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VEHICLE COMMUNICATION SYSTEM AND VEHICLE CONTROL D/ICE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The present invention relates to a vehicle compatiin system and a

vehicle control device.

2. Description of Related Art

[0002] As a technical document relating to a vehicle cemication system,
Japanese Patent Application Publication No. 20(&#28 (JP 2004-245758 A) is known.
This publication describes a system for managirajfitr information via network
communication with vehicles, wherein the traffiédmmation on a route on which a first

mobile body has passed through is sent to a sanoide body.

SUMMARY OF THE INVENTION

[0003] When executing complicated vehicle control suclaesnomous driving,
it is desirable to acquire various information, \pded by the preceding vehicle, via
network communication. However, in an environm&here communication is difficult,
the host vehicle cannot acquire sufficient inforieathrough communication, which may
affect the execution of vehicle control.

[0004] The present invention provides a vehicle commuignasystem and a
vehicle control device capable of executing appatervehicle control according to the
communication environment of a section in whichlbst vehicle travels.

[0005] A first aspect of the invention provides a vehictenmunication system.
The vehicle communication system according to s dspect includes a communication
server configured to communicate road conditiononmiation with a plurality of

communication vehicles, the communication vehiclesing vehicles configured to
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communicate with the communication server, the camipation server including a
communication vehicle position recognition unit igared to recognize positions of
communicating communication vehicles on a map viammunication with the
communication vehicles, the communicating commuivoavehicles being the plurality of
communication vehicles in communication with thenoounication server, and a section
setting unit configured to set a communication ldghed section and a communication
interrupted section on the map, based on the pasitiof the communicating
communication vehicles on the map; and a vehiclatrob device configured to
communicate with the communication server and goméd to perform vehicle control of
a host vehicle, the host vehicle being configueddquire the road condition information
from the communication server, the vehicle contielice including a vehicle position
recognition unit configured to recognize a positdrthe host vehicle on the map, a section
information acquisition unit configured to acquirsection information on the
communication established section and the commtioicanterrupted section, a section
determination unit configured to determine in whs#ction, either the communication
established section or the communication interdistection, the host vehicle is traveling
or is to travel, based on the position of the hasticle on the map and the section
information, and a vehicle control unit configuredperform system driven control of the
host vehicle based on the road condition infornmatiden the host vehicle travels in the
communication established section, and performedridriven control of the host vehicle
when the host vehicle travels in the communicaitib@rrupted section.

[0006] According to the vehicle communication system ime aaspect of the
present invention, a communication established@®eend a communication interrupted
section are set on the map based on the positibtieeacommunicating communication
vehicles on the map, the system driven controhefhost vehicle is performed when the
host vehicle travels in a communication establiseedtion and, at the same time, the
driver driven control of the host vehicle is perfad when the host vehicle travels in a
communication interrupted section. Therefore, Wedicle communication system can

perform vehicle control appropriately accordingthe communication environment of a
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section in which the host vehicle travels.

[0007] In the first aspect, the section setting unit rhayconfigured to set, as the
communication established section, a section inclwld communication vehicle of the
plurality of communication vehicles that have coogd communication with the
communication server for a predetermined time omemare traveling, based on the
positions of the communicating communication vedscon the map, and set, as the
communication interrupted section, a section inclha certain number or more of
communication vehicles of the plurality of commuation vehicles have communication
interrupted, based on the positions of the comnatimg communication vehicles on the
map.

[0008] In the first aspect, the section setting unit nbayconfigured to set the
communication established section, the communicatioterrupted section, and a
communication vehicle absence section on the maedban the positions of the
communicating communication vehicles on the maphe 3ection information acquisition
unit may be configured to acquire the section im@ion on the communication
established section, the communication interruptazlion, and the communication vehicle
absence section that are set on the map. Theosedgtermination unit may be
configured to determine the host vehicle is trangelor is to travel in which section of the
communication established section, the communicatioterrupted section, or the
communication vehicle absence section, based ompdkition of the host vehicle on the
map and the section information. The vehicle aininit may be configured to perform
the driver driven control when the host vehiclevéda in the communication vehicle
absence section.

[0009] According to this vehicle communication system,cemmunication
vehicle absence section is further set on the maged on the positions of the
communicating communication vehicles on the map a@n the host vehicle travels in a
communication vehicle absence section, the drivewed control is performed.
Therefore, the vehicle communication system caiffoperthe vehicle control of the host

vehicle appropriately considering a section in \utitere is no communication vehicle.
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[0010] In the first aspect, the section setting unit rhayconfigured to set, as the
communication vehicle absence section, a sectiowhith there is no communicating
communication vehicle, based on the positions efcthbmmunication vehicles on the map.

[0011] In the first aspect, the vehicle control unit miag configured not to
perform the system driven control in the commumicaestablished section when a length
of the communication established section in whicé host vehicle not performing the
system driven control travels is equal to or l&éssta threshold value.

[0012] According to this vehicle communication systeme tiystem driven
control is not performed if the system driven cohttan be executed only for a short
period of time and, immediately after the shortigmrof time, the vehicle control is
switched again to the driver driven control. Tlere, the vehicle communication system
can avoid the frequent switching of vehicle control

[0013] In the first aspect, the section setting unit rbayconfigured to release a
setting of the communication established sectioawén first setting time has elapsed since
the communication established section was set emthp, and release a setting of the
communication interrupted section when a secontingetime has elapsed since the
communication interrupted section was set on thp.ma

[0014] According to this vehicle communication systemg tketting of a
communication established section of the setting cbmmunication interrupted section is
released when a certain time has elapsed, consgjdirat the communication environment
of a section varies with the elapse of time. Tfwee the vehicle communication system
can perform vehicle control appropriately accordity the actual communication
environment.

[0015] In the first aspect, the first setting time may3feseconds or more and 1
minute or less, and the second setting time mag§tbseconds or more and 3 minutes or
less.

[0016] In the first aspect, the vehicle control deviceyrather include a travel
plan generation unit is configured to generate aaetr plan including candidates of a

plurality of routes on which the host vehicle wilhvel before arriving at a destination,
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based on the position of the host vehicle on thp amal the section information.

[0017] In the first aspect, the travel plan generatioit oray be configured to
determine, from the candidates of the routes, \&elireg route on which the host vehicle
will travel based on the section information.

[0018] In the first aspect, the travel plan generatioit oray be configured to
determine, from the candidates of the routes, germecluding a maximum number of the
communication established section as a travelinger@mn which the host vehicle will
travel, based on the section information.

[0019] In the first aspect, the system driven control nhay traveling control
under which the vehicle control device performseém@tion, deceleration, and steering of
the host vehicle autonomously, and the driver drieentrol may be traveling control
under which the host vehicle travels based on\dndyioperation of a driver of the host
vehicle.

[0020] The second aspect of the invention provides aclehgontrol device.
The vehicle control device according to the secasgect includes: a vehicle position
recognition unit configured to recognize a positafna host vehicle on a map; a section
information acquisition unit configured to acquéection information on a communication
established section and a communication interrugtdion via communication with a
communication server configured to communicate roaddition information with a
plurality of communication vehicles, the communicat vehicles being vehicles
configured to communicate with the communicatiorvee the communication established
section and the communication interrupted secti@ind set on the map by the
communication server based on a status of commtimncavith the communication
vehicles; a section determination unit configurediétermine in which section, either the
communication established section or the commubitainterrupted section, the host
vehicle is traveling, or is to travel, based on plsition of the host vehicle on the map and
the section information; and a vehicle control waibfigured to perform vehicle control of
the host vehicle in such a way that system drivamtrol of the host vehicle is performed

based on the road condition information acquiredifthe communication server when the
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host vehicle travels in the communication establissection, and perform driver driven
control of the host vehicle is performed when tbstlvehicle travels in the communication
interrupted section.

[0021] According to the vehicle control device in anotlaapect of the present
invention, the system driven control of the hodtigke is performed when the host vehicle
travels in a communication established section amdhe same time, the driver driven
control of the host vehicle is performed when tbhsthvehicle travels in a communication
interrupted section, using the communication eisthét sections and the communication
interrupted sections that are set by the communitaerver described above. Therefore,
the vehicle control device can perform vehicle ocmntppropriately according to the
environment of a section in which the host vehicwels.

