
 

 

1 

 

 

VEHICLE COMMUNICATION SYSTEM AND VEHICLE CONTROL DEVICE 

 

BACKGROUND OF THE INVENTION 

 

1. Field of the Invention 5 

 [0001] The present invention relates to a vehicle communication system and a 

vehicle control device. 

 

2. Description of Related Art 

 [0002] As a technical document relating to a vehicle communication system, 10 

Japanese Patent Application Publication No. 2004-245758 (JP 2004-245758 A) is known.  

This publication describes a system for managing traffic information via network 

communication with vehicles, wherein the traffic information on a route on which a first 

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

 15 

SUMMARY OF THE INVENTION 

 

 [0003] When executing complicated vehicle control such as autonomous driving, 

it is desirable to acquire various information, provided by the preceding vehicle, via 

network communication.  However, in an environment where communication is difficult, 20 

the host vehicle cannot acquire sufficient information through communication, which may 

affect the execution of vehicle control. 

 [0004] The present invention provides a vehicle communication system and a 

vehicle control device capable of executing appropriate vehicle control according to the 

communication environment of a section in which the host vehicle travels. 25 

 [0005] A first aspect of the invention provides a vehicle communication system.  

The vehicle communication system according to the first aspect includes a communication 

server configured to communicate road condition information with a plurality of 

communication vehicles, the communication vehicles being vehicles configured to 
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communicate with the communication server, the communication server including a 

communication vehicle position recognition unit configured to recognize positions of 

communicating communication vehicles on a map via communication with the 

communication vehicles, the communicating communication vehicles being the plurality of 

communication vehicles in communication with the communication server, and a section 5 

setting unit configured to set a communication established section and a communication 

interrupted section on the map, based on the positions of the communicating 

communication vehicles on the map; and a vehicle control device configured to 

communicate with the communication server and configured to perform vehicle control of 

a host vehicle, the host vehicle being configured to acquire the road condition information 10 

from the communication server, the vehicle control device including a vehicle position 

recognition unit configured to recognize a position of the host vehicle on the map, a section 

information acquisition unit configured to acquire section information on the 

communication established section and the communication interrupted section, a section 

determination unit configured to determine in which section, either the communication 15 

established section or the communication interrupted section, the host vehicle is traveling 

or is to travel, based on the position of the host vehicle on the map and the section 

information, and a vehicle control unit configured to perform system driven control of the 

host vehicle based on the road condition information when the host vehicle travels in the 

communication established section, and perform driver driven control of the host vehicle 20 

when the host vehicle travels in the communication interrupted section. 

 [0006] According to the vehicle communication system in one aspect of the 

present invention, a communication established section and a communication interrupted 

section are set on the map based on the positions of the communicating communication 

vehicles on the map, the system driven control of the host vehicle is performed when the 25 

host vehicle travels in a communication established section and, at the same time, the 

driver driven control of the host vehicle is performed when the host vehicle travels in a 

communication interrupted section.  Therefore, the vehicle communication system can 

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

 [0007] In the first aspect, the section setting unit may be configured to set, as the 

communication established section, a section in which a communication vehicle of the 

plurality of communication vehicles that have continued communication with the 

communication server for a predetermined time or more are traveling, based on the 5 

positions of the communicating communication vehicles on the map, and set, as the 

communication interrupted section, a section in which a certain number or more of 

communication vehicles of the plurality of communication vehicles have communication 

interrupted, based on the positions of the communicating communication vehicles on the 

map.  10 

 [0008] In the first aspect, the section setting unit may be configured to set the 

communication established section, the communication interrupted section, and a 

communication vehicle absence section on the map based on the positions of the 

communicating communication vehicles on the map.  The section information acquisition 

unit may be configured to acquire the section information on the communication 15 

established section, the communication interrupted section, and the communication vehicle 

absence section that are set on the map.  The section determination unit may be 

configured to determine the host vehicle is traveling or is to travel in which section of the 

communication established section, the communication interrupted section, or the 

communication vehicle absence section, based on the position of the host vehicle on the 20 

map and the section information.  The vehicle control unit may be configured to perform 

the driver driven control when the host vehicle travels in the communication vehicle 

absence section. 

 [0009] According to this vehicle communication system, a communication 

vehicle absence section is further set on the map based on the positions of the 25 

communicating communication vehicles on the map and, when the host vehicle travels in a 

communication vehicle absence section, the driver driven control is performed.  

Therefore, the vehicle communication system can perform the vehicle control of the host 

vehicle appropriately considering a section in which there is no communication vehicle. 
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 [0010] In the first aspect, the section setting unit may be configured to set, as the 

communication vehicle absence section, a section in which there is no communicating 

communication vehicle, based on the positions of the communication vehicles on the map. 

 [0011] In the first aspect, the vehicle control unit may be configured not to 

perform the system driven control in the communication established section when a length 5 

of the communication established section in which the host vehicle not performing the 

system driven control travels is equal to or less than a threshold value. 

 [0012] According to this vehicle communication system, the system driven 

control is not performed if the system driven control can be executed only for a short 

period of time and, immediately after the short period of time, the vehicle control is 10 

switched again to the driver driven control.  Therefore, the vehicle communication system 

can avoid the frequent switching of vehicle control. 

 [0013] In the first aspect, the section setting unit may be configured to release a 

setting of the communication established section when a first setting time has elapsed since 

the communication established section was set on the map, and release a setting of the 15 

communication interrupted section when a second setting time has elapsed since the 

communication interrupted section was set on the map. 

 [0014] According to this vehicle communication system, the setting of a 

communication established section of the setting of a communication interrupted section is 

released when a certain time has elapsed, considering that the communication environment 20 

of a section varies with the elapse of time.  Therefore, the vehicle communication system 

can perform vehicle control appropriately according to the actual communication 

environment. 

 [0015] In the first aspect, the first setting time may be 30 seconds or more and 1 

minute or less, and the second setting time may be 30 seconds or more and 3 minutes or 25 

less. 

 [0016] In the first aspect, the vehicle control device may further include a travel 

plan generation unit is configured to generate a travel plan including candidates of a 

plurality of routes on which the host vehicle will travel before arriving at a destination, 
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based on the position of the host vehicle on the map and the section information. 

 [0017] In the first aspect, the travel plan generation unit may be configured to 

determine, from the candidates of the routes, a traveling route on which the host vehicle 

will travel based on the section information.  

 [0018] In the first aspect, the travel plan generation unit may be configured to 5 

determine, from the candidates of the routes, a route including a maximum number of the 

communication established section as a traveling route on which the host vehicle will 

travel, based on the section information. 

 [0019] In the first aspect, the system driven control may be traveling control 

under which the vehicle control device performs acceleration, deceleration, and steering of 10 

the host vehicle autonomously, and the driver driven control may be traveling control 

under which the host vehicle travels based on a driving operation of a driver of the host 

vehicle. 

 [0020] The second aspect of the invention provides a vehicle control device.  

The vehicle control device according to the second aspect includes: a vehicle position 15 

recognition unit configured to recognize a position of a host vehicle on a map; a section 

information acquisition unit configured to acquire section information on a communication 

established section and a communication interrupted section via communication with a 

communication server configured to communicate road condition information with a 

plurality of communication vehicles, the communication vehicles being vehicles 20 

configured to communicate with the communication server, the communication established 

section and the communication interrupted section being set on the map by the 

communication server based on a status of communication with the communication 

vehicles; a section determination unit configured to determine in which section, either the 

communication established section or the communication interrupted section, the host 25 

vehicle is traveling, or is to travel, based on the position of the host vehicle on the map and 

the section information; and a vehicle control unit configured to perform vehicle control of 

the host vehicle in such a way that system driven control of the host vehicle is performed 

based on the road condition information acquired from the communication server when the 
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host vehicle travels in the communication established section, and perform driver driven 

control of the host vehicle is performed when the host vehicle travels in the communication 

interrupted section. 

 [0021] According to the vehicle control device in another aspect of the present 

invention, the system driven control of the host vehicle is performed when the host vehicle 5 

travels in a communication established section and, at the same time, the driver driven 

control of the host vehicle is performed when the host vehicle travels in a communication 

interrupted section, using the communication established sections and the communication 

interrupted sections that are set by the communication server described above.  Therefore, 

the vehicle control device can perform vehicle control appropriately according to the 10 

environment of a section in which the host vehicle travels. 

