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(57) ABSTRACT

A lane guidance system for a vehicle for guiding a vehicle to
a recommended lane in which the vehicle is recommended to
run out of traffic lanes included in a route from a first point to
a second point through the use of an output unit mounted on
the vehicle includes: a calculating unit that calculates a pre-
dicted value of an occurrence probability of sudden lane
change as information indicating the occurrence probability
of sudden lane change when the vehicle runs in sections
corresponding to a plurality of links; a setting unit that sets the
recommended lane on the basis of the predicted value; and a
generating unit that generates guidance information for the
recommended lane and that outputs the guidance information
to the output unit.
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TRAFFIC LANE GUIDANCE SYSTEM FOR
VEHICLE AND TRAFFIC LANE GUIDANCE
METHOD FOR VEHICLE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a traffic lane guid-
ance system for a vehicle and a traffic lane guidance method
for a vehicle for guiding a vehicle to a traffic lane so as to
suppress the occurrence of sudden lane change of a vehicle.
[0003] 2. Description of Related Art

[0004] Ina navigation system mounted on a vehicle, guid-
ance of a route from a current point as a first point and a
destination point as a second point is carried out using voice,
images, or the like. A navigation system for guiding an optical
traffic lane for a running vehicle has been developed.

[0005] For example, in a driving support system described
in Japanese Patent Application Publication No. 2012-221353
(JP 2012-221353 A), the occurrence probability of sudden
lane change when a vehicle enters a point of intersection from
traffic lanes is calculated as statistical information of right
turns and left turns. By guiding a vehicle to a traffic lane in
which the vehicle has to run in the vicinity of the intersection
on the basis of the calculated statistical information, the
occurrence of sudden lane change when the vehicle enters the
point of intersection is suppressed.

[0006] However, in the driving support system described in
JP 2012-221353 A, the lane change frequency occurring
while a vehicle runs from a point of intersection to a subse-
quent point of intersection is not considered at all. Accord-
ingly, when the lane change frequency of a vehicle increases
in a route portion other than the points of intersection in the
entire route from a current point to a destination point by
guiding the vehicle to a traffic lane in which the vehicle has to
run in the vicinity of the points of intersection, the occurrence
of'sudden lane change of the vehicle in the route portion may
be rather promoted. That is, in the driving support system, an
optical traffic lane in the vicinity of a point of intersection is
guided on the basis of local information for each point of
intersection so as to suppress the occurrence of sudden lane
change when the vehicle enters the point of intersection.
Accordingly, when the entire route from the current point to
the destination point is considered, it cannot be said that the
guided traffic lane is necessarily an optimal traffic lane for
suppressing the occurrence of sudden lane change of a
vehicle.

SUMMARY OF THE INVENTION

[0007] The invention provides a traffic lane guidance sys-
tem for a vehicle and a traffic lane guidance method for a
vehicle that can guide a vehicle to a traffic lane and that can
suppress the occurrence of sudden lane change in consider-
ation of the entire route from a first point to a second point.

[0008] According to a first aspect of the invention, there is
provided a traffic lane guidance system for a vehicle for
guiding a vehicle to a recommended lane in which the vehicle
is recommended to run out of traffic lanes included in a route
from a first point to a second point through the use of a
guidance information output unit mounted on the vehicle.
The traffic lane guidance system for a vehicle includes: a
predicted value calculating unit that calculates a predicted
value of an occurrence probability of sudden lane change as
information indicating the occurrence probability of sudden
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lane change when the vehicle runs in sections corresponding
to a plurality of links, which are set by connecting a plurality
of'nodes corresponding to traffic lanes in a traveling direction
of'the vehicle and a direction intersecting the traveling direc-
tion of the vehicle, for each of the plurality of links on the
basis of statistical information acquired from a plurality of
vehicles and an information quantity of the statistical infor-
mation; a recommended lane setting unit that sets the recom-
mended lane on the basis of the predicted value calculated by
the predicted value calculating unit; and a guidance informa-
tion generating unit that generates guidance information for
the recommended lane set by the recommended lane setting
unit and that outputs the generated guidance information to
the guidance information output unit.

[0009] According to a second aspect of the invention, there
is provided a traffic lane guidance method for a vehicle of
guiding a vehicle to a recommended lane in which the vehicle
is recommended to run out of traffic lanes included in a route
from a first point to a second point through the use of a
guidance information output unit mounted on the vehicle.
The traffic lane guidance system for a vehicle including:
calculating a predicted value of an occurrence probability of
sudden lane change as information indicating the occurrence
probability of sudden lane change when the vehicle runs in
sections corresponding to a plurality of links, which are set by
connecting a plurality of nodes corresponding to traffic lanes
in a traveling direction of the vehicle and a direction inter-
secting the traveling direction of the vehicle, for each of the
plurality of links on the basis of statistical information
acquired from a plurality of vehicles and an information
quantity of the statistical information; setting the recom-
mended lane on the basis of the calculated predicted value of
the occurrence probability of sudden lane change; and gen-
erating guidance information for the set recommended lane
and that outputs the generated guidance information to the
guidance information output unit.

[0010] According to these configurations, the predicted
value calculating unit calculates the predicted value of the
occurrence probability of sudden lane change when the
vehicle runs in the route from the first point to the second
point for each section corresponding to the links. The recom-
mended lane setting unit extracts the route in which the sud-
den lane change of the vehicle does not occur well from the
route from the first point to the second point on the basis of the
calculated predicted values and sets the traffic lane included
in the extracted route as the recommended lane. That is, the
recommended lane is set to a traffic lane in which the occur-
rence of the sudden lane change of the vehicle can be sup-
pressed in consideration of the entire route from the first point
to the second point. Accordingly, by causing the guidance
information generating unit to generate guidance information
for the set recommended lane and to output the generated
guidance information to the guidance information output
unit, it is possible to guide the vehicle to a traffic lane more
suitable for suppressing the occurrence of the sudden lane
change of the vehicle.

[0011] In the aspect, the recommended lane setting unit
may set the traffic lane included in the route in which the total
sum of the predicted values of the occurrence probability of
sudden lane change is minimized in the route from the first
point to the second point.

[0012] According to this configuration, the traffic lane
included in the route in which the sudden lane change of the



US 2016/0238404 Al

vehicle occurs less in consideration of the entire route from
the first point to the second point is set as the recommended
lane.

[0013] In the aspect, the recommended lane setting unit
may set the traffic lane included in the route in which the total
sum of the predicted values of the occurrence probability of
sudden lane change is minimized under the condition not
including the link in which the predicted value is greater than
a predetermined threshold value in the route from the first
point to the second point as the recommended lane.

[0014] According to this configuration, the route locally
including a section in which the sudden lane change of the
vehicle often occurs in the route from the first point to the
second point is excluded from appropriate route candidates.
That is, since the recommended lane does not locally include
a section in which the sudden lane change of the vehicle often
occurs, itis possible to guide the vehicle to a traffic lane more
suitable for suppressing the occurrence of the sudden lane
change of the vehicle.

[0015] In the aspect, the recommended lane setting unit
may determine the traffic lane included in the route in which
the total sum of the predicted values of the occurrence prob-
ability of sudden lane change is minimized by applying a
Dijkstra’s algorithm to the predicted value of the occurrence
probability of sudden lane change calculated for each link
included in the route from the first point to the second point.
[0016] According to this configuration, it is possible to
easily implement a configuration for determining the route in
which the total sum of the predicted values of the occurrence
probability of sudden lane change is minimized in the route
from the first point to the second point.

[0017] In the aspect, the recommended lane setting unit
may set the traffic lane included in the route in which the
number of links set by connecting the plurality of nodes in the
direction intersecting the traveling direction of the vehicle is
minimized under the condition not including the link in which
the predicted value is greater than a predetermined threshold
value in the route from the first point to the second point as the
recommended lane.

[0018] According to this configuration, on the premise that
the route does not locally include a section in which the
sudden lane change of the vehicle often occurs, a traffic lane
included in the route in which the lane change frequency is
minimized in the route from the first point to the second point
is set as the recommended lane. That is, since the recom-
mended lane does not locally include a section in which the
sudden lane change of the vehicle often occurs and the lane
change frequency is minimized, it is possible to guide the
vehicle to a traffic lane even more suitable for suppressing the
occurrence of the sudden lane change of the vehicle.

[0019] In the aspect, the predicted value calculating unit
may set an addition value, which is added to the predicted
values of the occurrence probability of sudden lane change in
the links set by connecting the plurality of nodes in the direc-
tion intersecting the traveling direction of the vehicle, to be
greater than an addition value added to the predicted values in
the links set by connecting the plurality of nodes in the trav-
eling direction of the vehicle, and the recommended lane
setting unit may set the recommended lane on the basis of the
predicted values of the occurrence probability of sudden lane
change to which the addition value is added.