[0022] The third aspect of the invention provides a viehicommunication
system. The vehicle communication system accordinghe third aspect includes: a
communication server configured to communicate reoaddition information with a
plurality of communication vehicles, the communigatserver including a communication
vehicle position recognition unit configured to @goize positions of communicating
communication vehicles on a map via communicatigim Whe communication vehicles,
the communication vehicles being vehicles configur® communicate with the
communication server, the communicating commurocatiehicles being the plurality of
communication vehicles in communication with thencounication server, and a section
setting unit configured to set a communication l@sghed section and a communication
interrupted section on the map, based on the pasitiof the communicating
communication vehicles on the map; and a vehiclatrob device configured to
communicate with the communication server and goméd to perform vehicle control of
a host vehicle, the host vehicle being configueddquire the road condition information
from the communication server, the vehicle contitelice including a vehicle position
recognition unit configured to recognize a positdrthe host vehicle on the map, a section
information acquisition unit configured to acquirsection information on the

communication established section and the commtioicanterrupted section, a section



10

15

20

25

7
determination unit configured to determine in whs#ction, either the communication
established section or the communication interdigiction, the host vehicle is traveling
or is to travel, based on the position of the hasticle on the map and the section
information, and a vehicle control unit configuttedoerform a driving assistance when the
host vehicle travels in the communication interegptsection, and perform high-level
driving assistance, the high-level driving assistahaving a higher level of intervention in
driving control of the vehicle control device thdne driving assistance, based on the road
condition information when the host vehicle traveisthe communication established
section.
[0023] As described above, according to the vehicle comaation system in

one aspect and the vehicle control device in amatbigect of the present invention, vehicle
control can be performed appropriately accordinghedcommunication environment of a

section in which the host vehicle travels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] 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 showing a vehicle comitation system according to an
embodiment;

FIG. 2 is a diagram showing the setting of sestion

FIG. 3Ais a flowchart showing the setting pro@eg®f a communication established
section and a communication vehicle absence section

FIG. 3B is a flowchart showing the setting progeg®f a communication interrupted
section;

FIG. 4A is a flowchart showing the release procgssof a communication
established section;

FIG. 4B is a flowchart showing the release proogsef a communication interrupted
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FIG. 5 is a flowchart showing vehicle control merhed by a vehicle control device;
and

FIG. 6 is a flowchart showing the vehicle conswiitching restriction processing.

DETAILED DESCRIPTION OF EMBODIMENTS

[0025] Embodiments of the present invention will be désd below with
reference to the drawings.

[0026] [Configuration of vehicle communication system]

FIG. 1 is a block diagram showing a vehicle comroation system according to an
embodiment. A vehicle communication system 100wshan FIG. 1 is a system that
includes a communication server 101 and a vehmhrol device 102.

[0027] <Configuration of communication server>
First, the communication server 101 will be desadib The communication server 101,
provided in facilities such as an information magragnt center, communicates with a
plurality of communication vehicles. A communicativehicle is a vehicle having the
function to communicate with the communication servli01. In general, a
communication vehicle has the function to recogtieeposition of the vehicle on the map
and the function to recognize road conditions olgt$he vehicle.

[0028] The communication server 101 is configured as reegd computer that
includes a CPU, a storage unit, and a communicaiorol unit. The storage unit may
be a ROM and/or a RAM, or may be a storage mediuch ss an HDD configured as a
Redundant Array Soft Inexpensive Disks (RAID) cgaofiation. The storage unit may be
provided outside the communication server 101. dtemunication control unit is a
communication device such as a network card thattrals communication. Each
function of the communication server 101 is realibg a combination of the operations of
the hardware devices described above. The comauationc server 101 may be

configured by a plurality of computers. The comiwation server 101 may be a cloud
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[0029] The communication server 101 is connected to aveserside
communication unit 15 that is provided for commuaicn with the host vehicle (vehicle
control device 102). The server side communicationt 15 is, for example, the
communication facilities of the center where thenowunication server 101 is provided.

[0030] The communication server 101 includes a commuicatehicle position
recognition unit 11, a road condition informatiacgaisition unit 12, a section setting unit
13, and a server side map database 14.

[0031] The communication vehicle position recognitiontuhl recognizes the
positions of communication vehicles on the map aagmmunication with a plurality of
communication vehicles. For example, the commuiunavehicle position recognition
unit 11 recognizes the positions of the communicatiehicles on the map by acquiring
the information on the positions on the map (sl&eBRS information), recognized by each
of the communication vehicles, from a pluralitycoimmunication vehicles.

[0032] The road condition information acquisition unit A2quires the road
condition information, which is the information ¢ime road condition recognized by each
of the communication vehicles, via communicatiorthwé& plurality of communication
vehicles. Examples of road conditions includedbeditions of obstacles on the road on
which the communication vehicle travels (conditimfsmoving obstacles such as other
vehicles, bicycles, and pedestrians, and conditafnstationary obstacles such as utility
poles, guardrails, and buildings). The road ceowlitinformation acquisition unit 12
acquires the road condition information in assa@mmtvith the information on the positions
of the communication vehicles on the map. The camigcation server 101 provides
various information, such as the road conditiooinfation, to a communication vehicle in
response to a request.

[0033] The section setting unit 13 sets a communicatistabdished section, a
communication interrupted section, and a commuitinatehicle absence section on the
map, based on the status of communication betweeonanunication vehicle and the

communication server 101. More specifically, thecton setting unit 13 sets a
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communication established section, a communicatioterrupted section, and a
communication vehicle absence section, based onpdisgions of the communication
vehicles on the map recognized by the communicatitrcle position recognition unit 11.
A communication established section is a sectiorereshcommunication between the
communication server 101 and a communication vehigs established. A
communication vehicle absence section is a sectibare there is no communication
vehicle. A communication interrupted section seation where communication between
the communication server 101 and a communicatiorhiciee is interrupted.
Communication interrupted sections include a saotibere the communication server 101
and the host vehicle cannot communicate because sifuctural reason (a canyon of
buildings, a tunnel, and an underground parking) lahd a section where the
communication is temporarily interrupted (the iefhce of the weather (thunderstorms
etc.), the influence of radio disturbances duééotesting of radio wave test equipment, or
the operation of a power plant).

[0034] A communication established section, a commurooatinterrupted
section, and a communication vehicle absence sentay be set separately for each lane,
or may be set for a road without distinguishingelsin In addition, a communication
established section, a communication interruptedisg and a communication vehicle
absence section may be distinguished by Level ofi@[LOS] labels. For example, a
communication established section may be assigné®% label 3, a communication
vehicle absence section may be assigned a LOS 2alagld a communication interrupted
section may be assigned a LOS label 1.

[0035] The section setting unit 13 sets a communicatsyabdished section based
on the position of a communication vehicle on treprwhen the communication vehicle is
in communication with the communication server 101For example, when the
communication between the communication server 40d a communication vehicle
continues for a predetermined time or more, thei@esetting unit 13 sets the section,
where the communication vehicle in communicatiothvihe communication server 101

travels, as a communication established section.coimunication established section
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may be set as a section that crosses an intensectsbranch road.

[0036] The section setting unit 13 sets a section asnmanmamication vehicle
absence section if there is no communicating conication vehicle, based on the
positions of the communication vehicles on the rtiggt are in communication with the
communication server 101. The section setting LBitdoes not necessarily have to set a
communication vehicle absence section.

[0037] The section setting unit 13 sets a communicatiteriupted section based
on the interruption of communication, and the region of communication, of
communication vehicles. If a communication vehiaglessence section is set, the section
setting unit 13 overwrites a communication inteteap section on the communication
vehicle absence section. The section setting @Bitrecognizes a communication
interruption point (the start point of a communicatinterrupted section) based on the
recognition result of the communication vehicle ipos recognition unit 11. The
interruption point described above is a point whbeecommunication of a certain number
or more of communication vehicles is interruptedhe section setting unit 13 may
recognize a point where a certain number or moreoofimunication vehicles have the
communication interrupted within a predeterminedetias the communication interruption
point, considering an elapse of time.

[0038] The certain number of communication vehicles mayliixed number or
may be a number different depending on the shapieeafoad (for example, depending on
whether the road is a double-lane road or a silagie-road). It is not necessary to
include the same vehicle in the certain number ofmmunication vehicles. The
predetermined time may be a fixed value or mayitferdnt depending on the shape of the
road (for example, depending on whether the roaal deuble-lane road or a single-lane
road).

