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AUTONOMOUS DRIVING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an autonomouwindrsystem.

2. Description of Related Art

[0002] In the related art, US Patent No. 8346426 disslaseautonomous driving
system. The specification of US Patent No. 8346di26loses that a route along which a
vehicle arrives at a destination is selected inagecwhere an occupant inputs the

destination, and autonomous driving of the vehigleerformed along the selected route.

SUMMARY OF THE INVENTION

[0003] According to the above-described system of thateel art, a burden on an
occupant regarding driving is reduced due to autenes driving. However, the
occupant is needed to manually set a destinat@n &mong a plurality of options in order
to cause the system to perform autonomous drivifidhere is room for improvement in
setting of a destination from the viewpoint of ac@pant’s convenience.

[0004] The invention provides an autonomous driving systapable of further
improving an occupant’s convenience regardingregtf a destination.

[0005] An autonomous driving system according to an aspkthe invention is
configured to perform autonomous driving of a véhic An aspect of the invention
relates to an autonomous driving system that pamgoautonomous driving of a vehicle,
including a vehicle position acquisition device,vahicle state acquisition device, an
occupant state acquisition device, a destinationdidate database, and an electronic
control unit. The vehicle position acquisition a@®vis configured to acquire a position of
the vehicle on a map. The vehicle state acquisitlevice is configured to acquire a

vehicle state of the vehicle. The occupant statguigition device is configured to
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acquire an occupant state of the vehicle. Therdggin candidate database is configured
to store destination candidate data including aimsson candidate and the occupant state
correlated with the destination candidate. Thetedaic control unit is configured to
determine whether or not the vehicle is in a baaydiompletion state based on the vehicle
state and the occupant state, and set a destinaitidre vehicle in autonomous driving
based on the position of the vehicle on the map,dtcupant state, and the destination
candidate data in a case where electronic contiibldetermines that the vehicle is in the
boarding completion state.

[0006] With the autonomous driving system according te tspect of the
invention, in a case where a vehicle is determamteing in a boarding completion state,
a destination of the vehicle in autonomous drivaan be automatically set based on a
position of the vehicle on a map, an occupant state destination candidate data, and
thus manual setting of a destination performed bypecupant can be omitted. With the
autonomous driving system, since a destinationdagsean occupant state is set by taking
into consideration a relationship between an oceugtate and a destination desired by the
occupant, the accuracy of automatically settingestidation desired by the occupant can
be increased, and thus the occupant’s conveniencee further improved.

[0007] In the autonomous driving system according toathigect of the invention,
the destination candidate data may include thdragg&in candidate and the occupant state
and the time correlated with the destination caat#idand, in a case where the electronic
control unit determines that the vehicle is in boarding completion state, the electronic
control unit may set a destination of the vehiagleautonomous driving based on the
current time, the position of the vehicle on thenthe occupant state, and the destination
candidate data. With the autonomous driving systandestination in autonomous
driving can be set based on commuting hours andascittendance hours by further
taking into consideration the current time.

[0008] The autonomous driving system according to thespf the invention
may further include a terminal communication devi@®nfigured to perform

communication with a portable information terminélan occupant of the vehicle. In the
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autonomous driving system, the electronic contnoit umay be configured to acquire
schedule data of the occupant from the portableorimition terminal through
communication using the terminal communication deyand the electronic control unit
may set a destination of the vehicle in autononiisgng based on the current time, the
position of the vehicle on the map, the occupaatestthe destination candidate data, and
the schedule data. With the autonomous drivingesysschedule data of an occupant is
acquired from a portable information terminal oé thccupant, and thus a destination in
autonomous driving can be set based on the schddtdeof the occupant.

[0009] The autonomous driving system according to thetspf the invention
may further include a network communication devioenfigured to perform
communication with an information network, and arspeal authentication device
configured to perform personal authentication af thccupant of the vehicle. In the
autonomous driving system, the electronic contnoit ummay be configured to acquire
schedule data of the occupant having undergonep#teonal authentication by the
personal authentication device through communinatising the network communication
device, and the electronic control unit may seestidation of the vehicle in autonomous
driving based on the current time, the positiothefvehicle on the map, the occupant state,
the destination candidate data, and the schedule d&Vvith the autonomous driving
system, schedule data of an occupant having undengersonal authentication is acquired
from an information network, and thus a destinatiorautonomous driving can be set
based on the schedule data of the occupant.

[0010] In the autonomous driving system according toathgect of the invention,
in a case where the schedule data of a pluralithefoccupants is acquired, the electronic
control unit may set a destination of the vehigleautonomous driving based on the
current time, the position of the vehicle on thepmtne occupant state, the destination
candidate data, and prioritization data set in adea With the autonomous driving
system, in a case where items of schedule dataptdrality of occupants are acquired,
scheduled destinations on the items of scheduke afahe occupants can be appropriately

prioritized, and a destination in autonomous dgwiian be set, based on the current time, a
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position of a vehicle on a map, an occupant stdestination candidate data, and
prioritization data set in advance.

[0011] The autonomous driving system according to theetspf the invention
may further include a presentation device configute present information to the
occupant, and an input device configured to recaipermission operation of the occupant.
The electronic control unit may be configured tasmthe presentation device to present at
least one of the destination candidates to thepatiubased on the position of the vehicle
on the map, the occupant state, and the destinaiodidate data, in a case where the
electronic control unit determines that the vehidein the boarding completion state.
The electronic control unit may be configured téedmine whether or not the destination
candidate is permitted by the occupant based omput from the input device. The
electronic control unit may be configured to sed testination candidate as a destination
of the vehicle in autonomous driving in a case whée electronic control unit determines
that the destination candidate is permitted byoit@ipant.

[0012] With the autonomous driving system according te #spect of the
invention, in a case where a vehicle is determamteing in a boarding completion state,
at least one destination candidate can be presdntesh occupant, and a destination
candidate permitted by an occupant can be set @es@nation in autonomous driving,
based on a position of the vehicle on a map, anpantt state, and destination candidate
data. With the autonomous driving system, sincdestination candidate based on an
occupant state can be presented by taking intoidenagion a relationship between an
occupant state and a destination in autonomousndrigf a vehicle, the accuracy of
presenting a destination candidate desired by thepant can be increased, and thus the
occupant’s convenience regarding setting of a aiastin can be further improved.

[0013] In the autonomous driving system according toathgect of the invention,
the destination candidate data may include thdaragg&in candidate and the occupant state
and the time correlated with the destination caamigid In a case where the electronic
control unit determines that the vehicle is in boarding completion state, the electronic

control unit may present the destination candidatéhe occupant based on the current
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time, the position of the vehicle on the map, tleeupant state, and the destination
candidate data. With the autonomous driving systemdestination candidate in
autonomous driving can be presented based on cdangniiburs and school attendance
hours by further taking into consideration the eantrtime in automatic setting of a
destination.

[0014] The autonomous driving system according to theetspf the invention
may further include a terminal communication devio®nfigured to perform
communication with a portable information termimdélan occupant of the vehicle. The
electronic control unit may be configured to acguichedule data of the occupant from the
portable information terminal through communicatiesing the terminal communication
device. The schedule data may include a scheddéstination correlated with a
scheduled time, and the electronic control unit in@yonfigured to present at least one of
the destination candidate and the scheduled déstinéo the occupant based on the
current time, the position of the vehicle on thepmtne occupant state, the destination
candidate data, and the schedule data. With tkenamous driving system, schedule
data of an occupant is acquired from a portablerinhtion terminal of the occupant, and
thus a destination candidate in autonomous drigargbe presented based on the schedule
data of the occupant.

[0015] The autonomous driving system according to theetspf the invention
may further include a network communication devioenfigured to perform
communication with an information network; and arspmal authentication device
configured to perform personal authentication oé thccupant of the vehicle. The
electronic control unit may be configured to acguschedule data of the occupant having
undergone the personal authentication by the patsanthentication device through
communication using the network communication deyviand the schedule data may
include a scheduled destination correlated witkcteeduled time. The electronic control
unit may be configured to present at least one hef destination candidate and the
scheduled destination to the occupant based oouttient time, the position of the vehicle

on the map, the occupant state, the destinatiodidate data, and the schedule data.
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With the autonomous driving system, schedule d&tanooccupant is acquired from an
information network, and thus a destination in aotoous driving can be set based on the
schedule data of the occupant.

[0016] In the autonomous driving system according toathgect of the invention,
in a case where the schedule data of a pluralithe@fbccupants is acquired, the electronic
control unit may be configured to present at lesst of the destination candidate and the
scheduled destination to the occupant based ooutinent time, the position of the vehicle
on the map, the occupant state, the destinatiodidate data, and prioritization data set in
advance. With the autonomous driving system, gase where items of schedule data of
a plurality of occupants are acquired, scheduledimitions on the items of schedule data
of the occupants can be appropriately prioritizeshd a destination candidate in
autonomous driving can be presented, based onutinent time, a position of the vehicle
on the map, an occupant state, destination camdidi@ia, and prioritization data set in
advance.

[0017] In the autonomous driving system according toathygect of the invention,
the electronic control unit may be configured tdedaine whether or not the occupant
permits the destination to be stored in the destinaandidate database. In a case where
the electronic control unit determines that theupent permits the destination to be stored
in the destination candidate database, the elactoomtrol unit may be configured to store
the destination in the destination candidate dabas the destination candidate in
correlation with the occupant state. In a caseravti®e electronic control unit determines
that the occupant does not permit the destinatidmet stored in the destination candidate
database, the electronic control unit may not stiwe destination in the destination
candidate database. With the autonomous driviisgesy, since a destination permitted
by an occupant is stored in the destination camelidatabase as a destination candidate in
correlation with an occupant state, an inappropristination candidate can be prevented
from being included in destination candidate data.

[0018] The autonomous driving system according to thetspf the invention

may further include a vehicle schedule databaséguoed to store vehicle schedule data
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correlated with the vehicle. The electronic cohwait may be configured to give a
request for personal authentication to the occupeatcase where an engine of the vehicle
that is not scheduled in the vehicle schedule dagéarted. With the autonomous driving
system, in a case where an engine of a vehicleighabt scheduled in vehicle schedule
data is started, there is a considerably high fnitibathat an improper vehicle may be
operated, and thus a contribution to improvementetiicle security can be further made
by making a request for personal authentication.

[0019] In the autonomous driving system according toathygect of the invention,
in a case where the electronic control unit deteewmithat the vehicle is in the boarding
completion state during stopping of the enginehaf vehicle, the electronic control unit
may be configured to determine whether or not asgirengine starting condition is
satisfied based on the vehicle state. In a casgenhe electronic control unit determines
that the engine starting condition is satisfie@, ¢fectronic control unit may be configured
to start the engine of the vehicle. With the aatoous driving system, in a case where a
vehicle is brought into a boarding completion stdieing stoppage of an engine of the
vehicle, and the engine starting condition is deieed as being satisfied, the engine of the
vehicle is automatically started, and thus the eorence regarding engine starting of an
occupant can be considerably improved.

[0020] As described above, according to the aspect of ittvention, an

occupant’s convenience regarding setting of a mlatstin can be further improved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Features, advantages, and technical and indussighificance of
exemplary embodiments of the invention will be désd below with reference to the
accompanying drawings, in which like numerals deriée elements, and wherein:
FIG. 1 is a block diagram illustrating an autonammalriving system according to a
first embodiment;
FIG. 2 is a flowchart illustrating a destinatioetting process according to the first

embodiment;
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FIG. 3 is a flowchart illustrating an engine Stagt process according to the first
embodiment;

FIG. 4 is a flowchart illustrating a destinatioandidate storing process according to
the first embodiment;

FIG. 5 is a block diagram illustrating an autonas@riving system according to a
second embodiment;

FIG. 6 is a flowchart illustrating a destinatiogttsrg process according to the second
embodiment;

FIG. 7 is a block diagram illustrating an autonammalriving system according to a
third embodiment;

FIG. 8 is a flowchart illustrating a personal arttication request process according
to the third embodiment;

FIG. 9 is a block diagram illustrating an autonammalriving system according to a
fourth embodiment;

FIG. 10A is a flowchart illustrating a destinatiarandidate presenting process
according to the fourth embodiment;

FIG. 10B is a flowchart illustrating a destinatigetting process according to the
fourth embodiment;

FIG. 11 is a block diagram illustrating an automa® driving system according to a
fifth embodiment; and

FIG. 12 is a flowchart illustrating a destinatiarandidate presenting process

according to the fifth embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
[0022] Hereinafter, embodiments of the invention will lkescribed with
reference to the drawings.
First Embodiment
[0023] FIG. 1 is a block diagram illustrating an autonamsiodriving system

according to a first embodiment. An autonomousindg system 100 according to the
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first embodiment, illustrated in FIG. 1, is mountau a vehicle such as an automobile, and
performs autonomous driving of the vehicle. Thémnaamous driving system 100 starts
autonomous driving of the vehicle in a case whereaupant performs an operation (for
example, an operation of pressing an autonomougndristart button) of starting
autonomous driving.