 [0022] The third aspect of the invention provides a vehicle communication 

system.  The vehicle communication system according to the third aspect includes: a 

communication server configured to communicate road condition information with a 

plurality of communication vehicles, the communication server including a communication 15 

vehicle position recognition unit configured to recognize positions of communicating 

communication vehicles on a map via communication with the communication vehicles, 

the communication vehicles being vehicles configured to communicate with the 

communication server, the communicating communication vehicles being the plurality of 

communication vehicles in communication with the communication server, and a section 20 

setting unit configured to set a communication established section and a communication 

interrupted section on the map, based on the positions of the communicating 

communication vehicles on the map; and a vehicle control device configured to 

communicate with the communication server and configured to perform vehicle control of 

a host vehicle, the host vehicle being configured to acquire the road condition information 25 

from the communication server, the vehicle control device including a vehicle position 

recognition unit configured to recognize a position of the host vehicle on the map, a section 

information acquisition unit configured to acquire section information on the 

communication established section and the communication interrupted section, a section 
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determination unit configured to determine in which section, either the communication 

established section or the communication interrupted section, the host vehicle is traveling 

or is to travel, based on the position of the host vehicle on the map and the section 

information, and a vehicle control unit configured to perform a driving assistance when the 

host vehicle travels in the communication interrupted section, and perform high-level 5 

driving assistance, the high-level driving assistance having a higher level of intervention in 

driving control of the vehicle control device than the driving assistance, based on the road 

condition information when the host vehicle travels in the communication established 

section.  

 [0023] As described above, according to the vehicle communication system in 10 

one aspect and the vehicle control device in another aspect of the present invention, vehicle 

control can be performed appropriately according to the communication environment of a 

section in which the host vehicle travels. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 15 

 

 [0024] Features, advantages, and technical and industrial significance of 

exemplary embodiments of the invention will be described below with reference to the 

accompanying drawings, in which like numerals denote like elements, and wherein: 

 FIG. 1 is a block diagram showing a vehicle communication system according to an 20 

embodiment; 

 FIG. 2 is a diagram showing the setting of sections; 

 FIG. 3A is a flowchart showing the setting processing of a communication established 

section and a communication vehicle absence section; 

 FIG. 3B is a flowchart showing the setting processing of a communication interrupted 25 

section; 

 FIG. 4A is a flowchart showing the release processing of a communication 

established section; 

 FIG. 4B is a flowchart showing the release processing of a communication interrupted 
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section; 

 FIG. 5 is a flowchart showing vehicle control performed by a vehicle control device; 

and 

 FIG. 6 is a flowchart showing the vehicle control switching restriction processing. 

 5 

DETAILED DESCRIPTION OF EMBODIMENTS 

 

 [0025] Embodiments of the present invention will be described below with 

reference to the drawings. 

 [0026] [Configuration of vehicle communication system] 10 

FIG. 1 is a block diagram showing a vehicle communication system according to an 

embodiment.  A vehicle communication system 100 shown in FIG. 1 is a system that 

includes a communication server 101 and a vehicle control device 102. 

 [0027] <Configuration of communication server> 

First, the communication server 101 will be described.  The communication server 101, 15 

provided in facilities such as an information management center, communicates with a 

plurality of communication vehicles.  A communication vehicle is a vehicle having the 

function to communicate with the communication server 101.  In general, a 

communication vehicle has the function to recognize the position of the vehicle on the map 

and the function to recognize road conditions outside the vehicle. 20 

 [0028] The communication server 101 is configured as a general computer that 

includes a CPU, a storage unit, and a communication control unit.  The storage unit may 

be a ROM and/or a RAM, or may be a storage medium such as an HDD configured as a 

Redundant Array Soft Inexpensive Disks (RAID) configuration.  The storage unit may be 

provided outside the communication server 101.  The communication control unit is a 25 

communication device such as a network card that controls communication.  Each 

function of the communication server 101 is realized by a combination of the operations of 

the hardware devices described above.  The communication server 101 may be 

configured by a plurality of computers.  The communication server 101 may be a cloud 
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server. 

 [0029] The communication server 101 is connected to a server side 

communication unit 15 that is provided for communication with the host vehicle (vehicle 

control device 102).  The server side communication unit 15 is, for example, the 

communication facilities of the center where the communication server 101 is provided. 5 

 [0030] The communication server 101 includes a communication vehicle position 

recognition unit 11, a road condition information acquisition unit 12, a section setting unit 

13, and a server side map database 14. 

 [0031] The communication vehicle position recognition unit 11 recognizes the 

positions of communication vehicles on the map via communication with a plurality of 10 

communication vehicles.  For example, the communication vehicle position recognition 

unit 11 recognizes the positions of the communication vehicles on the map by acquiring 

the information on the positions on the map (such as GPS information), recognized by each 

of the communication vehicles, from a plurality of communication vehicles. 

 [0032] The road condition information acquisition unit 12 acquires the road 15 

condition information, which is the information on the road condition recognized by each 

of the communication vehicles, via communication with a plurality of communication 

vehicles.  Examples of road conditions include the conditions of obstacles on the road on 

which the communication vehicle travels (conditions of moving obstacles such as other 

vehicles, bicycles, and pedestrians, and conditions of stationary obstacles such as utility 20 

poles, guardrails, and buildings).  The road condition information acquisition unit 12 

acquires the road condition information in association with the information on the positions 

of the communication vehicles on the map.  The communication server 101 provides 

various information, such as the road condition information, to a communication vehicle in 

response to a request. 25 

 [0033] The section setting unit 13 sets a communication established section, a 

communication interrupted section, and a communication vehicle absence section on the 

map, based on the status of communication between a communication vehicle and the 

communication server 101.  More specifically, the section setting unit 13 sets a 
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communication established section, a communication interrupted section, and a 

communication vehicle absence section, based on the positions of the communication 

vehicles on the map recognized by the communication vehicle position recognition unit 11.  

A communication established section is a section where communication between the 

communication server 101 and a communication vehicle is established.  A 5 

communication vehicle absence section is a section where there is no communication 

vehicle.  A communication interrupted section is a section where communication between 

the communication server 101 and a communication vehicle is interrupted.  

Communication interrupted sections include a section where the communication server 101 

and the host vehicle cannot communicate because of a structural reason (a canyon of 10 

buildings, a tunnel, and an underground parking lot) and a section where the 

communication is temporarily interrupted (the influence of the weather (thunderstorms 

etc.), the influence of radio disturbances due to the testing of radio wave test equipment, or 

the operation of a power plant). 

 [0034] A communication established section, a communication interrupted 15 

section, and a communication vehicle absence section may be set separately for each lane, 

or may be set for a road without distinguishing lanes.  In addition, a communication 

established section, a communication interrupted section, and a communication vehicle 

absence section may be distinguished by Level of Service [LOS] labels.  For example, a 

communication established section may be assigned a LOS label 3, a communication 20 

vehicle absence section may be assigned a LOS label 2, and a communication interrupted 

section may be assigned a LOS label 1. 

 [0035] The section setting unit 13 sets a communication established section based 

on the position of a communication vehicle on the map when the communication vehicle is 

in communication with the communication server 101.  For example, when the 25 

communication between the communication server 101 and a communication vehicle 

continues for a predetermined time or more, the section setting unit 13 sets the section, 

where the communication vehicle in communication with the communication server 101 

travels, as a communication established section.  A communication established section 
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may be set as a section that crosses an intersection or a branch road. 

 [0036] The section setting unit 13 sets a section as a communication vehicle 

absence section if there is no communicating communication vehicle, based on the 

positions of the communication vehicles on the map that are in communication with the 

communication server 101.  The section setting unit 13 does not necessarily have to set a 5 

communication vehicle absence section. 

 [0037] The section setting unit 13 sets a communication interrupted section based 

on the interruption of communication, and the restoration of communication, of 

communication vehicles.  If a communication vehicle absence section is set, the section 

setting unit 13 overwrites a communication interrupted section on the communication 10 

vehicle absence section.  The section setting unit 13 recognizes a communication 

interruption point (the start point of a communication interrupted section) based on the 

recognition result of the communication vehicle position recognition unit 11.  The 

interruption point described above is a point where the communication of a certain number 

or more of communication vehicles is interrupted.  The section setting unit 13 may 15 

recognize a point where a certain number or more of communication vehicles have the 

communication interrupted within a predetermined time as the communication interruption 

point, considering an elapse of time. 

