in advance, the orientation of a succession of
reflection points is calculated aﬂd the posture of the vehicle 1 is estimated fromi the
correlation of the orientation éf ‘a succession of reflection pbiﬁts and the detection
orientation of the radar 61.

[0105] Mbre specifically, a curbstone of the road where the vehicle 1 is traveling

is set as a reflection point that is used when detection is performed with the radar 61, and

‘the detection result of the reflection stone detected with the radar 61 is acquired by the

radar detection result acquisition unit 86. The detection result obtained in the radar 61
and acquired by the radar detection result acquisition unit 86 is transmitted to the
travelable region derivation unit 82 and subjected to the Hough transformation in the
travelable region defivation unit 82, whereby the successive orientation of reflection

points of the curbstone is calculated. | By calculating successive orientations of reflection

| points of the curbstone in such a manner, it is possible to estimate the relative positional

relationship of the curbstone and the radar 61 and thérefore it is possible to estimate the
orientation of the host vehicle with respect to the curbstone orienta;[ion. R

[0106] In this case, the relative positiohal relationship is meésured by the radar
61. Therefore, when the posture of the vehicle 1 is estimated by using the radar 61, it is
assumed that fhe. posture is estimatéd with respect to the curbstone or the like. For this
reason, when the orientation is erroneously detected when defecti‘ng the reflection points
at the road edge, such as a curbstone, with the radar 61, a large error occurs in posture
estimation performed with the radar 61. Thus, when the main orientation obtained from
the reflection points whenr detection is performed with the radar 61 does not indicate the
road edge, a posture estimation error increases. Therefore, when the successive
orientation of reﬂection points of the curbstone is calculated by the Hough transformation,
reliability of the estimated posture is evaluated according to the voting number of the
Hough transformatién. In other words, the determination in_creasing the reliability of
calculated information is performed as the voting number in the direction of a cufbstone

increases and the determination decreasing the reliability of calculated information is
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performed as the voting number decreases when the Hough vtransformatilon is performed.

[0107] In the case in which reliability of information is determined when

. deriving a longitudinal road margin on the basis of the detection result with the radar 61,

a determinétion method relating to estimation of a drive state and a determination method
relating to estimation of a posture of the vehicle 1 may be used individually or a
combination of these determination_ methods may be used. By conducting the
determinati_on with a combination of the determination methods, it is pQ'ssible‘to increase
further the accuracy of reliability detenﬁination.

[

[0108] A method in which the travelable région derived by the travelable region
derivation unit 82 is replaced wi’;h "u" atire frictidn circle will be explained below. FIG.
8 is a schematic diagram illustratihg a base model of a tire friction circle. The tire friction
circle, which serves as a basis for this method, will be described below. Since the vs}heels

5 are brought into contact with the road by a friction force, when acceleration or

cornering is performed as the vehicle 1 travels, forces in various directions are generated

‘between the wheels and the road according to the travel state of the vehicle 1 in the

gfound contact portions of the wheels 5, that is, ground contacf portions of thé'tires. A
force thus generated between the tires and the road depends on the friction force between
the tires and the road aﬁd can occur in various directions agcording to the travel state of
the vehicle 1 within the range of the friction force. In other words, when a large force is
generated in one direction by the friction force between the tires and the road, forces that
can be generated by the friction force in other directions decréase.

[0109] As fér the maximum value of a tire generated force 112, which is é force
that can be genérated by the friction force between the tires and the road, the maximum

value of a resultant force of a force generated in the transverse direction of the vehicle 1

-and a force generated in the longitudinal direction is determined by the maximum value

of the friction force. The maximum value of the resultant force so determined by the

maximum value of the tire generated force 112 determined by the friction force between
the tires and the road can be represented by a round tire friction circle 111 as shown in

FIG. 8, and during the usual travel, the maximum value of the tire generated force 112
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coincides with the tire friction circle 111.
~ [0110] FIG 9 is an explanatory drawing illustrating the case in which a limit of
the tire generated force in the transverse direction is decreased. When a travelable region
is derived and defined by the travelable region derivation unit 82, the defined travelable
region is replaced by "u" of the tire friction circle 111 in the upper limit adjustment unit
98. For example, when the margin of the travelable region in the lateral direction is less
than the margin of the travelable region, in the longitudinal direction;, the maximum value
of the tire generated force 112 in the transverse direction is decreased. 1In other words,
when the maximum value of the tire generated force Gy in one (transverse) direction,
from among the tire generated forces 112 coinciding with the tire friction circle 111 in the
usual travel mode, is taken as 1, the maximum value in the opposite direction is taken as -
1, the maximum value of the tire generated force Gx in one (longitudinal) direction is
taken as 1, and the maximum value ‘in the opposite direction is.taken as -1, where the
margin of the travelable region in the lateral direction is small, the absolute value of the
maximum value of the generated force Gy in the transverse direction will be less than 1.
[0111] In this‘ case, if the tire generated force Gx in the longitudinal direction is
not to be changed from the tire generated force 112 in the usual travel mode, the tire
generated force Gx in the longitudinal direction will coincide with the maximum value in
the longitudinal direction of the tire friction circle 111, in the same maﬁner as in the usual
travel mode, and the absolute value of the maximum value‘is made 1. .When a lateral
margin of the defined travelable region is srﬁall, the absolute value of the maximum value
of the tire generated force Gy in the transverse direction for the travel control is adjusted
by the upper limit édjustment unit 98 so as to become less than the absolute value of the

maximum value -of the tire generated force Gy in the transverse direction in the usual

travel mode.