[0024] The autonomous driving indicates vehicle contrdél autonomously
causing the vehicle to travel toward a destinaseh in advance. In the autonomous
driving, a driver is not needed to perform a dmyioperation, and the vehicle
autonomously travels. Details of setting a desitimawill be described later.

Configuration of Autonomous Driving System accagito First Embodiment

[0025] As illustrated in FIG. 1, the autonomous drivingtem 100 includes an
electronic control unit (ECU) 10 that totally maeagthe system. The ECU 10 is an
electronic control unit including a central prodegsunit (CPU), a read only memory
(ROM), a random access memory (RAM), a controlleeaa network (CAN)
communication circuit, and the like. In the ECU fidr example, a program stored in the
ROM is loaded to the RAM, and the CPU executesptiogram loaded to the RAM so as
to realize various functions. The ECU 10 may brenfed of a plurality of electronic units.

[0026] The ECU 10 is connected to a GPS reception urahlxternal sensor 2,
an internal sensor 3, an occupant state detectitrdua map database 5, a destination
candidate database 6, a human machine interfacé) (HMnd an actuator 8.

[0027] The GPS reception unit 1 receives signals froneehor more GPS
satellites so as to measure a position of the ielfior example, latitude and longitude of
the vehicle). The GPS reception unit 1 transrhiésrheasured position information of the
vehicle to the ECU 10.

[0028] The external sensor 2 is a detector detectingredteircumstances or the
like around the vehicle. The external sensor 2ughes at least one of a camera and a
radar sensor.

[0029] The camera is an imaging device that images ttexread circumstances of

the vehicle. The camera is provided on the rabr of a windshield of the vehicle. The
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camera transmits imaging information regardingekeernal circumstances of the vehicle
to the ECU 10. The camera may be a monocular @ores stereo camera. The stereo
camera has two imaging units provided to reprodbo®cular parallax. Imaging
information in the stereo camera includes inforovatiegarding a depth direction.

[0030] The radar sensor is a detection device that detdustacles around the
vehicle by using electric waves (for example, mmbter waves). The radar sensor
includes, for example, a millimeter-wave radar dight detection and ranging (LIDAR).
The radar sensor transmits electric waves or Bgbtind the vehicle and receives electric
waves reflected by obstacles to detect obstacl€ee radar sensor transmits detected
obstacle information to the ECU 10. Examples @ tiostacles include fixed obstacles
such as guardrails and buildings, and movable olestauch as pedestrians, bicycles, and
other vehicles.

[0031] The internal sensor 3 is a detection device thtdals a traveling state and
a vehicle state of the vehicle. The internal selsoicludes a vehicle speed sensor, an
acceleration sensor, and a yaw rate sensor. Thieleespeed sensor is a detector that
detects a speed of the vehicle. As the vehicledpensor, a wheel speed sensor that is
provided in a wheel of the vehicle, a drive shatating integrally with the wheel, or the
like and detects the rotation speed of the wheelised. The vehicle speed sensor
transmits detected vehicle speed information (wepekd information) to the ECU 10.

[0032] The acceleration sensor is a detector that dethet@cceleration of the
vehicle. The acceleration sensor includes a freat-acceleration sensor that detects the
acceleration of the vehicle in a front-rear directiand a lateral acceleration sensor that
detects the lateral acceleration of the vehiclehe Bcceleration sensor transmits, for
example, acceleration information of the vehicléh® ECU 10. The yaw rate sensor is a
detector that detects a yaw rate (rotational amgudiocity) of the center of gravity of the
vehicle around the vertical axis. As the yaw iasor, for example, a gyro sensor may
be used. The yaw rate sensor transmits detectedat@ information of the vehicle to
the ECU 10. The internal sensor 3 includes a dmorsor that detects opening and

closing of a door of the vehicle as a vehicle state
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[0033] The occupant state detection unit 4 is a detebtr detects an occupant
state of the vehicle. The occupant state detectnitd includes an in-vehicle camera and
a seat pressure sensor. The in-vehicle cameraasnara that is provided to be directed
toward a vehicle cabin of the vehicle, and imades ¥ehicle cabin. The in-vehicle
camera may be provided in a plurality. The in-e&hicamera may include a driver
monitor camera. The in-vehicle camera may inclade infrared camera. The seat
pressure sensor is a sensor that is provided im &=zat of the vehicle, and detects pressure
applied to the seat of the vehicle due to an oaaupdting on the seat. The occupant
state detection unit 4 may include a seat belt@etihat detects a seat belt wearing state of
an occupant. The occupant state detection unitay mclude a steering sensor that
detects a state of a steering wheel gripped bywardr

[0034] The occupant state is a state of an occupanteofehicle (a person riding
in the vehicle). The occupant state includes thmber of occupants. The occupant
state includes a sitting position (a sitting pasitsuch as a driver seat, a passenger seat, or
a rear seat) of the occupant. The occupant stajeimelude the sex of the occupant and
the age distinction (the distinction among a chéld,adult, the elderly, and the like) of the
occupant. The occupant state may include persoftaination of the occupant (personal
information of an owner of the vehicle, persondbimation of a family member of the
owner of the vehicle, personal information of aruskethe vehicle, and the like). The
occupant state may include a seat belt wearing sfathe occupant. The occupant state
may include an attitude of the occupant (an attitatla driver seated on the driver seat).

[0035] The map database 5 is a database that storesnfoapation. The map
database 5 is formed in, for example, a hard diskedHDD) mounted on the vehicle.
The map information includes position informatiohroads, information regarding road
shapes (for example, the types of curves or lingations, and curvatures of curves),
position information of intersections and brancinps position information of structures,
and the like. The map information also includesfic regulation information such as the
legal limit correlated with position information.The map information also includes

facility data including positions of facilities arlde types of facilities (the types such as a
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school, a hospital, a station, and a convenierare)st The map database 5 may be stored
in a computer of a facility such as a control cetit@t can perform communication with
the vehicle.

[0036] The destination candidate database 6 is a datatiaseg destination
candidate data regarding destination candidateshe Westination candidates are
candidates as destinations for autonomous drivihghe vehicle. The destination
candidate may be a point or a facility on a maphe @estination candidate database 6
stores the destination candidates in correlatidh wiposition of the vehicle on the map, a
riding state, and the time. The time may includi@®rmation regarding the season, the
day of the week, and year, month, and day. Thénd¢®n candidate database 6 may be
stored in a server of a facility such as a contentter that can perform communication
with the vehicle. The destination candidate detal&may be a database integrated with
the map database 5.

[0037] The HMI 7 is an interface for inputting and outmg information
between the autonomous driving system 100 anddbepant. The HMI 7 may include,
for example, a display and a speaker. The HMIspldys an image on the display and
outputs a voice from the speaker in response téraosignals from the ECU 10. The
display may be a head-up display. The HMI 7 isvjgled with, for example, input
devices (buttons, a touch panel, a voice input mnactand the like) for receiving inputs
from the occupant.

[0038] The actuator 8 is a device used to control thdacleh The actuator 8
includes at least a throttle actuator, a brakeatotuand a steering actuator. The throttle
actuator controls an amount (throttle opening)iosapplied to an engine in response to a
control signal from the ECU 10, and controls theveliforce of the vehicle. In a case
where the vehicle is a hybrid vehicle, in additioran amount of air supplied to the engine,
a control signal from the ECU 10 is input to a mdiehich functions as an engine) as a
power source, and the drive force is controllech alcase where the vehicle is an electric
vehicle, a control signal from the ECU 10 is inputhe motor as a power source, and the

drive force is controlled. The motor as a poweudrse in the above case forms the
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actuator 8.

[0039] The brake actuator controls a brake system inorespto a control signal
from the ECU 10, and controls a braking force agaptio the wheel of the vehicle. As the
brake system, a hydraulic brake system may be usEde steering actuator controls the
driving of an assist motor controlling steeringgue in an electric power steering system
in response to a control signal from the ECU 10onggquently, the steering actuator
controls the steering torque of the vehicle.

[0040] Next, a description will be made of a functionahfiguration of the ECU
10. The ECU 10 includes a vehicle position actjoisi device 11, a surrounding
environment acquisition unit 12, a vehicle statquagition device 13, an occupant state
acquisition device 14, a boarding completion s@dg&rmination unit 15, a destination
setting unit 16, an engine starting condition dateation unit 17, an engine starting unit
18, a traveling plan generating unit 19, a vehadatroller 20, a destination learning unit
22, and a storage determination unit 21. There Ingagn aspect in which some functions
of the ECU 10 described below are executed by #esaf a facility such as a control
center that can perform communication with the efehi The ECU 10 is connected to a
timer for acquiring the time.

[0041] The vehicle position acquisition device 11 accuiee position of the
vehicle on the map based on position informati@mfithe GPS reception unit 1 and map
information from the map database 5. The vehiokdtipn acquisition device 11 acquires
a position of the vehicle according to a simultaretocalization and mapping (SLAM)
technique by using position information of fixedstdcles such as telegraph poles included
in the map information from the map database 5 ardktection result in the external
sensor 2. The vehicle position acquisition dexlitenay acquire a position of the vehicle
on the map according to other well-known methods.

[0042] The surrounding environment acquisition unit 18ues the surrounding
environment of the vehicle based on a detectionltres the external sensor 2. The
surrounding environment includes a position of bstacle for the vehicle, a relative speed

of the obstacle for the vehicle, a movement dioecof an obstacle for the vehicle, and the
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like. The surrounding environment acquisition udi2 acquires the surrounding
environment of the vehicle according to a well-kmomethod based on a captured image
in the camera and obstacle information from theuraensor.

[0043] The vehicle state acquisition device 13 acquiregelicle state during
traveling based on a detection result in the irlesensor 3. The vehicle state includes a
vehicle speed of the vehicle, acceleration of thhisle, and a yaw rate of the vehicle.
Specifically, the vehicle state acquisition devi@acquires a vehicle speed of the vehicle
based on vehicle speed information from the vehsgeed sensor. The vehicle state
acquisition device 13 acquires acceleration (freat- acceleration and lateral acceleration)
of the vehicle based on acceleration informatioomfrthe acceleration sensor. The
vehicle state acquisition device 13 acquires a yaw of the vehicle based on yaw rate
information from the yaw rate sensor. The vehstigte acquisition device 13 acquires
open and closed states of the door of the vehiaked) on a detection result from the
internal sensor 3 (a detection result from the deorsor).

[0044] The vehicle state acquisition device 13 acquinesgpresence or absence of
failures in each on-vehicle sensor and the automsnaviving system 100 as the vehicle
state. The vehicle state acquisition device 13iiaes the presence or absence of failures
in each on-vehicle sensor and the autonomous drigystem 100 according to a
well-known method.

[0045] The occupant state acquisition device 14 acqainesccupant state of the
vehicle based on a detection result from the oauugtate detection unit 4. The occupant
state acquisition device 14 acquires the numbearcotipants of the vehicle and a sitting
position based on detection results (for exampémtuwred images from the in-vehicle
camera and detection results from the seat pressemesor) from the occupant state
detection unit 4. In a case where there is a digeat in the vehicle, the occupant state
acquisition device 14 acquires that the occupase#&ed on the driver seat of the vehicle
based on a detection result from the occupant d&teetion unit 4.

[0046] The occupant state acquisition device 14 may aedtie sex of the

occupant, the age of the occupant, and the likth@occupant state. In this case, the
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occupant state acquisition device 14 may acquieesx of the occupant and an age
distinction of the occupant according to a well4kmamage processing method based on a
captured image from the in-vehicle camera. Theupant state acquisition device 14
may acquire personal information of the occupanthasoccupant state. The occupant
state acquisition device 14 may specify a persongkample, an owner of the vehicle or a
family member of the owner) by combining the weightphysique of a person stored in
advance with a detection result from the occupéate sdetection unit 4. The occupant
state acquisition device 14 may acquire a seat®sting state of the occupant based on a
detection result from the occupant state deteatitih4. The occupant state acquisition
device 14 may acquire a seat belt wearing stateeobccupant according to a well-known
image processing method based on a captured inmage the in-vehicle camera. The
occupant state acquisition device 14 may acquiratétiude of the occupant (a state of a
driver gripping the steering wheel, a state of aoupant in the rear seat lying down, and
the like) based on a detection result from the paot state detection unit 4. The
occupant state acquisition device 14 may acquiee dbcupant state according to a
well-known method.