[0039] The section setting unit 13 recognizes a commtinitaestoration point
(the end point of a communication interrupted segtibased on the recognition result of
the communication vehicle position recognition utlit The communication restoration

point described above is a point where the comnatioic is restored between a certain
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number of more of communication vehicles that hiéeeecommunication interrupted at the
same communication interruption point and the comation server 101. The certain
number or more of communication vehicles do notdnée be the same as the
communication vehicles used when recognizing theangonication interruption point.
The section setting unit 13 may recognize a poihene a certain number or more of
communication vehicles have the communication rafged within a predetermined time
as the communication interruption point.

[0040] The section setting unit 13 sets the section betwa communication
interruption point and a communication restoratimint as a communication interrupted
section. The section setting unit 13 overwritammunication vehicle absence section
with a communication interrupted section. Wheroamunication interruption point and
a communication restoration point are recognizethersame road, the section setting unit
13 may set the section between these points asymuanication interrupted section. The
section setting unit 13 may set a communicatioeriopted section across an intersection
or a branch. In this case, the section setting A8 recognizes a plurality of
communication restoration points for one commumicatnterruption point. That is, in
this case, the communication interrupted sectiop h@ave multiple exits for one entrance.
The method for setting a communication interruggedtion is not limited to the method
described above.

[0041] When the setting of a communication establishet@eand the setting of
a communication interrupted section overlap, thetiee setting unit 13 treats the
overlapping section as a communication establistextion. For a section where the
setting of a communication established section #ral setting of a communication
interrupted section overlap, the section settinig L& may store the traveling trajectory of
a communication vehicle with which communicatiors baen established.

[0042] FIG. 2 is a diagram showing the setting of sestionFIG. 2 shows the
host vehicle M, the center C, route A, route BteoQl, communication vehicles N1 to N4,
and the destination G. The host vehicle M is aiclelthat is controlled by the vehicle

control device 102 of the vehicle communicationtsys 100. The center C is facilities
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where the communication server 101 is installedom@unication vehicles N1 and N2
are vehicles communicating with the communicati@rver 101 of the center C.
Communication vehicles N1 and N2 are traveling omte A. Communication vehicles
N3 and N4 are vehicles in the state in which comation with the communication
server 101 of the center C is interrupted. Comeation vehicles N3 and N4 are
traveling on route B. There is no communicatiohigke on route C.

[0043] In the situation shown in FIG. 2, the section isgttunit 13 sets a
communication established section on route A baseithie positions of the communication
vehicles N1 and N2 on the map that are communigatiith the communication server
101. For example, the section setting unit 13 #etssection in which communication
vehicles N1 and N2, which have been communicatiiig the communication server 101
for a predetermined time or more, are travelingaammunication established section.
The section setting unit 13 sets route C, whereetieno communication vehicle that is
communicating with the communication server 10laa®mmunication vehicle absence
section.

[0044] In addition, the section setting unit 13 recogsizbe communication
interrupted section on route B based on the comeation interruption and the
communication restoration of the communication glelsi N3 and N4. The section
setting unit 13 recognizes the communication injgion point bl, at which the
communication between the communication vehicles dNd N4) and the communication
server 101 is interrupted, and the communicatiostoration point b2 at which the
communication between the communication vehicles dNd N4) and the communication
server 101 is restored. The section setting uBirecognizes the section between the
communication interruption point bl and the commation restoration point b2 as the
communication interrupted section.

[0045] Next, the release of section setting will be désd. The section setting
unit 13 counts the elapsed time since a communitastablished section was set on the
map. The section setting unit 13 counts the ethpgsae based on the timer of the

communication server 101. The section setting Wit releases the setting of the
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communication established section when the firgtinge time has elapsed since the
communication established section was set. TIsé $&tting time is a time that is set in
advance (for example, 30 seconds). The firstrggtime can be set to a time of 30
seconds or more and 1 minute or less.

[0046] Similarly, the section setting unit 13 counts thl@apsed time since a
communication interrupted section was set on the. mahe section setting unit 13 counts
the elapsed time based on the timer of the comratiait server 101. The section setting
unit 13 releases the setting of the communicatmariupted section when the second
setting time has elapsed since the communicatienrupted section was set. The second
setting time is a time that is set in advance éikample, 30 seconds). The second setting
time can be set to a time of 30 seconds or more8andhutes or less. The second setting
time may be longer than the first setting time. d&yng so, it is possible to easily release
the setting of a communication interrupted sectima avoid adverse effect on vehicle
control.

[0047] After the setting of a communication establishedctisn or a
communication interrupted section is released, gbetion setting unit 13 may set the
setting-released section as a communication velaibkence section if the setting of a
communication established section or a communigcatiaterrupted section is not
overwritten in the setting-released section.

[0048] The server side map database 14 is a databass#tdheg map information.
The server side map database 14 is a databasks thegd as the reference of the vehicle
side map database 25 that will be described lafEne server side map database 14 keeps
the map information up-to-date by a known technique@ communication with a
communication vehicle such as a probe car.

[0049] The server side map database 14 stores the seofmrmation on a
communication established section, a communicatioterrupted section, and a
communication vehicle absence section that ardyehe section setting unit 13. The
section information may be stored in a databasterdiit from the server side map

database 14.
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[0050] <Configuration of vehicle control device>
Next, the vehicle control device 102 will be desed. The vehicle control device 102 is
a device that performs the vehicle control of thethvehicle. The host vehicle may be a
vehicle that functions as a communication vehigscatibed above or may be a vehicle that
does not function as a communication vehicle. Tisatthe host vehicle does not
necessarily have to be a device that providesnmdtion to the communication server 101.
The vehicle control includes at least two typesaitrol: system driven control and driver
driven control. The vehicle control device 102 agmizes a request for starting the
system driven control in response to a driver'sajmm. When the condition that is set
by the driver in advance is satisfied, the vehadatrol device 102 may automatically start
the system driven control.

[005]] The system driven control is the traveling contothe host vehicle when
the traveling is controlled mainly by the vehiclentrol device 102. The system driven
control is, for example, autonomous driving controlhe autonomous driving control is
control in which the host vehicle travels autonosipwithout the driver performing the
driving operation. The system driven control maytlought of as control corresponding
to the so-called autonomous driving level 3 or aatmous driving level 4. In the system
driven control, the vehicle control device 102 colst the acceleration, deceleration, and
steering of the host vehicle.

[0052] The driver-driven control is the traveling contadlthe host vehicle when
the host vehicle is driven mainly by the driver.heTdriver-driven control is provided, for
example, in the form of driving assistance contgolidance control provided to the driver,
and alerting control provided to the driver. Thevidg assistance control refers to the
control provided to assist the driver in travelofghe host vehicle while the host vehicle is
driven mainly by the driver's manual driving opeéoat The driving assistance control
may include Lane Keeping Assist [LKA] and/or AdagtiCruise Control [ACC]. The
driving assistance control may be thought of as toatrol corresponding to the
autonomous driving level 1 or autonomous drivingele?.

[0053] The vehicle control device 102 includes an Elaggtr@ontrol Unit (ECU)
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10 that integrally manages the device. The ECUS3@n electronic control unit that
includes a Central Processing Unit (CPU), a Reaty ®femory (ROM), a Random
Access Memory (RAM), and a Controller Area Netw@kAN) communication circuit.
The ECU 30 loads a program stored in the ROM ihto RAM and causes the CPU to
execute the program loaded into the RAM to impleivamious functions. The ECU 30
may be configured by a plurality of electronic qohtnits.

[0054] The ECU 30 is connected to a GPS receiver 21 xearr&l sensor 22, an
internal sensor 23, a driving operation detectinit 24, a vehicle side map database 25, a
Human Machine Interface [HMI] 26, an actuator 2fd a vehicle side communication
unit 28.

[0055] The GPS receiver 21 receives signals from threaae GPS satellites to
measure the position of the host vehicle (for eXarrtpe latitude and longitude of the host
vehicle). The GPS receiver 21 sends the measupsdign information on the host
vehicle to the ECU 30.

[0056] The external sensor 22 is a detection apparatusdéiecting the
surrounding situation of the host vehicle. Thesaxdl sensor 22 includes at least one of a
camera and a radar sensor.

[0057] The camera is a capturing apparatus that captiseesxternal situation of
the host vehicle. The camera is provided on ttexior side of the windshield of the host
vehicle. The camera sends the captured informatiothe external situation of the host
vehicle to the ECU 30. The camera may be a moaoadmera or a stereo camera.
The stereo camera includes two capturing unitsnged so that the disparity between the
right eye and the left eye is reproduced. Therimédion captured by the stereo camera
also includes the depth direction information.