[0112] FIG. 10 is an explanatory drawing illustrating travel control in the case in
which a limit pf the tire vgenerated force in the transverse direction is decreased. When

travel control of the vehicle 1 is performed, the control is performed within a raﬁge of the

- maximum value of the tire generated force 112 for the travel control that has been
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adjusted in the above-described manner by the upper limit adjustment unit 98. Therefore,
when the absolute value of the maximum value of the tire generated force Gy in the
transverse direction is decreased by the upper limit adjustment unit 98, an emphasis is
placed on the tire generated force 112 in the longitudinal direction, and the travel control
of the vehicle 1 is performed by placing an emphasis on braking. |

[0113] In other words, the travelable region derivation unit 82 derives the lateral
travelable region on the basis of the white line of the road recognized by the white line
recognition unit 85, but when reliability of ‘information obtained when the lateral
travelable region is derived is low, the lateral travelable region is decreased. Therefore, in
the road shape 116 after reliability determination, which is a shape of the road  for
perferming control after the reliability during the travelable region derivation has been
determined, the width is nariower than the aetual width of a road 115 and a Widthwise
margin of the road decreases. Therefore, when travel control of the vehicle 1 is
performed, the control amount in steering is reduced and the travel control is conducted
by placing an emphasis on braking. Thus, in a travel plan 118 in this case, the steering
amount is reduced and braking is emphasized.

[0114] More specifically, when reliability of information relating to the lateral

~ travelable region derived on the basis of the detection result obtained by the camera 60 is

low and the margin of the travelable region in the lateral direction is small, the control

amount in steering is reduced by adjusting a gear ratio of steering in the VGRS 38 and
decreasing a variation amount of orientation of the front wheel 6 with respect to the
steering angle of the handle 30. Further, when reliability of information relating to the
lateral travelable region derived on the basis of the detection result obtained with the:

camera 60 is low when performing the control that entrusts steering to the driver by

applying a rotation torque from the EPS device 35 to the handle 30 in the direction in

which the advance direction of the vehicle 1 is wished to be changed during the drive
support control, the steering amount entrusted to the driver r'nay be reduced by reducing
this rotation torque. In other words, when reliability of information relating to the lateral

travelable region derived on the basis of the detection result obtained with the camera 60
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is low, the travel control of the vehicle 1 in the transverse direction is restricted by

restricting the control amount of steering performed by the EPS device 35 or VGRS 38,

which is an actuator performing travel control of the vehicle 1 in the transverse direction.

[0115] FIG. 11 is an explanatory drawing illustrating the case 1n which a limit of
the tire generated force in the longitudinal direction is decreased. When the margin of the
travelable region in the longitudinal direction is less than the margin of the travelable
region in the lateral direction, the maximum value of the tire generated force 112 in the
longitudinal direction is decreased. In other words, when the. margin of the travelable
regien in the longitudinal direction is small, the abeolute value of the maximum Vélue of ‘
the tire generated force Gx in the longitudinal direction is less than 1.

| [0116] In this case, if the tire generated force Gy in the transverse direction is
not to be changed from the tire generated force 112 in the .usual travel mode, the tire
generated force .Gy' in the transverse direction will coincide with the maximum value in
the transverse direction of the tire friction circle 111, in the same manner as in the usual
travel mode, and the absolute Vaiue of the maximum value is made 1. When a
loﬁgitudinal margin of the defined travelable region is sméll, the absolute value of the
maximum value of the tire generated force Gx in the liongitudjnal direction for the trav_ell
control is adjusted by the upper limit adjustment unit 98 so as to become less than the
absolute value of themaxim‘um value of the tire generated force Gx in the longitudinal
direction in the usual travel mode.

[0117] FIG. 12 is an explanatory drawing illustrating trevel control in the case in
which a limit of the tire generated force in the longitudinal direction is decreased. When
the absolute value of the maximum value ef the tire generéted force Gx in the
longitudinal direction is decreased by the upper limit adjustment unit 98, an Aemphasis is
placed on the tire generated force 112 in the trénsverse direction, and the travel controi of
the vehicle 1 is performed by placing an emphasis on steering. In other words, the

travelable region derivation unit 82 derives the longitudinal road margin on the basis of

-the detection result obtained with the radar 61 and acquired by the radar detection result

acquisition unit 86, but when reliability of information obtained when the longitudinal
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road margin is derived is low, the longitudinal road margin is reduced. Therefore, the
road shape 116 after reliability determination, v.vhich is a shape of the road for performing
control after the reliability during the travelable region dérivation has'been determined, -
does not change in the widthwise direction of the road 115. Therefore, the travel control
of the vehicle 1 is performed by placing an emphasis on steering. Thus, in the travel plan
118 in this case, steering is superior to braking.

[0118] More specifically, when reliability of information relating to the
longimdinai road margin derived on the basis of the detection result obtained with the
radar 61 is low and the margin of the travelable region in the longitudinél direction is low,
the control amount of the brake hydraulic control device 50 1s reduced and the control
amount in the longitudinal directioh is restricted, thereby restricting the travel control of
the vehicle 1 in the longitudinal direction.

[0119] The computation of travel pathv based on the trajectory generaﬁon
optimization algorithm wili be éxplained below. The trajectory generation optimization
algorithm is an algorithm used when generating an optimum travel trajectory according to
the detected conditions around the vehicle 1. FIG. 13 is an explanatory drawing
illustrating the case in which a travel path i\s computéd according to the trajectory
generation optimization algorithm. FIG. 14 is a ﬂchhart of computation of the travel
path performed according to the trajectory geheration optimizaﬁon algorithm. When a
travel path is computed with the trajectory ge_nération optimization algorithm, first, a'
transverse movement distance Ye' necessary to avoid an obstacle and relativé speeds vx(t),‘
vy(t) of the host vehicle and an obstacle 120 are detected (step ST401). Among fhese
parameters, the transverse movement distance Ye' is the movement amount necessary for
an avoidance maneuver when the obstacle 120 is présent in front of the vehicle 1 and the
obstacle 120 is avoided by moving the vehicle 1 in the lateral direction. Further, among
the relati_vevspeeds vx(t), vy(t) of the host vehicle and an obstacle 120, vy(t) is a relative
speed of the vehicle 1 and the obstacle 120 in the longitudinal direction of the vehicle and
vy(t) is a relative speed of the vehicle 1 and the obstacle 120 in the lateral direction of the