[0047] The boarding completion state determination ubitdétermines whether
or not the vehicle is in a boarding completionestaised on the vehicle state in the vehicle
state acquisition device 13 and the occupant statiee occupant state acquisition device
14 in a case where autonomous driving is startddhe boarding completion state is a
state in which the occupant has boarded the vehiclbée boarding completion state may
be a state in which at least one occupant is seatdtie seat, and all of the doors of the
vehicle are closed. The boarding completion statey have a prerequisite that all
occupants wear seat belts. In a case where tBesedriver seat in the vehicle, the
boarding completion state determination unit 15 rnaye a prerequisite that the occupant
has been seated on the driver seat. The boardmgletion state determination unit 15
determines whether or not the vehicle is in a hogr@¢ompletion state in a case where
autonomous driving is started even during travetihthe vehicle.

[0048] In a case where the boarding completion statermé@tation unit 15
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determines that the vehicle is in a boarding cotiglestate, the destination setting unit 16
determines whether or not a destination in auton@rdriving can be automatically set.
The destination setting unit 16 determines whetirenot a destination in autonomous
driving can be automatically set based on the atitimme, a position of the vehicle on the
map in the vehicle position acquisition device 44,occupant state in the occupant state
acquisition device 14, and destination candidata gathe destination candidate database
6.

[0049] A case where a destination in autonomous drivanglme automatically set
is, for example, a case where requirements coeelatith at least one destination
candidate included in destination candidate datecmtne current time, a position of the
vehicle on the map, and an occupant state. A wémge a destination in autonomous
driving is unable to be automatically set is, fotample, a case where none of the
requirements correlated with destination candidatelided in destination candidate data
match the requirements of the current time, a josivf the vehicle on the map, and an
occupant state when the requirements are compatkecach other. In other words, in a
case where an appropriate destination candidatetistored in the destination candidate
database 6, the destination setting unit 16 detmsnihat a destination in autonomous
driving is unable to be automatically set.

[0050] In a case where the destination setting unit 1érdenes that a destination
in autonomous driving is able to be automaticaly, she destination setting unit 16
automatically sets a destination in autonomousrdyibased on the current time, a position
of the vehicle on the map in the vehicle positioguasition device 11, an occupant state in
the occupant state acquisition device 14, and r&tn candidate data in the destination
candidate database 6.

[0051] Specifically, in a case where “home” as a positionthe vehicle on the
map, a “single male” as an occupant state, andvésst 7:00 and 8:00 in the morning on
weekdays” as the time are correlated as the regaemés with “A Company” that is a
destination candidate in the destination candidate, the destination setting unit 16 sets

“A Company” as a destination in autonomous drivimigen the current time is “between
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7:00 and 8:00 in the morning on weekdays”, a pmsitf the vehicle on the map is “home”,
and an occupant state is a “single male”.

[0052] Specifically, in a case where “between 7:00 ar@i) 8n the morning on
weekdays” as the time, “home” as a position onvitteicle on the map, and “a single male
and a single boy” as an occupant state, are ctetels requirements with “B Elementary
School” that is a destination candidate in the idatbn candidate data, the destination
setting unit 16 sets “B Elementary School” as aidaton in autonomous driving when
the current time is “between 7:00 and 8:00 in tleenmimg on weekdays”, a position of the
vehicle on the map is “home”, and an occupant $sdte single male and a single boy”.

[0053] Since there is a case where the driver causewehile to travel in
manual driving on the way to A Company from homa] ¢hen starts autonomous driving,
the destination setting unit 16 may recognize airegent of a position of the vehicle on
the map matching “A Company” when the positiontad tehicle on the map is a position
“between home and A Company”. In a case whereuteralong which the vehicle
reaches a destination candidate is calculated b@sedposition of the vehicle on the map
and the destination candidate, and the vehiclecastéd on the route, the destination setting
unit 16 may recognize that a requirement of a ositorrelated with the destination
candidate matches the position of the vehicle emthp.

[0054] In a case where there is a destination candiddisfysng a requirement
correlated with solely one of the current time oaifjon of the vehicle on the map, and an
occupant state, and there is no destination catedgiisfying any other requirements, the
destination setting unit 16 may set the destinatiandidate satisfying the requirement
correlated with solely one thereof as a destination

[0055] Matching among requirements such as the currerd, ta position of the
vehicle on the map, and an occupant state, andreegents for a destination candidate
may not be exactly matching. When a differencenben a time correlated with a
destination candidate and the current time is withipredetermined time, the destination
setting unit 16 may recognize the current time tatain the time correlated with the

destination candidate. When a difference betwegosition correlated with a destination
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candidate and a position of the vehicle on the magpithin a predetermined distance, the
destination setting unit 16 may recognize the pwsiof the vehicle on the map to match
the position correlated with the destination caathd When a difference between the
number of occupants correlated with a destinatiandeate and the current number of
occupants is within a predetermined number of peystine destination setting unit 16 may
recognize an occupant state to match an occupatd sbrrelated with the destination
candidate.

[0056] In a case where the destination setting unit 1érdenes that a destination
in autonomous driving is unable to be automatically, the destination setting unit 16
requests the occupant to set a destination viddME7. The destination setting unit 16
sets a destination in autonomous driving based st that is input to the HMI 7 by the
occupant.

[0057] In a case where the boarding completion staterm@tation unit 15
determines that the vehicle is in a boarding cotipiestate while the engine of the vehicle
is stopped, the engine starting condition detertiunaunit 17 determines whether or not a
preset engine starting condition is satisfied basea vehicle state. The engine starting
condition is a condition for automatically startitige engine of the vehicle. The engine
starting condition includes that the on-vehiclessea and the autonomous driving system
100 do not fail.

[0058] The engine starting condition may include thatamtupants wear their
seat belts. The engine starting condition mayuhelthat an energy amount (a gasoline
amount, a hydrogen amount, or an electric poweruatf the vehicle is equal to or
more than a predetermined threshold value.

[0059] In a case where the engine starting condition rdetation unit 17
determines that the engine starting condition isfad, the engine starting unit 18 starts
the engine of the vehicle. The engine also indudemotor that functions as a power
source of the vehicle. The engine starting unittdsmits a control signal to the
actuator 8 so as to automatically start the engiribe vehicle.

[0060] In a case where the engine starting condition radetation unit 17
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determines that the engine starting condition is sagisfied, the engine starting unit 18
notifies the occupant of the reason for not autarally starting the engine via the HMI 7.
The engine starting unit 18 notifies the occupafitfor example, the presence of a
condition in which the engine starting conditionrist satisfied as the reason for not
automatically starting the engine.

[0061] The traveling plan generating unit 19 generatdsaeeling plan of the
vehicle based on the set destination, the map nrdtion in the map database 5, the
position of the vehicle on the map in the vehiclesipon acquisition device 11, the
surrounding environment of the vehicle in the sunding environment acquisition unit 12,
and the vehicle state in the vehicle state acduoisitievice 13. The traveling plan
generating unit 19 starts to generate a traveliag im a case where the driver performs an
operation of starting autonomous driving.

[0062] The traveling plan includes control target values the vehicle
corresponding to positions on a target route (@er¢oward a destination) of the vehicle.
The positions on the target route are positiorsnirextending direction of the target route
on the map. The positions on the target routecatdiset vertical positions that are set at
a predetermined interval (for example, 1 m) in éxéending direction of the target route.
The control target values are target values fotrotimg the vehicle in the traveling plan.
The control target value is set to be correlateth wach set vertical position on the target
route. The traveling plan generating unit 19 setsvertical positions at a predetermined
interval on the target route, and sets controletavglues (for example, a target horizontal
position and a target vehicle speed) for each egical position, so as to generate the
traveling plan. The set vertical position and tiwget horizontal position may be set as a
single position coordinate together. The set waltposition and the target horizontal
position respectively indicate information regaglia vertical position and information
regarding a horizontal position that are set agetarin the traveling plan.

[0063] The vehicle controller 20 controls traveling o€ tlehicle. The vehicle
controller 20 performs autonomous driving of théigke based on the map information in

the map database 5, the position of the vehiclethen map in the vehicle position
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acquisition device 11, the surrounding environmehtthe vehicle in the surrounding
environment acquisition unit 12, the vehicle statéhe vehicle state acquisition device 13,
and the traveling plan in the traveling plan getiegaunit 19. The vehicle controller 20
transmits a control signal to the actuator 8, dng tperforms autonomous driving of the
vehicle according to the traveling plan.

[0064] In a case where the vehicle arrives at the ddgiman an autonomous
driving mode, the storage determination unit 21 @sak request for permission to store the
destination in the destination candidate databaseia6the HMI 7. The storage
determination unit 21 determines whether or notat@&upant permits the destination to be
stored in the destination candidate database &llm@sea result that is input to the HMI 7
by the occupant.

[0065] In a case where the storage determination unid&grmines that the
occupant permits the destination to be stored éndibstination candidate database 6, the
storage determination unit 21 stores the destinatidhe destination candidate database 6
as a destination candidate in correlation with atcupant state. The storage
determination unit 21 stores an occupant state wherdestination is set or an occupant
state when the vehicle arrives at the destinatiotineé destination candidate database 6 in
correlation with a destination candidate.

[0066] In a case where the storage determination unid&grmines that the
occupant does not permit the destination to beedtor the destination candidate database
6, the storage determination unit 21 does not stbee destination in the destination
candidate database 6 as a destination candidate.a tase where the request for
permission is given to the occupant, and then degteemined time elapses in a state in
which there is no input from the occupant, the agerdetermination unit 21 determines
that the destination is not permitted to be standtie destination candidate database 6.

[0067] The destination learning unit 22 performs learnioigthe destination
candidate database 6. The destination learning 2thistores a destination candidate
stored in the destination candidate database Gidgtbrage determination unit 21, in the

destination candidate database 6 in correlatioh weiuirements such as a position of the
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vehicle on the map. The destination learning @2itcauses the destination candidate
database 6 to learn the positions of the vehiclthermap, the occupant state of the vehicle,
the time, and the destination candidate when thtirdgion candidate is set as a
destination in autonomous driving by the occupartarrelation with each other.

[0068] The destination learning unit 22 corrects or asethe content of the
destination candidate data stored in the destimatzmdidate database 6 based on a result
that is input to the HMI 7 by the occupant. A lag method is not limited to the
above-described method, and various well-known odshmay be used. The storage
determination unit 21 and the destination learning 22 may be provided in a server that
can perform communication with the vehicle.

Processes in Autonomous Driving System accordirfgrist Embodiment

[0069] Next, with reference to the drawings, a descnptigill be made of
processes in the autonomous driving system 100rdiogp to the first embodiment.
Herein, a destination setting process, an engiaeirgj process, a destination candidate
storing process will be described.

Destination Setting Process

[0070] FIG. 2 is a flowchart illustrating a destinaticettsng process according to
the first embodiment. The flowchart shown in FiGis executed when autonomous
driving is started.

[0071] As illustrated in FIG. 2, in S10, the ECU 10 oéthutonomous driving
system 100 causes the boarding completion stagerndieiation unit 15 to determine
whether or not the vehicle is in a boarding comgpiestate. The boarding completion
state determination unit 15 performs the deternonabased on a vehicle state in the
vehicle state acquisition device 13 and an occugtté in the occupant state acquisition
device 14. In a case where the boarding completitaie determination unit 15
determines that the vehicle is not in a boardingmetion state (S10: NO), the ECU 10
finishes this process. Thereafter, the ECU 10gpet$ the process in S10 again after a
predetermined time elapses. In a case where teling completion state determination

unit 15 determines that the vehicle is in a boaydiompletion state (S10: YES), the ECU
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10 proceeds to S12.