[0020] In general, when a vehicle changes a traffic lane, a
driver’s burden when the sudden lane change of the vehicle
occurs is greater than that when the vehicle runs straightly in

Aug. 18,2016

a lane. Accordingly, in the above-mentioned configuration,
the weighting value of the addition value for the predicted
value of the occurrence probability of sudden lane change in
a link corresponding to the section in which the vehicle runs
at the time of changing the traffic lane is set to be greater than
that for the predicted value in a link corresponding to a section
in which the vehicle runs straightly in a lane. That is, the
weighting value is set for the predicted values of the occur-
rence probability of sudden lane change depending on situa-
tions in consideration of the variation of the driver’s burden
when the sudden lane change occurs depending on whether to
change the lane. Accordingly, it is possible to guide the
vehicle to a traffic lane more suitable for suppressing the
occurrence of the sudden lane change of the vehicle depend-
ing on the situations.

[0021] In the aspect, the predicted value calculating unit
may be able to set a weighting value for the addition value and
may gradually increase the weighting value set for the addi-
tion value as the distance from a point, at which the steering
operation frequency of the vehicle is greater than a predeter-
mined threshold value, decreases in the route from the first
point to the second point.

[0022] In general, when a vehicle runs in the vicinity of a
point at which a steering operation is frequently required such
as a point of intersection, the driver’s burden when the sudden
lane change occurs at the time of changing the traffic lane is
greater than that when the vehicle runs at other points.
Accordingly, in the above-mentioned configuration, as the
running position of the vehicle becomes closer to the point,
the weighting value for the predicted value of the occurrence
probability of sudden lane change in the link corresponding to
the section in which the vehicle runs at the time of changing
the traffic lane is set to be greater. That is, the weighting value
for the predicted value of the occurrence probability of sud-
den lane change is changed depending on the situations in
consideration of the variation of the driver’s burden when
sudden lane change occurs due to the variation in the distance
from the point. Accordingly, it is possible to guide the vehicle
to a traffic lane more suitable for suppressing the occurrence
of the sudden lane change of the vehicle at a point of inter-
section or the like depending on the situation.

[0023] In the aspect, the predicted value calculating unit
may determine a second addition value which is different
from a first addition value as the addition value to be added to
the predicted values of the occurrence probability of sudden
lane change when the addition value is the first addition value
and may set the second addition value, when the appropriate-
ness of personal driving characteristics for sections corre-
sponding to the links is relatively high, to be smaller than that
when the appropriateness is relatively low, and the recom-
mended lane setting unit may set the recommended lane on
the basis of the predicted values of the occurrence probability
of'sudden lane change to which the first addition value and the
second addition value are added.

[0024] In general, when the appropriateness of personal
driving characteristics for a section corresponding to a link is
relatively high, the driver’s burden at the time of changing the
traffic lane when the vehicle runs in the section is smaller than
that when the appropriateness is relatively low. Accordingly,
in the above-mentioned configuration, the weighting value
for the predicted value of the occurrence probability of sud-
den lane change is changed depending on the situations in
consideration of the variation of the driver’s burden when the
sudden lane change occurs due to the appropriateness of the
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personal driving characteristics for the section corresponding
to the link. Accordingly, it is possible to guide the vehicle to
a traffic lane more suitable for suppressing the occurrence of
the sudden lane change of the vehicle depending on personal
driving characteristics.

[0025] In the aspect, the predicted value calculating unit
may classify information acquired from the plurality of
vehicles as information of elements of personal driving char-
acteristics into a plurality of driving characteristic informa-
tion groups, may classify information of elements of lane
characteristics into a plurality of lane characteristic informa-
tion groups, and may set the second addition value to be added
to the predicted values of the occurrence probability of sud-
den lane change, when the appropriateness of the driving
characteristic information groups and the lane characteristic
information groups is relatively high, to be smaller than that
when the appropriateness is relatively low.

[0026] According to this configuration, the information of
the elements of personal driving characteristics and the infor-
mation of the elements of the traffic lane characteristics are
statistically processed and classified and the weighting value
for the predicted value of the occurrence probability of sud-
den lane change is changed depending on the appropriateness
of the classified information groups. Accordingly, it is pos-
sible to implement the configuration for changing the weight-
ing value for the predicted value of the occurrence probability
of sudden lane change depending on the situation in consid-
eration of the variation of the driver’s burden when the sudden
lane change occurs due to the appropriateness of the personal
driving characteristics for the section corresponding to the
link.

[0027] In the aspect, the predicted value calculating unit
may determine a third addition value which is different from
the first addition value and the second addition value as the
addition value to be added to the predicted values of the
occurrence probability of sudden lane change and may set the
third addition value, when the appropriateness of vehicle
characteristics for sections corresponding to the, links is rela-
tively high, to be smaller than that when the appropriateness
is relatively low, and the recommended lane setting unit may
set the recommended lane on the basis of the predicted values
of'the occurrence probability of sudden lane change to which
the first addition value, the second addition value, and the
third addition value are added.

[0028] In general, when the appropriateness of the vehicle
characteristics for a section corresponding to a link is rela-
tively high, the driver’s burden when the sudden lane change
of the vehicle occurs at the time of running in the section is
smaller than that when the appropriateness is relatively low.
Accordingly, in the above-mentioned configuration, the
weighting value for the predicted value of the occurrence
probability of sudden lane change changes depending on the
situations in consideration of the variation of the driver’s
burden when the sudden lane change occurs due to the appro-
priateness of the vehicle characteristics for the section corre-
sponding to the link. Accordingly, it is possible to guide the
vehicle to a traffic lane more suitable for suppressing the
occurrence of the sudden lane change of the vehicle depend-
ing on the situation.

[0029] Inthe aspect, the positions of the nodes may include
aplurality of positions spaced in the traveling direction of the
vehicle in the traffic lanes of the route portion between neigh-
boring points of intersection in the route from the first point to
the second point.
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[0030] According to this configuration, since more nodes
than the nodes when the nodes are set at only the positions
corresponding to the points of intersection on the route are set
onthe route, it is possible to better guide the vehicle to a traffic
lane more suitable for suppressing the occurrence of the sud-
den lane change of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] 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:

[0032] FIG. 1 is a block diagram of a traffic lane guidance
system for a vehicle according to a first embodiment of the
invention;

[0033] FIG. 2 is a diagram schematically illustrating map
information used for the traffic lane guidance system for a
vehicle according to the first embodiment to set a recom-
mended lane;

[0034] FIG. 3 is a graph illustrating a correlation between a
prediction value of an occurrence probability of sudden lane
change and an information quantity of statistical information;
[0035] FIG. 4 is a graph illustrating a correlation between a
correction coefficient and a distance from a point of intersec-
tion;

[0036] FIG.5 is a flowchart illustrating schematically illus-
trating a process flow of a recommended lane guiding process
that is performed by the traffic lane guidance system for a
vehicle according to the first embodiment;

[0037] FIG. 6 is a schematic diagram illustrating an
example of a recommended lane set by the traffic lane guid-
ance system for a vehicle according to the first embodiment;
and

[0038] FIG. 7 is a schematic diagram illustrating an
example of a recommended lane set by a traffic lane guidance
system for a vehicle according to a second embodiment of the
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

First Embodiment

[0039] Hereinafter, a first embodiment of a traffic lane
guidance system for a vehicle and a traffic lane guidance
method for a vehicle will be described with reference to the
accompanying drawings.

[0040] As illustrated in FIG. 1, the traffic lane guidance
system for a vehicle according to this embodiment includes
an onboard system 101 mounted on a vehicle 100 and a
control center 200 constituting a probe information commu-
nication system. The control center 200 collects and manages
vehicle information (probe information) of the vehicle 100
that runs on a road.

[0041] The onboard system 101 includes an accelerator
sensor 110, a brake sensor 111, a steering angle sensor 112, a
yaw rate sensor 113, an acceleration sensor 114, and a vehicle
speed sensor 115 as elements for acquiring information on the
state of the vehicle 100. These elements are electrically con-
nected to an onboard controller 150.

[0042] The accelerator sensor 110 detects an accelerator
pressure varying with a driver’s operation of an accelerator
pedal and outputs a signal corresponding to the detected
accelerator pressure to the onboard controller 150. The brake
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sensor 111 detects a driver’s operation of a brake pedal and
outputs a signal corresponding to the detected operation to the
onboard controller 150. The steering angle sensor 112 detects
a steering angle of a steering wheel on the basis of a variation
in the steering angle of the steering wheel and outputs a signal
corresponding to the detected steering angle to the onboard
controller 150. The yaw rate sensor 113 detects a yaw rate that
is a variation rate of a rotation angle in the turning direction of
the vehicle 100 and outputs a signal corresponding to the
detected yaw rate to the onboard controller 150. The accel-
eration sensor 114 detects the acceleration of the vehicle and
outputs a signal corresponding to the detected acceleration to
the onboard controller 150. The vehicle speed sensor 115
detects a vehicle speed that is the speed of the vehicle and
outputs a signal corresponding to the detected vehicle speed
to the onboard controller 150.