vehicle.
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[0120] The detection of these distance and speeds is performed by the obstacle

state detection unit 91 included in the travel path calculation unit 90 of the drive planv
genérating ECU 80 on the basis of the detection result obtained with the radar 61 or the
image picked up by the camera 60. When the obstacle state detection unit 91 recognizes
the obstacle 120 on the basis of the image picked up by the camera 60 or the detection
result obtained with the radar 61, the transverse movement distance Ye' and relative
speeds vi(t), vy(t) of the host vehicle and an obstacle 120 are detected by tirﬁe sequence
variations of the picked-up image or the detection result obtained with the rédar 61, in the
same manner aé in the cése in which the drive state of the vehicle 1 or the posture of the
vehicle 1 is calculated.

[0121] Longitudinal aﬁd transverse forces ux(t), uy(t) of the vehicle body
necessary to avoid the obstacle at the shortest distance are then calculated (stép ST402).
This calculation is pérformed by the avoidance force calculation uni't. 92 included in the
travél f)ath calculation unit 90. The avoidance force calculation units92 calculates the
longitudinal force uy(t) of the vehicle body. and the transverse force ﬁy(t) of the vehicle
body, which are forces necessary fo avoid the obstacle at the shortest distance, on the
basis of the transvérse _movemeht distance Ye' and relative’speeds vx(t), vy(t) detected by |
the obstacle state detection unit 91,' when the vehicle 1 avoids the 6bstacle 120 by
changing the advance direction from the present advance difection.
| [0122]  FIG 15 is an explanatory drawing illustrating the calculation of '
longitudinal and transverse forces on the vehicle body that are necessary to realize the -
shortest avoidance. First, the calculation of the longitudinal force. uy(t) of the vehicle
body and the transverse force uy(t) of the vehicle body will be summarized. When the

longitudinal force ux(t) of the vehicle body and the transverse force uy(t) of the vehicle

| body are calculated, the calculation is performed by using a vehicle body acceleration

(Gref), which is an acceleration of the vehicle 1 when the obstacle 120 is avoided, in

addition to the transverse movement distance Ye' and relative Speeds vx(t), vy(t). In other

words, when the obstacle 120 is avoided by changing the advance direction of the vehicle

1, since the necessary force differs depending on acceleration attained when the advance
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direction is changed, the vehicle body acceleration (Gref) is also used when the

“longitudinal force uy(t) of the vehicle body and the transverse force uy(t) of the vehicle

body are calculated.

[0123] When thé longitudinal force uy(t) of the vehicle body and the transverse
force uy(t) of the Vehicie body are calculated by using these values, first, an angle 6(t)
indicating the change in the orientation of the vehicle 1 is determined. When the angle
0(t) ié calculated, the degreé of variation in the longitudinal direction and transverse
direction when avoiding the obstacle 120 are calculated by the following Equations (1)
and (2) by using the transverse movement distance Ye' necessary to avoid the obstacle
120, the relative speeds vi(t), vy(t) of the Host vehicle and the oBstacle' 120, and the
vehicle body acceleration (Gref). The angle 6(t) is then calculated by fitting the degree of
variation in the map indicating angular variations that is shown in FIG. 15. -Thé map is set
in advapce .and‘ stored in the storage unit of the drive plan generating ECU 80. Further,
the numerical values shown in the map in FIG. 15 illustrate an example of the map for

calculating the angle 6(t), and the numerical values shown in FIG. 15 are not limiting.

vy/JGref Ye' ... (1)
A Gref Ye'/vx <+ (2)

[0124] Once the angle 8(t) has been calculated on the basis of Equations (1) and
2) and the map indicating angular variations, the longitudinal force ux(t) of the vehicle
body and.the transverse force uy(t) of the vehicle body are calculated by using the
calculated angle 6(t) and Equatiohs (3) and (4) below. Thus, the avoidance force
calculation unit 92 calculates the longitudinal force ux(t)_ of the vehicle body aﬁd the

transverse force uy(t)‘of the vehicle body by substituting the angle 6(t) in Equations (3)

and (4). \ |
uy(t) = sin(0(t)) - ..;'(3) K
uy(t) = cos(B(t)) (4

[0125] The desired vehicle body acceleration (Gref) is then set and a shortest

avoidance distance is calculated (step ST403). In other words, the shortest avoidance

distance, which is the shortest distance between the host vehicle and the obstaclé 120 that
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is necessary to avoid the obstacle 120, is caiculated by the avoidance distance calculation
unit 93 included in the travel path calculation unit 90. The shortest avoidance distance is
thus calculated by the avoidance distance calculation unit 93, but the avoidance distance
calculation unit 93‘calculate‘s the shortest avqidance distance by using the vehicle body
acceleration (Gref). In this case, the vehicle body acéeleration (Greﬂ can be given in

advance as a fixed value or can be changed abcording to the conditions. Therefore, the

“avoidance distance calculation unit 93 éalculate_s the shortest avoidance distance after

se;[ting the vehicle body acceleration (Gref) as necessary.

[0126] FIG. 16 is a schematic diagrarﬁ illustrating vme_ans for calculating the
shortest avoidance distance when the vehicle body accelefation (Gref) .is given by a fixed
value. First, the case in which the vehicle body acceleration (Gref) is given as a fixed
value will bé explained. A shortest avoidance distance Xe', which is the shortest distance
for each relative state of the vehicle 1 and the obstacle 120 when the obstacle 120 is
avoided, can be cqmputed analyticé]ly. For this purpose, the shortest avoidance distance
Xe' is calculafed By using the transverse movement distance Ye' necessary to avoid the
obstacle 120 and the relative speeds Vx(tj, vy(t) of the host vehicle and the obstacle 120

that have been computed in advanced, mapped, stored in the storage unit of the drive plan

\ geherating ECU 80 and detected by the obstacle state detection unit 91, and an avoidance

distance calculation map 125 that is a map stored in the storage unit of the drive plan
generating ECU 80. More specifically, the shortest avoidance distance Xe' is calculated
by using the aforementioned Equations (1) and (2) and referring to the avoidance distance
calculation map 125 and the vehicle body acceleration (Gref) is thereby set.