[0072] In S12, the ECU 10 determines whether or not atirdg®n in
autonomous driving can be automatically set with destination setting unit 16. The
destination setting unit 16 performs the deternndmabased on the current time, a position
of the vehicle on the map in the vehicle positioguasition device 11, an occupant state in
the occupant state acquisition device 14, and rbegtin candidate data in the destination
candidate database 6. In a case where the démtirsstting unit 16 determines that a
destination in autonomous driving is unable to W@matically set (S12: NO), the ECU 10
proceeds to S14. In a case where the destinagttimg unit 16 determines that a
destination in autonomous driving is able to beomatically set (S12: YES), the ECU 10
proceeds to S18.

[0073] In S14, the ECU 10 requests the occupant to sisénation with the
destination setting unit 16. The destination sgttinit 16 requests the occupant to set a
destination via the HMI 7 by using at least onénadige display and voice output. In S16,
the ECU 10 sets a destination in autonomous drilsaged on a result that is input to the
HMI 7 by the occupant with the destination settumgt 16. Thereafter, the ECU 10
finishes this process.

[0074] In S18, the ECU 10 sets a destination in auton@mnving with the
destination setting unit 16. The destination sgttinit 16 automatically sets a destination
in autonomous driving based on the current time,pbsition of the vehicle on the map in
the vehicle position acquisition device 11, the upant state in the occupant state
acquisition device 14, and the destination candid#dta in the destination candidate
database 6. Thereafter, the ECU 10 finishes tioisgss.

Engine Starting Process

[0075] Next, a description will be made of an engine tstgrprocess in the
autonomous driving system 100 according to thé éimsbodiment. FIG. 3 is a flowchart
illustrating the engine starting process accordmghe first embodiment. The flowchart
shown in FIG. 3 is executed in a case where autonsrdriving is started during stoppage

of the engine of the vehicle.
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[0076] As illustrated in FIG. 3, in S20, the ECU 10 caudbe boarding
completion state determination unit 15 to determiteether or not the vehicle is in a
boarding completion state. In a case where thedbma completion state determination
unit 15 determines that the vehicle is not in arbipg completion state (S20: NO), the
ECU 10 finishes this process. Thereafter, the BOWerforms the process in S20 again
after a predetermined time elapses. In a caseewtler boarding completion state
determination unit 15 determines that the vehislénia boarding completion state (S20:
YES), the ECU 10 proceeds to S22.

[0077] In S22, the ECU 10 causes the engine startingitondletermination unit
17 to determine whether or not a preset enginérgjarondition is satisfied. The engine
starting condition determination unit 17 perfornhe tdetermination based on a vehicle
state. In a case where the engine starting conditetermination unit 17 determines that
the engine starting condition is not satisfied (32@), the ECU 10 proceeds to S24. Ina
case where the engine starting condition determimatnit 17 determines that the engine
starting condition is satisfied (S22: YES), the EQQVproceeds to S26.

[0078] In S24, the ECU 10 notifies the occupant of thasom for not
automatically starting the engine with the engitaetsig unit 18. The engine starting unit
18 sends the notification to the occupant via thél H by using at least one of image
display and voice output. The ECU 10 finishes fhiscess. Thereafter, the ECU 10
performs the process in S20 again after a predetediime elapses.

[0079] In S26, the ECU 10 causes the engine startingl@nib start the engine of
the vehicle. The engine starting unit 18 transmitsontrol signal to the actuator 8, and
thus automatically starts the engine of the vehiclEhereafter, the ECU 10 finishes this
process.

Destination Candidate Storing Process

[0080] Next, a description will be made of a destinattandidate storing process
in the autonomous driving system 100 accordinght first embodiment. FIG. 4 is a
flowchart illustrating a destination candidate Btgr process according to the first

embodiment. The flowchart shown in FIG. 4 is exeduin a case where the vehicle
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arrives at a destination in an autonomous drivioglen

[0081] As illustrated in FIG. 4, the ECU 10 makes a refjder permission to
store the destination in the destination candidatabase 6 with the storage determination
unit 21. The storage determination unit 21 givescuest for permission to the occupant
by using at least one of image display and voidpuwiwia the HMI 7.

[0082] In S32, the ECU 10 causes the storage determimatid 21 to determine
whether or not the occupant permits the destinatmrbe stored in the destination
candidate database 6. The storage determinatian2dinperforms the determination
based on a result that is input to the HMI 7 bydbeupant. In a case where the storage
determination unit 21 determines that the occupaets not permit the destination to be
stored in the destination candidate database 6 ($32 the ECU 10 finishes this process
without storing the destination in the destinate@andidate database 6. In a case where
the storage determination unit 21 determines ti@btcupant permits the destination to be
stored in the destination candidate database 6 {@&32), the ECU 10 proceeds to S34.

[0083] In S34, the ECU 10 causes the storage determimatid 21 to store the
destination in the destination candidate databas® & destination candidate in correlation
with an occupant state. The storage determinaitmn 21 stores an occupant state of
when the destination is set or an occupant statevigén the vehicle arrives at the
destination in the destination candidate database 6orrelation with a destination
candidate. The storage determination unit 21 st@edestination permitted by the
occupant in the destination candidate database & destination candidate. Thereafter,
the ECU 10 finishes this process.

Advantageous Effects of Autonomous Driving Systemecording to First
Embodiment

[0084] According to the above-described autonomous dyigystem 100 of the
first embodiment, in a case where a vehicle is rdeteed as being in a boarding
completion state, a destination in autonomous nigiof the vehicle can be automatically
set based on a position of the vehicle on the maappccupant state, and destination

candidate data, and thus the occupant can omit ahaseiting of the destination.
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According to the autonomous driving system 100;esia destination based on an occupant
state is set by taking into consideration a retesiip between an occupant state and a
destination desired by the occupant, the accurdcgutbmatically setting a destination
desired by the occupant can be further increasetittaus the occupant’s convenience can
be further improved.

[0085] According to the autonomous driving system 100destination in
autonomous driving can be set based on commutingshand school attendance hours by
further taking into consideration the current time@utomatic setting of a destination.

[0086] According to the autonomous driving system 100\cesi the storage
determination unit 21 stores a destination perochithy an occupant in the destination
candidate database 6 as a destination candidaiearopriate destination candidate can
be prevented from being included in destinatiordidate data.

[0087] According to the autonomous driving system 100,aircase where a
vehicle is brought into a boarding completion stdieing stoppage of an engine of the
vehicle, and the engine starting condition is deieed as being satisfied, the engine of the
vehicle is automatically started, and thus the eomence regarding engine starting of an
occupant can be considerably improved.

Second Embodiment

[0088] Next, a description will be made of an autonomdtiging system 200
according to a second embodiment. FIG. 5 is akhiiimgram illustrating the autonomous
driving system 200 according to the second embodlimeThe autonomous driving
system 200 illustrated in FIG. 5 is different froime autonomous driving system of the first
embodiment in that a destination in autonomousriis set based on schedule data of an
occupant. In FIG. 5, constituent elements idehticacorresponding to those of the first
embodiment are given the same reference numenats,regpeated description will be
omitted.

Configuration of Autonomous Driving System accaglto Second Embodiment

[0089] As illustrated in FIG. 5, an ECU 30 of the automars driving system 200

according to the second embodiment is connectedt¢éominal communication device 31,



10

15

20

25

26
a network communication device 32, and a prioritradatabase 33.

[0090] The terminal communication device 31 is a commation device that
performs communication with a portable informatimminal carried by an occupant.
The portable information terminal is, for exam@esmart phone, a notebook PC, a smart
watch, and other portable information terminalg t@n be carried by the occupant. The
terminal communication device 31 obtains permissibrthe occupant in advance, then
performs communication with the portable informati@rminal of the occupant having
boarded the vehicle, and acquires schedule datiaeobccupant recorded in the portable
information terminal (or a server via the portaib@rmation terminal).

[009]] The schedule data is data including a scheduleh@foccupant. The
schedule includes a location and a time. The sdbedata includes a scheduled
destination and a scheduled time of the occupafie scheduled destination is a position
on a map, registered in correlation with a schedititae on the schedule data.

[0092] The network communication device 32 is a commuiunadevice that
performs communication with a wireless network sashthe Internet. The network
communication device 32 obtains permission of t@upant in advance, and then acquires
schedule data of the occupant recorded in a semzeml wireless network based on
personal authentication information of the occupanifThe personal authentication
information will be described later.

[0093] The prioritization database 33 is a database iiclwprioritization data is
recorded. The prioritization data is data (preds) used for prioritization regarding
setting of a destination in a case where schedatke af a plurality of occupants is acquired.
In the prioritization data, a distinction (a driveat, a passenger seat, a rear seat, and the
like) among sitting positions of occupants is clated with the priority. The
prioritization data may include an option for regtileg an occupant to set a destination
under a predetermined situation.

[0094] For example, in a case where the vehicle is a éwen in a case where a
scheduled destination is present on schedule daalaver, the prioritization data may be

data that prioritizes a scheduled destination ofoacupant of the passenger seat or an
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occupant of the rear seat on schedule data therdof.a case where a plurality of
occupants is present on the rear seat, the pratitn data may be data that prioritizes a
scheduled destination on schedule data of an ootipéhe seat (seat of honor) behind the
driver seat. In a case where scheduled destimatibrat least two persons match each
other among scheduled destinations of a pluralitypeople on schedule data, the
prioritization data may be data that prioritizee tmatching scheduled destinations
compared with scheduled destinations that do nachm@ach other. In the prioritization
data, personal authentication information may beretated with the priority. The
prioritization database 33 may be provided in avesethat can perform communication
with the vehicle. The prioritization database 38ynbe a database integrated with the
map database 5 or the destination candidate dat@&bas

[0095] The ECU 30 of the autonomous driving system 20€omtng to the
second embodiment includes a personal authenticat&vice 34 and a schedule data
acquisition unit 35. The ECU 30 has a differenteéerms of a function of a destination
setting unit 36 compared with the first embodiment.

[0096] The personal authentication device 34 performsge authentication of
the occupant via the HMI 7 or the like. The pesdasuthentication device 34 performs
the personal authentication of the occupant throiagie recognition using a captured
image in the in-vehicle camera, wet recognitiomgsi detection result in the seat pressure
sensor, and the like. The autonomous driving says260 may be provided with an iris
recognition device, a fingerprint recognition deyiand other input devices for personal
authentication. The personal authentication de@4¢eperforms personal authentication
of the occupant according to a well-known method.

[0097] In a case where the boarding completion statermétation unit 15
determines that the vehicle is a boarding complesitate, the schedule data acquisition
unit 35 acquires schedule data of the occupante Sdhedule data acquisition unit 35
acquires the schedule data of the occupant fronpénble information terminal carried
by the occupant via the terminal communication devd1. The schedule data acquisition

unit 35 may also acquire position information of fhortable information terminal. The
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schedule data acquisition unit 35 acquires the didbedata of the occupant having
undergone the personal authentication using theopat authentication device 34, from
the server on the wireless network via the netveorkimunication device 32.

[0098] In a case where the boarding completion staterm@tation unit 15
determines that the vehicle is in a boarding cotiglestate, the destination setting unit 36
determines whether or not a destination in auton@rdriving can be automatically set.
The destination setting unit 36 determines whetirenot a destination in autonomous
driving can be automatically set based on the otitime, a position of the vehicle on the
map, an occupant state, destination candidate daththe schedule data acquired by the
schedule data acquisition unit 35.

[0099] Even in a case where none of the requirementslated with destination
candidates included in destination candidate daiimrequirements of the current time, a
position of the vehicle on the map, and an occumaate when the requirements are
compared with each other, the destination settmg 36 determines that a destination in
autonomous driving can be automatically set inseaahere the schedule data acquisition
unit 35 acquires schedule data of the occupantdid a scheduled destination.

[0100] In a case where the destination setting unit 3érdenes that a destination
in autonomous driving is able to be set, the dasbn setting unit 36 automatically sets a
destination in autonomous driving based on theetiirtime, the position of the vehicle on
the map, the occupant state, the destination catedidata, and the schedule data of the
occupant.

[0101] First, a description will be made of a case whtams of schedule data of
a single occupant are acquired by the scheduleatapaisition unit 35. The destination
setting unit 36 acquires a scheduled destinaticstl@duled destination correlated with a
schedule at one unit time after the current timeyhich the vehicle is to be directed next
at the current time from the schedule data of twupant. The destination setting unit 36
acquires a destination candidate matching a regein¢ of at least one of the current time,
a position of the vehicle on the map, and an oacugtate from destination candidate data

based on the current time, the position of the alelon the map, the occupant state, and
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the destination candidate data.