 [0038] The certain number of communication vehicles may be a fixed number or 

may be a number different depending on the shape of the road (for example, depending on 20 

whether the road is a double-lane road or a single-lane road).  It is not necessary to 

include the same vehicle in the certain number of communication vehicles.  The 

predetermined time may be a fixed value or may be different depending on the shape of the 

road (for example, depending on whether the road is a double-lane road or a single-lane 

road). 25 

 [0039] The section setting unit 13 recognizes a communication restoration point 

(the end point of a communication interrupted section) based on the recognition result of 

the communication vehicle position recognition unit 11.  The communication restoration 

point described above is a point where the communication is restored between a certain 
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number of more of communication vehicles that have the communication interrupted at the 

same communication interruption point and the communication server 101.  The certain 

number or more of communication vehicles do not need to be the same as the 

communication vehicles used when recognizing the communication interruption point.  

The section setting unit 13 may recognize a point where a certain number or more of 5 

communication vehicles have the communication interrupted within a predetermined time 

as the communication interruption point. 

 [0040] The section setting unit 13 sets the section between a communication 

interruption point and a communication restoration point as a communication interrupted 

section.  The section setting unit 13 overwrites a communication vehicle absence section 10 

with a communication interrupted section.  When a communication interruption point and 

a communication restoration point are recognized on the same road, the section setting unit 

13 may set the section between these points as a communication interrupted section.  The 

section setting unit 13 may set a communication interrupted section across an intersection 

or a branch.  In this case, the section setting unit 13 recognizes a plurality of 15 

communication restoration points for one communication interruption point.  That is, in 

this case, the communication interrupted section may have multiple exits for one entrance.  

The method for setting  a communication interrupted section is not limited to the method 

described above. 

 [0041] When the setting of a communication established section and the setting of 20 

a communication interrupted section overlap, the section setting unit 13 treats the 

overlapping section as a communication established section.  For a section where the 

setting of a communication established section and the setting of a communication 

interrupted section overlap, the section setting unit 13 may store the traveling trajectory of 

a communication vehicle with which communication has been established. 25 

 [0042] FIG. 2 is a diagram showing the setting of sections.  FIG. 2 shows the 

host vehicle M, the center C, route A, route B, route C, communication vehicles N1 to N4, 

and the destination G.  The host vehicle M is a vehicle that is controlled by the vehicle 

control device 102 of the vehicle communication system 100.  The center C is facilities 
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where the communication server 101 is installed.  Communication vehicles N1 and N2 

are vehicles communicating with the communication server 101 of the center C.  

Communication vehicles N1 and N2 are traveling on route A.  Communication vehicles 

N3 and N4 are vehicles in the state in which communication with the communication 

server 101 of the center C is interrupted.  Communication vehicles N3 and N4 are 5 

traveling on route B.  There is no communication vehicle on route C. 

 [0043] In the situation shown in FIG. 2, the section setting unit 13 sets a 

communication established section on route A based on the positions of the communication 

vehicles N1 and N2 on the map that are communicating with the communication server 

101.  For example, the section setting unit 13 sets the section in which communication 10 

vehicles N1 and N2, which have been communicating with the communication server 101 

for a predetermined time or more, are traveling as a communication established section.  

The section setting unit 13 sets route C, where there is no communication vehicle that is 

communicating with the communication server 101, as a communication vehicle absence 

section. 15 

 [0044] In addition, the section setting unit 13 recognizes the communication 

interrupted section on route B based on the communication interruption and the 

communication restoration of the communication vehicles N3 and N4.  The section 

setting unit 13 recognizes the communication interruption point b1, at which the 

communication between the communication vehicles (N3 and N4) and the communication 20 

server 101 is interrupted, and the communication restoration point b2 at which the 

communication between the communication vehicles (N3 and N4) and the communication 

server 101 is restored.  The section setting unit 13 recognizes the section between the 

communication interruption point b1 and the communication restoration point b2 as the 

communication interrupted section. 25 

 [0045] Next, the release of section setting will be described.  The section setting 

unit 13 counts the elapsed time since a communication established section was set on the 

map.  The section setting unit 13 counts the elapsed time based on the timer of the 

communication server 101.  The section setting unit 13 releases the setting of the 
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communication established section when the first setting time has elapsed since the 

communication established section was set.  The first setting time is a time that is set in 

advance (for example, 30 seconds).  The first setting time can be set to a time of 30 

seconds or more and 1 minute or less. 

 [0046] Similarly, the section setting unit 13 counts the elapsed time since a 5 

communication interrupted section was set on the map.  The section setting unit 13 counts 

the elapsed time based on the timer of the communication server 101.  The section setting 

unit 13 releases the setting of the communication interrupted section when the second 

setting time has elapsed since the communication interrupted section was set.  The second 

setting time is a time that is set in advance (for example, 30 seconds).  The second setting 10 

time can be set to a time of 30 seconds or more and 3 minutes or less.  The second setting 

time may be longer than the first setting time.  By doing so, it is possible to easily release 

the setting of a communication interrupted section and avoid adverse effect on vehicle 

control. 

 [0047] After the setting of a communication established section or a 15 

communication interrupted section is released, the section setting unit 13 may set the 

setting-released section as a communication vehicle absence section if the setting of a 

communication established section or a communication interrupted section is not 

overwritten in the setting-released section. 

 [0048] The server side map database 14 is a database that stores map information.  20 

The server side map database 14 is a database that is used as the reference of the vehicle 

side map database 25 that will be described later.  The server side map database 14 keeps 

the map information up-to-date by a known technique via communication with a 

communication vehicle such as a probe car. 

 [0049] The server side map database 14 stores the section information on a 25 

communication established section, a communication interrupted section, and a 

communication vehicle absence section that are set by the section setting unit 13.  The 

section information may be stored in a database different 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 described.  The vehicle control device 102 is 

a device that performs the vehicle control of the host vehicle.  The host vehicle may be a 

vehicle that functions as a communication vehicle described above or may be a vehicle that 

does not function as a communication vehicle.  That is, the host vehicle does not 5 

necessarily have to be a device that provides information to the communication server 101.  

The vehicle control includes at least two types of control: system driven control and driver 

driven control.  The vehicle control device 102 recognizes a request for starting the 

system driven control in response to a driver's operation.  When the condition that is set 

by the driver in advance is satisfied, the vehicle control device 102 may automatically start 10 

the system driven control. 

 [0051] The system driven control is the traveling control of the host vehicle when 

the traveling is controlled mainly by the vehicle control device 102.  The system driven 

control is, for example, autonomous driving control.  The autonomous driving control is 

control in which the host vehicle travels autonomously without the driver performing the 15 

driving operation.  The system driven control may be thought of as control corresponding 

to the so-called autonomous driving level 3 or autonomous driving level 4.  In the system 

driven control, the vehicle control device 102 controls the acceleration, deceleration, and 

steering of the host vehicle. 

 [0052] The driver-driven control is the traveling control of the host vehicle when 20 

the host vehicle is driven mainly by the driver.  The driver-driven control is provided, for 

example, in the form of driving assistance control, guidance control provided to the driver, 

and alerting control provided to the driver.  The driving assistance control refers to the 

control provided to assist the driver in traveling of the host vehicle while the host vehicle is 

driven mainly by the driver’s manual driving operation.  The driving assistance control 25 

may include Lane Keeping Assist [LKA] and/or Adaptive Cruise Control [ACC].  The 

driving assistance control may be thought of as the control corresponding to the 

autonomous driving level 1 or autonomous driving level 2. 

 [0053] The vehicle control device 102 includes an Electronic Control Unit (ECU) 
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10 that integrally manages the device.  The ECU 30 is an electronic control unit that 

includes a Central Processing Unit (CPU), a Read Only Memory (ROM), a Random 

Access Memory (RAM), and a Controller Area Network (CAN) communication circuit.  

The ECU 30 loads a program stored in the ROM into the RAM and causes the CPU to 

execute the program loaded into the RAM to implement various functions.  The ECU 30 5 

may be configured by a plurality of electronic control units. 

 [0054] The ECU 30 is connected to a GPS receiver 21, an external sensor 22, an 

internal sensor 23, a driving operation detection unit 24, a vehicle side map database 25, a 

Human Machine Interface [HMI] 26, an actuator 27, and a vehicle side communication 

unit 28. 10 

 [0055] The GPS receiver 21 receives signals from three or more GPS satellites to 

measure the position of the host vehicle (for example, the latitude and longitude of the host 

vehicle).  The GPS receiver 21 sends the measured position information on the host 

vehicle to the ECU 30. 

 [0056] The external sensor 22 is a detection apparatus for detecting the 15 

surrounding situation of the host vehicle.  The external sensor 22 includes at least one of a 

camera and a radar sensor. 

 [0057] The camera is a capturing apparatus that captures the external situation of 

the host vehicle.  The camera is provided on the interior side of the windshield of the host 

vehicle.  The camera sends the captured information on the external situation of the host 20 

vehicle to the ECU 30.  The camera may be a monocular camera or a stereo camera.  