[0127] Further, when the vehicle body acceleration (Gref) is changed in real
time according to the c_onc'litions? the shortest avoidance distance Xe' is calculated by
integrating the relative state of the vehicle 1 and the obstacle 120. More specifically, the
avoidance pattern for avoiding the obstacle 120 can be detefmine.d. when detecting the
transverse movement diétance.Ye' necessary to avoid the obstacle 120 and the relative
speeds v(t), Vy(t). of the host vehicle and the obstacle 120. Therefore, the shortest

avoidance distance Xe' is calculated by using these parametérs." In other words, the
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avoidance distance calculation unit 93 calculates the shortest avoidance distance Xe' by

using the avoidance pattern, transverse movement distance Ye', relative speeds v(t), vy(t),

and vehicle body acceleration (Gref), changing the vehicle body acceléfation (Gref) in

real time according to conditions, and integrating.

[0128] - Then, it is determined whefher_‘to start the control for avoiding the
obstacle 120 (step ST404). This determination is performed by the control start -
deterrﬁination unit 94 included in the travel path calculation unit 90. In this case, the
control for ayoiding the obstacle 120 can be conducted by various methods, depending on
the shortest avoidance distance and the initial speed of the vehicle 1 wheﬁ the control is .
started. Thus, the following three methods can be used when avoiding the obstacle 120:
an avoidance method based only on steering, that is, an avoidanée method based only on
the transverse merment, an avoidance method bas‘ed on straightforward braking, and an
avoidance method based on optimum control in which control is performed by both the
transverse movement and the braking. Therefore, whether to start the control is
determined on the basis of the initial speed, the shortest avoidance distance, and the
method-used to avoid the obstacle.

[0'12 9] FIG. 17 is an explanatory drawing illustrating an example  of a map to be
used in determining whether to start the control. The above-described three methods can
be used to avoid the obstacle 120. The criteria for deterﬁqining whethef to start the
control differ among the methods. These criteria are set in advance and stored in the form
of a map in the stofage' unit of the drive plan generating ECU 80. When it is determined
whether to staft the control for avoiding the obstacle 120, the determination is made by
the control start determination ﬁnit 94 by comparing the shortest avoidance distance
calculated by the avoidance distance calculation'unit 93 and the initial speed of the
vehicle 1 with the map having the determination criteria set therein. |

[0130] | The map having the determinatiqn criteria set therein will be explaiﬁed
below. A criterion for determining whether to perform the control for avoiding the
obstacle by transverse movement alone is- set as a transverse movement avoidance.

distance 132, and the transverse movement avoidance distance 132 is determined by
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Equation (5) below. A criterion for deternﬁning whether to perform the control for
avoiding the obstacle by straightforward braking is set as a straightforward braking

avoidance distance 133, and the straightforward braking avoidance distance 133 is

~determined by Equation (6) below. Among the variables used in the Equations (5) and (6),

"vo" denotes an initial speed that is a vehicle speed at the time the computation of the -

- travel path by the trajectory generation optimization algorithm is started, "m" denotes a

weight of the vehicle 1, and "Fuax" dénbtes a maximum braking force that éan be
generated in the present travel state. Among these variables, the detection result of the
vehicle speed sensor 16 at the initial speed at the time the computation of the travel path
by the trajectory generation optimizatiovn algorithm is started is used as the initial speed,
and the weight of the vehicle ll is stored in advance as a predetermined value in the

storage unit of the drive plan generating ECU §0.

VO —m___Ye’ . e (5)
2F

- max

m V2 (6)
2F 0

max

[0131] Further, a criterion for determining whether to perform the control by
both the transverse movement and the braking is set as an optimum control avoidance
distance 131, and the thimum control avoidanée diétance 131 is set as a state in which
portibns of the tranéverse movement avoidance distance 132 and the straightforward

braking avoidance distance 133 with the shortest avoidance distance shorter than that of

‘the other distance are connected together.

[0132] FIG. 17 illustrates an example in which the initial speed of the vehicle 1
is plotted against the abscissa, the shortest avoidance d.istance is plotted ‘against the
ordinate, and the transverse movement distance Ye' necessary to avoid the obstacle 120 js
3 m, and the relationship_between the initial speed and the shor_test avoidance distance"
may be other than that shownv in FIG. 17. |

[0133] When it is determinged whether to start the control for avoiding the

obstacle 120 by using the determination criteria that are set in the above-described
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m;mner, the determination is made by comparing the state of the vehicle 1 and the
obstacle 120 and the bptimum control avoidance distance 131. In other words, it is
determined that the control is té be started by the optimum control once the distance Xs
(see FIG. 13) between the Vehicle 1 and the obstacle 120 becomes equal to or less fhan the
shortest avoidance distance corresponding to the initial speed vy of the vehicle 1 at a
distance equal to or less than the optimum control avoidance distance 131.

[0134] Even when it is determined that the control for avoiding fhe obstacle 120

is to be started and the control for avoiding the obstacle 120 is actually started, there is a

~ time lag before a transverse force of the tires is actually generated by. performing the

steering control or a brake force is actually generated by performing th_e'braking control.
Therefore, when it is determined whether to start the control of these types, it is preferred

that a determination be made to start the control once the distance Xs between the vehicle

'1 and the obstacle 120 becomes equal to or less than the shortest avoidance distance + o,

and "o used in the determinati.on is preferably appropriately set according to the(
processihg speed or operation speed of each device carried by the vehicle 1. |

| [0135] Once the control start determination unif 94 has determined not to start
the control for avoiding the obstécle 120, the processing flow returns to a step of

detecting the transverse movement distance Ye' necessary to avoid the obstacle 120 and

the relative speeds vi(t), vy(t) of the host vehicle and the obstacle 120 (ST401).