[0102] In a case where the destination setting unit 3guiaes a destination
candidate but is unable to acquire a scheduledndéisin, the destination setting unit 36
sets the destination candidate as a destinatiaotomomous driving. In a case where the
destination setting unit 36 acquires a schedulestirdgion but is unable to acquire a
destination candidate, the destination setting 86itsets the scheduled destination as a
destination in autonomous driving.

[0103] In a case where the destination setting unit 3Guiaes both of a
destination candidate and a scheduled destinatiba, destination setting unit 36
determines whether or not the destination candidzdé&ches the scheduled destination.
In a case where the destination setting unit 3@&rdehes that the destination candidate
matches the scheduled destination, the destinaisiting unit 36 sets the destination
candidate as a destination in autonomous driving.

[0104] In a case where the destination setting unit 3@rdenes that the
destination candidate does not match the schedigstihation, the destination setting unit
36 may request the occupant to select the destimatandidate or the scheduled
destination. The destination setting unit 36 setdestination in autonomous driving
based on selection of the occupant. In a caseewtiex destination setting unit 36
determines that the destination candidate doesmadth the scheduled destination, the
destination setting unit 36 may set one of theidasbn candidate and the scheduled
destination as a destination in autonomous drib@spd on a preset priority rule.

[0105] In a case where the destination setting unit 3rdenes that the
destination candidate does not match the schedig@siihation, the destination setting unit
36 may determine the propriety of schedule datéhefoccupant. In a case where the
destination setting unit 36 calculates an arrivadet at which the vehicle arrives at a
scheduled destination on the schedule data ofdbepant in an autonomous driving mode,
and the arrival time is a time later than a schediuime correlated with the scheduled
destination on the schedule data, the destinateiting unit 36 determines that the

schedule data is proper. In this case, the ddistinaetting unit 36 may set the scheduled
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destination as a destination in autonomous driving.a case where an arrival time for the
scheduled destination is a time earlier than adided time, the destination setting unit 36
determines that the schedule data is not properthid case, the destination setting unit 36
sets the destination candidate as a destinatiaotonomous driving. In a case where the
destination setting unit 36 determines that theedale data is not proper, the destination
setting unit 36 may request the occupant to sdleetscheduled destination and the
destination candidate by presenting the schedwdstirtion and the destination candidate
to the occupant. The destination setting unit&8 a destination in autonomous driving
based on selection of the occupant.

[0106] Next, a description will be made of a case wharkedule data of a
plurality of occupants is acquired by the schedid¢a acquisition unit 35. In a case
where items of schedule data of a plurality of @anis are acquired by the schedule data
acquisition unit 35, the destination setting urtitsgts a destination in autonomous driving
based on prioritization data in the prioritizatidatabase 33 in addition to the current time,
a position of the vehicle on the map, an occuptatée sdestination candidate data, and the
schedule data of the occupants.

[0107]  The destination setting unit 36 acquires respecitheduled destinations
to which the vehicle is to be directed next at ¢bherent time from the items of schedule
data of the occupants. The destination setting3fhselects a scheduled destination to be
employed from among a plurality of acquired schedubestinations based on the
prioritization data. In a case where the acquseldeduled destinations all match each
other, the destination setting unit 36 employsmifaching scheduled destinations based on
the prioritization data.

[0108] In a case where none of the acquired schedulethdiésns match each
other, the destination setting unit 36 acquirdmsitpositions of the occupants of which the
schedule data is acquired based on the occupaet atal the personal authentication
information. The destination setting unit 36 maggw@re sitting positions of the
occupants of which the schedule data is acqui@d frosition information of the portable

information terminal acquired by the schedule datquisition unit 35, instead of the
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personal authentication information. The destorasetting unit 36 applies the priority to
the scheduled destinations according to the siftiogjtions of the occupants of which the
schedule data is acquired. The destination settimig 36 may lower the priority of a
scheduled destination of the driver than that efdbheduled destinations of the occupants
on the rear seat based on prioritization data.

[0109] The destination setting unit 36 may calculate raival time of the vehicle
in an autonomous driving mode for each schedulstirggion, and may apply the priority
to the scheduled destination based on a relatipnseiween a scheduled time for the
scheduled destination and the arrival time. s ttase, the destination setting unit 36
lowers the priority of a scheduled destinationvidrich an arrival time is a predetermined
time or more before a scheduled time or a predétechtime or more after the scheduled
time compared with a scheduled destination for Wwham arrival time is around a
scheduled time (within a predetermined time from $sicheduled time). The destination
setting unit 36 employs a single scheduled destindtaving the highest priority.

[0110] In a case where the destination setting unit 36emaployed the scheduled
destination, the destination setting unit 36 setkestination in autonomous driving from
destination candidates or the scheduled destinatiorthe same manner as in the
above-described case where schedule data of & singupant is acquired.

Processes in Autonomous Driving System accordir§eicond Embodiment

Destination Setting Process

[0111] Next, a description will be made of a destinatsaiting process in the
autonomous driving system 200 according to the rmcembodiment. FIG. 6 is a
flowchart illustrating a destination setting progesccording to the second embodiment.
The flowchart shown in FIG. 6 is executed when aatoous driving is started. An
engine starting process and a destination candatatig process are the same as those in
the first embodiment, and thus a description therélbbe omitted.

[0112] As illustrated in FIG. 6, in S40, the ECU 30 oéthutonomous driving
system 200 causes the boarding completion stagerndieiation unit 15 to determine

whether or not the vehicle is in a boarding comgpiestate. The boarding completion
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state determination unit 15 performs the deternmonabased on a vehicle state in the
vehicle state acquisition device 13 and an occugtté in the occupant state acquisition
device 14. In a case where the boarding completitaie determination unit 15
determines that the vehicle is not in a boardingmetion state (S40: NO), the ECU 30
finishes this process. Thereafter, the ECU 30qpet$ the process in S40 again after a
predetermined time elapses. In a case where theling completion state determination
unit 15 determines that the vehicle is in a boaydiompletion state (S40: YES), the ECU
30 proceeds to S42.

[0113] In S42, the ECU 30 causes the personal autheoticatevice 34 to
perform personal authentication of the occupantthedschedule data acquisition unit 35
to acquire schedule data of the occupant. Thedstdelata acquisition unit 35 acquires
the schedule data of the occupant from the portaidtemation terminal carried by the
occupant via the terminal communication device 3Ihe schedule data acquisition unit
35 acquires the schedule data of the occupant fpavidergone the personal authentication
using the personal authentication device 34, froemderver on the wireless network via
the network communication device 32.

[0114] In S44, the ECU 30 causes the destination settmg 36 to determine
whether or not items of schedule data of a plyraftoccupants are acquired. In a case
where the destination setting unit 36 determineg the items of schedule data of the
occupants are acquired (S44: YES), the ECU 30 pdxé¢o S46. In a case where the
destination setting unit 36 determines that thestef schedule data of the occupants are
not acquired (S44: NO), the ECU 30 proceeds to S48.

[0115] In S46, the ECU 30 causes the destination settirig 36 to employ a
single scheduled destination. The destinationingetunit 36 employs one of the
scheduled destinations on the items of schedula datthe occupants based on the
prioritization data. Thereafter, the ECU 30 pratet S48.

[0116] In S48, the ECU 30 causes the destination settmg 36 to determine
whether or not a destination in autonomous drivoen be automatically set. The

destination setting unit 36 performs the deternnimabased on the current time, a position
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of the vehicle on the map, an occupant state, rd®g&in candidate data, and the schedule
data. In a case where the destination setting 3fitdetermines that a destination in

autonomous driving is unable to be automaticalty(Sd8: NO), the ECU 30 proceeds to

S50. In a case where the destination setting 3@idetermines that a destination in

autonomous driving is able to be automatically (82t8: YES), the ECU 30 proceeds to

S54. Even in a case where an appropriate destimatndidate corresponding to the

current time, a position of the vehicle on the meapg an occupant state is not included in
destination candidate data, the destination setting 36 of the second embodiment

determines that a destination in autonomous driviag be automatically set when

schedule data including a scheduled destinatiorbeaacquired.

[0117] In S50, the ECU 30 requests the occupant to sis#nation with the
destination setting unit 36. The destination sgttinit 36 requests the occupant to set a
destination via the HMI 7 by using at least onémdige display and voice output. In S52,
the ECU 30 sets a destination in autonomous drilsaged on a result that is input to the
HMI 7 by the occupant with the destination settingt 36. Thereafter, the ECU 30
finishes this process.

[0118] In S54, the ECU 30 sets a destination in autonendniving with the
destination setting unit 36. The destination sgttinit 36 automatically sets a destination
in autonomous driving based on the current time,gbsition of the vehicle on the map,
the occupant state, the destination candidate daththe schedule data. Thereafter, the
ECU 30 finishes this process.

Advantageous Effects of Autonomous Driving Systemocording to Second
Embodiment

[0119] According to the above-described autonomous dyigystem 200 of the
second embodiment, schedule data of an occupantnghaundergone personal
authentication is acquired from a portable infoioratterminal of the occupant or an
information network, and thus a destination in aotoous driving can be set based on the
schedule data of the occupant. Therefore, acogrtirthe autonomous driving system

200, since a destination in autonomous drivinglmmaset based on the schedule data of the
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occupant, the occupant can automatically set andéisin to the destination in autonomous
driving by registering a scheduled destinatiorh $chedule data, and thus the occupant’s
convenience regarding setting of a destinationbeafurther improved.

Third Embodiment

[0120] Next, a description will be made of an autonomdusing system 300
according to a third embodiment. FIG. 7 is a bldégram illustrating the autonomous
driving system 300 according to the third emboditnehe autonomous driving system
300 illustrated in FIG. 7 is different from the ambmous driving system of the first
embodiment in that a request for personal authatimic is made by using vehicle schedule
data. In FIG. 7, constituent elements identicalcorresponding to those of the first
embodiment are given the same reference numenats,regpeated description will be
omitted.

Configuration of Autonomous Driving System accaglto Third Embodiment

[0121] As illustrated in FIG. 7, an ECU 40 of the automars driving system 300
is connected to a vehicle schedule database 4le H®U 40 includes a personal
authentication request unit 42. The ECU 40 is ecotad to the network communication
device 32 of the second embodiment and also insltitke personal authentication device
34 of the second embodiment.

[0122] The vehicle schedule database 41 is a databaski¢h vehicle schedule
data is stored. The vehicle schedule data is aarding a schedule correlated with a
vehicle instead of an occupant. In a case whexevéicle is, for example, a company
vehicle, vehicle schedule data correlated with mpmany vehicle of which a use schedule
is defined in advance is stored in the vehicle doleedatabase 41. In a case where the
vehicle is a home vehicle, schedule data of an owhéhe vehicle may be stored in the
vehicle schedule database 41 as vehicle schedute ddahe vehicle schedule data
includes a use time period of the vehicle and perlsauthentication information of an
occupant (for example, a driver). The vehicle skcife data may include a scheduled
destination, and may include an occupant state.e vEhicle schedule database 41 may be

provided in a server that can perform communicatvih the vehicle.
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[0123] The personal authentication request unit 42 gaveequest for personal
authentication to an occupant (for example, a dyivea case where an engine of a vehicle
that is not scheduled in the vehicle schedule datde vehicle schedule database 41 is
started. The personal authentication request d8itgives a request for personal
authentication to an occupant via the HMI 7, foample, in a case where an engine of a
vehicle is started in a time period that is notestthed in the vehicle schedule data.

[0124] The personal authentication request unit 42 maxe @ request for
personal authentication to an occupant in a casgen destination that is not scheduled in
the vehicle schedule data is set, and an engina wéhicle is started. The personal
authentication request unit 42 may give a requestplersonal authentication to an
occupant in a case where an engine of a vehidérsed in an occupant state that is not
scheduled in the vehicle schedule data. A redoeshe personal authentication may be
given to a single occupant, and may be given tooalupants. In a case where the
destination setting unit 16 determines that a dastn in autonomous driving is unable to
be automatically set, the personal authenticatemuest unit 42 may give a request for
personal authentication to an occupant. The octuparforms personal authentication
by using the personal authentication device 34tlvaHMI 7 or the like. The personal
authentication may be performed through face atittegion that reduces a burden on the
occupant.

[0125] The personal authentication request unit 42 detesrnwhether or not the
occupant having undergone the personal authemicatia person scheduled in the vehicle
schedule data. The personal authentication requestd2 performs the determination
based on personal authentication information inpdesonal authentication device 34 and
the vehicle schedule data. Whether or not an aodup registered as a user of a vehicle
in advance may be determined instead of a detetimmaf whether or not the occupant is
a person scheduled in the vehicle schedule data.