[0043] The onboard system 101 includes an onboard cam-
era 120, a millimeter-wave radar 121, a global positioning
system (GPS) 122, and an onboard communication instru-
ment 123 as elements for acquiring information on circum-
stances around the vehicle. These elements are electrically
connected to the onboard controller 150.

[0044] The onboard camera 120 takes an image of a prede-
termined range in front of the vehicle 100 using an optical
CCD (Charge-Coupled Device) camera installed in the back
of'a room mirror or the like. The onboard camera 120 outputs
an image signal based on the captured image to the onboard
controller 150.

[0045] The millimeter-wave radar 121 has a distance mea-
suring function of measuring a distance between an object
present around the vehicle and the vehicle 100. When an
object present around the vehicle is detected, the millimeter-
wave radar 121 outputs a signal indicating the detection result
to the onboard controller 150.

[0046] The GPS 122 receives GPS satellite signals for
detecting the absolute position of the vehicle 100 on which
the GPS 122 is mounted. The GPS 122 specifies the position
of the vehicle 100 on the basis of the received GPS satellite
signals and outputs longitude and latitude information indi-
cating the specified position to the onboard controller 150.
[0047] The onboard communication instrument 123
acquires information indicating running speeds or longitude
and latitude information of other vehicles, for example, by
vehicle-vehicle communications with other vehicles present
around the vehicle 100 and outputs the acquired information
to the onboard controller 150. The onboard communication
instrument 123 acquires infrastructure information by road-
vehicle communications with an optical beacon road machine
B (see FIG. 2) and outputs the acquired infrastructure infor-
mation to the onboard controller 150. The infrastructure
information includes, for example, information on legal
restrictions (such as inhibition of lane change or exclusive
lane) in traffic lanes entering a point of intersection.

[0048] Map information registered in a map information
database 130 includes information indicating curves, points
of intersection, one-way roads, temporary stop positions,
crossings, traffic lights, and longitude and latitude of facili-
ties. The map information also includes, for example, infor-
mation indicating that a type of a traffic light is an arrow type
traffic light.

[0049] The onboard system 101 includes a navigation sys-
tem 131 that performs route guidance of the vehicle 100. The
navigation system 131 acquires a current point of the vehicle
100 from the onboard controller 150 to which the detection
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result of the GPS 122 is input. The navigation system 131
searches for a traveling route from the current point (first
point) to a destination point (second point) of the vehicle 100
with reference to the map information database 130 using a
Dijkstra’s algorithm or the like and outputs the searched
traveling route to the onboard controller 150.

[0050] The onboard controller 150 of this embodiment
includes a section setting unit 151, a vehicle characteristic
storage unit 152, a driving characteristic storage unit 153, and
a guidance information generating unit 154. The section set-
ting unit 151 sets the traveling route from the current point to
the destination point of the vehicle 100 input from the navi-
gation system 131 as a traveling section of the vehicle 100.

[0051] The vehicle characteristic storage unit 152 stores,
for example, the weight of the vehicle 100 or the width of the
vehicle 100 as characteristic information of the vehicle 100.
This information is set in advance as fixed values at the time
of initially setting the vehicle 100. The vehicle characteristic
storage unit 152 may calculate the driving force of the vehicle
100 and the acceleration of the vehicle 100 when the vehicle
100 runs, then may estimate the weight of the vehicle 100 as
a variable value on the basis of the calculated value, and may
store the estimated value of the weight of the vehicle 100 as
the characteristic information of the vehicle 100.

[0052] The driving characteristic storage unit 153 calcu-
lates the running history of the vehicle 100 including the
average vehicle speed of the vehicle 100, the average inter-
vehicle distance of the vehicle 100, the running frequency of
the left lane in sections in which street parking frequently
occurs, the occurrence probability of sudden lane change at
the respective running positions of the vehicle 100, and the
steering operation frequency at the running positions of the
vehicle 100 as information indicating the driving character-
istics of a driver of the vehicle 100.

[0053] Specifically, the driving characteristic storage unit
153 calculates the vehicle speed on the basis of the signal
input from the vehicle speed sensor 115 and calculates the
average vehicle speed of the vehicle 100 using the calculated
vehicle speed. The driving characteristic storage unit 153
calculates the inter-vehicle distance that is a distance between
the vehicle 100 and a preceding vehicle on the basis of the
signal input from the millimeter-wave radar 121 and calcu-
lates the average inter-vehicle distance of the vehicle 100
using the calculated inter-vehicle distance. The driving char-
acteristic storage unit 153 may calculate the inter-vehicle
distance on the basis of the image signal of a preceding
vehicle imaged with the onboard camera 120 and may calcu-
late the inter-vehicle distance by vehicle-vehicle communi-
cations or road-vehicle communications of the onboard com-
munication instrument 123.

[0054] The driving characteristic storage unit 153 specifies
a traffic lane in which the vehicle 100 runs on the basis of the
image signal of a lane boundary imaged with the onboard
camera 120. The driving characteristic storage unit 153 may
receive the image signal of the vehicle 100 imaged with a
camera installed in the optical beacon road machine B by the
road-vehicle communications of the onboard communication
instrument 123 and may specify the lane in which the vehicle
100 runs on the basis of the received image signal. The driving
characteristic storage unit 153 specifies a section in which
street parking frequently occurs on the basis of the signal
transmitted from the control center 200 to the onboard com-
munication instrument 123 via the optical beacon road
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machine B. The driving characteristic storage unit 153 calcu-
lates the frequency in which the vehicle 100 runs in the left
lane in the specified section.

[0055] The driving characteristic storage unit 153 deter-
mines that the sudden lane change of the vehicle 100 occurs
when the variation in the detected value of the steering angle
of'the steering wheel input from the steering angle sensor 112
is greater than a predetermined threshold value. The driving
characteristic storage unit 153 may determine that the sudden
lane change of the vehicle 100 occurs when the detected value
of the yaw rate of the vehicle 100 input from the yaw rate
sensor 113 is greater than a predetermined threshold value.
The driving characteristic storage unit 153 may determine
that the sudden lane change of the vehicle 100 occurs when
the transverse acceleration of the vehicle 100 input from the
acceleration sensor 114 is greater than a predetermined
threshold value. The driving characteristic storage unit 153
may receive the image signal, of the vehicle imaged with the
camera installed in the optical beacon road machine B by the
road-vehicle communications of the onboard communication
instrument 123 and may determine whether the sudden lane
change of the vehicle 100 occurs. The driving characteristic
storage unit 153 determines whether the sudden lane change
of the vehicle occurs for each traffic lane. The driving char-
acteristic storage unit 153 stores the determination result of
whether the sudden lane change of the vehicle 100 occurs in
correlation with the position acquired from the GPS 122 as
the running position of the vehicle 100 at the time of the
determination.

[0056] The driving characteristic storage unit 153 calcu-
lates the steering operation frequency at the respective run-
ning positions of the vehicle 100 by storing the detection
result of the steering operation based on the signal input from
the steering angle sensor 112 in correlation with the position
acquired from the GPS 122 as the running position of the
vehicle 100 at the time of the detection. The driving charac-
teristic storage unit 153 may detect the steering operation on
the basis of the detected value of the yaw rate of the vehicle
100 input from the yaw rate sensor 113. The driving charac-
teristic storage unit 153 may determine the steering operation
on the basis of the detected value of the transverse accelera-
tion of the vehicle 100 input from the acceleration sensor 114.
The driving characteristic storage unit 153 may detect the
steering operation by analyzing an image captured with the
onboard camera 120 and calculating movement in the trans-
verse direction relative to a preceding vehicle.

[0057] The guidance information generating unit 154
receives information on a recommended lane in which the
vehicle 100 has to run in the section set by the section setting
unit 151 from the control center 200 via the onboard commu-
nication instrument 123. The guidance information generat-
ing unit 154 generates guidance information for urging a
driver to run in the received recommended lane and outputs
the generated guidance information to a human machine
interface (HMI) 132 as the guidance information output unit.
[0058] The HMI 132 is constituted, for example, by a
speaker, a head-up display, a monitor of the navigation system
131, and a meter panel. When the guidance information is
input from the guidance information generating unit 154, the
HMI 132 rings an alarm for urging the driver to run in the
recommended lane by voice via the speaker or displays an
warning on the head-up display.

[0059] The control center 200 includes a center controller
210 that controls various units and a center communication
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instrument 211 and a map information database 212 that are
electrically connected to the center controller 210.

[0060] The control center 200 collects vehicle information
of the vehicle 100 on which the onboard system 101 is
mounted from plural vehicles 100. That is, the vehicle infor-
mation accumulated by each vehicle 100 is transmitted from
the onboard communication instrument 123 to the center
communication instrument 211 by radio communications
and is then input from the center communication instrument
211 to the center controller 210. Information is transmitted
and received between the onboard communication instru-
ment 123 and the center communication instrument 211 with
a constant time cycle by radio communications. The center
controller 210 stores the input vehicle information for each
vehicle in a vehicle database 220.