[0136] When it is determined to start the control, it is then determined whether
to'perform straightforward braking (step ST405). Thi$ determination is performed by the
straightforward braking determination unit 95 included in the travel path calculation unit
90. Whether to perform straightforward braking is determined by setting in advance a )
criterion for such determination and compafing the criterioﬁ for such determination with
the travel state of the vehicle 1. |

[0137] FIG. 18_ isv an explanatory drawing illustrating conditions under which
straightforward braking ensures the shortest avoidance. The criterion for determiﬁing
whether to perform straightforward braking will be explained below. A maximum vehicle

speed vgec at which the straightforward braking ensures the shortest avoidance is set in
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advance as a straightforward brakirlg determination criterion 140 for each transverse
movement distance Ye' necessary to avoid theiobstacle 120. The straightforward braking
determination criterion 140 is stored in the forml of a map in the storage unit of the drive
plan generating ECU 80, and the straightforward braking determination unit 95
deterrrrines whether to perform straightforward braking by comparing this straightforward
braking deterrnination criterion. 140 with the relative speed vi(t) of the host vehicle and
the ob’stacle 120 deteeted by the obstacle state detection unit 91. More specifically, the
straightforward braking determination unit 95 determines that straightforward braking be
performed when the relative speed vy(t) of the host vehicle and the obstacle 120 is equal
to or less than the maximum vehicle speed V4 corresponding to the transverse movement
distance Ye' in the straightforward braking determination criterion 140, that is, .when
(Vx(t) < Vgeo)-

[0138] FIG. 18 illustrates an example of relationship between the transverse

movemerit distance Ye' necessary to avoid the obstacle 120 and the maximum vehicle

- speed Vg at which the straightforward braking ensures the shortest avoidance,.and the

relationship between the transverse movement distarrce Ye' and the maximum vehicle
speed Vgec may be other than that shown in FIG. 18.

[0139] When it is determined to perform straightforward braking, a braking
force {(ux(t) = Fmax), uy(t) = 0}. is calculated (step ST406). This calculation is performed
by the centrol amount calculation unit 96 included in the travel path calculation unit 90,
When it is determined to perform straightforward braking, the control amount ealcalation
unit 96 substitutes Fnax, which'is the maximum braking _force, as Uy(t), which is a
longitudihal force of the vehicle body necessary to avoid the obstacle at the shortest
distance, and sets uy(t), which is a transverse force of the vehicle body necessary to avoid
the obstacle at the shortest distance, to zero. As. a result, in order to avoid the obstacle
120 at the shortest distance, the calculation is performed such that a force in the 1blraking
direction is generated only in the longitudinal direction of the vehicle 1, that is, suc}r that

a force in the deceleration direction is generated, and no force for avoiding the obstacle

120 is generated in the transverse direction of the vehicle 1.
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v[0140] When it is determined not to perform straightforward braking on the

* basis of determination in the straightforward braking determination unit 95 (step ST405),

or when it is determined to perform straightforward braking on the basis of determination
in the straightfc;rward braking determination unit 95 (steb ST405) and the calculation of
{uy(t) =-Fm;x, uy(t) = 0} is pérfdrmed in the control amount calculation unit 96 (step
ST406), tire generated forces for all: wheels necessary to realize the uy(t), uy(t) are
calculated (step ST407). This calcﬁlation is performed in the control amount calculation
unit 96. The control amount calculation unit 96 calculates a tire generated force for each
wheel, which is a tire generated force for each wheel 5 necessary to realize the
longitudinal force ux(t) of the vehicle body and the transverse force uy(t) of the vehicle

body necessary to avoid the vehicle at the shortest distance (these forces have been

- calculated by the avoidance force calculation uﬁit 92), by using the map that has been set

* in advance and stored in the storage unit or a relationship for calculating a tire generated

force.

[0141] Where étraightforward braking is performed, when the computation
{ux(t) = Fmax, uy(t) = 0} is pérformed by determination in the straightforward braking
determination unit 95, the control amount cvalculation_';uni't 96 calculates a tire generated
force for each wheel which is necessary to realize the ux(t), uy(t) after the computation.

[0142] Thé actuators for steering, braking, and §uspension are then controlled so

as to realize.the tire generated force for each wheel (step. ST408). In this case, the

‘actuators that are used when causing the vehicle 1 to travel, such as the engine 12, VGRS

38, and brake hydraulic control device 50, are controlled with control units providedvin '

the drive control ECU 70, so as to realize the tire . generated force for each wheel

calculated by the control amount calculation unit 96. As a result, the tire generated force

for each wheel is realized by changing the drive force or brake force of the wheels 5 or
changing the transverse force accordfng to the tire generated force for each wheel.
[0143] FIG. 19A is a schematic diagram relating to the case in which travel

control of the vehicle is performed with the vehicle control device according to the

related art. FIG. 19B is an explanatory drawing illustrating a state that is closer to the
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control limit than that shown in FIG. 19A. FIG 19C is an explanatory drawing

illustrating a state in which coﬁtrol is performed on the control limit during the control
performed with the vehicle control device according to the related al;t.i FIG. 19D is an
explanatory dfawing iliustrating a state in which the qontrol limit is exceeded during the
control performed with the vehicle control device according to the related art. The
difference bet_weén the traQeI control of the vehicle 1 performed with the vehicle control
device according to the related art and the travel control of the vehicle 1 performed with
the vehicle control device 2 of the present embodiment will be described below. The .

travel control of the vehicle 1 performed with the vehicle control device according to the

related art will be explained by using a schematic diagram relating to the case in which

béhavior 150 of the vehicle 1 is represented by a sphere, a control range 151 is

‘represented by a hemisphere, and a control limit 152 is presented by an edge of the

hemisphere, as shown in FIGS 19A to 19D. In the usual travel state, the control is
performed such thaf the behavior 150 of the vehicle 1 is pdsitioned on the inside of the
control range 151 (FIG. 19A). In this stafe, where the vehicle travels under drive support
control, while the conditions around the vehicle l. are being detected, fo.r example, when
the vehicle 1 épproaches an obstacle and travelé to avoid the obstacle, a lbad placed on
the wheels 5 by the operations performed to avoid the obstacle increases and the behavior
150 of the Vehiclé 1 approaches the control limit 152 (FIG. 19B).