[0126] In a case where the personal authentication requésd2 determines that
the occupant having undergone the personal autiation is a person scheduled in the

vehicle schedule data, the personal authenticagquest unit 42 permits starting of the
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vehicle. In a case where the personal autherditagquest unit 42 determines that the
occupant having undergone the personal authemticadi not a person scheduled in the
vehicle schedule data, the personal authenticaéiqnest unit 42 prohibits starting of the
vehicle. The personal authentication request dfittransmits a control signal to, for
example, the actuator 8 so as to prohibit startodigthe vehicle. The personal
authentication request unit 42 sends a notificatmran owner of the vehicle via the
network communication device 32. The personal entibation request unit 42 notifies
the owner of the vehicle that a person not schedulies to start the vehicle. The
personal authentication request unit 42 may semebtdication to a notification target
person set in advance instead of the owner of ehécle.

Processes in Autonomous Driving System accordinthird Embodiment

Personal Authentication Request Process

[0127] Next, a description will be made of a personalhantication request
process in the autonomous driving system 300 agapid the third embodiment. FIG. 8
is a flowchart illustrating a personal authenticatrequest process according to the third
embodiment. The flowchart shown in FIG. 8 is exeduvhen the engine of the vehicle
is started. A destination setting process, anrengiarting process, and a destination
candidate storing process are the same as thoskeeirirst embodiment, and thus a
description thereof will be omitted.

[0128] As illustrated in FIG. 8, in S60, the ECU 40 oéthutonomous driving
system 300 causes the personal authenticationsequoi 42 to determine whether or not
an engine of a vehicle that is not scheduled invitteicle schedule data is started. In a
case where the personal authentication requestd@niietermines that an engine of a
vehicle that is not scheduled in the vehicle scleedata is not started (S60: NO), the ECU
40 finishes this process. In a case where theoparsauthentication request unit 42
determines that an engine of a vehicle that issnbeduled in the vehicle schedule data is
started (S60: YES), the ECU 40 proceeds to S62.

[0129] In S62, the ECU 40 causes the personal authepticegquest unit 42 to

give a request for personal authentication to atupant. The personal authentication
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request unit 42 gives a request for personal atittaion to the occupant via the HMI 7.
The occupant performs personal authentication ygube personal authentication device
34 via the HMI 7 or the like.

[0130] In S64, the ECU 40 causes the personal autheoticetquest unit 42 to
determine whether or not the occupant having urmherghe personal authentication is a
person scheduled in the vehicle schedule data. alrtase where the personal
authentication request unit 42 determines thabtmeipant having undergone the personal
authentication is not a person scheduled in thécleebchedule data (S64: NO), the ECU
40 proceeds to S66. In a case where the persarbkerdication request unit 42
determines that the occupant having undergone éngopal authentication is a person
scheduled in the vehicle schedule data (S64: YE8)ECU 40 proceeds to S68.

[0131] In S66, the ECU 40 causes the personal authepticegquest unit 42 to
prohibit starting of the vehicle and also to sendbéfication to an owner of the vehicle.
The personal authentication request unit 42 tratssencontrol signal to, for example, the
actuator 8 so as to prohibit starting of the vehahd also to stop the engine of the vehicle.
The personal authentication request unit 42 semddification to the owner of the vehicle
via the network communication device 32. Thereaftee ECU 40 finishes this process.

[0132] In S68, the ECU 40 causes the personal authepticegquest unit 42 to
permit starting of the vehicle. Thereafter, thelEQD) finishes this process.

Advantageous Effects of Autonomous Driving Systesmcording to Third
Embodiment

[0133] According to the above-described autonomous dyigystem 300 of the
third embodiment, in a case where an engine ofhéchkethat is not scheduled in vehicle
schedule data is started, there is a consideragly gprobability that an improper vehicle
may be operated, and thus a contribution to imprmre of vehicle security can be further
made by making a request for personal authentitatio

Fourth Embodiment

[0134] Next, a description will be made of an autonomdusing system 400

according to a fourth embodiment. FIG. 9 is a kldiagram illustrating the autonomous
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driving system 400 according to the fourth embodime The autonomous driving system
400 is different from the autonomous driving systeimthe first embodiment in that
permission for a presented destination candidatsbtgined from an occupant instead of
automatically setting a destination in autonomaugry. In FIG. 9, constituent elements
identical or corresponding to those of the firsbediment and the second embodiment are
given the same reference numerals, and repeatedpdi&s will be omitted.

Configuration of Autonomous Driving System accagito Fourth Embodiment

[0135] As illustrated in FIG. 9, an ECU 50 of the automars driving system 400
according to the fourth embodiment includes a datitn candidate presenting unit 51, a
determination unit 52, and a destination settinit) b

[0136] The destination candidate presenting unit 51 mpisset least one
destination candidate to an occupant of a vehicke case where the boarding completion
state determination unit 15 determines that theclelis in a boarding completion state.
The destination candidate presenting unit 51 ptes#re destination candidate to the
occupant by using at least one of image displayvancke output via the HMI 7.

[0137] The destination candidate presenting unit 51 ptese destination
candidate in autonomous driving based on the cuti@e, a position of the vehicle on the
map in the vehicle position acquisition device 44,occupant state in the occupant state
acquisition device 14, and destination candidata gathe destination candidate database
6. Specifically, in a case where “home” as a pasion the vehicle on the map, a “single
male” as an occupant state, and “between 7:00 &@@liB the morning on weekdays” as
the time are correlated as requirements with “A @any” that is a destination candidate in
the destination candidate data, the destinatiomidate presenting unit 51 presents “A
Company” as a destination candidate in autonomaiwng when the current time is
“between 7:00 and 8:00 in the morning on weekdaggiosition of the vehicle on the map
is “home”, and an occupant state is a “single male”

[0138] In a case where a plurality of destination can@islamatching
requirements of the current time, a position of vedicle on the map, and an occupant

state is present in destination candidate datadéiséination candidate presenting unit 51
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presents the destination candidates to the occupdiie destination candidate presenting
unit 51 may present all destination candidates nradca requirement of at least one of the
current time, a position of the vehicle on the maml an occupant state, to the occupant.
A determination of matching with a requirement nis@yperformed in the same manner as
in the destination setting unit 16 of the first exdiment.

[0139] The determination unit 52 determines whether or the destination
candidate presented by the destination candidasepting unit 51 is permitted by the
occupant. The determination unit 52 determinestidreor not the destination candidate
is permitted by the occupant based on a resultishaput to the HMI 7 by the occupant.
A single destination candidate can be conclusiyedymitted. In a case where the
destination candidate is presented by the destimatindidate presenting unit 51, and then
there is no input from the occupant even after adgermined time elapses, the
determination unit 52 may determine that the daetitn candidate is not permitted by the
occupant.

[0140] In a case where the determination unit 52 detezmthat the destination
candidate is permitted by the occupant, the desgtimaetting unit 53 sets the destination
candidate permitted by the occupant as a destmatiaautonomous driving. In a case
where the determination unit 52 determines thatésination candidate is not permitted
by the occupant, the destination setting unit Gfiests the occupant to set a destination.
The destination setting unit 53 requests the oquufzaset a destination via the HMI 7.
The destination setting unit 53 sets a destinatosmutonomous driving based on a result
that is input to the HMI 7 by the occupant.

Processes in Autonomous Driving System accordirfgourth Embodiment

[0141] Next, a description will be made of processeshan autonomous driving
system 400 according to the fourth embodiment. eleml description will be made of a
destination candidate presenting process and andtsh setting process. An engine
starting process and a destination candidate stqgmincess are the same as those in the
first embodiment, and thus a description therediflveé omitted.

Destination Candidate Presenting Process
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[0142] FIG. 10A is a flowchart illustrating a destinati@andidate presenting
process according to the fourth embodiment. Tlsvdhart shown in FIG. 10A is
executed when autonomous driving is started.

[0143] As illustrated in FIG. 10A, in S70, the ECU 50tbé autonomous driving
system 400 causes the boarding completion staterndieiation unit 15 to determine
whether or not the vehicle is in a boarding comgpiestate. The boarding completion
state determination unit 15 performs the deternonabased on a vehicle state in the
vehicle state acquisition device 13 and an occugtté in the occupant state acquisition
device 14. In a case where the boarding completitaie determination unit 15
determines that the vehicle is not in a boardingmetion state (S70: NO), the ECU 50
finishes this process. Thereafter, the ECU 50qper$ the process in S70 again after a
predetermined time elapses. In a case where teling completion state determination
unit 15 determines that the vehicle is in a boaydiompletion state (S70: YES), the ECU
50 proceeds to S72.

[0144] In S72, the ECU 50 causes the destination carejgl@senting unit 51 to
present at least one destination candidate to anpant of a vehicle. The destination
candidate presenting unit 51 presents a destinatiodidate in autonomous driving based
on the current time, a position of the vehicle lo@ map, an occupant state, and destination
candidate data. Thereafter, the ECU 50 finishés pinocess, and performs the next
destination setting process.

Destination Setting Process

[0145] FIG. 10B is a flowchart illustrating a destinatisetting process according
to the fourth embodiment. The flowchart shown i6.FA0B is executed when S72 in FIG.
10A is executed.

[0146] As illustrated in FIG. 10B, in S80, the ECU 50 sesi the determination
unit 52 to determine whether or not the destinatiandidate is permitted by the occupant.
The determination unit 52 performs the determimabased on a result that is input to the
HMI 7 by the occupant. In a case where the detaatian unit 52 determines that the

destination candidate is permitted by the occug&B80: YES), the ECU 50 proceeds to
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S82. In a case where the determination unit 5@raenes that the destination candidate
is not permitted by the occupant (S80: NO), the ESDproceeds to S84.

[0147] In S82, the ECU 50 causes the destination setftinig 53 to set a
destination in autonomous driving. The destinaetting unit 53 sets the destination
candidate permitted by the occupant as a destmati@utonomous driving. Thereafter,
the ECU 50 finishes this process.

[0148] In S84, the ECU 50 requests the occupant to skdséination with the
destination setting unit 53. The destination sgttinit 53 requests the occupant to set a
destination via the HMI 7. In S86, the ECU 50 setestination in autonomous driving
based on a result that is input to the HMI 7 bydbeupant with the destination setting unit
53. Thereafter, the ECU 50 finishes this process.

Advantageous Effects of Autonomous Driving Systeancording to Fourth
Embodiment

[0149] According to the above-described autonomous dyigaystem 400 of the
fourth embodiment, in a case where a vehicle i®rdehed as being in a boarding
completion state, at least one destination canglidah be presented to an occupant, and a
destination candidate permitted by the occupantbeaset as a destination in autonomous
driving, based on a position of the vehicle on iep, an occupant state, and destination
candidate data. According to the autonomous dyi\8gistem 400, since a destination
candidate based on an occupant state can be pmdsewnttaking into consideration a
relationship between an occupant state and a déstinin autonomous driving of a
vehicle, the accuracy of presenting a destinatanmdiate desired by the occupant can be
increased, and thus the occupant’s conveniencediagasetting of a destination can be
further improved.

[0150] According to the autonomous driving system 40@8estination candidate
in autonomous driving can be presented based omectimg hours and school attendance
hours by further taking into consideration the entrtime in automatic setting of a
destination.

[015]] According to the autonomous driving system 400cesi the storage
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determination unit 21 is provided in the same marasein the first embodiment, and the
storage determination unit 21 stores a destinapermitted by an occupant in the
destination candidate database 6, an inappropteggnation candidate can be prevented
from being included in destination candidate data.

[0152] According to the autonomous driving system 40@& #mgine starting
condition determination unit 17 and the enginetistgrunit 18 are provided in the same
manner as in the first embodiment, and in a casrava vehicle is brought into a boarding
completion state during stoppage of an engine efwghicle, and the engine starting
condition is determined as being satisfied, tharengf the vehicle is automatically started,
and thus the convenience regarding engine stadingn occupant can be considerably
improved.

Fifth Embodiment

[0153] Next, a description will be made of an autonomdtising system 500
according to a fiftth embodiment. FIG. 11 is a klaliagram illustrating the autonomous
driving system 500 according to the fifth embodimenThe autonomous driving system
500 illustrated in FIG. 11 is different from thetawmomous driving system of the fourth
embodiment in that at least one of a destinatiordickate and a scheduled destination in
autonomous driving is presented based on schedubke af an occupant. In FIG. 11,
constituent elements identical or correspondinghtmse of the first embodiment, the
second embodiment, and the fourth embodiment arengihe same reference numerals,
and repeated description will be omitted.