The stereo camera includes two capturing units arranged so that the disparity between the 

right eye and the left eye is reproduced.  The information captured by the stereo camera 

also includes the depth direction information. 

 [0058] The radar sensor is a detection apparatus that detects an obstacle around 25 

the host vehicle using radio waves (for example, millimeter waves) or light.  The radar 

sensor includes a millimeter radar or a Light Detection and Ranging (LIDAR).  The radar 

sensor detects an obstacle by sending radio waves or light to the surroundings of the host 

vehicle and by receiving radio waves or light reflected by the obstacle.  The radar sensor 
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sends the detected obstacle information to the ECU 30.  Obstacles include stationary 

obstacles such as guardrails and buildings as well as moving obstacles such as pedestrians, 

bicycles, and other vehicles. 

 [0059] The internal sensor 23 is a detection apparatus that detects the traveling 

state of the host vehicle.  The internal sensor 23 includes a vehicle speed sensor, an 5 

acceleration sensor, and a yaw rate sensor.  The vehicle speed sensor is a detection 

apparatus that detects the speed of the host vehicle.  An example of the vehicle speed 

sensor is a wheel speed sensor that is provided on the wheels of the host vehicle or on the 

drive shaft that rotates in synchronization with the wheels to detect the rotation speed of 

the wheels.  The vehicle speed sensor sends the detected vehicle speed information 10 

(wheel speed information) to the ECU 30. 

 [0060] The acceleration sensor is a detection apparatus that detects the 

acceleration of the host vehicle.  The acceleration sensor includes a longitudinal 

acceleration sensor that detects acceleration in the longitudinal direction of the host vehicle 

and a lateral acceleration sensor that detects the lateral acceleration of the host vehicle.  15 

The acceleration sensor sends the acceleration information on the host vehicle to the ECU 

30.  The yaw rate sensor is a detection apparatus that detects the yaw rate (turning angle 

velocity) around the vertical axis at the center of gravity of the host vehicle.  A gyro 

sensor may be used as the yaw rate sensor.  The yaw rate sensor sends the detected yaw 

rate information on the host vehicle to the ECU 300. 20 

 [0061] The driving operation detection unit 24 detects the driver's driving 

operation.  The driving operation detection unit 24 includes an accelerator pedal sensor, a 

brake pedal sensor, and a steering sensor.  The driving operation detection unit 24 sends 

the detected driver’s driving operation to the ECU 30. 

 [0062] The vehicle side map database 25 is a database that stores the map 25 

information.  The vehicle side map database 25 is formed, for example, in the Hard Disk 

Drive [HDD] mounted on the host vehicle.  The map information includes the position 

information on roads, the information on road shapes (for example, whether the road is a 

curved road or a straight road, the curvature of a curved road, and so on), the position 
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information on intersections and branch points, the position information on structures, and 

so on.  The map information includes the section information on the sections that are set 

on the map in advance.  The vehicle side map database 25 carries out communication 

with the communication server 101 to update the map information as necessary with the 

server side map database 14 as its reference database.  The vehicle side map database 25 5 

may be provided in a server capable of communicating with the host vehicle. 

 [0063] The HMI 26 is an interface for outputting and inputting information 

between the driver and the vehicle control device 102.  The HMI 26 has a display for 

displaying image information to the driver and operation buttons or a touch panel for 

allowing the driver to perform input operations.  The HMI 26 sends the information 10 

received from the driver to the ECU 30.  The HMI 26 displays image information on the 

display in response to the control signal from the ECU 30. 

 [0064] The actuator 27 is an apparatus used for controlling the host vehicle.  The 

actuator 27 includes at least a throttle actuator, a brake actuator, and a steering actuator.  

The throttle actuator controls the amount of air to be supplied to the engine (throttle angle) 15 

according to the control signal from the ECU 30 to control the driving force of the host 

vehicle.  When the host vehicle is a hybrid vehicle, the amount of air to be supplied to the 

engine is input to the engine and, in addition, the control signal from the ECU 30 is input 

to the motor, which works as the power source, to control the driving force.  When the 

host vehicle is an electric vehicle, the control signal from the ECU 30 is input to the motor, 20 

which works as the power source, to control the driving force.  The motor that works as 

power sources in these cases constitutes the actuator 27. 

 [0065] The brake actuator controls the brake system according to the control 

signal, received from the ECU 30, to control the braking force to be applied to the wheels 

of the host vehicle.  As the brake system, a hydraulic brake system may be used.  The 25 

steering actuator controls the driving of the assist motor, one component of the electric 

power steering system for controlling the steering torque, according to the control signal 

received from the ECU 30.  By doing so, the steering actuator controls the steering torque 

of the host vehicle. 
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 [0066] The vehicle side communication unit 28 is an apparatus for 

communicating with the communication server 101.  The vehicle control device 102 

sends and receives various information to and from the communication server 101 via the 

vehicle side communication unit 28.  The communication format is not limited to a 

particular format. 5 

 [0067] Next, the functional configuration of the ECU 30 will be described.  The 

ECU 30 includes a vehicle position recognition unit 31, a road condition recognition unit 

32, a traveling state recognition unit 33, a section information acquisition unit 34, a travel 

plan generation unit 35, a section determination unit 36, and a vehicle control unit 37.  

The functions of the ECU 30 described below may also be executed, in part, by a server 10 

capable of communicating with the host vehicle. 

 [0068] The vehicle position recognition unit 31 recognizes the position of the host 

vehicle on the map based on the position information, received by the GPS receiver 21, 

and the map information stored in the vehicle side map database 25.  In addition, the 

vehicle position recognition unit 31 recognizes the position of the host vehicle by the 15 

Simultaneous Localization and Mapping [SLAM] technology, using the position 

information on stationary obstacles, such as utility poles, included in the map information 

stored in the vehicle side map database 25 and the detection result detected by the external 

sensor 22.  The vehicle position recognition unit 31 may recognize the position of the host 

vehicle on the map using other known methods. 20 

 [0069] The road condition recognition unit 32 recognizes the road condition of 

the road on which host vehicle is traveling, based on the detection result detected by the 

external sensor 22.  The road conditions include the condition of obstacles on the road on 

which the host vehicle is traveling (moving obstacles such as other vehicles, bicycles, and 

pedestrians, and stationary obstacles such as utility poles, guardrails, and buildings).  The 25 

road condition recognition unit 32 recognizes the road condition by a known method based 

on the image captured by the camera and the obstacle information sensed by the radar 

sensor. 

 [0070] The traveling state recognition unit 33 recognizes the traveling state of the 
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host vehicle based on the detection result detected by the internal sensor 23.  The 

traveling state includes the vehicle speed of the host vehicle, the acceleration of the host 

vehicle, and the yaw rate of the host vehicle.  More specifically, the traveling state 

recognition unit 33 recognizes the vehicle speed of the host vehicle based on the vehicle 

speed information sensed by the vehicle speed sensor.  The traveling state recognition unit 5 

33 recognizes the acceleration of the host vehicle based on the acceleration information 

sensed by the acceleration sensor.  The traveling state recognition unit 33 recognizes the 

direction of the host vehicle based on the yaw rate information sensed by the yaw rate 

sensor. 

 [0071] The section information acquisition unit 34 acquires the section 10 

information that is set by the section setting unit 13 via communication with the 

communication server 101.  When the target route of the host vehicle is already set, the 

section information acquisition unit 34 may acquire only the section information on the 

sections that are located on the target route and/or near to the target route.  The section 

information acquisition unit 34 recognizes the communication established sections, 15 

communication interrupted sections, and communication vehicle absence sections that are 

set on the map, based on the section information. 

 [0072] The travel plan generation unit 35 generates a travel plan for causing the 

host vehicle to travel, by the system driven control, toward the destination that is set by the 

driver in advance.  When the destination is set, the travel plan generation unit 35 searches 20 

for a target route for the host vehicle to arrive at the destination, based on the position of 

the host vehicle on the map and the map information.  When there is a plurality of target 

route candidates leading to the destination, the travel plan generation unit 35 searches for a 

target route that includes only communication established sections before arriving at the 

destination, based on the section information acquired by the section information 25 

acquisition unit 34.  If there is no target route that includes only communication 

established sections before arriving at the destination, the travel plan generation unit 35 

may search for a target route that includes communication vehicle absence sections and/or 

communication interrupted sections.  In this case, the travel plan generation unit 35 uses a 
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target route that is one of the plurality of target route candidates and that has the highest 

ratio of communication established sections. 