[0144) Where the obstacle is thus avbided, the control lirﬁit 152 decreases when
a state is assumed in which the control is restricted and a load on fhe wheels 5 is further
increased, for example, when the road width is less than the assumed width, thé advance
direction of the vehicle 1 .therefore cannot be changed and the obstacle has to be avoided
only by braking. In this case, the behavior 150 of the vehicle 1 easily reaches the gontrol
limit 152 (FIG. 19C). When thé vehicle travels under the driye support control performed-
by the vehicle confrol device according .to the related art, while the conditions around the
vehicle 1 are being detected, where the conditions are such that reliability of information
obtained by the travel condition detection means frequently changes, the control in which

the surrounding conditions are detected is difficult to maintain continuously. For this
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reason, when the detected information is not adequate and the behavior 150 of the vehicle

1 reaches the control limit 152 for this reason, a state is assumed in which the control of

" behavior 150 of the vehicle 1 has no margih, thereby the behavior 150 of the vehicle 1

exceeds the control limit 152 and easily collapses (FIG. 19D).

[O145] FIG. 20A is a schematic diagram relating to the case in which vehicle
travel control is performed with the vehicle control device according to the embodiment.
FIG. 20B is an explanatory drawing illustrating a state in which a control limit is detected
with the Vehicvle control device according to the embodiment. FIG 20C is an explanétory
drawing illustrating a-state in which a control limit is detected with thel Vehiclé control
device according to the embodiment. FIG. 20D is an explanatory drawing illustrating a
state in which the c;)ntrol is performed within a control limit range in the vehicle control
device according to the embodiment. By contrast with the travel control of the Vehicie 1
performed under the drive support control in the vehicle control device according to the
relate.d ért, with the travel control of the vehicle 1 performed under the drive support
coht_rol in the vehicle control device 2 of the present embodiment, the travel control of the -
v‘ehide 1 is performed according to reliability of information obtained when conditions
arouﬁd the vehiélé 1 are detécted with the travel condition detection means. First, When
the vehicle travels, while the conditions éround the vehicle 1 are béing detected, the
control is performed such that the behavior '150 of the vehicle 1 is positioned on the

inside of the control range 151 by performing the travel control on the basis of the

-detected information (FIG. 20A). In the usual travel state under the drive support control,

the control is thus performed such that the behavior 150 of the vehicle 1 is positionéd on
the inside of the éontrol range 151, and in this case, the control limit 152 is also detected
with good accuracy by.determining the reliability O,f the detected information (FIG. 20B).
[0146] Where reliability - of the detected information is vdetermined when
conditions around the vehicle 1 are detected and the reliability is determined to be low, a
reduction amouht of the information for which the reliability has been determined to be
low is increased; For example, when .a road width 1s detected and reliability of

information relating to the detected road width is determined to be low, a reduction '
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amount of the detected road width is increased and a travelable region is decreased. As a
result, it is difficult fo perform travel control of the vehicle 1 in the limit region of
information with low reliability, from among the types of information relating to the
detected surrounding conditions, and therefore the behavior 150 of the vehicle | can
hardly come close to the control limit 152 (FIG. 20C). |
[0147] Where travel control is performed by detecting the conditions around the
vehicle 1, even when information with low reliability is present,.the behavior 150 of the
vehicle 1 can be prevented from approaching the control limit 152 by increasing the
reduction amount of information whén the reliability is thus determined to be low. As a
result, signiﬁcanf ciisfurbance of the behavior 150 of the vehicle 1 éaused by increase in a
load on the wheels 5 can be inhibited and therefore travel control éan be reduced to the
usual control state even under conditions such that the behavior 150 of the vehicle 1

comes close to the control limit 152 due to a low reliability of the detected information

(FIG. 20D).

[0148] The above-described vehicle control device 2 réstricts.a control amount
of some actuators, from among a plurality of actuators that enable the vehicle 1 to travel,
such as the VGRS 38 and brake hydraulic control device 50, according to relfability of a
plurality of types of informatioﬁ detected by a plurality of travei condition detection

means such as the camera 60 and the radar 61. As a result, even when reliability of -

information detected by the travel condition detection means provided in plurality

changes, adequate travel control corresponding to reliability of information can be

performed. As a result, travel control of the vehicle 1 can be performed with a better

accuracy.

. [0149] When the chtrol amount of some of the actuators is restricted according
to reliability of é plurality of pieces of the information detected by the travel condition
detection means, the actuator for which fhe control amount is restricted is changed
according to thé travel éondition detection means that has detected the information.

Therefore, adequate travel control corresponding to reliability of information can be

~ performed more reliably. As a result, accurate travel control of the vehicle 1 can be
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perfdrmed more reliably. :

[0150] The vplurality of travel condition detection means includes the camera 60,
which is transverse condition detection means for measuring a positibn of the vehicle 1 in
the transverse direction, and Wheri reliability of information detected by the camera 60 is
low; the control amount of the EPS device 35 or the VGRS 38, which is the actuator
performing travel control of the .vehicle 1 in the transverse direction, is restricted. Asa
result, when reliabili‘iy of information detected by the camera 60 is low and reliability of
information reléting to condit_ions in the transverse direction of the Veﬁicle 1 is low, travel

control of the vehicle 1 in the transverse direction can be restricted and therefore more ‘

adequate travel control can be performed. As a result, accurate travel control of the

vehicle 1 can be performed more reliably.