[0061] The vehicle database 220 includes a section storage
unit 221, a vehicle characteristic storage unit 222, and a
driving characteristic storage unit 223. The section storage
unit 221 stores information of the running section set by the
section setting unit 151 of the vehicle 100 by vehicles on the
absis of vehicle IDs included in the information transmitted
from the vehicles 100. The section storage unit 221 updates
the stored information of the running sections whenever the
information of the running section is transmitted from the
vehicles 100 with a constant time cycle.

[0062] The vehicle characteristic storage unit 222 stores the
characteristic information of the vehicle 100 stored in the
vehicle characteristic storage unit 152 of the vehicle 100 by
vehicles on the basis of the vehicle IDs included in the infor-
mation transmitted from the vehicles 100. When the charac-
teristic information of the vehicle 100 stored in the vehicle
characteristic storage unit 152 of the vehicle 100 is a fixed
value, the vehicle characteristic storage unit 222 does not
update the stored information of the vehicle characteristics of
the vehicles 100 whenever the characteristic information of
the vehicle 100 is transmitted from the vehicles 100 with a
constant time cycle. On the other hand, when the character-
istic information of the vehicle 100 stored in the vehicle
characteristic storage unit 152 of the vehicle 100 is a variable
value, the vehicle characteristic storage unit 222 updates the
stored characteristic information of the vehicles 100 when-
ever the characteristic information of the vehicle 100 is trans-
mitted from the vehicles 100 with a constant time cycle.

[0063] The driving characteristic storage unit 223 stores
information of the driving characteristics of the vehicle 100
stored in the driving characteristic storage unit 153 of the
vehicle 100 by vehicles on the basis of the vehicle IDs
included in the information transmitted from the vehicles
100. The driving characteristic storage unit 223 updates the
stored information ofthe driving characteristics whenever the
information of the driving characteristics of the vehicle 100 is
transmitted from the vehicles 100 with a constant time cycle.

[0064] The center controller 210 stores the vehicle infor-
mation input from the plural vehicles 100 as statistical infor-
mation in a statistics database 230. The statistics database 230
includes an average vehicle speed storage unit 231, an aver-
age inter-vehicle distance storage unit 232, and an occurrence
probability storage unit 233.

[0065] The average vehicle speed storage unit 231 collects
information of the average vehicle speed of the vehicle 100
stored as a part of the driving characteristics of the vehicle 100
in the driving characteristic storage unit 153 of the vehicle
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100 from plural vehicles 100 and calculates the average value
of the collected average vehicle speeds of the plural vehicles
100 as statistical information.

[0066] The average inter-vehicle distance storage unit 232
collects information of the average inter-vehicle distance of
the vehicle 100 stored as a part of the driving characteristics
of the vehicle 100 in the driving characteristic storage unit
153 of the vehicle 100 from plural vehicles 100 and calculates
the average value of the collected average inter-vehicle dis-
tances of the plural vehicles 100 as statistical information.
[0067] The occurrence probability storage unit 233 collects
information of the occurrence probability of sudden lane
change at the respective running positions stored as a part of
the driving characteristics of the vehicle 100 in the driving
characteristic storage unit 153 of the vehicle 100 from plural
vehicles 100 and calculates the average value of the collected
occurrence probabilities of sudden lane change of the plural
vehicles 100 as statistical information for each running posi-
tion of the vehicle 100. The occurrence probability storage
unit 233 calculates the average value of the occurrence prob-
abilities of sudden lane change of the vehicle 100 for each
position individually corresponding to the links L (see FIG. 2)
in the map information registered in the map information
database 212.

[0068] As illustrated in FIG. 2, the map information regis-
tered in the map information database 212 includes node
information that is information on the nodes N indicating the
positions on roads and link information that is information on
links L. In this embodiment, the nodes N are set at plural
positions spaced at constant intervals in the traveling direc-
tion of the vehicle 100 for each traffic lane. The node infor-
mation includes the position information of the nodes N or the
road information for each traffic lane at the positions of the
nodes N. The link [ is set as a section defined by two nodes N
between the two nodes N. The link information includes the
road information for each traffic lane in the section of the link
L. The road information includes information indicating a
running load when the vehicle 100 runs in the section of the
link L, information indicating the type of the road, informa-
tion indicating the gradient of the road, or information indi-
cating the width and the road surface resistance of the traffic
lane. The running load is defined on the basis of movement
time, movement speed, fuel consumption, power consump-
tion, and the like.

[0069] In this case, a link [ connecting two nodes N
arranged in the traveling direction of the vehicle 100 in the
same traffic lane corresponds to the direct advance of the
vehicle 100. On the other hand, a link I connecting two nodes
N arranged in the direction intersecting the traveling direction
of'the vehicle in neighboring traffic lanes corresponds to the
lane change of the vehicle 100.

[0070] In a place in which the lane change is inhibited by
legal restrictions, a link L is not set to connect two nodes N
arranged in the direction intersecting the traveling direction
of'the vehicle in the neighboring traffic lanes. In the example
illustrated in FIG. 2, in a constant section located in front of a
stop line of the vehicle 100 at a point of intersection P, a link
L is not set to connect two nodes N arranged in the direction
intersecting the traveling direction of the vehicle in the neigh-
boring traffic lanes. In the example illustrated in F1G. 2, a link
L is not set to connect a node N located in the vicinity ofa stop
line of the right lane set as a lane dedicated to the right turn in
the section through which the vehicle 100 passes before turn-
ing left at the point of intersection P and a node N of the lane
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in the section through which the vehicle passes after turning
left at the point of intersection P.

[0071] Asillustrated in FIG. 1, a cost calculating unit 240 as
the predicted value calculating unit in the center controller
210 calculates a cost Cost of the link [ which is the predicted
value of the occurrence probability of sudden lane change in
the link L set in the map information on the basis of the
information read from the statistics database 230 and the
vehicle database 220.

[0072] Specifically, the cost calculating unit 240 calculates
the cost Cost of the link L. on the basis of Expression (1).

log(Di+ 1)
log(Dj+ 1)

Expression (1)

cost = Pa + (Pi— Pa) X +K1+K2+K3

[0073] Here, Pa represents an average value of the occur-
rence probabilities of sudden lane change of plural vehicles
100 in all the links L included in the traveling route from the
current point to the destination point and is calculated as an
average value of the occurrence probabilities of sudden lane
change in all the links L stored in the occurrence probability
storage unit 233 of the statistics database 230. Pi represents an
average value of the occurrence probabilities of sudden lane
change of plural vehicles 100 in a target link [ and is stored in
the occurrence probability storage unit 233 of the statistics
database 230. Di represents an information quantity of the
statistical information used to calculate Pi. In this embodi-
ment, the number of vehicles of which the statistical infor-
mation is collected is defined as the information quantity of
the statistical information. Dj is defined as a value serving as
the reference of the information quantity of the statistical
information when determining whether the value of Pi is used
as the predicted value of the occurrence probability of sudden
lane change in the target link L.

[0074] As illustrated in FIG. 3, the difference between the
cost value Cost of the link L and the value of Pi decreases as
the value of Di as the information quantity of the statistical
information used to calculate Pi increases. This is because the
larger the value of Di as the information quantity of the
statistical information becomes, the higher the reliability of Pi
calculated using the statistical information becomes.

[0075] K1 represents a first addition value for weighting the
predicted value of the occurrence probability of sudden lane
change in the link L in consideration of whether the target link
L is a link L. corresponding to the lane change of the vehicle
100 and satisfies a relational expression of K1=a1xC.

[0076] Here, a1 is a coefficient indicating a degree of
weighting based on whether the target link L is the link L
corresponding to the lane change of the vehicle 100 at the
time of calculating the cost Cost of the link L. C varies
depending on whether the target link [ is a link L correspond-
ing to the lane change of the vehicle 100. In this embodiment,
Cis setto 1 when the target link L is the link L. corresponding
to the lane change of the vehicle 100, and is set to O when the
target link L is the link L. corresponding to the direct advance
of the vehicle 100. Accordingly, the first addition value K1
that is added to the cost Cost of the link L set by connecting
two nodes N in the direction intersecting the traveling direc-
tion of the vehicle 100 is greater than the first addition value
K1 that is added to the cost Cost of the link L. set by connect-
ing two nodes N in the traveling direction of the vehicle 100.
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[0077] Weight is a correction coefficient for correcting the
degree of weighting of the first addition value K1 for the cost
Cost and is expressed by Expression (2).

iz Expression (2)
Weight=e 202

[0078] L is a value indicating a distance from a specific
point. o is a coefficient for defining what the degree of
weighting varies depending on the value of L. Here, the
specific point means a point at which the steering operation
frequency of the vehicle is greater than a predetermined
threshold value.