 [0073] The travel plan generation unit 35 may acquire the road condition 

information (information on the road conditions the communication vehicles provided to 

the communication server 101) via communication with the communication server 101 and, 5 

using the acquired road condition information, search for a target route with fewer 

obstacles. 

 [0074] When a target route is used, the travel plan generation unit 35 acquires the 

road condition information on the target route via communication with the communication 

server 101.  The travel plan generation unit 35 generates a travel plan for use by the 10 

system driven control, based on the target route, the map information, the road condition 

information, the road condition around the host vehicle recognized by the road condition 

recognition unit 32, and the traveling state of the host vehicle recognized by the traveling 

state recognition unit 33. 

 [0075] For example, a travel plan includes the control target value of the host 15 

vehicle for a position on the target route of the host vehicle.  The positions on the target 

route are positions in the extending direction of the target route on the map.  The 

positions on the target route mean set longitudinal positions that are set at predetermined 

intervals (for example, at one-meter intervals) in the extending direction of the target route.  

The control target value is the value of a control target of the vehicle used in the travel plan.  20 

The control target value is set in association with each set longitudinal position on the 

target route.  The travel plan generation unit 35 generates a travel plan by setting the set 

longitudinal positions at predetermined intervals on the target route and, at the same time, 

setting the control target value (for example, the target lateral position and the target 

vehicle speed) for each set longitudinal position.  The set longitudinal position and the 25 

target lateral position may be set by combining into one set of positional coordinates.  The 

set longitudinal position and the target lateral position mean the longitudinal position 

information and the lateral position information that are set as a target in the travel plan. 

 [0076] The method of generating a travel plan and the contents of a travel plan 
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are not limited to those described above.  The travel plan generation unit 35 may generate 

a travel plan appropriate for executing the system driven control by using the road 

condition information acquired via communication with the communication server 101. 

 [0077] The section determination unit 36 determines whether the host vehicle is 

traveling in a communication established section, based on the position of the host vehicle 5 

on the map and the section information.  In addition, the section determination unit 36 

determines whether the host vehicle is traveling in a communication interrupted section, 

based on the position of the host vehicle on the map and the section information.  

Similarly, the section determination unit 36 determines whether the host vehicle is 

traveling in a communication vehicle absence section, based on the position of the host 10 

vehicle on the map and the section information. 

 [0078] The vehicle control unit 37 performs the vehicle control of the host vehicle.  

The vehicle control unit 37 performs the vehicle control by sending the control signal to 

the actuator 27.  If the start of the system driven control is requested by the operation of 

the driver and if it is determined by the section determination unit 36 that the host vehicle 15 

is traveling in a communication established section, the vehicle control unit 37 performs 

the system driven control of the host vehicle.  The vehicle control unit 37 performs the 

system driven control of the host vehicle based on the map information, the position of the 

host vehicle on the map, the road conditions around the host vehicle, the traveling sate of 

the host vehicle, the road condition information acquired via communication with the 20 

communication server 101, and the travel plan generated by the travel plan generation unit 

35. 

 [0079] If it is determined that the host vehicle is traveling in a communication 

established section but if the communication between the host vehicle and the 

communication server 101 is interrupted for a predetermined time or more, the vehicle 25 

control unit 37 may terminate the system driven control and switch the control to the driver 

driven control. 

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

by the section determination unit 36 that the host vehicle is traveling in a communication 
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interrupted section, the vehicle control unit 37 does not perform the system driven control 

of host vehicle but performs the driver driven control of the host vehicle because the 

communication between the communication server 101 and the host vehicle is interrupted. 

 [0081] The vehicle control unit 37 performs the driver driven control (for 

example, driving assistance control that is known) based on the driving operation of the 5 

driver, the road condition around the host vehicle, and the traveling state of the host 

vehicle. 

 [0082] In other words, when the host vehicle is traveling in a communication 

interrupted section, the vehicle control unit 37 uses a vehicle control assistance level lower 

than that used when the host vehicle is traveling in a communication established section.  10 

For example, the vehicle control unit 37 switches the control from the system driven 

control, corresponding to the autonomous driving level 3, to the driver driven control 

corresponding to the autonomous driving level 2. 

 [0083] Similarly, if the start of the system driven control is requested but if it is 

determined by the section determination unit 36 that the host vehicle is traveling in a 15 

communication vehicle absence section, the vehicle control unit 37 performs the driver 

driven control of the host vehicle. 

 [0084] In addition, if the length of the communication established section in 

which the host vehicle not performing the system driven control is traveling (that is, the 

host vehicle is traveling under the driver driven control or in the manual operation mode) is 20 

equal to or smaller than the set threshold, the vehicle control unit 37 does not perform the 

system driven control in that communication established section.  The set threshold value 

is a value that is set in advance.  The set threshold value may be a fixed value or may be a 

value that is changed according to the vehicle speed of the host vehicle, traffic jam 

condition, and so on.  The vehicle control unit 37 may set the set threshold to a smaller 25 

value as the density of other vehicles (for example, the number of other vehicles per unit 

distance) in the communication established section, in which the host vehicle is traveling 

or is to travel, is higher.  When a target route is set, the length of the communication 

established section to be compared with the set threshold may be the length of the 
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communication established section on the target route (that is, when the target route 

branches off into an alleyway in the middle of the communication established section, the 

length of the communication established section is the length from the entrance of the 

communication established section to the branch point). 

 [0085] Before switching from the system driven control to the driver driven 5 

control, the vehicle control unit 37 notifies (alerts) the driver via the HMI 26 that the 

control will be switched to the driver driven control.  The HMI 26 notifies the driver that 

the control will be switched to driver driven control by an image display on the display 

and/or an audio output from the speaker.  When the control can be switched from the 

driver driven control to the system driven control (that is, when the host vehicle under the 10 

driver driven control enters a communication established section), the vehicle control unit 

37 may suggest the driver that the control should be switched to the system driven control.  

If the driver permits the switching to the system driven control, the vehicle control unit 37 

switches the control from driver driven control to system driven control.  If the driver has 

set, in advance, the automatic switching to the system driven control, the vehicle control 15 

unit 37 may notify the driver that the control will be switched from the driver driven 

control to the system driven control and, then, switch the control from the driver driven 

control to the system driven control. 

 [0086] In addition, while the driver driven control (or manual driving) of the host 

vehicle is performed, the vehicle control device 102 may search for a route that includes a 20 

communication established section based on the latest section information and, if such a 

route is found, may propose that the target route be changed.  For example, in FIG. 2, 

assume that the vehicle control device 102 provides the driver with the guidance 

information notifying the driver that the route including route B is the target route to the 

destination G.  In this case, based on the latest section information, the travel plan 25 

generation unit 35 recognizes route A that is parallel to route B composed of the 

communication interrupted section and that includes the communication established 

section.  Upon recognizing route A that is different from the target route and that is 

composed of the communication established section, the travel plan generation unit 35 
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proposes the driver, via the HMI 26, that the target route be changed to a new target route 

that includes route A (that is, proposes that the system driven control be performed by 

changing the target route).  When the driver permits the change, the travel plan generation 

unit 35 changes the target route to the route that includes route A.  The vehicle control 

unit 37 performs the system driven control if it is determined that the host vehicle is to 5 

travel in the communication established section. 

 [0087] If a communication established section, a communication interrupted 

section, and a communication vehicle absence section are set on a road basis and, on a 

multiple-lane road, if there is a section in which a communication established section and a 

communication interrupted section overlap, the vehicle control device 102 may propose the 10 

driver that the host vehicle should travel in the lane in which a communication vehicle that 

has successfully established the communication has traveled.  The vehicle control unit 37 

performs the system driven control if it is determined that the host vehicle is to travel in a 

communication established section. 

 [0088] In addition, if a communication established section, a communication 15 

interrupted section, and a communication vehicle absence section are set on a lane basis, 

the vehicle control device 102 may propose the driver that the lane be changed so that the 

host vehicle travels in the communication established section.  More specifically, if it is 

recognized that there is a communication interrupted section (or communication vehicle 

absence section) in the traveling lane in which the host vehicle travels and that there is a 20 

communication established section in the lane adjacent to the traveling lane, the travel plan 

generation unit 35 proposes the driver that the lane be changed to the lane in the 

communication established section.  If it is determined, as a result of a lane change, that 

the host vehicle is to travel in the communication established section, the vehicle control 

unit 37 performs the system driven control.  Another mode is also possible in which, 25 

when the driver permits the change, the vehicle control unit 37 automatically changes the 

lane to a lane in the communication established section. 