[0151] = Further, when reliability of informatiori relating to conditioﬁs in the
transverse directio'n of the vehicle 1 is thus low, by restricting the trével control of the
vehicle 1 in the transverse direction, it is possiblé to perform travel control with high.
safety. In other words, when a vehicle travels on a road having a piural.ity of lanes in one
direction, for example, a high-speed road, even when a low-speed vehicle is pfesent in
front of the host vehicle, changing a lane and passing have a number of advantages over
decélerating by braking. Thus, no feel of uneasiness in induced, unnecessary braking is
prevented, and increase in fuel consumption can be inhibited. Therefore, in the usual
travel control, the control in the traverse direction has a priority and changing a lane also

has a priority, but when reliability of information detected by the camera 60 is low, travel

. control with low reliability can be avoided by restricting travel control of the vehicle 1 in

the transverse direction. As a result, safety of traveling in the vehicle 1 can be increased.
[0152] The plurality of travel condition detection means includes the radar 61,
which is longitudinal condition detection means for measuring a position of the vehicle 1

in the longitudinal direction, and when reliability of information detected by the radar 61

-is low, the control amount of the brake hydraulic control device 50, which is the actuator

performing travel control of the vehicle 1 in the longitudinal direction, is restricted. As a

result, when reliability of information detected .by the radar 61 is low and reliability of
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information relating to conditions in the longitudinal direction of the vehicle 1 is low,

travel control of the vehicle 1 in the longitudinal direction can be restricted and therefore

‘more adequate travel control can be performed. As a result, accurate travel control of the

vehicle 1 can be performed more reliably.
[0153] In the vehicle control device 2 of the embodiment, a control amount of

some actuators, from among a plurality of actuators that enable the vehicle 1 to travel, is

‘restricted according to reliability of a plurality of types of information detected by a

plurality of travel condition detection means, but when the control amount of some
actuatoré 18 t_hhs restricted, the control amount of other actuators, from among the
plurality of actuators, may be increased. By so increasing the control amount of other
actuators for which the decrease in the control amount is not required when decreasing
the control amount of some actuators, it is possible to perform adequate and more reliable
trével control according to reliability of information.

[0154] For example, when the control amount of the EPS device .3.5 or the
VGRS 38, which is aﬁ,actuator performing travel control of the vehicle 1 in the transverse
direction, is re.stricted.due to the low reliability of information detected by the transverse
conditions detection means such as the camera 60, th_e control amount of actuators

performing travel control of the vehicle 1 in the longitudinal direction, such as fhe brake

‘hydraulic control device 50, from among the plurality of actuators, may be increased.

Conversely, when the control amount of the brake hydraulic control device 50, which is
the actuator‘perforrning travel control of the vehicle 1 in the longitudinal direction, is
restricted dué to the low reliability of information detected by the longitudinél condition
detection means éuch as the radar 61, the control amount of actuators performing travel
control of the vehicle 1 in the traﬁsverse direction, such as the VGRS 38, ffom among the
plurality of actuators, may be increased. Thus, when reliability of information detected

by some travel condition detection means is low, by so increasing the control amount of V

- actuators other than the actuators operating according to the detection result obtained with

these travel condition detection means, it is possible to perform adequate travel ‘control

- even when deriving information with low reliability. As a result, accurate travel control
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of the vehicle 1 can be performed more reliably.
[0155] Further, when the control amount of other actuators for which the .
decrease in the control amount is not required is increased when reliability of information
detected by the fravel condition detection means is low, the control amount may be
increased with the object other than simply avoiding the obstacle 120. For example, the
coﬁtrol amount of other actuators may be increased to impose predetermined limitations,
e.g. reduce feel of uneasiness, ensure timely arrival, improve fuel consumption, reduce
risk potential, and improve ride feel by reducing feeling of gravity, pitch, and bouncing in
all directions. Therefore, .certain limitations can bc imposed on the vehicle vtravel mode,
while inhibiting travel control based on detection results with low reliability of
information. As a result, the desired travel mode can be realized, while performing travel
control of the vehicle 1 with good accuracy. - |
[0156] Further, in the vehicle travel device 2 of the present embodiment, the
camera 60 is used as the >transver_se condition detection means, the radar 61 is used as the
longitudinal condition dete;:tion means, and the car navigation system 65 is used as the
other travel condition detection means, but other devices ‘may be used as the travel
condition detection means including the transverse condition detection means and the
longitudinal pdndition detéction means. Evcn when. other means are used as thev travel

condition detection means, inadequate control can be inhibited when performing travel

control of the vehicle 1 by drive support contrdl, by determining reliability of the detected

information -and adjusting the amount control of the actuators performing the travel -
control of the vehicle 1 according to the determined reliability. As a result travel control
of the vehicle 1 can be performed with good accuracy.

[0157] " Further, when steering control is performed during drive support control,

* devices other than the VGRS 38 and the EPS device 35 may be used. For example; it is

possible to provide a stabilizer actuator 45 (see FIG. 1) that can adjust a transmission ratio
when transmitting ‘action in the vertical direction of the wheels 5 between the left and
right wheels 5 in a stabilizer 40 (see FIG. 1) that connects together the left and right

suspension units of the vehicle 1 together and to perform steering control of the vehicle 1
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by adjusting the transmission ratio. Thus, the stabilizer actuator 45 may be used as an

actuator performing travel control of the vehicle 1 ,in the transverse direction. By

“controlling the stabilizer actuator 45, it is possible to édjust'a load applied to the left and

right wheels 5 or to the front and rear wheels 5, and because a turning force of the vehicle
1 in response to the steering angle changes accordingly, it is possible to control the actual
turning force to the desired turning force. As a result, the variation in the advance

direction of the vehicle 1 in response to the steering angle can be increased or, conversely, -

decreased and steering control can be performed.