[0079] As illustrated in FIG. 4, the value of weight gradu-
ally increases as the distance from the specific point
decreases. This is because since the driver’s burden when the
sudden lane change of the vehicle 100 occurs is great at the
time of performing the lane change of the vehicle 100 while
performing the steering operation of the vehicle, it is neces-
sary to increase the weighting value of the first addition value
K1 at the time of calculating the cost Cost of the link L.
[0080] Inthis embodiment, a point of right and left turns, a
point of a sharp curve, a point of intersection, and a point at
which the number of traffic lanes decreases are set as the
specific point. Information for identifying these points is
included in advance in the link information of the map infor-
mation registered in the map information database 212.
[0081] In this embodiment, a destination point of the trav-
eling section stored in the section storage unit 221 of the
vehicle database 220 is also set as the specific point. When the
destination of the traveling section is set, information for
identifying the destination point is added to the link informa-
tion of the map information registered in the map information
database 212.

[0082] In this embodiment, a point at which the steering
operation is frequently performed when the vehicle 100 actu-
ally runs is also set as the specific point. This point is set on the
condition that the steering operation frequency is greater than
a predetermined threshold value when the steering operation
frequency is stored as a part of the driving characteristics of
the vehicle 100 in the driving characteristic storage unit 223
of the vehicle database 220. Information for identifying this
point is added to the link information of the map information
registered in the map information database 212.

[0083] K2 in Expression (1) is a second addition value for
weighting the predicted value of the occurrence probability of
sudden lane change in the link L. in consideration of the
appropriateness of personal driving characteristics in the sec-
tion corresponding to the link I and satisfies a relational
expression of K2=02x(X1/X2).

[0084] Here, a2 is a coefficient indicating a degree of
weighting of the appropriateness of personal driving charac-
teristics in the section corresponding to the link L at the time
of calculating the cost Cost of the link L. In this embodiment,
X1 represents the average value of the average vehicle speeds
of plural vehicles 100 and is stored in the average vehicle
speed storage unit 231 of the statistics database 230. On the
other hand, X2 represents the value of the average vehicle
speed of a guidance target vehicle 100 and is stored in the
driving characteristic storage unit 223 of the vehicle database
220.

[0085] Accordingly, when the average vehicle speed of plu-
ral vehicles 100 in the section corresponding to the link L. is
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high, the value of the second addition value K2 increases with
the increase in the value of X1. However, when the average
vehicle speed of the guidance target vehicle 100 is also high,
the increase of the second addition value K2 is suppressed
with the increase in the value of X1 due to the increase in the
value of X2. That is, the appropriateness for a section in which
the average vehicle speed of plural vehicles 100 is high is high
when the average vehicle speed of the guidance target vehicle
100 is high. Accordingly, the second addition value K2 is set
by considering that the driver’s burden decreases when the
sudden lane change occurs in the same section.

[0086] The average value of the average inter-vehicle dis-
tances of the guidance target vehicle 100 stored in the driving
characteristic storage unit 223 of the vehicle database 220
may be used as X1 and the average value of the average
inter-vehicle distances of plural vehicles 100 stored in the
average inter-vehicle distance storage unit 232 of the statis-
tics database 230 may be used as X2. In this case, when the
average inter-vehicle distances of plural vehicles 100 in the
section corresponding to the link L. is small, the value of the
second addition value K2 increases with the decrease in the
value of X2. However, when the average inter-vehicle dis-
tance of the guidance target vehicle 100 is also small, the
increase of the second addition value K2 is suppressed with
the decrease in the value of X2 due to the decrease in the value
of X1. That is, the appropriateness for a section in which the
average inter-vehicle distance of plural vehicles 100 is small
is high when the average inter-vehicle distance of the guid-
ance target vehicle 100 is small. Accordingly, the second
addition value K2 is set by considering that the driver’s bur-
den decreases when the sudden lane change occurs in the
same section.

[0087] K3 in Expression (1) is a third addition value for
weighting the predicted value of the occurrence probability of
sudden lane change in the link [ in consideration of the
appropriateness of the personal vehicle characteristics in the
section corresponding to the link [. and satisfies a relational
expression of K3=a3x(Y1/Y2).

[0088] Here, a3 is a coefficient indicating a degree of
weighting ofthe appropriateness of the personal vehicle char-
acteristics in the section corresponding to the link L at the
time of calculating the cost Cost of the link L. In this embodi-
ment, Y1 represents the value of the vehicle width of the
guidance target vehicle 100 and is stored in the vehicle char-
acteristic storage unit 222 of the vehicle database 220. On the
other hand, Y2 represents the value of the lane width of the
section corresponding to the link . and is included in the link
information of the map information registered in the map
information database 212.

[0089] Accordingly, when the lane width of the section
corresponding to the link L is small, the value of the third
addition value K3 increases with the decrease in the value of
Y2. However, when the vehicle width of the guidance target
vehicle 100 is small, the increase of the third addition value
K3 is suppressed with the decrease in the value of'Y2 due to
the decrease in the value of Y1. That is, the appropriateness
for the section in which the lane width is small is high when
the vehicle width of the guidance target vehicle 100 is small.
Accordingly, the third addition value K3 is set by considering
that the driver’s burden decreases when the sudden lane
change occurs in the same section.

[0090] The third addition value K3 may be set to satisfy a
relational expression of K3=a3x(1/(Y1axY2a)), the value of
the weight of the guidance target vehicle 100 stored in the
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vehicle characteristic storage unit 222 of the vehicle database
220 may be used as Y1a, and the value of the road surface
resistance of the section corresponding to the link IL included
in the link information of the map information registered in
the map information database 212 may be used as Y2a. In this
case, when the value of the road surface resistance of the
section corresponding to the link L is small, the value of the
third addition value K3 increases with the decrease in the
value of Y2a. However, when the weight of the guidance
target vehicle 100 is large, the increase of the third addition
value K3 is suppressed with the decrease in the value of'Y2a
due to the increase in the value of Y1a. That is, the appropri-
ateness for the section in which the value of the road surface
resistance is small is high when the weight of the guidance
target vehicle 100 is large. Accordingly, the third addition
value K3 is set by considering that the driver’s burden
decreases when the sudden lane change occurs in the same
section.

[0091] A recommended lane setting unit 241 of the center
controller 210 searches for a traveling route in which the total
sum of the costs of the links L. calculated by the cost calcu-
lating unit 240 is minimized in the traveling sections stored in
the section storage unit 221 using a Dijkstra’s algorithm or the
like. The recommended lane setting unit 241 sets a traffic lane
located in the searched traveling route as a recommended lane
and outputs information of the set recommended lane to the
center communication instrument 211. Accordingly, the
information of the recommended lane set by the recom-
mended lane setting unit 241 is transmitted from the center
communication instrument 211 to the onboard communica-
tion instrument 123 by radio communications and is then
input from the onboard communication instrument 123 to the
onboard controller 150.

[0092] The process flow of the recommended lane guiding
process that is performed by the traffic lane guidance system
for a vehicle according to this embodiment will be described
below in brief with reference to the flowchart illustrated in
FIG. 5. As illustrated in FIG. 5, in step S10, the navigation
system 131 sets a destination point on the basis of a driver’s
input operation and inputs the information of the traveling
route from the current point to the destination point to the
onboard controller 150. Then, the section setting unit 151 of
the onboard controller 150 sets the traveling route input from
the navigation system 131 as the traveling route of the vehicle
100.

[0093] Then, in step S11, the onboard controller 150 out-
puts the information of the traveling route of the vehicle set by
the section setting unit 151 to the onboard communication
instrument 123. Then, the information of the traveling route
of the vehicle 100 is transmitted from the onboard commu-
nication instrument 123 to the center communication instru-
ment 211 by radio communications is then input from the
center communication instrument 211 to the center controller
210.

[0094] Subsequently, in step S12, the center controller 210
stores the information of the traveling route of the vehicle 100
input from the center communication instrument 211 in the
section storage unit 221. Then, in step S13, the cost calculat-
ing unit 240 of the center controller 210 calculates the costs of
links L included in the traveling route of the vehicle 100
stored in the section storage unit 221 as a predicted value
calculating step.

[0095] Subsequently, in step S14, the recommended lane
setting unit 241 of the center controller 210 searches for a
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traveling route in which the total sum of the costs of the links
L calculated by the cost calculating unit 240 is minimized
using the Dijkstra’s algorithm or the like. In the example
illustrated in FIG. 6, the traveling route R1 in which the total
sum of the costs of the links L. is minimized is displayed by
half-tone dot meshing. The recommended lane setting unit
241 sets a lane located in the searched traveling route R1 as
the recommended lane.

[0096] Then, in step S15, the recommended lane setting
unit 241 outputs the information of the set recommended lane
to the center communication instrument 211. Then, the infor-
mation of the recommended lane is transmitted from the
center communication instrument 211 to the onboard com-
munication instrument 123 by radio communications and is
then input from the onboard communication instrument 123
to the onboard controller 150.

[0097] Subsequently, in step S16, the guidance information
generating unit 154 of the onboard controller 150 generates
guidance information for urging the driver to run in the rec-
ommended lane on the basis of the information of the recom-
mended lane input from the onboard communication instru-
ment 123 as a guidance information generating step.