[0058] The radar sensor is a detection apparatus thattdean obstacle around
the host vehicle using radio waves (for exampldlimeter waves) or light. The radar
sensor includes a millimeter radar or a Light Detecand Ranging (LIDAR). The radar
sensor detects an obstacle by sending radio wavigghoto the surroundings of the host

vehicle and by receiving radio waves or light refilel by the obstacle. The radar sensor
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sends the detected obstacle information to the BOU Obstacles include stationary
obstacles such as guardrails and buildings asasathoving obstacles such as pedestrians,
bicycles, and other vehicles.

[0059] The internal sensor 23 is a detection apparatatsdétects the traveling
state of the host vehicle. The internal sensoringBides a vehicle speed sensor, an
acceleration sensor, and a yaw rate sensor. Thileespeed sensor is a detection
apparatus that detects the speed of the host gehiéln example of the vehicle speed
sensor is a wheel speed sensor that is provideteowheels of the host vehicle or on the
drive shaft that rotates in synchronization witk thiheels to detect the rotation speed of
the wheels. The vehicle speed sensor sends tlextelétvehicle speed information
(wheel speed information) to the ECU 30.

[0060] The acceleration sensor is a detection apparabas tetects the
acceleration of the host vehicle. The accelerats@msor includes a longitudinal
acceleration sensor that detects acceleratioreifotigitudinal direction of the host vehicle
and a lateral acceleration sensor that detect$atheal acceleration of the host vehicle.
The acceleration sensor sends the acceleratiormaf@n on the host vehicle to the ECU
30. The yaw rate sensor is a detection apparhaigdetects the yaw rate (turning angle
velocity) around the vertical axis at the centergodvity of the host vehicle. A gyro
sensor may be used as the yaw rate sensor. Theayawensor sends the detected yaw
rate information on the host vehicle to the ECU.300

[0061] The driving operation detection unit 24 detectg ttriver's driving
operation. The driving operation detection uniti2eludes an accelerator pedal sensor, a
brake pedal sensor, and a steering sensor. ThWegloperation detection unit 24 sends
the detected driver’s driving operation to the EBQJ

[0062] The vehicle side map database 25 is a databasestii@s the map
information. The vehicle side map database 25rsé&d, for example, in the Hard Disk
Drive [HDD] mounted on the host vehicle. The mafoimation includes the position
information on roads, the information on road slsaffer example, whether the road is a

curved road or a straight road, the curvature etieved road, and so on), the position



10

15

20

25

18
information on intersections and branch points,gbsition information on structures, and
so on. The map information includes the sectidarmation on the sections that are set
on the map in advance. The vehicle side map ds¢aB& carries out communication
with the communication server 101 to update the mfgrmation as necessary with the
server side map database 14 as its reference datab@he vehicle side map database 25
may be provided in a server capable of communigatiith the host vehicle.

[0063] The HMI 26 is an interface for outputting and ittjng information
between the driver and the vehicle control devié2.1 The HMI 26 has a display for
displaying image information to the driver and @iem buttons or a touch panel for
allowing the driver to perform input operations. heTHMI 26 sends the information
received from the driver to the ECU 30. The HMId8plays image information on the
display in response to the control signal fromE@J 30.

[0064] The actuator 27 is an apparatus used for comgpothe host vehicle. The
actuator 27 includes at least a throttle actuatdrrake actuator, and a steering actuator.
The throttle actuator controls the amount of aibéosupplied to the engine (throttle angle)
according to the control signal from the ECU 3Cctmtrol the driving force of the host
vehicle. When the host vehicle is a hybrid vehithe amount of air to be supplied to the
engine is input to the engine and, in addition,dbstrol signal from the ECU 30 is input
to the motor, which works as the power source,dwtrol the driving force. When the
host vehicle is an electric vehicle, the contrghsil from the ECU 30 is input to the motor,
which works as the power source, to control theidg force. The motor that works as
power sources in these cases constitutes the acfiat

[0065] The brake actuator controls the brake system douprto the control
signal, received from the ECU 30, to control thaklong force to be applied to the wheels
of the host vehicle. As the brake system, a hydrduwake system may be used. The
steering actuator controls the driving of the dssistor, one component of the electric
power steering system for controlling the steetimgjue, according to the control signal
received from the ECU 30. By doing so, the stepdotuator controls the steering torque

of the host vehicle.
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[0066] The vehicle side communication unit 28 is an apjper for
communicating with the communication server 101he Tvehicle control device 102
sends and receives various information to and fifeencommunication server 101 via the
vehicle side communication unit 28. The commumicatformat is not limited to a
particular format.

[0067] Next, the functional configuration of the ECU 30lwe described. The
ECU 30 includes a vehicle position recognition 8fit a road condition recognition unit
32, a traveling state recognition unit 33, a sectidormation acquisition unit 34, a travel
plan generation unit 35, a section determinatiort 86, and a vehicle control unit 37.
The functions of the ECU 30 described below mayp &k executed, in part, by a server
capable of communicating with the host vehicle.

[0068] The vehicle position recognition unit 31 recogsitiee position of the host
vehicle on the map based on the position informatieceived by the GPS receiver 21,
and the map information stored in the vehicle sigp database 25. In addition, the
vehicle position recognition unit 31 recognizes fasition of the host vehicle by the
Simultaneous Localization and Mapping [SLAM] teclogy, using the position
information on stationary obstacles, such as ytgitles, included in the map information
stored in the vehicle side map database 25 andetteetion result detected by the external
sensor 22. The vehicle position recognition utin®y recognize the position of the host
vehicle on the map using other known methods.

[0069] The road condition recognition unit 32 recognities road condition of
the road on which host vehicle is traveling, basedhe detection result detected by the
external sensor 22. The road conditions includectindition of obstacles on the road on
which the host vehicle is traveling (moving obstgcsuch as other vehicles, bicycles, and
pedestrians, and stationary obstacles such aty yiilles, guardrails, and buildings). The
road condition recognition unit 32 recognizes thedrcondition by a known method based
on the image captured by the camera and the obsilefdrmation sensed by the radar
sensor.

[007Q] The traveling state recognition unit 33 recognittestraveling state of the
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host vehicle based on the detection result detebiedhe internal sensor 23. The
traveling state includes the vehicle speed of th&t kehicle, the acceleration of the host
vehicle, and the yaw rate of the host vehicle. éspecifically, the traveling state

recognition unit 33 recognizes the vehicle speethefhost vehicle based on the vehicle
speed information sensed by the vehicle speed sen$be traveling state recognition unit

33 recognizes the acceleration of the host vetialked on the acceleration information
sensed by the acceleration sensor. The travelatg secognition unit 33 recognizes the
direction of the host vehicle based on the yaw matermation sensed by the yaw rate
sensor.

[0071] The section information acquisition unit 34 acqgirthe section
information that is set by the section setting ub8 via communication with the
communication server 101. When the target routthefhost vehicle is already set, the
section information acquisition unit 34 may acquirdy the section information on the
sections that are located on the target route amdar to the target route. The section
information acquisition unit 34 recognizes the camnimation established sections,
communication interrupted sections, and commurdoatiehicle absence sections that are
set on the map, based on the section information.

[0072] The travel plan generation unit 35 generates\glnalan for causing the
host vehicle to travel, by the system driven cdntaward the destination that is set by the
driver in advance. When the destination is setttavel plan generation unit 35 searches
for a target route for the host vehicle to arriveh@ destination, based on the position of
the host vehicle on the map and the map informatidthen there is a plurality of target
route candidates leading to the destination, #netrplan generation unit 35 searches for a
target route that includes only communication di&théd sections before arriving at the
destination, based on the section information aequiby the section information
acquisition unit 34. If there is no target routeatt includes only communication
established sections before arriving at the destimathe travel plan generation unit 35
may search for a target route that includes comeatioin vehicle absence sections and/or

communication interrupted sections. In this céise travel plan generation unit 35 uses a



10

15

20

25

21
target route that is one of the plurality of targaetite candidates and that has the highest
ratio of communication established sections.

[0073] The travel plan generation unit 35 may acquire tbad condition
information (information on the road conditions th@mmunication vehicles provided to
the communication server 101) via communicatiorihlie communication server 101 and,
using the acquired road condition information, skafor a target route with fewer
obstacles.