Configuration of Autonomous Driving System accagito Fifth Embodiment

[0154] As illustrated in FIG. 11, an ECU 60 of the autoromus driving system
500 according to the fifth embodiment is connedtethe terminal communication device
31, the network communication device 32, and therifization database 33 of the second
embodiment. The ECU 60 includes the personal atittegion device 34 and the
schedule data acquisition unit 35.

[0155] In a case where the boarding completion statermétation unit 15

determines that a vehicle is in a boarding comptetstate, a destination candidate
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presenting unit 61 of the ECU 60 presents at least of a destination candidate and a
scheduled destination to an occupant of the vehigéed on the current time, a position of
the vehicle on the map, an occupant state, deistimeandidate data, and schedule data of
the occupant acquired by the schedule data adquisihit 35.

[0156] First, a description will be made of a case whienas of schedule data of
a single occupant are acquired by the scheduleatapaisition unit 35. The destination
candidate presenting unit 61 acquires a schedustindtion (a scheduled destination
correlated with a schedule at one unit time afterdurrent time) to which the vehicle is to
be directed next at the current time from the soledlata of the occupant. The
destination candidate presenting unit 61 acquiredestination candidate matching a
requirement of at least one of the current timgosition of the vehicle on the map, and an
occupant state from destination candidate datadbasethe current time, the position of
the vehicle on the map, the occupant state, anddéstination candidate data. The
destination candidate presenting unit 61 presdmsatquired destination candidate and
scheduled destination to the occupant.

[0157] The destination candidate presenting unit 61 netgrchine the propriety
of schedule data of the occupant. In a case wiheralestination candidate presenting
unit 61 calculates an arrival time at which theiglgharrives at a scheduled destination on
the schedule data of the occupant in an autonomhiviag mode, and the arrival time is a
time later than a scheduled time correlated withgbheduled destination on the schedule
data, the destination candidate presenting unid@termines that the schedule data is
proper. In a case where an arrival time for tHedaled destination is a time earlier than
a scheduled time, the destination candidate preseahit 61 determines that the schedule
data is not proper.

In a case where the destination candidate pregeninit 61 determines that the
schedule data is not proper, the destination catelipresenting unit 61 does not present a
scheduled destination in the schedule data thagtiproper to the occupant.

[0158] Next, a description will be made of a case whereedule data of a

plurality of occupants is acquired by the schedis¢a acquisition unit 35. In a case
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where items of schedule data of a plurality of @anis are acquired by the schedule data
acquisition unit 35, the destination candidate @néag unit 61 presents at least one of a
destination candidate and a scheduled destinatidhet occupant based on prioritization
data in the prioritization database 33 in addittonthe current time, a position of the
vehicle on the map, an occupant state, destinaaodidate data, and the schedule data of
the occupants.

[0159] The destination candidate presenting unit 61 aegquespective scheduled
destinations to which the vehicle is to be directegt at the current time from the items of
schedule data of the occupants. The destinatindidate presenting unit 61 applies the
priority to the acquired scheduled destinationstam prioritization data.

[0160] In a case where the scheduled destinations maadh ether, the
destination candidate presenting unit 61 heighteaspriority of the matching scheduled
destinations compared with a case where the sob@didstinations do not match each
other. The destination candidate presenting uhitm@y calculate an arrival time of the
vehicle in an autonomous driving mode for each duolesl destination, and may apply the
priority to the scheduled destination based onlaiomship between a scheduled time for
the scheduled destination and the arrival time. this case, the destination candidate
presenting unit 61 lowers the priority of a schedutlestination for which an arrival time
is a predetermined time or more before a schediresl or a predetermined time or more
after the scheduled time compared with a schedidstination for which an arrival time is
around a scheduled time (within a predetermined firmm the scheduled time).

[0161] The destination candidate presenting unit 61 ptesea scheduled
destination of which the priority is equal to ormaahan a priority threshold value, and the
acquired destination candidate, to the occupanhe friority threshold value is a preset
threshold value. The destination candidate prasgniit 61 may present all scheduled
destinations to the occupant without applying therjy to the scheduled destinations.

Processes in Autonomous Driving System accordirfgfth Embodiment

Destination Candidate Presenting Process

[0162] Next, a description will be made of a destinatmandidate presenting
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process in the autonomous driving system 500 acupitod the fifth embodiment. FIG.
12 is a flowchart illustrating a destination carad@& presenting process according to the
fifth embodiment. The flowchart shown in FIG. Rexecuted when autonomous driving
is started. An engine starting process, a destimatandidate storing process, and a
destination setting process are the same as thoseeifourth embodiment, and thus a
description thereof will be omitted.

[0163] As illustrated in FIG. 12, in S90, the ECU 60 bé tautonomous driving
system 500 causes the boarding completion staerndieiation unit 15 to determine
whether or not the vehicle is in a boarding comgpiestate. The boarding completion
state determination unit 15 performs the deternonabased on a vehicle state in the
vehicle state acquisition device 13 and an occugtté in the occupant state acquisition
device 14. In a case where the boarding compleitie determination unit 15
determines that the vehicle is not in a boardingmetion state (S90: NO), the ECU 60
finishes this process. Thereafter, the ECU 60gpet$ the process in S90 again after a
predetermined time elapses. In a case where teling completion state determination
unit 15 determines that the vehicle is in a boaydiompletion state (S90: YES), the ECU
60 proceeds to S92.

[0164] In S92, the ECU 60 causes the personal authebpticalevice 34 to
perform personal authentication of the occupantthedschedule data acquisition unit 35
to acquire schedule data of the occupant. Thedsbhalata acquisition unit 35 acquires
the schedule data of the occupant from the portaidtemation terminal carried by the
occupant via the terminal communication device 3Ihe schedule data acquisition unit
35 acquires the schedule data of the occupant havidergone the personal authentication
using the personal authentication device 34, froemderver on the wireless network via
the network communication device 32.

[0165] In S94, the ECU 60 causes the destination carapl&senting unit 61 to
determine whether or not items of schedule data plurality of occupants are acquired.
In a case where the destination candidate pregentit 61 determines that the items of

schedule data of the occupants are acquired (S28),Ythe ECU 60 proceeds to S96. In
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a case where the destination candidate presentiiigbli determines that the items of
schedule data of the occupants are not acquiretl (89), the ECU 60 proceeds to S98.

[0166] In S96, the ECU 60 causes the destination carapl&senting unit 61 to
select a scheduled destination. The destinatiodidate presenting unit 61 applies the
priority to a plurality of scheduled destinations the times of schedule data of the
occupants based on prioritization data, and sekedsheduled destination of which the
priority is equal to or more than a predetermingdrty threshold value.

[0167] In S98, the ECU 60 causes the destination carejgl@senting unit 61 to
present the destination candidate and the schedidstination to the occupant. The
destination candidate presenting unit 61 presenisast one of the destination candidate
and the scheduled destination to the occupantheaHMI 7. Thereafter, the ECU 60
finishes this process.

Advantageous Effects of Autonomous Driving Systesecording to Fifth
Embodiment

[0168] According to the above-described autonomous dyigystem 500 of the
fifth embodiment, schedule data of an occupantcguasied from a portable information
terminal of the occupant or an information netwakd thus a destination in autonomous
driving can be set based on the schedule dateeaidbupant. Therefore, according to the
autonomous driving system 500, a destination cateidnd a scheduled destination in
autonomous driving can be presented based on keelsle data of the occupant, and can
thus be presented at the time of setting a destimdily the occupant registering the
scheduled destination in the schedule data, sotlleabccupant’s convenience regarding
setting of a destination can be further improved.

[0169] According to the autonomous driving system 50@ tase where items of
schedule data of a plurality of occupants are aeduischeduled destinations on the items
of schedule data of the occupants can be apprepriatrioritized, and a destination
candidate in autonomous driving can be presenteskdon the current time, a position of
the vehicle on the map, an occupant state, desstmaandidate data, and prioritization

data set in advance.
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[0170] The embodiments of the invention have been de=tribut the invention
is not limited to the embodiments. The inventioaynbe realized in various forms to
which various modifications and alterations are ligpp based on not only the
above-described embodiments but also the knowletlggerson skilled in the art.

[0171] In the autonomous driving system according to fivet to fifth
embodiments, starting of autonomous driving islimoited to an operation of an occupant
starting autonomous driving. In the autonomouwinigi system, in a case where the
occupant permits starting of autonomous drivingdwance, the autonomous driving of a
vehicle may be automatically started when a predeted autonomous driving starting
condition is satisfied.

[0172] The autonomous driving system 100 according tofils¢ embodiment
may set a destination in autonomous driving withaling into consideration the current
time. In other words, the destination setting ditmay set a destination in autonomous
driving based on a position of the vehicle on trepman occupant state, and destination
candidate data. The destination setting unit 14 &t a destination in autonomous
driving based on a position of the vehicle on theprmand an occupant state (for example,
the presence or absence of boarding of a careveetén a vehicle such as a vehicle for
care of which an application is restricted. Instltase, a destination candidate is not
needed to be correlated with a time in the destinatandidate database 6. The
autonomous driving system 400 according to thetfoembodiment may also present a
destination candidate to an occupant without takirig consideration the current time.
The destination candidate presenting unit 51 maggnt a destination candidate based on
a position of the vehicle on the map, an occup&@té sand destination candidate data.

[0173] The autonomous driving system 100 according tofitls¢ embodiment
may not include the engine starting condition dateation unit 17 and the engine starting
unit 18. The autonomous driving system 100 is me¢ded to automatically start an
engine of a vehicle. This is also the same for @ugonomous driving system 400
according to the fourth embodiment.

[0174] The autonomous driving system 100 according tofitts¢ embodiment
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may not include the storage determination unit @dl the destination learning unit 22.
The autonomous driving system 100 may perform ctioe, addition, and the like of
destination candidate data solely in a case wherecaupant performs manual setting
without automatic learning about the destinationdidate data. This is also the same for
the autonomous driving system 400 according tdahgh embodiment.

[0175] The autonomous driving system 400 according tofdlieth embodiment
may include the network communication device 32 #medpersonal authentication device
34 of the second embodiment, and the vehicle sdbedtabase 41 and the personal
authentication request unit 42 of the third embaitm In other words, in the
autonomous driving system 400 according to thetfoembodiment, in a case where there
is engine starting that is not scheduled on velscleedule data, a request for personal
authentication may be given to an occupant.

[0176] The autonomous driving system 200 according tes#wmnd embodiment
may not include both of the terminal communicatidavice 31, and the network
communication device 32 and the personal authdidicaevice 34. The schedule data
acquisition unit 35 may acquire schedule data ab@upant from either one of a portable
information terminal and an information network. hi§ is also the same for the
autonomous driving system 500 according to thé gfnbodiment.

[0177] The autonomous driving system 200 according tesdwmnd embodiment
may not determine whether or not items of schedaka of a plurality of occupants are
acquired. The autonomous driving system 200 adegrid the second embodiment may
normally use solely schedule data of a driver. sThialso the same for the autonomous
driving system 500 according to the fifth embodimen

[0178] In the destination candidate database 6, a déstineandidate may not be
correlated with a position of a vehicle on a mam this case, the destination setting unit
16, 36 acquires a relationship between a positiothe vehicle on the map (the current
position of the vehicle on the map) and a positidrere a destination candidate is located.
In other words, for example, in a case where adcs is too long (a destination candidate

is far away by a predetermined distance or morl agcl00 km), or the current position of
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the vehicle on the map is a position where theimEstn candidate is located, the
destination setting unit 16, 36 does not set theimkion candidate as a destination in
autonomous driving. Similarly, in a case whereistathce is too long, or the current
position of the vehicle on the map is a positiorevehthe destination candidate is located,
the destination candidate presenting unit 51, Gdsdwt present the destination candidate
to an occupant.

[0179] The boarding completion state determination urbt rhay determine
whether or not a vehicle is a boarding completitaitesin a case where a door is opened
and closed instead of starting of autonomous dyivinA destination in autonomous
driving may be set in advance in the destinatidtirggunit according to the first to third
embodiments before autonomous driving is starteékh occupant state may not include a
sitting position of an occupant.

[0180] The boarding completion state determination urbt rhay determine
whether or not a vehicle is a boarding completidgates regardless of starting of
autonomous driving. The boarding completion stigieermination unit 15 may determine
whether or not a vehicle is in a boarding comptestate, for example, in a case where
opening and closing of a door of the vehicle isedsd while the vehicle is stopping or
parking.