[0098] Then, in step S17, the guidance information gener-
ating unit 154 outputs the generated guidance information to
the HMI 132. As a result, the HMI 132 gives an alarm for
urging the driver to run in the recommended lane on the basis
of the guidance information input from the guidance infor-
mation generating unit 154.

[0099] The operation of the traffic lane guidance system for
a vehicle according to this embodiment will be described
below. When the vehicle 100 is guided to arecommended lane
in which the vehicle 100 has to run in the traveling route from
a current point to a destination point, first, the costs of the
links L. included in the traveling route are calculated as the
predicted values of the occurrence probability of sudden lane
change of the vehicle 100 in the links L. Then, a traffic lane
located in the traveling route in which the total sum of the
costs of the links L is minimized is set as a recommended lane
in which the vehicle 100 is recommended to run in the trav-
eling route from the current point to the destination point.
That is, the optimal traffic lane for suppressing the occurrence
of sudden lane change of the vehicle 100 is set as the recom-
mended lane in consideration of the entire route from the
current point to the destination point.

[0100] In this case, the cost of a link L is calculated using
the statistical information of the previous occurrence prob-
abilities of sudden lane change of plural vehicles 100 in the
same link L. Accordingly, when the information quantity of
the statistical information is small, the reliability of the cost
value of the link L. calculated using the statistical information
is not satisfactorily obtained. Therefore, it is difficult to
appropriately search for a recommended lane in which the
vehicle 100 has to run in the traveling route from the current
point to the destination point on the basis of the calculated
cost values of the links L.

[0101] Accordingly, in this embodiment, the calculated
cost value of the link L is corrected in consideration of the
information quantity of the statistical information used to
calculate the cost of the link L.. As a result, it is possible to
appropriately search for a recommended lane in which the
vehicle 100 has to run in the traveling route from the current
point to the destination point on the basis of the corrected cost
values.



US 2016/0238404 Al

[0102] As described above, according to the first embodi-
ment, the following advantages can be obtained. (1) The cost
calculating unit 240 calculates the cost as the predicted value
of'the occurrence probability of sudden lane change when the
vehicle 100 runs in the route from the current point to the
destination point for each section corresponding to the links
L. The route in which the sudden lane change of the vehicle
100 does not occur well is extracted from the route from the
current point to the destination point on the basis of the
calculated costs and the traffic lane included in the extracted
route is set as the recommended lane. That is, the recom-
mended lane is set to a traffic lane in which the occurrence of
the sudden lane change of the vehicle 100 can be suppressed
in consideration of the entire route from the current point to
the destination point. Accordingly, by causing the guidance
information generating unit 154 to generate guidance infor-
mation for the set recommended lane and to output the gen-
erated guidance information to the HMI 132, it is possible to
guide the vehicle to a traffic lane more suitable for suppress-
ing the occurrence of the sudden lane change of the vehicle
100.

[0103] (2) The recommended lane setting unit 241 sets the
traffic lane included in the route in which the total sum of the
costs as the predicted values of the occurrence probability of
sudden lane change is minimized in the route from the current
point to the destination point as the recommended lane.
Accordingly, the traffic lane included in the route in which the
sudden lane change of the vehicle 100 occurs less in consid-
eration of the entire route from the current point to the desti-
nation point is set as the recommended lane.

[0104] (3) The recommended lane setting unit 241 deter-
mines the traffic lane included in the route in which the total
sum of the costs as the predicted values of the occurrence
probability of sudden lane change is minimized by applying a
Dijkstra’s algorithm to the cost as the predicted value of the
occurrence probability of sudden lane change calculated for
each link L included in the route from the current point to the
destination point. Accordingly, it is possible to easily imple-
ment a configuration for determining the route in which the
total sum of the costs as the predicted values of the occurrence
probability of sudden lane change is minimized in the route
from the current point to the destination point.

[0105] (4) The weighting value of the first addition value
K1 for the cost as the predicted value of the occurrence
probability of sudden lane change in a link L. corresponding to
the section in which the vehicle 100 runs at the time of
changing the traffic lane is set to be greater than that for the
predicted valuein a link L corresponding to a section in which
the vehicle 100 runs straightly in a traffic lane. That is, the
weighting value is set for the costs as the predicted values of
the occurrence probability of sudden lane change depending
on situations in consideration of the variation of the driver’s
burden when the sudden lane change occurs depending on
whether to change the lane. Accordingly, it is possible to
guide the vehicle to a traffic lane more suitable for suppress-
ing the occurrence of the sudden lane change of the vehicle
100 depending on the situations.

[0106] (5) As the running position of the vehicle 100
becomes closer to the point of intersection P, the weighting
value of'the first addition value K1 for the cost as the predicted
value of the occurrence probability of sudden lane change in
the link L. corresponding to the section in which the vehicle
100 runs at the time of changing the traffic lane is set to be
greater. That is, the weighting value for the cost as the pre-
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dicted value of the occurrence probability of sudden lane
change is changed depending on the situations in consider-
ation of the variation of the driver’s burden when the sudden
lane change occurs due to the variation in the distance from
the point of intersection P. Accordingly, it is possible to guide
the vehicle to a traffic lane more suitable for suppressing the
occurrence of the sudden lane change of the vehicle at a point
of intersection P or the like depending on the situation.
[0107] (6) The weighting value for the cost as the predicted
value of the occurrence probability of sudden lane change is
changed depending on the situations by changing the weight-
ing value of the second addition value K2 for the cost as the
predicted value of the occurrence probability of sudden lane
change in the link L in consideration of the variation of the
driver’s burden when the sudden lane change occurs due to
the appropriateness of the personal driving characteristics for
the section corresponding to the link L. Accordingly, it is
possible to guide the vehicle to a traffic lane more suitable for
suppressing the occurrence of the sudden lane change of the
vehicle 100 depending on the personal driving characteris-
tics.

[0108] (7) The weighting value for the predicted value of
the occurrence probability of sudden lane change is changed
depending on the situations by changing the weighting value
of the third addition value K3 for the cost as the predicted
value of the occurrence probability of sudden lane change in
the link L in consideration of the variation of the driver’s
burden when the sudden lane change occurs due to the appro-
priateness of the vehicle characteristics for the section corre-
sponding to the link [.. Accordingly, it is possible to guide the
vehicle to a traffic lane more suitable for suppressing the
occurrence of the sudden lane change of the vehicle depend-
ing on the situation.

[0109] (8) The nodes N include plural positions spaced in
the traveling direction of the vehicle 100 in the traffic lanes of
the route portion between neighboring points of intersection
P in the route from the current point to the destination point.
Accordingly, since more nodes N than the nodes N when the
nodes N are set at only the positions corresponding to the
points of intersection P in the route are set in the route, it is
possible to guide the vehicle to a traffic lane more suitable for
suppressing the occurrence of the sudden lane change of the
vehicle 100 in more detail.

Second Embodiment

[0110] A second embodiment of a traffic lane guidance
system for a vehicle and a traffic lane guidance method for a
vehicle will be described below with reference to the accom-
panying drawings. The second embodiment is different from
the first embodiment, in the aspect of setting a recommended
lane based on the costs of links .. Accordingly, in the follow-
ing description, a configuration different from that of the first
embodiment will be mainly described and description of the
configuration identical or corresponding to that of the first
embodiment will not be repeated.

[0111] In this embodiment, the recommended lane setting
unit 241 reads the calculated cost value of a link [ connecting
anode N corresponding to a destination point of the traveling
route stored in the section storage unit 221 and a node N
adjacent to the node N in the traveling direction of the vehicle
100.

[0112] Then, the recommended lane setting unit 241 deter-
mines whether the read calculated cost value of the link L is
greater than a predetermined threshold value. The recom-
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mended lane setting unit 241 sets a section corresponding to
the link L as the recommended lane when it is determined that
the read calculated cost value of the link L is not greater than
the predetermined threshold value.

[0113] On the other hand, when it is determined that the
read calculated cost value of the link L is greater than the
predetermined threshold value, the recommended lane set-
ting unit 241 reads the calculated cost value of a link L
connecting the node N corresponding to the destination point
and a node N adjacent to the node N in the direction inter-
secting the traveling direction of the vehicle 100. Then, the
recommended lane setting unit 241 sets a section correspond-
ing to the link L. as the recommended lane on the condition
that the read calculated cost value of the link L is not greater
than the predetermined threshold value. When the read cal-
culated cost value of the link L is greater than the predeter-
mined threshold value, the recommended lane setting unit
241 determines that a traveling route capable of avoiding a
local increase in the occurrence probability of sudden lane
change is not present in the traveling route stored in the
section storage unit 221 and ends the setting of the recom-
mended lane.