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

host vehicle, that a communication interrupted section is newly set on the target route of a 
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travel plan based on the latest section information, the vehicle control device 102 may 

propose the driver to change the route.  For example, in FIG. 2, assume that the host 

vehicle M has a travel plan according to which the host vehicle will pass through route B.  

At this time, if it is recognized that a communication interrupted section is newly set in 

route B based on the latest section information, the travel plan generation unit 35 5 

re-searches for a target route.  If route A composed of a communication established 

section is searched for as a result of the re-search, the travel plan generation unit 35 

proposes the driver, via the HMI 26, that the target route be changed to the route that 

includes route A.  For continued execution of the system driven control, the travel plan 

generation unit 35 proposes the driver that the target route be changed to the route that 10 

includes route A.  The travel plan generation unit 35 changes the target route to the route 

including route A when the driver permits the change.  The vehicle control unit 37 

changes the target route to the route including route A and continues the system driven 

control. 

 [0090] In addition, if it is determined, during the execution of the system driven 15 

control of the host vehicle, that the host vehicle is traveling in a section where a 

communication established section and a communication interrupted section overlap (that 

is, if it is determined that the host vehicle is traveling in a communication established 

section and, at the same time, in a communication interrupted section), the vehicle control 

unit 37 may perform the system driven control so that the host vehicle travels along the 20 

traveling trajectory of a communication vehicle that successfully performed the 

communication with the communication server 101.  In some cases, a position where the 

communication between the communication server 101 and the host vehicle is interrupted 

and a position where the communication between them is established are mixed even on 

the same road (or in the same lane).  Therefore, if it is determined that the host vehicle is 25 

traveling in a section where a communication established section and a communication 

interrupted section overlap, the vehicle control unit 37 can cause the host vehicle to travel 

along the traveling trajectory of a communication vehicle that is determined to have 

established the communication with the communication server 101, thus avoiding an 



 

 

27 

 

 

interruption in the communication. 

 [0091] [Processing of vehicle communication system] 

The processing of the vehicle communication system 100 according to the present 

embodiment will be described below. 

 [0092] <Setting processing of a communication established section and a 5 

communication vehicle absence section> 

FIG. 3A is a flowchart showing the setting processing of a communication established 

section and a communication vehicle absence section.  The flowchart shown in FIG. 3A is 

executed as necessary in the communication server 101. 

 [0093] In S10, the communication server 101 uses the communication vehicle 10 

position recognition unit 11 to recognize the positions of the communication vehicles on 

the map as shown in FIG. 3A.  The communication vehicle position recognition unit 11 

communicates with a plurality of communication vehicles to recognize the positions of the 

communication vehicles on the map.  After that, the processing of the communication 

server 101 proceeds to S12. 15 

 [0094] In S12, the communication server 101 uses the section setting unit 13 to 

determine whether the communication between the communication server 101 and the 

communication vehicles has continued for a predetermined time or more.  If it is not 

determined that the communication with the communication vehicles has continued for a 

predetermined time or more (S12: NO), the communication server 101 terminates the 20 

current processing.  If it is determined that the communication with the communication 

vehicles has continued for a predetermined time or more (S12: YES), the processing of the 

communication server 101 proceeds to S14. 

 [0095] In S14, the communication server 101 uses the section setting unit 13 to 

set a communication established section and a communication vehicle absence section.  25 

For example, the section setting unit 13 sets a section in which the communication vehicles 

that continue communication with the communication server 101 are traveling as a 

communication established section.  The section setting unit 13 sets a section in which 

there is no communication vehicle that is communicating with the communication server 
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101 as a communication vehicle absence section.  After that, the communication server 

101 terminates the current processing. 

 [0096] 

<Setting processing of a communication interrupted section> 

FIG. 3B is a flowchart showing the setting processing of a communication interrupted 5 

section.  The flowchart shown in FIG. 3B is executed as necessary in the communication 

server 101. 

 [0097] In S20, the communication server 101 uses the communication vehicle 

position recognition unit 11 to recognize the positions of the communication vehicles on 

the map as shown in FIG. 3B.  The communication vehicle position recognition unit 11 10 

communicates with a plurality of communication vehicles to recognize the positions of the 

communication vehicles on the map.  After that, the processing of the communication 

server 101 proceeds to S22. 

 [0098] In S22, the communication server 101 uses the section setting unit 13 to 

determine whether a communication interruption point is recognized.  The 15 

communication interruption point is a point where the communication of a certain number 

or more of communication vehicles is interrupted.  If it is not determined that the 

communication interruption point, where the communication of a certain number or more 

of communication vehicles is interrupted, is recognized (S22: NO), the communication 

server 101 terminates the current processing.  If it is determined that the communication 20 

interruption point, where the communication of a certain number or more of 

communication vehicles is interrupted, is recognized (S22: YES), the processing of the 

communication server 101 proceeds to S24. 

 [0099] In S24, the communication server 101 uses the section setting unit 13 to 

determine whether a communication restoration point is recognized.  The communication 25 

restoration point is a point where the communication of a certain number or more of 

communication vehicles whose communication was interrupted at the same 

communication interruption point is restored.  If it is not determined that the 

communication restoration point, where the communication of a certain number or more of 



 

 

29 

 

 

communication vehicles is restored, is recognized (S24: NO), the communication server 

101 terminates the current processing.  If it is determined that the communication 

restoration point, where the communication of a certain number or more of communication 

vehicles is restored, is recognized (S24: YES), the processing of the communication server 

101 proceeds to S26. 5 

 [0100] In S26, the communication server 101 uses the section setting unit 13 to 

set a communication interrupted section.  The section setting unit 13 sets the section 

between the communication interruption point and the communication restoration point as 

a communication interrupted section.  After that, the communication server 101 

terminates the current processing. 10 

 [0101] <Release processing of a communication established section> FIG. 4A is a 

flowchart showing the release processing of a communication established section.  The 

flowchart shown in FIG. 4A is executed when a communication established section was 

set. 

 [0102] In S30, the communication server 101 uses the section setting unit 13 to 15 

determine whether the first setting time has elapsed since the communication established 

section was set, as shown in FIG. 4A.  If it is not determined that the first setting time has 

elapsed since the communication established section was set (S30: NO), the 

communication server 101 terminates the current processing.  The communication server 

101 repeats the processing of S30 again after a certain time has elapsed.  If it is 20 

determined that the first setting time elapsed since the communication established section 

was set (S30: YES), the processing of the communication server 101 proceeds to S32. 

 [0103] In S32, the communication server 101 uses the section setting unit 13 to 

release the communication established section.  When the communication established 

section is released, the communication server 101 completes the release processing of the 25 

communication established section. 

 [0104] <Release processing of a communication interrupted section> 

FIG. 4B is a flowchart showing the release processing of a communication interrupted 

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

 [0105] In S40, the communication server 101 uses the section setting unit 13 to 

determine whether the second setting time has elapsed since the communication 

interrupted section was set, as shown in FIG. 4B.  If it is not determined that the second 

setting time has elapsed since the communication interrupted section was set (S40: NO), 5 

the communication server 101 terminates the current processing.  The communication 

server 101 repeats the processing of S40 again after a certain time has elapsed.  If it is 

determined that the second setting time has elapsed since the communication interrupted 

section was set (S40: YES), the processing of the communication server 101 proceeds to 

S42. 10 

 [0106] In S42, the communication server 101 uses the section setting unit 13 to 

release the communication interrupted section.  After releasing the communication 

interrupted section, the communication server 101 completes the release processing of the 

communication interrupted section. 

 [0107] <Vehicle control performed by the vehicle control device> 15 

FIG. 5 is a flowchart showing vehicle control performed by the vehicle control device.  

The flowchart shown in FIG. 5 is executed, for example, when a driver’s operation to 

request to start the system driven control is recognized. 

 [0108] As shown in FIG. 5, in S50, the ECU 30 of the vehicle control device 102 

uses the vehicle position recognition unit 31 to recognize the position of the host vehicle 20 

on the map.  The vehicle position recognition unit 31 recognizes the position of the host 

vehicle on the map based on the position information received by the GPS receiver 21 and 

the map information stored in the vehicle side map database 25.  After that, the 

processing of the ECU 30 proceeds to S52. 

 [0109] In S52, the ECU 30 uses the section information acquisition unit 34 to 25 

acquire the section information.  The section information acquisition unit 34 acquires the 

section information, which was set by the section setting unit 13, via communication with 

the communication server 101.  After that, the processing of the ECU 30 proceeds to S54. 