[0074] When a target route is used, the travel plan gioer unit 35 acquires the
road condition information on the target route stemmunication with the communication
server 101. The travel plan generation unit 35egmies a travel plan for use by the
system driven control, based on the target rotte,ntap information, the road condition
information, the road condition around the hostiegdehrecognized by the road condition
recognition unit 32, and the traveling state of st vehicle recognized by the traveling
state recognition unit 33.

[0075] For example, a travel plan includes the contrajet value of the host
vehicle for a position on the target route of tlsthvehicle. The positions on the target
route are positions in the extending direction loé ttarget route on the map. The
positions on the target route mean set longitudimsitions that are set at predetermined
intervals (for example, at one-meter intervalsthie extending direction of the target route.
The control target value is the value of a contmojet of the vehicle used in the travel plan.
The control target value is set in association vé#tth set longitudinal position on the
target route. The travel plan generation unit 8Bagates a travel plan by setting the set
longitudinal positions at predetermined intervatstioe target route and, at the same time,
setting the control target value (for example, theget lateral position and the target
vehicle speed) for each set longitudinal positiomhe set longitudinal position and the
target lateral position may be set by combining e set of positional coordinates. The
set longitudinal position and the target laterakipon mean the longitudinal position
information and the lateral position informatiomtlare set as a target in the travel plan.

[0076] The method of generating a travel plan and thderis of a travel plan
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are not limited to those described above. Theetrplan generation unit 35 may generate
a travel plan appropriate for executing the sysimwen control by using the road
condition information acquired via communicatiortiwihe communication server 101.

[0077] The section determination unit 36 determines wdrethe host vehicle is
traveling in a communication established secti@sell on the position of the host vehicle
on the map and the section information. In addijtilve section determination unit 36
determines whether the host vehicle is traveling ioommunication interrupted section,
based on the position of the host vehicle on the raad the section information.
Similarly, the section determination unit 36 detem@s whether the host vehicle is
traveling in a communication vehicle absence sactimsed on the position of the host
vehicle on the map and the section information.

[0078]  The vehicle control unit 37 performs the vehiaatrol of the host vehicle.
The vehicle control unit 37 performs the vehiclettol by sending the control signal to
the actuator 27. If the start of the system drigentrol is requested by the operation of
the driver and if it is determined by the secti@tedmination unit 36 that the host vehicle
is traveling in a communication established segttbe vehicle control unit 37 performs
the system driven control of the host vehicle. TViaicle control unit 37 performs the
system driven control of the host vehicle basethermap information, the position of the
host vehicle on the map, the road conditions ardhedhost vehicle, the traveling sate of
the host vehicle, the road condition informatiorgq@#iced via communication with the
communication server 101, and the travel plan ggadrby the travel plan generation unit
35.

[0079] If it is determined that the host vehicle is tiawg in a communication
established section but if the communication betwedbe host vehicle and the
communication server 101 is interrupted for a preaeined time or more, the vehicle
control unit 37 may terminate the system drivente@rand switch the control to the driver
driven control.

[0080] If the start of the system driven control is resped but if it is determined

by the section determination unit 36 that the hvesticle is traveling in a communication
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interrupted section, the vehicle control unit 32slmot perform the system driven control
of host vehicle but performs the driver driven cohtof the host vehicle because the
communication between the communication serveratilthe host vehicle is interrupted.

[0081] The vehicle control unit 37 performs the driverivdn control (for
example, driving assistance control that is knobaged on the driving operation of the
driver, the road condition around the host vehieled the traveling state of the host
vehicle.

[0082] In other words, when the host vehicle is travelinga communication
interrupted section, the vehicle control unit 3@sua vehicle control assistance level lower
than that used when the host vehicle is traveling communication established section.
For example, the vehicle control unit 37 switches tontrol from the system driven
control, corresponding to the autonomous drivingele3, to the driver driven control
corresponding to the autonomous driving level 2.

[0083] Similarly, if the start of the system driven cathtis requested but if it is
determined by the section determination unit 3G tha host vehicle is traveling in a
communication vehicle absence section, the vetluolgrol unit 37 performs the driver
driven control of the host vehicle.

[0084] In addition, if the length of the communicationtaddished section in
which the host vehicle not performing the systemedr control is traveling (that is, the
host vehicle is traveling under the driver drivemtrol or in the manual operation mode) is
equal to or smaller than the set threshold, thecleekcontrol unit 37 does not perform the
system driven control in that communication estd@d section. The set threshold value
is a value that is set in advance. The set thidstadue may be a fixed value or may be a
value that is changed according to the vehicle dpafethe host vehicle, traffic jam
condition, and so on. The vehicle control unitrBdy set the set threshold to a smaller
value as the density of other vehicles (for examiie number of other vehicles per unit
distance) in the communication established sectiomhich the host vehicle is traveling
or is to travel, is higher. When a target routeses, the length of the communication

established section to be compared with the setstimild may be the length of the
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communication established section on the targeterdthat is, when the target route
branches off into an alleyway in the middle of teenmunication established section, the
length of the communication established sectiothés length from the entrance of the
communication established section to the branchtpoi

[0085] Before switching from the system driven control ttee driver driven
control, the vehicle control unit 37 notifies (a&rthe driver via the HMI 26 that the
control will be switched to the driver driven casitr The HMI 26 notifies the driver that
the control will be switched to driver driven casitby an image display on the display
and/or an audio output from the speaker. Whenctidrol can be switched from the
driver driven control to the system driven conftbiat is, when the host vehicle under the
driver driven control enters a communication essaleld section), the vehicle control unit
37 may suggest the driver that the control shoel@witched to the system driven control.
If the driver permits the switching to the systeniven control, the vehicle control unit 37
switches the control from driver driven controlsigstem driven control. If the driver has
set, in advance, the automatic switching to theéesysdriven control, the vehicle control
unit 37 may notify the driver that the control wile switched from the driver driven
control to the system driven control and, thentawihe control from the driver driven
control to the system driven control.

[0086] In addition, while the driver driven control (oramual driving) of the host
vehicle is performed, the vehicle control devic® D@ay search for a route that includes a
communication established section based on thstlagztion information and, if such a
route is found, may propose that the target ro@tectanged. For example, in FIG. 2,
assume that the vehicle control device 102 provithes driver with the guidance
information notifying the driver that the route inding route B is the target route to the
destination G. In this case, based on the latestiom information, the travel plan
generation unit 35 recognizes route A that is perab route B composed of the
communication interrupted section and that includes communication established
section. Upon recognizing route A that is diffdrérom the target route and that is

composed of the communication established sectlmn travel plan generation unit 35
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proposes the driver, via the HMI 26, that the targete be changed to a new target route
that includes route A (that is, proposes that §sesn driven control be performed by
changing the target route). When the driver pexthié change, the travel plan generation
unit 35 changes the target route to the route ittr@diides route A. The vehicle control
unit 37 performs the system driven control if itdstermined that the host vehicle is to
travel in the communication established section.

[0087] If a communication established section, a commatidn interrupted
section, and a communication vehicle absence seati® set on a road basis and, on a
multiple-lane road, if there is a section in whachommunication established section and a
communication interrupted section overlap, the elehtontrol device 102 may propose the
driver that the host vehicle should travel in thed in which a communication vehicle that
has successfully established the communicatiorirhgsled. The vehicle control unit 37
performs the system driven control if it is detered that the host vehicle is to travel in a
communication established section.

[0088] In addition, if a communication established seattia communication
interrupted section, and a communication vehiclgeabe section are set on a lane basis,
the vehicle control device 102 may propose theedritaat the lane be changed so that the
host vehicle travels in the communication establiskection. More specifically, if it is
recognized that there is a communication interdigection (or communication vehicle
absence section) in the traveling lane in whichhbst vehicle travels and that there is a
communication established section in the lane adjaio the traveling lane, the travel plan
generation unit 35 proposes the driver that thee lae changed to the lane in the
communication established section. If it is defieed, as a result of a lane change, that
the host vehicle is to travel in the communicatestablished section, the vehicle control
unit 37 performs the system driven control. Anotheode is also possible in which,
when the driver permits the change, the vehiclgrobmnit 37 automatically changes the
lane to a lane in the communication establishetisec

[0089] If it is recognized, during the execution of tlystem driven control of the

host vehicle, that a communication interruptedisads newly set on the target route of a
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travel plan based on the latest section informattbe vehicle control device 102 may
propose the driver to change the route. For exampl FIG. 2, assume that the host
vehicle M has a travel plan according to which hiost vehicle will pass through route B.
At this time, if it is recognized that a communioatinterrupted section is newly set in
route B based on the latest section informatior travel plan generation unit 35
re-searches for a target route. If route A comg@ost a communication established
section is searched for as a result of the re-Bedhe travel plan generation unit 35
proposes the driver, via the HMI 26, that the tangeite be changed to the route that
includes route A. For continued execution of tiistem driven control, the travel plan
generation unit 35 proposes the driver that thgetaroute be changed to the route that
includes route A. The travel plan generation @bitchanges the target route to the route
including route A when the driver permits the changThe vehicle control unit 37
changes the target route to the route includingerduand continues the system driven
control.