[0114] Thereafter, the recommended lane setting unit 241
repeatedly performs the above-mentioned process from the
destination point side to the current point side of the traveling
sections stored in the section storage unit 221. When the
above-mentioned process is performed up to the node N
corresponding to the current point, the traveling route in
which the number of links L set by connecting two nodes N in
the direction intersecting the traveling direction of the vehicle
100 is minimized is extracted from the sections stored in the
section storage unit 221 on the condition that the link L in
which the cost is greater than a predetermined threshold value
is not included. That is, the traveling route in which the lane
change frequency of the vehicle 100 is minimized while
avoiding the occurrence probability of sudden lane change
locally increases is extracted from the sections stored in the
section storage unit 221. A traffic lane located in the extracted
traveling route is set as the recommended lane.

[0115] In the example illustrated in FIG. 7, when “0.5” is
set as the predetermined threshold value, the calculated cost
value of the determination target link L is set to “0.3” in the
section through which the vehicle 100 passes after turning left
at the point of intersection P. Accordingly, in this section, a
traffic lane located in the traveling route R2 in which the
vehicle runs straightly in the left lane is set as the recom-
mended lane. On the other hand, in the example illustrated in
FIG. 7, the calculated cost value of some links L of the
determination target links L is set to “0.6” in the section
through which the vehicle 100 passes before turning left at the
point of intersection P. Accordingly, in this section, a traffic
lane located in the traveling route R2 in which the vehicle runs
straightly in the right lane and changes the traffic lane to the
left lane in the way is set as the recommended lane.

[0116] According to the second embodiment, the following
advantage can be obtained in addition to the advantages of (1)
and (4) to (8) of the first embodiment. (9) On the premise that
a section in which the sudden lane change of the vehicle 100
often occurs is not locally included, a traffic lane included in
the route in which the lane change frequency is minimized in
the route from the current point to the destination point is set
as the recommended lane. That is, since the recommended
lane does not locally include a section in which the sudden
lane change of the vehicle 100 often occurs and the lane
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change frequency is minimized, it is possible to guide the
vehicle to a traffic lane still more suitable for suppressing the
occurrence of the sudden lane change of the vehicle 100.
[0117] Theabove-mentioned embodiments may be embod-
ied in the following configurations. In the above-mentioned
embodiments, the nodes N in the map information registered
in the map information database 212 may be set as positions
of specific traffic elements such as points of intersection,
traffic lights, and curves or points at which the number of
traffic lanes is changed on a road.

[0118] In the above-mentioned embodiments, the cost cal-
culating unit 240 may add an addition value for weighting the
predicted value of the occurrence probability of sudden lane
change in a link L. in consideration of occurrence of sudden
braking in the section corresponding to the link I at the time
of calculating the cost Cost of the link L. In this case, a
relational expression of (addition value)=(weighting coeffi-
cient)x(occurrence probability of sudden braking) is satis-
fied. Accordingly, when the occurrence probability of sudden
braking in the section corresponding to the link L. increases,
the addition value also increases. This is because the driver’s
burden when the sudden lane change occurs in the same
section is considered to increase when the occurrence prob-
ability of sudden braking in the section corresponding to the
link L is high.

[0119] In the above-mentioned embodiments, the cost cal-
culating unit 240 may add an addition value for weighting the
predicted value of the occurrence probability of sudden lane
change in a link L in consideration of occurrence of passing in
the section corresponding to the link L. at the time of calcu-
lating the cost Cost of the link L. In this case, a relational
expression of (addition value)=(weighting coefficient)x(oc-
currence probability of passing) is satisfied. Accordingly,
when the occurrence probability of passing in the section
corresponding to the link I increases, the addition value also
increases. This is because the driver’s burden when the sud-
den lane change occurs in the same section is considered to
increase when the occurrence probability of passing in the
section corresponding to the link L is high.

[0120] In the above-mentioned embodiments, the cost cal-
culating unit 240 may add an addition value for weighting the
predicted value of the occurrence probability of sudden lane
change in a link L in consideration of occurrence of right turn
waiting of a preceding vehicle in the section corresponding to
the link L. at the time of calculating the cost Cost of the link L..
In this case, a relational expression of (addition value)=
(weighting coefficient)x(occurrence probability of right turn
waiting of a preceding vehicle) is satisfied. Accordingly,
when the occurrence probability of right turn waiting of a
preceding vehicle in the section corresponding to the link L
increases, the addition value also increases. This is because
the driver’s burden when the sudden lane change occurs in the
same section is considered to increase when the occurrence
probability of right turn waiting of a preceding vehicle in the
section corresponding to the link L is high.

[0121] In the above-mentioned embodiments, the cost cal-
culating unit 240 may add an addition value for weighting the
predicted value of the occurrence probability of sudden lane
change in a link L in consideration of occurrence of stopping
and going in the section corresponding to the link [ at the time
of calculating the cost Cost of the link L. In this case, a
relational expression of (addition value)=(weighting coeffi-
cient)x(occurrence probability of stopping and going) is sat-
isfied. Accordingly, when the occurrence probability of stop-
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ping and going in the section corresponding to the link L
increases, the addition value also increases. This is because
the driver’s burden when the sudden lane change occurs in the
same section is considered to increase when the occurrence
probability of stopping and going in the section correspond-
ing to the link L is high.

[0122] In the above-mentioned embodiments, the cost cal-
culating unit 240 may add an addition value for weighting the
predicted value of the occurrence probability of sudden lane
change in a link L. corresponding to the direct advance in the
left lane or the lane change to the left lane in consideration of
the street parking frequency at the time of calculating the cost
Cost of the link L. In this case, a relational expression of
(addition value)=(weighting coefficient)x(street parking fre-
quency of section/personal taste for left lane) is satisfied.
Accordingly, the addition value increases when the street
parking frequency in the section corresponding to the link L,
is large, but the increase of the addition value is suppressed
when the driver of the guidance target vehicle 100 has par-
ticular taste for the left lane. That is, the appropriateness for
the section in which the street parking frequency is large is
high when the driver of the guidance target vehicle 100 has
particular taste for the left lane. Accordingly, the addition
value is set in consideration that the driver’s burden when the
sudden lane change occurs in the same section decreases.
[0123] In the above-mentioned embodiments, the cost cal-
culating unit 240 may consider whether a guide rail is present
in the section corresponding to a link L. corresponding to the
direct advance in the left lane or the lane change to the left
lane at the time of calculating the cost Cost of the link L. In
this case, when a guide rail is present in the section corre-
sponding to the link L, the cost value Cost in the section
corresponding to the same link L. is set to be smaller than that
when the guide rail is not present.

[0124] In the above-mentioned embodiments, the cost cal-
culating unit 240 may consider whether a median is present in
the section corresponding to a link L. corresponding to the
direct advance in the right lane or the lane change to the right
lane at the time of calculating the cost Cost of the link L. In
this case, when a median is present in the section correspond-
ing to the link [, the cost value Cost in the section correspond-
ing to the same link L is set to be smaller than that when the
median is not present.

[0125] In the above-mentioned embodiments, the cost cal-
culating unit 240 may consider the presence or width ofa road
shoulder or a roadside zone in the section corresponding to a
link L corresponding to the direct advance in the left lane or
the lane change to the left lane at the time of calculating the
cost Cost of the link L. In this case, when a road shoulder or
a roadside zone is present in the section corresponding to the
link L, the cost value Cost in the section corresponding to the
same link L is set to be smaller than that when the road
shoulder or the roadside zone is not present. When the width
of a road shoulder or a roadside zone is large in the section
corresponding to the link [, the cost value Cost in the section
corresponding to the same link L is set to be smaller that when
the width of a road shoulder or a roadside zone is small.
[0126] In the above-mentioned embodiments, the control
center 200 may classify information groups of elements into
specific driving characteristic information groups by per-
forming cluster analysis on information of the elements of the
driving characteristics of the vehicles 100 stored in the driv-
ing characteristic storage unit 223 of the vehicle database
220. In addition, the control center 200 may classify infor-
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mation groups of elements into specific lane characteristic
information groups by performing cluster analysis on infor-
mation of the elements of the lane characteristics in the map
information registered in the map information database 212.
In this case, at the time of calculating the cost value Cost of the
link L, the cost calculating unit 240 sets the second addition
value to be added to the predicted value of the occurrence
probability of sudden lane change when the appropriateness
of'the classified driving characteristic information groups and
lane characteristic information groups is relatively high to be
smaller than that when the appropriateness is relatively low.
[0127] In the above-mentioned embodiments, the control
center 200 may store information on the steering operation
frequency when the vehicle 100 actually runs in the statistics
database 230 and may add information for identifying the
corresponding point as a specific point to the link information
of the map information registered in the map information
database 212 on the condition that the average value of the
frequencies is greater than a predetermined threshold value.
[0128] In the above-mentioned embodiments, the control
center 200 may detect whether the steering operation in the
vehicle 100 is performed by receiving an image signal of the
vehicle 100 imaged with the camera installed in the optical
beacon road machine B from the optical beacon road machine
B and analyzing the image signal, and may acquire the steer-
ing operation frequency in the vehicle 100 in each traffic lane
on the basis of the analysis result. On the condition that the
frequency is greater than a predetermined threshold value, the
control center 200 may add information for identifying the
corresponding point as a specific point at which the steering
operation in the vehicle 100 is frequently performed to the
link information of the map information registered in the map
information database 212. In this case, the control center 200
stores information on the steering operation frequency when
the vehicle 100 actually runs in the statistics database 230 and
adds information for identifying the corresponding point as a
specific point to the link information of the map information
registered in the map information database 212 on the condi-
tion that the average value of the frequencies is greater than a
predetermined threshold value.