 [0110] In S54, the ECU 30 uses the section determination unit 36 to determine 
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whether the host vehicle is traveling in a communication established section.  The section 

determination unit 36 determines whether the host vehicle is traveling in a communication 

established section, based on the position of the host vehicle on the map and the section 

information.  If it is determined that the host vehicle is traveling in a communication 

established section (S54: YES), the processing of the ECU 30 proceeds to S56.  If it is not 5 

determined that the host vehicle is traveling in a communication established section (S54: 

NO), the processing of the ECU 30 proceeds to S58. 

 [0111] In S56, the ECU 30 uses the vehicle control unit 37 to perform the system 

driven control of the host vehicle.  The vehicle control unit 37 performs the system driven 

control of the host vehicle based on the map information, the position of the host vehicle 10 

on the map, the road conditions around the host vehicle, the traveling state of the host 

vehicle, the road condition information acquired via communication with the 

communication server 101, and the travel plan generated by the travel plan generation unit 

35.  The vehicle control unit 37 causes the host vehicle to travel by the system driven 

control in the communication established section.  After that, the ECU 30 terminates the 15 

current processing and, after a predetermined time elapses, repeats the processing from S50 

again.  If the host vehicle is under the driver driven control, the ECU 30 performs the 

system driven control after obtaining permission from the driver. 

 [0112] In S58, the ECU 30 uses the section determination unit 36 to determine 

whether the host vehicle is traveling in a communication interrupted section.  The section 20 

determination unit 36 determines whether the host vehicle is traveling in an 

communication interrupted section, based on the position of the host vehicle on the map 

and the section information.  If it is determined that the host vehicle is traveling in a 

communication interrupted section (S58: YES), the processing of the ECU 30 proceeds to 

S60.  If it is not determined that the host vehicle is traveling in a communication 25 

interrupted section (S58: NO), the processing of the ECU 30 proceeds to S62. 

 [0113] In S60, the ECU 30 uses the vehicle control unit 37 to perform the driver 

driven control of the host vehicle.  The vehicle control unit 37 performs the driver driven 

control of the host vehicle based on the driving operation of the driver, the road condition 
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around the host vehicle, and the traveling state of the host vehicle.  The vehicle control 

unit 37 causes the host vehicle to travel by the driver driven control in the communication 

interrupted section.  After that, the ECU 30 terminates the current processing and, after a 

predetermined time elapses, repeats the processing from S50 again.  If the host vehicle is 

under the system driven control, the ECU 30 executes the driver driven control after 5 

alerting the driver. 

 [0114] In S62, the ECU 30 uses the vehicle control unit 37 to perform the driver 

driven control of the host vehicle.  The processing in S62 is the same as that in S60 and, 

therefore, the description is omitted.  After that, the ECU 30 terminates the current 

processing and, after a predetermined time elapses, repeats the processing from S50 again. 10 

 [0115] <Vehicle control switching restriction processing> 

FIG. 6 is a flowchart showing the vehicle control switching restriction processing.  The 

flowchart shown in FIG. 6 is executed, for example, when the vehicle control device 102 

acquires the section information that includes the information on a communication 

established section.  The flowchart shown in FIG. 6 is executed for each communication 15 

established section.  The flowchart shown in FIG. 6 may also be executed when the host 

vehicle enters a communication established section. 

 [0116] As shown in FIG. 6, the ECU 30 uses the section determination unit 36 to 

determine whether the length of a communication established section is equal to or less 

than the set threshold value.  If it is not determined that the length of the communication 20 

established section is equal to or less than the set threshold value (S70: NO), the ECU 30 

terminates the current processing.  If it is determined that the length of the 

communication established section is equal to or less than the set threshold (S70: YES), the 

processing of the ECU 30 proceeds to S72. 

 [0117] In S72, the ECU 30 uses the vehicle control unit 37 to set that the system 25 

driven control will not be performed in the communication established section.  After that, 

the ECU 30 terminates the current processing.  The vehicle control unit 37 does not 

perform the system driven control even when it is determined 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 embodiment described above sets a 

communication established section and a communication interrupted section on the map 

based on the positions of the communicating communication vehicles on the map.  The 

vehicle communication system performs the system driven control of the host vehicle 5 

when the host vehicle travels in a communication established section and, at the same time, 

performs the driver driven control of the host vehicle when the host vehicle travels in a 

communication interrupted section.  In this way, the vehicle communication system 100 

performs vehicle control appropriately according to the communication environment of a 

section in which the host vehicle travels. 10 

 [0119] The vehicle communication system 100 further sets a communication 

vehicle absence section on the map based on the positions of the communicating 

communication vehicles on the map and, when the host vehicle travels in a communication 

vehicle absence section, performs the driver driven control.  In this way, the vehicle 

communication system 100 performs the vehicle control of the host vehicle appropriately 15 

considering a section in which there is no communication vehicle. 

 [0120] Furthermore, the vehicle communication system 100 does not perform the 

system driven control if the length of a communication established section is equal to or 

less than the set threshold value because, in this case, the system driven control can be 

executed only for a short period of time and, immediately after the short period of time, the 20 

vehicle control is switched again to the driver driven control.  This avoids the frequent 

switching of vehicle control. 

 [0121] Furthermore, considering that the communication environment of a 

section varies with the elapse of time, the vehicle communication system 100 releases the 

setting of a communication established section and a communication interrupted section 25 

when a certain time has elapsed, allowing vehicle control to be performed appropriately 

according to the actual communication environment. 

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

described above, the present invention is not limited to the above-described embodiments.  
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The present invention can be implemented not only in the embodiments described above 

but also in various forms to which various modifications and improvements are added 

based on the knowledge of those skilled in the art. 

 [0123] For example, the section setting unit 13 may set a communication 

established section, a communication interrupted section, or a communication vehicle 5 

absence section for each section that is set in advance on the map.  The sections that are 

set in advance may be formed by dividing a road into sections, one for each intersection or 

each branch point, or may be formed by dividing a road at fixed intervals.  Any method 

may be used to form a section that is set in advance. 

 [0124] The section setting unit 13 may set the traveling range of communication 10 

vehicles in communication with the communication server 101 as a communication 

established section even if the communication with the communication server 101 does not 

continue for a predetermined time or more.  The section setting unit 13 does not 

necessarily have to release a communication established section and/or a communication 

interrupted section when a predetermined time elapses. 15 

 [0125] The section determination unit 36 may determine whether the host vehicle 

is to travel in a communication established section, based on the position of the host 

vehicle on the map and the section information.  The section determination unit 36 may 

determine whether the host vehicle is to travel in a communication interrupted section, 

based on the position of the host vehicle on the map and the section information.  The 20 

section determination unit 36 may also determine whether the host vehicle is to travel in a 

communication vehicle absence section, based on the position of the host vehicle on the 

map and the section information. 

 [0126] The vehicle control device 102 does not necessarily have to include the 

vehicle side map database 25, but may acquire the map information, for example, from the 25 

communication server 101.  The vehicle control device 102 may set a target route using a 

known navigation system instead of the travel plan generation unit 35. 

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

vehicle absence section, the vehicle control unit 37 need not perform the driver driven 
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control in the same way as when the host vehicle is determined to be traveling in a 

communication interrupted section.  If it is determined that the host vehicle is traveling in 

a communication vehicle absence section, the vehicle control unit 37 may perform the 

system driven control specifically provided for a communication vehicle absence section 

while the communication between the communication server 101 and the host vehicle is 5 

established. 