[0158] As for the methods for determining reliabilify of information in the case
in which conditions around the vehicle 1 are detected by the camera 60, radar 61, and car
navigation system 65 servihg as travel condition detection mcahs provided in plurality, a‘
plurality of determinétioﬁ methods caﬁ be used in respective travel condiﬁon detection

means, but any combination of these determination methods may be used for determining

reliability of information. ‘By combining the methods for determining information

relating to each travel state detection means according to the conditions around the
vehicle 1 and th¢ travel state of the vehicle 1 _élnd deterrhining reliability by the
combination of determination methods, it is possible fo determine reliability easier and
more accurately. As a result, travel control of the vehicle 1 can bé perf;)rmed with better
accuracy. | |

[0159]  As described hereinabove, the vehicle control device in accordance with
the invention is useful for a vehicle in which travel control is performed, while detecting
conditions around the V‘ehi.cle, and is particularly suitable for a vehicle having a plurality
of detection means as detection means for detecting conditions around fhe vehicle.

[0160] The invention has been described with reference to example
embodiments for illustrative purposes only. It should be understood that the déscriptipn
is not intendec_l to be exhaustive or to limit form bof the inventioh and that the inveﬁtion
may be adapted for use in other systems and applications. The‘scope of the invention
embraces various modifications and equivalent arrangements that may be conceived by

one skilled in the art.
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CLAIMS: '

1. A vehicle control device comprising travel condition detection means for
_détecting conditions arouﬁd a Vehicle,: the vehicle control device performing travel
control of the vehicle according to the conditions around the vehicle by controlling a
plurality of actuators that enablé the vehicle to travel, according to information detected 4
~ by the travel condition detection means, characterized in that

the travel condition detection means is provided in plurality, ‘and
é contfol émouht_ of at least ohe of the actuators, from among the plurality of
actuators, is restricted according to rel_iability of a plurality of pieces of the information

detected by the plurality of travel condition detection means.

2. The vehicle control device according to claim 1, wherein a control amount of
at least one of the actuators, from among the plurality of actuators, is restricted according -
to reliability of a plurality of pieces of the information detected by the plurality of travel

condition detection means, when the reliability of the information is low.

3. The vehicle control device according to claim 1 or 2, wherein when a control
amount of at least one of the actuators is restricted according to reliability of a plurality of
pieces of the information detected by the plurality of travel condition detection meané, a

control amount of another actuator, from among the plurality of actuators, is increased.

4. The vehicle control device according to any one of claims 1 to 3, whérein
when a control amount of at least one of fhe actuators is restricted according to reliability
of a plurality of pieces of the information detected by the plurality of trével condition
* detection means, the actuator for which the control amount ié restricted is changed
according to the travel condition detection means that has detected the information.

!

5. The vehicle control device according to claim 4, wherein when the reliability
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of the informa;[ion detected by at least one of the tfavel condition detection means, from
among the plurality of travel condition detection means, is low, a control amount of at
least one of the actuators is restricted so as to restrict the travel control of the vehicle in a
direction in which the information with low reliability is detected by the at least one of

the travel condition detection means.

6. The vehicle control device according to claim 4 or S, further comprising a
travelable region derivation unit that derivés a iregion.in, which the vehicle can travel
around the vehicle, wherein |

the travelable region derived by the ;[ravelable region derivation unit is
changed according to réliability of a plurality of pieces of the information detecfed by the
plurality of travel condition detection means, and .

a control amount of at least one of the actuators is restricted so as to restrict the

travel control of the vehicle aécording to the travelable region.

7. The vehicle control device according to any one of clainﬂs 1to6, wherein
the plurality of travel condition detection means include at least traﬁsverse
condition detection means for measuring éposiﬁon of the vehicle in a transverse direction, -
and
a control amount of the actuator, from among the plurality of actuators, fhat
performs travel confrol of the vehicle in the transverse direction is restricted when

reliability of the information detected by the transverse condition detection means is low.

8.  The vehicle control device according to claim. 7, wherein when a control
amount of the actﬁator that performs travel control of the vehicle in the transverse
direction is restricted due to the low reliability of the information detected by the
transverse condition detection means, a control amount of the actuator, from among the
plurality of actuators, that performs travel control of the vehicle in a longitudinal

direction is increased.
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9. Thé vehicle control device éccording to any one of claims 1 to 8, wherein
the plurality of travel condition detection means inchide at least longitudinal
condition detection means for measuring a position .of the vehicle in a longiiudinal
direction, arrd | | |
a control amount of the aétuator, from among the plurality 0f ‘actuators, that
perforrris travel control of the vehicle in the longitudinal direction is restricted when
reliability of the information detected by the longitudinail condition detection means is

low.

10. The vehicle control device ziccording to claim’9, wherein when a control
arriount of the actuator that performs travel control or" the i/ehicle in the longitudinal
direction is restricted due to the low reliability of the information detected .by the
longitudinal condition detection means, a control amount of the actuator, from among thg
plurality of actuators, that performs travel coritrol of the vehicle in the transverse

direction is increased.

11. A vehicle control device comprising

a plurality of travel condition detection devisés that detg:cts conditioiis arounrl
évehicle; | - |

a plurality of actuators rhat enable the vehicle to travel, and\

a controller that performs travel control oif ‘the vehicle ‘acci_ording to the

- conditions around the vehicle by controlling‘the plurality of actuators, according rd

information detec,;ted by the travel condition detection devices,

wherein a control aimount of at least one of the actuators, \)from among the
lplurality of actuators, is restricted accbrding to reliability of a plurality of pieces of

the information detected by the plurality of travel condition detection devices.
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