[0129] In the first embodiment, the recommended lane set-
ting unit 241 may exclude a link L. in which the cost calculated
by the cost calculating unit 240 is greater than a predeter-
mined threshold value in the traveling sections set by the
section setting unit 151 and then may search for a traveling
route in which the total sum of the costs of the links L
calculated by the cost calculating unit 240 is minimized using
a Dijkstra’s algorithm or the like. In this case, the recom-
mended lane setting unit 241 sets a traffic lane included in the
traveling route in which the total sum of the costs is mini-
mized as the recommended lane in the traveling sections set
by the section setting unit 151 on the condition that the link L
in which the cost Cost is greater than a predetermined thresh-
old value is not included. In this configuration, a route locally
including a section in which the sudden lane change of the
vehicle 100 often occurs in the route from the current point to
the destination point from the appropriate route candidates.
That is, since the recommended lane does not locally include
a section in which the sudden lane change of the vehicle 100
often occurs, itbecomes easy to guide a vehicle 100 to atraffic
lane more suitable for suppressing the occurrence of sudden
lane change of the vehicle 100.

[0130] In the above-mentioned embodiments, the costs in
the sections from the current point to the destination point



US 2016/0238404 Al

may be calculated by the vehicle 100. For example, first,
information of the route from the current point to the desti-
nation point is transmitted from the vehicle 100 to the control
center 200. Then, the control center 200 transmits informa-
tion of the costs of all the links L. included in the correspond-
ing route to the vehicle 100. Then, the vehicle 100 specifies a
recommended lane on the basis of the transmitted informa-
tion of the costs and generates guidance information for urg-
ing the driver to run in the recommended lane.

1. A traffic lane guidance system for a vehicle for guiding
a vehicle to a recommended lane in which the vehicle is
recommended to run out of traffic lanes included in a route
from a current point of the vehicle as a first point to a desti-
nation point of the vehicle as a second point through the use
of'a guidance information output unit mounted on the vehicle,
comprising:

a predicted value calculating unit that calculates a pre-
dicted value of an occurrence probability of sudden lane
change as information indicating the occurrence prob-
ability of sudden lane change when the vehicle runs in
sections corresponding to a plurality of links, which are
set by connecting a plurality of nodes corresponding to
traffic lanes in a traveling direction of the vehicle and a
direction intersecting the traveling direction of the
vehicle, for each of the plurality of links on the basis of
statistical information acquired from a plurality of
vehicles and an information quantity of the statistical
information;

a recommended lane setting unit that sets the recom-
mended lane on the basis of the predicted value calcu-
lated by the predicted value calculating unit; and

aguidance information generating unit that generates guid-
ance information for the recommended lane set by the
recommended lane setting unit and that outputs the gen-
erated guidance information to the guidance information
output unit, and

wherein the predicted value calculating unit sets an addi-
tion value, which is added to the predicted values of the
occurrence probability of sudden lane change in the
links set by connecting the plurality of nodes in the
direction intersecting the traveling direction of the
vehicle, to be greater than an addition value added to the
predicted values in the links set by connecting the plu-
rality of nodes in the traveling direction of the vehicle,
and

wherein the recommended lane setting unit sets the recom-
mended lane on the basis of the predicted values of the
occurrence probability of sudden lane change to which
the addition value is added.

2. The traffic lane guidance system for a vehicle according
to claim 1, wherein the recommended lane setting unit sets the
traffic lane included in the route in which the total sum of the
predicted values of the occurrence probability of sudden lane
change is minimized in the route from the first point to the
second point.

3. The traffic lane guidance system for a vehicle according
to claim 1, wherein the recommended lane setting unit sets the
traffic lane included in the route in which the total sum of the
predicted values of the occurrence probability of sudden lane
change is minimized under the condition not including the
link in which the predicted value is greater than a predeter-
mined threshold value in the route from the first point to the
second point as the recommended lane.

4. The traffic lane guidance system for a vehicle according
to claim 2, wherein the recommended lane setting unit deter-
mines the traffic lane included in the route in which the total
sum of the predicted values of the occurrence probability of
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sudden lane change is minimized by applying a Dijkstra’s
algorithm to the predicted value of the occurrence probability
of'sudden lane change calculated for each link included in the
route from the first point to the second point.

5. The traffic lane guidance system for a vehicle according
to claim 1, wherein the recommended lane setting unit sets the
traffic lane included in the route in which the number of links
set by connecting the plurality of nodes in the direction inter-
secting the traveling direction of the vehicle is minimized
under the condition not including the link in which the pre-
dicted value is greater than a predetermined threshold value in
the route from the first point to the second point as the rec-
ommended lane.

6. (canceled)

7. The traffic lane guidance system for a vehicle according
to claim 1, wherein the predicted value calculating unit is able
to set a weighting value for the addition value and gradually
increases the weighting value set for the addition value as a
distance from a point, at which a steering operation frequency
of'the vehicle is greater than a predetermined threshold value,
decreases in the route from the first point to the second point.

8. The traffic lane guidance system for a vehicle according
to claim 1, wherein the predicted value calculating unit deter-
mines a second addition value which is different from a first
addition value as the addition value to be added to the pre-
dicted values of the occurrence probability of sudden lane
change when the addition value is the first addition value and
sets the second addition value, when an appropriateness of
personal driving characteristics for sections corresponding to
the links is relatively high, to be smaller than that when the
appropriateness is relatively low, and

wherein the recommended lane setting unit sets the recom-

mended lane on the basis of the predicted values of the
occurrence probability of sudden lane change to which
the first addition value and the second addition value are
added.

9. The traffic lane guidance system for a vehicle according
to claim 8, wherein the predicted value calculating unit clas-
sifies information acquired from the plurality of vehicles as
information of elements of personal driving characteristics
into a plurality of driving characteristic information groups,
classifies information of elements of lane characteristics into
a plurality of lane characteristic information groups, and sets
the second addition value to be added to the predicted values
of'the occurrence probability of sudden lane change, when an
appropriateness of the driving characteristic information
groups and the lane characteristic information groups is rela-
tively high, to be smaller than that when the appropriateness
is relatively low.

10. The traffic lane guidance system for a vehicle according
to claim 8, wherein the predicted value calculating unit deter-
mines a third addition value which is different from the first
addition value and the second addition value as the addition
value to be added to the predicted values of the occurrence
probability of sudden lane change and sets the third addition
value, when the an appropriateness of vehicle characteristics
for sections corresponding to the links is relatively high, to be
smaller than that when the appropriateness is relatively low,
and

wherein the recommended lane setting unit sets the recom-

mended lane on the basis of the predicted values of the
occurrence probability of sudden lane change to which
the first addition value, the second addition value, and
the third addition value are added.

11. The traffic lane guidance system for a vehicle according
to claim 1, wherein the nodes include a plurality of positions
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spaced in the traveling direction of the vehicle in the traffic
lanes of a route portion between neighboring points of inter-
section in the route from the first point to the second point.
12. A traffic lane guidance method for a vehicle of guiding
a vehicle to a recommended lane in which the vehicle is
recommended to run out of traffic lanes included in a route
from a current point of the vehicle as a first point to a desti-
nation point of the vehicle as a second point through the use
of'a guidance information output unit mounted on the vehicle,
comprising:
calculating a predicted value of an occurrence probability
of sudden lane change as information indicating the
occurrence probability of sudden lane change when the
vehicle runs in sections corresponding to a plurality of
links, which are set by connecting a plurality of nodes
corresponding to traffic lanes in a traveling direction of
the vehicle and a direction intersecting the traveling
direction of the vehicle, for each of the plurality of links
on the basis of statistical information acquired from a
plurality of vehicles and an information quantity of the
statistical information;
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setting the recommended lane on the basis of the calculated
predicted value of the occurrence probability of sudden
lane change; and

generating guidance information for the set recommended
lane and that outputs the generated guidance informa-
tion to the guidance information output unit

wherein when calculating the predicted value, an addition
value, which is added to the predicted values of the
occurrence probability of sudden lane change in the
links set by connecting the plurality of nodes in the
direction intersecting the traveling direction of the
vehicle, is set to be greater than an addition value added
to the predicted values in the links set by connecting the
plurality of nodes in the traveling direction of the
vehicle, and

wherein when setting the recommended lane, the recom-
mended lane is set on the basis of the predicted values of
the occurrence probability of sudden lane change to
which the addition value is added.
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