[0090] In addition, if it is determined, during the exgon of the system driven
control of the host vehicle, that the host vehidetraveling in a section where a
communication established section and a communitatiterrupted section overlap (that
is, if it is determined that the host vehicle iaveling in a communication established
section and, at the same time, in a communicatiterrupted section), the vehicle control
unit 37 may perform the system driven control sat tihe host vehicle travels along the
traveling trajectory of a communication vehicle tthauccessfully performed the
communication with the communication server 10In séme cases, a position where the
communication between the communication serverdt@llthe host vehicle is interrupted
and a position where the communication between tiseestablished are mixed even on
the same road (or in the same lane). Therefoieisfdetermined that the host vehicle is
traveling in a section where a communication eshbt section and a communication
interrupted section overlap, the vehicle contrat 8@ can cause the host vehicle to travel
along the traveling trajectory of a communicatioehicle that is determined to have

established the communication with the communicaterver 101, thus avoiding an
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interruption in the communication.

[0091] [Processing of vehicle communication system]

The processing of the vehicle communication systEd0 according to the present
embodiment will be described below.

[0092] <Setting processing of a communication establisisedtion and a
communication vehicle absence section>
FIG. 3A is a flowchart showing the setting procegsbf a communication established
section and a communication vehicle absence sectidhe flowchart shown in FIG. 3Ais
executed as necessary in the communication se@der 1

[0093] In S10, the communication server 101 uses the agmuation vehicle
position recognition unit 11 to recognize the goss of the communication vehicles on
the map as shown in FIG. 3A. The communicationictetposition recognition unit 11
communicates with a plurality of communication \@&s$ to recognize the positions of the
communication vehicles on the map. After that, pnecessing of the communication
server 101 proceeds to S12.

[0094] In S12, the communication server 101 uses theosesetting unit 13 to
determine whether the communication between thenwamication server 101 and the
communication vehicles has continued for a preddtexd time or more. If it is not
determined that the communication with the commation vehicles has continued for a
predetermined time or more (S12: NO), the commuiticaserver 101 terminates the
current processing. If it is determined that tleenmunication with the communication
vehicles has continued for a predetermined timaare (S12: YES), the processing of the
communication server 101 proceeds to S14.

[0095] In S14, the communication server 101 uses theosesetting unit 13 to
set a communication established section and a caoncation vehicle absence section.
For example, the section setting unit 13 sets toseim which the communication vehicles
that continue communication with the communicatiserver 101 are traveling as a
communication established section. The sectiotingetinit 13 sets a section in which

there is no communication vehicle that is commumgawith the communication server
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101 as a communication vehicle absence sectionter Atiat, the communication server
101 terminates the current processing.

[0096]
<Setting processing of a communication interrustection>
FIG. 3B is a flowchart showing the setting procegsof a communication interrupted
section. The flowchart shown in FIG. 3B is exedu#s necessary in the communication
server 101.

[0097] In S20, the communication server 101 uses the agmuation vehicle
position recognition unit 11 to recognize the gosi of the communication vehicles on
the map as shown in FIG. 3B. The communicationckelposition recognition unit 11
communicates with a plurality of communication \@é&s to recognize the positions of the
communication vehicles on the map. After that, pnecessing of the communication
server 101 proceeds to S22.

[0098] In S22, the communication server 101 uses theosesetting unit 13 to
determine whether a communication interruption poils recognized. The
communication interruption point is a point whelne tommunication of a certain number
or more of communication vehicles is interruptedf it is not determined that the
communication interruption point, where the comneation of a certain number or more
of communication vehicles is interrupted, is redegd (S22: NO), the communication
server 101 terminates the current processing.t isf determined that the communication
interruption point, where the communication of art@m@ number or more of
communication vehicles is interrupted, is recognif822: YES), the processing of the
communication server 101 proceeds to S24.

[0099] In S24, the communication server 101 uses theosesetting unit 13 to
determine whether a communication restoration peinécognized. The communication
restoration point is a point where the communicatid a certain number or more of
communication vehicles whose communication was riapged at the same
communication interruption point is restored. K is not determined that the

communication restoration point, where the commata of a certain number or more of
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communication vehicles is restored, is recogniZe24( NO), the communication server
101 terminates the current processing. |If it idedmined that the communication
restoration point, where the communication of daé@mumber or more of communication
vehicles is restored, is recognized (S24: YES) pttogessing of the communication server
101 proceeds to S26.

[0100] In S26, the communication server 101 uses theosesetting unit 13 to
set a communication interrupted section. The gecsietting unit 13 sets the section
between the communication interruption point areldtbmmunication restoration point as
a communication interrupted section. After thate tcommunication server 101
terminates the current processing.

[0101] <Release processing of a communication establiseetion> FIG. 4A is a
flowchart showing the release processing of a comoation established section. The
flowchart shown in FIG. 4A is executed when a comioation established section was
set.

[0102] In S30, the communication server 101 uses theogsesetting unit 13 to
determine whether the first setting time has eldsece the communication established
section was set, as shown in FIG. 4A. If it is determined that the first setting time has
elapsed since the communication established secti@s set (S30: NO), the
communication server 101 terminates the currentgesing. The communication server
101 repeats the processing of S30 again after tilcetime has elapsed. If it is
determined that the first setting time elapsedesithe communication established section
was set (S30: YES), the processing of the commtiaitaerver 101 proceeds to S32.

[0103] In S32, the communication server 101 uses theosesetting unit 13 to
release the communication established section. nWthe communication established
section is released, the communication server bdiptetes the release processing of the
communication established section.

[0104] <Release processing of a communication interrupéetion>
FIG. 4B is a flowchart showing the release processif a communication interrupted

section. The flowchart shown in FIG. 4B is exedutéhen a communication interrupted
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section was set.

[0105] In S40, the communication server 101 uses theogsesetting unit 13 to
determine whether the second setting time has edapgnce the communication
interrupted section was set, as shown in FIG. 4Bit is not determined that the second
setting time has elapsed since the communicatitarrupted section was set (S40: NO),
the communication server 101 terminates the curpeatessing. The communication
server 101 repeats the processing of S40 again aftertain time has elapsed. If it is
determined that the second setting time has elagised the communication interrupted
section was set (S40: YES), the processing of timentunication server 101 proceeds to
S42.

[0106] In S42, the communication server 101 uses theogsesetting unit 13 to
release the communication interrupted section. erAfteleasing the communication
interrupted section, the communication server lfthaetes the release processing of the
communication interrupted section.

[0107] <Vehicle control performed by the vehicle contielice>
FIG. 5 is a flowchart showing vehicle control penfed by the vehicle control device.
The flowchart shown in FIG. 5 is executed, for epdan when a driver’s operation to
request to start the system driven control is recagl.

[0108] As shown in FIG. 5, in S50, the ECU 30 of the e&hcontrol device 102
uses the vehicle position recognition unit 31 toognize the position of the host vehicle
on the map. The vehicle position recognition @&iitrecognizes the position of the host
vehicle on the map based on the position informatéxeived by the GPS receiver 21 and
the map information stored in the vehicle side nudgiabase 25. After that, the
processing of the ECU 30 proceeds to S52.

[0109] In S52, the ECU 30 uses the section informatioguesition unit 34 to
acquire the section information. The section imfation acquisition unit 34 acquires the
section information, which was set by the sectiettirsg unit 13, via communication with
the communication server 101. After that, the pssing of the ECU 30 proceeds to S54.

[0110] In S54, the ECU 30 uses the section determinatith36 to determine
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whether the host vehicle is traveling in a commaition established section. The section
determination unit 36 determines whether the hekicle is traveling in a communication
established section, based on the position of tdst ¥ehicle on the map and the section
information. If it is determined that the host igé is traveling in a communication
established section (S54: YES), the processingeoECU 30 proceeds to S56. If it is not
determined that the host vehicle is traveling kopenmunication established section (S54:
NO), the processing of the ECU 30 proceeds to S58.