[0181] The occupant state acquisition device 14 may aequsitting position of
an occupant by acquiring position information op@table information terminal of the
occupant via the terminal communication device 3The boarding completion state
determination unit 15 may determine that a vehigl@ a boarding completion state based
on a surrounding environment of the vehicle anélscle state in a case where an external
object of the vehicle is not detected, and a deoopened and closed. The boarding
completion state determination unit 15 may deteemtinat a vehicle is in a boarding
completion state in a case where a door of theclelis opened and closed, and then a
weight is detected in a seat of the vehicle.

[0182] The destination setting unit 16 may not determimigether or not a

destination can be automatically set. In a caserevhone of the requirements correlated
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with destination candidates included in destinatandidate data match requirements of
the current time, a position of the vehicle on thap, and an occupant state when the
requirements are compared with each other, theindéish setting unit 16 may
automatically set home as a destination in autonsmariving. The destination setting
unit 36 may not also determine whether or not imkson can be automatically set. The
destination setting unit 36 may automatically seink as a destination in autonomous
driving in a case where an appropriate destinateomdidate is not included in destination
candidate data, and schedule data of an occupamtaisle to be acquired, as described
above, (or in a case where schedules after themutime are not included in schedule
data). The destination setting unit 16, 36 mayaseéestination in autonomous driving
based on vehicle schedule data.

[0183] The destination setting unit 16 may take into aberstion an arrival
frequency at which a vehicle arrives at a destmaitn an autonomous driving mode when
a destination candidate is set as the destinaticauionomous driving. The destination
setting unit 16 sets the destination in autonomarnisding based on the current time, a
position of the vehicle on a map, an occupant statearrival frequency, and destination
candidate data. In this case, the arrival frequescstored in the destination candidate
database 6 in correlation with the destination atd.

[0184] In a case where a destination in autonomous dyiidrset, the destination
setting unit 16 may set a destination of a retautea. In a case where a destination in
autonomous driving is a “supermarket”, and an oeatistate is a “single female”, the
destination setting unit 16 may set “home” corregjiog to a destination candidate of a
return route as a destination in autonomous drivingp a case where a destination
candidate without a return route is set as a dasdim in autonomous driving, the
destination setting unit 16 may automatically sedtarn route. The destination candidate
without a return route is, for example, a sleegamglity such as home, a villa, or a hotel.
In a case where home is located within a predetexthdistance even in a destination
candidate without a return route, the destinatiettiry unit 16 may set home as a

destination of the return route.
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[0185]  The vehicle state acquisition device 13 may aegaird open/closed states
of a bonnet and an oil filler port of a vehicle asvehicle state. The vehicle state
acquisition device 13 may acquire a fuel amourdgsoline amount, a hydrogen amount,
or an electrical amount) of a vehicle as a vehgtlte. The engine starting condition
determination unit 17 may include a closed stat@ @onnet and an oil filler port of a
vehicle in the engine starting condition. The aegstarting condition determination unit
17 may include a state in which a fuel amount ofehicle is equal to or more than a
predetermined threshold value, in the engine agondition.

[0186] The engine starting condition determination unit fhay determine
whether or not the engine starting condition igs§atl based on a vehicle state and a
surrounding environment of the vehicle. The engit@ting condition determination unit
17 may include a state in which there is no objeetr a muffler of a vehicle in the engine
starting condition. The engine starting conditidetermination unit 17 may include a
state in which there is no object within a predeiaed distance from a vehicle in the
engine starting condition. The engine starting ditton determination unit 17 may
include a state in which a destination in autonosndtiving is set and a route to the
destination is calculated, in the engine startioigdttion.

[0187] The engine starting condition determination ufitday include a state in
which alcohol is determined as not being detectealcohol checking in the engine
starting condition. The engine starting conditidetermination unit 17 may include a
state in which an ETC card having a validity tersnappropriately inserted into an
on-vehicle apparatus when there is an electroflicatiection system (ETC) on a route to
a destination.

[0188] The vehicle controller 20 may automate a shiftngea a wiper, a
headlight, and a hazard lamp of a vehicle. Theacleltontroller 20 may automatically
perform a shift change in the case where a pradéied condition such as the time of
starting of the vehicle is satisfied. The vehiotatroller 20 may automatically bring the
wiper and the headlight into an AUTO state whemaomous driving is started even in a

case where the wiper and the headlight are in a&poif state. The vehicle controller 20
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may automatically unlight the hazard lamp whenuhbkicle is started in an autonomous
driving mode from stopping at an edge of a road.
[0189] Each database may be configured in a removableiumedhat is

detachable from a vehicle, and may be configured oloud.
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CLAIMS:

1. An autonomous driving system (100; 200; 3000;4800) that performs
autonomous driving of a vehicle, the autonomous/imyi system characterized by
comprising:

a vehicle position acquisition device (11) fogured to acquire a position of the
vehicle on a map;

a vehicle state acquisition device (13) camiggl to acquire a vehicle state of the
vehicle;

an occupant state acquisition device (14)iganéd to acquire an occupant state
of the vehicle;

a destination candidate database (6) confitwestore destination candidate
data including a destination candidate and the paxtustate correlated with the destination
candidate; and

an electronic control unit (10; 30; 40; 50) 66nfigured to

determine whether or not the vehicle ia inoarding completion state based
on the vehicle state and the occupant state, and

set a destination of the vehicle in autooosndriving based on the position
of the vehicle on the map, the occupant state,t@dlestination candidate data in a case
where electronic control unit (10; 30; 40; 50; @®termines that the vehicle is in the

boarding completion state.

2. The autonomous driving system (100; 200; 3@®; 400) according to claim 1,
wherein:
the destination candidate data includes thstirdgion candidate and the
occupant state and a time correlated with the mitstin candidate; and
in a case where the electronic control uni @0; 40; 50; 60) determines that
the vehicle is in the boarding completion state, ékectronic control unit (10; 30; 40; 50;

60) sets a destination of the vehicle in autonondnisng based on a current time, the
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position of the vehicle on the map, the occupatesiand the destination candidate data.

3. The autonomous driving system (200; 500) adongrdo claim 2, further
comprising a terminal communication device (31)fpmred to perform communication
with a portable information terminal of an occupahthe vehicle, wherein:

the electronic control unit (30; 60) is configd to acquire schedule data of the
occupant from the portable information terminalotigh communication using the
terminal communication device (31); and

the electronic control unit (30; 60) sets astohation of the vehicle in
autonomous driving based on the current time, thstipn of the vehicle on the map, the

occupant state, the destination candidate datathenschedule data.

4. The autonomous driving system (200; 300; 50@oaling to claim 2, further

comprising:

a network communication device (32) configutedperform communication
with an information network; and

a personal authentication device (34) conédurto perform personal
authentication of the occupant of the vehicle, wirer

the electronic control unit (30; 40; 60) imfigured to acquire schedule data of
the occupant having undergone the personal autiagiot by the personal authentication
device (34) through communication using the netwsmnomunication device (32); and

the electronic control unit (30; 40; 60) setsdestination of the vehicle in
autonomous driving based on the current time, thstipn of the vehicle on the map, the

occupant state, the destination candidate datathenschedule data.

5. The autonomous driving system (200; 300; 5@0peading to claim 3 or 4, wherein,
in a case where the schedule data of a pluralithe@fbccupants is acquired, the electronic
control unit (30; 40; 60) sets a destination of Wedicle in autonomous driving based on

the current time, the position of the vehicle oa thap, the occupant state, the destination
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candidate data, and prioritization data set in adea

6. The autonomous driving system (100; 200; 3@®; 400) according to claim 1,

further comprising:

a presentation device (7) configured to presdgarmation to the occupant; and

an input device (7) configured to receive expssion operation of the occupant,
wherein:

the electronic control unit (10; 30; 40; 50)6s configured to cause the
presentation device (7) to present at least oriheoflestination candidates to the occupant
based on the position of the vehicle on the map,dtcupant state, and the destination
candidate data, in a case where the electronicalamit (10; 30; 40; 50; 60) determines
that the vehicle is in the boarding completionestat

the electronic control unit (10; 30; 40; 50))6s configured to determine
whether or not the destination candidate is peeahitty the occupant based on an input
from the input device (7); and

the electronic control unit (10; 30; 40; 50) & configured to set the destination
candidate as a destination of the vehicle in autangs driving in a case where the
electronic control unit (10; 30; 40; 50; 60) deteres that the destination candidate is

permitted by the occupant.

7. The autonomous driving system (100; 200; 3@M; 400) according to claim 6,
wherein:
the destination candidate data includes thstirdgion candidate and the
occupant state and a time correlated with the mtstin candidate; and
in a case where the electronic control uni @0; 40; 50; 60) determines that
the vehicle is in the boarding completion state, ékectronic control unit (10; 30; 40; 50;
60) presents the destination candidate to the @rtupased on the current time, the

position of the vehicle on the map, the occupatestand the destination candidate data.
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8. The autonomous driving system (200; 500) acdogrdo claim 7, further

comprising a terminal communication device (31)figured to perform communication
with a portable information terminal of an occupahthe vehicle, wherein:

the electronic control unit (30; 60) is configd to acquire schedule data of the
occupant from the portable information terminalotigh communication using the
terminal communication device (31);

the schedule data includes a scheduled dastineorrelated with a scheduled
time; and

the electronic control unit (30; 60) is configd to present at least one of the
destination candidate and the scheduled destin&didghe occupant based on the current
time, the position of the vehicle on the map, theupant state, the destination candidate

data, and the schedule data.

9. The autonomous driving system (200; 300; 5@®oaling to claim 7, further

comprising:

a network communication device (32) configutedperform communication
with an information network; and

a personal authentication device (34) conédurto perform personal
authentication of the occupant of the vehicle, whrer

the electronic control unit (30; 40; 60) imfigured to acquire schedule data of
the occupant having undergone the personal autiagiotn by the personal authentication
device (34) through communication using the netwamkimunication device (32);

the schedule data includes a scheduled dastineorrelated with a scheduled
time; and

the electronic control unit (30; 40; 60) isfigured to present at least one of the
destination candidate and the scheduled destin&didghe occupant based on the current
time, the position of the vehicle on the map, theupant state, the destination candidate

data, and the schedule data.
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10. The autonomous driving system (200; 300; 5&fjording to claim 8 or 9,
wherein, in a case where the schedule data ofralfpuof the occupants is acquired, the
electronic control unit (30; 40; 60) is configuredpresent at least one of the destination
candidate and the scheduled destination to thepartubased on the current time, the
position of the vehicle on the map, the occupaatestthe destination candidate data, and

prioritization data set in advance.

11. The autonomous driving system (100; 200; 3@W; 500) according to any one

of claims 1 to 10, wherein:

the electronic control unit (10; 30; 40; 50))6s configured to determine
whether or not the occupant permits the destinatmrbe stored in the destination
candidate database (6);

in a case where the electronic control uni @0; 40; 50; 60) determines that
the occupant permits the destination to be stardtie destination candidate database (6),
the electronic control unit (10; 30; 40; 50; 60canfigured to store the destination in the
destination candidate database (6) as the destinatindidate in correlation with the
occupant state; and

in a case where the electronic control uni @0; 40; 50; 60) determines that
the occupant does not permit the destination tcstbeed in the destination candidate
database (6), the electronic control unit (10;48®D; 50; 60) does not store the destination

in the destination candidate database (6).

12. The autonomous driving system (300) accordingny one of claims 1 to 11,
further comprising a vehicle schedule database ¢éhjigured to store vehicle schedule
data correlated with the vehicle,

wherein the electronic control unit (40) isnfigured to give a request for
personal authentication to the occupant in a cdsevan engine of the vehicle that is not

scheduled in the vehicle schedule data is started.
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13. The autonomous driving system (100; 200; 3@®; 500) according to any one

of claims 1 to 12, wherein:

in a case where the electronic control uni @0; 40; 50; 60) determines that
the vehicle is in the boarding completion statdardustopping of an engine of the vehicle,
the electronic control unit (10; 30; 40; 50; 60kanfigured to determine whether or not a
preset engine starting condition is satisfied basethe vehicle state; and

in a case where the electronic control uni @0; 40; 50; 60) determines that
the engine starting condition is satisfied, thecetmic control unit (10; 30; 40; 50; 60) is

configured to start the engine of the vehicle.