 [0128] Furthermore, even if the length of a communication established section in 

which the host vehicle travels not under the system driven control is equal to or smaller 

than the set threshold, the vehicle control unit 37 may perform the system driven control in 

that communication established section. 10 

 [0129] The system driven control for a communication vehicle absence section is 

autonomous driving control with an assistance level lower than that of the system driven 

control that is performed when it is determined that the host vehicle is traveling in a 

communication established section.  The system driven control for a communication 

vehicle absence section is thought of as vehicle control with a smaller upper limit of the 15 

vehicle speed and/or a smaller upper limit of the amount of change in the steering angle of 

the host vehicle (temporal differentiation of steering angle) than that in the system driven 

control for a communication established section.  The system driven control for a 

communication established section may be considered as control corresponding to 

autonomous driving level 4, and the system driven control for a communication vehicle 20 

absence section as control corresponding to autonomous driving level 3.  When the 

communication between the communication server 101 and the host vehicle is interrupted 

for a predetermined time or more, the vehicle control unit 37 notifies the driver about the 

interruption and, then, switches the system driven control for a communication vehicle 

absence section to the driver driven control. 25 

 [0130] In addition, the vehicle control unit 37 may be configured in the mode 

described below with consideration for preventive safety services.  That is, the vehicle 

control unit 37 may perform warning control if it is determined that the host vehicle is 

traveling in a communication established section, may perform alerting control if it is 
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determined that the host vehicle is traveling in a communication vehicle absence section, 

and may cause the driver to perform the manual driving if it is determined that the host 

vehicle is traveling in a communication interrupted section.  In this configuration, when a 

communication established section becomes a communication vehicle absence section as 

the time elapses, the server side map database 14 may still store the obstacle information 5 

on a static obstacle (such as a falling object), which was recognized when the section was a 

communication established session, even after the section has become a communication 

vehicle absence section.  This means that, when it is determined that the host vehicle is 

traveling in a communication vehicle absence section, the vehicle control unit 37 can 

perform alerting control using the obstacle information on a static obstacle that was 10 

recognized when the section was a communication established section.  That is, if it is 

determined that the host vehicle is traveling in a communication vehicle absence section 

and if there is obstacle information on a static obstacle that has been held, the vehicle 

control unit 37 can perform alerting control that alerts the driver to the static obstacle, thus 

improving the quality of preventive safety services.  For the obstacle information on a 15 

dynamic obstacle such as a pedestrian, the server side map database 14 discards the 

obstacle information when a communication established section becomes a communication 

vehicle absence section when as the time elapses.  As a result, this mode can contribute to 

improving the quality of preventive safety services while saving the amount of data smaller 

than that in the mode when the obstacle information on all obstacles is held. 20 
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CLAIMS: 

 

 1. A vehicle communication system characterized by comprising: 

 a communication server (101) configured to communicate road condition information 

with a plurality of communication vehicles, the communication vehicles being vehicles 

configured to communicate with the communication server (101), the communication 

server (101) including 

  a communication vehicle position recognition unit (11) configured to recognize 

positions of communicating communication vehicles on a map via communication with the 

communication vehicles, the communicating communication vehicles being included in the 

plurality of communication vehicles and being in communication with the communication 

server (101), and 

  a section setting unit (13) configured to set a communication established section 

and a communication interrupted section on the map, based on the positions of the 

communicating communication vehicles on the map; and 

 a vehicle control device (102) configured to communicate with the communication 

server (101) and configured to perform vehicle control of a host vehicle, the host vehicle 

being configured to acquire the road condition information from the communication server 

(101), the vehicle control device (102) including 

  a vehicle position recognition unit (31) configured to recognize a position of the 

host vehicle on the map, 

  a section information acquisition unit (34) configured to acquire section 

information on the communication established section and the communication interrupted 

section, 

  a section determination unit (36) configured to determine in which section, 

either the communication established section or the communication interrupted section, the 

host vehicle is traveling or is to travel, based on the 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 vehicle based on the road 

condition information when the host vehicle travels in the communication established 

section, and 

   perform driver driven control of the host vehicle when the host vehicle 

travels in the communication interrupted section. 

 

 2. The vehicle communication system according to claim 1, wherein 

 the section setting unit (13) is configured to 

  set, as the communication established section, a section in which a 

communication vehicle of the plurality of communication vehicles that have continued 

communication with the communication server (101) for a predetermined time or more are 

traveling, based on the positions of the communicating communication vehicles on the 

map, and 

  set, as the communication interrupted section, a section in which a certain 

number or more of communication vehicles of the plurality of communication vehicles 

have communication interrupted, based on the positions of the communicating 

communication vehicles on the map. 

 

 3. The vehicle communication system according to claim 1 or 2, wherein 

 the section setting unit (13) is configured to set the communication established 

section, the communication interrupted section, and a communication vehicle absence 

section on the map based on the positions of the communicating communication vehicles 

on the map, 

 the section information acquisition unit (34) is configured to acquire the section 

information on the communication established section, the communication interrupted 

section, and the communication vehicle absence section that are set on the map,  

 the section determination unit (36) is configured to determine which of the 

communication established section, the communication interrupted section, or the 

communication vehicle absence section is a section in which the host vehicle is traveling or 
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is to travel, based on the position of the host vehicle on the map and the section 

information, and 

 the vehicle control unit (37) is configured to perform the driver driven control when 

the host vehicle travels in the communication vehicle absence section. 

 

 4. The vehicle communication system according to claim 3, wherein 

 the section setting unit (13) is configured to set, as the communication vehicle 

absence section, a section in which there is no communicating communication vehicle, 

based on the positions of the communication vehicles on the map. 

 

 5. The vehicle communication system according to any one of claims 1 to 4, wherein 

 the vehicle control unit (37) is configured not to perform the system driven control in 

the communication established section when a length of the communication established 

section in which the host vehicle not performing the system driven control travels is equal 

to or less than a threshold value. 

 

 6. The vehicle communication system according to any one of claims 1 to 5, wherein 

 the section setting unit (13) is configured to  

  release a setting of the communication established section when a first setting 

time has elapsed since the communication established section was set on the map, and 

 release a setting of the communication interrupted section when a second setting time 

has elapsed since the communication interrupted section was set on the map. 

 

 7. The vehicle communication system according to claim 6, wherein 

 the first setting time is 30 seconds or more and 1 minute or less, and the second 

setting time is 30 seconds or more and 3 minutes or less. 

 

 8. The vehicle communication system according to claim 1, wherein 

 the vehicle control device (102) further includes 



 

 

40 

 

 

  a travel plan generation unit (35) configured to generate a travel plan including 

candidates of a plurality of routes on which the host vehicle will travel before arriving at a 

destination, based on the position of the host vehicle on the map and the section 

information. 

 

 9. The vehicle communication system according to claim 8, wherein 

 the travel plan generation unit (35) is configured to determine, from the candidates of 

the routes, a traveling route on which the host vehicle will travel based on the section 

information. 

 

 10. The vehicle communication system according to claim 9, wherein 

 the travel plan generation unit (35) is configured to determine, from the candidates of 

the routes, a route including a maximum number of the communication established section 

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

 

 11. The vehicle communication system according to claim 1, wherein 

 the system driven control is traveling control under which the vehicle control device 

(102) performs acceleration, deceleration, and steering of the host vehicle autonomously, 

and the driver driven control is traveling control under which the host vehicle travels based 

on a driving operation of a driver of the host vehicle. 

 

 12. A vehicle control device (102) characterized by comprising: 

 a vehicle position recognition unit (31) configured to recognize a position of a host 

vehicle on a map; 

 a section information acquisition unit (34) configured to acquire section information 

on a communication established section and a communication interrupted section via 

communication with a communication server (101) configured to communicate road 

condition information with a plurality of communication vehicles, the communication 

vehicles being vehicles configured to communicate with the communication server (101), 
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the communication established section and the communication interrupted section being 

set on the map by the communication server (101) based on a status of communication 

with the communication vehicles; 

 a section determination unit (36) configured to determine in which section, either the 

communication established section or the communication interrupted section, the host 

vehicle is traveling, or is to travel, based on the position 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 in such a way that system driven 

control of the host vehicle is performed based on the road condition information acquired 

from the communication server (101) when the host vehicle travels in the communication 

established section, and  

  perform driver driven control of the host vehicle is performed when the host 

vehicle travels in the communication interrupted section. 

 

 13. A vehicle communication system characterized by comprising: 

 a communication server (101) configured to communicate road condition information 

with a plurality of communication vehicles, the communication vehicles being vehicles 

configured to communicate with the communication server (101), the communication 

server (101) including 

  a communication vehicle position recognition unit (11) configured to recognize 

positions of communicating communication vehicles on a map via communication with the 

communication vehicles, the communicating communication vehicles being included in the 

plurality of communication vehicles and being in communication with the communication 

server (101), and 

  a section setting unit (13) configured to set a communication established section 

and a communication interrupted section on the map, based on the positions of the 

communicating communication vehicles on the map; and 

 a vehicle control device (102) configured to communicate with the communication 
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server (101) and configured to perform vehicle control of a host vehicle, the host vehicle 

being configured to acquire the road condition information from the communication server 

(101), the vehicle control device (102) including 

  a vehicle position recognition unit (31) configured to recognize a position of the 

host vehicle on the map, 

  a section information acquisition unit (34) configured to acquire section 

information on the communication established section and the communication interrupted 

section,  

  a section determination unit (36) configured to determine in which section, 

either the communication established section or the communication interrupted section, the 

host vehicle is traveling or is to travel, based on the 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 vehicle travels in the 

communication interrupted section, and 

   perform high-level driving assistance, the high-level driving assistance 

having a higher level of intervention in driving control of the vehicle control device (102) 

than the driving assistance, based on the road condition information when the host vehicle 

travels in the communication established section.  

 