[0111] In S56, the ECU 30 uses the vehicle control uhit@perform the system
driven control of the host vehicle. The vehiclatol unit 37 performs the system driven
control of the host vehicle based on the map in&diom, the position of the host vehicle
on the map, the road conditions around the hosickehthe traveling state of the host
vehicle, the road condition information acquireda vcommunication with the
communication server 101, and the travel plan gaadrby the travel plan generation unit
35. The vehicle control unit 37 causes the hosicle to travel by the system driven
control in the communication established sectiofter that, the ECU 30 terminates the
current processing and, after a predetermined ¢lageses, repeats the processing from S50
again. If the host vehicle is under the drivewveén control, the ECU 30 performs the
system driven control after obtaining permissiamirthe driver.

[0112] In S58, the ECU 30 uses the section determinatith36 to determine
whether the host vehicle is traveling in a commatidn interrupted section. The section
determination unit 36 determines whether the hoshicke is traveling in an
communication interrupted section, based on thétipnsof the host vehicle on the map
and the section information. If it is determindthtt the host vehicle is traveling in a
communication interrupted section (S58: YES), thecessing of the ECU 30 proceeds to
S60. If it is not determined that the host vehidetraveling in a communication
interrupted section (S58: NO), the processing effiCU 30 proceeds to S62.

[0113] In S60, the ECU 30 uses the vehicle control uiit@perform the driver
driven control of the host vehicle. The vehiclaiol unit 37 performs the driver driven

control of the host vehicle based on the drivingragtion of the driver, the road condition
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around the host vehicle, and the traveling statthefhost vehicle. The vehicle control
unit 37 causes the host vehicle to travel by tieddriven control in the communication
interrupted section. After that, the ECU 30 tera@s the current processing and, after a
predetermined time elapses, repeats the procesimgS50 again. If the host vehicle is
under the system driven control, the ECU 30 exectitve driver driven control after
alerting the driver.

[0114] In S62, the ECU 30 uses the vehicle control uiit@perform the driver
driven control of the host vehicle. The processm&62 is the same as that in S60 and,
therefore, the description is omitted. After thdte ECU 30 terminates the current
processing and, after a predetermined time elapsgsats the processing from S50 again.

[0115] <Vehicle control switching restriction processing>
FIG. 6 is a flowchart showing the vehicle contralitshing restriction processing. The
flowchart shown in FIG. 6 is executed, for examplen the vehicle control device 102
acquires the section information that includes th#rmation on a communication
established section. The flowchart shown in FIG éxecuted for each communication
established section. The flowchart shown in FI@d&y also be executed when the host
vehicle enters a communication established section.

[0116] As shown in FIG. 6, the ECU 30 uses the sectidargenation unit 36 to
determine whether the length of a communicatioal#isthed section is equal to or less
than the set threshold value. If it is not detewdi that the length of the communication
established section is equal to or less than théhseshold value (S70: NO), the ECU 30
terminates the current processing. If it is deteedd that the length of the
communication established section is equal tos® tban the set threshold (S70: YES), the
processing of the ECU 30 proceeds to S72.

[0117] In S72, the ECU 30 uses the vehicle control uhit@set that the system
driven control will not be performed in the commeation established section.  After that,
the ECU 30 terminates the current processing. Vétacle control unit 37 does not
perform the system driven control even when it éedmined that the host vehicle is

traveling in the communication established section.
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[0118] [Effect of vehicle communication system]

The vehicle communication system 100 in this emmedit described above sets a
communication established section and a communpitatiterrupted section on the map
based on the positions of the communicating comaation vehicles on the map. The
vehicle communication system performs the systeivedrcontrol of the host vehicle
when the host vehicle travels in a communicatidal#shed section and, at the same time,
performs the driver driven control of the host wihiwhen the host vehicle travels in a
communication interrupted section. In this wag trehicle communication system 100
performs vehicle control appropriately accordinghe communication environment of a
section in which the host vehicle travels.

[0119] The vehicle communication system 100 further setsommunication
vehicle absence section on the map based on th#iopesof the communicating
communication vehicles on the map and, when thevadscle travels in a communication
vehicle absence section, performs the driver drigentrol. In this way, the vehicle
communication system 100 performs the vehicle cbmif the host vehicle appropriately
considering a section in which there is no commation vehicle.

[0120] Furthermore, the vehicle communication system d@s not perform the
system driven control if the length of a communmatestablished section is equal to or
less than the set threshold value because, incttss, the system driven control can be
executed only for a short period of time and, imiatedy after the short period of time, the
vehicle control is switched again to the drivervdn control. This avoids the frequent
switching of vehicle control.

[0121] Furthermore, considering that the communicatiorvirenment of a
section varies with the elapse of time, the vehodemunication system 100 releases the
setting of a communication established section ambmmunication interrupted section
when a certain time has elapsed, allowing vehioletrol to be performed appropriately
according to the actual communication environment.

[0122] Although preferred embodiments of the present ntiee have been

described above, the present invention is notdichib the above-described embodiments.
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The present invention can be implemented not amlihe embodiments described above
but also in various forms to which various modificas and improvements are added
based on the knowledge of those skilled in the art.

[0123] For example, the section setting unit 13 may setoemmunication
established section, a communication interruptettics® or a communication vehicle
absence section for each section that is set iaredvon the map. The sections that are
set in advance may be formed by dividing a road sactions, one for each intersection or
each branch point, or may be formed by dividingpadrat fixed intervals. Any method
may be used to form a section that is set in advanc

[0124] The section setting unit 13 may set the travetamge of communication
vehicles in communication with the communicatiomvee 101 as a communication
established section even if the communication Withcommunication server 101 does not
continue for a predetermined time or more. ThetiGecsetting unit 13 does not
necessarily have to release a communication estadulisection and/or a communication
interrupted section when a predetermined time elps

[0125] The section determination unit 36 may determinetivar the host vehicle
is to travel in a communication established sectiomsed on the position of the host
vehicle on the map and the section information. e $haction determination unit 36 may
determine whether the host vehicle is to travelimommunication interrupted section,
based on the position of the host vehicle on the arad the section information. The
section determination unit 36 may also determinetivr the host vehicle is to travel in a
communication vehicle absence section, based ompdkition of the host vehicle on the
map and the section information.

[0126] The vehicle control device 102 does not necegshelve to include the
vehicle side map database 25, but may acquire #einformation, for example, from the
communication server 101. The vehicle control devi02 may set a target route using a
known navigation system instead of the travel gjaneration unit 35.

[0127] If it is determined that the host vehicle is tiagwg in a communication

vehicle absence section, the vehicle control uditn@ed not perform the driver driven
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control in the same way as when the host vehicldeiermined to be traveling in a
communication interrupted section. If it is detared that the host vehicle is traveling in
a communication vehicle absence section, the \vehdohtrol unit 37 may perform the
system driven control specifically provided for amamunication vehicle absence section
while the communication between the communicaterves 101 and the host vehicle is
established.

[0128] Furthermore, even if the length of a communicat@stablished section in
which the host vehicle travels not under the systieiven control is equal to or smaller
than the set threshold, the vehicle control unit&#g perform the system driven control in
that communication established section.

[0129] The system driven control for a communication ghabsence section is
autonomous driving control with an assistance léoeer than that of the system driven
control that is performed when it is determinedt ttiee host vehicle is traveling in a
communication established section. The systemedrigontrol for a communication
vehicle absence section is thought of as vehictégrabwith a smaller upper limit of the
vehicle speed and/or a smaller upper limit of timmant of change in the steering angle of
the host vehicle (temporal differentiation of stegrangle) than that in the system driven
control for a communication established section.he Tsystem driven control for a
communication established section may be consider®dcontrol corresponding to
autonomous driving level 4, and the system driventrol for a communication vehicle
absence section as control corresponding to autonsndriving level 3. When the
communication between the communication serverdtllthe host vehicle is interrupted
for a predetermined time or more, the vehicle aininit 37 notifies the driver about the
interruption and, then, switches the system drigentrol for a communication vehicle
absence section to the driver driven control.

[0130] In addition, the vehicle control unit 37 may benfigured in the mode
described below with consideration for preventiedety services. That is, the vehicle
control unit 37 may perform warning control if & determined that the host vehicle is

traveling in a communication established sectiomay rperform alerting control if it is
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determined that the host vehicle is traveling icoenmunication vehicle absence section,
and may cause the driver to perform the manualrdyif it is determined that the host
vehicle is traveling in a communication interruptagttion. In this configuration, when a
communication established section becomes a conwaiion vehicle absence section as
the time elapses, the server side map databaseay4till store the obstacle information
on a static obstacle (such as a falling objectjcwivas recognized when the section was a
communication established session, even after éb#os has become a communication
vehicle absence section. This means that, whandétermined that the host vehicle is
traveling in a communication vehicle absence sactthe vehicle control unit 37 can
perform alerting control using the obstacle infotim@ on a static obstacle that was
recognized when the section was a communicaticebkstted section. That is, if it is
determined that the host vehicle is traveling ioomamunication vehicle absence section
and if there is obstacle information on a statistable that has been held, the vehicle
control unit 37 can perform alerting control thigres the driver to the static obstacle, thus
improving the quality of preventive safety service§or the obstacle information on a
dynamic obstacle such as a pedestrian, the seidernsap database 14 discards the
obstacle information when a communication estabtisbection becomes a communication
vehicle absence section when as the time elapgesa result, this mode can contribute to
improving the quality of preventive safety serviedsle saving the amount of data smaller

than that in the mode when the obstacle informatioall obstacles is held.
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CLAIMS:

1. A vehicle communication system characterizeddiyprising:

a communication server (101) configured to comrmate road condition information
with a plurality of communication vehicles, the aommication vehicles being vehicles
configured to communicate with the communicatiomvee (101), the communication
server (101) including

a communication vehicle position recognition ytit) configured to recognize
positions of communicating communication vehiclasaanap via communication with the
communication vehicles, the communicating commuitoavehicles being included in the
plurality of communication vehicles and being imwaunication with the communication
server (101), and

a section setting unit (13) configured to sebmmunication established section
and a communication interrupted section on the niEsed on the positions of the
communicating communication vehicles on the mag; an

a vehicle control device (102) configured to comioate with the communication
server (101) and configured to perform vehicle oamf a host vehicle, the host vehicle
being configured to acquire the road condition iinfation from the communication server
(101), the vehicle control device (102) including

a vehicle position recognition unit (31) configdrto recognize a position of the
host vehicle on the map,

a section information acquisition unit (34) caopfied to acquire section
information on the communication established secéind the communication interrupted
section,

a section determination unit (36) configured tetedmine in which section,
either the communication established section octmmunication interrupted section, the
host vehicle is traveling or is to travel, basedtmn position of the host vehicle on the map
and the section information, and

a vehicle control unit (37) configured to
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perform system driven control of the host vehitlased on the road
condition information when the host vehicle traveisthe communication established
section, and
perform driver driven control of the host vekickhen the host vehicle

travels in the communication interrupted section.

2. The vehicle communication system accordindaorcl, wherein
the section setting unit (13) is configured to
set, as the communication established sectionseation in which a
communication vehicle of the plurality of commurtioa vehicles that have continued
communication with the communication server (1@)d predetermined time or more are
traveling, based on the positions of the commuimgatcommunication vehicles on the
map, and
set, as the communication interrupted sectioseetion in which a certain
number or more of communication vehicles of thergllty of communication vehicles
have communication interrupted, based on the positiof the communicating

communication vehicles on the map.

3. The vehicle communication system accordinddaorcl or 2, wherein

the section setting unit (13) is configured to #s communication established
section, the communication interrupted section, andommunication vehicle absence
section on the map based on the positions of theramicating communication vehicles
on the map,

the section information acquisition unit (34) isnfigured to acquire the section
information on the communication established sectilie communication interrupted
section, and the communication vehicle absencéosettiat are set on the map,

the section determination unit (36) is configureal determine which of the
communication established section, the communicatioterrupted section, or the

communication vehicle absence section is a sedatiarhich the host vehicle is traveling or
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is to travel, based on the position of the hosticlehon the map and the section
information, and
the vehicle control unit (37) is configured to foem the driver driven control when

the host vehicle travels in the communication viehidsence section.

4. The vehicle communication system accordingamt3, wherein
the section setting unit (13) is configured to, st the communication vehicle
absence section, a section in which there is nonmamicating communication vehicle,

based on the positions of the communication vehictethe map.

5. The vehicle communication system accordingwpane of claims 1 to 4, wherein

the vehicle control unit (37) is configured notp@rform the system driven control in
the communication established section when a lenfttihe communication established
section in which the host vehicle not performing fystem driven control travels is equal

to or less than a threshold value.

6. The vehicle communication system accordingwpane of claims 1 to 5, wherein
the section setting unit (13) is configured to
release a setting of the communication estaldigeetion when a first setting
time has elapsed since the communication estallisbetion was set on the map, and
release a setting of the communication interrugsation when a second setting time

has elapsed since the communication interrupteitbsewas set on the map.

7. The vehicle communication system accordinddoc6, wherein
the first setting time is 30 seconds or more anaidute or less, and the second

setting time is 30 seconds or more and 3 minutésssr

8. The vehicle communication system accordinddoc1, wherein

the vehicle control device (102) further includes
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a travel plan generation unit (35) configuredyémerate a travel plan including
candidates of a plurality of routes on which thethaehicle will travel before arriving at a
destination, based on the position of the host ckehon the map and the section

information.

9. The vehicle communication system accordindaorc8, wherein
the travel plan generation unit (35) is configutedietermine, from the candidates of
the routes, a traveling route on which the hostickehwill travel based on the section

information.

10. The vehicle communication system accordingjdon 9, wherein
the travel plan generation unit (35) is configutedietermine, from the candidates of
the routes, a route including a maximum numbehefdommunication established section

as a traveling route on which the host vehicle téiel, based on the section information.

11. The vehicle communication system according/daon 1, wherein

the system driven control is traveling control endhich the vehicle control device
(102) performs acceleration, deceleration, andrisigef the host vehicle autonomously,
and the driver driven control is traveling contoolder which the host vehicle travels based

on a driving operation of a driver of the host odi

12. A vehicle control device (102) characterizgdcbmprising:

a vehicle position recognition unit (31) configdr® recognize a position of a host
vehicle on a map;

a section information acquisition unit (34) conifigd to acquire section information
on a communication established section and a conwation interrupted section via
communication with a communication server (101) figumed to communicate road
condition information with a plurality of communioan vehicles, the communication

vehicles being vehicles configured to communicaith Whe communication server (101),
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the communication established section and the camwation interrupted section being
set on the map by the communication server (10%gdban a status of communication
with the communication vehicles;

a section determination unit (36) configured ttedmine in which section, either the
communication established section or the commumicainterrupted section, the host
vehicle is traveling, or is to travel, based on plsition of the host vehicle on the map and
the section information; and

a vehicle control unit (37) configured to

perform vehicle control of the host vehicle irclsua way that system driven
control of the host vehicle is performed basedhmrbad condition information acquired
from the communication server (101) when the hesiicle travels in the communication
established section, and

perform driver driven control of the host vehidgseperformed when the host

vehicle travels in the communication interruptectiss.

13. A vehicle communication system characteriaeddmprising:

a communication server (101) configured to comrmate road condition information
with a plurality of communication vehicles, the aommication vehicles being vehicles
configured to communicate with the communicatiomvee (101), the communication
server (101) including

a communication vehicle position recognition ytit) configured to recognize
positions of communicating communication vehiclasaanap via communication with the
communication vehicles, the communicating commuitoavehicles being included in the
plurality of communication vehicles and being imwaunication with the communication
server (101), and

a section setting unit (13) configured to sebmmunication established section
and a communication interrupted section on the niEsed on the positions of the
communicating communication vehicles on the mag; an

a vehicle control device (102) configured to comioate with the communication
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server (101) and configured to perform vehicle oamf a host vehicle, the host vehicle
being configured to acquire the road condition iinfation from the communication server
(101), the vehicle control device (102) including

a vehicle position recognition unit (31) configdrto recognize a position of the
host vehicle on the map,

a section information acquisition unit (34) caopfied to acquire section
information on the communication established secéind the communication interrupted
section,

a section determination unit (36) configured ttedmine in which section,
either the communication established section octmmunication interrupted section, the
host vehicle is traveling or is to travel, basedton position of the host vehicle on the map
and the section information, and

a vehicle control unit (37) configured to

perform a driving assistance when the host Vehitavels in the
communication interrupted section, and

perform high-level driving assistance, the higbel driving assistance
having a higher level of intervention in drivingntml of the vehicle control device (102)
than the driving assistance, based on the roadttmméhformation when the host vehicle

travels in the communication established section.



